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Abstract

Bradyrhizose, a bicyclic monosaccharide, was reported in 2011 by Molinaro and coworkers
at the University of Naples in ltaly. This unusual carbohydrate was isolated from the
lipopolysacchade (LPS) ofBradyrhizobiumsp. BTAIil1 and sp. ORS278 as the only component
of the OGantigen. These nitrogdixing bacteria live in symbiosis with legumégschynomene
sensitivaandindica. It was found that neither the LPS or the purar@@igen fronBradyrhizobium
sp. BTAilare recognized by plants as a micrassociated molecular pattern (MAMP). This is
the first example of an LPS not activating a defense response and indicates that the LPS and the
O-antigen from these bacteria are fpmMunogenic. Syntresizing this molecule, and
disaccharides containing it, will provide compounds that can be used to probe the role of this
monosaccharide in bacterial symbiosis with the legume.

Two different approaches for the synthesis of bradyrhizose are discussedhesis. For
the first route, the monosaccharide was envisioned to be obtained from a furan derizdkiee
Achmatowicz reaction. For the second route, two different strategies were investigated starting
with myainositol as the basis of the cyclolaol moeity of bradyrhizose. The racemic synthesis
of bradyrhizose was achieved using the second route. The enantiomers were separated at a late
stage of the synthesis to affavd andL-bradyrhizose.

The synthesis of bradyrhizose donors and accemeen(L-) wasaccomplshed starting
with an intermediate used in the synthesis of the monosacchahdeeactivity of this unusual
monosaccharide in glycosylati®mvas studied using a trichloroacetimidate donor and various

types of acceptorsDisaccharids containing different enantiomeric forms of the monosaccharide



(D,b; L,L; D,L; L,D) were synthesized and will be testedtfogir ability to induce reactive oxygen

speciegROS)in different plants and legumes.
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Chapter 1: Introduction

Legumes have beensedin agricultureto improve the fertility of the sosince the ancient
civilisations As early as the'5century BC, Egyptians, Greeks and eventually Romans practiced
methods of fertilizing the soil using legumes through green manuring, crop rotaitbn a
intercropping-22 Green manuring improves the soil by growing legumes that would later be used
to mukh the soif The soil would also be enriched with nutrients through a process known as
crop rotation, where the legume and #ilegure crops are interchangéd Lastly, intercropping
is a method of planting legumes in the space between rows of other plants, vemother way
of providing various nutrients to the soil and thereby improving the health of thétTomse
people successfully impved their harvest using these techniques unaware that bacteria were
mainly involved in these processes.

In 1647, the Italian biologist and physicist Marcello Malpighi made a drawing of the bumps
found on the roots of a legume plant, thinking they wereibal plant growths where insects lay
their eggs' By the 19" century, legume crops were being used all d&amope to improve soil
fertility. Meanwhile, in Germany, leguminous plants were observed to be nitrogen accumulators
and nonrleguminous plants nitrogen consumers. In 188® German agricultural chemists
Hermann Hellriegel and Hermann Wilfarth discovetteat atmospheric nitrogen was transformed
into ammonia in legume root nodules by bactéfifiese bacteriaere isolated in the same year
by the Dutch microbiologist Martinus Beijerinck and they were placed in the genus Rhizobium:

firhizap for roots andibios for life.



1.1Rhizobia and nitrogen fixation

Atmospheric nitrogen, which is the most abundant gas amhEss inert for most
organisms. Nitrogen is an essential element fiée on this planet, especially for the biosynthesis
of nucleotides and amino acids, the building blocks of nucleic acids and proteins. The
incorporation of this inert gas into biological systems is credited to the symbiotic relationship
between bacteriand plants. This is achieved through a process called nitrogen fixation and only
anaerobic prokaryotes named diazotrophs are able to perform this transformation. This conversion
requires sixteen molecules of ATP for each moleculexoiN this is a eneygntensive process

for the bacteria (Scheme1).°
N, + 8 H" + 16 ATP + 8¢ ——> 2NH;+H,+ 16 ADP + 16 P,

Schemel-1: Conversion of nitrogen in ammonia by diazotrophs.

1.1.1 Symbiosis between rhizobia and legumes and advantages in agriculture

Rhizobia are Gramegative bacteria that live symbiotically with legumelsey need the
host plant to be able to fix nitrogen because they cannot do this process indepéritiestly.
relationship between the legume and the bacteria is mutualistic. Rhizobia can be found in nodules
on the roots or the stems of the legume where they fix the nitrogen fplatitan exchangéor
carbohydrates. The nodid are specialized organs of the plémat resemble bumps. Their
principal functions are to facilitate exchanges between the legume and the bacteria and also to
serve as the site for the nitrogen fixation proc@$e mechanism of recognition between the
bacteria and the plant is very specifiach specige of bacteria willusuallyinfect one or two

legume species.



Rhizobia have been widely used in agriculture to decrease the extensive use of chemical
fertilizersand to improve fertility using a leguriesed cropping systefnThis process starts with
atmospheric nitrogebeingtransforned to compounds like ammoniaside the nodulesn the
roots of the planto helpthe legumegrow. After the legurasdie, the fixed nitrogemwill be
releasednto the soil andill be available for otheplants. This technique has been used by humans

for a long time and is still practiced extensively today.

1.1.2 Formation of nodules

Before the formation of nodules takes place on the roots of the legume, the bacteria and
the plant must recognize each other. Most rhizobial species will induce the tormBtiodules
using a Nod factor dependent pathway (Figufie(h))” First, flavonoid signals from the legume
will be detected by the bacteriblodD proteins® Upon detection, the bacteria will initiate the
biosynthesis of lipochitooligosaccharides (Nod factors) followed by the secretidhesé
molecules, which will be recognized by receptor kinases on the surface of tHeTrmotNod
factors are signaling molecules composed of four orfifg- 4)-linked N-acetytglucosamine
residues carrying an-Nhked acyl group; their substitution patterns will determine the batteria
legume specificity. The Nlinked acyl group can vary and tiNacetytglucosamine caibe
substituted with acetyl, carbamoyl, methyl or sulphuryl groups and also sugars such as fucose or
arabinose. The receptor kinases will then trigger nodule formation through a symbiotic response
in the plant roof. After the recognition between the legume and the bacteria, the roots will curl,
trapping the bacteria insidep@mcket. The trapped bacteria will continue to produce Nod factors

and will accumulate forming an intracellular infection.
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Figure 1-1: Nodulation strategies in rhizobia (a) Nod factor dependent pathway (b) Hypothesis
for the Nod factor independent pathw&eprinted with permission from Elsevier.

1.2 Photosynthetic strainsof Bradyrhizobiumsp. BTAIil and sp. ORS278

Bradyrhizobiumsp. BTAil and sp. ORS278 are nitrogenng bacteria living in
symbiosis with the aquatic leguméschynomensensitivaand indica.® Theserhizobia are
unusual aghey can induce nodule formation not only on the roots of legumes, but also on the
stens® These two species are also photosynthetic, which is uncommon for the rhizobia. This
feature allows them to reside above ground.

In 2007, Giraud and coworkers sequenced the t@tmgenome oBradyrhizobiumsp.

BTAI1 and sp. ORS278They discovered that these two species lack the canowidABCgenes,
meaning that they cannot produce Nod factdrnisus, thessymbioses are the only ones between
rhizobia and legumes that do not use Nod factors for the recognition step. This gisgzaser
intriguing because all other species of rhizobia use the Nod factor dependent pathway for nodule

formation. Girard and cworkers also found several other genes from theBraalyrhizobium



strains involved in symbiosis, like the modification aa@igen of lipopolysaccharide (LPS) and

the biosynthesis of exopolysaccharides.

1.2.1 Nodfactor independent signaling pathway

The Nod factor independent nitrogen fixation process is not well understood (Fifjure 1
(b))’. The hypothesis is that the bacteria will enter the plant via cracks in the roots. Then
accumulation of cytakin-like compounds produced by the bacteria maypays the Nod factor
signaling pathway and induce the formation of the noduldste investigation has to be done to
understand the nature of the interaction between thesBradyrhizobiunspecies and legumes.

In 2005, Parrilli and cavorkers demonstrated that chemicaynthesized LPS @ntigen
[UL-Rha(1- 3)-UL-Rha(l- 3)-UL-Rha(l- 2)]» fragments of glycans present in numerous
phytopathogenic bacteria induce&-1 gene expression, an immune response, and also supressed
the hypersensitive response (HR) in the parabidopsis thaliand?! In 2010, Molinaro, Parrilli
and ceworkers from University of Naples in Italy showed that thear@@igen ofBurkholderia
rhizoxinicg an intracellular bacteaj is indispensable for the symbiosis with fli@gusRhizpus
microspores? After making these discoveries, they decided to investigate if the
lipopolysaccharides (LPS) &radyrhizobiumsp. BTAI1l and sp. ORS278 could be a key factor

for the recognitiorbetweerthe plant and the bgerial®

1.2.2 Lipopolysaccharide (LPS)
The LPS isa vital component of Gramegative bacteria anglays a key role in plant
microbe interaction¥! LPS consists of an -@ntigen polysaccharide linked to a core

oligosaccharide composed of an outer and inner @geire +2).!° The Gantigen consists of



reapeating monosaccharides (homopolymer) or oligosaccharide units (heteropolymer). The outer
core is composed nmdy of hexoses and the inner core contéraeoxyD-manneoctulosonic

acid (Kdo) andb-glycerob-mannceheptosgHep). The core oligosaccharide is covalently linked

to lipid A, which is part of the outer membrane of Graegative bacteria. The lipid A is a
glucosamine based phospholipid and is attached to a Kdo residue from the inner core. Bacterial

LPSis a strong elicitator of the immune system in all eukarybtes.

Polysaccharide Phospholipid

O-specific Chain Core Region Lipid A

=

Repeating Unit Outer Core Inner Core

Figure 1-2: General chemical structure of LPS from Gragyative bacteria. Abbreviations of
monosaccharide residues: GIcN, glucosamine; Keile@yD-mannaoctulosonic acid; Hem-
glycerob-manneheptose. Reprinted with permissitsom Sage Publishing?

While studying the LPSs @radyrhizobiunsp. BTAIl and sp. ORS278, Molinaro and co
workers discovered a new unigue bicyclic monosaccharide as the only component-afitige®
of these two speci€$:Y’ They decided to name the new carbohydrate brahsh (.1) (Figure
1-3 (a) and (b)). This unusual monosaccharide features an inositol moiety harang-@ecalin
junction to a galactopyranose derivative. It contains an axial methyl group on the inositol backbone

and two tertiary hydroxyl groups. Brathizose is also deoxygenated a6®©n the inositol ring.
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Figure 1-3: (a) Structure of bradyrhizose (b) Fischer projection of bradyrhizose-&cti@ens

from Bradyrhizobiunsp. BTAi1 and sp. ORS278Y

The Ochain polysaccharide from sp. BTAIl is &H1- 7)-linked homopolymer X.2)

(Figure1-3 (c)). Conformational analysis of an octasaccharide fragment of this polymer has been

performed using molecular modellit$The data indicates that the homopolymer forms a compact

two-fold righthanded helix where the methylene groups of the bicyclic structure point to the

inside, forming a hydrophobic tunnel (Figurelll The methyl and hydroxyl group®int to the

outside of the helix. The polysaccharide in sp. ORS278 is eithé(lan 7) (1.2 or U-(1- 9) (1.3)

linked homopolymer (Figure-3 (c))’



inside the helix

outside the helix

Figure 1-4: Two different sketches of theytirophobictunnel indside ta helix of thel:(1- 7)-
linked bradyrhizose octasaccharide. Reprinted waimissiorfrom John Wiley and Son&

1.23 Role of the Gantigen

In 2011, Molinaro and cavorkers evaluated the LPS and theigen oBradyrhizobium
sp. BTAIL1 for their interactions with plantdThey tested the polymers for their ability to activate
the innate immune system luotus japonicasArabidopsis thalianandAeschynomenadica by
elicitation of respiratory burst, or rapid releasé reactive oxygen specie@ROS) This
phenomenon happens when the immune cells come in contact with the bacteria. They found that
neither the LPS or the pure@tigen fromBradyrhizobiumsp. BTAil are recognized by plants
as a microbassociated molecat pattern (MAMP). This is the first example of an LPS not
activating a defense response. This discovery indicates that the LPS anehtiige@ from

Bradyrhizobiumsp. BTAilarenonimmunogenic.

In 2016, Giraud and eworkers made different mutants |l&g the OQantigen and they
discovered that there was no effect on the symbiosis between the mutants Asescthanomene
afrasperaandindicalegumest® They also found el@n genes responsible for the biosynthesis of

the Oantigen precursor bradyrhizose and identified two of thiéah; encoding for an é@ntigen



ligase andydh encoding for dTDRylucose 4,&ehydratase. With these results, Giraud and co
workers advanced theehypotheses: 1) the core oligosaccharide isimonunogenic like the ©

antigen (based on the mutant experiments); 2) bradyrhizobia are coated with other non
immunogenic surface polysaccharides that could be blocking the antigenic epitope and 3) bacteria
could produce unknown signals that could suppress the innate immunity of the legume. More work
still needs to be done to understand the biosynthesis of bradyrhizose, the role-ahtige® and

the Nod factor independent pathway of nodulation.

1.3 Bradyrhizose and Caryose

1.3.1 Structure

Bradyrhizosd1.1), 4,9-cyclo-6-deoxy8-C-methylD-xylo-D-galactononoseis the second
bicyclic monosaccharide to be found in nature; both are present in bacterial polysacéh@riges.
new carbohydrate is composed of a polyhydroxycyclohexandrengfused to a simembered
ring monosaccharide. To elucidate thesture of this new molecule, the LPS was first chemically
degraded by mild acid hydrolysis to cleave the lipitf Ahe core oligosaccharideas still linked
to the Qantigen, but this did not complicate the analysis because-tmi@en is a lot larger in
number of monosaccharides than the core region. The structure ofahigén polysaccharide
was characterized by extensive 2D NMR spetiopic experiments:!’ First, theH NMR
spectrum revealed the homopolymeric structure because of a single peak in the anomeric region
(Figure 15 (a)). The COSY and TOCSY spectra showed two different spins systems. The HMBC
spectrum was useful to locate the quaternary carbons, identify-th8{ihkage and the structure

(Figure 15 (a)). Finally, the NOE correlations helped to find the relative configuration of the



monosaccharide (Figure-8L (b)). The absolute configuration of the new carbohydrate was

established using circular dichroic spaabf a derivatized methyl glycosideé.
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Figure 1-5: (a) *H NMR of the polysaccharidérom Bradyrhizobiumsp. BTAI1 LPS HSQC in
grey, HMBC in black. Reprintedith permissiorfrom John Wiley and Son¥ (b) NOE

correlations in bradyrhizose.

The first and only other bicyclic monosaccharide digsoveed in 1996 and was named

caryose 14), or 4,8cyclo-3,9-dideoxyL-erythro-D-ido-nonose (Figure -6).18 It was isolded

fromthe LPS fraction oPseudomonas caryophylé phytopatogenic bacterium causing the decay

of Dianthus caryophylluglowersknown as carnatiaOnly one synthesis of this monosaccharide

has been done and it was reported in 7§97.

OH
HO, on
@) 0
e on |
14

Figure 1-6: Structure of caryose (4) asfound inP. caryophylliLPS.2°
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1.3.2 Isomeric guilibrium

Because of their structure, both bradyrhizose and caryose can esa@genakyclic forms
as a free reducing sugar in solution. k©Dcaryosexists as an isomeric mixture of three bicyclic
compounds: aix-membered ringis-fused to a fieemembered ring 1(5) and also two spiro
compounds made of two fivme mber ed r i ngs (0) (Fgare 17BN omer s
integration of the resonances infite NMR s p e c-pyranose,formi5)és slightly more
abundanthan the {R)-furanose isomerl(7) and the {S)}furanose isomer is the least abundant
(1.7). Presumably these structures interconvert through thedysen aldehydé .6, although that

form is not seen in gD solution.

HO—2—H

OH Ho ,~\OH
OH @] OH
HO CH;
1.7

Figure 1-7: (a) Fischer projection of caryose (b) Isomeric mixture of caryose@n'd

After completing the first synthesis of bradyrhizose in 2015 (see below), Yu and co
workers discovered that bradyrhizosealso an isomeric mixture like caryddeThe isomeric

equilibrium in DO is composed of three different pyranose forms and two furanose forms (Figure

1-8) 2t

11
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Figure 1-8: Isomeric mixture of bradyrhizose determined from thi&i NMR spectrum in RO.
Reprintedwith permissiorfrom Royal Society of Chemistrs}

The 1,5bradyrhizog (pyranose) isomers are the most abundab® énd1.13), followed
by theb-1,%isomer (.11), which is also a pyranose. The least abundant are tHeddgrhizose
(furanose) isomerd @ and1.9). Theb anomers are the predominant isomers in both the pyranose
and furanose forms. The ipyranose formsl.12 and 1.13 are presentn 55.7% and 27.8%
respectively. It ipossiblehat these are the most abundant isomers because of the hydrogen bonds

forming a stable tricyclic structurd.l4 composed of three chair conformations (Figu@®).1it

12



is alsopossiblethat theb-1,9-bradyhizose (.11) is not in a chair conformation due to negative
steric interactions between all of the axial hydroxyl groups present in the molecule. The other
conformations of cyclohexane and the pyranose ring have more torsional strain, which could
explainthe lower abundance of this form (7.7%). Th&,9-bradyrhizose isomer (anomer bfL1)

might not be observed because it would have an extdidxtal interaction with the €3 hydroxyl

group. The furanose form&.8and1.9 also have more torsional strain tithe pyranose forms,

leading toalower abundance (4.4% each for a total of 8.8%).

H
‘/O‘HO
HOEX A o
H-O=§
H HO “OH
1.14

Figure 1-9: Possiblenydrogen bonds stabilizing the t@yranose form of bradyrhizose.

1.3.3 Reported synthesis

While the biosynthesis of bradyrhizose still remains unknowginthesis has already been
reported by the Yu group in 2015 (Schem2), just a few months before | completed my own
synthesis. The Yu synthesis was done in 26 steps with an overall yield of 9% stétitri @-
acetytD-glucal (.15) and methyl acrylatel(16). The general approach is shown in Scher2e 1
First, a coupling between glycall5 and methyl acrylatel(26) gave the conjugated glychll7.
Epoxidation of the alkene, followed by reductiorntlué ester, iodination at the&and oxidation
at G4 were performed to give the intermediat&3. Elimination and addition of a methyl group
on the ketone were achieved to give compotiri®. A Ferrier Il rearrangement was done on

intermediatel.19 to m&e the inositol moiety in compounti20. From there, an asymmetric

13



dihydroxylation was performed followed by oxidation of the primary alcohol to the aldehyde;

subsequent deprotection gave bradyrhizash.(

i 5 0
AcO 0 AcO Epoxidation ’
AcO — Coupling AcO — Reduction RO Elimination
R D — e
1.15 \ lodination /OR Addition
0 Oxidation OR
J\/ MeO
MeO = 17 0 1.18
1.16 '
RO O(F\)’ Ferrier Il Asymmetric
RO Rearrangement OR Dlhydroxylatlon HO
OR Reductlon OX|dat|on
/ Deprotection OHOH
119 — OR

Schemel-2: Synthesis of bradyrhizose by Yu andworkers?!

1.4 Objectives

1.4.1 Synthesis of bradyrhizose

After the discovery of this unique bicyclic monosaccharide, we decided to carry out its
chemical synthesis. ldeveloping a route to bradyrhizose, two principal synthetic disconnections
were considered (Scheme3)l The disconnection indicated with the red arrow shows that
bradyrhizose 1.1) could come from a monosaccharide derived from galactio24) @nd a four
carbors unit produced from glyceroll(23). In the disconnection indicated by the blue arrow,
bradyrhizoseX.1) could originate from an inositol moiet¥%.21) and also a three carkbsumnit like

glycerol (1.22).

14



1.21 HO HO
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Scheme 13: Possiblesynthetic disconnections of bradyrhizose

This thesis will present two approaches based on the general synthetic disconnections
shown above (Scheme3d). For the first route, the monosaccharide was envisioned to be obtained
from a furan derivage via the Achmatowicz reaction. The furan intermediate could be made from
furfural (1.26) and methyl vinyl ketonel(25) (Scheme #). This route will be discussed in the

second chapter of this thesis.

o 0
/\H/ |/ /
o)
1.25 1.26
OHop
HO
HO 0
HO
OH'OH
/ 1.1 \
HOG O OH HOG P
OMe OH
HowSH Meo)%( HO&QH Etom//
OH OH O OH
o)
1.27 1.28 1.27 1.29

Schemel-4: Retrasyntheses of bradyrhizose.
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The third chapter will focus on the second route starting mibrinositol (1.27) as the
basis of the cyclohexanol part of bradyrhizdsé&)( Two different strategies will be explored using
this idea. The first is a convergewute using a ring closing metathesis (RCM) and a carboxylic
acid derived fron(+)-dimethyl L-tartrate(1.28). The second is a linear synthesis, which has as a
key step the addition of ethyl propiolate29) to the inositol moiety (Scheme4). With regad
to this route, starting with a meso compound will lead to a racemic product and therefore, the

separation of the enantiomers will also be discussed.

The feasibility of using RCM to access structures of this type was recently repgrted
Ziegler and cowdkers?? They added vinylmagnesium bromide to ketdr@0to get the tertiary
hydroxyl 1.31, which was then submitted to RCM conditions to affdiakadecalinl.32in good
yield. Compoundl.32can be further transformed by dihydroxylation or epoxidation followed by

nucleophilic opening to obtain bicyclic hexbB3or al.34.

BnO BnO
0 X MgBr o8 RCM
PR 0 e gl o
n
o T\ y N
1.30 1.31
BnO— OH BnO—\ OH
BnO 0 Hydroxylation BnO 0 o
Bno O - BnO
~= OH
1.32 1. Epoxidation 1.33 OH
) 2. Base
BnO OH
BnO O OH
BnO O
OH
1.34

Schemel-5: RCM to obtainthe dioxadecalirl.322%2
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1.4.2 Glycosylatims

We also set out to explore the glycosylation chemistry of bradyrhizose, through the
synthesis of disaccharidds35. The goal is to make di(1- 7) linkage, which will mimic the
naturally occurring bradyrhizose homopolymer. It was envisioned thayiitieesis ofl.35 could
be achieved by first synthesizing an accepid@7) and a donorl(.36) starting from1.38, a late
stage intermediate from the synthesis of bradyrhizose (Sché&neTlhe donor1.36) has a free
secondary hydroxyl group but its pasit is very hindered, which we anticipated would prevent
side reactions. Also, the acceptdr3() has three free hydroxyl groups, two tertiary and one
secondary. The predicted low reactivity of the tertiary hydroxyl groups, due to steric congestion,

shoutl make the glycosylation at the secondary alcohol preferred.

OBE) N

BnO 9 NH
HO

BnO O/[(CCJ
OBE)Bn ’ \

BoOS 0 1.36 o OByg,
n
HO BnO p— . BnO O
O OH HO
HOO o OHOH HO "OH
Ph O HO
o) @) 1.38
BzO "OMe oh /\%O
1.35 BzO OMe
1.37

Scheme 16: Retrosynthesis of the accep{@r37), the donoi1.36 and the disaccharidé.39.

The synthesis of 1;2is-glycosidic linkages is usually morefiitult than the preparation
of their 1,2transcounterparts because there is no possibility of neighbouring group participation.
In nature, the bradyrhizose glycosidic linkage is-di2 which could be anticipated to lead to
challenges in making oligoseltarides containing this residue. However, the structure of the

17



monosaccharide may provide advantagBsofessor Crich from Wayne State University
discovered that the 4®-benzylidene acetal group is strondghdirecting in the glucopyranose
series (Schem 1-7 (a).?>?4 Because the shagéhe transdecalin framework)f bradyrhizose
resembles the 4,6-benzylidene protected glucopyrands89, we hypothesized that the inositol
ring of bradyrhizose could also actarsU-directing group (Scheme. (b)). The reactivity of the

bradyrhizose donor with different alcohols vailsobe discussed in the fourth chapter of this thesis.

ROH
(a) Ph/\:)o o Ph/\(‘)O 0
BnO BnO
BnO

BnO X OR
1.39 1.40

b OB
(b) I6BI’] ROH
BnO\™~>~\ ~ .- T____ >
BnO O
BnO

Schemel-7: (a) USeIectivityuin glycosylation o#,6-O-benzylidene protected glucoppese?®
(b) Hypothesis ot)selectivity in glycosylation with bradyrhizose donor.
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Chapter 2: Towards the synthesis of bradyrhizose: Route starting
with furfural

The first route designed for the synthesis of bradyrhizose was inspired by the work of
Professo Ge or ge A romQdtbeastem rUniversity. Hisseach hasfocused on the
synthesisof enantiopurenatural productssuch as monosaccharides from inexpensive achiral
starting materials. In this method, differembnosaccharidesre obtained bgsynmetric synthesis

from furfural. A route to bradyrhizose using this strategy will be discussed in this chapter.

2.1 Introduction

The synthesis of monosaccharides is usually done by modification of readily available
carbohydrate$.This is a valid method for the preparation of monosaccharides with different
functional groups, but the syntheses can be long and involve extensive protection and deprotection
steps. An alternatermethod for the synthesis of monosaccharides is the use-cartmohydrates
as starting materials. This strategy can be attractive for the synthesis of unusual carbohydrates
because it can reduce the number of steps in the synthesis. One commomsadetiladis furfural
(2.1, which is cheap and readily available. Furfural can be transformed to the chiral furfuryl
alcohols2.2 that can undergo an Achmatowicz reaction to produce dihydropy2a8)swhich

have a monsaccharide backbone (Scherg?2

0 OH
| R Ro_O-_.OH
Y o — T
\ \ N
21 2.2 2.3

Scheme2-1: Achmatowicz reaction.
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The Achmatowicz reaction, an oxidative ring expansion reaction, was first adapted by
Cavill, Laing and Williams in 1969 for thesthesis of ehydroxy-2H-pyran3(6H)-ones? A few
years later, Achmatowicz and -woorkers refined this reaction to synthesize various
monosaccharides.In the late 1990s and early 2000s, Professor Ogasawara and @rofess
O6Doherty u 8.8 do synthesikeu vingl Ifurarg.4 followed by an asymmetric
dihydroxylation of the alkene to afford either of the possible chiral furfuryl alcéhbler 2.6
(Scheme 2).*° These intermediates could then undergo the Achmatowicz reaction leading, after

subsequent transformations,tar L-monosaccharides.
0 o 1. TMSCH,MgCl (o) XN Asymmetnc
\ | 2. HCI \ | Dlhydroxylat|on
21 2.4 H H

L-monosaccharides D-monosaccharides

Scheme2-2: Synthesis of chiral furfuryl alcohol.

The utility of the oxidative ring expansion reaction can be exemplified by the synthesis of
the D-mannose derivative shown in Scherm@.2After protection of the primary hydroxyl group,
the furfuryl alcohol can undergo an Achmatowicz rearrangementédtygadinydropyra@.7. The
anomeric hydroxyl group is then protected with a benzoyl group to afford-#memer as the
major isomer. The ketone is reduced using Luche conditions to give comp@&uAdymmetric
dihydroxylation is then performed on thé&kehe to give théd-mannose derivativ@.9 in 38%
overall yield from furfural 2.3). This is an economical and useful method for making different
monosaccharides. We believed this approach would be a suitable way to synthesize bradyrhizose,
by making the Ryroup in the chiral furfuryl alcohd.1lin Scheme 2 a polyhydroxylated chain.
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o B OH 1. TBSCI, pyr.
2. NBS, H,0
W THF
2.6
Oo._ .0OBz
TBSO/\LJ‘

HOW %

2.8

1. BzClI, pyr.

2. NaBH4, CeC|3

O. _OH
TBso/j//\/\r‘
_
o

2.7
TBSO— OH
0Os0Oy4, NMO HO -0
—_—
£-BUOH, H,0 HO

OBz
2.9

Scheme2-3: Synthesis of @-mannose derivative.

2.2 Retrosynthesis

The retrosynthesis of bradyrhizasging the Achmatowicz reactios a key step is shown
in Scheme 2. We envisioned thatradyrhizose(2.10 could be obtained by asymmetric
dihydroxylation @ the alkenepresent irthe bicyclic intermediat@.11followed by a Mitsunobu
reaction at the&C-3 of the monosaccharid€ompound2.11could be constructed lifie addition
of avinyl groupto ketone2.12followed by a ring closing metathesis (RCM) between the two
alkenes. Intermediat12could be prepared by a Wittig reaction on the ketone, then an oxidation
of the hydroxyl group tathe G8 position of monosaccharide derivati2el3 The synthesis of
tetrahydropyranone2.13 could be achieved by an asymmetric dihydroxylation of the
corresponding dihydropyrawhich would be made by Achmatowicz reaction ofc¢heal furfuryl
alcohol2.14 The 1,2,4triol 2.14could be obtained by reduction of the ketone and the isoxazoline
ring of compound.15 Finally, Sacetyl-3-furyl-2-isoxazoling(2.15 could be prepared by a 1,3
dipolar cycloaddition of methyl vinyl ketone (MVK.16) and an okne derived from furfural

2.9.
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* OH'OH Mitsunobu

10 OR
. OH7OHs Agymmetric . RO z Vinyl
HI?O s 1 \s 0 Dihydroxylation 2 /. or Addition
HO ~\ — —
RCM
RO (0] OR
2.10 2.1

A

Dihydroxylation

OR OR
RO’/. : OR Wittig RO,,’ : Y OR Achmatowicz
z — : =
RO 0 Oxidation RO o - Asymmetric
2143 OR

212 o

o X
Oxime 0]
?H (;)R Reductions Formation
\ | = O X\ 1,3-Dipolar

o4 OR \ Cycloaddition O, No
: \

2.15

2.3

Scheme 24: Retrosynthesisf bradyrhizose from fdural and methyl vinyl ketone.

2.3 Results and Discussion

We envisioned that the synthesis of the 8@ could be done based updretwork of
Ticozzi and Zanarotti (SchemeS}.® They first performed a 1-8ipolar cycloadditon of a nitrile
oxide @.17) with MVK (2.16) to give the isoxazolin2.15in a quantitatie yield. The ketone was
then reduced using Bakerds yeast to give two
column chromatography. The free hydroxyl group of the desired diastereomer was protected using
the methoxy methyl ether (MOM) group follodidoy a reduction of the isoxazoline ring using

Raney Nickel (RaNi) and boric acid to give the-8iBydroxyketone2.19 The last step was the
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diastereoselective reduction of the ketone using zinc borohydride to give th&rib]2420in a

good yield andliastereomeric ratio (8:1).

\H/\ o} MOMOQ

+ 0 (o) 1. Baker's yeast RaNi
0 //N/ 2.16 0 47% _ 0 H3BO3, Hy
- X, —_— > / — 2 C .
’ 100% 0 N 2. MOMCI 0 N MeOH,H,0
\ \ | 90% \ | 95%
2.17 215 2.18
i (?)H Zn(BHy), QH OH
e - :
© | ; 90% <OI\/\_/ dr = 8:1
\ OMOM \ SMOM
2.19 2.20

Scheme2-5: Synthesis of enantiomerically pure 12l 2.20from nitrile oxide and MVK®

This route appeared to feasible for the synthesis of the early intermedatd (Scheme
2-4). The only problem was that the publication did not include procedures, but each step was
known in the literature for different substrates. Therefore, we decided to try this methold to b

the protected 1,2;ttiol 2.14

2.3.1 Synthesis ob-acetyl-3-furyl -2-isoxazolineand Baker 6 s yeast reduct.
The first step toward the synthesis of bradyrhizose was tha@ido8r cycloaddition of a

nitrile oxide with an alkene. This reaction hHeeen well documented and different reagents have

been used to make nitrile oxides (Schem@).2 These reactive intermediate®.24 can be

prepared by the dehydration of nitro compourzi2d) or by the oxidation of oxime21) in

either a one or two step process. T stepprocess involves first the formation of the
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hydroximoyl chloride 2.23 ard then further oxidation to the nitrile oxid2.24). | chose to use

the oxime approach because of the commercial avaibility of the precursors.

N

R™ 'NO, Dehydration
2.22
~__OH Oxidation Cl\ OH Base [tj/o
R/\N/ _— R N/ —_— //
2.21 2.23 R 2.24
X, .OH Oxidation
R7ON
2.21

Scheme2-6: Formation of nitrile oxide ’

The synthesis started with the reaction of furfuaB)(and hydroxylamine hydrochloride
to give oxime2.25in 62% vyield after recryatlization (Sheme -Z)2 The formation of the
corresponding hydroximoyl chloride using NC®as unsuccessful. An alternative method of
forming the nitrile oxide is direct oxidation of the oxime using (diacetoxyiodo)bert2ene.
However, when attempted, this reaction did not lead to the formation of the desired intermediate.
The last option was to make the hydroximoyl chloridesitu and adding MVK to make the
isoxazoline in one step. By adding bledtto a mixture of the oxime and MVK in GBI, at 0°C,

the isoxazoline4.15 was finally obtained in 67% yield (Shem&R

/\H/ 0

0] No NH,OH-HCI 0 N bleach, O N
\ | NaOH, DCM w&H DCM, 0 °C, 67% .0
H,0, 62% o N
2.3 2.25 \ |
2.15

Scheme 2Z7: Synthesis ofsoxazoline2.15
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With isoxazoline2.15 in hand, the reduction of the ketone moiety was successfully
achi eved usi ¥ ghe @sirkdeprodust was emained.in 84% yield as an inseparable

mixture of diastereomerg .6 andb) (Scheme B).

) HO,
Baker's yeast -
o) buffer, glucose 9]
O SN 37 °C, 84% o) SN
\ \
2.15 2.26a

Scheme2-8: Reduction of keton2.15wi t h Baker 6s yeast.

2.3.2 Separation of the diastereomers

As mentioned earlier, Ticozzi and Zanarotti were able to separate the diaster2@hers
by flash chromatograpHyHowever, after trying many different solvent systems, it was not
possible to do so. Therefore, different protecting groups were installed on the hydroxyl group to
ease the separation of the diastereomers. The bulky TBDPS group was found to be the most
efficient in allowing the separation of the isomers, although obtaining them in pure form was still

difficult (Table 21).
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Table 2-1: Separation of the mixture of diastereom226

HO RO,

Protecting

7y .

group
O \N/O O \N/O
\ \
2.26 2.27a
Separation
Yield .
Compounds R (%) Separation
2.28 Ac 81 no
2.29 Bz 82 no
(S)-(+)-O-
2.30 acetylmandelic 97 no
ester

231 TBS 91 no
2.32 TBDPS 89 yes

After the separation, the desired diastereor@e32@or 2.32b) needed to be identified
before continuing the synthesis. The stereoaistry of compound®.32aand2.32bcould not be
determined directly as they were both new compounds obtained as oils. It was anticipated that
obtaining Xray crystallographic data on one or both of these compounds would be difficult.
Instead, | chose tcompare the specific rotations and melting points of deprotected is@ré6es
and2.26b(obtained by desilylation with tetrabutyl ammonium fluoride (TBAB)to the known
compounds reported by Ticozzi and Zanaf¢8cheme D). The melting points of the compounds
were both lower than the reported values, which did not verify the identity of each isomer.
However, the specific rotations of compoudd6aand2.26bwere both of theight sign and the

rotations were similar to those reported earlier.
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TBDPSO QH literature: [alo = 150 (c 1.9, CHCIy)
mp =87 °C

EO)_(\)\ TBAF o

—_—
| N =z THF, 75% | = this work: [a]p = —132, (¢ 0.6, CHCl3)
/ N’O / N’O mp =78 °C

2.32b 2.26b
TBDPSO OH  _iiterature: [a]p = +165 (c 2.0, CHCl3)
- this work: [a]p = +149 (c 0.6, CHCl3)
THF, 75%
| / \N’O ' | / \N’O mp =47 °C
2.32a 2.26a
(S)-(+)-O-acetyl
mandelic acid
DMAP, DCC
DCM, 98%

‘LQ
o :
o)
Sy %
\ O
7 \-0
2.33

Scheme2-9: Deprotection oR.32aand2.32band comparison of the specific rotation and
melting point of the produ@.26aand2.26bwith the literatue date. Derivatization of2.26afor
crystal structure determination.

To obtain more definitive information about the structure of the molecules, the desired
diastereomeR.26a base on the melting point and rotation was then reacted (@t{+)-O-
acetylmandelic acitb give a derivatived.33 that could be crystallized (Schem&®R A crystal
structure (Figure 1) was obtained and the stereochemistry of the molecule could be
uneqiivocally determined. As shown in Figurel2 G13 and G11 in 2.33 have the desired

absolute stereochemistry, when compared to the known stereocentr at C
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Figure 2-1: X-ray crystal structure (ORTEP) of compouh@3. Non-hydrogen atoms are
representa by Gaussian ellipsoids at the 20% probability level. Hyelnoatoms are shown with
arbitrarily small thermal parameters.

2.3.3 Synthesis of the 2;8ihydroxyketone

Having established the stereochemistry2dfg the next step was the reduction of the
isoxazoline ring of2.32ato the b-hydroxyketone2.34 Different methods and conditions were
tried for this step as shown in Table€2First, RaNi, boric acid and hydrogen in methanol and
water (Table 22, Entry 1) was chosen, as the same reaction was reported by Ticozzi and Zanarotti
with a yield of 95100%; however, this yield could not be reprodutddhe solvent ratio and
composition were varied (TableZ Entries 2 and 3) but this did not improve the yield al&d?o.
Freshly RaNi was preparednd its use did not change the yield fug tlesired product (Table 2
2, Entry 4). Differentequivalents of iron with ammonium chloride were also tested, which did not
form the product unless excess amounts of iron was used and in these cases only a low (20%)
(Table 22, Entries 5,6 and 7) yields were obtaif&é’.Cu(0) nanoparticules made from copper
sulfate, sodium dodecyl sulfate and ascorbic acid have been reported to reduce the isoxazoline ring

but this method did not work with substr&t@2a(Table 22, Entry 8)!¢ The use of palladium on
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carbon with hydrogen in acetic atigTable 22, Entry 9) and molybdenum hexabany8 (Table

2-2, Entry 10) resulted in no consumption of the starting material. Commercial samariunt’iodide

as well as freshly prepared samarium d&f gave a yield of 39%, less than the RaNi reaction

(Table 22, Entry 11). Finally, we tried the reaction with zinc in acetic acid, THF and water,

without good results (Table-2, Entry 12). After all these efforts to get the -2liBydroxyketone,

the use of RaNi, boric acid and hydrogen was chosen as the optimal conditions to produce a small

amount of the desired compouB@4to try the next step.

Table 2-2: Reduction of isoxazolin2.32ato 2,3dihydroxyketone2.34

TBDPSO
Reduction Q (:)H
0
O = 7/ i
\ | \ / OTBDPS
2.32a 2.34
Equivalent(s) Temperature  Time  Yield

Entry Reagents of metal Solvent C) () (%)

1 RaNi, B(OH)s, H2 catalytic MeOH/H20 23 4 42-49

2 RaNi, B(OH)3, H catalytic THF/H.0 23 24 41

3 RaNi, B(OH)s, H2 catalytic THF/MeOH/H20 23 4 40

1*

4 RaNi ’H'32(OH)3’ catalytic MeOH/H20 23 16 43

5 Fe, NH4ClI 10 EtOH/H20 80 16 SM

6 Fe, NH4ClI 30 EtOH/H20 80 48 SM

7 Fe, NH4ClI 50 EtOH/H20 80 48 20

CuSO04-5H20,
8 SDS, ascorbic 1 H20 60 24 SM
acid

9 Pd/C, AcOH, H: 0.25 MeOH/H20 23 24 SM

10 Mo(CO)s 0.5 MeCN 80 48 SM

11 Smlz or Smlz* 4.5 THF 23 0.08 39

12 Zn 100 THF/H20/AcOH 50 2 CM

*Freshly prepared

SM = starting material

CM = complex mixture
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The diasteeoselective reduction of the ketone2ii34to give the dioR.35was attempted
using freshly prepared zinc borohyddtiithout success (Shemel®). The ketone was reduced
in 87% yield, however, with poor diastereoselectivity (2:1). Given the difficulties in this reduction,
as well as problems in the reduction of the isoxazoline rin@.BRa and the difficulites in
separating the diasteromers r es2l5tldatided for om t

abandon this approach to bradyrhizose.

O OH OH OH
@) 8 —»Zh(BH4)2 <Oj/-\/-\/
H THF, -40 °C :
\ / OTBDPS \ / OTBDPS
2.34 2.35

Scheme 210: Attempted diastereoselective reduction of ket®r3

2.3.4 Summary and conclusion

In summary, a 1;8ipolar cycloaddition of MVK 2.16) and furaldehyde oxime (25 was
done using commercial bleach to give the isoxaz&id&in 41%after two steps (Scheme7l.
Baker 6s ye a’albgavea thixtare af adiasterepmeric alcohd!86 which could only
be separated aftéineir conversion to theorrespondingd BDPS ethers. The desired compound,
2.323 was obtained in 35% vyieldver the two steps (Scheme82and Table ). The
stereochemistry of the compound was verified bsa¥ crystallographic analysis (Figurel® of
an O-acteylmandelic acid derivative 33 which was obtained by cleavage of the silyl ether in
2.32aand tha treatment witl{S)-(+)-O-acetylmandelic acidnd DCC.The isoxaline ring i2.32a
was reduced using RaNi and boric acid to give the ring opened pra@dah 42 49% vyield.

With an overall yield of 67% after five steps, and not being able to repredte results from
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Ticozzi and Zanarotfi] chose to stop pursuing this route to bradyrhizose and explored an alternate
strategy. The next approach is based on the other syntisebnidection mentioned in Chapter 1
(Scheme 22), where the target is made from an inositol derivative. The route startingrfyom

inositol will be discussed in Chapter 3.

2.4 Experimental

General Methods:Reactions were carried out in ovdried glasware. All reagents used
were purchased from commercial sources and were used without further purification unless noted.
Solvents used in reactions were purified by successive passage through columns of alumina and
copper undeargon Unless stated otherv@sall reactions were carried out at room temperature
under a positive pressure of argon and were monitored byohlstlica gel 60 F254 (0.25 mm, E.
Merck). $ots were detected under UV light or by charring wathsolution of ammonium
molybdate (12 g) anderic ammonium nitrated@2 g) in H2O (235 mL) and concentrated sulfuric
acid (15 mL)Unless otherwise indicated, all column chromatography was performed on silica gel
60 (406 O &£TMq ratio between silica gel and crude product ranged from 100 tqvaov)L
Optical rotations were measured at22 °C at the sodium D line (589 nm) and are in units of
deg-mL(dm-g). *H NMR spectra were recorded at 500 MHz, and chemical shifts are referenced
to TMS (0.0 ppm, CDG). 3C NMR spectra were recorded at 1851z, and**C chemical shifts
are referenced to internal CDL(77.2 ppm, CDC4. In the processing of reaction mixtures,
solutions of organic solvents were washed with equal amounts of aqueous solutions. Organic
solutions were concentrated under vacuunx &0°C (bath).Electrospray mass spectra were

recorded on samples suspended in mixtures of THF widOEHand added NaCl.
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(2)-2-Furaldehyde oxime(2.25.8 An aqueous solution of NaO@.84g in 18 mL of HO) was
added dropwise to a cooled {G) mixture of furfural(10 mL, 121 mmol)and hydroxylamine
hydrochloride(8.41 g, 12Immol) inH20 (30 mL) and CHOH (5 mL).Thereactionmixture was
stirred at0 °C for 2 h, then allowed to warm to rt for 1 The precipitée was filtered, washed with
cold water and dried ¢Ps) under vacuum. The crude solid product was collected and purified by
recrystalliationusingbenzene and petroleuather to yield2.25(8.37 g, 62%) as white needles.

R 0.42 (4:1 hexané&tOAc); 'H NMR (500 MHz, CDC}, ) 8.77 (br, 1 H, OH), 7.52 (s, 1 H,
N=CH), 7.49 (dd, 1 H}s5= 0.7 Hz,Ja5= 1.7 Hz, H5), 7.14 (d, 1 H}s .= 3.5 Hz, H3), 6.55 (ddd,

1 H,J= 0.6 Hz,dss= 1.7 Hz,Js.4 = 3.5 Hz, H4); 13C NMR (125 MHz, CDGJ, lic) 145.0(C-2),
143.4 (C-5), 137.4(C-1), 118.2 (C-3), 112.3 (C-4). HRMS (El) Calcd for *] CsHsNO2:

111.0320 Found111.0321

5-Acetyl-3-furyl -2-isoxazoline(2.15) Commercial bleacliChlorox®, 5.4 mL) was added to a
cooled (0 °C) soltion of 2.25(200 mg, 1.80 mmol) and methyl vinyl ketone (300 3.60 mmol)

in CHxCI> (7.2 mL) The reaction mixture was stirred for 30 minGatC and transferred to a
separatory funnel. The layers were separated and the aqueous layer was extrag&dAwith
Thecombineddrganic extractweredried (NaSQy), filtered ancconcentratedlhe resulting crude

product was purified bgilica gel columnchromatography9:1 to 7:3 hexané&tOAc) to yield
35



2.15(216 ny, 67%) asan orange oilRr 0.24 (4:1 hexané&tOAc), *H NMR (500 MHz, CDC4,
Un) 7.55 (dd, 1 Hoturatur= 0.7 Hz,Jatur,arur= 1.8 Hz, H4 furyl), 6.78 (dd, 1 HJoturatur= 0.7 Hz,
Jatur 3tur= 3.5 Hz, H2 furyl), 6.52(dd, 1 H,J3fur4tur= 1.8 HZ, Jotur,3ur= 3.5 Hz, H3 furyl), 5.01(dd,
1 H, Jsas= 6.1Hz, Japs=11.8Hz, H-5), 3.62(dd, 1 H,Jsas= 6.1Hz, Jsasp=17.1Hz, H-43), 3.48
(dd, 1 H,dabs= 11.8Hz, Jaaan= 17.1Hz, H4b), 2.37(s, 3 H, CHs); 3C NMR (125MHz, CDCb,
lic) 207.2(C=0),148.8(C=N), 144.8 (G4 furyl), 143.9 (C1 furyl), 112.7 (G2 furyl), 111.8 (C3
furyl), 84.0 (G5), 37.1 (G4), 26.4(CHs). HRMS (ESI) Calcd for M + H]" CoH10NOs: 180.0655

Found180.0655

OH

3-Furyl -5-((1°S)-hydroxyethyl)-4,5-dihydroisoxazole (2.26). A solution of2.15(200mg, 1.12
mmol) in EtOH (3 mL)was added to awarmé@85°C)mi xt ur e of Baker 0s
(33 mL) containing KHPQ: (66 mg), NaHPQ: (33 mg), MgSQ@ (33 mg) and glucose (10 g).
After stirring for 2 h at 35°C, the reaction mixture was filtered through C&it645 and the
precipitate was washed thoroughly with EtOAc. The filtrate was separated anddhe extract
wasdried (NaSQy), filtered andconcentratedThe resulting crude product was purified iyca
gel columnchromatography4( 1 to 3:2hexanesEtOAC) to yield2.26(170 ng, 84%) asa colorless
oil (diastereomeric mixture, 1:1% 0.30 (3:2 hexané&tOAc); 'H NMR (500 MHz, CDC4, w) U
7.52 7.51(m, 1 H, H-4 furyl), 6.73 6.71(m, 1 H, H-2 furyl), 6.50 6.48(m, 1 H, H-3 furyl), 4.63
(ddd, 0.5H, J1' 5= 3.3Hz, J4a5= 8.6 Hz, Jap5 = 10.8Hz, H-5), 4.56(ddd 0.5H, J1' 5= 5.5HZ7, J4a5

= 7.7Hz, Jas = 10.6Hz, H-5), 4.13(dg, 0.5 H, Jrs = 3.3Hz, Jr> = 6.6 Hz, H-1)3.82 3.76
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(M, 0.5H,H-1 6 ) ,-3.33(M4005 H, H-4), 3.24 3.13(m, 0.5H, H-4), 2.30 1.96 (br, 1 H, OH),
1.28 (d, 1.5 HJrz =6.6Hz, H-2 6 ) , 1. 2 drz £ 6l4Hz, H-2 6 FCHNMR (125MHz,
CDCls, ¢) (149.3(C=N), 149.2(C=N), 1447 (C-1 furyl), 1446 (C-1 furyl), 144.4(3)(C-4 furyl),
144.3(8)(C-4 furyl), 111.9(8) (C-2 furyl), 111.9(7) (C-2 furyl), 1117(4) (C-3 furyl), 1116(9) (C-
3 furyl), 84.9(C-5), 84.5(C-5), 69.1 (G1), 67.0 (G1'), 36.9 (C-4), 34.1(C-4),19.0(C-2), 18.0

(C-2). HRMS (ESI) Calcd forfl + H]* CoH1NOs: 182.0812 Found182.0812

OAc
0]
/ VY
\
N—-O
2.28

3-Furyl -5-(((1"S)-O-acetyl)rhydroxyethyl)-4,5-dihydroisoxazole(2.28. Acetic anhydride (200
pL, 2.09 mmol)was added to a solution @&26(126 ng, 0.695mmol) in pyridine (2 mL). After
stirring overnight at rt, the solvent was evaporated heddsulting crude product was purified by
silica gel columrchromatography9(1 to 7:3hexanesEtOAC) to yield2.28 (126 mg, 81%) asa
colorless oil (diastereomeric mixture, 1:R 0.46 (4:1 hexand€tOAc); *H NMR (500 MHz,
CDCl, ) #@.52 7.51(m, 1 H, H-4 furyl), 6.73 6.72(m, 1 H, H-2 furyl), 6.50 6.48(m, 1 H, H-3
furyl), 5.09 5.02 (m, 1 H, H19, 4.77 4.68(m, 1 H,H-5), 3.82 3.76(m, 0.5H, H-4), 3.40 3.31
(m, 1H, H-4), 3.20 3.07(m, 0.5H, H-4), 2.04 (s, 1.5 HC=OCHs), 2.03 (s, 1.5 HC=OCHj), 1.30
(d, 1.5 HJr > =6.4Hz, H-2 61)28 (d, 1.5 HJ)1 > = 6.4Hz, H-2 6FC NMR (125MHz, CDC,
lc) 170.5 (C=0), 70.3 (C=0), 148.§C=N), 148.4(C=N), 1446 (C-1 furyl), 1446 (C-1 furyl),
144.4(0)(C-4 furyl), 144.3(9)(C-4 furyl), 111.8(3) (C-2 furyl), 111.7(8) (C-2 furyl), 1117 (C-3

furyl), 82.1 (C-5), 81.4 (C-5), 70.6 (G1), 70.4 (G1'), 36.5(4) (C-4), 36.4(5) (C-4), 21.2
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(C=0CHg3), 21.1 (C=0CHz3), 15.6 (C-2'). HRMS (ESI) Calcd for M + Na]" Ci1iH13NNaOs:

246.0737 Found246.0732

OBz
(0]
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2.29

3-Furyl -5-(((1"S)-O-benzoate}hydroxyethyl)-4,5-dihydroisoxazole (2.29. Benzoyl chloride
(153 pL, 1.32 mmol)was added to a cooled {C) solution 0f2.26 (160 ng, 0.883mmol) in
pyridine (4 mL). After stirring overnight at rt, the reaction mixture was diluted with EtOAc and
washed with a saturated aqueous solution of Nai&lTBe organic extract asdried (NaeSQy),
fillered and concentrated The resulting crude product was purified Isflica gel column
chromatography %1 to 4:1 hexanebEtOAC) to yield 2.29 (206 ny, 82%) asa colorless oll
(diastereomeric mixture, 1:1R 0.49 (4:1 hexang<EtOAc); *H NMR (500 MHz, CDC4, ) U
8.01- 7.97(m, 2 H, Ar), 7.57 7.49(m, 2 H, H-4 furyl, Ar) 7.43 7.37(m, 2 H, Ar), 6.75(d, 0.5H,
Jour,3fur = 3.5Hz, H-2 furyl), 6.71(d, 0.5H, Jzfur 3ur = 3.5 Hz, H-2 furyl), 6.51(dd, 0.5H, Jsfur 4tur

= 1.8 Hz, Jofur3iur = 3.5 Hz, H-3 furyl), 6.46 (dd, 0.5 H, Jafuratur = 1.8 HZ, Jofur,3tur = 3.5 Hz, H-3
furyl), 5.31-5.25 (M, 1 H, HL 0 ) ,- 4.88(m9 12H,H-5), 3.45 (dd,0.5H, Jias = 11.0 HZ Jaaa =
16.9 Hz, H4a), 3.32 (dd0.5H, Jsa5=11.1Hz, Jaaa = 16.9 Hz, H4b), 3.30 (dd0.5H, Japs=7.2

Hz, Jaaa = 16.9 Hz, H4b), 319(dd,0.5H, Jap5="7.2 Hz, Jsaap = 16.9 Hz H-4b), 1.46 (d, 1.5 H,
Jr 2 =6.6Hz, H-2 61.42 (d, 1.5 H)r> = 6.4Hz, H-2 dfC NMR (125MHz, CDChk, ¢) {i66.0
(C=0), 165.8 (C=0), 148.(C=N), 148.4(C=N), 1447 (C-1 furyl), 1446 (C-1 furyl), 144.5(C-4
furyl), 144.4(C-4 furyl), 133.1 (Ar), 130.0 (Ar), 129.9 (Ar), 129.7(2) (Ar), 129.6(9) (Ar), 128.3(8)

(Ar), 128.3(6) (Ar),111.9 (C-2 furyl), 111.8(3) (C-2 furyl), 1117(7)(C-3 furyl), 1117 (C-3 furyl),
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82.2(C-5), 81.5(C-5), 71.5 (G1), 71.4 (G1'), 36.8 (C-4), 36.2(C-4), 15.9(C-2), 15.8(C-2).

HRMS (ESI) Calcd forf + H]* C1eH16NO4: 286.1074 Found286.1076

OAc

2.30

3-Furyl -5-((1°S)-(O-((S)-O-acetylphenylacetate)hydroxyethyh4,5-dihydroisoxazole  (2.30.

A solution of DCC (109 mg, 0.531 mmol) in @12 (2 mL)was added to a cooled {G) solution
of 2.26 (77 mg, 0.425 mmol), DMAP (26 mg, 0.220 mmol) ai({)-O-acaylmandelic acid
(203 mg, 0.531 mmol) in CiI> (2 mL). The reaction mixture was stirred for 3 h, then filtered
through a short pad ofsilica. The silica was rinsed with EtOAc and tfikrate was
evaporatedoncentrated The resulting crude product was ffied by silica gel column
chromatography 41 hexandéstOAC) to yield 2.30 (147 mg, 97%) as a colourless oil
(diastereomeric mixture, 1:1% 0.39 (3:2 hexan&&tOAc); *H NMR (500 MHz, CDG4, ) @.51
(d, 1 H, Jstur.atur= 1.7 Hz, H-4 furyl), 7.44 7.38 (m, 2 H, Ar), 7.36- 7.32(m, 1.5H, Ar), 7.25 7.20
(m, 1.5H, Ar), 6.57(d, 1 H, Jofur,3rur= 3.5Hz, H-2 furyl), 6.49 (dd, 0.5H, Jztur,atur= 1.8 HZ, Jofur, 3tur
=3.5 Hz, H3furyl), 6.48 (dd,0.5H, Jsturatur= 1.8 HZ, Jofur,3rur= 3.5 Hz, H3 furyl), 5.88 (s, 0.5 H,
CHPh), 5.85 (s, 0.5 H, l@Ph), 5.085.03 (m 1 H, H-1 34.65 @dd, 0.5H, J1 5= 3.1Hz, Jsas= 79
Hz, Jas = 11.4Hz, H-5), 4.55 @ldd, 0.5H, J1'5 = 5.3Hz, Jaas = 7.5Hz, Japs = 11.0Hz, H-5), 3.12
(dd, 0.5H, Ja5 = 11.4Hz, Jaass = 16.9Hz, H-4b), 3.07(dd, 0.5H, Jan5 = 11.0Hz, Jaass = 16.9
Hz, H-4b), 2.84(dd, 0.5H, Jsas = 7.5HZ, Jsaap = 16.9Hz, H-4a), 2.68(dd, 0.5H, Jsa5 = 7.9 Hz,
Jsaan= 16.9Hz, H-4a), 2.18 (s, 1.5 H, C(=0)C#}, 2.11 (s, 1.5 H, C(=0)C#)|, 1.40 (d, 1.5 HJr >
=6.4Hz, H-2 61).34 (d, 3 HJr > =6.4Hz, H-2 8C.NMR (125MHz, CDCk, c) {i70.4 (C=0),
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168.5 (C=0), 168.1 (C=0), 148(€=N), 148.1(C=N), 144.5(C-1 furyl), 144.3(C-4 furyl), 144.1
(C-4 furyl), 133.6 (Ar), 133.5 (Ar), 129.2 (Ar), 129.1 (Ar), 128.8 (Ar), 128.7 (Ar), 127.5 (Ar),
127.3 (Ar),111.9 (C-2 furyl), 111.8 (C-2 furyl), 1117(2) (C-3 furyl), 111.6(8) C-3 furyl), 81.9
(C-5),81.0 (G5), 74.6(3) CHOAC), 74.6(0YCHOAC), 71.8(1) (C1'), 71.7(8) (C1"), 36.2(C-4),
36.1(C-4),20.7 (C=QCH3), 20.5 (C=QHs3), 16.2 (G2), 15.9 (G2'). HRMS (ESI) Calcd for [M

+ NaJ" CigH19NNaGs: 380.1105. Found 380.1102.

OTBS
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2.31

3-Furyl -5-(((1"S)-O-tert-butyld imethylsilyl) -hydroxyethyl)-4,5-dihydroisoxazole (2.31).
Imidazole (128ng, 1.89 mmoland TBSCI (142 mg, 0.944 mmol) were added to a coolé@)0
solution 0f2.26 (114 nyg, 0.629mmol) in DMF (1.5 mL). The ice bath was removed and the
reaction mixture wastirred for 3 h at rt. EtOAc and water were added to the mixture and the layers
were separated. Thegganic extract wsdried (NaSQy), filtered andconcentratedThe resulting

crude product was purified tsjlica gel columrchromatographyl9:1 hexanesEtOAC) to yield
2.31(116 ng, 62%) ascolorless oil (diastereomeric mixture, 1:R) 0.54 (9:1 hexan&&tOAc);

IH NMR (500 MHz, CDC4, w) ¥.51- 7.50(m, 1 H, H-4 furyl), 6.72- 6.69(m, 1 H, H-2 furyl),

6.49 6.47(m, 1 H, H-3 furyl), 4.64 ¢dd, 0.5H, Jr 5= 5.1Hz, Jsas = 7.7 Hz,dan5 = 10.8 Hz, H

5), 4.52 (ddd0.5H, J1'5= 3.9 HZ Jsas5 = 7.7 Hz,Jap5 = 10.8 Hz, H-5), 4.04 3.96(m, 1 H, CH-
OTBS), 3.35dd, 0.5H, Jaas = 7.7 Hz,Jsaap = 16.7Hz, H-4a), 3.273.15(m, 1.5H, H-4), 1.17 (d,
1.5H,Jr> =6.4Hz, H-2 61)15 (d, 1.5 HJr » =6.2Hz, H-2 6 ) , 0. 8tBu),(083(s,45 5 H,

H, t-Bu), 0.08 (s, 1.5 H, SCHs), 0.08 (s, 1.5 H, SCHs), 0.07 (s, 1.5 H, SCHs), 0.04 (s, 1.5 H,
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Si-CHg); 3C NMR (125MHz, CDCh, c) 1148.6(C=N), 145.3 (C-1 furyl), 145.1 (C-1 furyl),
144.1(4)(C-4 furyl), 144.0(8) C-4 furyl), 111.6 (C-2 furyl), 111.5 (C-2 furyl), 1114 (C-3 furyl),
1112 (C-3 furyl), 85.2(C-5), 83.9(C-5), 68.8 (G1'), 68.5 (G1'), 35.5 (C-4), 34.7(C-4), 25.7¢)
(SIC(CH3)3), 25.7(0) (SIiCCHa)3), 205 (C-2), 18.1 (SC(CHa)s), 180(2) (C-2),
17.9(6)(SE(CHa)3), - 4.5(5) (SICH3), - 4.5(7)(SICHz), - 4.8 (SiCH3). HRMS (ESI) Calcd for [M

+ NaJ" CisH2sNNaQuSi: 318.1496. Found 318.1491.

OTBDPS OTBDPS
0] 0]
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2.32a 2.32b

(59)-((1"9)-(O-(tert-Butyldiphenylsilyl)hydroxyethyl) -3-furyl -4,5-dihydroisoxazole (2.329
and (5R)-((1"9)-(O-(tert-Butyldiphenylsilyl)hydroxyethyl) -3-furyl -4,5-dihydroisoxazole
(2.32b). tert-Butyl(chloro)diphenylsilang487 pL, 1.87 mmol) and imidazole(294 mg, 4.32
mmol)were added to a solution #26(261 mg, 1.44 mmol) in DMF (4 mLY hereactionmixture
wasstirred atrt overnight. Water was added and the aqueous solution was extracted with EtOAc.
The organic extract wsdried (NaSQu), filtered am concentratedThe resulting crude product
was purified bysilica gel columrchromatographyl9:1 hexaneBEtOAC) to yield2.32a(253 ny,
42%) and2.32b(247 ng, 41%)ascolorless 0ils(2.329: R 0.36 (9:1 hexané&tOAc);[a]p +37.4
(c 0.5, CHCE); 'H NMR (500 MHz, CDC4, ) #8.70-7.67(m, 4 H, Ar), 7.52 (dd, 1 H,Jofur afur =
0.7 Hz,Jztur,atur= 1.8 Hz, H4 furyl), 7.44 7.35(m, 6 H, Ar), 6.72 (d, 1 H,J2fur3ur= 3.5 Hz, H2
furyl), 6.50 (dd, 1 H,Jzfur4tur= 1.8 HzZ, Jofur,3ur= 3.5 Hz, H3 furyl), 4.66 @ddd, 1 H, J1 5 = 4.6 Hz,
Jaas = 7.7 Hz,daps = 11.0Hz, H-5), 4.05(dg, 1 H, Jrs= 4.6 Hz, Jr > = 6.4Hz, H-1"), 3.32(dd, 1

H, Jaas = 7.7 HZ,dsaap = 17.0Hz, H-4a), 3.25dd, 1 H, Japs = 11.0HZ, Jaaap = 17.0Hz, H-4b),
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1.08 (d, 3HJr> =6.4Hz, H2 6) , 1. @-Bu); CGNMR 9125MHz, CDCh, ) (148.6
(C=N), 145.0(7)(C-1 furyl), 145.0(6)(C-4 furyl), 135.9 (Ar), 135.8 (Ar), 134.8 (Ar), 134.0 (Ar),
133.6 (Ar), 129.8 (Ar), 129.7(3) (Ar), 129.6(6) (Ar), 127.7(3) (Ar), 127.7(1) (A6 (C-2
furyl), 1115 (C-3 furyl), 83.3 (G5), 69.5 (G1'), 35.4 (C-4), 25.9 (SICCH3)3), 19.3 (SC(CHa),

17.5 (G2'). HRMS (ESI) Calcd for [M + N&]CzsH2oNNaOsSi: 442.1809 Found442.1806

(2.32D): R 0.39 (2:1 hexané&tOAc);[aloT 7 6 ¢ 126, QHCE); 7.74 7.71(m, 2 H, Ar),
7.697.67(m, 2 H, Ar), 7.52 (dd, 1 H, Joturatur = 0.7 Hz,Jatur.atur = 1.8 Hz, H4 furyl), 7.44 7.35
(m, 6 H, Ar), 6.68(d, 1 H,J2fur3ur= 3.5 Hz, H2 furyl), 6.50 (dd, 1 H,Jafur4fur= 1.8 HZ, Jofur 3ur=
3.5 Hz, H3furyl), 4.56 @dd, 1 H, J1 5 = 3.9Hz, Jsa5 = 7.7 Hz,Jan5s = 10.8Hz, H-5),4.10(dq, 1
H, Jrs= 3.9 Hz,J1 > = 6.4Hz, H-1), 3.41(dd, 1 H, Jaa5 = 7.7 Hz,Jaaas = 16.5Hz, H-4a), 3.24
(dd, 1 H, Jas = 10.8Hz, Jaaan = 16.5Hz, H-4b), 1.03 (d, 3HJr> =6.4Hz,H-26) , 1. 02
t-Bu); 3C NMR (125MHz, CDCE, c) 148.6(C=N), 145.3(C-1 furyl), 144.1(C-4 furyl), 136.8
(Ar), 135.9 (Ar), 134.8 (Ar), 134.5 (Ar), 133.2 (Ar), 129.7 (Ar), 129.6 (Ar), 127.7 (Ar), 127.6 (Ar),
127.5 (Ar), 111.6 (C-2 furyl), 1113 (C-3 furyl), 85.3 (G5), 69.7 (G1'), 35.2 (C-4), 26.9
(SiC(CH3)3), 20.0 (G2), 19.3 (SC(CHz3)3). HRMS (ESI) Calcd for M + H]* C2sHz0NOsS::

420.1989. Found 420.1986.

OH

(59)-3-Furyl -((1°S)-hydroxymethyl)-4,5-dihydroisoxazole(2.269. A solution of TBAF (1.0 M
in THF, 1.16 mL, 1.16 mmol) was added to a solutio &2a(324 mg, 0.772 mmol) in THF (3

mL). Thereactionmixture wasstirred at rfor 30 min and an saturated aqueous solution ofQNH
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was addedThe aqueous solution was extracted with EtOAc andthanic &tract wasdried
(NaSQy), filtered andconcentratedThe resulting crude product was purifieddayca gel column
chromatographya:3hexanesEtOAC) to yield2.26a(105 ny, 75%) asa white solid.mp =471 49
°C; Ry 0.30 (3:2 hexaneBEtOAC), [a]p +149.4(c 0.6, CHCL); *H NMR (500 MHz, CDC4, w) U
7.53 (dd, 1 H,J2uratur = 06 Hz, Jatur,atur= 1.7 Hz, H-4 furyl), 6.74 (d, 1 H, Jotur,3ur= 33 Hz, H-2
furyl), 6.50 (dd, 1 H,Jsfurarur= 1.7 Hz, Jafur3ur= 3.3 Hz, H-3 furyl), 4.57 @dd, 1 H, J1 5 = 5.5Hz,
Jaas = 75 Hz, Japs = 10.9Hz, H-5), 3.80(ddd 1 H, Jr 5= 5.5 Hz,J1 .01 = 5.9Hz, J1 > = 6.4 Hz,
H-17), 3.37(dd, 1 H, Japs = 10.8Hz, Jaaap = 16.7Hz, H-4b), 3.17(dd, 1 H, Jaas = 7.5Hz, Jaaap =
16.7Hz, H-4a), 2.27 (d, 1HJron = 5.9 Hz, OH), 1.30 (d, 3 H)r> = 6.4Hz, H-2 8 C,NMR
(125MHz, CDCk, c) 149.3(C=N), 144.7 (C-1 furyl), 144.4(C-4 furyl), 112.0(C-2 furyl), 1118
(C-3 furyl), 84.5 (G5), 69.1 (G1"), 37.0 (C-4), 19.0 (G2). HRMS (EI) Calcd for M*]

CoH11NOs: 181.0739 Found181.0740

OH
/ (0]
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2.26b

(5R)-3-Furyl -((1"S)-hydroxymethyl)-4,5-dihydroisoxazole(2.26b). A solution of TBAF (1.0 M
in THF, 218uL, 0.218 mmol) was added to a solution2a82b (61 mg, 0.145 mmol) in THF (1
mL). Thereactionmixture wasstirred at rffor 30 min and an saturated aqueous solutfddH4Cl
was addedThe aqueous solution was extracted with EtOAc andthanic extract asdried
(NaeSQy), filtered andconcentratedThe resulting crude product was purifieddayca gel column
chromatography7:3 hexanesEtOAC) to yield2.26b(20 mg, 77%) asa white solid.mp =771 78
°C: Rr 0.30 (3:2 hexanesEtOAc); [a]p T 132.0(c 0.6, CHCk); 'H NMR (500 MHz, CDC4, ) U

7.5217.50(m, 1 H, H4 furyl), 6.71 (d, 1 H,dorur3ur= 33 Hz, H-2 furyl), 6.49 6.47(m, 1 H, H-3
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furyl), 4.64 4.59 (m 1 H, H-5), 4.15 4.09(m, 1 H, H-1'), 3.37(dd, 1 H, Jaas = 8.1 Hz, Jaasn =
16.7Hz, H-4a), 3.21(dd, 1 H, Jans = 10.8Hz, Jaaan = 16.7Hz, H-4b), 2.12 (br, 1H, OH), 1.21 (d,
3 H,J 2 =6.6Hz, H-2 6C;:NMR (125MHz, CDCh, ) li49.4(C=N), 144.8(C-1 furyl), 144.4
(C-4 furyl), 112.0(C-2 furyl), 1117 (C-3 furyl), 84.9 (G5), 67.0 (C1'), 34.1(C-4), 18.0 (G2).

HRMS (EI) Calcd for 4 CoH1:NOs: 181.0739. Found181.0740

(59)-3-Furyl -((1°9)-((0)-(S)-acetylphenylacetate)-hydroxymethyl)-4,5-dihydroisoxazole

(2.33. A solution of DCC (113 mg, 0.550 mmol) in @2 (2 mL) was added to a cooled%0)
solution of 2.26a (80 mg, 0.440 mmol), DMAP (27 mg, 0.220 mmol) ang-(%)-O-
acetylmandelic acid (107 mg, 0.550 mmol) inZCH (2 mL). Thereactionmixture wasstirred at

rt for 3 h andiltered through a silica plug. The silica plug was rinsed with EtOAc and the filtrate
was evaporated.hE resulting crude product was purified $iljca gel columrchromatography
(4:1 hexanebEtOAC) to yield 2.33(155 ny, 98%) asa white solid mp = 7 5R 0.3 (3:AC;
hexanesEtOAC); [a]p +172.1 ¢ 0.5, CHCE); 'H NMR (500 MHz, CDC4, +) .51 (d, 1 H,
Jotur,atur= 0.7 Hz, Jaturatur= 1.8 Hz, H-4 furyl), 7.42 7.40 (m, 2 H, Ar), 7.25 7.20 (m, 3 H, Ar),
6.58 (d, 1 H,Jour atur= 0.7 Hz, Jofur,3rur= 3.5Hz, H-2 furyl), 6.51(dd, 1 H, Jatur atur= 1.8 HZ, Jotur,3fur
=3.5 Hz, H3 furyl), 5.87 (s, 1 H, €Ph), 5.09 (dgl H, Jr5= 3.1 Hz Jr > = 6.4Hz, H-1), 4.67
(ddd, 1 H, Jr 5 = 3.1Hz, Jaa5 = 79 Hz, Jans = 11.6Hz, H-5), 3.14(dd, 1 H, Jap5 = 11.6HZ, Jsaan

= 16.9Hz, H-4b), 2.70(dd, 1 H, Jaas = 7.9 Hz, Jaaan = 16.9Hz, H-4a), 2.13 (s, 3 H, C(=0)GH

1.42 (d, 3 HJr 2 = 6.4Hz, H-2 6C,NMR (125MHz, CDCk, ) ii70.4 (C=0), 168.6 (C=0),
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148.2(C=N), 144.5(C-1 furyl), 144.3(C-4 furyl), 133.5 (Ar), 129.1 (Ar), 128.7 (Ar), 127.3 (Ar),
111.8 (C-2 furyl), 1117 (C-3 furyl), 81.0 (G5), 74.6 CHOAC), 71.8 (G1'), 36.2 (C-4), 20.5
(C(=O)CHs3), 15.9 (G2). HRMS ES)) Calcd for M + NH4]* CigH23N206: 375.1551 Found

375.1551

O OH

0
\| OTBDPS

2.34

(3S,49)-4-O-(tert-Butyldiphenylsilyl) -1-(2-furyl) -3,4-dihydroxypentan-1-one (2.34). Freshly
prepared Raney nickédn amount that fits on the tip of a spajwas added to a solution »f32a
(65 mg, 0.155 mmol) and boric acid (11 mg, 0.170 mamoQHz:OH (3.5 mL) and KO (0.5 mL).
After stirring under Hatmosphere for 20 hhé reactionmixture was filteredand the filtrate was
extracted with ChHCl,. The organic extract vasdried (NaSQv), filtered andconcentratedThe
resulting crude product was purified &ijica gel columrchromatographyl(9:1 hexanesEtOAC)
to yield 2.34 (31 ng, 47%) asa colorless o0ilRr 0.37 (4:1 hexané<€tOAc); [a]p 148.9(c 0.7,
CHCl3); *H NMR (500 MHz, CDC4, W) @.70 7.67(m, 4 H, Ar), 7.60(dd, 1 H,Jzmuraur= 0.7 Hz,
Jatur.afur= 1.7 Hz, H-4 furyl), 7.46- 7.35(m, 6 H, Ar), 7.18 (dd, 1 H,J2fur 4tur= 0.7 HZ, Jotur3rur= 3.7
Hz, H-2 furyl), 6.55(dd, 1 H,Jsur4tur= 1.7 HZ, Jotur,3rur= 3.7 Hz, H-3 furyl), 4.15 4.11(m, 1 H, H-
3),3.94(app dq1H, J34=4.4Hz,Js5=6.4Hz, H-4), 3.04(dd, 1 H, J23=3.9Hz, J,» = 16.3Hz,
H-2), 2.98(dd, 1 H, J,3= 8.6 Hz, J22= 16.3Hz, H-2), 2.82 (d, 1H,J = 4.9Hz, OH), 1.12 (d, 3
H, Jas = 6.3Hz, H-5), 1.09 (s, 9 H1-Bu); 3C NMR (125MHz, CDCk, ¢) i88.7 (C=0).152.8
(C-1 furyl), 146.6(C-4 furyl), 135.9 (Ar), 135.8 (Ar), 134.0 (Ar), 133.5 (Ar), 129.9 (Ar), 129.8

(Ar), 127.8 (Ar), 127.6 (Ar)117.6 (C-2 furyl), 112.3 (C-3 furyl), 71.6(3) (G3), 71.6(1) C-4),
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40.8(C-2), 27.1 (SiCCHa)s), 19.4(SIC(CHs)s), 18.7 (G5). HRMS (ESI) Calcd for [M + Nd]

C2sH30Na04Si: 445.1806 Found445.1802
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Chapter 3: Synthesis of bradyrhizose: Route starting withmyo
inositol

Thesecondoutel designed for the synthesis of bradyrhizose was inspired by the work of
Dr. M. S. Shashidhdrom CSIR-National Chemical Laboratomg India. The focusof his research
is the synthesis and structure of inositol derivatives and the mechanisms of reactions involving
them Thischapter will discusa route to bradyrhizose starting wittycinositol, an inexpensive

mesocompound.

3.1 Introduction

myo-Inositol is the most abundant inositol in natdr&his cyclohexanehexol was first
isolated by Scherer in 1850 from muscle tissue and its chemical formula was correctly reported
based on elemental analy$fsThe structure ofmyoinositol was later elucidated by Posternak,
and by Dangschat and Fischer, in 1942 Inositol derivatives are important in biology and are
mainly found in the phosphogtied forne They play key roles in various biological events such
as cellular signaling and anchoring of membrane proteins. Syntigediiivatives of inositol may

provide further insight to the biological functions of inositol molecules.

Different methods are known for synthesizing these compounds and the approach that will
be discussed in this work is the derivatizatiomgfoinostol (3.1) (Scheme 3l). Three of the
hydroxyl groups can be protected with an orthoester to form a rigid adaméikéasgucture
(3.2).58 The other hydroxyl groups can be differentiated depending on the reagent used to form
the desired intermediates e.8.3, 3.4, 3.5 or 3.6>%78° The use of sodium and lithium bases
encouage the reaction of the axial hydroxyl groups by chelation between the two hydroxyl groups
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with the metaP*° Reaction of the equatorial group, being more nucleophilic and less hindered, is
favored by the use @ weaker base without a chelating mdtking this approach, it is therefore
possible to distinguish between the two axial and the equatorial hydroxyl groups raf¢he

inositol orthoesteB.2

R R
0 070
HOoH Oo% g#
_________ . 2
o OH  emmeeees ~ HO . R20 _
HO HO
OH OH
3.1 3.2 3.3
Y Y
R R

Scheme3-1: Formation of diO-suldituted myoinositol ortho esters.

In addition, the regioselective opening of the orthoeaféto provide the corresponding
benzylidene acetd&.8 can be achieved using DIBAH (Scheme )88 After protection of the
resulting free hydroxyl group, the benzylidene acetal fanatilty in derivative3.8 can also be
opened to give orthogonally protectetyainositol derivatives such a3.9. The synthesis of
bradyrhizose | developed uses this approach for the differentiation of the hydroxyl growms in

inositol.
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I ) OH& :
OR
4

0071\0 007l OR? RO OR

3
DIBAL-H DIBAL-H 2 9OR
R2O. /A7 ------- > R20./I~¥7 = 2 .9a
R'O RO

OR3 OR3
3.7 3.8 OR3

Scheme3-2: Regioselective opening of orthoesse¥ followed by reductive opening of the
benzylidene acetd.8%8!

3.2 Convergat route using ring closing metathesis (RCM) and a carboxylic
acid from (+)-dimethyl L-tartrate

3.2.1 Retrosynthesis

Thefirst retrosynthesis of bradyrhizoasingmyainositol as the starting material (Scheme
3-3) was based on the synthetic disconnestimentioned in Chapter 1 (Schem8)1As shown
earlier, the monosaccharide could be made in a convergent waynig@mositol and (+
dimethylL-tartrate. A more detailed retrosynthetic analysis is provided in Sch&ne 3

Bradyrhizose3.10 could beobtained by a reduction of lactoBel 1to the lactol followed
by a deprotection (Scheme33(a)). The lacton8.11 could be prepared by a RCM between the
two alkenes in compourgl12followed by an asymmetric dihydroxylation on the newly formed
olefin. Intermediate3.12can be made by coupling of inositol derivatB/@3and carboxylic acid
3.14 Derivative3.13can be formed by several modifications3of5involving a deoxygenation
and an oxidation step, followed by a Wittig reaction. Intermedal8 could be obtained by
reductions of the orthobenzoaBl6 The scylloinositol compound3.16 could be made by

protection, oxidation and Grignard additionragiainositol 3.1). The carboxylic aci®.14can be
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prepared by reduction of the ester, substitugmd elimination followed by oxidation of ¢+)

dimethylL-tartrate 8.17).

OR
OHOH Reductlon RO OR o 1) RCM
RO
2) Deprotection RO RO o 2) Dihydroxylation

OH OH
3.1
OR OR 0
RO OR Coupling
RO (@) s e RO
W RO OH * /\i)J\OH
o OR
3.13 3.14

Ph
07Lo
o

(b)
~6 OR 1) Deoxygenation RO OR OR Reductions
4 p—
RO OH 2) Oxidation RO& Q/OR RO

3) Wittig OR RO OR
3.13 3.15 3.16
1) Protection
2) Oxidation
3) Grignard
(c) o) O OH
/\)j\ 1) Reduction OMe HOoH
= OH ————— MeO HOwH
2) Elimination OH O OH
OR 3) Oxidation OH
3.14 3.17 3.1

Scheme3-3: (a) Retrosynthesis of bradydoise 8.10 from 3.13and3.14 (b) Retrosynthesis of
inositol moiety3.13 (c) Retrosynthesis of carbdiyacid 3.14

3.2.2 Synthesis of the carboxylic acid moeity

The carboxylic acid moiety was synthesized fromdm)ethylL-tartrate 8.17). The first
two steps, which are known in the literature, involved the protection of thaidl,RBsing2,2-

dimethoxypropaneand p-toluenesulfonic acid to give the desired isopropylidene agetdlin
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quantitative yield (Scheme®).}? The esters were then reduced using LiAi&igive diol3.19in

67% yield.

0

) OH OH
0] OH 2,2-dimethoxypropane OMe .
J\H\WOMe pTsOH MeO 5 LiAIH,4 .,
g [ o 0
MeO acetone, reflux 0 O THF, 67% 0
OH O 99% \ﬁ

3.17 3.18 3.19

Scheme3-4: Synthesis of dioB.192

The following step towards the carboxylic acid moiety involvedpitmgection of one of
the primary hydroxyl groups with arBethylnaphthyl group (Scheme53. At first, the reaction
was attempted at OC with 1.1 equivalents of the alkyl bromide, which resulted in an
approximately 1:1 ratio between the menand dtalkyated compounds3(20 and 3.21,
respectively). By cooling the reactionit@5 °C (Scheme-8), compound.20was obtained in

77% yield with only 15% 08.21

OH OH ONAP _OH ONAP _ONAP
H/// NAPBr, NaH H/// H///

. —_— . + .

b DMF ’o ’O

3.19 3.20 3.21

Scheme3-5: Mono- and dtalkylation of diol3.19using 2(bromomehyl)naphthelene.

With compound.20in hand, substitution of the free hydroxyl group with iodide to afford
3.22 proceededunder standard conditions in 87% yield (Schen®.8 Intermediate3.22 was

then treated with zinc dust and acetic acid to produce allylic al&k8In 87% yield. The free
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hydroxyl group was protected using benzyl bromide in 93% YR and the 2methylraphthyl
group was removed using3-dichloro-5,6-dicyanobenzoquinoneDOQ) to give 3.25in 61%
yield. Finally, the primary hydroxyl group was oxidized to the carboxylic acid using TEMPO,
potassium bromide and sodium hypochlorite to afford the desired comip®6in 66% yield*
In summary, the carboxylic acRI26was synthesized in eight steps from-¢ihethylL-tartrate

(3.17) with an overall yield of 15%.

OH OH ONAP _OH ONAP __|

H/// NAPBr, NaH H/// PPhs, imidazole
i _—
° DMF, -15 °C, 77% D lp, THF, 87% o

3.19 3.20 3.22
Zn, AcOH ONAP BnBr, NaH ONAP
THF, 87% = - DMF, 93% = z

OH OBn
3.23 3.24
TEMPO, KBr O
DDAQ, H,O N acetone, 0 °C
EETCTa Ao
e OBn 5% aq. NaHCO3 =
OBn
NaOCl, 66%
3.25 3.26

Scheme 36: Synthesis of the carboxylic ackd26

3.2.3Synthesis of the inositol derivative

The design of this route to bradyrhizose was adapted by the work of Shashidhar and co
workers (Scheme-3 (a) and (b)), starting fromycinositol orthoesters3(27and3.30.° In the
first example (Scheme-8 (a)), they protected the two axial hydroxyl groups3ia7 with p-

methoxybenzyl (PMB) and allyl groups then oxidizedrémaaining equatorial hydroxyl group to
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afford the keton&.28in good yield (60% over three steps). Afterwards, the reduction of the ketone
3.28using sodium borohydride gave theyllo-inositol derivative3.29(equatorial attack from the
hydride).In thesecond example, shown in Schemé @), they used methylmagnesium iodide to
add a methyl group to the ketoB&0and they obtained the methyl in the equatorial posifidh

After deprotectiontheyobtained mytilitol(3.32), a natural inositaflerivative occurring in marine

algae, which has an axial methyl group arstydlo configuration (Scheme-3 (b)).

DMF, 90%
04\0 2. AlIBr, BuLi O%\O NaBH,4, MeOH 04\0
0] THF, DMF, 80% ﬁ# THF, 0 °C, 90% N 0
HO. / J.I? > >
. 3. (COCl),, DMSO n >
HO Ety,(N Dc)lf/i o~ AlO Aol o
OH 78 °C, 83% OPMB HO
3.27 3.28 3.29
(b)
(0] 0] e} 9]
07\ MeMgl 07\ 5 ot OH
M Et,O, THF eprotection HO oH
' ' - > HO OH
TsO 0°Ctort, 74% TsO
© OTs HO  OTs OH
3.30 3.31 mytilitol
3.32
(c) Ph Ph

Scheme3-7: (a) Synthesis afcyllo-inositol derivative3.29by Shashidhar and esorkers® (b)
Synthesis of mytilitol 8.32 by Shashidhar and agorkers>1¢(c) Hypothesis for introduction
of the methyl group, required to access bradyrhizose.

By adding a methyl group to the keto®&8, thescyllo-inositol derivative3.33 with the

methyl group in the equatorial position (Sete37 (c)) should be obtained. Further protection
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and deprotection steps should give an orthogonally protecigtb-inositol derivative 8.34)
where the methyl group would be in the axial position, like in mytilBd32).

The four first steps in thisequence were known in the literature. The synthesis started by
reactingmyacinositol (3.1) with trimethylorthobenzoate to get the desired product orthobenzoate
derivative 3.27 in 75% vyield after recrystallization (Scheme8B!’ Ore of the axial hydroxyl
groups was protected as a PMB ether to give comp813%iin 85% yield, and then the other axial
hydroxyl group was protected as an allyl ether to give the known com@86uh 72% vyield®
Using one equivalent of alkylating reagent vagodium or lithium base on compoud@7should
give axial selectivity onlybecause of the first axiptotonis more acidic and the metal (Na or Li)
chelaesthe two axial hydroxyl groups® For the second alkylatiom,lithium base must be used
because ishoweda betteregioselectivityfor the axial positionn myainositol derivativeghan

the sodium basgsuggested by picrate extraction experimehts).

Ph
HOoH PhC(OMe)s Oj\o PMBCI, NaH
OH HO s
HO OH CSA, DMSO DMF, 85%
OH 60 °C, 75% HO
OH
3.1 3.27

Ph

Ph
oz oo

o AlIBr, BuLi
HO\M THF, DMF HO\M
HO 72% AllO
OPMB OPMB
3.35 3.36

Scheme3-8: Synthesis of the known compouBB6°51’

The next step was the oxidation of the equatorial hydroxyl group in com3086itd the
ketone3.28 (Scheme ®). Different conditions were tested to oxidize the hydroxyl group and,
unfortundely, a mixture of the ketone and the hydi@a&B8awas obtained in all cases. These two

compounds were inseparable, so the mixture was dried under vacuun,@4tin Rttempt to
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convert the hydrate back to the ketone, which was unsuccessful. UsingicSi2elrapparatus

and heating the substrates at reflux in toluene was also attempted, but the hydrate could not be
converted back to the ketone. The rigid tricylic structur8.28 presumably is strained by the
introduction of an sphybridized carbon dumig the oxidation. This strain can be alleviated by

formation of the hydrate, in which this carbon i lsgbridized.

% Ph Work up and/or Ph
O%\O Oxidation (0] (0] chromatography ') 0
o Oxdation, o _ o
HO HO
AllO o~ Ao AllO
OPMB OPMB HO'~ OPMB
3.36 3.28 3.28a

Scheme3-9: Attempts to synthesize ketoBe28from 3.36

The next strategy was to make the ket@®8 and, without purification, to add the
Grignard reagent to get the desired produ88(Table 31). A number of different oxidation and
Grignard reaction conditions were tested, which ultimately resulted in the successful synthesis of
3.36in very goodyield (95%). First, DesdMartin Periodinane (DMP) oxidation was performed
to form the crude intermediate, followed by addition of MeMgBr wOEati 78 °C to afford 44%
of 3.33and 5% of side produ@&.37 (Table 31, Entry 1), in which the allyl group wadeaved.

Swern oxidation conditions was then tested, which improved the yi@&®»fo 66% (Table 3L,
Entry 2). At this point, it was noticed that the crude ketone was partially insolubleOn &ttd
therefore the solvent was changed to THF, whichitedin a 75% yield 08.33(Table 31, Entry
3). Finally, sonication of the crude ketone before cooling the solution for the Grignard reaction

improved the solubility of the material and the yiel8@3to 95% (Table 31, Entry 4).

57



Table 3-1: Synthesis of compour8l33

Ph Ph Ph
Oo7l\ 0 1. Oxidation Oj\ o Oj\ 0

HOM - \M *
2. Grignard

AllO iti AllO

OPMB Addition

HO
HO OPMB HO OPMB

3.36 3.33 3.37
Entry  Oxidation Grignard Addition Yield of 3.33
1 DMP MeMgBr, Et20, 178 °C 44
2 Swern MeMgBr, Et20, 178 °C 66
3 Swern MeMgBr, THF, 178 °C 75
4 Swern MeMgBr, THF, i 78 °C* 95

*Sonication was performed for dissolution of the crude.

After obtaining3.33, it was important to make sure that the stereochemistry at the tertiary
alcohol was correct. Alcoh@d.33 was not a solid and therefore getting a crystal structure of this
compaind was not possible. On the other hand, the minor com@@r{Table 31 and Scheme
3-10) was a solid. So the question became3.83 and3.33share the same stereochemithy
so, a crystal structure 8t37would also tell the stereochemistry oétmethyl group ir8.33

AL .

jﬂ jﬂ
0 0] i. Ir cat., Hp, THF 0] 0] P
o) 2 ) Ir cat. = N

ii. HgO, HgCl, P/'r\ﬁ
AllO acetone:H,0 HO @7
HO OPMB  (9:1), 87% HO OPMB

3.33 3.37

Scheme3-10: Synthesis of minor compour&37from major compound.33
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To determine this, the allyl group was then removed from comp®33@nd the'H NMR
spectra of the two compounds were gamed. They were shown to be the same. Bi8F was
then recrystallized and a crystal structure was obtained (FiglyeThe methyl group (Q4) in

3.37, and by inferenc8.33, was attached to-€ in the equatorial orientation, as predicted.

Figure 3-1: X-ray crystal structure (ORTEP) of compout@7. Non-hydrogen atoms are
represented by Gaussian ellipsoids at the 30% probability level. gmiaioms are shown with
arbitrarily small thermal parameters.

Based on théH NMR spectroscopic and the-pdy crystallographic analysis 837, the
oxidation/Grignard addition steps gave the desired compo8r&8 with the correct
stereochemistry in 95% yield (SchemdB). The free hydroxyl was then protected as a benzyl
ether to give compoun8.38also in $% yield. The next step was the opening of the orthoester

using DIBAL-H to give only the bicyclic compouri39in 87% yield®
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Ph i. (COCl), Ph
DMSO, Et;N 04\0
Oj\o DCM, -78 °C 0 BnBr, NaH,
HO\M ii. MeMgBr, THF THF, 70 °C, 95%
A”O _78 oC 950/ A”O
OPMB y 9940 HO  OPMB
3.36 3.33
Ph Ph
071\0 o%
0 DIBAL-H o
/" . \MOH
toluene
°C, 87%
B0 opwe 0 C8% BnO OPMB
3.38 3.39

Scheme3-11: Synthesis of the bicyclic compouBd39°®

To verify the regioselectivity of this reaction, tigenitrobenzoyl derivative3.40 was

synthesized from compouri39(Scheme 312). ThelH NMR spectrum showed proton in bold

as a deshielded doublet of doublets. This proton was deshielded because the ptosdedsrs

the desheilding cone of the ester carbonyl group and was a doublet of doublets because of the two

adjacent norequivalent protons. If the opening was happening at one of the other two positions

possible, a doublet would be observed becausedjaeemt carbon has no protons attactei.

The regioselectivity of bicyclic intermediaBe39was then confirmed using derivati8etQ

Ph

o

Q OAloOH
BnO OPMB

3.39

Scheme3-12:

NO,

p-nitrobenzoyl
chloride

DMAP, DCM
70%

Ph
57
e
BnO opmB O

3.40

Synthesis op-nitrobenzoyl derivativ&.4Q
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The conformation of stature3.40was determined using NMR spectroscopy as shown in
Figure 32 (a). First, théH NMR spectrum showed thatPand H6 are doublets with a coupling
constant of 2.0 Hz. ¥ and H5 are also doublets, but the coupling constant is 8.0 HzigHn
apparent triplet (or doublet of doublets) meaning that it is coupled to b@8tlamtl H5. The lack
of coupling between #2/H-3 and H5/H-6 suggests an angle close to°dfetween them (based
on the Karplus equation). Also,-Hand H6 appear to be coupled a long range W coupling.
Using the data from th#H NMR spectrum, it is possible to assume that the cyclohexane ring is
similar to a half chair conformation. Compouh@9shared the same features. Finally, the ROESY
spectrum of compounl40supportedhis conformation; there is &OE correlation between the

two praons in bold (Figure-2 (b)).

(a) (b)
NO, NO,
Ph Ph
o o
ol H o
H-5-]-L, DAl OAllo S
1 2 3 ~OPMB O 1OPMB
H H
3.40
3.40

Figure 3-2: (a) NMR spectroscopidata supporting theonformation ofcompound3.4Q (b)
NOE correlation in compound.4Q

The following step of the synthesis involved the protection of the free hydroxyl group in
compound3.39(Scheme 3L3). The 2methylnaphthyl group was chosen for this purpose, and the
reaction gave the desired compo@dmilin 94% yield. The opening of theenzylidene acetal was

then performed using DIBAH to give the cyclohexanol intermedid@e2in 70% yield.
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Ph

o

Ao
BnO OPMB
3.39

Ph
o
O

NAPBr, NaH \MONAP DIBAL-H
_— —_—
THF, 70 °C OPMB toluene, 0 °C

94% BnO 70%

3.41

Scheme3-13: Synthesis of compour@l42

The regioselectivity of the reductive opening of the benzylidene lavatadetermined

using the Xray crystal structure obtained frod2 As shown in Figure-3, the free hydroxyl

group at Gl is between the tertiaprotectedalcohol at G2 and the allyl ether at-6 and also on

the opposite side of the ring from the PMter at 4.

Figure 3-3: X-ray crystal structure (ORTEP) of compoutd2 Non-hydrogen atoms are
represented by Gaussian ellipsoids at the 30% probability level. gmiaioms are shown with

arbitrarily small thermal parameters.
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With 3.42in hand,the free hydroxyl group was then converted to a benzyl ether to give
the fully protected intermediat®.43 in 96% yield (Scheme-34). The allyl group was then
deprotected using DIBAIH and NiChk(dppp) affording the corresponding free hydroxyl group
(3.44) in 91% yield®!8 Xanthate3.45was then synthesized in 99% yield, followed by a Barton
McCombie deoxygenation to give the deoxygenated comg8.46in 78% yield. The next step
was the deprotection of the PMB group. At first, oxidative cleavage using ammonium cerium(lV)
nitrate (CAN)or DDQ were tested, but both reactions resulted in a low yield of the product.
Finally, acidic cleavage using@@TFA in CH:Cl; at 0°C was found to favour the deprotection of
the PMB group, providing the desired prod8et7in 94%. The oxidation of this hydroxyl group

using Swern oxidation conditions gave the ket8d8in 90% vyield.

OH OBn -
BnO OAIl BBr NaH _ gho OAIl DIBAL-H
BnO ONAP DMF, 96% BnO ONAP NiCly(dppp)
PMBO PMBO toluene, 91%
3.42 3.43
/
j 8
OBn CS,, NaH, Mel OBn S AIBN, HSnBu
BnowH o . BnO o) s,
BnO ONAP THF, 99% BnO ONAP benzene, 80 °C
PMBO PMBO 78%
3.44 3.45
OBn 2% TFA in OBn (COCl),, DMSO
BnO — >  BnO —_—
BnO ONAP DCM, 0 °C BnO ONAP Et;N, DCM
PMBO 94% HO -78°C, 90%
3.46 3.47

OBn
BnO
BnO ONAP
0]
3.48

Scheme3-14: Synthesis of keton.48
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3.2.4 Summary

The carboxylic aci®.26was synthesized in eight steps in an overall yield of 15% starting
from (+)}dimethyl L-tartrate 8.17). The synthesis of the inositol derivative required for the
proposedapproach to bradyrhizose was stopped at ke®d& The coupling of the racemic
inositol derivative 3.49 with the enantiopure carboxylic aci@.26 would result in two
diastereomers being formed, and only one of th&&0( could be used to continue thensiyesis
(Scheme 35). The other diastereome3.%1) would have to be further transformed to give the
enantiomer of the desired compouh80 At thistimel had reached this stage in the project, | had
a conversation with Professor George OO0 D o h e rrtheasterfh NUaiversity) during a
conference, who suggested an alternative route to avoid the loss of half of the material. This route
also involved keton8.48and so did not require the design of a new intermediate. In this approach,

3.48was coupled witlan alkyl propiolate, an achiral reagent.

OBn
BnO
BnO OH

3.48

Wittig OBn
\ BnO OBn
BnO 0] s

OBn 9 W

i 3.50 0
- o Aoy Soins )
OBn BnO
3.49 3.26 BnQ OBn
\)\«O%Bn
racemic enantiopure =
° 3.51

diastereomers

Scheme3-15: Synthesis of alken®.49from the keton&.48and ©uplingof racemic inositol
derivative3.49with enantiopure carboxylic acii26

64



3.3 Linear route using an alkylpropiolate

As mentioned above, the linear route using an alkyl propiolate was an idea from Professor
GeorgeA.O6 Doherty. This synt he s3.48describedsn the previousn o s i t

section.

3.3.1 Retrosynthesis

The retrosynthesis fohis section is shorter because one of the intermediates had already
been synthesized. Bradyrhizo8el() could be obtained by an asymmetric dihydroxylation on the
alkene3.52followed by a reduction of the ester to the corresponding aldehyde. Interni:8&te
could be assembled by adding an alkyl propiolat3 to the keton&.48to form a propargylic

alcohol, then by reduction of the alkyne to Hialkene.

OH o A_symmetric _ OR OR
HO Dihydroxylation RO
HO O —— RO OR
HO i
OH *OH Reduction /
3.10 3.52 OR
0]
Alkyne
Addition NN OR
_ \\[(OR . RO
RO OR
Reduction e}
o
3.53 3.48

Scheme3-16: Retrosynthesis for the linear route usartplkyl propiolate(3.53.
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3.3.2 Synthesis using the NAP protecting group

The coupling between ketor848 and ethyl propiolate processed smoothly to give the
desired propargylic alcohd.54in 93% vyield (Scheme-37). The stereochemistry of the new
stereogaic center formed could not be determined at this stage. The verification was made after
the next step, the reduction of alkyBe54 to E-alkene 3.55 The first trials were alkyne
hydrosilylation usingCp*Ru(MeCN)]PFsas a catalyst and triethylsilanetdethoxysilané® but
no desired product was observddter a literature search, it was found that the alkyne of a
propargylic alcohol can be reduced to Bhalkene using Red\l® ati 78°C 2021 Thus, this reaction
was performed, and 70% of the desired compdiBBwas obtained; unreacted starting material
was also recovered. The stereochemistry at the alkene was verified with the coupling constant

(15.5Hz) between the two alkene protons in compoBiach

OBn LDA, ethyl
BnO propiolate Red AI®, THF
oA e P e Bsﬁ?o one
(@) THF, -78 °C -78 °C, 70°/
0,
3.48 %% 354 )

Scheme3-17: Synthesis of compour@l55

After the reduction step, a ROESY experiment was done on com3obbith verify the
stereochemistry of the stereocenter madthe previous step (addition of ethyl propiolate). As
expected, the alkene protons had striM@fE correlations with the ring protons, suggesting that

the hydroxyl group was in the axial position, as shown in Figute 3
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Figure 3-4: NOE correlationan compound3.55

The next step to continue the synthesis was the asymmetric dihydroxylation (AD) of the
alkene. Several different conditions were explored without success (FaplEisst, the Sharpless
asymmetric dihydneylation?? using AD-mix-Uwas performed, but no reaction occurred after three
days (Table 2, Entry 1). Then, more reagents were addeel lmon one, but no changes were
observed (Table-2, Entry 2). The starting material was partially insoluble in the usual solvent
system{-BuOH and HO) and so therefore thdBuOH was replaced withBuOMe, yet no desired
product was detected (Table23Entry 3). Finally, by adding NaHCg&) a new spot was detectable
by TLC after three days (TableZ3 Entry 4), but the reaction was very slow and only starting

material was recovered.
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Table 3-2: Attempted asymmetric dihydroxylation 855

OH
Blr3]|('1)O ONAP AD conditions ONAP
OEt
O
3.55
Equiv. of Isolated
Entry Reaction conditions for AD K,050.4.H,0 yield of
3.56
AD-mix-U, MeSO2NH:
1 t-BUOH:H.0 (L:1), 6 days 0.004 -
> K20s04.H20, (DHQ)2PHAL, KsFe(CN)s, K2COs, 0.02 )
MeSO2NHz, t-BuOH:H-0 (1:1), 3 days '
3 K20s04.H20, (DHQ)2PHAL, KsFe(CN)s, K2COs, 0.02 )
MeSO2NH2, t-BuOMe:Hz0 (1:1), 3 days '
K20s04.H20, (DHQ)2PHAL, K3sFe(CN)s, K2COs,
4 NaHCOs, MeSO:NH2, t-BuOMe:H20 (1:1), 3 0.02 -

days
(DHQ),PHAL: Hydroquinine 1,4-phthalazinediyl diether

After the poor results from éhasymmetric dihydroxylation, | thought that perhaps the size
of the NAP group was hindering the reaction. The next option investigated was to deprotect the
NAP group on3.55 before the asymmetric dihydroxylatioBifferent conditions were tried to
removethe NAP group (TFA, DDQ, CAN andFi pyridine) but all these reactions gave multiple
products. If the NAP protecting group could not be removed cleanly, the synthesis could not be
completed (at some point it would be necessary to remove this group). ofeegeefdifferent

protecting group for i position needed to be found.
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OH ’
Bgoo ONAP TFA, CAN, DDQ or BE%)O oH
" HF—pyridine v
/ /\ /
OEt OFt
© (0]
3.55 357

Scheme3-18: Attemptsto deprotect the NAP group on compouhs

3.3.3 Alternative approaches

The initial idea | explored was to change the omfethe reactions to reuse a protecting
group later in the synthesis and be able to do the deprotection at the end of the synthesis. For
example, if the deoxygenation could be done on the orthobenzoate subS@atiee allyl group

could be reused aftéine regioselective opening reaction on compaddudd (Scheme 319).

Ph Ph 1. Regi lecti o
. Regioselective
071\0 Deoxygenation 04\0 opening O%
O | W c---aeeaa-- > O | e > o
2. AllBr OAll
AllO
BnO  OPMB BnO  OPMB BnO OPMB
3.38 3.58 3.59

Scheme3-19: Altenative approach: early deoxygenation.

To explore this possibility, the allyl group 8138 was removed by treatment wifh,5
cycloodadiene)bigmethyldiphenylphosphine)iridium (I) hexafluorophosphate catalyst, which
isomerised the double bond, followed by the cleavage of the resulting vinyl ether with aqueous
mercuric salts to give alcoh8l60in 90% yield (Scheme-20). The xanthat®8.61was then formed
in 99% vyield and the BartdMcCombie deoxygenation was performed. Unfortunately, the
deoxygenation gave a complex mixture and this approach was abandoned.
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Ph Ph
Oj\O i.Ir cat., Ha, THF | Oj\O NaH, CS,, Mel _
i. HgO, HgCl, THF, 99%
AllO acetone, H,0, HO
BnO OPMB 90% BnO OPMB
3.38 3.60
Ph Ph
04\0 o#\o
(e} AIBN, HSnBuz , o)
S benzene, 80 °C
BnO AOPMB BnO OPMB
S” “sMe
3.58
3.61

Scheme3-20: Attempted synthesis of intermietk 3.58

The next idea was to take intermediat89and protect it with a silyl group. Different silyl

groups were explored as shown in Scher2d 3Thet-butyl-dimethylsilyl (TBS) group was first

installed in 85% yield3.62 (Scheme 21 (a)). The eductive opening of the benzylidene acetal

was then tried using DIBAIH, but the silyl group did not survive these conditions. | then

attempted to prepare a derivative containing a TBDPS gi&6g)(but it could not be obtained,

presumably becauseis too sterically demanding (Scheme3 (b)). Finally, success was found

with the triisopropylsilyl (TIPS) group. This group was installed in 99% vyield to give the desired

compound3.65 Subsequent DIBAIH reductiof of the benzylidene acetal gave the desired

product3.66in 70% vyield (Scheme-31 (c)). The continuation of the synthesis using the TIPS

protecting groupvill be discussed in the next section.
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OH
Ph BnO OAIl
(@) % Ph BhO OTBS
0

OPMB
0 185C] Oj DIBAL-H 3.63a
OAlIOH imidazole OAIOTBS 3>
OPMB DMF, 85% toluene, 0 °C OBn
OPMB BnO OAll
ono BnO HO oTBS
3.39 : OPMB
362 3.63b
(b) Ph Ph
o% TBDPSCI o %
(0] OA imidazole \/ o
\WOH DMF A \MOTBDPS
BnO OPMB BnO OPMB
3.39 3.64
OH
Ph Ph BnO OAll
“ % 4 BnO OTIPS
o TIPSCI 0 3.66a OPMB
9) imidazole o DIBAL-H :
OAlloH - OAllOTIPS ——————
OPMB DMF, 70 °C, 99% t7o(;u/ene, 0°C OBn oAl
OPMB D BnO
Bno BnO ’ HO OTIPS
3.39 3.65 3.66b OPMB

Scheme3-21: (a) Synthesis using TBS group. (b) Synthesis using TBDPS group. (c) Synthesis
using TIPS group.

3.3.4 Synthesis using TIPS protecting group

As mentioned in the previgusection, the benzylidene acetal opening was performed on
the TIPS protected bicyclic intermedia®et5 to give the desired produ®66in 70% vyield
(Scheme 21 (c)). The next step was the protection of the free hydroxyl groups using benzyl
bromide to gve the desired fully protected inositol compouh@7, which was obtaineth 95%
yield (Scheme 22). The allyl group was then deprotected using pallafiyrohloride to give

compound3.68in an 84% yield.
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BnO OTIPS

PMBO o o8

3.66a n n

BnBr, NaH BnO OAIl PdCl,, MeOH BnO OH

OBn THF, 95% BnO OTIPS DCM, 84% BnO OTIPS

BnO OAll PMBO PMBO
HO OTIPS
PMBO 3.67 3.68
3.66b

Scheme3-22: Synthesis of intermediate. 68

The xanthate formation fror8.68 was more complicated than expected. The previous
conditions used on the compou8d4 containing the NAP protecting group (see Scherid)3
were tried first, but no desired product was obser The!H NMR spectrum showed a mixture of
two compounds: the starting material and the product resulting from migration of the silyl group
to the adjacent free hydroxyl group. The next idea was to coBw&8tnto the corresponding
iodide or a mesylatéllowed by a reduction. However, neither the desired mesylate or iodide
could be formed under the conditions studied (MsGINEDCM and %, PPh, imidazole, THF,
70 °C, respectively). A WolifKishner type reduction on the ketone derived fld@8wasalso
attempted, but this failed as well. Finally, after a literature search, it was found that Ley and co
workers made a xanthate on a highly functionalized molecule using NaHMD®8atC?23
Notably, this substrate had a silyl group, although not adjacent to the alcohol and thus silyl
migration was less of a concerithe reaction wa performed or8.68 and the desired product,
3.69 was obtained in 99% yield (Schem&3). The next steps folwed the routaised for the
substrate with the NAP protecting group. BartgicCombie deoxygation of the xanthate gave
3.70in 99% yield. Then, daotection of the PMB group was done using 2% TFACI, to
give 3.71in 99% vyield. The free hydroxyl group was oxidized using the Swern procedure, giving

a 92% yield of keton8.72 Ethyl propiolate was then deprotonated using LDA and the ketone was
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added to the mixture to provide propargylic alcoBor3in 99% yield. The alkyne i8.73was

reduced to th&-alkene using Redl® to give the desired compoud74 This reaction never
went to completion; however, 4solation of the starting materiavas possible and this was
subjected to the reaction agaiAfter three cycles, the compound vedtainedn 95% combined

yield. Finally, the TIPS protecting group was removed using TBAF to giv8dibin 99% vyield.

S
OBn LiHMDS. CS OBn >\SMG
BnO— OH o VPSS BhO= S AIBN, HSnBu,
n Mel, THF, -78 °C n benzene, 80 °C
PMBO 999% PMBO 99%
3.68 3.69
OBn 2% TFA in OBn (COCI),, DMSO
BnO BnO
BnO OTIPS  pem, 0 °c, 99% BnO OTIPS Et;N, DCM
PMBO HO ~78°C, 92%
3.70 3.7
OB
BnO X DA, oy - BnO o Red-AlI®, THF
BnO OTIPS propiolate, THF Bno OTIPS edA >
0] -78°C, 99% \ 78 °C, 95%*
3.72 3.73 \ (*Combined yield)
OEt
(@)
OB OBn
B 0 BRO L
gﬁo OTIPS TBAF, THF Bro OH
) 0°C, 99% )
OEt OEt
0 o]
3.74 3.75

Scheme3-23: Synthesis of the di@.75

The asymmetric dihydroxylation was then attempted on the diol. However, the reaction

was very slow and many spots were present on the TLC. One major compound was formed and it
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was isolated. After characterization, fm®duct was identified by NMR analysis to be the five

membered ring lactor® 76 (Scheme 24).

O
OBn B
BnO Q AD BnO > ?)/\ OH
n N
BnO OH I BnO .-OH
/ OH
OEt
375 g 3.76

Scheme3-24: Asymmetric dihydroxylation (AD) of dioB.75

After this result, it was decided that the tertiary hydroxylugrehould be protected to
prevent cyclization. First, using intermedi&t&4, we tried different conditions to protect the free

hydroxyl group as a benzyl ether; however, no desired compound was observed (S@b¢me 3

OBn OBn
(@) n
BoOS OTIPS NaH, BnBror v, BpO% OTIPS
/ n-BulLi, BnBr, -78 °C N /
OEt OEt
3.74 o) 3.77 o)

Scheme3-25: Attempts to benzylate the tertiary hydroxyl group in compdiiid

The next approach was to install a benzylidene acetal or8di6l The idea was that it
would be possible to differentiate the two different hydroxyl groups (secondaryraag/jéy a
regioselective opening, which was necessary to form the hemiacetal ring of bradyrhizose. The
benzylidene acetal was installed in 99% using benzadehyde dimethylacetal and CSA (Scheme 3

26 (a)) to give compound3.78 as a 3:5exaendomixture The ratio of the regioisomers was
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determined by a ROESY experiment. As shown in Sche&(8), there was alOE correlation

between the axial methylene proton form the inositol ring with the benzylidene acetal proton.

(@) OBn

BnO oK BDA, CSA
BnO OH =
THF, 70 °C
/ 99%
OEt
O
3.75

Scheme3-26: (a) Synthesis of compour@l78 (b) NOE correlation in minoréxg compound
3.78a

With 3.78in hand, the regioselective opening of the benzylidene acetal was performed
using borane and copper(ll) triflate &8 °C?4, but only 45% of desired compoud79 was

obtained (Scheme-37).

OBrb
Cu(OTf BnO
—>( )2 BnO OH
BH5-THF, THF
—78 °C, 45% /
3:5 (exo:endo) OEt
(@)
3.78 3.79

Scheme3-27: Regioselective opening of benzylidene acdt@l

The signals in th&H NMR spectrum of the ndwformed intermediate were very broad so
it was not possible to determine if it was the right regioisomer. The regioselectivity of the reation
was then verified by reacting compouBd 9 with p-nitrobenzoyl chloride to give produdt80

(Scheme 28). Thesignals in th¢H NMR spectrum were now sharp and, after analysis, it was
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found that the proton bearing the nitrobenzoyl group was a deshielded dufulbeidlet so the

compound was the correct regioisomer.

OBn ) OBn
OBn p-nitrobenzoyl OBn
BoOS OH chloride, DMAP  BnOZ 0 NO,
/ DCM, 83% /
(0]
OEt OEt
(0] 0]
3.79 3.80

Scheme3-28: Determination of the regioselectivity of the reductive opening of the benzylidene
acetal3.78 by derivatization.

While trying to improve the regioselective opening step on interme8ida& it was
suspected that conversa of the ester to a primarycahol might improve the outcome. The
primary hydroxyl could be reoxidized after to the aldehyde to form the hemiacetal. To explore this
possibility, the ester moeity of compouBd5was then reduced using DIBAH to give the diol
3.81in 83% (Scheme-29). The next step was to protect the primary hydroxyl with a PMB group,
but this reaction was not very selective and the desired comBo82was obtained only in 23%
yield (one diprotected and two monoprotected compounds were formed). Finally, protetiten o
tertiary hydroxyl worked well with benzyl bromide, but only a small amount of pr@l88twas

made. Because the PMB protection step was low yielding, this idea was abandoned.
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OBn

(0] H
BnO 2

Bno OTIPS  DIBAL-H BoOJ OTIPS  PMBCI, NaH

e
/ DCM, 0 °C / THF, -10 °C
83%

23%
OEt

375 O 3.81

OBn B
5 9B%

n
BB?O OTIPS  BnBr, TBAI Bg(n)o OTIPS
/ DMF, 98%

OPMB OPMB

3.82 3.83

Scheme3-29: Synthesis of compour@l83

Instead, the sterically bulky TIPS was chosen for the protection of the primary hydroxyl

group, to form compoun8.84in 85% yield (Scheme-30). The asymmetric dihydroxylation was

attempted but after three days no product was formed.

OBn

OH T Lo
BnO~ oTIps TIPSCI BnO~ oTIPS  AD s BoOS OTIPS
imidazole 'OH
/ DCM, 85% / HO-
OH OTIPS OTIPS
3.75 3.84 3.85

Scheme3-30: Synthesis of compour@l84and attempted AD.
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Given these failures, | returned to the regioselective opening of the benzylidene acetal. A
new combination of reagentstriethylsilane and dichlorophenylborgfé was tested and this
gave the desired compou3d79in 75% vyield (Scheme-31). The asymmetric dihydroxylation

was then attempted but only starting material was recovetedtiafee days.

OBrb

Et:SiH, PhBCl,  Bno n AD BnO
> BnO OH ——X—> "BnO
4AM.S., DCM
~78°C, 75% /
OEt
0
3.79 3.86

Scheme3-31: Synthesis of compour@l79and attempted AD.

To determine if the free hydroxyl group iB.79 was hindeing the reaction, this
functionality was protected with a TBS group to gB@&7 in 93% yield (Scheme 32). The
asymmetric dihydroxylation was performed on this intermediate. At first, potassium osmate and
(DHQ)PHAL were used, but the reaction did not complete and the yield of the desired compound
was low. An aqueous solution of osmium oeide was prepared and th®-(4-
chlorobenzoyhydroquinine DPHQ-CLB) ligand was synthesize&dwhich gave good results with
similar compounds?® Under these conditions, the desired @id@8was finally obtained in 65%

yield after purification. Also formed was the diasteromeric pro8lg82
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OBn OBn
(@)

OBn i
BnO on TBSOTf BRO oTES 4% 0sO4in H,0
BnO 2,6-lutidine BnO DHQ-CLB, NMO
/ DCM, 93% / acetone, H,0O
OEt OEt
o) o)
3.79 3.87
OBn OB
BnO T gn
Brno OTBS BnOS OTBS

HO 35%
OEt OEt

65% HO'"

3.88 3.89

Scheme3-32: Synthesis of dio8.88

The deprotection of the TBS group3rB8 proved not straightforward. Therefore, at this
point, it was decided to do the optimization of this step with the undesired diastereomer from the
asymmetric dihglroxylation to conserve the precious compo8r88 TBAF was tried at first but
the yield was not reproducible and the use of TF&H2Cl, also gave a low yield of the product.
After doing some research, we decided to buffer the TBAF reaction with ammdiuiaride.

Under these conditions, lactoB®0was obtained in 86% yield from didl89(Scheme B3).

OBn . OBranOH
BnOS OTBS TBAF, NH,F BoOS 0
OH  THF, 0°C,86%
HO on ©
OEt
0 3.90
3.89

Scheme3-33: TBS deprotectionf undesired diastereoma:189
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This optimized reaction was applied to the correas@direome8.88and the triol3.91and
lactone3.92 were obtained in a ratio 3:1 in 84% vyield (Scherm@43 This mixture was then
reduced using DIBALH ati 78 °C to give the lactoB.93in 91% vyield. Finally, deprotection of

the benzyl groups using paliadh on carbon in methanol gave racemic bradyrhiz8sEJ)(in

99% yield.
OBn
BrO LR TBAF, NH,F
1OH THF, 0 °C, 84%
HO! o
OEt
o)
3.88
OB
DIBAL-H, THF BnO OBn H,, Pd/C HO o
0] —_—— ')
~78°C, 91% BnO-15 MeOH, 99% HO-~
HO "OH OH'OH
3.93 3.10

Scheme3-34: Synthesis of bradyrhizos8.(0).

3.3.5 Summary

The synthesis of bradyrhizos®.10 was accomplished using a linear route with ethyl

propiolate. The initial route involving a NAP protecting group could not be used as this group

could not be selectively removed in the presence of bgmawvlps. Thereforeg route employing
a TIPSprotectinggroup was used. Using this approach, a raceymthesis of bradyrhizose was
achieved in 25 steps with a 6% overadllg. The NMR spectra lookadentical to those described

by Yu and coworker$’ The next section will talk of the separation of the eioamers.
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3.4 Separation of the bradyrhizosenantiomers

The synthesis described in the last section was racemic and therefore chiral auxiliaries were
explored to separate the enantiomers. Two approaches will be presented in this section, which

ultimately lked to the isolation ab- andL-bradyrhizose.

3.4.1 Early stage separation: Conversion of the wrong enantiomer to the right one

The first idea for the separation of the enantiomers is presented in Sct3&mB\ataking
compound 3.94 and doing a chiral efivatization and then separation of the resulting
diastereoisomers3(95and 3.96), it codd be possible to convert bothastereomers to a single
enantiomer 3.97). This would involve doing the same reactions, but in a different opder.
Bradyrhizose3.108 could then be obtained using this approach without losing half of the material

to make the naturally occurring enantiomer.

X" oy cna BnO X ore BnO N opue
atizati n n
a0 Or ~ Derivatization no OR * “Bno !
OPMB 2. Separation OPMB OR
3.94 3.95 3.96
racemic .
1. Removal of | 1 1. Removal of
auxiliary | ¢ auxiliary
R = NAP or TIPS 2. Deoxygenation E E 2. Oxidation
3. Deprotection : ' 3. Deprotection
4. Oxidation ! i 4. Deoxygenation
y \
OHO OBn
BnO
HOS AN oo BnO OR
H (0]
HO "OH
D-3.10 3.97

D-bradyrhizose

Scheme3-35: Early stage separation: Conversion of itterrectenantiomer to theorrectone.
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To explore this possibility, the reaction was first tried on the NAP deriva8td2using
camphanic chloride as the reagent to introduce the chrial auxiliary (Sch&®ga}). This
derivatizing agent was chosen because it has been reported tdesepereositol orthoester
derivatives®>2®However, separation was not observed for comp@u@ The same reaction was

performedfor the TIPS derivativ8.68 without success.

(a)
OBn (1S)-(-)}-camphanic OBn ore oo OBn OPUE
OH i n n
BnB(aO oR chloride, DMAP, BhO OR + 00 OR
OPMB Ets;N, DCM OPMB OR*
R = NAP 3.42 R = NAP 3.98 R = NAP 3.100
TIPS 3.68 TIPS 3.99 TIPS 3.101
racemic
A,
R* =
o 0]
(b) Ph
J OH ©
AT o o
OAOH " PMEBO
BnO OPMB 3.42
3.39

Scheme3-36: (a) Derivatization 0f3.42and3.68using (15)-(i )-camphanic chloride. (b) The
derivatization was also tried on compouBi@9and3.42

This method was also attempted on two earlier intermediatdsee3-36 (b)) but no
separation was observed after derivatization of either compound. tAifteidea failed for the

separation of the enantiomers, a different approach was taken.
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3.4.2 Late stage separation: Synthesis bfbradyrhizose andL-bradyrhizose

A late stage separation was perhaps a better approach for resolving the enantiorers. Firs
this process will be more economical, because the derivatization would be done later in the
synthesis and therefore less of the expensive chiral derivatizing agent would be used. Second, this
method would enable us to getbradyrhizose §-3.10, the n&ural occurring monosaccharide,
and alsoL-bradyrhizose I(-3.10), a new carbohydrate never synthesized before (Schedig. 3
Access to both stereoisomers would be useful for subsequent biological investigations. Therefore,

| investigated a number of diffent late stage intermediates in derivatization reactions.

OB nO

- BBn 1. Chiral OB%&,, . BnG

BroM—\OR  Demvatization BTN\ oR RO~L7~Z 08"
R 2. Separation R R

3.102 3.103 3.104

racemic
OHOH HOHO
HO OH
HO O o OH
HO OH

HO OH HO OH
D-3.10 L-3.10

- ------
- - -

D-bradyrhizose L-bradyrhizose

Scheme 337: Late stage separati@pproachSynthesis ob-bradyrhizoser-3.10) andL-
bradyrhizos€L -3.10).

The first intermediate to be derivatized was theemic diol3.88 however, the reaction
did not proceed as expected. Instead of making two separable compounds with two auxiliaries

each, four inseparable mosabstituted compounds were obtained (Scheid®)3
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(a

(b)

OBn

OBn
BnOS OTBS
.OH
HO!
OEt
o
3.88
OBn
OBnN
BoOS OTBS
1OH
HO -
OEt
o
3.88

(1S)-(=)-camphanic
chloride, DMAP,

Et;N, DCM

(1S)-(=)-camphanic
chloride, DMAP,

EtzN, DCM

Scheme3-38: (a) Expected derivatization of compouBdB8with (19)-(i )-camphanic chloride.
(b) Reaction of compoungl88with (1S)-(1 )-camphanic chloride.

The next reaction performed was the derivatization of the la8t@2en a very small scale

(3 mg) to seefithe diastereomers would be separable (ScheB8#.3n this case, only one of the

two hydroxyl groups was derivatized, producing two compounds. Fortunately, a separation was

observed by TLC. With that success in hand, | moved to produce more of [a@ane
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OB% n (18)-(-)-camphanic OB?) Bngno
BnO chloride, DMAP, BnO n OBn
BnO Q >~ "BnO Q * O OBn
HO EtsN, DCM HO OH
HO

o *RO "0 0”7 OR*
3.92 3.111 . 3112
R* = 50
0

Scheme3-39: Reaction of lacton8.92with (15)-( )-camphanic chloride.

As mentioned earlier (Scheme33), the deprotection of the open chain e8t88 with
TBAF yieldedthe triol 3.91and the lacton8.92in a ratio 3:1; therefore, the lactone is not the
major product. Also, during the purification, it is very difficult to separate the two compounds,
making it almost impossible to access the pure lacgo®2 However, by taking the mixture of
triol 3.91and hctone3.92 and heating with pyridiunp-toluenesulfonate (PPTS) in benzene at

reflux,?® lactone3.92was obtained in 93% yield (Schemd®).

OB% OBra)
n n
BnO PPTS, benzene BnO
BnO O > BnO 0]
HO 80 °C, 93% HO
HO O HO O
ratio 3:1 3.92 3.92

Scheme3-40: Conversion of the mixture of trid.91and lactone.92to lactone3.92

Having the lacton®.92in hand, a larger scale of the derivatization reaction ceaised
out(Scheme 39) but the two diagteomers could not be isolated. Both compoutetsomposed
on silica.| then tried the chifaderivatizing agents §-(+)-O-acetylmandelic acid,R)-(i )-U-
mehoxyphenylacetic acigind (S)-(i )-U-methoxy U (trifluoromethyl)phenylacetic acid) with
different substrate®.79 (Scheme ®1) and3.88(Scheme 311). The use of$)-(i )-U-methoxy:
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U (trifluoromethyl)phenylacetiacid ((S)-MTPA) provided derivatives abcemate3.88that could
be separated (Scheme ). (S-MTPA reacted preferentially with ti{e)-3.88enantiomer to give
diastereome8.113ain 50% yield. The other enantiom@n-3.88reacted with(S)-MTPA to give

diastereomeB.113bin 14% yield. In addion, unreacted starting material was recovered

(S)-MTPA, DIC

racemic
mixture (-)-3.88 DMAP, CH,ClI,

OEt
0 36% unreacted SM

(-)-3.88

Scheme 241: Separation oénantiomergi )-3.88and(+)-3.88using §)-MTPA.

The unreacted enantioméir)-3.88 determined to be only one enantiomer (Figubg By
chird HPLC. The starting material was separated as shown in Figbr@B The derivatization
reaction was first performed using 1.5 equivalent6SpMTPA, but the enantiomeric excess of
the remaining starting material88was only 88% (Figure-8 (b)). Byadding 2 equivalents of

(S9-MTPA, the remaining.88was only one enantioméfigure 35 (c)).
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Figure 3-5: (1)-3.88tR : 8.8min. (+)-3.88tR : 13.1 minChiralpaklA column (1:99-PrOH

hexanes) at 8C (a) HPLC data foracemc compound3.88 (b) HPLC data for recovered SM

(3.88 usingl.5 equiv of §-MTPA. (c) HPLC data for recovered SN3.88 using 2 equiv of
(9-MTPA.
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After the separation, the unreacted enantiofiig¢+3.88 was reacted with TBAF and
ammonium fluoride to ige the triol (1 )-3.91 and lactong+)-3.92in 84% yield (Scheme-32).
The mixture was then treated with DIBALLto give lactob-3.93in 91%. The benzyl groups were
removed to gived-bradyrhizosed-3.10 in 99% yield. The NMR spectra of3.10 were the sae
as those published by Yu and cowork&r3he optical rotation found fop-bradyrhizose was
+20.4 €0.2, BO), whichdiffered in magnitude but nat sign from the one reported by the same

group (6.5 € 0.2, H0O)).

OBn
BnO ORn TBAF, NH4F OB?) n
BrnO OTBS ahi - BnO o
2 1OH THF, 0 °C, 84% * BnO-77
HO! HO O
OEt (+)-3.92
O ratio 3:1
(-)-3.88 (-)-3.91
OH
OH
DIBAL H, THF BnO H2 Pd/C
-78 °C, 91% BnO MeOH, 99%
HO OH HO OH
D-3.93 D-3.10

Scheme3-42: Synthesis ob-bradyrhizos€D-3.10).

| then turned my attention to the conversion of t8eMTPA derivatized compounds
3.113aand3.113binto L-bradyrhizose and-3.93 respectively. The sansteps should work for
both compounds: deprotection of the TBS group with TBAF followed by reduction and removal
of the auxiliary using DIBAEH to form the lactol and finally hydrogenation. The TBS

deprotection was first tried with compouBdl13busing TBAF and NHF, but the yield of the
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desired compoun8.114 was low and side products were formed (Schem8)3Cleavage of the

silyl group with TFA and AcOH were also tried with poor results.

OBn
OBn
Bg(r?o OTBS TBAF and NH4F, <
1OH TFA or AcOH
(S)-MTPO!
OEt

0]

3.113b

Scheme3-43: Attempted deproteamn of the TBS group of compourgdl13h

Faced with this challenge, the removal of the auxiliary first was the next approach |
investigated. First, cleavage with sodium methoxide in methanol was performed on diastereomer
3.113h but the reaction was nebmpleted and other structurallypcharacterized side products

were formed (Scheme#4).

OBn N
BB(r?o OTBS MeONa
1OH MeOH
(S)-MTPO!"
OEt
o)
3.113b

Scheme3-44: Removal of the chiral auxiliary i8.113 usingsodium methoxide in methanol

The last attempt explored was the osal of the auxiliary using a reducing agent, mindful
that this approach would also reduce the ethyl ester present in conthatBd(Scheme 345).
This is not a serious problem, however, as the primary hydroxyl group in the progt&:1(16

could thenbe oxidized to the aldehyde to form the lacieB.93 after deprotection of the TBS
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group The first reducing agent tried was LiAlHut the yield of the desired compou(ig3.116
was only 5060%. DIBAL-H was then used, but the chiral auxiliary was e¢leaived using this

reducing agent.

(-)-3.116

Scheme3-45: Removal of theQ)-MTP ester in compoung.113d by reduction.

LiBH4 is known to be a good reducing agent for esters and it is milder than JLiRt$
reagent was used teduce compound.113band 75% of the desired compou(ig-3.116was
obtained (Scheme-&6). The TBS group was then deprotected using TBAF in 99% vyield. The
primary hydroxyl group of tetradl )-3.117 was oxidized to form a mixture of lactbt3.93and
lactone (+)-3.92 (overoxidation), and the mixture was reduced back to the laeB893 using
DIBAL -H in 85% vyield for the two ste@$.The product of this sequence is identical to the lactol

converted previously tb-bradyrhizose (Scheme42) by hydrogenadin.
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OBn 0OBn
BrO N\ BrO N\
n n
BnO OTBS |jgH, BnO OTBS TBAF
10H —> 10H e
Et,0, 75% %
(S)-MTPO! 2 HO' - THF, 99%
OEt
o) HO
3.113a (-)-3.116
- OB 1. TEMPO OBhyg,,
n
nOJ OH TCIA DCM Bg(n)o o
1OH 2. DIBAL-H HO
HO! DCM, 85% HO ‘OH
HO D-3.93
(-)-3.117

Scheme3-46: Synthesis ob-lactol D-3.93

The same procedure was done on diastere@riet3a (Scheme 317) to provideL-

bradyrhizoseFirst, reduction 08.113awith LiBH4 gave triol(+)-3.116in 78% yield. The TBS

protecting group was then deprotected using TBAF in 99%. The oxidation and reduction reactions

were performed on intermediai@g)-3.117 to give lactol L-3.93 in 85% vyield?’ Finally,

deprotection of the benzyl groups affordetdradyrhizosel(-3.10 in 99%yield. All enantiomers

made in this sequence had the same specific rotation magnitudes as those-seribs, with

opposite signs.
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LiBH,4 TBAF

Et,0, 78% THF, 99%
1. TEMPO HO

nO
TCIA, DCM BnG Hyp, Pd/C HO ot
T OBn — o, = O
2. DIBAL-H o o OBn MeOH, 99% on OH
DCM, 85% o™ on Ho™ GH
L-3.93 L-3.10

Scheme3-47: Synthesis of -bradyrhizosel(-3.10.

3.5 Summary

The racemic synthesaf bradyrhizose3.10 was done starting frommyoinositol 3.1) in
25 steps with a 6% overall yield. Mugh derivitatization of intermediaB88with (S-MTPA, it
was possible to resolve the racemic mixture. The resulting diastereomeric p@&dda8sand
3.113 were converted ta-bradyrhizosel(-3.10, a new carbohydrate, amdbradyrhizose rf-
3.10, the natural monosaccharide. The next chapter will describe the synthesis of a donor and an
acceptor from the lactol intermediat@s3.93andL-3.93 to synthesize bradyrhosecontinaing

disaccharides.
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3.6 Experimental

General Methods:

Reactions were carried out in ovdried glassware. All reagents used were purchased from
commercial sources and were used without further purification unless notedntSaised in
reactions were purified by successive passage through columns of alumina and copper under
argon Unless stated otherwise, all reactions were carried out at room temperature under a positive
pressure of argon and were monitored by TrCsilica gel 60 F254 (0.25 mm, E. Merckpdss

were detected under UV light or by charring watlsolution of ammonium molybdate (12 g) and

ceric ammonium nitrated@2 g) in H.O (235 mL) and concentrated sulfuric acid (15 nlnless
otherwise indicated, allbumn chromatography was performed on silica gel 60§40 £Thie .

ratio between silica gel and crude product ranged from 100 to 50:1 @ptigal rotations were
measured at+ 2 °C at the sodium D line (589 nm) and are in units of deg-mL(din#) NMR

spectra were recorded at 500 MHz, and chemical shifts are referenced to either TMS (0.0 ppm,
CDCls), HOD (4.78 ppm, BO) or DMSO-ds(2.50 ppm, quintup = 1.9Hz, DMSO-ds). 1*C NMR

spectra were recorded at 125 MHz, &f@d chemical shifts were referencealinternal CDCGJ
(77.2ppm, CDC}), externaldioxane (67.9pm, D:O) or DMSOde (39.5 ppmDMSO-de). In the
processing of reaction mixtures, solutions of organic solvents were washed with equal amounts of
agueous solutions. Organic solutions were conatadr under vacuum at < 40°C (bath).
Electrospray mass spectra were recorded on samples suspended in mixtures of THR®@Ith CH
and added NaClThe separation of the racemic mixtuBe88 and the determination of the
enantiomeric excess for chiral compouinit3.88were done usingnAgilent HPLC instrument

with ChiralpaklA (4.6 x 150 mm, inner diameter x length; particle sizen®) column (1:99-

PrOH hexanes) at 3C.
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3.18

Dimethyl (4R,5R)-2,2-dimethyl-1,3-dioxolane-4,5-dicarboxylate (3.18.1° A solution of (+}
dimethyl L-tartrate(2.0 g, 112 mmol), 2,2-dimethoxypropanét.2mL), andp-TsOH-H>O (10 mg
0.053mmol) inacetong2 mL) were heateat reflux for 24 h. The mixture was cooled tband
the solvent was evaporate@ihe resulting crude product was purified hjica gel column
chromatography (9:1 3:2 hexaneé<tOAC) to yield 3.18(2.43 g, 99%) asyellow oil. Rr 0.60
(3:2 hexandsEtOAC); 'H NMR (500 MHz, CDC4, ) 8.79(s, 2 H, H-4, H-5), 3.81(s, 6 H, 2 X
OCHb), 1.48(s, 6 H, 2 x CHg); 13C NMR (125MHz, CDCk, c¢) 170.1(C=0),113.9(C-2), 76.8

(C-4, C-5), 52.8(OCHg), 26.3(CHb).

3.19

(4S,55)-2,2-Dimethyl-4,5-di(hydroxymethyl)-1,3-dioxolane (3.19.1° A solution 3.18 (2.44 g,
11.2 mmol) in THF (24 mL) was added slowly (30 min) to a solution of LiAR2.4 mL, 22.4
mmol, 1.M in THF) at 0 °C. The mixture was heatatdeflux for 30 min and then cooled tb
Water (1.7 mL) was added slowly at 0 °C, followed by an aqusolusion of NaOH (0.85 mL,
15% wi/v). The mixture was stirred for 3 h, and then filtered through a shorhicadf silica
(EtOAcC). The resulting crude product was purified by silica gel column chromatography (2:3

0:1 hexandsEtOAC) to yield3.19(1.22 g,67%) as yellow oilR 0.32 (2:3 hexan&&tOAc); *H
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NMR (500 MHz, CDC4, ) #.0%3.98 (m, 2 H,H-4 and H5), 3.823.76 (m, 2 H, Ch),
3.74 3.68 (M, 2 H, CH), 2.52 (br,2 H, OH) 1.43 (s, 6 H2 x CHs); 3C NMR (125 MHz, CDG},

lic) 109.3 (G2), 78.1 (G4 and G5), 62.1 (CH), 27.0 (CH).

@/OH wONAP
~, "/O
0 (0]

(4S,59)-2,2-Dimethyl-5-hydroxymethyl-4-(2-naphthylmethyl)oxymethyl-1,3-dioxolane

(3.20 and (4S,5S)-2,2-Dimethyl-4,5-di-(2-naphthylmethyl)oxymethyl-1,3-dioxolane @.21).
Sodium hydridg36 mg, 0.901mmol, 60% dispersion in mineral oil) was added to a codléé (
°C) solution 0f3.19 (132 mg, 0.819 mmol) in DMF (3 mL). After stirring for 30 miry 2
(bromomethyl)naphthalene (199 mg, 0.901 mmol) was addeletoeaction mixture and the
stirring was continued overnightiat5 °C. Waterwas addegdthen the mixturgvas warmed to rt.
The aqueous solution was extracted with E&D@A heorganic extract wsdried (NaSQy), filtered
andconcentratedThe resulting crude product was purifieddijca gel columrchromatography
(9:1 hexané<€EtOAC) to yield3.20(191 ng, 77%) and3.21(54 mg, 15%pscolorless oils(3.20):
R 0.27 (7:3 hexané&&tOAc); [a]p +6.8 € 0.2, CHCh); *H NMR (500 MHz, CDC4, +) .86 7.83
(m, 3 H, Ar), 7.78 (s, 1 H, Ar), 7.52.46 (m, 3 H, Ar), 4.78 (d, 1 H,= 12.8 Hz,CH.Ar), 4.75
(d, 1 H,J = 12.8 Hz,CH,Ar), 4.10 (ddd, 1 HJ)= 5.3 Hz,J = 8.3 Hz,J = 8.3Hz, H-4), 3.97 (ddd,
1H,J=4.4HzJ=8.3HzJ=8.4 Hz, H5), 3.80 (ddd, 1 H)=4.2 HzJ=8.4 Hz,J = 11.7 Hz,
CH,OH), 3.74 (dd, 1 HJ = 5.1 Hz,J = 9.9 Hz, G.ONAP), 3.733.68 (m, 1H, &.0OH), 3.61
(dd, 1 H,J=5.7 Hz,J = 9.9 Hz, G12ONAP), 2.24 (dd1 H,J = 4.6 Hz,J = 8.1 Hz, OH), 1.44 (s,

3 H, CH), 1.43(s, 3 H, CH); 13C NMR (125MHz, CDCk, c¢) [i35.0 (Ar), 133.2 (Ar), 133.1 (Ar),
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128.3 (Ar), 127.9 (Ar), 127.7 (Ar), 126.7 (Ar), 126.2 (Ar), 126.0 (Ar), 125.7 (Ar), 109:2)(C
79.6(C-4), 76.6 (G5), 73.8 CH2Ar), 70.4 CH20NAP), 62.4 (CHOH), 27.0(2) (CHs), 27.0(0)

(CHs). HRMS (ESI) Calcd fo [M + Na]* CigH22NaOs: 325.1410 Found325.1407

(3.21): R 0.24 (9:1 hexan&&tOAc); [a]o 120.9 (c 0.6, CHCE); *H NMR (500 MHz,
CDCls, ) @.87 7.81(m, 6 H,Ar), 7.79(s, 2 H, Ar), 7.531 7.49 (m, 4 H, Ar), 748(d,1H,J=1.8
Hz, Ar), 746 (d, 1 H, J= 1.7Hz, Ar), 4.79(d, 2 H, J = 12.3Hz, CH»Ar), 4.76(d, 2 H, J=12.3
Hz, CH2Ar), 4.17 4.12(m, 2 H, H-4, H-5), 3.73 3.68 (m, 4 H4 x CH,ONAP), 1.51 (s, 6 H2 x
CHs); 13C NMR (125MHz, CDCh, c) i35.5(Ar), 133.3(Ar), 133.0(Ar), 128.2(Ar), 127.9 @Ar),
127.7 (Ar), 126.5 (Ar), 126.1 (Ar), 125.9 (Ar), 125.7 (Ar), 109®82), 77.6 (G4, C-5), 73.7
(CH2Ar), 70.8 CH,ONAP), 27.1 (CH). HRMS (ESI) Calcd for M + NH4]* CagHaaNOx:

460.2482 Found460.2484

(4R,59)-2,2-Dimethyl -4-iodomethyl-5-(2-naphthylmethyl)oxymethyl-1,3-dioxolane  (3.22.
Imidazole (214 mg, 2.10 mmol), triphenylphosphine (826 mg, 3.15 mmol) and iodine (800 mg,
3.15 mmol) were added to a solution3020(635 mg, 2.10 mmol) in THF (6 mL). After stirring

for 2 h, water was added and the aqueous solution was extracted sMithTBeorganic extract
wasdried (NaSQy), filtered andconcentratedThe resulting crude product was purifieg silica

gel column chromatograph{$9:1 hexand€tOAC) to give 3.22(753mg, 8P%) asa colorless oil.

R 042 (9:1 hexand<EtOAC); [a]o 1 10.9(c 0.4, CHCL); *H NMR (500 MHz, CDC}, ) 4.87
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7.83 (m, 3 HAr), 7.80 (s, 1 H, Ar), 7.527.46 (m, 3 H, An4.79(d, 1 H,J =12.7 Hz, CH2Ar),
476(d, 1 H,J =127 Hz, CH2Ar), 402 (ddd, 1 H,J=5.0Hz, J = 5.1Hz, J= 7.5Hz, H-5), 3.90
(ddd, 1 H,J=5.1Hz, J=5.3Hz, J= 7.5Hz, H-4), 3.73 @d, 1 H,J =5.1Hz,J = 10.3Hz,
CH2ONAP), 3.69 @d, 1 H,J = 5.0Hz, J = 10.3Hz, CH.ONAP), 3.38 ¢(d, 1 H,J=5.1Hz,J =
10.5Hz, CHal), 3.31 @d, 1 H,J = 5.3Hz, J = 10.5Hz, CH2l), 1.50 (s, 3 H, Ch), 1.44 (s, 3 H,
CHa); 13C NMR (125MHz, CDCls, ¢) li353 (Ar), 133.3(Ar), 1331 (Ar), 1283 (Ar), 127.9 (Ar),
127.7 (Ar), 126.5 (Ar), 126.2 (Ar), 126.0 (Ar), 125.6 (Ar), 109092), 80.1(C-5), 77.7 (G4),
73.7 CH2Ar), 706 (CH2ONAP), 27.4 (CH), 27.3 (CH), 6.4(CH2l). HRMS (ESI) Calcd fori1

+ K]* C18H211K Os: 451.0167 Found451.0168
ONAP

OH

3.23
(R)-1-(2-Naphthylmethyloxy)but-3-en-2-ol (3.23. Zinc metal (1.89 g, 28.9 mmol) and acetic
acid (2.07 mL, 36.2 mmol) were added to a solutioB.22(750 mg, 1.82 mmol) in THF (6 ko).
After stirring for 6 h, the reaction mixture was filtered through C®IBd5 and the precipitate was
washed with EO. The filtrate was diluted with ED and washed with water. Tleganic extract
wasdried (NaSQy), filtered andconcentratedThe resilting crude product was purifidaly silica
gel column chromatograph¢:1 hexanesEtOAC) to give 3.23(361 mg, 8%) asa colorless oll
R 0.42 (7:3 hexan&&tOAc); [a]p +2.2 (¢ 0.3 CHCh); 'H NMR (500 MHz, CDC4, w) U.87
7.83 (m, 3 HAT), 7.80 (s, 1 HAr), 7.53 7.47 (m, 3 H, Ar)5.87(ddd, 1 H,J23= 5.5Hz, J3.4cis=
10.6Hz, J3 atrans= 17.2Hz, H-3), 5.39(ddd, 1 H,J2 arans= 1.5Hz, Jacisarans= 1.5HZ, J3 arans= 17.2
Hz, H-4 trang), 5.22(ddd, 1 H,J2 4is= 1.5Hz, Jacisatrans= 1.5Hz, J3 4cis = 10.6 Hz, H-4 cis), 4.77
(d, 1 H,J = 12.7 Hz, CH2Ar), 474 (d, 1 H,J = 12.7 Hz, CH.AT), 4.43 4.37 (m, 1 HH-2), 3.60
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(dd, 1 H,J=3.5Hz,J = 9.7Hz, H-1),3.44 (d, 1 H,J=8.1Hz, J= 9.7Hz, H-1),2.55 (d 1 H,J
= 3.5Hz, OH); 13C NMR (125 MHz, CDCh, c) 36.6 (G3), 1353 (Ar), 133.3(Ar), 1331 (Ar),
1283 (Ar), 127.9 (Ar), 127.8 (Ar), 126.6 (Ar), 126.2 (Ar), 126.0 (Ar), 125.7 (Ar), 11(E5),
74.1 (CHAr), 735 (C-1), 71.6 C-2). HRMS (ESI) Calcd for [M + N&]CisH16NaOz: 251.1043

Found251.1039

ONAP
=

6Bn

3.24
(R)-2-(Benzyloxy)-1-(2-naphthylmethyloxy)but-3-ene (3.24). Sodium hydride (76 mg, 1.90
mmol, 60% dispersion in mineral dilvas added to a solution 8f23 (360 mg, 1.58 mmol) in
DMF (4 mL). After stirringfor 30 min, benzyl bromide (206L, 1.73 mmol)was addednd the
reaction mixture was stirred for 3 h. Water was added and the aqueous solution was extracted with
EtOAc. Theorganic extract wsdried (NaSQu), filtered andconcentratedThe resulting crude
product was purified bgilica gel columnchromatography19:1 hexané€tOAC) to give 3.24
(468 mg, 9%6) asayellow oil. R 0.41 (9:1 hexan&&tOAC); [a]p +14.5 (¢ 0.7, CHCE); *H NMR
(500 MHz, CDC4, w) 1.867.78 (m, 4 HAr), 7.51 7.46 (m, 3 H, Ar)7.41i 7.27 (m, 5 H, Ar),
5.85(ddd, 1 H,J2 3= 7.2Hz, J3 46s= 10.4Hz, J3 4rans= 17.3Hz, H-3), 5.70(ddd, 1 H,J2 4rans= 1.3
Hz, Jacisatrans= 1.7 Hz, J3 4rans= 17.3Hz, H-4 trans), 5.33(ddd, 1 H,J2 4is= 1.1 Hz, Jacis trans= 1.7
Hz, Js.4is = 10.4Hz, H-4 cis), 4.78(d, 1 H,J= 125 Hz, CH2Ar), 474(d, 1 H,J = 125 Hz, CHAr),
470(d, 1 H,J = 12.1 Hz, CH2Ar), 452 (d, 1 H,J = 12.1 Hz, CH.Ar), 4.13 4.08 (m, 1 HH-2),
3.67 @d, 1 H,J=6.6Hz,J=10.3Hz, H-1),3.61 @dd, 1 H,J=4.4Hz,J = 10.3Hz, H-1); 1°C
NMR (125MHz, CDCh, c) 138.6 (Ar),1359 (Ar), 1358 (C-3), 133.3(Ar), 1330 (Ar), 1283

(Ar), 128.1 (Ar), 127.9 (Ar), 127(®) (Ar), 127.7(1) (Ar),127.5 (Ar), 126.3 (Ar), 126.1 (Ar), 125.8
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(Ar), 125.7 (Ar), 118.4C-4), 79.5(C-2), 73.4 (CH-Ar), 73.1 C-1), 71.6 CH2Ar). HRMS (ESI)

Calcd for M + NH4]™ Co2H26NO2: 336.1958 Found336.1960

(R)-2-(Benzyloxy)but-3-en-1-ol (3.25. DDQ (105 mg, 0.462 mmol) was added to a solution of
3.24(98 mg, 0308 mmol) in CHCI2 (9 mL) and HO (1 mL). After stirring for 4 h, the reaction
mixture was diluted with CKCl> and washed with a saturated aqueous solution of NatG®
water The organic extract wsdried (NaSQu), filtered andconcentratedThe resuiing crude
product was purifiedy silica gel column chromatograp(§:1 hexangsEtOAC) to give3.25(34
mg, 626) asa colourless oilR; 0.39 (7:3 hexan&&tOAc); [a]p 1 49.8 € 1.1, CHC}); *H NMR
(500 MHz, CDC#4, H)T.397.29 (m, 5 H, Ar)5.78(ddd, 1 H J23= 7.3 Hz, J3 acis= 10.5Hz,
Ja.atrans= 17.4Hz, H-3), 5.38(ddd, 1 H,J2.arans= 1.1 HZ, Jacisarans= 1.7 HZ, Ja arans= 17.4Hz, H-4
trans), 5.36(ddd, 1 H,Jo.4is= 0.9 Hz, Jacisarans= 1.7 HZ, J3 4cis = 10.5Hz, H-4 cis), 468 (d, 1 H,J

= 11.7Hz, CH2Ar), 442 (d, 1 H,J = 11.6Hz, CH2Ar), 4.00 3.95 (m, 1 HH-2), 3.65 3.58 (m, 2
H, 2 x H-1), 2.06(dd, 1 H,J = 5.7 Hz, J = 7.3 Hz, OH); 13C NMR (125MHz, CDChk, ¢) 138.1
(Ar), 1351 (C-3), 1285 (Ar), 127.9 (Ar), 127.8 (Ar), 119.42-4), 81.1 (G2), 70.6(CH2Ar), 65.3

(C-1). HRMS (ESI) Calcd forjt + NaJ* C11H14NaO,: 201.0886 Found201.0886

OH
Mo

OBn
3.26

(R)-2-(Benzyloxy)but-3-enoic acid 8.26. A 5% aqueous solution of NaHG@1.45 mL) was

added to a solution @&.25(99 mg, 0.555 mmol) in acetone (4 mL). The reaction mixture was
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cooled to 0°C and potassium bromide (7 mg, 0.055 mmol) and TEMPO (87 mg, 0.555 mmol)
were added. A 5% aqueosslution of NaOCI (1.25 mL) was then added dropvager 20 min.
The reaction mixture was vigorously stirred and kept & @or 1 h. A 5% aqueous solution of
NaOCI (1.25 mL) and a 5% aqueous solution of NaBICIX45 mL) were then added and the
reaction nixture was stirred at ¥C foran additional . The acetone was removieglevaporation
and the aqueous solution was washed wi®EThe aqueous solution was acidified to pH 3.5
with a 10% aqueous solution of citric acid and extracted with EtOAc Ef@Ac solution was
washed with water and brine, themed (NaSQu), filtered ancconcentratedThe resulting product
wasnot furtherpurified and yielded3.26 (69 mg, 65%)asa colorless 0il.R: 0.30 (3:2 hexaneb
EtOAc);[a]p i 10.7(c 0.4, CHCk); H NMR (500 MHz, CDC}, W) @.40'7.32 (m, 5 H, Ar)5.93
(ddd, 1 H,J23= 6.2Hz, J3 4cis= 10.3Hz, J3 4trans= 17.2Hz, H-3), 5.56(ddd, 1 H,J2 4trans= 1.3 Hz,
Jacisatrans= 1.3Hz, J3.arans= 17.2Hz, H-4 trang), 5.44(ddd, 1 H,J2.4cis= 1.3Hz, Jacisatrans= 1.3

Hz, J34cs = 10.3Hz, H-4 cis), 468 (d, 1 H,J = 11.7Hz, CH»Ar), 464 (d, 1 H,J = 11.7 Hz,
CH2Ar), 4.49(ddd, 1 H,J24= 1.3 Hz, J24= 1.3 Hz, J23= 6.2 Hz, H-2); 13C NMR (125MHz,
CDCl, ¢) li74.0 (C=0), 136.6 (Ar}131.7(C-3), 1286 (Ar), 128.3 (Ar), 128.1 (Ar), 120.&-4),

78.2 (G2), 71.6(CH2Ar). HRMS (ESI) Calcd forM1 i H]* C11H110s: 192.0786 Found192.0784

myo-Inositol 1,3,5orthobenzoate 8.27).13 Oven driedmycinostol (2.0 g, 11.1 mmol), CSA (52
mg, 0.222 mmol)and trimethylorthobenzoate.(2mL, 11.7 mmol) in dry DMSO (3.6 mL) were

heated to 70 °C oarotary evaporator for 4. The mixture was cooled tband neutralized using
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EtN (31 pL, 0.222 mmol). The DMS@as evaporated and water was added. The precipitate was
filtered. The solid was dried, then recrystallizezin EtOAc to give3.27(2.21g, 75%) asawhite
solid. Rr 0.22 (2:3 hexané&tOAc); 'H NMR (500 MHz,DMSO-ds, +) #.57i 7.54 (m, 2 H, Ar),
7.387.32(m, 3 H, Ar), 5.50 (br, 2 H, &-OH, C-6-OH), 5.32 (br, 1 H, €-OH), 4.41 4.39 (m,
2 H,H-4, H-6), 4.224.19 (m, 1 HH-5), 4.17 4.14 (m, 2 HH-1, H-3), 4.094.06 (m, 1 HH-2);
13C NMR (125 MHz,DMSO-ds, c) i37.8(Ar), 129.0(Ar), 127.5(Ar), 125.4(Ar), 106.4(C-Ar),

75.8(C-1, C-3), 70.1 (G5), 67.2 (G4, C-6), 57.7 (G2).

Racemic 4-O-(4-methoxybenzylymyo-inositol 1,3,5orthobenzoate (3.35).% Sodium hydride
(981 mg, 24.5mmol, 60% dispersion in mineral dilvas added to a cooled {Q) solution 0f3.27
(5.949, 22.3mmol)in DMF (47 mL). The reaction mixture was stirred fob &in at 0°C, then a
solution ofp-methoxybenzyl chloride (3.03 mL, 22.3 mmol) in DMF (11 mL) was added. The
reaction mixturevarmed to rt overnight. Water walsenadded and the reaction mixture was
extracted with EtOAc. Therganic extract was dried (B8Qy), filtered and concentrated. The
resulting crude product was purifiey silica gel column chromatograpi.1 - 3:2 hexanes
EtOAC) to give 3.35(7.31g, 85%) as a colourless oR; 0.21(3:2 hexand&sEtOAc); *H NMR (500
MHz, CDChk, ) .64 7.60(m, 2 H, Ar), 7.39 7.35(m, 3 H, Ar), 7.30/'7.26(m, 2 H, Ar), 6.95
6.91(m, 2 H, Ar), 4.68 (d 1 H,J= 11.4Hz, CH»Ar), 4.64 (d 1 H,J= 11.4Hz, CH»Ar), 4.61i 4.56
(m, 1 H,H-6), 4.55 4.52(m, 1 H, Hinos), 4.434.40 (M, 2 H2 X Hinos), 4.39 4.36 (M, 1 HHinos),

4.15 (ddd, 1 H)=20Hz,J=2.2 Hz,J2.0n=12.1 HzH-2), 3.84 (s, 3 H, C¥}, 3.79 (d, 1 HJs,0H
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= 10.5Hz, C-6-OH), 3.11 (d, 1 HJ2.0n4= 11.9Hz, C-2-OH); 13C NMR (125 MHz, CDG, ¢) {i
160.1(Ar), 136.6(Ar), 129.9(Ar), 129.7 (Ar), 128.1(Ar), 127.9(Ar), 125.2(Ar), 114.3(Ar),
107.4 QAF), 76.1 (Gnos), 73.7 (Gwos), 73.7 QHzAI’), 72.9 (Gnos), 68.2 (Gms), 67.8 (G6), 601 (C—

2), 5.4 (CHp).

Ph
07Lo
1 O 6 5

S\l )l

OPMB
3.36

HO

Racemic 6-O-allyl -4-O-(4-methoxybenzylymyo-inositol  1,3,5orthobenzoate (3.36).°5 n-
Butyllithium (2.7 mL, 6.73 mmol, 214 in hexanepswas added to a cooled {C) solution 0f3.35
(2.169, 5.61mmol) in THF (22 mL). The reaction mixture was stirred for 5 min & then a
solution of AlIBr (0.51 mL, 5.89 mmol) in DMF (10.7 mL) was added. The reaction mixture was
stirred for 48h while warming to rt Ilce wasadded and the reaction mixture was extracted with
EtOAc. The organic extract was dried (B8&Qs), filtered and concentrated. The resulting crude
product was purifiedy silica gel column chromatograpli®.1 - 3:2 hexané€tOAC) to give
3.36(1.729g, 72%) asa colourless o0ilR; 0.49 (3:2 hexanesEtOAc); *H NMR (500 MHz, CDCY,

Uh) 7.65 7.62(m, 2 H, Ar), 7.40 7.35(m, 3 H, Ar), 7.30'7.27(m, 2 H, Ar), 6.9116.88(m, 2 H,

Ar), 5.98 (appddt, 1 HJ= 171 Hz,J= 103 Hz,J= 5.7 Hz, Gi=CH,), 532 (appdq, 1 H J= 173
Hz,J= 1.7 Hz,trans), 523 (appdq, 1 H,J=10.5Hz,J= 13 Hz, CH=CH> cis), 465 (d 1 H,J=
11.4Hz, CH2Ar), 4.56 (d 1 H,J=11.4Hz, CH2Ar), 4.54 4.51 (M, 1 HHinos), 4.47 4.42(m, 3H,
Hinos), 4.39 4.36 (M, 1H, Hinos), 4.24 4.10(m, 3H, H-2, CH2CH=CH,), 3.82 (s, 3 H, Ch), 3.06

(d, 1 H,J = 11.9 Hz, OH); 3C NMR (125 MHz, CDGJ, c)t159.4 (Ar), 137.0(Ar), 134.1

(CH=CH), 129.7(Ar), 129.6(Ar), 129.3(Ar), 128.1(Ar), 125.2(Ar), 117.7(CH=CH>), 113.9
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(Ar), 108.0 CAr), 744(4) (Cinos), 74.40) (Cinos), 73.6 Cinos), 73.2 Cinog), 71.3 CH2Ar), 70.9

(CH2CH=CH), 68.7 Cinog), 60.7 (G2), 55.3 (CH).

Ph
O%\O Ojs\o
10 %0ms b *dpus
3.33 3.37
Racemic 5-O-allyl-3-O-(4-methoxybenzyl}1-C-methyl-scyllo-inositol 2,4,6-orthobenzoate
(3.33) and racemic 3-O-(4-methoxybenzyl}1-C-methyl-scyllo-inositol 2,4,6orthobenzoate
(3.37. A solution ofDMSO (16.2 mL, 227 mmglin CHxCl> (50 mL) was added dropwise to a
cooled (78 °C) solution of oxalyl chloride (14.0 mL, 165 mmol) in &t (50 mL). After 30
min, a solution 08.36 (29.4g, 68.9mmol)in CH2Cl> (250 mL) was added slowly to the reaction
mixture. After 1 h, EgN (0.51 mL, 5.89 mmol) was added slowly and the reaction mixture was
stirred for an additional hour &78 °C and then warmed to rt. The solution was concentrated and
the crude compound was used without purification for the next Bt#fp (600 mL) was added to
the crude compound and the mixture was sonicated for 15 min. The reaction mixture was then
cooled (78 °C) and methylmagnesium bromide solution (115 mL, 344 mmol) was added
dropwise.After 1 h, asaturated aqueous solutiom of M was added slowly to the reaction
mixtureati 78 °C. The mixture was warmed tq tthenwater and CHCI> were addedTheorganic
extract was dried (N&Qy), filtered and concentrated. The resulting crude product was puified
silica gel column chromatogphy(9:1 - 4:1 hexanesEtOAC) to give 3.33 (28.7 g, 95%) as a
colorless oil and.37 (715 mg, 36) as a white solid(3.33): R: 0.40 (4:1 hexan&&tOAc); *H
NMR (500 MHz, CDC4, w) .63 7.57(m, 2 H, Ar), 7.38 7.34(m, 3 H, Ar), 7.30 7.27(m, 2 H,

Ar), 6.91 6.87(m, 2 H, Ar), 5.90 @ppddt, 1 H,J=17.2Hz, J= 10.4Hz, J= 5.7 Hz, CH=CHy),
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5.27 @ppdq, 1 H,J=17.2Hz, J= 1.5Hz, CH=CH>trans), 5.20 @ppdq, 1 H,J=10.4Hz, J=1.5
Hz, CH=CH:cis), 4.694.3 (m 4 H, CH2Ar, OH, 2 X Hinos), 4.5414.50 (m 2 H, 2 X Hinos), 4.23
4.14 (m, 4 H2 x CH2CH=CHp, 2 X Hinos), 3.82 (s, 3 H, OCEkJ, 1.63 (d, 3 HJcrzon= 1.1 Hz,
CHa); 13C NMR (125 MHz, CDQ, ¢) i59.4(Ar), 136.7(Ar), 133.6(CH=CH,), 129.6(Ar), 129.1
(Ar), 128.1(Ar), 125.3(Ar), 117.9(CH=CH.), 113.9(Ar), 107.5 CAr), 742(3) (Cinos), 74.20)
(Cinos), 74.0 Cinos), 73.6 Cinos), 71.4 C-1), 70.6 CH2Ar), 68.5 Cinos), 67.7 (CH2CH=CH>), 55.3
(OCH), 25.0 (CH). HRMS (ESI) Calcd for [M+ H]* CasHa007: 441.1908 Found441.1900
(3.37: mp =117 119°C; R 0.28 (7:3 hexanesEtOAc); 'H NMR (500 MHz, CDC4, ) .62
7.58(m, 2 H, Ar), 7.387.34(m, 3H, Ar), 7.327.28(m, 2 H, Ar), 6.93 6.89(m, 2 H, Ar), 4.72
(d, 1 H,J=11.2Hz, CH2Ar), 4.724.68 (m 1 H, H-5), 4.67 (d 1 H,J= 11.2Hz, CH,Ar), 4.59
4.55 (m 2 H, H-2, H-3), 4.194.15 (m, 2 H, H4, H-6), 394 (d, 1 HJ= 0.6 Hz, OH), 3.82 (s, 3
H, OCHs), 3.30 (d, 1 HJ= 7.9 Hz, OH), 1.66 (I, 3 H,Jcrs,on= 1.1 Hz, CHs); 13C NMR (125
MHz, CDCh, c) 159.4(Ar), 136.4(Ar), 129.9(Ar), 129.6(Ar), 128.6(Ar), 128.1(Ar), 125.4
(Ar), 114.1(Ar), 107.2 CAr), 755 (Cnos), 74.01) (Cinos), 74.00) (Cinos), 72.1 CH2Ar), 69.8
(Cinog), 68.8 C-1), 68.4 C-2), 55.3 (OCH), 26.1 (CH). HRMS (ESI) Calcd for [M+ Na*

C22H24NaO7: 423.1414 Found423.1415

HO OPMB

Racemic 3-O-(4-methoxybenzyl}1-C-methyl-scyllo-inositol 2,4,6-orthobenzoate(3.37). To a

solution 0f3.36(51 mg 0.116mmol)in THF (0.6 mL), degassed under vacuum and stirring under

an Ar atmosphere, (1;Byclooctadi@e)bis(methyldiphenylphosphine)iridium
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hexafluorophosphate catalyst (5 mg, 0.0068%ol) was added followed by further degassing of
the mixture under vacuunthe suspension was stirred for 15 min &0) and the catalyst was
then activated with H(2 min undera H> atmosphere). At this point, the solution became nearly
colorless. The excessMas removed by three cyclespécing the flask underacuumand then
flushing the flask withAr. The reaction mixture was then stirred for 3 h at rt urateAr
atmosphere. The solvent was then evaporated, and the residue was dissolved invatetone
(10:1, 4.45mL) beforeHgO (35 mg, 0.162nmol) and HgC} (38 mg, 0.139nmol) were added.
After 1 h, the solvent was evaporated and the residue was diluted withagdl washed with a
10% aqueous solution of Kl, a saturated aqueous solution &0k and water. The aqueous
layers were extracted with EtOAc anketorganic extract was dried (b8(), filtered and
concentrated. The resulting crude product was purifiesilica gel column chromatograpfig:3
hexanesEtOAC) to give 3.37(40mg, 87%)asawhite solid. The mp,R;, *H NMR, 3C NMR and

MS datacorrespond tohat obtained othe same compour(@.37) previously described.

Ph

00

6 O 5 4
2

T Aol
BnO  OPMB

3.38

Raemic 5-O-allyl-1-O-benzy}3-O-(4-methoxybenzyl}1-C-methyl-scylloinositol  2,4,6
orthobenzoate(3.38. Sodium hydride (5.22 g, 130 mmol, 60% wt in mineral oil), benzyl bromide
(23.2 mL, 196 mmol) and TBAI (2.41 g, 6.52 mmol) were added to a soluti®B6f28.7 g, 65.2
mmol) in THF (600 mL). The reaction mixture was heated at reflux for 2 h. Water was added and
the aqueous solution was extracted withbChHl Theorganic extract wsdried (NaSQu), filtered

andconcentratedThe resulting crude product wparified bysilica gel columrchromatography
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(19:1to 17:3hexaneBEtOAC) to give 3.38(32.9 g, 9506) asa yellow oil. Rf 0.60 (4:1 hexanés
EtOAc); 'H NMR (500 MHz, CDCY, W) .66 7.62(m, 2 H, Ar), 7.40'7.36(m, 5 H, Ar), 7.2
7.15(m,5H, Ar), 6.80/6.76(m, 2 H, Ar), 5.87 @ppddt, 1 H,J=17.2Hz, J= 10.5Hz, J=5.9Hz,
CH=CHy), 5.22 @ppdq, 1 H,J=17.2Hz, J= 1.7Hz, CH=CHatrans), 5.13 @ppdq, 1 H,J=10.5
Hz, J=1.7Hz, CH=CH.cis), 4.66 4.63 (m 3 H, 2 X CH2Ar, Hinos), 4.59 (52 H, 2 x CH2Ar), 4.52
(ddd, 1 HJ=6.6Hz, J= 3.3Hz, J= 1.3 Hz, Hinos), 4.49 (ddd, 1 H)=6.6Hz, J=3.3Hz,J=1.3
Hz, Hinos), 4.45 4.41 (m, 2 H2 XHinos), 4.17 4.10 (m 2 H,2 x CH2CH=CH), 3.80 (s, 3 H, OC#),
1.80 (s, 3 H, Ch); 13C NMR (125 MHz, CDCJ, c) 159.1(Ar), 138.9(Ar), 136.9 (Ar), 134.7
(CH=CHy), 130.2 (Ar), 129.5Ar), 128.1(Ar), 127.8(Ar), 127.5(Ar), 126.8 (Ar), 125.3 (Ar),
117.3(CH=CH,), 113.6(Ar), 108.1 CAr), 74.1(Cinos), 739 (Cinos), 73.8 Cinos), 73.7 Cinos), 71.4
(CH2Ar), 711 (CH2CH=CH), 70.9 C-1), 69.2 Cinos), 638 (CH2Ar), 55.3 (OCH), 21.7 (CH).

HRMS (ESI) Calcd for [M+ K]* CasH3aK O7: 569.1936 Found569.1932

Ph

o7,
y OAlloH
3.39

Racemic5-O-allyl-1-O-benzy}2,6-O-benzylidene 3-O-(4-methoxybenzyl}1-C-methyl -scyllo-
inositol (3.39. DIBAL -H (109 mL, 109 mmol, 1M in toluene) was added to a cooled°(@)
solution 0f3.38(10.5 g, 19.8 mmol) in toluene (140 mL). The reaction mixture was stirretCat 0
for 30 min. A saturated aqueous solution of potassioaiiusn tartrate and Cil> were addedt
0 °C and the mixture was stirred overnig¥ttile warming to rt The aqueous solution was extracted

with CH2Cl2 and theorganic extract wsdried (NaSQy), filtered andconcentratedThe resulting

crude product was piied by silica gel columnchromatography9:1 hexanesEtOAC) to give
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3.39(9.17 g, 8%) asacolourless oilRr 0.23 (4:1 hexaneisEtOAc); *H NMR (500 MHz, CDC4,
Un) 7.50 7.47(m, 2 H, Ar), 7.43 7.35(m, 5 H, Ar), 7.33 7.29(m, 2 H, Ar), 7.28 7.23(m, 3 H,
Ar), 6.886.84(m, 2 H, Ar), 5.93 @ppddt, 1 H,J= 17.2Hz, J= 10.4Hz, J= 5.7 Hz, CH=CHp),
5.59 (s, 1 HCHAr), 5.30 @ppdq, 1 H,J=17.2Hz, J= 1.7 Hz, CH=CH>trans), 5.18 @ppdq, 1
H, J= 10.4Hz, J= 1.7 Hz, CH=CHacis), 4.76 (d, 1 HJ= 11.7Hz, CH-Ar), 4.63 (s, 2 H2 X
CH2Ar), 4.59 (d, 1 HJ= 1.7 Hz, G1,Ar), 4.54 (ddd, 1 H)=7.7Hz, J=7.7Hz, J= 2.8 Hz, H-4),
4.29 4.24 (m, 1 HCH-CH=CH), 4.26 ¢, 1 H,J= 2.6 Hz, H-2/H-6),4.19 ¢}, 1 H,J= 2.4 Hz, H
2/H-6), 4.15(appddt, 1 H,J= 13.2 HzJ= 5.7 Hz,J= 1.5 Hz, G4,.CH=CH,), 3.94 @, 1 H,J= 7.5
Hz, H-3/H-5),3.89 (, 1 H,J= 7.5 Hz, H3/H-5), 3.80 (s, 3 H, OC}), 2.43 (d, 1 H)= 33 Hz,
OH), 1.78 (s, 3 H, Ch); °C NMR (125 MHz, CDG, c¢) 159.3 (Ar), 138.4 (Ar), 137.5 (Ar),
134.6 CH=CH;), 130.2 Ar), 129.40) (Ar), 1293(8) (Ar), 128.5(Ar), 128.3(Ar), 127.5 (Ar),
127.3 (Ar), 126.4 (Ar), 117.2CH=CH>), 113.9(Ar), 92.7 CHAr), 82.9 (G3/C-5), 82.7 (G3/C-
5), 78.4 (G2/C-6), 78.3 (G2/C-6), 74.8(C-4), 73.4 CH.CH=CH), 71.3 CH-Ar), 708 (C-1),
63.7 (CH2Ar), 55.3 (OCH), 19.3 (CH). HRMS (ESI) Calcd for [M+ H]* Cz2H3707: 533.2534

Found533.2534

Ph NO,

) O s OAllp
1 2 3\ ¢ o)
BnO OPMB
3.40

Racemic 5-O-allyl-1-O-benzy}2,6-O-benzylidene3-O-(4-methoxybenzyl)1-C-methyl-4-O-
(4-nitrobenzoate)scylloinositol (3.40. p-Nitrobenzoyl chloride (10 mg, 0.0518 mmol) was
added to a solution #.39(23 mg, 0.0432 mmol) and DMAP (8 mg, 0.0648 mmpol)CH:Cl>

(0.5 mL) The reaction mixture was sea for 2 h at rt. Water was added and the mixture was
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extracted with ChLCl. Theorganic extract wsdried (NaSQy), filtered andconcentratedThe
resulting crude product was purified byica gel columrchromatographyq:1 hexanesEtOAC)
to give 3.40(29 mg, 99%) as yellow oil. R 0.44 (4:1 hexanesEtOAc); *H NMR (500 MHz,
CDCls, U) 8.27 (d, 2 HJ=8.4Hz, Ar), 8.09 (d, 2 H)=8.4Hz, Ar), 7.56 7.37(m, 10 H, Ar),
7.08(d, 2 H,J=8.1Hz, Ar), 6.56(d, 2 H,J=8.1Hz, Ar), 6.21 (dd, 1 HJ3 4= 8.1Hz, Js5= 8.1
Hz, H-4), 5.74 (s, 1 HCHAT), 5.74 5.64(m, 1 H, GH=CH>), 516 (d, 1 HJ= 17.2Hz, CH=CH>
trang), 5.04 (d, 1 HJ=10.6Hz, CH=CH2cis), 4.72 (s, 2 H2 x CH2Ar), 4.66 (d, 1 HJ=12.2 Hz,
CH2Ar), 4.38 (d, 1 HJ= 12.2 Hz, G12Ar), 4.34 d, 1 H, J= 2.0Hz, H-2/H-6), 4.27 ¢, 1 H,J=
2.0Hz, H-2/H-6), 4.18 4.10 (m, 3H, H-3, H-5, CH.CH=CH), 3.96(dd, 1 HJ=12.5 HzJ=5.6
Hz, CH.CH=CHy), 3.66 (s, 3 H, OCHJ, 1.82 (s, 3 H, Ch); 1*C NMR (125 MHz, CDd, c) li63.8
(C=0), 159.2(Ar), 150.5 (Ar), 138.QAr), 137.3 (Ar), 135.9 (Ar), 134.0CH=CH,), 130.8 (Ar),
130.0 (Ar), 129.5Ar), 129.3(Ar), 128.6(Ar), 128.5(Ar), 127.9 (Ar), 127.6 (Ar), 126.3 (Ar),
123.4 (Ar), 117.8§CH=CHy), 113.6(Ar), 92.6 CHAr), 79.7 (Cinos), 78.8 Cinos), 78.6 Cinos), 78.1
(Cinos), 77.7 Cinos), 733 (CH2CH=CH), 70.4 (CH2Ar/C-1), 70.3 CH2Ar/C-1), 64.3 CHAr), 55.1

(OCH), 19.2 (CH). HRMS (ESI) Calcd for [M+ NH4]* CagH43N2010: 699.2912 Found699.2906

Ph

o

o} P—<0AlloNAP
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3.41

Racemic 5-O-allyl-1-O-benzy}2,6-O-benzylidene3-O-(4-methoxybenzyl)1-C-methyl-4-O-
(2-naphthylmethyl)-scyllo-inositol (3.41). Sodium hydride (302 mg, 7.55 mmol, 60% wt in

mineral oil), was added to a solution389(2.68 g, 5.03 mmol) in THEL20 mL). The reaction

mixture was stirred for 30 min andraphthylmethyl bromide (1.67 g, 7.55 mmebBs addedThe
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reactionmixture wasghenheated at reflux overnighifter cooling to rt, vater was added and the
agueous solution was extracted withZCH. Theorganic extract asdried (NaSQy), filtered and
concentratedThe resulting crude product was purifieddsjca gel columrchromatographyS(:1
hexaneBEtOAC) to give 3.41(3.18 g, 94%) as yellow oil. R 0.51 (4:1 hexanesEtOAc); tH
NMR (500 MHz, CDCb, ) .85 7.83(m, 1 H, Ar), 7.80 7.75(m, 3 H, Ar), 7.52 7.45(m, 5 H,
Ar), 7.427.33(m, 5 H, Ar), 7.24 7.20(m, 5 H, Ar), 6.811 6.77(m, 2 H, Ar), 5.96 @ppddt, 1 H,
J=17.2Hz, J= 10.4Hz, J= 5.3Hz, CH=CH,), 5.63 (s, 1 HCHAr), 5.30 @ppdq, 1 H,J=17.2
Hz, J=1.7Hz, CH=CHztrans), 5.16 @ppdq, 1 H,J=10.4Hz, J=1.7Hz, CH=CH2cis), 4.95 (d,

1 H,J=11.9Hz, CH:Ar), 4.92 (d, 1 HJ= 11.9 Hz, ®i2Ar), 4.75 (d, 1 HJ= 11.5 Hz, Gl,Ar),
4.66 (s, 2 H2 X CH2Ar), 4.61 (d, 1 HJ)=11.5 Hz, GH2Ar), 447 (dd, 1 H,Js.4= 7.0Hz, Ja5=7.0
Hz, H-4), 4.29 @ppddt, 1 H,J= 13.1 HzJ= 5.1 Hz,J= 1.7 Hz, G.CH=CHy), 4.27 (d, 1 HJ=
2.4 Hz, H2/H-6), 4.19 (d, 1 HJ = 2.4 Hz, H2/H-6), 4.16 @ppddt, 1 H,J= 13.1 HzJ= 5.5 Hz,
J=1.5 Hz, G,.CH=CHy), 4.12 (d, 1 H,= 7.0 Hz, H3/H-5), 4.05 (d, 1 HJ= 7.1 Hz, H3/H-5),
3.77 (s, 3 H, OCh), 1.80 (s, 3 H, CH); 13C NMR (125 MHz, CDCJ, c) li59.1(Ar), 138.6(Ar),
137.5 (Ar), 136.3 (Ar), 134.6 (Ar133.0 CH=CH), 130.3 (Ar), 128 (Ar), 129.2(Ar), 128.5
(Ar), 128.1(Ar), 128.0(Ar),127.9(7) (Ar),127.6 (Ar), 127.3 (Ar), 127.1 (Ar), 126.7 (Ar), 126.4
(Ar), 126.3 (Ar), 125.9 (Ar), 125.7 (Ar},16.8 (CH€H?>), 1137 (Ar), 92.8 CHAr), 83.6(C-3/C-
5), 83.1 (G3/C-5), 82.8 (G4), 785 (C-2/C-6), 78.1 (G2/C-6), 74.0 (CH2Ar), 72.9 CH2Ar), 709
(CH2CH=CH/C-1), 706 (C-1/CH2CH=CHp), 63.7 (CH2Ar), 55.2 (OCH), 19.2 (CH). HRMS

(ESI) Calcd for [M+ K] C43Ha4sKO7: 711.2719 Found711.2717
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Racemic 5-O-allyl-1,2-di-O-benzyl-3-O-(4-methoxybenzyl}1-C-methyl-4-O-(2-
naphthylmethyl)-scyllo-inositol (3.42. DIBAL -H (12.0 mL, 12.0 mmol, 1M in toluene) was
added to a cooled (TC) solution 0f3.41(539 mg, 0.801 mmol) in toluene (8 mL). The reaction
mixture was stred at 0°C for 3 h. A saturated aqueous solution of potassium sodium tartrate and
CH:Cl> were addedat 0 °C and the mixture was stirred at overnigtitile warming to rt The
aqueous solution was extracted with ZCH and theorganic extract wsdried (NeeSQy), filtered
andconcentratedThe resulting crude product was purifiedsiyca gel columrchromatography
(9:1 hexané<tOAC) to give 3.41(378 mg, 70%) as colourless d#.0.33 (4:1 hexanesEtOAC);
IH NMR (500 MHz, CDC}, W) .85 7.77(m, 4 H, Ar), 7.50 7.45(m, 3 H, Ar), 7.34 7.23(m,
10 H, Ar), 7.16 7.12(m, 2 H, Ar), 6.78 6.74(m, 2 H, Ar), 5.98 @ppddt, 1 H,J= 17.2Hz, J=
10.5Hz, J= 5.9 Hz, CH=CHy), 5.30 @ppdg, 1 H,J= 17.2Hz, J= 1.7 Hz, CH=CH.trans), 5.19
(appdg, 1 H,J=10.5Hz, J= 1.6 Hz, CH=CH2cis), 5.05 (d, 1 HJ=11.0Hz, CH»Ar), 5.01 (d, 1
H, J= 10.8Hz, CH-Ar), 4.89 (d, 1 HJ= 11.0Hz, CHAr), 4.85 (d, 1 HJ = 11.0Hz, CH.Ar),
4.824.70 (M, 4 H, 4 x CH2Ar), 4.43 @ppddt, 1 H,J= 12.5Hz, J= 5.5 Hz, J= 1.3 Hz,
CH>CH=CHj), 4.32 @ppddt, 1 H,J= 12.5Hz, J= 5.7 Hz, J= 1.3Hz, CH2CH=CH), 3.76 (s, 3
H, OCHb), 3.72 (d, 1 HJ= 9.9 Hz, H-2/H-6), 3.673.55 (M, 3 H3 X Hinog), 3.373.33 (m, 1 H,
Hinod), 2.41 (br's, 1 H, OHX..42 (s, H, CHs); 13C NMR (125 MHz, @Cls, c) 1i59.2(Ar), 139.5
(Ar), 139.0 (Ar), 136.0 (Ar), 134.9 (Ar), 133(&H=CH), 1330 (Ar), 130.7 (Ar), 129.5Ar),
128.4(Ar), 128.3(Ar), 128.2(Ar), 128.0 (Ar), 127.7 (Ar), 127.5 (Ar), 127.4 (A)27.3 (Ar),
1265 (Ar), 126.1 (Ar), 126.0(7) (Ar), 129(6) (Ar), 1259 (Ar), 1172 (CH=CH,), 113.8(Ar),
84.1 (Cinos), 83.4(Cinos), 83.0 Cinos), 81.7 Cinos 79.8 (C-1), 75.8 (CHAr), 75.7 (CHAr), 75.5
(Cinog), 75.4 (CHAT), 74.3(CH2CH=CH,), 65.5(CH-Ar), 55.3 (OCH}), 13.2 (CH). HRMS (ESI)

Calcd for [M+ NaJ" CasHasNaO7: 697.3136 Found697.3139
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Racemic 5-O-allyl-1,2,6tri -O-benzyl3-O-(4-methoxybenzyl} 1-C-methyl-4-O-(2-
naphthylmethyl)-scyllo-inositol (3.43. Sodium hydride (188 mg, 4.70 mmol, 60% wt in mineral
oil) wasadded to a solution &.42(2.64 g, 3.92 mmol) in DMF (64 mL). After 30 min, benzyl
bromide (70&L, 5.88 mmol) was added and the reaction mixture was stirred at rt overnight. Water
was added and the aqueous solution was extracted witl&£Hhe organc extract vasdried
(NaSQy), filtered andconcentratedThe resulting crude product was purifieddilyca gel column
chromatographyl@:1- 9:1 hexanesEtOAC) to give 3.43(2.88 g, 96%) aa yellow oil. R 0.27
(9:1 hexandsEtOAC); *H NMR (500 MHz, CDC4, w) @.89 7.81(m, 4 H, Ar), 7.54/ 7.48(m, 3

H, Ar), 7.39 7.24(m, 15H, Ar), 7.19 7.15(m, 2 H, Ar), 6.811 6.77(m, 2 H, Ar), 6.00 @ppddt, 1

H, J= 17.2Hz, J= 10.5Hz, J= 5.7 Hz, CH=CHy), 5.29 @ppdq, 1 H,J= 17.2Hz, J= 1.7 Hz,
CH=CHztrans), 5.17 (appdq, 1 H,J=10.5Hz, J= 1.7 Hz, CH=CHcis), 5.09 (d, 1 HJ=11.0
Hz, CH2Ar), 5.06 (d, 1 HJ=11.0Hz, CH.Ar), 4.97 (d, 1 H)=11.2Hz, CHAr), 4.96 (d, 1 H,

= 11.0Hz, CHAr), 4.88 (d, 1 HJ= 11.2Hz, CHAr), 4.84 (d, 1 HJ = 11.2Hz, CHAr), 4.82
4.78(m, 4 H, 4 x CH2Ar), 4.43 (d, 2 HJ=5.7Hz, 2 x CH.CH=CHy), 3.79 (s, 3 H, OC}}, 3.66
3.55(m, 4 H,4 X Hinog), 3.50 (dd, 1 HJ= 9.4 Hz,J= 9.4 Hz,Hinos), 1.53 (s, 3 H, Ch); 13C NMR
(125 MHz, CDC4, tic) 159.2 (Ar), 139.6 (Ar), 139.1 (Ar), 139.0 (Ar), 136.2 (Ar), 135.2
(CH=CH;), 1334 (Ar), 133.0 (Ar), 130.8 (Ar), 129.FAr), 128.3(Ar), 128.2(Ar), 128.0(Ar),
127.7 (Ar), 127.5 (Ar), 127(4) (Ar), 127.3(6) (Ar),127.3 (Ar), 127.2 (Ar), 126.6 (Ar),2b.1
(Ar), 126.0 (Ar), 125.8 (Ar), 116.8CH=CH>), 1138 (Ar), 853 (Cinos), 83.4 (Gnos), 82.62) (Cinos),

825(6) (Cinog), 804 (C-1), 76.1 CHoAT), 75.6 @ X CH2AT), 75.5(CH2Ar), 74.6 (CH2CH=CH>),
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66.1 (CH2Ar), 55.3 (OCH), 13.1 (CH). HRMS (ESI) Calcdfor [M + NHi]* CsoHseNO:

782.4051 Found782.4042

Racemic  1,2,6tri -O-benzyl3-O-(4-methoxybenzyl}1-C-methyl-4-O-(2-naphthylmethyl) -
scylloinositol (3.44). DIBAL -H (1.10 mL, 1.10 mmol, 1M in toluene) was added to aated (0

°C) solution of 3.43 (280 mg, 0.366 mmol) and [£,3
bis(diphenylphosphino)propane]dichloronickel(ll) in toluene (3 mL). The reaction mixture was
stirred at rt for 3 h. A saturated aqueous solution of potassium sodium tartrate #0lgd \i¢te
thenadded and the mixture was stirred at rt overnight. The aqueous solution was extracted with
CHCl> and theorganic extract &sdried (NaSQy), filtered andconcentratedThe resulting crude
product was purified bgilica gel columrchromatography3;1 hexans EtOAC) to give 3.44(241

mg, 92%) asacolourlesil. R; 0.44 (4:1 hexaneisEtOAc); *H NMR (500 MHz, CDC}, ) #.89
7.81(m, 4 H, Ar), 7.54 7.47(m, 3H, Ar), 7.38 7.25(m, 15H, Ar), 7.20'7.16(m, 2 H, Ar), 6.81i
6.78(m, 2 H, Ar), 5.10 (d, 1 HJ= 117 Hz, CH.Ar), 5.07 (d, 1 HJ)= 11.9Hz, CH.Ar), 5.01 (d,

1 H,J=11.3Hz, CH2Ar), 4.94 (d, 1 HJ=11.2Hz, CH2Ar), 4.88 4.79(m, 6 H, 6 x CH2Ar), 3.79

(s, 3 H, OCH), 3.73 (dd, 1 HJ=9.0Hz, J= 9.0 Hz,Hinos), 3.69 (d, 1 HJ= 9.3, H2/H-6), 3.62

(dd, 1 H,J= 9.3 Hz,J= 9.2 Hz,Hines), 3.57 (dd, 1 HJ= 9.1 Hz,J= 9.0 Hz,Hines), 3.52 (d, 1 H,J

= 9.9,H-2/H-6), 2.55 (d, 1 HJ= 1.8, OH), 1.54 (s, 3 HGHs); 13C NMR (125 MHz, CDd, o) i
1592 (Ar), 139.4 (Ar), 139.0 (Ar), 138.8 (Ar), 136.2 (Ar), 133.4 (Ar), 1296 (Ar), 128.5(Ar),
128.4(Ar), 128.3(Ar), 128.0 (Ar), 127.43) (Ar), 127.6(7) (Ar),1274(1) (Ar), 127.39) (Ar),

127.3 (Ar), 27.2(Ar), 1266 (Ar), 126.1 (Ar), 126.0 (Ar), 1259 (Ar), 1138 (Ar), 85.6 (Cinoy),
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85.0 (Cinod), 83.0(Cinos), 82.5(Cinod), 80.7(C-1), 75.5(9) (2C x CH2Ar), 75.54) (CH2Ar), 754(8)
(CH2AT), 74.3(Cinog), 66.1(CH2ATr), 553 (OCH), 13.2 (CHz). HRMS (ESI) Calcd for [M+ K]*

Ca7H48KO7: 763.3032 Found 763.3027

Racemic 1,2,6tri -O-benzyl5-O-(4-methoxybenzyl}1-C-methyl-3-O-(S-methylxanthate)-4-
O-(2-naphthylmethyl)-scyllo-inositol (3.45. Sodium hydride (175 mg, 4.39 mmol, 60% wt in
mineral oil) was added to a codl€0 °C) solution 0f3.44(636 mg, 0.877 mmol) in THF (20 mL).
After 30 min, CS (791¢L, 13.2 mmol) was added and the reaction mixture was stirred for 1 h
while warming to rt Methyl iodide (273 €L, 4.39 mmol) was then added and the mixture was
stirred atrt for an additional 2 h. Water was added and the aqueous solution was extracted with
CH.Cl,. Theorganic extract @sdried (NaSQu), filtered andconcentratedThe resulting crude
product was purified bgilica gel columrchromatography19:1- 9:1 hexaed EtOAC) to give
3.45(708 mg, 996) asa yellow oil. R; 0.24 (9:1 hexangé<EtOAc); *H NMR (500 MHz, CDCY,

tn) 7.877.79(m, 3H, Ar), 7.75 (s, 1 H, Ar), 7.517.47(m, 2 H, Ar), 7.42 (dd, 1 H)=8.4Hz, J

= 1.7Hz, Ar), 7.38 7.24(m, 15H, Ar), 7.19 7.15(m, 2 H, Ar), 6.83 6.79(m, 2 H, Ar), 6.33 (dd,

1 H,J=9.9Hz,J=9.7Hz, H-3), 5.0004.94(m, 2H, 2 x CH2Ar), 4.9114.87(m, 2 H, 2 x CH2Ar),

4821 4.69(m, 6 H, 6 X CH2ATr), 3.84 3.66(m, 4 H, H-2, H-4, H-5, H-6), 3.80 (s, 3 H, OCH), 2.53

(s, 3H, SCH), 1.58 (s, 3 H, Ch); 13C NMR (125 MHz, CDGJ, ¢) #15.9 (C=S), 159.pAr), 139.4

(Ar), 138.8 (Ar), 138.3Ar), 135.5 (Ar), 133.3 (Ar), 133.0Ar), 130.6(Ar), 129.6(Ar), 128.34)

(Ar), 128.3(1)(Ar), 128.2 (Ar), 128.1 (Ar), 128.0 (Ar), 127.8 (Ar), 1Z7(Ar), 127.5 (Ar), 127.4
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(Ar), 127.3 (Ar), 126.9 (Ar), 126.2 (Ar), 126.0 (Ar), 125.9 (Ar), 113.8 (Ar),33&nos), 83.5 (C
3), 83.3 Cinod), 82.4 Cinos), 81.3 Cinog), 80.6 C-1), 75.8 RC X CH2AT), 75.65) (CH2ATr), 755(9)
(CH.AT), 66.3 CH2AT), 55.3 (OCH}), 19.3 BCHs), 13.0 (CH). HRMS (ESI) Calcd for [M+

NH4]" C49H54NO7S,: 832.3336. Found 832.383

| OBn
BnO 1\,
BnO 3 ONAP

*  OPMB
3.46

Racemic 1,2,6tri -O-benzyt5-deoxy-3-O-(4-methoxybenzyl}1-C-methyl-4-O-(2-
naphthylmethyl)-scyllo-inositol (3.46). A solution ofn-BusSnH (1.40 ni, 5.20mmol) and AIBN
(107 mg, 0.650 mmpin degassetienzeneZ1 mL) wasaddel to a solution 08.45(1.069g, 1.30
mmol) in degasseldenzeneZ3 mL) at 80°C over a period of 60 min. The reaction mixture was
heated at reflux for 2,hcooledand the solvent evaporatetihe resulting crude product was
purified bysilica gel columrchromatography19:1to 9:1hexanesEtOAC) to give 3.46(719mg,
78%) asacolourless oilRs 0.39(9:1 hexanesEtOAc); *H NMR (500 MHz, CDC4, +) @d.91i 7.82
(m,4H, Ar), 7.55 7.50(m, 3 H, Ar), 7.40' 7.23(m, 17 H, Ar), 6.85 6.81(m, 2 H, Ar), 4.96 4.78
(m, 8 H, 8 X CH2Ar), 4.67 (d, 1 HJ= 11.6Hz, CH,Ar), 4.63 (d, 1 HJ= 11.6Hz, CH.Ar), 3.81
(s, 3 H, OCH), 3.653.52(m, 4 H, H-2, H-3, H-4, H-6), 2.42 ¢ldd, 1 H, Jseq5a= 13.0Hz, J4,50x=
4.4Hz, Jsax6= 4.4Hz, H-5¢q), 1.65 1.55 (M, 1 HH-54), 156 (s, 3 H, CH); 13C NMR (125 MHz,
CDCl;, ¢) 159.2(Ar), 139.9(Ar), 139.3 (Ar), 138.6 (Ar), 136.0 (Ar), 133.4 (Ar), 133Ar),
131.1(Ar), 129.7(Ar), 128.4(Ar), 128.3 (Ar), 128.5) (Ar), 128.2(2) (Ar),128.0 (Ar), 127.7
(Ar), 1275(9)(Ar), 127.5(7) (Ar), 127.5(0) (Ar 127.4(6) (Ar) 1274 (Ar), 127.34) (Ar), 127.3(2)
(Ar), 127.2(5) (Ar),127.1 (Ar), 126.5Ar), 126.1 (Ar), 125.81) (Ar), 125.9(3) (Ar),113.7(Ar),

85.5(Cinos), 84.6 Cinos), 82.1 C-1), 79.7 Cinos), 77.4 Cinos), 75.7 (CH2Ar), 75.5 CH2Ar), 72.8
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(CH2Ar), 72.3 CH2AT), 66.2 (CH2Ar), 55.3 (OCH), 32.1 (G5), 11.8 (CH). HRMS (ESI) Calcd

for [M + Na]™ C47H4sNaOs: 731.3343 Found731.3329

,/OBN
BnO ",
BnO— ONAP

OH
3.47

5

Racemic 1,2,6tri -O-benzyt5-deoxy-1-C-methyl-4-O-(2-naphthylmethyl)-scyllo-inositol
(3.47. TFA (1.70mL) wasadded to @ooled (0°C) solution 0f3.46(2.20g, 3.12mmol) inCH2Cl>
(170mL). The reaction mixture wastirred at @C for 2 h.Saturated aqueous solution of NaHEO
was adddat 0°C The reaction mixture wasarmed to rt theextracted with CECI>. Theorganic
extract was dried (N&Qy), filtered and concentrated. The resulting crude product was puified
silica gel column chromatograpliy:1 to 9:1hexanesEtOAC) to give3.47(1.84g, %) asasa
colorless 0il.Rr0.62 (4:1 hexaneiEtOAC); *H NMR (500 MHz, CDC4, w) @.88 7.85(m, 3 H,
Ar), 7.82 (s, 1 H, Ar), 7.547.48(m, 3H, Ar), 7.36 7.25(m, 15 H, Ar), 4.95 (d, 1 HJ= 11.4Hz,
CHAT), 4.88 (s, 2 H2 X CHoAT), 4.85 (d, 1 HJ= 11.4Hz, CH2Ar), 4.78 (d, 1 HJ= 11.2Hz,
CH-Ar), 4.77(d, 1 H,J= 11.4Hz, CH2Ar), 4.64 (d, 1 HJ= 11.6Hz, CH.Ar), 457 (d, 1 HJ=
11.6Hz, CH2Ar), 3.71 (dd, 1 HJp 3= 9.4 Hz, Js4= 9.4 Hz, H-3), 3.59 (dd, 1 HJsax6= 12.3Hz,
Jseq 6= 4.6 Hz, H-6), 3.46 3.40(m, 1 H, H-4), 3.39 (d, 1 HJ23= 9.7Hz, H-2), 2.64 (s, 1 H, OH),
2.39 (dd, 1 H,Jsaxseq= 12.8Hz, Jaseq= 4.6 Hz, Jseq 6= 4.6 Hz, H-5cq), 1.57 1.48 (m, 1 HH-54y),
1.50 (s, 3 H, Ch); **C NMR (125 MHz, CDGJ, ¢) 39.8(Ar), 138.9 (Ar), 138.4 (Ar), 135.9
(Ar), 133.3 (Ar), 133.1Ar), 128.43) (Ar), 128.3(8)(Ar), 1282(9) (Ar), 128.2(6) (Ar),127.9 (Ar),
127.75) (Ar), 127.7(3) (Ar),127.6 (Ar), 127.3 (Ar), 127.1 (Ar), 126(\r), 126.1 (Ar), 125.9

(Ar), 1258 (Ar), 85.3 (G2), 81.9 C-1), 80.1 (G6), 76.3 (G4), 76.0 (G3), 75.6 CH-Ar), 72.3
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(CH2AT), 72.0 CH2AT), 66.1 CH2ATr), 31.6(C-5), 11.8 (CH). HRMS (ESI) Calcd for [M+ Na*

CaoH40NaOs: 611.2768 Found611.2771

Racenic 2,3,4tri -O-benzyt5-deoxy-3-C-methyl-6-O-(2-naphthylmethyl)-scyllo-inosose
(3.48. A solution of DMSO (382¢L, 5.38 mma) in CHxCl> (2.5 mL) was added dropwise to a
cooled (78 °C) solution of oxalyl chloride (334L, 3.91 mmol) in CHCI> (2.5 mL). After 30
min, a solution 08.47(960 ny, 1.63mmol)in CH:CI2 (30 mL) was added slowly to the reaction
mixture. After 1 h, EtN (1.25 mL, 8.97 mmol) was added slowly and the reaction mixture was
stirred for 4 h at 78 °C. Waterwas aded andlie reaction mixturevas warmed to rt then extracted
with CH2Cl2. The organic extract was dried (b#8Qy), filtered and concerdted. The resulting
crude product was purifigly silica gel column chromatograpi®:1 to 9:1hexanesEtOAC) to
give 3.48 (861 ny, 90%) asa colorless oil R; 0.69 (4:1 hexaneisEtOAc); *H NMR (500 MHz,
CDCls, w) .88 7.84(m,3H, Ar),7.80 (s, 1 H, Ar), 7.567.49(m, 3H, Ar), 7.38 7.26(m, 15H,
Ar), 5.02 (d, 1 HJ= 11.9Hz, CH»Ar), 4.86 (d, 1 HJ=11.7Hz, CH2Ar), 4.78 (d, 1 HJ=11.2
Hz, CH2Ar), 4.74 4.66(m, 4 H, 4 X CH2Ar), 4.49 (d, 1 HJ= 11.7Hz, CH2Ar), 4.06 (d, 1 HJ24

= 1.1Hz, H-2), 4.00 (ddd, 1 HJszx= 12.6Hz, Jsseq= 6.8 Hz, 4= 1.3Hz, H-4), 3.88 (dd, 1 H,
Jsax,6= 12.1Hz, Jseq6= 5.0 Hz, H-6), 2.49 (ddd, 1 Hlseqs5a= 12.8H2z, Ja5eq= 6.8 HZ, Js5eq,6= 5.0
Hz, H-5¢q), 1.77 (ddd, 1 H,Js50= 12.1Hz, Jseqsax= 12.1Hz, Jsaxe = 12.1Hz, H-544), 1.38 (s, 3 H,
CHs); 13C NMR (125 MHz, CDG, c¢) 204.4 (G1), 139.3(Ar )), 138.3 (Ar), 137.5 (Ar), 134.8
(Ar), 133.24) (Ar), 132.2(8) (Ar),128.42) (Ar), 128.3(8)(Ar), 128.2 (Ar), 128.1 (Ar), 127(8)

(Ar), 127.8(5) (A),127.75) (Ar), 127.6(7) (Ar), 127.6(6) (ArX27.3 (Ar), 127.2 (Ar), 126.(Ar),
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126.2(Ar), 126.1 (Ar), 126.0 (Ar), 86.(C-2), 83.8 C-3), 78.1 (G6), 76.3 (G4), 73.0 (CHAY),
72.9 CH2AT), 72.1 CH2AT), 66.6 CH2Ar), 33.4(C-5), 114 (CHs). HRMS (ESI) Calcd for [M+

Na]* CsgHzgNaOs: 609.2611 Found609.2614

Racemic 1,2,6-tri -O-benzyl5-deoxy-3-(ethoxycarbonylethynyl}1-C-methyl-4-O-(2-
naphthylmethyl)-3-myc-inositol (3.54). n-BuLi (1.43 mL, 2.29 mmol, 1M in hexaneswas
added dropwise to a cooled’g °C) solution of (-PrpNH (331¢L, 3.91 mmol) in THF (9 mL).
After 30 min, ethyl propiolate (232L, 2.29 mmol) was added to the mixture. After another 30
min, a solution 0f3.48(745 ng, 1.27 mmol) in THF (13 mL) was added slowly to the reaction
mixture. After 3 h, saturatedqueousdution of NHsCl was aded and the reaction mixturgvas
warmed to rt then extracted with @El>. Theorganic extract was dried (B&Qs), filtered and
concentrated. The resulting crude product was putiifiesilica gel column chromatograp(iy9:1

- 9:1 hexane$ EtOAC) to give 3.54 (808 ng, 93%) asa colorless 0il.R; 0.64 (4:1 hexaneis
EtOAc);'H NMR (500 MHz, CDC4, +) .91 7.85(m, 4 H, Ar), 7.60 (dd, 1 H,)= 8.4Hz, J=
1.7Hz, Ar), 7.56 7.50(m, 2 H, Ar), 7.41 7.37(m, 2 H, Ar), 7.357.23(m, 13H, Ar), 4.98 (d, 1
H, J= 12.1Hz, CH»-Ar), 4.94 (d, 1 HJ= 10.5Hz, CHAr), 4.91 (d, 1 HJ= 11.4Hz, CHAAr),
4.88 (d, 1 H,J=10.3Hz, CH2Ar), 4.79 (d, 1 H,)= 11.3Hz, CH2Ar), 4.74 (d, 1 HJ)= 11.6Hz,
CH2Ar), 4.60 (d, 1 HJ= 11.7Hz, CH2Ar), 4.53 (d, 1 HJ= 11.7Hz, CH.Ar), 4.28 @ppqd, 2 H,
J=7.2Hz,J=0.9Hz, CH-CHs), 3.60 (dd, 1 HJssax= 12.1Hz, Jaseq= 4.4 Hz, H4), 3.60 (s, 1 H,

H-2), 3.44 (dd, 1 Hlsaxs = 12.3 Hz Jseqs = 4.0 Hz,H-6), 3.06 (s, 1 H, OH), 2.18dd, 1 H, Jseqsax
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= 12.8 HZ Ja.5eq= 4.4 HZ Jseqs= 4.4 Hz H-5¢q), 1.88(ddd, Ja sa= 125 Hz, Jsegsa= 12.5 HZ Jsaxe=
12.5Hz, H-54), 1.60 (s, 3 H, Ch), 1.35 (t, 3 H,J=7.2Hz, CH,CH3); 1*C NMR (125 MHz, CDG,
lic) 153.2 (C=0), 139.7Ar), 138.2 (Ar), 138.0 (Ar), 134.9 (Ar), 1334 (Ar), 133.2(2) (Ar),
128.5 (Ar), 128.4 (Ar), 128.81) (Ar), 128.2(7) (Ar), 128.2(5) (Ar)128.0 (Ar), 127.8 (Ar),
127.75) (Ar), 127.6(8) (Ar),127.6 (Ar), 127.p1) (Ar), 127.1(6) (Ar),127.1(Ar), 126.3 (Ar),
126.2 (Ar), 126.1 (Ar), 88.5Ct Ci C=0), 848 (C-2), 82.4 (C-3), 799 (C6), 76.8 C-1), 76.2 C-
4), 75.4(CH,Ar), 73.5 CHoAr), 72.7 CH2Ar), 718 (C Ci C=0), 66.0 (CH2AT), 62.1 (CH2CH),
28.7(C-5), 141 (CH,CHs3), 12.0 (CH). HRMS (ESI) Calcd for [M+ NHa]* CadHagNO7: 702.3425

Found702.3419

Racemic 1,2,6-tri -O-benzyt5-deoxy-3-((E)-ethoxycarbonyletheny)-1-C-methyl-4-O-(2-
naphthylmethyl)-3-myc-inositol (3.55. RedAI® (88 ¢L, 109 mmol, 60% wt in toluene) was
added to a cooled 78 °C) solution 0f3.54(800 mg, 1.17 mmol) in THF (11 mL). The reaction
mixture was stirred at78°C for 30 min. A saturatealqueous solution of potassium sodium tartrate
and CHCI, were adde@ti 78 °C and the mixture was stirred overnigthile warming to rt The
aqueous solution was extracted with ZCH and theorganic extract wsdried (NaSQy), filtered
andconcentratedThe resulting crude product was purifieddilyca gel columrchromatography
(19:1 hexaneBEtOAC) to give 3.55 (618 mg, 7%) as a colourless oil Alkyne 3.54 could be
recovered and the reaction done agRif.62 (4:1 hexan&&tOAc);*H NMR (500 MHz, CDCY,

U) 7.88 7.82(m, 3H, Ar), 7.71 (s, 1 H, Ar), 7.557.49(m, 2 H, Ar), 7.39 (dd, 1 HJ=8.4Hz, J
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=1.7Hz, Ar), 7.35 7.24(m, 13H, Ar), 7.20/' 7.17(m, 2 H, Ar), 6.81 (d, 1 HJ)=15.4Hz, CH=CHi
C=0), 6.27 (d, 1 H)= 15.6Hz, CH=CHi C=0), 4.81 (d, 1 HJ= 15.4Hz, CH.Ar), 4.78 4.72(m,
3H, 3 XxCH2AT), 4.65 4.61(m, 2 H, 2 X CHAr), 4.56 (d, 1 HJ=11.6Hz, CHAr), 4.52 (d, 1 H,
J=10.8Hz, CHAr), 4.25 (q, 2 HJ=7.2Hz, CH2CHs), 3.47 @d, 1 H,Jsaxe = 12.5 Hz Jseqe = 4.2
Hz, H-6), 3.40 (dd1 H, Jasax= 11.9 Hz,J45eq= 4.2 Hz, H4), 338 (s, 1 H, H2),2.22 @ddd 1 H,
Jseqsax= 12.7Hz, Jaseq= 4.2 HZ, Jseqs = 4.2 Hz, H-5¢), 1.94(ddd 1 H, Js5ax= 123 Hz, Jseq5ax=
12.3Hz, Jsaxs = 12.3Hz, H-5s), 1.67 (s, 3 H, Ch), 1.32 (t, 3 HJ=7.2Hz, CH.CH3); °C NMR
(125 MHz, CDC4, ¢) fi66.2 (C=0), 158 (C=Ci C=0), 1398 (Ar), 138.3 (Ar), 137.8 (Ar), 134.9
(Ar), 133.2 (Ar), 133.1 (Ar), 128.4Ar), 128.31) (Ar), 128.2(5) (Ar),128.2(Ar), 127.9 (Ar),
127.7(3)(Ar), 127.6(6) (Ar),127.6(Ar), 127.3 (Ar), 127.1 (Ar), 126.9Ar), 126.2 (Ar), 126.1
(Ar), 125.0 (Ar), 123.2 (An83.7 (G2), 82.7 C-3), 805 (C-6), 78.6 C-1), 75.8 (CHAr), 75.2
(C-4), 719 (CH.AT), 71.8 CH2Ar), 66.1 CH:ATr), 60.4 (CH2CHsz), 288 (C-5), 143 (CH2CHs3),

11.9 (CH). HRMS (ESI) Calcd for [M+ K]* CaHasKO7: 725.2875 Found725.2874

Racemic 1-O-benzyl3-O-(4-methoxybenzyl}1-C-methyl-scylleinositol 2,4,6-orthobenzoate
(3.60. To a solution 0f3.38(268 mg 0.505mmol)in THF (2.6 mL), degassed under vacuum and
stirring underan Ar atmosphere, (1;6yclooctadiene)bigmethyldiphenylphosphine)iridium 1
hexafluorophosphate catalyst (23 mg, 0.08%80l) was added followed by further degassing of
the mixture under vacuunthe suspensiowas stirred for 15 min at @C, and the catalyst was

then activated with H(2 min undera H> atmosphere). At this point, the solution became nearly
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colorless. The excess obMasremoved by three cycles of placing the flask under vacuum and
then flushiry the flask with Ar. The reaction mixture was then stirred for 3 h at rt urschehr
atmosphere. The solvent was then evaporated, and the residue was dissolved invatetone
(10:1, 16.7mL) beforeHgO (164 mg, 0.0.606nmol) and HgC} (153 mg, 0.707mmd) were
added. After 1 h, the solvent was evaporated and the residue was diluted-@igmnHtwashed
with a 10% aqueous solution of Kl, a saturated aqueous solution.86Qdaand water. The
aqueous layers were extracted with EtOAc ahed dombinedorganc extracs were dried
(NaeSQy), filtered and concentrated. The resulting crude product was pusifistica gel column
chromatography9:1 hexaneisEtOAC) to give 3.60(40 mg, 87%)asa colorless oilRs 0.37 (4:1
hexanesEtOAc); *H NMR (500 MHz, CDC4, U) 7.66i 7.61 (m, 2 H, Ar), 7.40i 7.36 (m, 3 H,
Ar), 726 7.21(m, 3 H, Ar), 7.19 7.15(m, 2 H, Ar), 7.157.12(m, 2 H, Ar), 6.84i 6.80 (m, 2 H,
Ar), 469 (d, 1 H,J= 10.8Hz, CHoAr), 4.75i 452 (m, 7 H, 4 X Hinos 3 X CH2Ar), 440 (d, 1 H,
Jo.on=12.3Hz, OH), 4.34i 432 (m, 1 H, Hinos), 3.82 (s, 3 H, OCHJ, 184 (s, 3 H,CHa); 3C NMR
(125 MHz, CDC4, ¢) U595 (Ar), 137.5 (Ar), 136.7 (Ar), 1299 (Ar), 129.6 (Ar), 129.1 (Ar),
128.4 (Ar),128.1 (Ar), 127.7 (Ar), 127.6 (Ar), 125.4 (Ad)140 (Ar), 1075 (CAr), 74.35) (Cinos),
74.31) (Cinog), 73.6 (Cinog) 73.5(C-1), 71.9(CH2Ar), 696 (Cinos), 680 (Cinog), 64.5(CH2Ar), 553

(OCH), 21.4(CHs). HRMS (ESI) Calcd for [M+ Na]* CagHaoNaO7: 513.1884 Found513.1886
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3.61

Racemic 1-O-benzyt5-O-(4-methoxybenzyl} 1-C-methyl-3-(S-methylxanthate)-scyllo-
inositol 2,4,6.0rthobenzoate(3.61). Sodium hydride (265 mg, 6.63 mmol, 60% wt in mineral oil)
was added to a cooled {G) solution 0f3.60(650 mg, 1.33 mmol) in THF (30 mL). AfteO3nin,

CS (1.20mL, 20.0 mmol) was added and the reaction mixture was stirred at rt for 1 h. Mel (413
eL, 6.63 mmol) was then added and the mixture was stirred at rt for an additional 2 h. Water was
added and the aqueous solution was extracted withfCI2HThe organic extract was dried
(NaSQy), filtered andconcentratedThe resulting crude product was purifieddilyca gel column
chromatography19:1 to 9:1 hexan&&tOAC) to give 3.61(771 mg, 99) asyellow oil. R 0.38

(9:1 hexanesEtOAC); *H NMR (500MHz, CDCk, w) @.69 7.64 (m, 2 H, Ar)7.427.37(m, 3

H, Ar), 7.34 7.30(m, 2 H, Ar), 7.26 7.20(m, 5 H, Ar), 6.84 6.80(m, 2 H, Ar), 6.43 @pp t, 1 H,
J=3.5Hz, J=1.3Hz, H-3) 4.784.76 (M 1 H, Hinog), 4.67 (d, 1 HJ= 10.6 Hz, ®&i>-Ar), 4.63

4.60 (M, 1 HHinog), 4.59 (s, 2 H2 x CHoAT), 4.58 4.52 (m, 3H, 2 X Hinos, 1 X CH2Ar), 3.81 (s, 3

H, OCHs), 2.20 (s, 3 H, SCH), 1.82 (s, 3 H, CH); 13C NMR (125 MHz, CDCJ, ¢) 815.4 (C=S),

1594 (Ar), 138.6 (Ar), 1364 (Ar), 1297(1) (Ar), 129.6(7)(Ar), 129.6(6)(Ar), 1281 (Ar), 1280

(Ar), 1275 (Ar), 1271 (Ar), 125.4 (Ar), 1B.8 (Ar), 108.2 (CAr), 75.1 (C-3), 737 (Cinoy, 73.5
(Cinos), 72.6(Cinos), 72.1 CH2Ar), 71.1 C-1), 67.8(Cinos), 63.9(CH2Ar), 55.3 (OCH), 215 (CHa),

18.7 (SCH). HRMS (ESI) Calcd fofM + H]* CaiH330-S: 581.1662 Found5811671
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Racemic 5-O-allyl-1-O-benzy}2,6-O-benzylidene4-O-(t-butyldimethylsilyl) -3-O-(4-
methoxybenzyl}1-C-methyl-scylloinositol (3.62). Imidazole 7 mg, 1.13 mmol) and BSCI
(74 mg, 0.488mmol) were added to a solutionB89(200mg, 0.376mmol) in DMF (L mL). The
reaction mixture wastirredovernight. Water was added and the aqueous solution was extracted
with EtOAc. Theorganic extract was dried (BBQy), filtered and concerdted. The resulting
crude product was purified ksilica gel columrchromatographyl9:1 hexana€tOAC) to give
3.62(198 mg, 81%) asa yellow oil. R 053 (9:1 hexan&<EtOAc); *H NMR (500 MHz, CDCY,
Un) 7600 7.56 (m, 2 H, Ar), 7.8 7.39(m,5H, Ar), 7.3 7.3 (m, 2 H, Ar), 730i 7.23 (m, 3 H,
Ar), 6.8816.84 (m, 2 H, Ar), 5.6 (appddt, 1 H,J= 17.2 Hz,J= 10.5 Hz, J= 53 Hz, CH=CHb),
5.88 (s, 1 H, GHPhCHAr), 5.2 (appdq, 1 H,J=17.2 Hz J= 1.7 Hz, CH=Hxtrans), 5.17 (app
dg, 1 H,J=10.5 Hz,J= 17 Hz, CH=Hzcis), 4.72 (d, 1 H,J= 112 Hz, CH2Ar), 465 (s, 2 H, 2
X CH2Ar), 457 (d, 1 H,J= 114 Hz, CH.Ar), 4.54 (app t 1 H,J=7.3Hz, G4), 4.27(d, 1 H,J=
2.2 Hz,H-2/H-6), 4.26 (appddt, 1 H,J= 127 Hz, J= 51 Hz, J= 1.7 Hz, G4.CH=CH,), 4.19 (d,
1H,J=2.2 Hz,H-2/H-6), 4.6 (appddt, 1 H,J=127Hz,J=5.3 Hz,J= 1.7 Hz, H{.CH=CHp),
3.91(d, 1 H,J=7.2Hz, H-3/H-5), 3.84i 3.80 (m, 4 H,H-3/H-5, OCHg), 1.80 (s, 3 H, Ch), 0.93
(S, 9 H, SiC(CHs)3), 0.06(s, 3 H, SiCH3), 0.03(s, 3 H, SiCH3); 3C NMR (125 MHz, CDJ, o) i
1589 (Ar), 138.5 (Ar), 137.7 (Ar), 136.(Ar), 1305 (CH=CHy), 1293 (Ar), 1288 (Ar), 128.5
(Ar), 1281 (Ar), 1273 (Ar), 1271 (Ar), 126.4 (Ar), 1164 (CH=CH>), 1136 (Ar), 92.8 CHAr),

84.9 (C-3/C-5), 84.7 (C-3/C-5), 779 (C-2/C-6), 778 (C-2/C-6), 753 (C-4), 73.1 (C-1), 71.0
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(CH2ATr), 705 (CH.CH=CHy), 636 (CH2Ar), 55.3 (OCH), 26.0 GiC(CHs)3), 19.3 (CH), 182
(SIC(CHa)3), i 4.4(2 x SiCHs). HRMS (ESI) @lcd for [M+ Na]* CssHsoNaO:Si: 669.3218 Found

669.3222

Ph
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Racemic 5-O-allyl-1-O-benzyl2,6-O-benzylidene3-O-(4-methoxybenzyl}1-C-methyl-4-O-
triisopropylsilyl -scyllo-inositol (3.65. Imidazole(1.05g, 15.5mmol) and TIRSCI (6.6L. mL, 30.9
mmol) were added to a solution ®39(5.50g, 10.3mmol) in DMF (90mL). The reaction mixture
was heated at 78C overnight. Water was added and the aqueous solution was extracted with
EtOAc. Theorganic extract wsdried (NaSQu), filtered andconcentratedThe resulting crude
product was purified bgilica gel columnchromatography19:1 hexanesEtOAC) to give 3.65
(7.03 g, 990) asayellow oil. R 0.68 (4:1 hexanesEtOAc); *H NMR (500 MHz, CDC4, w) @.59
7.56(m,2H, Ar), 7.46 7.40(m, 3 H, Ar), 7.37% 7.34(m, 2 H, Ar), 7.327.22(m, 5 H, Ar), 6.87
6.84(m, 2 H, Ar), 5.95 @ppddt, 1 H,J= 17.2Hz, J= 10.5Hz, J= 5.1 Hz, CH=CHj), 5.67 (s, 1
H, CHAr), 5.28 @ppdq, 1 H,J=17.2Hz, J= 1.8 Hz, CH=CHztrans), 5.15 @ppdq, 1 H,J=10.5
Hz, J= 1.8 Hz, CH=CH.cis), 4.73 (d, 1 HJ= 11.4 Hz, G12Ar), 4.65 4.61 (m, 3 H2 x CHAA,
H-4), 4.54 (d, 1 HJ= 11.2 Hz, G12Ar), 4.29 4.24(m, 2 H, CH,CH=CH,, H-2/H-6), 4.19 (d, 1 H,
J= 2.2 Hz,H-2/H-6), 4.05 @ppddt, 1 H,J= 12.8 Hz,J= 5.3 Hz,J= 1.7 Hz,CH2CH=CHy), 3.94
(d, 1 H,J= 6.8 Hz, H3/H-5), 3.85 3.82 (m, 4 HH-3/H-5, OCHs), 1.80 (s, 3 H, Ch), 1.171.08
(m, 3 H,3xSiCH), 1.171.08 (m, 18 H3 x SICH(CH3)2); X*C NMR (125 MHz, CDCJ, ¢) i58.8

(Ar), 138.5(Ar), 137.7 (Ar), 1347 (CH=CH,), 130.7 Ar), 1294 (Ar), 128.6(Ar), 128.5(Ar),
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128.0(Ar), 127.1 (Ar), 127.0 (Ar), 126.4 (Ar116.0 (CHEH,), 113.5 (Ar), 92.8 CHAr), 85.7
(C-3/C-5), 85.5 C-3/C-5), 77.5 (G2/C-6), 77.4 C-2/C-6), 75.7 (G4), 72.9 C-1), 70.7 CH2AT),
70.2 CH2CH=CHp), 63.4 CH2Ar), 55.3 (OCH), 19.3 (CH), 18.2 8 X SICH(CH3)2), 12.6 8 X

SICH(CHs)2). HRMS (ESI) Caled for [M+ H]* C41Hs70-Si: 6893868 Found689.3872

, OH . \ OBn s
BnO .~ OAll BnO 2 ~—OAll
BnOA—L_OTIPS HOA—L_OTIPS

OPMB OPMB
3.66a 3.66b
Racemic 5-O-Allyl -1,2-di-O-benzyl3-O-(4-methoxybenzyl} 1-C-methyl-4-O-

triisopropyl silyl-scylloinositol  (3.669 and racemic 3-O-Allyl -1,2-di-O-benzy}t5-O-(4-
methoxybenzyl}1-C-methyl-4-O-triisopropy! silyl-scyllo-inositol (3.660). DIBAL-H (72 mL,
72.0 mmol, 1.M in toluene), was added to a cooled®@ solution 0f3.65(3.21 g, 4.66 mmol)
in toluene (86 mL). The reaction mixture was stirred overnight &.0A saturated aqueous
solution of potassium sodium tartrate and.CH were added and the mixture was stiregdt
overnight. Theorganic extract @wsdried (NaSQy), filtered andconcentratedThe resulting crude
product was purified bgilica gel columrchromatography19:1to 17:3hexanesEtOAC) to give
3.66aand 3.66b (2.25 g, 706) asa colorless oil(isomericmixture 4:1) Rr 0.58 (4:1 hexaneis
EtOAc); 'H NMR (500 MHz, CDC4, ) @.34 7.18(m, 12 H, Ar), 6.92 6.89(m, 0.4 H, Ar), 6.85
6.82(m, 1.6 H, Ar), 5.99 @ppddt, 0.8 H, J= 17.2Hz, J= 10.6 Hz, J= 5.3 Hz, CH=CH), 5.92
(appddt, 0.2 HJ=17.2Hz, J= 10.6Hz, J= 5.1Hz, CH=CH), 5.31 @ppdq,0.8H, J= 17.2Hz,
J=1.8Hz, CH=CHztrans), 5.23 @ppdq, 0.2 H,J=17.2Hz, J= 1.8 Hz, CH=CH>trans), 5.18
(appdq,0.8H, J=10.5Hz, J=1.7Hz, CH=CH2cis), 5.12 @ppdqg, 0.D H, J=10.5Hz,J=1.7
Hz, CH=CHcis), 4.94 (d,0.8H, J= 11.0Hz, CH2Ar), 4.86 4.67(m, 5.8 H, CHAr), 4.47 4.27

(m, 1.8H, CH2CH=CHy), 4.22 @ppddt, 0.2 HJ= 12.5Hz, J=5.1Hz, J= 1.5Hz, CH2CH=CH,),
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3.853.81(m, 4 H, Hinos, OCHg), 3.74 3.57(m, 2 H, 2 X Hinos), 3.40 (id,0.8H,J=9.2 Hz,J=9.2
Hz, Hinos), 3.27 (dd, G4 H, J= 9.4 Hz,J= 9.4 Hz,Hinos), 3.19 (dd0.8H, J= 9.4 Hz,J= 9.4 Hz,
Hinod), 2.40 (d 0.8H, J=2.2Hz, OH), 2.26 (d, 0.2 HJ= 1.8 Hz, OH), 1.45 (s2.4H, CHs), 1.41
(s, 06 H, CHs), 1.24 1.06(m, 21 H, SiICH(CHz)2); *C NMR (125 MHz,CDCls, ¢) @59.1 (Ar),
158.6 (Ar), 139.5 (Ar), 139.4 (Ar), 138.9 (Ar), 138.8 (A1)35.3 CH=CH), 1313 (Ar), 131.2
(Ar), 129.0(Ar), 128.4(Ar), 128.3(3)(Ar), 1282(5) (Ar), 128.2 (Ar), 128.0 (Ar), 127.5 (Ar),
127.43) (Ar), 127.40) (Ar), 127.34) (Ar), 127.2(7) (Ar), 127.2 (Ar), 116.3 (CHEH,), 115.4
(Ar), 1138 (Ar), 113.4(Ar), 847(1) (Cinos), 84.6(7)(Cinos), 83.7 Cinos), 83.2 Cinos), 83.0 Cinos),
82.6 Cinos), 79.8 C-1), 79.7 C-1), 76.13) (Cinos), 76.1(0) (Cinos), 75.6 CH2Ar), 75.1 CH2Ar),
75.0(CH2Ar), 74.5 CHoAT), 73.9 @ X CH2CH=CHy), 65.4 CH2ATr), 65.3 CH2AT), 55.3 (OCH),
18.4 (SiCH(CH)2), 18.35) (SiCH(CHb)2), 18.33) (SiICH(CHb)2), 13.6 SiCH(CHb)2), 13.4 (CH),

13.3 (CH). HRMS(ESI) Calcd for [M+ Na]* CaiHssNaO;Si: 713.3844 Found713.3838

| OBn
BnO s OAll
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3.67

Racemic 5-O-Allyl -1,2,6tri -O-benzyl3-O-(4-methoxybenzyl}1-C-methyl-4-O-
triisopropyl silyl-scyllo-inositol (3.67). Sodium hydride (484 mg, 12.1 mmol, 60% wt in mineral

oil) was added to a solution 8f66(4.18 g,6.05 mmol) in THF (65 mL). After 30 min, benzyl
bromide (3.60 mL, 30.2 mmol) was added and the reaction mixture was stirred at rt overnight.
Water was added and the aqueous solution was extracted wi@l>CTHhe organic extract as

dried (NaSQv), filtered andconcentratedThe resulting crude product was purified dilyca gel
columnchromatography19:1 hexand€tOAC) to give 3.67(4.48 g, 95%) aayellow oil. R 0.49

(9:1 hexan&<EtOAC); 'H NMR (500 MHz, CDC}, 1) .39 7.19(m, 17 H, Ar), 6.87 6.84(m, 2
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H, Ar), 5.95 @ppddt, 1 H,J=17.2Hz, J= 10.6Hz, J= 5.1 Hz, CH=CH,), 5.25 @ppdq, 1 H,J=
17.2Hz, J= 1.8 Hz, CH=CH>trans), 5.13 @ppdq, 1 H,J=10.6Hz, J= 1.8 Hz, CH=CH> cis),
4.97 (d, 1 HJ= 11.0Hz, CHAr), 4.93 (d, 1 HJ = 11.0Hz, CHAr), 4.894.80(m, 5 H, 5 x
CH?Ar), 4.47 (d, 1 HJ)=11.0Hz, CHAr), 4.47 @ppddt, 1 H,J=12.5Hz, J=5.3Hz,J= 1.7Hz,
CH2CH=CHy), 4.24 @ppddt, 1 H,J=12.5Hz, J=5.0Hz, J= 1.7 Hz, CH.CH=CH;), 3.86 3.82
(m, 1 H, Hnog), 3.84 (s, 3 H, GHa), 3.64 (d, 1 HJ= 9.7 Hz, H2/H-6), 3.60 (d, 1 HJ= 9.9 Hz,
H-2/H-6), 3.39 (dd, 1 H)= 9.4 Hz,J= 9.4 Hz Hinog, 3.28 (dd, 1 HJ= 9.5 Hz,J= 9.4 Hz,Hino),
1.57 6, 3 H, CH), 1.2271.09(m, 21 H,3 x SiCH(CH3)2); 13C NMR (125 MHz, CDJ, ¢) (i58.6
(Ar), 139.6(Ar), 139.0 (Ar), 138.9 (Ar), 35.4 CH=CH,), 1315 (Ar), 128.3(Ar), 128.2(Ar),
128.0(Ar), 1273(8) (Ar), 127.3(5) (Ar),127.3 (Ar), 1271 (Ar), 115.4 (CHEH,), 113.4 (Ar),
86.1(3) (C-2/C-6), 86.0(7) (C2/C6)83.2 (Gnos), 82.8 Cinos), 80.5 C-1), 753(9) (Cinog), 75.3(8)
(CH2Ar), 75.3 CH2AT), 74.5 CH2Ar), 73.9 CH.CH=CH), 66.1 CH-Ar), 55.3 (OCH), 18.41)
(SICH(CHs)2), 18.40) (SiCH(CH3)2), 13.6 @ x SICH(CHs)2), 13.2 (CHs). HRMS (ESI) Calcd for

[M + NHa]* CagHesNO7Si: 798.4760Found798.4750

10Bn
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BnOA—RL0TIPS
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Racemic 1,2,6tri -O-benzyl3-O-(4-methoxybenzyl} 1-C-methyl-4-O-triisopropyl silyl-scyllo-
inositol (3.68. Palladium(ll) chloride477mg, 2.69mmol) was added to a solution®67(21.0

g, 26.9mmol) in GH2Cl> (300mL) and MeOH 800 mL). The reaction mixture was stirred at rt
overnight. The solution was filtered through silica dhd silica was rinsedith EtOAc. The
solvent was then evaporated and tbeide product was purified bgilica gel column

chromatography (2:1 hexanésEtOAC) to give 3.68(17.1g, 86%) asacolourless oilR: 0.37(9:1
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hexanesEtOAc); *H NMR (500 MHz, CDC}, ) @.4%17.19(m, 17 H, Ar), 6.856.81(m, 2 H,

Ar), 4.97 (d, 1 HJ= 11.2Hz, CH2Ar), 4.91(d, 1 HJ= 11.2Hz, CHAr), 486 (d, 1 HJ=10.6
Hz, CH2Ar), 4.834.77(m,5H, 5 x CH2Ar), 3.82 (s, 3 H, OCh), 3.81 (dd, 1 HJ34=9.0Hz, Ja5

=8.8Hz, H-4), 3.65 (d, 1 HJ23=9.7, H2),3.53 (ddd, 1 HJs 6= 9.9Hz, Ja 5= 8.8Hz, Js.0n= 2.0
Hz, H-5), 3.47 (d, 1 HJs6=9.9,H-6), 3.42 (dd, 1 H}»3= 9.5Hz, J34= 9.2Hz, H-3), 244 (d, 1
H, Js.on= 2.0, OH), 1.55 (s, 3 H, G{1.2611.17(m, 3 H,3 X SiCH(CHs)»), 1.14 1.09(m, 18 H,
3 X SiCH(CHzs)2); 1*C NMR (125 MHz, CD{, ¢) i58.7(Ar), 139.4(Ar), 138.9 (Ar), 138.8 (Ar),
131.3 (Ar), 1284(8) (Ar), 128.4(6)(Ar), 128.3(Ar), 128.2(Ar), 1276(8) (Ar), 127.6(6) (Ar),
127.30) (Ar), 127.2(6) (Ar),127.20) (Ar), 127.1(6) (Ar),113.5(Ar), 86.0 (G2), 85.0 (G6), 83.4
(C-3), 80.7 C-1), 76.1(G4), 75.6 CH2Ar), 753 (CH2Ar), 74.9 (CH.Ar), 74.9 C-5), 66.0
(CH-Ar), 55.3 (OCH), 184 (2C x SiCH(CHs)2), 13.4 (SCH(CHs)2/CHs), 13.3

(CHa/SICH(CHs)2). HRMS (ESI) Calcd for [M+ NH4]* CasHeaNO7Si: 758.4447 Found758.4437

Racemic 1,2,6tri -O-benzyl5-O-(4-methoxybenzyl}1-C-methyl-3-O-(S-methylxanthate)-4-
O-triisopropyl silyl-scyllo-inositol (3.69. LIHMDS (5.66 mL, 5.66 mmol, 1M in THF) was

added to a cooled 78 °C) solution 0f3.68(3.75 g, 5.06nmol) andCS (3.04 mL, 50.6 mmol) in

THF (300 mL). After 30 minmethyl iodide(1.58 mL, 25.3 mmol) was added and the reaction

mixture was stirred &at78 °C for 1 h. Water was added and the aqueous solution was extracted

with CHzCl2. Theorganic extracivasdried (NaSQy), filtered andconcentratedThe resulting
crude product was purified ®flica gel columrchromatographyl9:1- 9:1 hexand€£tOAC) to

give3.69(4.19 g, 99%) aayellow oil. Rr 0.47 (9:1 hexan&<EtOAc); *H NMR (500 MHz, CDC4,
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U) 7.33 7.19(m, 17 H, Ar), 6.88 6.84(m, 2 H, Ar), 6.18 (dd, 1 H2.3= 9.7Hz, Js4= 9.7 Hz, H-
3), 5.00 (d, 1 HJ=11.0Hz, CH2Ar), 4.91 (d, 1 HJ= 11.0Hz, CHoAr), 4.84 (d, 1 HJ=11.0Hz,
CH,Ar), 4.80 4.74(m, 3 H, 3 X CHoAr), 4.71 (d, 1 HJ=11.0Hz, CH2Ar), 4.67 (d, 1 H)=10.6
Hz, CH2Ar), 4.15 (dd, 1 Hjs.4= 9.4Hz, Jas=9.2Hz, H-4),3.84 (s, 3 H, OCH), 3.71 (d, 1 HJse
= 9.5, H6), 3.69 (d, 1 HJ)=9.7, H2), 3.52 (dd, H, Jss=9.4Hz, Jas= 9.2Hz, H-5), 2.57 (s, 3H,
SCHs), 1.61 (s, 3 H, Ch, 1.15 1.02(m, 21 H,3 x SiCH(CHs)); *C NMR (125 MHz, CDG,
lic) 215.7 (C=S), 158.7Ar), 139.4(Ar), 138.7 (Ar), 138.4 (Ar), 131.@Ar), 128.30) (Ar), 128.2(5)
(Ar), 128.13) (Ar), 128.0(6) (Ar)127.7 (Ar), 127.4 (Ar), 127.3 (Ar), 1274 (Ar), 127.2(0) (Ar),
113.5(Ar), 863 (C-6), 84.3 (G2), 83.8 (G3), 829 (C-5), 80.2 C-1), 75.7 CH2Ar), 75.5 CHAAT),
74.7 CHAT), 73.8 (G4), 66.2 CH»Ar), 55.3 (OCH), 195 (SCH;), 18.40) (SiCH(CH3),),
183(9) (SICH(CH3)2), 13.7 @ X SICH(CHa)2), 13.0 (CHs). HRMS (ESI) Calcd for [M+ Na*

C47He2NaO7S:Si: 853.3598 Found853.3597

BnOA—_OTIPS
OPMB

3.70
Racemic 1,2,6tri -O-benzyt5-deoxy-3-O-(4-methoxybenzyl}1-C-methyl-4-O-
triisopropyl silyl-scyllo-inositol (3.70. A solution ofn-BusSnH (4.95 mL, 18.4 mmol) and AIBN
(377 mg, 2.30 mmol) in degassed benzenenfbwas added to a solution 8f69(3.82 g, 4.60
mmol) in degassed benzene (155 mL) at@®ver a period of 60 min. The reaction mixture was
heated at reflux for 2,lthen cooledand the solvent evaporatékhe resulting crude product was
purified bysilica gel columnchromatographyl9:1 hexané€tOAC) to give 3.70(3.32 g, 99%)
asacolourless 0ilR: 0.40 (9:1 hexandé<=tOAc); *H NMR (500 MHz, CDC4, ) #.39 7.21(m,
17 H, Ar), 6.84/6.80(m, 2 H, Ar), 488 4.82(m, 4 H, 4 x CHoAr), 4.79 (d, 1 HJ= 11.4Hz,

CH2ATr), 4.76 (d, 1 HJ=10.6Hz, CH2Ar), 4.70 (d, 1 HJ=11.9Hz, CH2Ar), 4.64 (d, 1 H,J)=
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11.9Hz, CH2Ar), 3.853.79(m, 1 H, H-4), 3.82 &, 3 H, OCH), 3.55 (dd, 1 HJsaxs= 12.3Hz,
Jseqs = 4.4Hz, H-6), 3.49 (d, 1 H}23= 9.9Hz, H-2), 3.39 (dd, 1 HJ2.3= 9.5Hz, Js4= 9.0Hz, H-

3), 2.17 (idd, 1 H, Jseqsax= 13.0Hz, Jaseq= 4.8 Hz, Jseqs = 4.8 Hz, H-5¢), 1.62 1.54 (m, 1 HH-

C«

5a), 1.56 (S, 3 H, Ch), 1.14 1.06(m, 21 H,3 x SiICH(CHa)2); 23C NMR (125 MHz, CDGJ, ¢)
158.8(Ar), 140.0(Ar), 139.4 (Ar), 138.7 (Ar), 131.4Ar), 129.1(Ar), 128.4(Ar), 128.23) (Ar),
128.1(6) (Ar),127.7 (Ar), 127.6 (Ar), 127.4 (Ar), 127.3 (Ar), 127.2 (Ar), 127.0 (Ar), 1135,
85.8(C-3), 85.5 (G2), 82.1 C-1), 79.6 (CG6), 75.6(CH2Ar), 75.2 CH2Ar), 72.5 CH2Ar), 71.1
(C-4), 66.1 CH2Ar), 55.3 (OCH), 36.1 (G5), 18.25) (SiCH(CHz)2), 18.20) (SiCH(CHz3)2), 12.7
(3 xSICH(CHa)2), 11.9 (CH). HRMS (ESI)Calcd for [M+ Na]" CasHeoNaOeSi: 747.4051 Found

747.4047

.|GBn |
BnO s
BnOA—="LOTIPS

OH
3.7

Racemic 1,2,6tri -O-benzyl5-deoxy1-C-methyl-4-O-triisopropyl silyl-scyllo-inositol (3.71).
TFA (8 mL) wasadded to aooled (0°C) solution 0f3.70(2.85¢g, 3.94mmol) in CHCl> (400
mL). The reaction mixture wastirred at °C for 2 h.A saturatedaqueous solution of NaHGO
was adeéd and lhe reaction mixture wasxtracted with CECl.. The organic extract was dried
(NaSQy), filtered and concentrated. The resulting crude product was puifisitica gel column
chromatography19:1 to 91 hexanesEtOAC) to give3.71(2.36 g, 99%) aasa colorless oil Ry
0.45 (9:1 hexanesEtOAc); *H NMR (500 MHz, CDC4, ) .40/ 7.26(m, 15H, Ar), 4.92 (d, 1
H, J=11.4Hz, CHAr), 4.86 (d, 1 HJ=11.4Hz, CH2Ar), 4.85 (d, 1 HJ= 11.2Hz, CH2Ar), 4.79
(d, 1 H,J=11.4Hz, CH.Ar), 4.68 (d, 1 HJ=11.7Hz, CH2Ar), 4.65 (d, 1 HJ=11.7Hz, CH2Ar),
3.693.63(m, 1 H, H-4), 3.59 (dd, 1 HJsax6= 12.3Hz, Jseq6 = 4.4 Hz, H-6), 3.553.49(m, 1 H,

H-3), 3.40 (d, 1 HJo3= 9.7Hz, H-2), 2.55 (d, 1 HJs.01= 1.3Hz, OH), 2.17 (idd, 1 H, Jsaxseq=
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13.0Hz, Jaseq= 4.8 Hz, Jseqs = 4.8 Hz, H-5¢9), 1.591.50 (m, 1H, H-54), 1.52 (s, 3 H, CH),
1.1211.09(m, 21 H, SICHCHs)2); 13C NMR (125 MHz, CDGJ, c¢) [i39.9(Ar), 139.1 (Ar), 138.6
(Ar), 128.4(Ar), 128.32) (Ar), 128.2(6) (Ar)127.7 (Ar), 127.6 (Ar), 127.4¢), 127.3 (Ar), 127.1
(Ar), 85.3 (G2), 82.1 (C-1), 80.0 (G6), 77.4 (G3), 75.5 CH2Ar), 72.4 CH,Ar), 70.8 (G4), 66.1
(CH2Ar), 35.5 (G5), 18.1 (SiCHCHa)2), 12.6 (SCH(CHs)2), 11.9 (CH). HRMS (ESI) Calcdor

[M + H]" Cs7Hs30sSi: 605.3657 Found605.3658

OBn
3 s 5
BnO
BnO— £ OTIPS
0]

3.72
Racemic2,3,4-tri -O-benzyl5-deoxy-3-C-methyl-6-O-triisopropylsilyl -scylloinososeg3.72). A
solutionof DMSO @77¢L, 12.3 mmo) in CH2Cl> (12 mL) was added dropwise to a cooledq
°C) solution of oxalyl chloride (76€L, 8.98 mmol) in CHCI2 (24 mL). After 30 min, a solution
of 3.71(2.269, 1.63mmol) in CH.Cl> (60 mL) was added slowly to the reaction mixtutdter 1
h, E&N (2.87 mL, 20.6 mmol) was added slowly and the reaction mixture was stirred fofi4 h at
78°C.Waterwas aded andle reaction mixturezas warmed to @ndthen extracted with CiTl>.
The organic extract was dried (B8Qy), filtered and concearated. The resulting crude product
was purifiedby silica gel colummrchromatographyl9:1- 9:1 hexana@s€EtOAC) to give3.72(2.07
g, 92%) asasacolorless oilR; 0.43(9:1 hexanesEtOAcC); *H NMR (500 MHz, CDCY4, ) @.38
7.28(m, 15H, Ar), 4.86 (d, 1 HJ=11.9Hz, CHAr), 4.82 (d, 1 HJ=11.2Hz, CHAr), 4.79 (d,
1 H,J=11.9Hz, CH»Ar), 4.72 (d, 1 HJ=11.2Hz, CH2Ar), 4.71 (d, 1 HJ= 11.7Hz, CH.Ar),
4.46 (d, 1 HJ=11.7Hz, CHAr), 4.30 (ddd, 1 HJsax6= 12.5Hz, Jseq,6= 6.8Hz, J26= 1.1 Hz H-
6), 4.07 (d, 1 H)6= 0.9 Hz, H2), 3.90 (dd, 1 HJ4 5ax= 12.1 Hz Ja,5¢= 4.8 Hz,H-4), 2.39 (ddd,
1 H, Jsax,5eq= 13.0HZ, Jseq6= 6.8HZ, Ja5eq= 4.8HZz, H-5¢q), 1.73(ddd, 1 H,Jas5a= 12.5HZ, Jseqsa=

12.5Hz, Jsaxe= 12.5Hz, H-54), 1.38 (s, 3 H, Ch), 1.17 1.05(m, 21 H,3 x SiCH(CHa)2); 13C
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NMR (125 MHz, CDC4, c) 204.2 C-1), 139.5(Ar), 138.4 (Ar), 137.6 (Ar), 128. (Ar), 128.3
(Ar), 128.2 (Ar), 128.1 (Ar), 127.8 (Ar), 1273) (Ar), 1276(8) (Ar), 127.3 (Ar), 127.2 (Ar), 85.3
(C-6), 83.8 C-3), 78.0 (G4), 73.0 CH2Ar), 72.7 CH,Ar), 72.1 (G2), 66.5 CH2Ar), 36.7(C-5),
18.0 (SICHCHs)y), 17.9 (SICHCH3)2), 12.3 @ X SICH(CHa)2), 11.4 (CH). HRMS (ESI) Catd

for [M + H]* Cs7Hs105Si: 603.3500Found603.3498

Racemic 1,2,6-tri -O-benzyt5-deoxy-3-(ethoxycarbonylethynyl)}-1-C-methyl-4-O-
triisopropylsilyl -3-myo-inositol (3.73. n-BuLi (23.3 mL, 37.3 mmol, 1M in hexanek was
added dropwise to a cooled/@ °C) solution of (-PrpNH (5.51 mL, 39.3 mmol) in THF (146
mL). After 30 min, ethyl propiolate (3.88 mL, 38.3 mmol) was added to the mixture. After another
30 min, a solution 08.72(12.47g,20.7mmol)in THF (181 mL) was added slowly to the reaction
mixture.After 3 h,asaturatecdiqueousolution of NHCI| was adéd andlie reaction mixturevas
warmed to rt then extracted with @El>. Theorganic extract was dried (NeSQv), filtered and
concentrated. The resulting crude product was putiifiesilica gel column chromatograpt¥9:1

- 191 hexanesEtOAC) to give 3.73 (14.5g, 9%%6) asa colorless oil Rr 0.27 (9:1 heane$
EtOAc);*H NMR (500 MHz, CDC4, 1) .43 7.40(m, 2 H, Ar), 7.35/7.26(m, 13 H, Ar), 4.99
(d, 1 H,J=10.6Hz, CH.Ar), 4.90 (d, 1 HJ=10.6Hz, CH2Ar), 4.84 (d, 1 HJ=11.4Hz, CH2Ar),
4.79 (d, 1 HJ=11.4Hz, CH-Ar), 4.68 (d, 1 HJ=11.7Hz, CHAr), 4.62 (d, 1 HJ= 11.7 Hz,
CH.AT), 4.23 (g, 2 HJ = 7.2 Hz,CH2CHs), 3.97 (dd, 1 Hasax= 11.7 Hz,Ja5eq= 4.6 Hz,H-4),

3.62 (s, 1 H, M), 3.52 (dd, 1 HJsaxs= 12.3 Hz,Jseq6= 4.2 Hz, H6), 299 (br, 1 H, OH), 1.97
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(ddd, 1 H,Jseqsax = 12.8Hz, Jaseq= 4.4Hz, Jseq,6= 4.4Hz, H-5eq), 1.86(ddd, 1 H,Jasax= 12.1Hz,
Jseqsax= 12.1Hz, Jsaxe = 12.1Hz, H-54), 1.63 (s, 3 H, Ch), 1.29 (t, 3 HJ= 7.2 Hz, CH2CH3),
1.1611.06(m, 21 H,3 X SiICH(CH2)2); 3C NMR (125 MHz, CDQ, c) [i53.1 (C=0), 139.8Ar),
138.4 (Ar), 138.2 (Ar), 128.6Ar), 128.3 2 X Ar), 128.2 (Ar), 127.8 (Ar), 127.7 (Ar), 127.6 (Ar),
127.3 (Ar), 127.1(Ar), 88.9 C! Ci C=0), 85.1 (G2), 82.3 C-1), 80.2 (G4), 767 (C-3), 75.2
(CH2Ar), 74.5 Ct Ci C=0), 72.5 CH2Ar), 71.7 (G6), 66.2 (CH.Ar), 61.8 (CH2CHs), 330 (C-5),
182 (SiCH(CHa)2), 18.1 (SICHCHz3)2), 14.0 (CHCHs3), 12.6 @ x SICH(CHs)2), 11.9 (CH).

HRMS ESI) Calcd for [M+ NHa]* C42HeoNO7Si: 718.4134 Found718.4130

Raaemic 1,2,6-tri -O-benzyt5-deoxy-3-((E)-ethoxycarbonylethenyl}1-C-methyl-4-O-
triisopropylsilyl -3-myo-inositol (3.74). RedAI® (13.5 mL, 40.0 mmol, 60% wt in toluene) was
added to a cooled 78 °C) solution 0f3.73(14.0 g, 20.0 mmol) in THF (300 mL). Theaction
mixture was stirred at78°C for 30 min. A saturated aqueous solution of potassium sodium tartrate
and CHCIl> were addeat 1 78°C and the mixture was stirred at rt overnight. The aqueous solution
was extracted with C¥l> and theorganic extractvasdried (NaSQy), filtered andconcentrated

The resulting crude product was purified $ilica gel columnchromatography19:1 hexanes
EtOAC) to give 3.74(9.10 g, 65%) aacolourless oilAlkyne 3.73wasrecovered and the reaction
was done again twicto give 3.74in 95% vyield (combined)R: 0.26 (9:1 hexanesEtOAC); *H

NMR (500 MHz, CDC$, ) .37 7.18(m, 15H, Ar), 6.81 (d, 1 H,J= 15.2Hz, CH=CHi C=0),

6.22 (d, 1 HJ=15.4Hz, CH=CHi C=0), 4.86 (d, 1 H)= 11.4Hz, CH2Ar), 4.79 (d, 1 H)=116
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Hz, CHAT), 4.76 (d, 1 H,J)= 10.8Hz, CH2Ar), 4.69 (d, 1 HJ)= 11.7Hz, CH2Ar), 4.63 (d, 1 H,)
= 11.9Hz, CH2Ar), 4.57 (d, 1 HJ= 10.8Hz, CH2Ar), 4.26/4.16 (m, 2 H, G2CHs), 3.81 (dd, 1
H, Jasax= 11.4 Hz Jaseq= 4.4 Hz, H4), 3.53 (dd, 1 HJsa6= 12.3 HZ Jseqs = 4.2 Hz, H6), 3.40
(s, 1 H,H-2), 2.53 (s, 1 H, OH), 1.990dd, 1 H, Jsaxseq= 12.7Hz, Jaseq= 4.4 Hz, Jseqs = 4.4 Hz,
H-5eq), 1.91(ddd, 1 H, Jasax= 11.9Hz, Jsaxseq= 11.9Hz, Jsaxs = 11.9Hz, H-54), 1.70 (s, 3 H,
CHa), 1.28 (t, 3 H,J= 7.0 Hz, CH2CHs), 1.110.93(m, 21 H,3 x SiCH(CHa)2); 3C NMR (125
MHz, CDCk, c¢) li66.0 (C=0), 15.6 (C=Ci C=0), 1399 (Ar), 138.5 (Ar), 138.0 (Ar), 128.¢Ar),
128.35) (Ar), 128.2(8) (Ar),128.1 (Ar), 127.7 (Ar), 127(6) (Ar), 127.5(6)(Ar), 127.4 (Ar),
127.1 (Ar), 123.5C=Ci C=0), 835 (C-2), 82.6 C-1), 80.8 (G6), 79.2 (G3), 758 (CH2Ar), 72.3
(CH2Ar), 71.0 (G4), 66.2 CH2Ar), 60.2 CH2CHs), 33.5 C-5), 180(9) (SiCH(CH3)2), 18.0(7)
(SICH(CH3)2), 14.3 (CHCHs3), 12.6 8 x SICH(CHa)2), 11.7 (CH). HRMS (ESI) Calcd for [M+

Na]* Cs2HseNaO7Si: 725.3844 Found725.3852

50 Ak,
n
BnOX~"~—OH
OFEt
0
3.75

Racemic 1,2,6-tri -O-benzyl5-deoxy-3-((E)-ethoxycarbonylethenyl) 1-C-methyl-3-myo-
inositol (3.795. TBAF (2.10mL, 2.10mmol, 1.0M in THF) was added to a cooled {Q) solution
of 3.74(985 ng, 1.40mmol) in THF @5 mL). The reaction mixture was stirred ft6 min at 0
°C, then a saturated aqueous solution of NaH{CWas aded and lie reaction mixture was
extracted with CECl2. The organic exract was dried (N&Qv), filtered and concentrated. The
resulting crude product was purifieéy silica gel column chromatograpk®:1- 1.1 hexaneb

EtOAQ) to give3.75(760 mg, 99%) asa white solid.mp = 107108 TC; R: 0.17 (7:3 hexanés
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EtOAC); *H NMR (500 MHz, CDCh, ) #.37 7.27(m, 13 H, Ar), 7.24 7.19(m, 2 H, Ar), 6.95
(d, 1 H,J=15.6Hz, CH=CHi C=0), 6.21 (d, 1 HJ= 15.4Hz, CH=CHi C=0), 4.81 (d, 1 HJ=
11.2Hz, CH2Ar), 4.80 (d, 1 HJ= 10.8Hz, CH2Ar), 4.74 (d, 1 HJ = 11.4Hz, CH,Ar), 4.73(d, 1
H, J= 11.2Hz, CH2Ar), 4.63 (d, 1 HJ= 10.6Hz, CH2Ar), 4.56 (d, 1 HJ = 11.6Hz, CH2A),
4.2614.18 (M, 2 H, €&l.CHs), 3.65 3.59 (M, 2 HH-4, H-6), 3.53 (s, 1 H, ), 2.89 (br, 1 H, OH),
2.27 (dd 1 H,Jsaxseq= 13.0HZ, Ja 5= 4.0HZ, Jseqs = 4.0Hz, H-5¢q), 1.96(brs, 1 H, H54y), 1.63
(s, 3H, CH), 1.31 (t, 3 HJ= 7.2 Hz, CH2CH3); 23C NMR (125 MHz, CDCJ, c¢) 1i66.0 (C=0),
1504 (C=Ci C=0), 139.5(Ar), 138.2 (Ar), 137.8 (Ar), 128.4Ar), 128.34) (Ar), 128.3(2) (Ar),
128.1 (Ar), 127.8 (Ar)127.7 (Ar),127.6 (Ar), 127.4 (Ar), 127.3 (Ar), 123.C£Ci C=0), 842
(C-2), 819 (C-1), 803 (2C, C-4, C-6), 76.3 (G3), 76.0 (CH2Ar), 71.8 CHoAr), 65.9 CH2AT),
605 (CH2CHs), 29.7 C-5), 143 (2C, CH;CHs, CHs). HRMS (ESI) Calcd for [M+ Na]*

CasHzgNaO7: 569.2510 Found569.2506

3.76

Racemic7,8,9tri -O-benzykbradyrhi zosel 4-lactone @3.76). Potassium osmate(VI) dihydrate
(2 mg, 0.00410 mmplwas added to a cooled {C) solution 0f3.75 (112 mg, 0.205mmol),
(DHQ).PHAL (7 mg, 0.00820 mmol), #e(CN) (202 mg, 0.615 mmol), potassium carbonate (85
mg, 0.615 mmol), sodium bicarbonate (52 @15 mmol) and MeSDIH, (20 mg, 0.205 mmol)

in t-BuOH (0.5 mL) and water(0.5 mL). The reaction mixture was stirred h at 0°C, then
overnight at rt. Asaturated aqueous solution sifdium thiosulfatavas added and the reaction

mixture was extractedvith EtOAc. The organic extract was dried (b®Q), filtered and
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concentrated. The resulting crude product was putifyesilica gel column chromatograp¥9:1
CHxCl,i MeOH) to give 3.76 (11 mg, 10%) as acolorless oil The starting materiatould be
recvered R 0.31 (24:1 CHClyi MeOH); *H NMR (500 MHz, CDC4, +) &.36i 7.15 (m, 15 H,
Ar), 499(d, 1 H,J= 11.2 Hz, G»Ar), 4.85 (d, 1 H,J= 11.2Hz, CH-Ar), 4.83(d, 1 H,J= 112
Hz, CH2Ar), 4721451 (m, 7 H, 3 x CH2Ar, H-2, H-3, 2 x OH) 4.08(d, 1 H,J= 9.2 Hz, OH),
3.87(s, 1 H, H9), 3.63 3.55(m, 2 H, H-5, H-7), 2.30 (ddd, 1 H, Jsaxseq= 12.7Hz, Ja.5eq= 44 Hz,
Jseq,6= 44 Hz, H-6eq), 1.96(ddd, 1 H, Ja5ax= 12.5Hz, Jseq 5= 12.5Hz, Jsax,6= 12.5Hz, H-6ax),
1.58 (s, 3 H,H-10); 13C NMR (125 MHz, CDC4, c¢) 175.1(C-1), 139.5 (A), 1386 (Ar), 138.2
(Ar), 128.4 (Ar), 128.3 (A, 1277 (Ar), 1276 (Ar), 127.44) (Ar), 1273(8)(Ar), 127.3 (Ar), 17.2
(Ar), 88.6 (C-4), 83.2(C-8), 802 (C-5/C-7), 78.7 (C-9), 74.5(C-3/C-2), 74.4 CH2Ar), 74.0 C-
3/C-2), 71.6 (CH2Ar), 66.3 (CH2Ar), 65.2 (C-5/C-7), 32.6 (G6), 11.7 (C-10). HRMS (ESI) Calcd

for [M + Na]" CsiHzsNaQs: 557.2146 Founds57.2136

Racemic exo-2,3,4tri -O-benzytl,6-benzylidene5-deoxy1-((E)-ethoxycarbonylethenyl)3-
C-methyl-1-myo-inositol (3.789 and racemic endo2,3,4tri -O-benzyll1,6-benzylidenes-
deoxy-1-((E)-ethoxycarbonylethenyl}3-C-methyl-1-myo-inositol  (3.78b. Benzaldehyde
dimethyl aceta(1.18mL, 8.11 mmo) and CSA (75 mg, 0.324 mmal)ereadded to a sation of
3.75(887 ng, 1.62mmol) in THF A0 mL). The reaction mixture wdseatedat reflux overnight.

After cooling, asaturated aqueous solution of NaH&@as addd and e reaction mixture was
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extracted with CEClo. The organic extract was dried (BiQy), filtered and concentrated. The
resulting crude product was purifibg silica gel column chromatograpfd9:1 hexanesEtOAC)

to give 3.78aand3.78b (1.01 g, 99%) aasa colorless oil {nseparablaliastereomeric mixture,
3:7).R 0.42 (4:1 hexané&tOAc); 'H NMR (500 MHz, CDC4, W) @.53 7.50(m, 2 H, Ar), 7.45
7.25 (m,18 H, Ar), 7.12 (d,0.3 H, J= 15.4 Hz, Gi=CHi C=0), 7.05 (d0.7 H, J= 15.6 Hz,
CH=CHi C=0), 6.30 (d0.7H, J=15.8 Hz, CH=GEli C=0), 6.21 (sP.3H, CHAr), 6.08 (d,0.3
H, J= 15.8 Hz,CH=CHi C=0), 5.89 (sQ.7H, CHAr), 4.85 4.58 (m,5.7H, CH-Ar), 4.41 (dd 0.3
H, Jsax6= 9.9 Hz,Jseqs = 6.4 Hz,H-6), 4.29 4.10 (m,3 H, Hinos CH2CHs), 3.70 3.61 (m, 2H, H-

2, Hnos), 2361 2.19 (M,1.3H, H-5¢q, H-5a), 2.04(app q 0.7 H, J= 12.7 Hz,H-54), 1.62 (0.9
H, CH), 1.60 (s,2.1H, CHs), 1.29 (t,2.1H, J= 7.2 Hz, CH2CH3), 1.23 (t,0.9H, J= 7.2 Hz,
CH2CHj3); *C NMR (125 MHz, CDGJ, ¢) 1166.3 (C=0), 166.1 (C=0), 14B(C=Ci C=0), 147.9
(C=Ci C=0), 1390 (Ar), 138.9 (Ar), 138.4 (Ar), 138.3 (Ar), 138.1 (Ar), 138.0 (Ar), 137.6 (Ar),
137.3 (Ar), 129.3(Ar), 129.1 (Ar), 128.4 (Ar), 128.3(5) (Ar), 128.3(1) (Ar), 128.2(4) (Ar),
128.1(9) (Ar) 128.1(3) (Ar), 128.0(9) (Ar), 127.6 (Ar},27.5(1) (Ar), 127.4(7) (Ar), 127.3(3)
(Ar), 127.2(8) (Ar), 127.0 (Ar), 126.8 (Ar)121.6 (C£iC=0), 104.3 CHPhCHAr), 103.0
(CHAr), 84.9 (GL/C-3), 84.8 (C-1/C-3), 84.3 (G2), 83.2 (G2), 82.1 (C1/C-3), 81.7 (C1/C-3),
79.5 (G6), 78.7 (Gros), 78.3 (Gnos), 77.5 (Grog), 76.6 CH2ATr), 76.3 CH2Ar), 71.93) (CH2Ar),
718(9) (CH2Ar), 65.3 CH2Ar), 60.6 (CH2CHs), 60.3 CH2CHz), 312 (C-5), 29.7 (G5), 14.8
(CHa), 14.5 CH3), 14.2 (CHCHz3). HRMS (ESI) Calcd for [M+ NHa]* C4oH4eNO7: 652.3269

Found652.3269
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Racemic 1,2,3,4tetra-O-benzyt5-deoxy-1-((E)-ethoxycarbonylethenyl}3-C-methyl-1-myo-
inositol (3.79. Copper(ll) triflate(6 mg, 0.0161 mmolwasadded taa cooled { 15 °C) sdution
of 3.78(102mg, 0.161mmol)and boranktetrahydrofuran complex solution (808, 0.805 mmol,
1.0M in THF) in CH2ClI2 (0.5mL). The reaction mixture wesirred ati 15 °C for 2 h, and BN
and MeOH were added@he mixture was theconcentrated anthe resulting crude product was
purified by silica gel column chromatograp(8:1 hexanesEtOAC) to give3.79(43 mg, 43%) as
a colorless 0ilRs 0.44 (7:3 hexaneEtOAC);*H NMR (500 MHz, CDC4, ) #.41i 7.27(m, 20
H, Ar), 7.14 (d, 1 HJ=16.1Hz, CH=CHi C=0), 6.17 (d, 1 H)=16.3Hz, CH=CHi C=0), 5.04
4.91(m, 2 H, 2 x CH2Ar), 4.874.70(m, 5 H, 5 x CH2Ar), 4.58 (d, 1 HJ= 11.6Hz, CHAr),
4.284.18 (m, 2 H, ®2CHs), 3.713.62 (m, 3 H, H2, H-4, H-6), 2.27 @idd, 1 H, Jsax seq= 13.0
Hz, Ja.seq= 4.2 Hz, Jseq6= 4.2 Hz, H-5eq), 2.03(brs, 1 H,H-54), 1.73 (s, 3 H, Ch), 1.31 (t, 3 H,
J=7.2Hz, CH,CH3); 3C NMR (125 MHz, CDQ, c) 166.0 (C=0), 146.9G=Ci C=0), 139.6
(Ar), 139.0 (Ar), 138.7 (Ar), 128.6Ar), 128.4 (A), 128.3 (Ar), 127.6 (A)127.4(3) (Ar), 127.4(1)
(Ar), 127.3(9) (Ar), 127.2 (Ar), 123.60=Ci C=0), 87.5 (G2), 82.0(C-1/C-3), 81.9 (G1/C-3),
80.7 (G4/C-6), 767 (CH2Ar), 76.6 CHoAT), 71.7 CH2Ar), 70.2 (G4/C-6), 66.0 CH2Ar), 606
(CH2CHs), 29.7 €-5), 14.3 C, CH2CHs, CHs). HRMS (ESI) Calcd for [M+ Na]* CaoHaNaO7:

659.2979 Found659.2978
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Racemic 1,2,3,4tetra-O-benzyt5-deoxy-1-((E)-ethoxycarbonylethenyl}3-C-methyl-6-O-(4-
nitrobenzoate)1-myo-inositol (3.80. p-Nitrobenzoyl chloride (23 mg, 0.125 mmol) was added
to a solution 08.79(53 mg, 0.0832 mmol) and DMAP (12 mg, 0.0998 mmol) inCilk(2 mL).
The reaction mixtre wasstirredfor 2 h at rt. Water was added and the mixture was extracted with
CH:Cl>. Theorganic extract @wsdried (NaSQu), filtered andconcentratedThe resulting crude
product was purified bgilica gel columrchromatographyX1- 17:3 hexand€tOAc) to give
3.80(54 mg, 836) asayellow oil. R 0.35 @:1 hexanesEtOAc); *H NMR (500 MHz, CDC4, w) U
8.28 (d,2 H, J=8.4Hz, Ar), 8.16 (d,2 H, J= 9.0Hz, Ar), 7.47 7.28(m, 20H, Ar), 7.04 (d, 1 H,
J=16.1Hz, CH=CHi C=0), 6.03 (d, 1 H)= 16.3Hz, CH=CHi C=0), 5.19 (dd, 1 HJsaxe= 11.4

Hz, Jseqs = 4.4Hz, H-6), 5.024.97(m, 2 H, 2 x CH2Ar), 4.90 (d, 1 H,J= 12.8Hz, CH.Ar), 4.87

(d, 1 H,J=11.4Hz, CHAr), 4.80 (d, 1 HJ= 11.2Hz, CHAr), 4.73 (d, 1 H,J= 11.6Hz, CHAr),
4.70 (d, 1 HJ= 11.2Hz, CH2Ar), 4.62 (d, 1 HJ= 11.4Hz, CH»Ar), 4.12 (q, 2 HJ=7.0Hz,
CH2CHs), 3.84 (dd1 H, Jasax= 11.2Hz, Jaseq= 4.8Hz, H-4), 3.71 (s, 1 H, k2), 2.43 2.30(m, 2

H, H-5eq H-5a), 1.79 (s, 3 H, Ch), 1.20 (t, 3 H,J= 7.2 Hz, CH2CHj3); **C NMR (125 MHz,
CDCl, c) 1i65.4 (C=0)164.0 (Ar), 150.7 (Ar)145.8 C=Ci C=0),139.7(Ar), 139.5(Ar), 138.4
(Ar), 138.2 (Ar), 135.1 (Ar), 130.6Ar), 128.4(2) (Ar), 128.4(0) (Ar), 128.3(3) (Ar), 128.3(2) (Ar),
127.6(4) (Ar),127.5(8) (Ar),127.5 (Ar), 127.4(2) (Ar), 127.3[6Ar), 127.2 (Ar), 126.6 (Ar),
124.3 C=CiC=0), 123.7 (Ar),87.2 (G2), 83.1 C-1/C-3), 819 (C-1/C-3), 80.9 (G4), 76.6

(CH2AT), 72.9 (G6), 71.9 CH2ATr), 68.0(CH2AT), 66.2 (CH2ATr), 60.7 CH2CH3), 292 (G-5), 14.2
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(CH,CH3), 11.9 CHs). HRMS (ESI) Calcdfor [M + Nal* Ca7HaNNaOw: 808.3092 Found

808.3091

Racemic 1,2,6-tri -O-benzyt5-deoxy-3-((E)-36-hydroxy-16propenyl)-1-C-methyl-4-O-
triisopropylsilyl -3-myo-inositol (3.81). DIBAL-H (2.18 mL, 2.18 mmol, 1.0M in toluene)was
added to a cooled (C) solution 0f3.75(495mg, 0.704mmol) in CH>Cl> (10 mL). The reaction
mixture was stirred & °C for 2 h. A saturated aqueous solution of potassium sodium tartrate and
CH2Cl> were addeat0 °C and the mixture was stirred omgghtwhile warming to rt The aqueous
solution was extracted with GBI> and theorganic extract was dried (B&Qs), filtered and
concentrated. The resulting crude product was purifiesilloa gel columrchromatography:1
hexanesEtOAC) to give 3.81(386mg, 83%) asacolourless oilRr 0.50 (7:3 hexanesEtOAc); 1H
NMR (500 MHz, CDC4, ) #.2917.26 (m, 15H, Ar), 5.97 (appdt, 1 H,J1 6 =2164 Hz, Joszs=
5.1Hz, H-2 )05.44(ct, 1 H,J1 6 =45.4Hz, J1 6= 1.7Hz, H-1 Y04.88(d, 1 H,J= 11.4Hz, CHA),
483(d, 1 H,J=114 Hz, CH-Ar), 481(d, 1 H,J=11.4Hz, CH»Ar), 4.70(d, 1 H,J=11.9Hz,
CH2Ar), 4.67i 4.63(m, 2 H, 2 X CHAT), 4.124.04(m, 2 H,2 xH-3 03.71 (dd, 1 HJasax= 116
Hz, Jaseq= 46 Hz, H-4), 3.5 (dd, 1 H,Jsaxe = 12.3 Hz,Jseq,6= 4.2 Hz, H6), 333(s, 1 H, H2),
243 (s, 1 H, OB, 1.99 @dd, 1 H, Jsaxseq= 12.7HZ, Jaseq= 4.4Hz, , Jseq 6= 4.4Hz, H-5¢q), 1.2
(ddd, 1 H,Js5ax= 11.9Hz, Jseq,5a= 11.9Hz, Jsax6= 11.9Hz, H-5sy), 1.73 (s, 3 H, CH), 1.07i 0.97
(m, 21 H,3 x SiCH(CH3)2); 3C NMR (125 MHz, CDJ, c) i40.0(Ar), 1387(4) (Ar), 138.6(8)

(Ar), 134.8 C-1) 130.8 C-2 )0 128.4 (Ar), 128.3 (Ar), 128.1 (Ar), 127.7 (Ar), 127.6 (Ar),

139



1275(2) (Ar), 127.4(6) (Ar),127.1 (Ar), &3 (C-2), 829 (C-1), 81.0 (C-6), 78.5 (C-3), 759
(CH2AI), 72.3 CHoAr), 714 (C-4), 66.2 CHAAr), 63.1(C-3 )0 336 (C-5), 18.1(3) (SiCH(CH3)2),
18.1(2) (SICH(CHs)2), 12.6 @ x SICH(CHa)2), 11.7 (CH). HRMS (ESI) Calcd for [M+ NH4]*

CaoHsoNOsSi: 678.4184 Found678.4188

Racemic 1,2,6-tri -O-benzyt5-deoxy-3-((E)-36-0O-(4-methoxybenzyl} 16 propenyl)-1-C-
methyl-4-O-triisopropylsilyl -3-myo-inositol (3.82. Sodium hydridg12 mg, 0.311mmol, 60%
dispersion in mineral gilwas added to a cool€dl10 °C) solution 0f3.81(98 mg, 0.148mmol) in
DMF (4 mL). The reaction mixture was stirred for 30 minidD °C, thenp-methoxybenzyl
chloride QO pL, 0.148mmol) was added. The reaction mixture gtged for 2 h at 10 °C, and
water was addedThereaction mixture waextracted with EtOAc. Therganic extract was dried
(NaSQy), filtered andconcentrated. The resulting crude product was purifyesilica gel column
chromatography9:1 hexanesEtOAC) to give3.82(27 mg, 23%) as a colourless oiR: 0.25 (9:1
hexanesEtOAc); *H NMR (500 MHz, CDC4, w) @.37i 7.17 (m, 17 H, Ar), 6.86 6.83(m, 2 H,
Ar), 6.00(appdt, 1 H,J1 6 =216.4Hz, Jos3=5.1Hz, H-2 563 (dt, 1 H,J1 6 =215.4Hz, J1 85=
15Hz, H-1 4.8 (d, 1 H,J= 11.4Hz, CH2Ar), 4.78(d, 1 H,J= 11.4Hz, CH.Ar), 475(d, 1 H,
J=10.6Hz, CH2Ar), 468(d, 1 H,J=11.9Hz, CH-Ar), 4.64 (d, 1 HJ= 10.8Hz, CH2Ar), 4.63
(d, 1 H,J=11.9Hz, CHAr), 4.42 (s, 2 H2 x CH2Ar), 4.01i 3.99(m, 2 H,2 xH-3 3.81 (s, 3 H,
OCHpa), 3.70 (dd, 1 H,Ja5ax= 114 Hz, Ja5eq= 4.8 Hz, H-4), 3.9 (dd, 1 H,Jsax,6= 121 Hz, Jseq,6=

44 Hz, H6), 3.3L (s, 1 H, H2), 2.4L (s, 1 H, OH), 1.9 (ddd, 1 H, Jseqsm= 12.7Hz, Ja.seq= 4.6
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Hz, Jseq.s= 4.6 Hz, H-5e), 1.9 (ddd, 1 H, Jasax= 117 Hz, Jseqsac= 11.7Hz, Jsaxs= 11.7Hz, H-
5a), 169 (S, 3 H, CH), 1.041 0.96 (m, 21 H,3 x SiCH(CHa3)2); 2*C NMR (125 MHz, CDCJ, ¢) i
159.0 (Ar),1401 (Ar), 138.7 (Ar),138.6 (Ar),135.6 (C-1 )0 1307 (Ar), 129.0 C-2 ) 1285 (Ar),
1284 (Ar), 1282 (Ar), 128.1 (Ar), 128.0 (A)127.7 (Ar), 127.6 (Ar), 12%.(Ar), 127.3 (Ar),
1270 (Ar), 1137 (Ar), 846 (C-2), 828 (C-1), 80.9(C-6), 786 (C-3), 76.1 (CH2Ar), 72.3 CH:AT),
72.0 CHzATr), 715 (C-4), 69.9 (CHOPMB), 66.1 (CHAr), 55.3(0CHs) 33.6 C-3 0297 (C5),
182 (SiCH(CHs3)2), 18.1 (SICHCH3)2), 12.7 (3 x SICH(CHs)2), 11.7 (CH). HRMS (ESI) Calcd

for [M + NHa4]" C4sHesNO-Si: 798.4760 Found798.4760

Racemic 1,2,3,4tetra-O-benzyt5-deoxy-1-((E)-36O-(4-methoxybenz/l)-16propenyl)-3-C-
methyl-6-O-triisopropylsilyl -1-myo-inositol (3.83. Sodium hydridg2 mg, 0.0338mmol, 60%
dispersion in mineral gilwas added to a solution 8f82(22 ng, 0.0282mmol), TBAI (11 mg,
0.0282 mmol) and benzyl bromide (0, 0.0845 mm¢4 in DMF (0.5 mL). The reaction mixture
was stirred for 2 h and water was addEuke reaction mixture wasxtracted with EtOA@nd the
organic extract was dried (BQy), filtered and concentrated. Tihesulting crude product was
purified by silica gel olumnchromatography19:1 hexanesEtOAC) to give 3.83(24 mg, 98%)
as acolourlesoil. Rr 0.37 (9:1 hexaneBEtOAc); *H NMR (500 MHz, CDC}, ) @.45 (d, 2 H,))
=7.0Hz, Ar), 7.39i 7.22(m, 18 H, Ar), 7.13 7.09(m, 2 H, Ar), 6.8 6.78 (m, 2 H, Ar), 5.94(dt,
1 H,J=16.3Hz,J=5.1Hz, H-2 0588(d, 1 H,J=16.3Hz, H-1 Y)4.95 4.85(m, 3H, 3 X CH-Ar),

4.8 (d, 1 H,J= 11.4Hz, CH2Ar), 4.76 (d, 1 H,J= 11.4Hz, CH2Ar), 4.72 4.64(m, 3 H, 3 X
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CH?Ar), 435 (d, 1 HJ=11.4Hz, CH,Ar), 4.32(d, 1 H,J= 116 Hz, CH»Ar), 400(dd, 1 H,J=
12.5Hz, J=5.5Hz, H-3 ) 3.96'3.89 (m, 2 H, H-6, H-3 §),,3.80 (s, 3 H, OCH), 357 (dd, 1 H,
Jasax= 12.1Hz, Jaseq= 42 Hz, H-4), 343(s, 1 H,H-2),2.18(ddd, 1 H,Jssax= 11.1Hz, Jseq50=
11.1Hz, Jsaxe= 11.1Hz, H-54y), 2.02(ddd, 1 H, Jsax 5eq= 12.3 Hz, Ja5eq= 4.0 HZ, Jseq,6= 4.0Hz,
H-5eq), 1.73 (s, 3 H, CH), 1.13i11.02(m, 21 H,3 x SiCH(CHs)2); *C NMR (125 MHz, CDG,
Uc) 159.0 (Ar), 14.4 (Ar), 140.2(Ar), 139.5(Ar), 1388 (Ar), 132.3(C-1 6 2 81304 (C-1 64 C
2 91296 (Ar), 129.0 (Ar),1284 (Ar), 1282 (Ar), 1281 (Ar), 1280 (Ar), 1277 (Ar), 1275 (Ar),
127.4 (Ar), 1270 (Ar), 126.9(Ar), 1264 (Ar), 1262 (Ar), 1137 (Ar), 87.0 (C-2), 83.7(C-3/C-1),
83.2 (G1/C-3), 817 (C-4), 76.1 (CH2Ar), 73.7 (C-6), 722 (CH»Ar), 716 (CH2Ar), 70.3
(CHOPMB), 67.3(CH-Ar), 66.1 CH2Ar), 55.3 OCH), 338 (C-5), 183 (3 x SICH(CH3)2), 129
(3 X SICH(CHa)2), 12.1(CHs). HRMS(ESI) Calcd for [M+ Na]* CssH7oNaO-Si: 893.4783 Found

893.4779

Racemic 1,2,6-tri -O-benzyl-5-deoxy-3-((E)-36O-triisopropylsilyl -16propenyl)-1-C-methyl-
4-O-triisopropylsilyl -3-myo-inositol (3.84). Imidazole (60 mg, 0.885mmol) and TIPSCI (158
pL, 0.737mmol) were added to a solution 881 (389 mg, 0.590mmol) in CHCI> (5 mL). The
reaction mixture was stirred for 4dnd then \ater was added and the aqueous solution was
extracted with CECl>. The organic extract wsdried (NaSQv), filtered andconcentratedThe
resulting crude product waurified bysilica gel columrchromatographyl9:1 hexané<€tOAC)

to give 3.84 (400 mg, 83%) aa yellow oil. R 0.41 (9:1 hexan&&tOAc); *H NMR (500 MHz,
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CDCls, ) @#.40i 7.23 (m, 15H, Ar), 5.98 (dt, 1 H,J1 6 =162 Hz, Js3s= 3.7 Hz, H-2 )0 5.74 (dlt,
1H,d1 6 =2162 Hz, J1 85= 2.0Hz, H-1 ) 4.87 (d, 1 H,J= 112 Hz, CH2Ar), 4.81 (d, 1 H,J=112
Hz, CH»Ar), 4.78 4.72(m, 2 H,2 x CH2Ar), 468 (d, 1 H,J=10.6Hz, CHAr), 467 (d, 1 H,J=
11.9Hz, CH2Ar), 4.30(dd, 2 H, J2s3s= 3.7 Hz, J1 6a= 2.0Hz, H-3 % 3.77 (dd, 1 H,Jasax= 112
Hz, Jaseq= 5.0Hz, H-4), 3.5 (dd, 1 H,Jsax6 = 11.9HZ, Jseq,6= 5.0Hz, H-6), 3.3 (s, 1 H, H2),
2.43 (s, 1 H, OH)2.03 1.91(m, 2 H,H-5eq H-5a4), 1.73 (s, 3 H, CH), 1.18/0.89 (m, 42 H, 6
SiCH(CHz3)2); 13C NMR (125 MHz, CDQ, c) i401 (Ar), 1388 (2 X Ar), 132.2 (C-1 % 131.0(C-
2 01284 (Ar), 128.3 (Ar), 128) (Ar), 1279 (Ar), 1277 (Ar), 1276 (Ar), 127.5 (Ar),1273 (Ar),
127.1 (Ar),85.4(C-2), 828 (C-1), 81.0 (G6), 787 (C-3), 76.4 (CH2Ar), 724 (CH2Ar), 715 (C-
4), 664 (CH2Ar), 630 (CH.0TIPS), 337 (C-5), 182 (SiCH(CHs)2), 18.1 (SiICHCHa)2), 127 (3
X SICH(CHa)2), 12.0 @ x SIiCH(CHa)z), 11.7 (CH). HRMS (ESI) Calcd for [M+ NHg]*

CaoHgoNOsSiz: 834.5519 Found834.5533

Racemic 1,2,3,4tetra-O-benzyl5-deoxy-1-((E)-ethoxycarbonylethenyl}3-C-methyl-1-myo

inositol (3.79. Molecularsieves(1.0 g activated powder 4) wereadded to a solution &.78

(568 ng, 0.895mmol) in CH2Cl> (16 mL). The reactiormixture wasstirred at rt for 2 h, then

cooled toi 78°C.PhBCk( 396 eL, 2. @9i Hhmo4 99 amld, E3. 04 mmol )
the reaction mixture. After 5 min, £ (2 mL) and MeOH (2 MI) were added and the mixture was

allowed to warmed to rt. The Rriure was then filtered throug@elite® 545 and rinsed with

CHxCIl,. The filtrate was washed witkaturated aqueous solution of NaH€&nd the organic
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extract was dried (N&Qy), filtered and concentrated. The resulting crude product was pusified
silicagel column chromatograph{9:1 hexanesEtOAC) to give3.79(427mg, 75%) asa colorless
oil. The R, IH NMR, C NMR and MSdatacorrespond tdhat obtained orrompound3.79

previously described.

Racemic 1,2,3,4tetra-O-benzyl-6-O-(t-butyldimethyl)silyl -5-deoxy-1-((E)-
ethoxycarbonylethenyl}3-C-methyl-1-myc-inositol (3.87.26Lut i di ne (183 €L,
foll owed by TBSOTf (181 ¢lL, 0. 787 mBOI334 wer e
mg, 0.525 mmol) in CkCl2 (4 mL). The ice bath was removed and the mixture was stirred for 30
min. Methanolwas added, then wateand the mixture was extractedth CH>Cl,. The organic

extract was dried (N&Qy), filtered and concentrated. The resulting crude product was pibyfied
silica gel column chromatographt9:1 hexanesEtOAcC) to give 3.87 (366 ng, 93%) asa
colorless oil R 0.68 (4:1 hexaneBEtOAc); *H NMR (500 MHz, CDC4, ) @.47 7.44(m, 2 H,

Ar), 7.41 7.26(m, 18 H, Ar), 7.02 (d, 1 HJ= 16.1Hz, CH=CHi C=0), 6.10 (d, 1 H)= 16.1Hz,

CH=CHi C=0), 4.944.88(m, 5 H, 5 x CH2Ar), 4.70 (s, 2 H2 X CH-Ar), 4.61 (d, 1 HJ=11.2

Hz, CH2Ar), 4.25 4.15(m, 2 H, GH2CHs), 3.8 (dd, 1 H,Jsax6= 11.9Hz, Jseqs = 3.7 Hz, H6),

3.65 (dd, 1 HJasax= 12.1 Hz Ja 5eq= 4.4 Hz, H4), 3.49 (s, 1 H, ), 2.15 @dd, 1 H,Jasx= 120

Hz, Jseqsax= 12.0HZ, Jsaxs = 12.0Hz, H-54y), 2.00(ddd, 1 H, Jseqsax= 12.0Hz, = 12.5Hz, Ja.5eq=

4.2Hz, Jseqo= 4.2 Hz, H-5¢q), 1.74 (s, 3 H, Ch), 1.27 (t, 3 HJ=7.2Hz, CH2CHa), 0.94 (s, 9 H,

3 X SiC(CHa)s), 0.10 (s, 3 H, SiCH), 0.09 (s, 3 H, SiCH; 13C NMR (125 MHz, CDCJ, ¢) 659
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(C=0), 147.8C=Ci C=0), 1405 (Ar), 140.1(Ar), 138.8 (Ar), 138.6 (Ar), 128.4 (Ar), 128.3 (Ar),
128.2 (Ar), 128.1 (Ar), 127.7 (Ar)127.6 (Ar),127.5 (Ar), 127.4 (Ar), 127.3 (Ar), 127.1 (Ar),
126.7 (Ar), 126.3 (Ar), 124.QC=Ci C=0), 86.3 (G2), 83.6 (G1/C-3), 83.4 C-1/C-3), 814 (C
4), 76.2 CH2AT), 72.9 (G6), 72.1 CH2Ar), 67.7 CH2Ar), 66.1 CH2Ar), 60.3 (CH2CHs), 33.6
(C-5), 258 (SiC(CH3)3), 18.0 (SC(CHs)s), 14.3 CH:CHs), 12.1(CH), i4.1 (SiCHs), 4.9

(SiCHs). HRMS (ESI) Calcd for [M+ NH4]* CaeHs2NO7Si: 768.4290 Found768.4285

Racemic 1,2,3,4tetra-O-benzyt6-O-(t-butyldimethyl)silyl -5-deoxy-1-(ethoxycarbonyt

( RO R)éethanediol}3-C-methyl-1-myo-inositol (3.88 andracemicl,2,3,4tetra-O-benzyl6-
O-(t-butyldimethyl)silyl -5-deoxy-1-(ethoxycarbonyk( 5,6 &)éethanediol)3-C-methyl-1-
myao-inositol (3.89. 4-MethylmorpholineN-oxide (535 mg, 4.57 mmol) and DHQLB (2.20 g,
4.74 mmol) were added to a solution387(2.64 g, 3.51 mmol) in acetone (30 mMVater (5
mL) was added, followed by osmium tetroxide (1.12 mL, 0.176 mmol, 4% solutiosOjh Hhe
reaction mixture was stirred the dark at rt overnigland thenEtOAc anda saturated aqueous
solution ofNa0O3S, were added and the mixture was strfer 2 h. The agueous and organic layer
were separated anlgorganic extract was dried (BBQy), filtered and concentrated. The resulting
crude produawerepurified by silica gel column chromatograpfi9:1 hexanesEtOAC) to give
3.88(1.78¢, 65%) arnd 3.89(962 mg, 35%as colorless 0ils3(88: R: 0.50 (4:1 hexaneBEtOAC);

IH NMR (500 MHz, CDC4, ) #.44 7.41 (m, 2 H, Ar)7.39 7.24 (m, 18 H, Ar)5.12 (d, 1 H,)

= 11.4 Hz, G1,Ar), 5.06 (d, 1 HJ= 11.0 Hz, G&i2Ar), 5.01 (d, 1 H,J= 11.0 Hz, Gi2Ar), 4.98 (d,
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1 H,J1 6 =286 Hz,H-1)4.86 (d, 1 HJ= 11.2 Hz, GloAr), 4.81 (d, 1 H)i 6 =84 Hz,H-2 )
4.74 (d, 1 HJ= 11.0 Hz, GlAr), 4.65 (d, 1 HJ= 11.4 Hz, Gl2Ar), 4.62 (s, 2 H2 x CH2AT),
4.50 (dd, 1 Hysaxe= 12.1 Hz,Jseq6= 4.0 Hz, H6), 4.37 (d, 1 H)= 7.2 Hz, OH), 4.304.17(m,
2 H, CH2CH), 3.60 (dd, 1 Hyasax= 12.3 Hz, Jaseq= 4.6 Hz, H4), 3.60 (s, 1 H, ), 3.32 (d, 1
H, J= 7.2 Hz, OH), 2.16ddd, 1 H,Jasax = 120 Hz, Jseqsax = 12.0 Hz,Jsaxs = 12.0 Hz,H-54),
1.89 ddd, 1 H,Jsegsax= 12.1 HZ Jaseq= 4.2Hz, Jseqs = 4.2Hz, H-5eq), 1.71 (s, 3 H, CH), 1.18 (¢,
3 H,J= 7.2 Hz, CHCHz), 0.93 (s, 9 H3 X SiC(CHb)3), 0.15 (s, 3 H, SiCh}, 0.10 (s, 3 H, SiCh);
13C NMR (125 MHz, CDGJ, ¢) 173.7 (C=0), 140.0 (Ar 139.8 (Ar), 139.0 (Ar), 138.5 (Ar),
128.5 (Ar), 128.®) (Ar), 128.2(5) (Ar),127.9 (Ar), R7.7 (Ar), 127.5 (Ar), 127.8) (Ar),
127.3(1) (Ar),127.2 (Ar), 127.0 (Ar), 126.8 (Ar), 84.1 {B), 83.9 (GL/C-3), 81.7 (G4), 80.2 (G
3/C-1), 75.7 CH2Ar), 72.4 (G6), 71.9 CH2Ar), 71.3 (G1 6 2 B71.0(C-1 6 2 B67.4 CH2AT),
66.1 CH2Ar), 62.3 CH2CHs), 33.2 (G5), 25.8 @ X SiC(CH3)3), 18.1 (SC(CHa)3), 14.0
(CH.CH3), 11.4 CHa), 3.6 (SICH), i4.3 (SiCH). HRMS (ESI) Calcd for [M+ NaJ*

CaeHsoNa:Si: 807.3899. Found 807.3894.

(3.89: R 0.46 (7:3 hexan&EtOAC); 'H NMR (500 MHz, CDC4, 1) @844 7.41(m, 2 H,
Ar), 7.377.25(m, 18H, Ar), 5.12 (d, 1 HJ1 6 =8s3Hz, H-1 )95.12 (d, 1 HJ= 11.2Hz, CHA),
5.04 (d, 1 HJ = 11.0Hz, CH2Ar), 4.97 (d, 1 HJ=11.0Hz, CHoAr), 4.88 (d, 1 H1 6 =& 1Hz,
H-2))4.83 (d, 1 HJ= 112 Hz, CHAr), 4.79 (d, 1 HJ= 11.4Hz, CH2Ar), 4.69 (d, 1 H)=11.4
Hz, CHoAr), 4.63 (d, 1 HJ= 11.9Hz, CHoAr), 4.60 (d, 1 H,J= 11.9Hz, CH,Ar), 4.40 4.24(m,
4 H, CHyCHs, H-2, OH), 388 (dd, 1 HJsax6= 11.6 Hz Jseqs= 3.9 Hz, H6), 3.62 (dd 1 H, Ja sax
= 11.7 Hz,Jaseq= 4.6 Hz, H4), 3.51 (d1 H,J= 6.1Hz, OH), 2.162.04(m, 2 H,H-5a, H-5¢q),
1.66 (s, 3 H, CH), 1.32 (t, 3 HJ= 7.2 Hz, CH2CHs), 0.96 (s, 9 H, SiC(Ch)s), 0.12 (s, 3 H,

SiCHs), 0.10 (s, 3 H, SiCH); 13C NMR (125 MHz,CDCl, ) li73.6 (C=0), 138 (2 X Ar), 138.9
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(Ar), 138.6 (Ar), 128.5 (Ar), 128.4 (Ar), 128.2 (Ar), 128.1 (Ar), 18(B) (Ar), 127.6(6) (Ar),
127.50) (Ar), 127.4(5) (A),127.4 (Ar), 127.08) (Ar), 126.9(5) (Ar),84.5 (G2), 84.2 (GL/C-3),
81.5 (G4), 812 (C-1/C-3), 74.2 CH-Ar), 71.8 CH2Ar), 71.2 (G6), 710 (C-1 6 42 5 70.8(C-
1 62 666 (CH2Ar), 65.6 CHAr), 62.4 CH.CHs), 33.2 C-5), 26.0 (SiCCHa)3), 18.1
(SIC(CHs)s), 14.2 CH:CH3), 12.7 (CH), 73.1 (SICH), 1 4.6 (SICH). HRMS (ESI) Calcd fofM

+ Na]* CasHsoNaOoSi: 807.3899 Found807.3902

10 OB% q

Racemic4,7,8,9tetra-O-benzyl2,3-epi-bradyrhizose-1,5lactone 3.90. Ammoniumfluoride
(6 mg, 0.170 mmol) followed by TBAF (170 pL, 0.170 mmol,M.th THF) were addedo a
cooled (0 °C) solution 3.89(89 mg, 0.113 mmol) in THF (5 mLAfter 30 min, brine and EtOAc
were added and the mixture was separated.ofti@nic extract was dried (B8Qv), filtered and
concentrated. The resulting crude prodweere purified by silica gel column chromatography
(3:2 to 2:3hexaneBEtOAC) to give3.90(60 mg, 86%)asa colorless 0il.R 0.29 (24:1 CHCli
MeOH); H NMR (500 MHz, CDC4, w) .43 7.23(m, 20 H, Ar), 5.11 (d, 1 HJ = 11.4Hz,
CH-Ar), 5.04 (d, 1 HJ= 11.9Hz, CH2Ar), 4.89 (d, 1 HJ= 11.2Hz, CH.Ar), 4.88 (d, 1 HJ=
11.4Hz, CHoAr), 4.8/ 4.77 (m, 2 H2 X CH2Ar), 4.69 (d, 1 HJ=11.6Hz, CH.Ar), 4.57 (d, 1 H,
J=11.6 Hz, CH»Ar), 4.53 4.48 (m,2 H, H-3, H-7), 4.13 pr, 1 H,H-2), 3.93(s, 1 H, H9), 3.63
(dd, 1 H,Js 6ax= 12.5Hz, J5,6eq= 4.4 Hz, H5), 3.31 (s, 1 H, OH), 2.39 (dd, 1 B 15.4 Hz,J=
4.6 Hz,0OH), 2.30 ¢ldd, 1 H, Jsaxeeq= 12.5 Hz Js 6eq= 4.6 HZ, Joeq7= 4.6 Hz, H-6¢cq), 2.13(ddd, 1

H, J5,6x= 12.5Hz, Jeeqeax= 12.5Hz, Jsax7 = 12.5Hz, H-6a), 1.71 (s, 3 HH-10); 3*C NMR (125
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MHz, CDCk, c¢) [i73.4 (C=0)139.6(Ar), 138.9 (Ar), 138.2 (Ar), 138.1 (Ar), 128.8 (Ar), 128.5
(Ar), 128.35) (Ar), 128.3(1) (Ar),128.0 (Ar), 127.75) (Ar), 127.6(5) (Ar),127.6 (Ar),127.51)
(Ar), 127.4(9) (Ar),127.4 (Ar), 127.3 (Ar), 83.20-8), 80.9 (G9), 806 (C-7), 77.9 C-4), 75.5
(CHAAr), 74.3 (G2), 73.6 (G3/C-7), 71.8 CH2Ar), 70.8 (G3/C-7), 67.5 CH,Ar), 66.3 CHAAT),
28.3 C-6), 11.4 C-10). HRMS (ESI) Calcd for [M+ Na]* CagHaNaOg: 647.2615 Found

647.2620

Racemic 1,2,3,4tetra-O-benzyt5-deoxy-1-(ethoxycarbonyk( R0 R)éethanediol)3-C-
methyl-1-myo-inositol (3.91) and racemic 4,7,8,9tetra-O-benzylbradyrhizose-1,5lactone
(3.92. Ammonium fluoride (77 mg, 2.07 mmol) followed by TBAF (2.07 mL, 2.07 mmoly1.0
in THF) were added to a cooled (0 °C) solutio3@8(1.25 g, 1.59 mmol) in THF (80 mLAfter

5 min, brine and EtOAc were added and the mixture was separateargéinéc extract was dried
(NaSQw), filtered and concentrated. The resulting crude pradwete purified by silica gel
column chromatograph{7:3 - 2:3 hexaneBEtOAC) to give 3.91and3.92(1.78 g,84%) asa
colorless oil(ratio 3:1). (3.92): R 0.33 (24:1 CHCIi MeOH); 'H NMR (500 MHz, CDC4, w) U
7.427.40(m, 2 H, Ar), 7.39 7.26(m, 18 H, Ar), 5.12 (d, 1 HJ= 11.2Hz, CH»Ar), 5.08 (d, 1 H,
J=10.3Hz, CH2Ar), 5.034.98 (m,2 H, CH-Ar, H-1 5 4.86 (d, 1 HJ=11.0Hz, CH2Ar), 4.76
(d, 1 H,J=11.0Hz, CH2Ar), 4.69 (d, 1 HJ=11.6Hz, CH2Ar), 4.65 (d, 1 HJ= 11.2Hz, CH2Ar),
454 (d, 1 HJ= 11.4Hz, CH2Ar), 4.464.39 (m, 2 H, H-2 6H-6), 4.354.18 (m, 3 H, OH,

CH2CHg), 3.64 (dd, 1 HJs5ax= 12.3Hz, J4,5eq= 4.6 Hz, H-4), 3.62 (s, 1 H, F2), 3.52 (d, 1 HJ=
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6.4Hz, OH), 2.55(d, 1 H,J= 10.5Hz, OH),2.12(ddd, 1 H,Jsaxseq= 12.1Hz, Ja,seq= 4.4 Hz, Jseqs

= 4.4Hz, H-5¢q), 1.93(ddd, Hz, Jasax= 12.0 Hz, Jseqsax= 12.0Hz, Jsaxs = 12.0Hz, H-5), 1.76 (s,
3 H, CHy), 1.18 (t, 3 HJ=7.2Hz, CH2CHs); 13C NMR (125 MHz, CD®;, ) i73.5 (C=0)139.7
(Ar), 139.1 (Ar), 138.9 (Ar), 138.3 (Ar), 1282) (Ar), 128.3(5) (A), 128.33) (Ar), 1282(8)(Ar),
1282(5) (Ar), 127.63) (Ar), 127.60) (Ar), 127.5 (Ar),127.4 (Ar), 127.2 (Ar), 126.9 (Ar), 84.4
(C-2), 83.5 (G1/C-3), 81.2 C-4), 80.5 C-1/C-3), 76.1 CHoAr), 71.4 CHAAr), 71.1 C-2 6 6)C
71.0 (G2 66)C69.9 (G1 ) 67.2 CH2Ar), 66.2 CH2Ar), 62.6 CHyCHs), 33.8 C-5), 14.0

(CHoCHs), 11.3 CHs). HRMS (ESI) Calcd for [M+ H]* CagHa7Oe: 671.3215 Found671.3215

(3.92: R 0.30 (24:1 CHClzi MeOH); 'H NMR (500 MHz, CDC4, ) #.41i 7.26(m, 20
H, Ar), 5.53 (d, 1 HJ=12.1Hz, CHoAr), 5.30 (d, 1 HJ= 12.1Hz, CH2Ar), 5.17 (d, 1 HJ=11.0
Hz, CHoAr), 4.88 (d, 1 HJ=11.0Hz, CH2Ar), 4.78 (d, 1 HJ= 11.6Hz, CH,Ar), 4.76 (d, 1 H,)
= 11.2Hz, CHAr), 4.71 (d, 1 HJ= 11.4Hz, CH,Ar), 4.56 (d, 1 H,J= 11.6Hz, CH.Ar), 4.46 (d,
1 H,J23=9.7Hz, H-2), 444 (s, 1 H, OH), 4.29 (d, 1 Hz3= 9.7 Hz,H-3), 4.05 (dd, 1 HJs 6ax=
12.3 Hz,Js 6eq= 4.2 Hz, H5), 3.85 (s, 1 H, ), 3.68 (dd, 1 HJseq,7= 11.9 Hz Joeq.7= 4.8 Hz, H
7),3.16 (s, 1 H, OH), 2.3Hdd 1 H,Jseq 0= 12.3 Hz Js 6eq= 4.6 HZ, Joeq,7= 4.6 Hz, H-6eq), 2.23
(ddd, 1 H,Js 6ax= 120 Hz, Jeax.6e1= 12.0HZ, Jsax7= 12.0Hz, H-64y), 1.74 (s, 3 HH-10); 3C NMR
(125 MHz, CDC4, ¢) 1718 (C=0),139.1(Ar), 137.7 (Ar), 128.9 (Ar), 128(@) (Ar), 128.4(5)
(An), 128.42) (Ar), 128.3(8) (Ar),128.1 (Ar), 127.9 (Ar)127.74) (Ar), 127.6(6) (Ar),127.5 (Ar),
127.4 (Ar), 126.7 (A, 88.3 (G9), 83.2 C-8), 81.0 (G7), 79.1 (G3), 766 (C-4), 76.6 (G5), 75.4
(CH2Ar), 71.6 CH2Ar), 70.8 (G2), 69.4 CH2Ar), 66.4 CH,Ar), 28.9 (G6), 11.3 €-10). HRMS

(ESI) Calcd for [M+ Na]" CzsHaoNaGs: 647.2615. Found 647.2621.
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Racemic 4,7,8,9tetra-O-benzyk1,5Ubradyrhizoe (3.93)) and racemic 4,7,8,9tetra-O-
benzyt1,5b-bradyrhi zoe 3.93). DIBAL-H (10 mL, 10.0 mmol, 1 in THF) was added to

a cooled {78 °C) solution ofa mixture 0f3.91and3.92(667 g, 0.994 mmol) in THF (60 mL).
The reaction mixture was gtd for 90 min then MeOH (3 mL) and a 10% aqueous solution of
HCI and CHCI, were added &t78 °C. The mixture was warmed to rt and extracted with EtOAc.
The organic extract wsdried (NaSQu), filtered andconcentratedThe resulting crude product
was puified by silica gel columrchromatography49:1 CH,Cli MeOH) to give 3.930and3.9%
(567 mg, 9%) asa colorless oil(diastereomericatio 0.55:0.45). Rr 0.23 (24:1 CH.Cl.i MeOH);

IH NMR (500 MHz, CDC4, w) .41 7.23 (m, 20 H, Ar), 5.50 (d, 0.55H, J= 11.9Hz, CH.Ar),
5.45(d, 0.45H, J= 11.7Hz, CH.Ar), 533 (appt, 055 H, J= 2.8 Hz, H-10), 5.23 5.12(m, 2 H,
CH.Ar), 4.86 4.83(m, 1 H, CH2Ar), 4.75 (d, 1 H,J= 110 Hz, CH2Ar), 4.724.67(m, 2H, 2 X
CH.Ar), 4.60 (appt, 0.45H, J= 6.2Hz, H-16), 451 (d, 0.55 H, J= 11.6Hz, CH2Ar), 4.50 (d, 045

H, J=11.6 Hz, Gl2Ar), 4.30 (s, 0.8 H,OH), 427 (s, 0.55 HOH), 4.13(d, 0.55H, J»3= 9.9 Hz,
H-30), 4.07 4.01(m, 0.55H, H-2U), 3.93(br, 0.45 C-1-OHb), 3.89 3.75(m, 2 H, H-2b, H-9 U,
H-3 pH-5/H-70), 3.71i 3.62(m, 1.45H, H-9 b ,-5, H{7), 3.37 (br, 0.55 HC-1-OHU), 3.5 (dd,
0.45H,J=11.4Hz, J= 44 Hz, H-5/H-7b), 3.01 (br, 0.45H, C-2-OHb), 2.69 @, 0.55H, J2.on=

5.0 Hz, C-2-OHU), 2.20 2.05(m, 2 H, 2 x H-6), 1.67 (s, 1.65H, H-10), 1.66 (s, 1.35 HH-10);

13C NMR (125 MHz, CDGJ, c¢) [139.5(4)(Ar), 139.4(8)(Ar), 139.4(Ar), 138.2(Ar), 1380 (Ar),
1378 (Ar), 137.7 (Ar),1288 (Ar), 1285 (Ar), 128.4(2) (Ar), 128.3(7) (Ar)1283 (Ar), 1282(3)
(Ar), 128.2(0) (Ar), 128.1(5) (Ar128.1 (Ar),128.0 (Ar),1277 (Ar), 1276(5) (Ar), 127.6(1) (Ar),
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127.5(7) (Ar),127.3(1) (Ar), 127.2(6) £r), 1271 (Ar), 127.0Q1) (Ar), 1279(6) (Ar), 1268 (Ar),
97.6 (G1b), 92.6 (G10), 89.6(C-90), 89.4 (G9b), 835 (C-8), 83.4 (G8), 82.0(7) (Coracy), 81.9(6)
(Corady), 80.0 (Corady), 76.4 (G4), 76.3 CH2AI), 76.2 CH2Ar), 75.9 C-4), 73.4 (Coraay), 72.7
(Corady), 714 (CHAT), 71.3 CH:Ar), 69.7 Corady), 68.9(2) (CH2AI), 68.8(8) CH:Ar), 67.7
(Corady), 66.1(CH2Ar), 660 (CH2AT), 28.9 C-6), 28.7 C-6), 115 (C-10). HRMS (ESI) Calcd for

[M + Na]" CsgHa2NaGs: 6262772 Found 647.279

8 OH7OH
)
HO~-\—~-0O |
2
* OH'OH
B anomer a  anomer c B anomer d
o anomer e
o anomer b

a

:.[ aj. a MU.__

Racemicbradyrhizose (3.10. Palladiumon carbor(70 mg, 0.0654mmol, 10 wt. % loadinywas

added to a solution &.93(82mg, 0.131mmol) inMeOH (5 mL) under Ar.The reaction mixture
151



was then placed under a positive pressurex(d)Hnd stirred overnight. The palladium on carbon
wasfiltered through Calte® 545 andthe filtrate wasconcentrated. The resulting crude product
was purifiedoy reverse phaseolumnchromatography@-18 silicagel, H-0) to give 3.10(34 mg,
99%) asa colorless oillisomeric mixture)*H NMR (500 MHz,D20, w) 6.27(d,0.05 H,J=5.3
Hz, H-1€), 5.25 (br, 0.03 B, 5.23 (d, 0.24 H,J= 4.0 Hz, H-1b), 5.07i 5.05 (m, 0.13 H,H-1c and
H-1d), 4.8 (d, 0.56 H,J = 8.07Hz, H-1a), 4.34i 429 (m, 0.18 H), 4.23 (br, 0.03 ), 418/ 4.15
(m, 0.05 B, 404i 3.86(m, 0.81 H, 3.8 3.73(m, 0.96 B, 368 3.45(m, 3.47 H, 203 1.82 (m,
2.22H,1761167(m, 0.14 H, 1317 1.18 (m, 3.48 H; 13C NMR (125 MHz,D;0, c) 87.6(C-
1a), 93.3(C-1b), 79.4, 79.378.7, 78.49), 78.46), 754, 74.4, 73.9, 73.6, 73.2, 73.0, 71.5, 70.1,
66.4, 32.0(C-6), 31.9 (C-6), 15.1 (C-10), 15.0 (C-10). HRMS (ESI) Calcd for [M+ NaJ'

Ci1oH18NaGs: 289.0894 Found289.0896

Racemic  4,7,8,9tetra-O-benzykbradyrhizose-1,5lactone 3.92. Pyridinium  p-
toulenesulfonate (15 m§,0597mmol) wasadded to a solution &91and3.92(106 mg 0.158
mmol) in benzeng27 mL). The mixture was heateat reflux for 3 h before being cooled and
concentratedl'he resulting crude productaspurified by silica gel column chromatograpt¥9:1
CH:Clzi MeOH) to give 3.92(91 mg, 93%) as a colorless oilTheRy, *H NMR, 3C NMR and MS

datacorrespond tohat obtained focompouml 3.92previously described.
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(1)-1,2,3,4tetra-O-benzyk6-O-(t-butyldimethyl)silyl -5-deoxy-1-(ethoxycarbonyl2 -®-

( (SEBphenyl-2-methoxy-3,3,3trifluoropropionoyl) -( 5,6 &)é&thanediol)}3-C-methyl-1-
myoinositol  (3.1133, (i)-1,2,3,4tetra-O-benzyt6-O-(t-butyldimethyl)silyl -5-deoxy-1-
(ethoxycarbonyt2 ®@-( (S-Bphenyl-2-methoxy-3,3,3trifluoropropionoyl) -( R6 R)é
ethanediol}3-C-methyl-1-myoinositol  (3.1139 and (1)-1,2,3,4tetra-O-benzyt6-O-(t-
butyldimethyl)silyl -5-deoxy-1-(ethoxycarbonyk( 5,6 &)éthanediol)3-C-methyl-1-myo
inositol ((1)-3.88. N,N-Diisopropylcarbodiimid¢362 L, 2.34mmol) wasadded to a solution of
3.88(914mg, 1.16 mmol), (9-( 1-UMethoxy-U (trifluoromethyl)phenylacetic acigh47mg,2.34
mmol) and DMAP 72 mg, 0592mmol) in CHxCl> (12 mL). The reaction mixture was stirréor

2 h andthenwaterwas added The aqueous and organic layer were separated and the organic
extract was dried (N&Qy), filtered and concentrated. The resulting crpoeducts were purified
by silica gel column chromatography (19:1 hexaE#®Ac) to give3.113a (583 mg, 50%),
3.113b(170mg, 14%) as colorless oilandunreactedi )-3.88(329 mg, 36%)(3.1133: R 0.45
(9:1 hexanesEtOAC); [a]p 19.7 (c 0.3, CHCh); *H NMR (500 MHz, CDC4, ) #67(d, 2 H,J=
7.5 Hz, A), 7.44i 7.2 (m, 23 H, Ar), 5.62 (d, 1 H,J= 8.3Hz, OH), 5.2615.20 (m, 3 H, El2Ar,
H-1 8H-2 )0 4.94(d, 1 H,J=10.5Hz, CH2Ar), 4.91(d, 1 H,J= 10.5Hz, CHAr), 4.73(d, 1 H,J
=11.0 Hz, G42Ar), 4.69(d, 1 H,J=11.2 Hz, G1,Ar), 448(d, 1 H,J=11.9 Hz,CH,Ar), 439(d,

1 H,J=11.6Hz, CH2Ar), 4.34 4.19 (m, 3 H, E2Ar, CH2CHs), 3.98 (s, 3 H, OC}), 3.70(dd, 1

H, Jsax,6= 12.1 HZ Jseq6= 3.9Hz, H-6),2.84 (s, 1 H, FR),2.48(dd, 1 H,J4,5ax= 12.3 Hz,J4 5eq=
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4.6 Hz, H4),1.88(ddd, 1 H,Jasax= 12.1 HZ,Jseq5a= 12.1 Hz Jsax6= 12.1 Hz H-54y), 1.54 (s, 3
H, CHy), 1.47(ddd, 1 H,Jseqsax 1.7HZ, Jaseq= 4.2Hz, Jseq o= 4.2 Hz,H-5eq), 1.24(t, 3 H,J= 7.2
Hz, CH:CH3), 089 (s, 9 H, SiC(CH)3), 010 (s, 3 H, SiCH), 10.03 (s, 3 H, SiCH); *C NMR
(125 MHz, CDC4, ¢) 67.0(2 x C=0), 139.7(Ar), 1392 (Ar), 138.6(Ar), 132.9 (Ar), 129.9
(Ar), 1288 (Ar), 128.5(Ar), 128.4(Ar), 128.3(Ar), 1279(5) (Ar), 127.9(0) (Ar) 1276 (Ar), 1275
(An), 127.3(5) (Ar), 127.3(0) (Ar),127.13) (Ar), 127.0(6) (Ar),126.8 (Ar),123.1 (q,1 C,J =
294.5, CF), 848 (C-2), 84.2 (q,1 C,J = 27.7,CCF), 832 (C-3), 815 (C-4), 79.5(C-1), 76.5(C-
2 76.1 CH2Ar), 73.0 (C-1 971.2 (CH2ATr), 70.2 (C-6), 66.9 (CH.Ar), 65.8 (CHoAr), 620
(CH2CHs), 56.7 OCHs) 337 (C-5), 25.8 (SiCCH3)3), 180 (SiC(CHs)s), 14.0 CH2CHs), 112
(CHs), 3.0 (SiCHs), 3.9 (SiCHs). HRMS (ESI) Calcd for [M + Nd] CseHerFaNaOwuSi:
1023.4297 Found1023.4294

(3.113h: R 0.43 (9:1 hexanebEtOAC); [a]p i 31.1(c 0.3, CHCE); *H NMR (500 MHz,
CDCls, ) @.74i 7.69(m, 2H, Ar), 7.47i 7.43 (m,3H, Ar), 7411 7.38 (m,2 H, Ar), 7.36i 7.24 (m,
18 H, Ar), 5.46i 5.42 (m, 2 H, OH, H-2 )5.28 (dd, 1 H,J=7.7Hz, J= 2.9 Hz, H-1 05.15(d, 1
H, J=11.7Hz, CH2Ar), 5.03(d, 1 H,J=10.5Hz, CH2Ar), 4.97(d, 1 H,J= 10.5Hz, CH»Ar), 4.83
(d, 1 H,J=11.6Hz, CHsAr), 469(d, 1 H,J= 114 Hz, CHoAr), 454 (s, 2 H, 2 x CH2Ar), 450(d,
1 H,J= 119 Hz, CHAr), 4.47(dd, 1 H,Jsax6= 12.1 Hz,Jseq6= 4.0Hz, H-6), 4.28 4.13(m, 2 H,
CH2CH), 348 (s, 3 H,0CHs), 342 (dd, 1 H,Jasax= 123 Hz, Jaseq= 4.4 Hz, H-4), 3.28(s, 1 H,
H-2), 2.11(ddd, 1 H,Jssax= 12.1 HZ,Jseqsax= 12.1 Hz Jsaxs = 12.1 Hz,H-54,), 1.84 (ddd 1 H,
Jsegqsax = 119 HZ, Jaseq= 4.2 Hz, Jseqs = 4.2 Hz, H-5eg), 1.66 (s, 3 H, CH), 1.20 (t, 3 H,J= 7.2
Hz, CH:CHs), 085 (s, 9 H, SiC(CH)3), 005(s, 3 H, SiCH), 004 (s, 3 H, SiCH); 13C NMR (125
MHz, CDCh, c¢) 1671 (2 x C=0), 139.7 (Ar), 1394 (Ar), 1388 (Ar), 138.2 (Ar), 131.1 (Ar),

129.9(Ar), 128.6 (Ar), 1285 (Ar), 128.4 (Ar), 1282(7) (Ar), 128.2(5)(Ar), 128.0(Ar), 1279

154



(Ar), 127.8 (Ar), 1274 (Ar), 127.2 (Ar), 127.13) (Ar), 127.0(5)(Ar), 124.5 (q,1 C,J = 289.1,
CRs), 842 (C-2), 85.4 @, 1 C,J = 27.6,CCFs), 833 (C-3), 80.7(C-4), 799 (C-1), 76.7 (C-2 b
75.8(CHoAr), 72.7(C-1 D718 (CH2Ar), 704 (C-6), 67.1 (CH2AT), 65.4 (CH,AT), 620 (CH2CHs),
55.5(OCHs), 330 (C-5), 25.8 (SICCH3)3), 180 (SIC(CHa)s), 14.0 CH2CHs), 118 (CHa), 13.0
(SiCHs), 4.1 (SiCHs). HRMS (ESI) Calcd for [M + N&]CseHs7FsNaOwSi: 1023.4297 Found

1023.812

((1)-3.89: The R, 'H NMR, ¥C NMR and MSdatacorrespond tdhat obtained fothe

racemic compound.88previously describeda]p 157.2(c 0.3, CHCls).

1

L]
oB
8 7% n
BnO_ X3 8\ s
BnO 4 O
HO A

HO O

(+)-3.92

(1)-1,2,3,4tetra-O-benzylt5-deoxy-1-(ethoxycarbonyk (18R, 2&R)-ethanediol}3-C-methyl-1-
myo-inositol ((1)-3.9) and D-4,7,8,9tetra-O-benzylbradyrhizose-1,5lactone ((+)-3.92.
Ammoniumfluoride 23 mg, 0.627 mmol) followed by TBAF 627 uL, 0.627 mmol, 1.M in
THF) were added to a cooled (0 °C) solutiorfigf3.88(3.78mg, 0.482mmol) in THF (80 mL).
After 5 min, brine and EtOAc were added and the mixture was separateatgéhe extract was
dried (NaSQy), filtered and concentrated. The resulting crude products were pbsfglica gel
column chromatography’:3 to 2:3 hexané@&£tOAC) to give(i )-3.91and(+)-3.92(270mg, 84%)
asa colorlessoil (mixture). The mp,R;, *H NMR, *C NMR and MSdatacorrespondd that

obtainedfrom theracemiccompound 3.91and3.92previously described(i)-3.91): [a]p 140.7

(c0.1, CHCh). ((+)-3.92: [a]b +5.3(c 0.3, CHCL).
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(-)-3.116

(1)-1,2,3,4tetra-O-benzyl6-O-(t-butyldimethyl)silyl -5-deoxy-1-((1 B, &)épropane-1,2,3

tri ol)-3-C-methyl-1-myao-inositol ((i)-3.116. Lithium borohydride solution (237L, 0.474
mmol, 2.0M in THF) was added to a solution 8f113a(95 mg, 0.0948 mmolin ELO (5 mL).
After 1 h,additioinallithium borohydride solutionl 8L, 0.237mmol, 2.0V in THF) was added.
The mixture was stirred for 2 h and a saturated aqueous solution of ammonium chloride was added.
The aqueoukyer was extracted with EtOAmd the organic extract was dried §8@y), filtered
and concentrated.hE resulting crude prodt waspurified by silica gel column chromatography
(19:1 hexana€tOAc) to give(i)-3.116 (52 mg, 75%) asa yellow oil. Rr 0.27 (7:3 hexanéis
EtOAC); [a]p 130.4(c 0.1, CHCh); *H NMR (500 MHz, CDC4, W) @45 7.25(m, 20H, Ar), 5.11
(d, 1 H,J=11.9Hz, CH2Ar), 5.03(d, 1 H,J= 11.6Hz, CH2Ar), 4.97(d, 1 H,J= 114 Hz, CH2Ar),
4.88(d, 1 H,J= 112 Hz, CH2Ar), 4.74(d, 1 H,J= 112 Hz, CH2Ar), 4.64(d, 1 H,J= 7.0 Hz,

C 1-OH), 4.63 (s, 2 H2 x CHAr), 4.56(d, 1 H,J= 7.0Hz, H-1 0 4.52(d, 1 H,J= 119 Hz,
CH2AT), 4.46(dd, 1 H,Jsax6= 12.1 HZ Jseqs= 3.9 Hz, H6),3.74' 357 (m, 4 HH-2, H-4, H-2 &1

39 356i3.47(m, 1 H, H-3 % 2.92(d, 1 H,J= 8.4Hz, C-2 ©H), 2.64 (brs, 1 H,C3 ®H), 215
(ddd, 1 H,Js5ax= 12.3H2z, Jsaxseq= 12.3HZ, Jsax,6= 12.3Hz, H-5ax), 1.92 (ddd, 1 H, Jsaxseq= 11.9
Hz, Jaseq= 4.2Hz, Jseqs = 4.2Hz, H-5¢q), 1.72 (s, 3 H, CH), 093 (s, 9 H, SiC(CH)3), 014 (s, 3

H, SiCHs), 0.10(s, 3 H, SiCH); 3C NMR (125 MHz, CDQ, ) 1399 (Ar), 1397 (Ar), 1388

(Ar), 138.4(Ar), 128.50) (Ar), 1284(9)(Ar), 1283 (Ar), 1281 (Ar), 1278 (Ar), 127.6 (Ar), 1274
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(Ar), 1272 (Ar), 127.1 (Ar), 17.0 (Ar), 126.9 (Ar),83.8 (C-2), 838 (C-3), 816 (C-4), 803 (C-
1), 75.7 (CH2Ar), 72.3(C-6), 72.0 (CH2Ar), 715 (C-1 )69.5(C-2 Y 666 (CH2Ar), 66.2(CH2AT),
66.0 (C-3 b 33.2 (C-5), 259 (SiC(CHs)3), 18.0 (SC(CHs)s), 11.5 (CHs), i35 (SiCHs), 14.3

(SiCHs). HRMS (ESI) Calcd for [M + Na] CasHsgNaGsSi: 765.3793 Found765.3799

(-)-3.117

(1)-1,2,3,4tetra-O-benzyk5-deoxy-1-((18R,285)-propane-1,2,3triol) -3-C-methyl-1-myo-
inositol ((1)-3.117. A solution of TBAF (100 pL, 0.100 mmol, 1M in THF) was added to a
solution of(1)-3.116(57 mg, 0.0767 mmol)n THF (3 mL). The reaction mixture was stirred for
30 minandbrinewas added. The aqueous layersvextracted with EtOAand the organic extract
was dried (NeSQy), filtered and concentrated. The resulting crude prodasipwrified by silca
gel column chromatograph¥:( hexanesEtOActhen19:1 CHCli MeOH) to give(i)-3.117(47
mg, 98%) as a colorless oiR 0.28 (24:1 CH.Cl.:MeOH); [a]p 111.2(c 0.1, CHCE); *H NMR
(500 MHz, CDC}, +) #41i 7.21 (m, 20 H, Ar), 5.05(d, 1 H,J= 10.5Hz, CH»Ar), 5.04(d, 1 H,
J=11.8Hz, CH-Ar), 4.93(d, 1 H,J=10.6Hz, CH,Ar), 4.83(d, 1 H,J= 112 Hz, CH.Ar), 4.72
(d, 1 H,J= 110 Hz, CH»Ar), 4.65(d, 1 H,J= 115 Hz, GH,Ar), 4.54(d, 1 H,J1 6 =74 Hz, H-
1)4.50(d, 1 H,J= 11.4 Hz, G12Ar), 4.46 (d, 1 HJ= 11.8 Hz, G12Ar), 4.40 4.33 (m, 2 HOH,
H-6), 3.73 3.68(m, 1 H, H-2 ¥ 3.64(dd, 1 H,J= 11.1 Hz,J=5.1Hz, H-3 )3 3.60 (dd, 1 H.)4 5ax

= 12.0 Hz,Jaseq= 4.5 Hz, H4), 3.56(s, 1 H, H2),3.53 3.47(m, 1 H,H-3 93.19(br, 1 H, OH),

2.8112.69 (m, 2 HC-6-OH, OH), 2.07 fdd 1 H, Jsaxseq= 12.2 Hz J45eq= 4.4 HZ, Jseqe= 4.4 Hz,
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H-5eq), 1.92(ddd, 1 H, Jasax= 122 Hz, Jsaxseq= 12.2Hz, Jsaxs = 12.2Hz, H-5), 173 (s, 3 H,
CHs); 23C NMR (125 MHz, CDGJ, ¢) li396 (Ar), 1391 (Ar), 138.8 (Ar), 138 (Ar), 128.5 (Ar),
1284(0) (Ar), 1283(8) (Ar), 1283 (Ar), 128.0 (Ar), 127.61) (Ar), 1275(6) (Ar), 1275(3) (Ar),
1275(0)(Ar), 127.2 (Ar), 127.1 (Ar)84.3(C-2), 835 (C-3), 811 (C-4), 802 (C-1), 76.1(CHoAT),
71.4(CH-Ar), 71.3(C-1 ) 70.0(C-6), 69.7(C-2 Y)67.0(CH2Ar), 665 (CH2Ar), 662 (C-3 Y 337

(C-5), 11.4(CHs). HRMS (ESI) Calcd for [M + N&]CasHaNaQs: 651.2928 Found651.2936

1

10 0 B
BnO" Xogn BnO" 2 g
n 9 N 5 O 9 5 O
BnO 4
BnOHO432 1 HON—~=\_OH
HO

OH HO

D-3.930. D-3.938

4,7,8,9tetra-O-benzyt1,5-U-D-bradyrhizose (©-3.93)) and 4,7,8,9tetra-O-benzyk1,5-b-D-
bradyrhizose (-3.93). Trichloroisocyanuric acid4b mg, 0.191mmol), followed by TEMPO
(0.5mg,0.00355mmol) were added to a cooled°@) solution of(i )-3.117(45 mg, 0.0709 mmpl

in CHxCl2 (2 mL). The mixture wastsred at 0 °C for 30 min andsaturated aqueous solution of
Nax$,03 wasadded, followed byan extraction witFEtOAc. The organic layer was washed with
brine, dried (NaSQy), filtered andconcentratedThe resulting crude produetas used without
further purification DIBAL -H (354 L, 0.354mmol, 1.0M in cyclohexangwas added to a cooled
(i 78 °C) solution ofthe crudeproductin CHzCl2 (2.5 mL). The reactiommixture was stirred for
90 minbeforeMeOH (1 mL) anda 10% aqueous sdian of HCI (1 mL) were added &at78 °C.
The mixture was warmed to rt and extracted with EtOAc.drganic extract awsdried (NaSQy),
fillered and concentrated The resulting crude productene purified by silica gel column
chromatography49:1 CH.Clzi MeOH) to give b-3.930 andD-3.93 (41 mg, 91%) asa colorless
oil (diastereomerienixture, 0.45:0.55)The R, *H NMR, *C NMR and MSdatacorrespond to

thethat of theracemic compound&93Jand3.93 previously describeda]p +9.1(c 0.2, CHCE).
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"o Qe o
HOA—AN!
HO “OH
D-3.10

D-Bradyrhizose (0-3.10. Palladiumon carbon {5 mg, 0.d43 mmol, 10 wt. % loading) was
added to a solution @-3.93(18 mg, 00286mmol) in MeOH (.5 mL) under Ar.The reaction
mixture was then placed under a positive pressurex@) tand stired overnight. The palladium
on carbon wadiltered through Celite® 545and the solvenevaporated The resulting crude
product was purified byeverse phase colunaromatography (€18 silica gelH20) to give D-
3.10(8 mg, 99%) as colorless diisomericmixture). The R;, *H NMR, *C NMR and MSdata
correspond tohat obtained fronthe racemic compour@l10previously describeda]p +20.4(c

0.2, H0).

(+)-3.116

(+)-1,2,3,4tetra-O-benzyt6-O-(t-butyldimethyl)silyl -5-deoxy-1-( (S1 &)épropane-1,2,3

triol) -3-C-methyl-1-myc-inositol ((+)-3.116. Lithium borohydride solution (.32 mL, 2.65

mmol, 2.0M in THF) was added to a solution 8f113b(530mg, 0529 mmol) in EO (28 mL).

After 1 h,additionallithium borohydride solution66OpL, 1.32mmol, 20M in THF) wasadded.

The mixture was stirred for 2 h and a saturated aqueous solution of ammonium chloride was added.

The agueoukyer was extracted with EtOAsnd the organic extract was dried $§S@), filtered
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and concentrated. The resulting crude paevaspurified by silica gel column chromatography
(19:1 hexandé<€tOAc) togive (+)-3.116 (307 mg, B%) asa yellow oil. The R, 'H NMR, *C
NMR and MS data correspond tothat obtainedfrom the (i)-3.116 enantiomerpreviously

described[a]p +29.2(c 0.1, CHCS}).

(+)-3.117

(+)-1,2,3,4tetra-O-benzyt5-deoxy-1-( (S1 &)épropane-1,2,3triol) -3-C-methyl-1-myo-
inositol ((+)-3.117%. A solution of TBAF (569 uL, 0.100 mmol, 1.M in THF) was added to a
solution of(+)-3.116(313mg, 0422 mmol) in THF(16.5mL). Thereaction mixture was stirred
for 30 minandbrine was added. The aqueous layeaswextracted with EtOAand the organic
extract was dried (N&Q), filtered and concentrated. The resulting crude prodaspwrified by
silica gel column clomatography X:1 hexanesEtOAc, then19:1 CHCI.i MeOH) to give (+)-
3.117(264 mg, B%) as a colorless oilhe Ry, *H NMR, *C NMR and MSdatacorrespond to

that obtainedrom the (i )-3.117 enantiomepreviously describeda]p +11.8 (¢ 0.1, CHC}).

Bngyno 3 Bngno .
05 ¢ 9 OBn 5|~ OBn
OBn 042/ oph
1 2~ OH HOw ™~ OH
HooH HO
L-3.93q L-3.938

4,7,8,9tetra-O-benzyt1,5-U-L-bradyrhizose (-3.93)) and 4,7,8,9tetra-O-benzyt1,5-b-L-
bradyrhizose (L-3.93). Trichloroisocyanuric acid265mg, 1.10mmol), followed by TEMPOZ

mg, 0.0122mmol) were added to a cooled 10) solution of(+)-3.117(256 mg, 0.407mmol) in
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CHxCI> (11.5 mL). The mixture wastsred at 0 °C for 30 min andsaturated aqueous solution of
Nax$03 wasadded, followed by an extraction with EtOAc. The organic layer was washed with
brine, dried (NaSQu), filtered andconcentratedThe resulting crude produetas used without
further purificationDIBAL -H (1.77mL, 1.77mmol, 1.M in cyclohexangwas addetb a cooled

(178 °C) solution ofthe crudein CH2Cl> (12.5mL). The reaction mixture was stirred for 90 min
then MeOH (3 mL) and a 10% aqueous solution Gf Were added &t78 °C. The mixture was
warmed to rt and extracted with EtOAc. Toreganic extract wsdried (NaSQy), filtered and
concentratedThe resulting crude productvere purified by silica gel columnchromatography
(491 CH.Cl:iMeOH) to give L-3.93U and L-3.9% (216 mg, 85%) as a colorless oil
(diastereomerienixture, 0.45:0.55 The R, *H NMR, *C NMR and MSdatacorrespond tdhat

obtained orthe racemic compound8.93J and 3.9% previously describeda]p 19.6 (c 0.2,

HO
HO /" s
. /|57 ~OH
.9 OH
~4£OH

HO OH
L-3.10

CHCl).

L-Bradyrhi zose (L-3.10. Palladium orcarbon {0.4mg, 0.0980mmol, 10 wt. % loading) was
added to a solution af-3.93(12.3mg, 00.0196mmol) in MeOH (L mL) under Ar.The reaction
mixture was then placed under a positive pressure@) ldnd stirred overnight. The palladium
on carbon wadiltered through Celite® 545and the solventevaporated The resulting crude
productdid not need further purificaticio give L-3.10(5.2mg, 99%) as colorless oillisomeric
mixture) The Ry, *H NMR, *C NMR and MSdatacorrespond tahat obtainedrom the racemic

compound3.10previously describeda]p i 21.8(c 0.2, H20).
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Chapter 4: Glycosylations of Bradyrhizose

After completing the synthesis of bradyrhizose, the next objective was to carry out
glycosylations usinghis unusual bicyclic monosaccharide. To do so, the syntheses of a
bradyrhizose donor and acceptor were first accomplished. The synthesis of different bradyrhizose
disaccharides using a trichloroacetimidate donor in glycosylation reactions will be disrussed

this chapter.

4.1 Introduction

In Chapter 1, it was mentioned that the stereoselective preparation@$-fj|2cosidic
linkages is more difficult than the synthesis of thetiaRslinkages. As shown in Schemel4a),
glycosylations using donossithout a participating groumn O-2 (4.1) will often give a mixture
of cis and transglycosidic linkages 4.3). Glycosylation reactions using donors with
participating groupn O-2 (4.4) will lead generally to thé&,2-translinkage @.6), explained by a
Sn2-type reaction on intermediade5 (Scheme 41 (b)). For many years and still today, research
has been done to improve the stereoselectivity of theid¢gycosidic bond formatioh.This
linkage is present in numerous biologicalglevant carbohydratéd. For instance, the
bradyrhizose homopolymer has Lig-Uglycosidic linkages Synthesizingoligosaccharides

containingU-bradyrhizose residues is likely to be challenging
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(a) WO% Promoter pcfr R'OH moh
- \ _
X

PO "X PO "OR!
PO
41 4.2 4.3
P = non-participating
group

b o) Promoter 0 R'OH 0
S e W =
. 3 -
(0] R (@]
44 4.5 4.6

Scheme4-1: (a) Glycosylation with a@hor containing a neparticipating group on Q.
(b) Glycosylation with a donor containing a participating group eéh*O

The halide ion method first described in 1974 by Professor Lemieux from University of
Alberta allowed the synthesis &flinked disaccharide using glucose, galactose and fucose
derivatives (1,Zis-glycosidic linkages); the reaction for glucose is shown in Sche?ri#AThe
more rective intermediatel.8 can be made by treating donér7 with tetraethylammonium

bromide. Bromide4.8 can undergo an\@-type reaction with the alcohol to give the desired

compound4.9.
OBn OBn OBn
Bno/ég‘ _EWNeT Bnoé& ROH_, Bnoé%
BnO BnO Br BnO
BnOBr BnO BnOOR
4.7 4.8 4.9

Scheme4-2: Halide ion method*°
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Newer methods have been developed since and mostly involving the uSealkyated
thioglycoside or trichloacetimidate donors in nonpolar solvents likgOGtand E:O.! These two
methods can give good-selectivity @.9) depending on the donor, the reagents aow the
reaction is carried outFor example, thioglycoside donct.10 can be activated using
bis(trifluoroacetoxy) i odo-glyosided.h1¢Scherne &H)V% t he
Al so by -ticelorcacetimaatebdono4.12wi t h T MS Odnbmer4.filican beé

obtained"’ Both of these reactions proceed Si@-type reactions.

BnO 1. (CF3C00),IPh BnO
Bng o (CF3 )2 BRO o

BnO SPh 2. ROH BnO
BnO

(a)

OR
4.10 4.1
(b) BnO
pEaC o ROH BnO O
BnO o) ccl —_— BnO
BnO 77/ 3 TMSOTf BnoOR
4.12 HN 4.1

Scheme4-3: (a) Glycosylation using thioglycoside dorbdQ'*® (b) Glycosylation using
trichloroacetimidate dona#.12 17

In 1996, Professor Crich from Wayne State University discovered that 4,60-
benzylidene acetal group is stron@igirecting in themanngyranose series (Schemet) 8910
The correct order of addition of reagents is required for the formation of thesliZkage. If
triflic anhydride is added first to the dondrl3 the oxocarbenium iod.16 will be formed,
followed by theUtriflate 4.17, which is more stable. The alcohol is then added to fornbthe

mannosidet.18in a Sy2-like displacement. If the triflic anhydride is added after the alcohol, the
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oxocarbenium io.16 will also be formed, but now the alcohaidathe triflate compete giving

the Umannosidet.14as the major product.

OTBDMS
é)nO BnO BnO N _
~Et N oTf
413 +S’o‘ 4.15 ES g 4.16

1. ROH T
2. Tf,0

Ph~x-0\ §IBDMS PO OTBDMS 2. ron  Ph~-0\ QTBPMS
8o BnO OR Bho

OR OTf
4.14 4.18 417

Schemed-4: b-Selectivity in glycosylation of,6-O-benzylidene protectetianngyranose
derivativest®

The 4,60-benzylidene acetal group aso strongly directing in the glucopyranose series
but in this case the major product is thglucosidgSchemed-5 (a)).%'* This reaction is believed

to proceed through a reactive oxocarbeniumgair intermediate4.22) favoring thelkselectivity

(Schene 45 (b)). The G2i C-2i C-3i O-3 torsion angle is expanded in the oxocarbenium ion

making it more stable, in contrary to the torsion angle in the mannopyranose series, where the O

2i C-2i C-3i O-3 torsion angle is contracted (Schem& 4c)). This make thd}triflate more

reactive in the mannopyranose series.
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Schemesd-5: (a) USeIectjvity in glycosylation o#,6-O-benzylidene protected glucopyrandse
(b) Explanation of thé&kselectivity in the glucopyranose sert€¢c) Explanation of thé-
selectivity in the mannopyranose sefigs.

Because the shapéhe transdecalin framework)f bradyrhizose resembles the 96
benzylidene protected glucopyrands25(Scheme %), we hypothesized that the inositol ring of
bradyrhizosedonor4.26 could also act aan U-directing groupThis hypothesis will be explored

in this chapter.
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Scheme4-6: Hypothesis thathe inositol ring of bradyrhizos#ona 4.26 could act as ab
directing grougike the 4,60-benzylidene protected glucopyrands2s.

4.2 Synthesis of the donors

As mentioned in the introduction, most recent syntheses efid,glycosides employ
thioglycoside or a trichloroacetimidatertbr with an alkyl protecting group on2 Therefore, |
chose to make donors in which a benzyl group was installed-2nl® choosing between a
thioglycoside or trichloroacetimidate donor, | chose the latter as we believed that it could be
accessed in feer steps than the thioglycoside. Thus, | seledt@8as an initial target (Scheme
4-7).

The synthesis of the donor started with racemic la¢t®® (Scheme 47), a protected
bradyrhizose derivative that had been prepared in the course of makinghghateated
monosaccharide. The first step was a Fischer glycosylation using allyl alcohol. The addition of
acetyl chloride in allyl alcohol generated HCI in situ and when this was added to a soldtish of
in allyl alcohol, the allyl glycosidéd.30wasproduced in 63% yield. Following this reaction, most
of the starting material can be recovered and the reaction can be done again to yield@ore
The second step was the protection of the free hydroxyl groups using benzyl bromide. Benzyl
bromide was adetl at room temperature but only 35% of the fully protected comp@idould
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be obtained. The major product wa32, in which the C3 hydroxyl group remained unprotected.
Because the @ in4.30appeared to be hindered and less reactive, we hypothé¢isatdtie free
hydroxyl group at this position would not be a problem during the glycosylations. It was then
decided to use both.31and4.32to prepare donors. To do this, the allyl grougiBland4.32

was removed using palladih) chloride to provile, respectively.33in 96% yield andt.34in

97% vyield. The trichloacetimidate donets85and4.36were both made, in 99% yield, from the
corresponding reducing sugdr83 and4.34 and were used in the glycosylation reactions without

purification.
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Scheme4-7: Synthesis of dons.35and4.36

The synthesis of the-donors(p-4.35andD-4.36) andL-donors(L-4.35andL-4.36) were
performed using the same strategy starting with pdigetol (D-4.29 andL-lactol (L-4.29). All

the enantiomers made in this secti@d similar specific rotation values with oppositgns.
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4.3 Synthesis of the acceptor

The synthesis of the accepthB7also started with the racemic lactbR9 (Scheme 48).
The acceptod#.37 was deggned with three free hydroxyl groups, two tertiary and one secondary.
We predicted that the tertiary hydroxyl groups should have a lower reactivity due to steric

hindrance, which should make the glycosylation at the secondary alcohol favored.

BnO o 4 st Ao

n steps HO

BnO O — o o)
HO ph———O0

OH OH BzO OMe
4.29 4.37

Scheme 48: Acceptor(4.37) containing three free hydroxyl groups.

The first step was a Fischer glycosylation this time using methanol containing HCI, which
was generated using acetyl chloride in methanol. The methyl glyeb88leas obtained in 73%
yield from 4.29 (Scheme 4/). Asit was observed for the reaction4®9 with allyl alcohol, the
starting material could be recovered and the reaction can be done again to yield more of the desired
product4.38 To provide a small amot of material for biological evaluation, the te@a
benzylated methyl glycoside38 was converted into the deprotected methyl glyco4id@ This
was achieved by hydrogenolysis of the benzyl ethers using Pd/C in methanol, which &f8g8ded
in quantiative yield. The second step of the synthesis of the acceptor was the protecti@n of O
using benzoyl chloride. The desired proddidiOwas obtained in 96% yield, pointing again to the
very low nucleophilicity of the € hydroxyl inthis intermediateThebenzyl groups were removed
using palladium on carbon to gi¥e41in 80%yield. Two of the secondary hydroxyl groups were

then protected as a benzylidene acetal to yield4r&lin 81%yield.
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Schemed-9: Synthesis bacceptor.37and methyl glycosidd.39

The last step for the synthesis of acceptd7 was regioselective. To confirm the

regioselectivity of this reaction, we first analyzed tHeNMR spectrum. The coupling constants

for the pyranose ring protorerrelated to it being in a chair conformation, as Mdae expected

for the moleculeAfter analysis of théH NMR and COSY spectra, we could see a correlation

between the proton of the hydroxyl group a8 @ith H-5 as shown in Figure-# (boldH). The

magnitude of the coupling is 1.6 Hz, corresponding to an average value of a W cou®iktg)0

This long range*Q) coupling would be possible if the-€hydroxyl group was conformationally

fixed via a hydrogen bond to the two oxygens in the benzylideetl ring.
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Figure 4-1: COSY correlation in compourdl 37U,

To further confirm the structure of the accep#®37) we acetylated the remaining free
hydroxyl groups (Scheme-9). Two new compoundst@20 and4.43)) were isolated and this
allowed us to confirm the structure 4f37.By comparing theH NMR spectra of the starting
material4.37U and the two productgt.42U and4.43U0 (Table 41), it was possible to assign the
resonances of the ring hydrogens adjaceritedree hydroxyl groups i.37U. As shown in Table
4-1, H7 became more deshielded in compodr?Uand H9 stayed about the sameglicating
that there was only an acetyl group of¥ OVhen moving to compour#l43U, H-7 is even more
deshelded as wellas H9, indicatingthat both protons are ithe deshielding cone of the ester
carbonyl group of €. A difference can also be seen on the methyl groud@H The other
protons were omitted from the table because no changes were ob3ae/®dcoupling béween
the G4-OH and H5 was also observed in these two compounds, also showing that this position

was not acetylated.

OA
OHoy OAg 5
HO HO AcO
0} Ac,0 0] + (@) (e
o 2 o 0

Ph=—C2 20 pyridine Ph=—O2 2% Fh BzO

OMe OMe OMe
4370 4.420 4.430

Schemes-10: Derivatization of compound.370to verify the position of the benzylidene acetal.
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Table 4-1: Chemical shif of selected protofor compoundst.37U, 4.42U and4.43U.

Compounds H-7 H-9 H-10
_ (epm)  (ppm)  (ppm)

4370 3.75 3.75  1.46
4.420 4.94 3.78 1.53
4430 6.02 5.21 1.59

Compound4.37Uwas a solid and recrystallization was performed to obtain material for a
crystal structure (Figure-2). The structure clearly shed the position of the benzylide acetal
(spanning@2 and G9) making a tricycl i c sweenuhetcQHe . The
(H90) and H5 (H5C) can clearly be seen in Figur@ 4t should also be noted that this structure

also confirmed the overall structure of my synthetic bradyrhizose.

Figure 4-2: X-ray crystal structure (ORTEP) of accepdo87U. Non-hydragen atoms are
represented by Gaussian ellipsoids at the 30% probability level. gmiaioms are shown with
arbitrarily small thermal parameters.
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The synthesis of the-acceptolD-4.37) andL-acceptolL-4.37) was done using the same
strategy startig with pureD-lactol (D-4.29 andL-lactol (L-4.29. All enantiomers made in this

section also hasimilar specific rotation values withpposite signs.

4.4 Glycosylations of bradyrhizose donor 4.36 with achiral acceptors

To test our hypothesis that tleositol moiety of bradyrhizose i-directing like the
benzylidene acetal in the glucose counterparts, we reacted the racemic bradyrhizoge3@éonor
with different achiral alcohsl As shown in Table 8, three different alcohols (10 equivalents)
and doir 4.36 were subjected to glycosylation conditions (TBSOW, #olecular sieves, 1:1
CH2Cl2i EO or EbO, 740 °C) First, p-methoxyphenol was used and the reaction gave a 75%
yield of theU-glycoside 8.43)) as the only product (Table3} Entry 1). The ext glycosylation,
with octanol as the acceptor, was also performed inGGHERO (1:1) and a 78% vyield of
compound3.46was obtained in aratio of 2:11 for: b (Tahlé 43,Entry 2) The same reaction
was doneusingEtO as the solvent, and a 91%eld of 3.46in a2:50: b (Tahle 430Entry 3)
was producedCyclohexanol was then used wilyO as solvent to give a 93% yield®#7in a
U : rétio of 4:9 (Table 43, Entry 4) These results showed that there is no significant difference in
reactvity between the secondary and primary alcohol. Also, uBip@ as the solvent seemed to
increase thdJselectivity of the glycosylation reaction. Because of the insufficient amount of
donor, it was not possible to do more experiments to better undktsirselectivity of these

glycosylations.
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Table 4-2: Glycosylatiors of achiral alcohols with racemic dondi36

OB% N OBla)
BnO TBSOTf, ROH BnO n
BnO & NH — BnO 0
HO /[( Solvent, —40 °C HO
BnO O cCls 4 AM.S. BnO OR
4.36 4.44

Ratio Isolated

Entry Products Alcohols Solvents U: b yield (%)
1 3.450 PMPOH CH:CL:EtO (1:1)  1:0 75
2 3.46 Octanol CH2Cl2:Et20 (1:1) 2:11 78
3 3.46 Octanol Et.O 2:5 91
4 3.47 Cyclohexanol Et2O 4:9 93

4.5 Synthesis of the disaccharides

4.5.1 Racemic glycosylations
The first glycosylation to prepare the disaccharides was tried using racemic adcgpior
and racemic donot.35(Scheme 411). This reaction led to a number of inseparable products as

determined by TLC.

OH OB
HO OH BnO OBn TBSOTf
(@) o 0 + BnOBnO O NH 4 AM.S.
Ph— Eno o4 DCM, —40 °C HO

BzO
““OMe CCl,

o
4.37aq 4.35 Ph-O

4.48
Schemed4-11: Glycosylation using racemic dondr35and racemic acceptdr37U.

The second glycosylatiowas tried using the racemic donor having a fre2 Ig/droxyl

group @.36) (Scheme 4L2). In this case, three different spots on TLC were isolated, but they were
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all mixtures of compounds when analyzed by NMR spectroscopy and it was not possible to isolate

or identify the different disaccharides.

OB
E)Bn
0B BIOS 0
n
oy OBn TBSOTf HO
HoO o BBOO o BnO
Ph——O ’ "““Ho /ZZH 4AM.S. . O OH
BzO BnO ‘O DCM, —40 °C HO o)
OMe CCl; 55% S
4.370 4.36 Ph 20
OMe
4.49

Scheme 412: Glycosyhtion using racemic dondr36and racemic acceptdr37U.

After performing these glycosylations, | concluded that the disaccharides could not be
isolated in acceptable yield by reacting racemic donors and acceptors. The reaction of the racemic
donor4.36with the racemic acceptdr37Ucould give eight ditrent disaccharides (four pairs of
enantiomers) as shown in Schem&34(assuming that the reaction only occurs at the secondary
hydroxyl group of the acceptor). The large number of isomers, made their separation essentially
impossible.  Moreover, if | didsucceed in separating the compounds, determining the
stereochemistry of eaghonosaccharida the products (e.gn,b/L,L or D,L/L,D) would be very
difficult if not impossible. Therefore, | moved to the use of enantiopure donors and acceptors to

facilitate the separation and identification of the different disaccharides.
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Schemed-13: Possible poducts arising fronglycosylation between racemic dorb86 and
racemic acceptct.37U.

4.5.2 Glycosylations using enantiopure donors and acceptors

The first glycosylation was done using thelonor (-4.36) and the.-acceptor I(-4.370)
(Scheme 414). The normal glycosylation conditions (adding the promotor to a mixture of both
donor and acceptor) were tried, but only a 20% yield of the disaccharide calitabeed using
two equvalents of the donor after 3 h artde acceptor was also recovered. The inverse
glycosylation procedur& which is done by adding the donor to a mixture of acceptor and
promoter, was then performed also using two equivalents of donor and all the acceptor was
consumed after 30 min. By using this technique, it was possible to get quantitative yield of the
disaccharides. This glycosylation gave three productdHfie 7)-linked disaccharide.(L-4.50),
the U-(1- 8)-linked disaccharideL(L-4.51) and theb-(1- 7)-linked disaccharideL(L-4.52)in a
ratio of 42:32:26 The major compound,.L -4.50, was the desired one, having BK1- 7)-
glycosidic linkage, which is thgresent in the bradyrhizose homopolymer. The structures of the
products could be determinagsing NMR spectroscopy, in particular HMBC to assign the

glycosidic linkages.

181
































































































































































































































































































































































































