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ABBREVIATION

2,2-DMP 2,2 dimethoxy propane

2,6-lut. 2,6 lutidine

Ac Acetyl

AgSbFg Silver hexafluoro antimonite

AIBN Azobisisobutyronitrile

ag. Aqueous

Au Aurum (gold)

Bn Benzyl

nBuLi n-Butyl lithium

Cat. Catalytic

Conc. Concentrated

COSYy Correlation Spectroscopy

DCM Dichloromethane

DMF N,N-Dimethylformamide

DMAP N,N'-Dimethyl aminopyridine

DMP Dess Martin Periodinane

DMSO Dimethyl sulfoxide

DBU 1,8-Diazabicyclo(5.4.0)undec-7-ene

DDQ 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone
Et20 Diethyl ether

EtOAc Ethyl acetate

EtsN Triethylamine

G-11 Grubb’s 2nd generation catalyst

h hour

HRMS High Resolution Mass Spectrometry
HSQC Heteronuclear Single Quantum Coherence
HMBC Heteronuclear Multiple Bond Coherence
HG-II Hoveyda-Grubb’s 2nd generation catalyst
Me Methyl

NMR Nuclear Magnetic Resonance

NaH Sodium hydride




ABBREVIATION

NBS N-bromosuccinimide

NOE Nuclear Overhauser Effect

NOESY Nuclear Overhauser Effect Spectroscopy
OBR Ohira Bestmann Reagent

Pet ether Petroleum ether (pentane+hexane+heptane)
PBB para-bromo benzyl

PMB para-methoxy benzyl

PPh3 Triphenylphosphine

Py Pyridine

Ry Retention Factor

rt Room Temperature

sat. Saturated

TBABr Tetra-n-butylammonium bromide
TBACI Tetra-n-butylammonium chloride
TBAF Tetra-n-butylammonium fluoride
TBAI Tetra-n-butylammonium iodide
TBDPS tert-butyl diphenyl silyl

TBHP tert-Butyl hydroperoxide

TBS tert-butyl dimethyl silyl

TES Triethylsilane

THF Tetrahydrofuran

THP Tetrahydropyran

TIPS Triisopropylsilane

TLC Thin Layer Chromatography

TMS Trimethylsilane

Abbreviations used for NMR spectral information:

br broad S singlet dt doublet of triplets
d doublet t triplet ddd doublet of doublet of doublets
m multiplet q quartet ddt doublet of doublet of triplets




GENERAL REMARKS

< All the moisture and air sensitive reactions have been carried out in
anhydrous solvents under argon atmosphere in oven-dried glassware. The
anhydrous solvents were distilled prior to use: CH2Clz, DCE and DMF from CaHzy;
methanol from Mg cake; THF on Na/benzophenone; triethylamine and pyridine

over KOH; acetic anhydride from sodium acetate.

< IH NMR spectra were recorded on AV-200 MHz, AV-400 MHz, JEOL AV- 400
(400 MHz) and DRX-500 MHz spectrometer using tetramethylsilane (TMS) as an
internal standard. Chemical shifts have been expressed in ppm units downfield

from TMS.

X 13C NMR spectra were recorded on AV-50 MHz, AV-100 MHz, JEOL AL- 100
(100 MHz) and DRX-125 MHz spectrometer.

0,

o> High-resolution mass spectra (HRMS) were recorded on a Thermo Scientific
Q-Exactive, Accela 1250 pump and also EI Mass spectra were recorded on Finngan

MAT-1020 spectrometer at 70 eV using a direct inlet system.

0,

> Infrared spectra were scanned on Shimadzu IR 470 and Perkin-Elmer 683 or

1310 spectrometers with sodium chloride optics and are measured in cm-1.

0,

<> All reactions are monitored by Thin Layer Chromatography (TLC) carried
out on 0.25 mm E-Merck silica gel plates (60F-254) with UV light, 12, and

anisaldehyde in ethanol as developing agents.

R/

> All evaporations were carried out under reduced pressure on Buchi rotary

evaporator below 50 °C unless otherwise specified.

< Silica gel (60-120), (100-200), and (230-400) mesh were used for column
chromatography.
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Degree Enrollment No. & Date[10CC17J26040 & January 2017

Laboratory Division of Organic Chemistry, CSIR-NCL, Pune
A Chiral Pool Approach for the Total Synthesis of bis-THF
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Laurendecumenyne B and a Chloroenyne from Laurencia

Majuscula, and Synthesis of C14 to C29 Fragment of Eribulin

Resear ch Supervisor/ Co-
. Dr. C. V. Ramana (CSIR-NCL, Pune)
supervisor

Keywords:

bisTHF Cis Acetogenins, Carbohydrate Building Block, Sharpless Asymmetric
Dihydroxylation-Cycloetherification, Eribulin Mesylate Fragment C14 to C35, [Au]-
Cycloisomerisation/reduction, **C NMR chemical shift Analysis.

M ethodology:

The thesis entitled “A Chiral Pool Approach for the Total Synthesis of bisTHF Cis
Acetogenins - Notoryne, Laurefurenynes A/B, Laurendecumenyne B and a Chloroenyne
from Laurencia Majuscula, and Synthesis of C14 to C29 Fragment of Eribulin” consists of
two chapters. The first chapter deals with the total syntheses of bis-THF C;5 acetogenin natural
products: Notoryne, Laurefurenynes A/B, Laurendecumenyne B, (E)-Elatenyne, and a
Chloroenyne from L. Majuscula while the second chapter describes briefly the synthesis of
Eribulin Fragments C14 to C28, and C14 to C29 and C19 to C35. In addition, having synthesized
diastereomeric/functionalized THF-derivatives as a part of these synthetic endeavors, extensive
NMR structural data analyses especially the *C NMR chemical shift analysis has been carried
out and some important/characteristic variations in the carbon chemical shifts that can be

potentially used in the analysis of similar compounds have been noted.
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Synopsis

CHAPTER I: Total Synthesisof bis THF C;5 Acetogenins

| ntroduction:

The bisTHF C;5 acetogenins class natura products occupy a special place in acetogenin
class of natural products due to their structural complexity and diverse biological activities.
Due to their liquid nature and facile rotation around Carbon (THF)—Carbon (THF) bond,
exact stereochemical structure assignment by X-ray or by 2D NMR analysis was found to be
a difficult task by the isolation groups. This is evident from the number of structural
reassignments documented in case of these bis-THF C;5 acetogenins.

Objectives:

The work embedded in this chapter comprises of developing a unified chira pool approach
for the synthesis of various halo/hydroxy bis-THF C;5 acetogenin class of natural products
provided in the Figure 1. This chapter has been divided in to two sections. The first part
deals with the total synthesis of notoryne and its diastereomers and the second part deals with
the total synthesis of Laurefurenyne A/B, Chloroenyne, and Laurendecumenyne B and a
formal total synthesis of Elatenynes A/B.

HO,
“ 0. Z

7

“OH

Notoryne (1) Laurefurenyne A (6) Laurefurenyne B (7)

H O/,, yZ

o = Br. o 7 Br. O S

"'O‘: 3 Y ' "’O\: .
ol '0 ol Br

Chloroenyne (8) Laurendecumenyne B (9) (E/Z) Elatenyne (10)

Figure 1. Adjacent bis-THF C;5 Acetogenins

Section A. Total Synthesis Notoryne and its Four Diastereomers

This section deals with the total synthesis of Notoryne and four of its diastereomers that
has been planned as a part of confirming its proposed relative and absolute configurations. In
1991, Suzuki and co-workers documented the isolation and structure elucidation of Notoryne.
Notoryne was isolated as a minor component along with Laurefucin from the marine red aga
Laurencia Nipponica (at the Notoro point near abashiri, Japan).! The structure of Notoryne was

established with the help of chemical degradations to known intermediates, mass fragmentations
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Synopsis

and extensive NMR spectral data analysis. There was no report documenting any efforts towards
the total synthesis of Notoryne until recently. This taken together with the challenges associated
with the structural assignment of Cjs-acetogenins in general, a program aiming at the total
synthesis of Notoryne by employing a carbohydrate based chiral pool intermediate has been
planned and executed successfully.

The adopted approach commences with known epoxide 11° and involves, a
diastereosel ective bromo-etherification, diastereoselective anomeric alylation, Sy2 chlorination
and arelay cross metathesis as the key reactions. Scheme 1.

O—wO, n-BuLi, BF3 OEt, = 0O—.0, Na, lig. NH3 0O—.n0,
=T X rrmeesr | < meean T R IX<
o “d THF, -78°C, 3h nd i -78°C,2h H g

80%

70%

1 17 18
B
cat. HpSO4 /_//—>_<)J/OME NBS, CHyCl, WOME AllyITMS, TMSOT
N —_— .
MeOH, t, 6 h HO “IoH rt, 4 h, 70% "'0 “OH CHsCN,-40-0°C,6h
83% 78%
160 19
i) CICH,S0,Cl i) HG-II, 14 I\
2, 6-lut., CH,Cl, Benzene
0°C,2h Br 01~ 60°C. 18h Br O
2Hen ;
ii) n-BugNCI, THF "0 cl ii) n-BusNF, THF Ko ol
80°C, 4 h -10 °C, 30 min
158 81% (2 steps) 13 33% (2 steps) Notoryne (1)
/_//
6y —="TPs
14

Scheme 1. The Total Synthesis of Notoryne.

To further confirm the stereochemistry of all the stereocenters of Notoryne, four more
diastereomers have been synthesized by varying the stereocenter at C10 and have been subjected
for extensive *C NMR chemical shift analysis. The following **C NMR chemical shift
deviations (Figure 2) indicated a trend in deviation of chemical shift values with respect to the

changein the relative stereochemistry of adjacent centers.

: 34.6
87, ° 84. o 1 86.3 \J‘
W G \(m trans
0

OH T o T c.|

74 0 71 59.6 62.6

Figure 2. Observed **C NMR chemical shift deviations for 2-halo/hydroxy THF compounds.
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Section B. Total Synthesis of Laurefurenynes A/B, Laurendecumenyne B
and a Chloroenyne from L. Majuscula

This section dealt with developing a unified approach for the total synthesis of some
closely related bis-THF C,5 acetogenins Laurefurenynes A/B, Chloroenyne, Laurendecumenyne

B and synthesis of the penultimate intermediate involved in the total synthesis of Elatenynes
A/B3®

A chiral pool approach (Scheme 2) employing the known epoxide 12 as the starting point
and an advanced intermediate 31 that has been used as a common intermediate for the synthesis
of all these natural products has been established. The key steps employed in the synthesis of
these bisTHF C;s acetogenins include a Sharpless asymmetric dihydroxylation-
cycloetherification, an Sy2 halogenation and arelay cross metathesis.

A e A
i) MsCI, EtN, CHCl,

i) AD-Mix-B, MeSO,NH, O
-

t-BuOH, rt, 48 h \)/:0\_0. DMAP rt 2h \/l/,\—O ><
ii) K,CO3, MeOH, 48 h

69% (3 steps) 32 32-Ac

i) DMP, CH,Cl,

AllyITMS, TMSOTF m1h AcO,, o %
_ - \
CH3CN, 20°C, 1h ii) NaBH,, THF o) oH
71% ,2h
59% (2 steps)

EI—

-OH

Laurefurenyne A (6) Laurefurenyne B (7

MM

Chloroenyne (8) from L. Laurendecumenyne B (9 (E/Z) Elatenynes (10)
Majuscula

Scheme 2. Total Synthesis of adjacent bis-THF C;5 acetogenins.
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CHAPTER Il: Synthesis of C14 to C29 Fragment of Eribulin

I ntroduction:

Eribulin Mesylate is a structural analogue of natural product Halichondrin B.
Halichondrin B was isolated by Uemura and co-workers in 1986 from Halichondria Okadai and
showed potent antitumor activity against B16 murine melanoma cells and P388 Leukemia
cells.®’ Eribulin Mesylate is a more active and stable and structural analogue of Halichondrin B
that has been developed by Eisai (a Japanese company) and Kishi (1992)° as a part of the total
synthesis of Halichondrin B and SAR around its closely related fragments, FDA approved
Eribulin mesylate as a drug candidate for the treatment of metastatic breast cancer and
liposarcoma. Currently, eribulin is marketed by Eisai company under the trade name Halaven or
E73809.

Objectives:

The structure of Eribulin mesylate bears 35 linear carbon atoms with 19 stereocenters.
During the production scale synthesis by Eisai, Eribulin was made into three different fragments
as, Fragment C14 to C26, C27 to C35 and C1 to C13 and these fragments were coupled through
an asymmetric Nozaki-Hiyama-Kishi coupling reaction.®2 With the marvelous biological activity
of eribulin mesylate, peoples across the globe kept attention on the synthesis of Eribulin
mesylate particularly on these three fragments. However, the key Nozaki-Hiyama-Kishi coupling
reaction is one of the road blocks in the synthesis as it needs extremely anhydrous/oxygen free
conditions. To avoid it, a project dealing with the development of new approaches for assembly
of these units has been planned. The work embedded in this chapter describes a
diastereosel ective approach for the synthesis of C14 to C28/29 and a model approach for the C19
to C35 fragments of Eribulin.

Halichondrin B Eribulin Mesylate

Figure 3. Structure of Halichondrin B and Eribulin Mesylate.
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1. Synthesis of Eribulin Fragment C14 to C28 and a model approach for
Eribulin Fragment C19to C35

As a pat of this, in 2013, we developed a diastereoselective gold catalysed
cycloisomerisation/reduction approach for the synthesis of 1,4-cis-linked tetrahydrofuran and
cis-1,5-linked tetrahydropyran rings (Figure 4).° Employing this, a diastereoselective approach

for the synthesis of Eribulin fragments C14 to C28/C29 and C19 to C35 have been developed
successfully.

Stereocenter

altered
Sugar- su Sugar OH
gar OH
N) /\ [Au] He o, BF; OEt,, Et;SiH O,
n > Y —_—
\OH  5/6-exo-dig ( (
R ’ cyclisation n R n R

OH predominantly 1,4/1,5

n=1-2 K j cis linked THF/THP ring

\/ relative to

OH stereochemistry
One-Pot

Figure 4. Synthesis of cis fused tetrahydrofuran/tetrahydropyran ring via a one-pot Au
cycloisomerisation/reduction protocol.

Sn, TBAI, Nal, }L }L 9-BBN, THF \/L
0 crotylbromide 3 oz NaH,BnBr 4 Qo = 3N NaOH-H,0, o =

H H 2 0. H
0, > \W \W \)\/\/\
\/'\CHO DMF-H,0, rt, 24 h : DMF, rt, 3 h H Y OH
78%

EtOH, rt, 4 h

OH 98% 0OBn 76% GBn
50 51 53 54
i) DMP, NaHCO3 }L _ AllylBromide _
CH,Cly, tt, 1 h Jd 95 i K,COs, Cul \)\/\/\/ 60% AcOH s y Z
e =,
ii) OBR, MeOH H Na,SO3, DBU i, 12 h, 91% H
t, 24 h OBn DMF, 1t, 3 h OBn
83% (2 steps) 55 95% 56 49
OTBS i. MsCl, Et;N
48 (3 equi : CH,Clp, 0°C, 1h
i) Au(PPh3)Cl,AgSbFg G (3 equiv) o o OBn ) ADZM?
Et;SiH, BF3.0Et, rubb's 11 (3 mol%) ii. -Mix o
oSt ~oTBS  Cul (10 mol%) “,  OTBDPS MeSO,NH,
- . - " " .
HO,
ii) TBSCI, Imid. OB E,0, 40 °C, 6 h g 1BUOH:H,0
DMF, 1t,6 h 01% \ o
70% (2 steps) 0°C, 96 h
47 63 71% (2 steps)
_otes _oTBS _ _OR
 omn . on i) TFAA, DMSO :
o o DIPEA, CH,Cl, ({Y
S, oTBDPS DDQ, CH.Cly N\, oTBDPS -30°C.1h \ “u,  OTBDPS
\ =
0., A0 45°C,9h 0, A0 ii) PhaP=CH O
R 7% R toluene
HO HO 40 °C, 30 min
46 Ho OTBDPS 65 71% (2 steps) 43, R=TBS CSA, MeOH
~, 0°C, 2 h, 93%
\ 67,R=H
48

Scheme 3. Synthesis of Eribulin Fragment C14 to C28.
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As shown in Scheme 3, the synthesis of C14 to C28 fragment of Eribulin commenced
from the acetonide protected D-glyceraldehyde and employed reliable and easy to do chemical
transformations such as Barbier crotylation, C-allylation, Au-catalyzed
cycloisomerisation/reduction, cross-metathesis, Sharpless asymmetric  dihydroxylation-

cycloetherification and a one carbon Wittig homol ogation in this endeavor.

Further, the applicability of the one-pot gold cycloisomerisation/reduction protocol in the
construction of 1,4-cis-fused tetrahydrofuran moiety, the synthesis of C27 to C35 fragment of
Eribulin has been executed by employing the advanced intermediate 80. The substrate 80 has
been synthesized via a coupling between the aldehyde 79 and the alkyne 70. As shown in
Scheme 4, the adehyde fragment 79 was synthesized from L-malic acid while the akyne
fragment 70 was synthesized from the alcohol 57. The substrate 80 on TBS deprotection
followed by [Au]-cycloisomerisation/reduction approach resulted the inseparable diastereomeric
mixture 81, which on oxidation with the Swern condition, resulted the ketone 82, as a single
diastereomer in lower yield. Currently, work in the direction of improving yield as well as to

installing the methyl sulfonyl unit with requisite stereochemistry is under progress.

. DIBAL H CH,CI

\/L i) Mel, Ag0, CHyCN OTBSO i) 2Cla 5’\0 0TBS

JS o 1 6 h \)\)\)L 78°C AN O\)\/H/§
Lo

WLOB . ii) DMP, CH,Cl °
ii) TBSOTY, 2,6-lut. OMP. CHoCly OTBS
72 OH CHyCly, 1t, 3 h , 79

64% (3 steps) 66% (2 steps)

MeO.

OH i) DMP, CH,Cly S ~
e t,1h X0 79, n-BuLi, THF
- . T HO
ii) OBR, K,CO3 78:0°C, 3h
Bno MeOH, tt, BnO 53%
73% (2 steps)
57 70
i) n-BusNF, THF MeO,

t,3h

i TFAA, DMSO
i) Au(PPh)CL, AgSbFs |,
- -

DIPEA, CH,Cl,
-

BF 3 OEty, Et3SiH
CH,Cl,, 0°C-1t,2h
23% (2 steps)

-78°C,1h
76%

81 82

67

Scheme 4. Model Synthesis of Eribulin Fragment C19 to C35.
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2.  Towardsthe Synthesisof Eribulin Fragment C14 to C35

In this section, our efforts towards the developing a strategy that comprises of applying a
late-stage cross-metathesis followed by sequential dihydroxylation-cycloetherification reactions
for the construction of the fully substituted C27 to C35 core of Eribulin fragment C14 to C35 has
been described. As shown in Scheme 5, the key intermediate 83 that comprises of the C14-C29
carbon chain of Eribulin was synthesized from D-malic acid using the same protocol as used
during the synthesis of Eribulin fragment C14 to C28 and the cross-metathesis partner — the C30-
C35 fragment 84 was synthesized from D-mannose following simple chemical transformations.
However, the cross-metathesis reaction of these two partners was found to be a difficult task.

i) DMP, CH,Cl,
i, 1h

_— >
ii) PPh3CH, BnO"
toluene, 40 °C, 1 h

61% (2 steps)
88 96 83

Synthesized from
;_0 HO

D-Malic acid in 3 steps
#—O #—O )
0. OH i) CS,, NaH, Mel
° OH  PPhCHeBr  © =  THR1,3h °© = cat H,50, HO _
—_— _ _—
Oxo Oxo ii) n-BusgSnH, AIBN MeOH, rt, 2 h

KO'Bu, THF

HO
Grubb's II (3 mol%)

Cul (10 mol%)
—

Et,0,40°C,36 h

SN} HO OH
° toluene, 80°C, 13 h 55%
40 8;/3 h 72% (2 steps) x
Mannose °
diacetonide 97 98 99
\}—O #O
2,2-DMP, DMsO O _—  TBSClImid. O _
piltitiig athline
rt, 16 h, 31% CH,Cl,, 1t, 6 h
’ HO  OH 60% HO OTBS
100 84
pa
° OTBDPS OTBDPS
—°
84 (3 equiv) 0\7"'-._

BnO™

102

Not formed

Scheme 5. Towards the synthesis of Eribulin Fragment C14 to C35.
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Synopsis

Summary:

e Successfully completed the total synthesis of several bissTHF Cis acetogenins from D-
glucose.

e An andlysis of *C NMR chemica shift deviation on stereochemical alteration has been
carried out with the help of intermediates involved during the synthesis notoryne and its
diastereomers and bis-THF C;5 acetogenins.

e Successfully synthesized C14 to C28 fragment of Eribulin Mesylate from acetonide
protected D-glyceraldehyde in 14 steps with 2.5% overall yield.

e A modular approach for the C19 to C35 fragment has been described via two consecutive
one-pot gold catalysed cycloisomerisation followed by Kishi reduction protocol.

o Attempts towards the synthesis of Eribulin Fragment C14 to C35 have been described.

Futuredirections:

e The developed carbohydrate approach could be extended further for the synthesis of other
acetogenin class of natural products and expand the *C NMR chemical shift analysis, that
can aid the structural assignment of 2-halo/hydroxy THF moieties.

e Finding alternative approach for forging the Eribulin fragment C14 to C35 and extending
these protocols to complete the total synthesis of Eribulin.
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CHAPTER I: Total Synthesis of bis-THF C;5 Acetogenins Introduction

1. Introduction

Five membered ring alicyclic compounds are thermodynamically most stable
compounds due to their reduced interior angle strain (bond angle is ~108°, ideal tetrahedral
bond angle 109.5°). The tetrahydrofuran ring, being a saturated five membered cyclic ether,
attracted chemists due to its presence as a main skeleton in several drugs as well asin natural
products. For example, Eribulin Mesylate, Darunavir, Azidothymidine etc. (Figure F1) are
some of the popular drugs bearing a THF unit. Furthermore, such THF containing

compounds are also widely used in the formulation of several perfumes and flavours.?

e »
oY

o N3

Azidothymidine

Eribulin Mesylate Darunavir Drug: HIV AIDS

Drug: breast cancer Drug: HIV AIDS

FDA Approved: 2010 FDA Approved: 2006 | O Approved:

1987

/« 0
Empaglifiozin Sofosbuvir
Drug: diabetes Drug: Hepatitis C
FDA Approved: 2014 FDA Approved: 2013

Figure F1. Selected Drugs Bearing a THF ring.

Most of the natural products bearing the THF ring as the main skeleton, are derived
from plant acetogenins. These acetogenins belong to the Annonaceae family (Custard-apple
family) and are considered to be the most potent anti-tumor compounds.?

Mucoxin Anthelmintic oxylipids

Figure F2. Representative Examples of Plant Acetogenins
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CHAPTER I: Total Synthesis of bis-THF C;5 Acetogenins Introduction

These acetogenins are white waxy derivatives of long-chain fatty acids (C32 or C34)
and are characterized by the presence of single, adjacent, or nonadjacent tetrahydrofuran
(THF) rings with one or two flanking hydroxyl groups at the a-position of the THF ring and a
y-lactone/alkene terminus (Figure F2).*

The acetogenins isolated from the red algae Laurencia have a unique identity, as they
are structurally/biologically quite different from plant acetogenins. The red agae from the
Laurencia species, belongs to the Rhodomelaceae family in the Ceramiaceae order, and are
widely distributed across the world and produce a vast number of non-terpenoid Cis
acetogenins. The first member isolated in this family is laurencin from Laurencia
glandulifera in 1965 by Irie et. al.> After that, a number of Cis acetogenins were isolated
from the Laurencia species. These acetogenins comprise of a Cy5 carbon backbone with an
enyne or bromoallene terminal and most of them are halogenated. The structures of these Cys-
acetogenins includes a 7 to 10 membered cyclic ether or a bis-tetrahydrofuran skeleton with a

halogen or hydroxy group at the a-position to the ring ether. (Figure F3).°

I\ I\ Il
Br. o, Z Br. o) Z W
"0 Ci "o el "o “Br

(32)-Elatenyne (32)-Laurefurenyne A
(3E)-Elatenyne (3E)-Laurefurenyne B

Notoryne Laurendecumenyne B

Chloroenyne
from L. Majuscula

Clorofucin (X = Cl)
Bromofucin (X = Br) (3E)-Dactomelyne

(32)-Dactomelyne

Lauretin

Laurencin

Figure F3. Structures of Representative Ci5 Acetogenins.

Biogenically, these Cy5 acetogenins are reported to be raised by fatty acid metabolism,
from Laure diol through a series of ion induced rearrangements.” As shown in Figure F4, the
trans akene derived cyclobromonium ion of laure diol was regioselectively attacked by one
of the hydroxy groups of laurediol to form the eight membered cyclic ether
Deacetyllaurencin. The cis-olefin unit of the eight membered ring ether, deacetyllaurencin,

was further attacked by the bromonium ion with subsequent opening of the cyclobromonium
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CHAPTER I: Total Synthesis of bis-THF C;5 Acetogenins Introduction

ion with the free hydroxy group providing the dioxabicyclo[5.2.1]decane compound
Bromofucin. Further, one of the lone pairs of the ring oxygen displaces the bromine atom
intramolecularly by forming an oxonium ion F4.1, where two electrophilic centres at C7 and
C12 are formed. If the nucleophile (in the form of halide or hydroxide ion) attacks at the C7,
the adjacent bis-THF Cy5 acetogenins results on the other hand, if the nucleophile attacks at
C12, then the fused natural products Chlorofucin and Bromofucin are formed.

/—\QH Il

= S

Q @ H * 7
Br OH =

Laurediol Deacetyllaurencin

X O =
N\
., Attack at C12 — Br/Cl/OH
-

o] o —

o " \
_~  X=Cl, Chlorofucin o,
o K_

X = Br, Bromofucin
¢ O
-

Br,
OH A~
—_— .
Q} S O)ﬂ

Bromofucin

Br/CI/OH

Br. %
O S Attack at C7 F4.1

g "y

Y = Cl, Laurendecumenyne B
Y = Br, (E/Z)-Elatenyne

Figure F4. Proposed Biosynthetic Routes for the bis-THF Cy5 Acetogenins.

The acetogenins of this Laurencia Species have attracted a great deal of synthetic
attention, mainly due to the problems associated with their structural eucidation and because
many of these family members have been assigned with the wrong structures. The problem in
the structure assignment arises due to the overlapping proton NMR chemical shift signa of
methine (-CH) protons of the adjacent hydroxy or halogen groups® A number of such
problems were observed in case of C,5 acetogenins. (E/Z)-Elatenynes, a Chloroenyne from L.
Majuscula, Laurefurenynes A/B and Laurendecumenyne B. For example, (E/Z)-Elatenynes
were isolated twice from different marine agae with the putative structure,” and later, the
structure was modified by Burton et. al. by computational analysis and total synthesis.’®!* A
structurally similar natural product Chloroenyne was isolated by Sticher et. al. in 1993 to
which the structure was wrongly assigned.’? Later, in 2019, the structure was reassigned by
Burton’s group through atotal synthesis.® Two related natural products - Laurefurenynes A
and B, were isolated by Abgreed and co-workers in 2010* and the initialy assigned

structures were corrected in 2013 simultaneously by the Burton and Britton groups.®*® The
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nature of these natural products, particularly their isolation and structural elucidation, are

explained individualy in the following section.

1.1. (E/Z)-Elatenynes (1983/89)

In 1983, Reiss and co-workers isolated (Z)-Elatenyne from Laurencia Elata at the St.
Pauli’s beach, Victoria. The original proposed structure of Elatenyne bears a bis
tetrahydropyran (THP) scaffold, which is similar to dactomelyne'” (whose structure was
known by single crystal XRD), with a bromo substituent on each THP ring. The structure of
(2)-elatenyne was characterised by mass fragmentations, *H, **C NMR chemical shifts and
proton-proton coupling constant values. Additionally, the structure of Elatenyne was
characterised by a number of chemical degradations and NMR chemica shift vaues in

comparison with Dactomelyne.
I I

(2)-Elatenyne (2)-Dactomelyne
(proposed structure) (structure confirmed by XRD)

Figure F5. Structures of (2)-Elatenyne and (Z)-Dactomelyne.

Later, in 1989, Erickson and co-workers isolated the isomer (E)-Elatenyne from
Laurencia majuscula on the north shore of Oahu, Hawaii.'® Originally, the name of the
natural product was Lauroxolane. The structure of Lauroxolane was proposed to pose an
adjacent bis-THF framework with one bromine atom placed on each tetrahydrofuran scaffold.
The structure of Lauroxolane was proposed with the help of 2D NMR spectroscopy and *H
NMR chemica shift and coupling constant values. However, the stereochemistry at C9 and

C10 was not confirmed.

Br. O,

/10
15 "0
Br

Lauroxolane
from L. Majuscula

Figure F6. Structure of the (E)-Elatenyne alias Lauroxolane.

1.2. Notoryne (1991)

Notoryne, along with Laurencin, were isolated from an organic extract of red algae
Laurencia Nipponica by the Suzuki group in 1993.%° The structure of Notoryne contains an
adjacent bis-THF framework with a chloro or bromo substituent on each THF unit. The

stereochemistry of Notoryne was established with the help of chemical degradations of
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notoryne to a known intermediate that could also be synthesized from the known Laurefucin,
the structure of which was established earlier with the help of single crystal X-ray diffraction

studies.

Notoryne Laurencin (Z)-Laurefucin

Figure F7. Structures of Notoryne, Laurencin and Laurefucin.

1.3. Chloroenyne (1993)

Seven natura metabolites (six Cis acetogenins and one sesguiterpene) from the
marine red algae Laurencia Majuscula (from a deep-water cora reef) were isolated by
Sticher and co-workers in 1993. The structure of all these natural metabolites were
established with the help of extensive NMR spectral data analysis. A special case was
observed in one of the chloroenyne natural products whose structure has a similarity to that of
Dactomelyne. The skeleton of the corresponding Chloroenyne possesses a bis-THP motif
with a chlorine atom in the THP unit bearing the enyne terminal and a hydroxy group on the
other THP unit unlike Dactomelyne which bears a bromine atom on the second THP unit.

HO, A~ L0 s Br,_~H o
Chloroenyne (E)-Dactomelyne

from L. Majuscula
putative structure

Figure F8. Putative Structure of Chloroenyne from L. Majuscula.

1.4. Laurendecumenyne B (2007)

In 2007, Wang and co-workers isolated five non-terpenoid C;s-acetogenins including
two bissTHP Cjs-acetogenins ((2)-Elatenyne and Laurendecumenyne B) from Laurencia
decumbens at the Weizhou Island, Chi na®® The sructure of laurendecumenyne B was
proposed to bear a bis-tetrahydropyran scaffold with a chloro and a bromo substituent at the
C7 and C12 positions respectively.

y
BrJ2 : 0O = ¥ X
B 0" = Cl

z |
(0) R C

Laurendecumenyne B (Z)-Dactomelyne

Figure F9. Structure of Laurendecumenyne B.
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1.5. Laurefurenyne A/B (2010)

Laurefurenynes A and B were isolated by Abgreed and co-workers in 2010 from the algae
Laurencia Sp. The proposed structure contains a bis-THF moiety with two hydroxyl groups at
the second position of each THF unit.

Il

HO, 7 HO, 7
0 0 >

0) o o) “oH

Laurefurenyne A Laurefurenyne B

Figure F10. Structure of Laurefurenynes A/B.

1.6. Total Synthesis of putative structures of Elatenyne and a

Chloroenynefrom L. Majuscula
In 2006, Burton and co-workers reported the first total synthesis of the putative

structure of Elatenyne and a Chloroenyne from L. Majuscula and concluded that there was
misassignment in the reported structures.’® Their synthesis began with methyl glycosidation
of the bis-lactone S1.1, where both the methoxy groups of the resulting glycosides S1.2 and
S1.3 were eiminated with trimethyl silyl iodide to give rise to the fused bis-dihydropyran
S1.4. The resulting fused dihydropyran was epoxidized and subsequently opened with allyl
nucleophile to create the symmetric bis-alyl diol S1.5. Next, both the hydroxy groups of
compound S1.5 were protected as their TBS-ethers and, subsequently, both the alkene groups
of the resulting compound were subjected for ozonolysis followed by reduction to obtain the
corresponding diol S1.6 in 82% yield. One of the hydroxyl groups of the resulting symmetric
diol was protected as its TES-ether and the other hydroxy group was deoxygenated to
introduce the pendant ethyl group of the natural product. Next, 1°-OTES in the resulting
compound S1.7 was selectively deprotected and the cis-enyne unit was installed by following
atwo-step protocol that comprised of oxidation to adehyde and Peterson olefination. Further,
both the TBS protecting groups of compound S1.9 were deprotected and subsequently a Sy2
bromination was performed on the corresponding bis-O-triflate derivative to install both the
bromo substituents with the required stereochemistry and then, deprotection of the trimethyl
silyl group provided (Z2)-Elatenynein 14% yield. (Scheme S1)
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i) DIBAL-H, CH,Cl,

o Ac,0, Py, DMAP H
m -78°C Meo m m MegSil, CHiCN (™ ° ]
‘., _—
070 iy MeOH, Hel OMe  then ( Me3S| ,NH o
rt, 72% (2 steps)
$1.1 s1.2 3 s1.4
OH )
i) DMDO, NaHCO4 i) TBSOTY, EtzN H i) TESCI, EtsN
CHCly, rt CH,Cly, 1t TBSO,,, o) CH,Cly, rt
i) (CH;=CHCH,),Mg ii) 03/05, CH,Cl, 8 o ii) TsCl, EtzN
Et,0, THF, -78 °C MeOH, PPhs HO © H oTBS DMAP, CHCl,, rt
57% (4 steps) NaBH,, -78 °C iii) LIBHEt5, Et,0
$1.5 82% (2 steps) $1.6 1t, 63% (3 steps)

TBS _ qys
OTES

(0] . . =
. =z i) t-BuLi, Ti(OiPr)4 H A
meso, ~Ho ) KaCO3, MeOH. it 155, H g THF, -78 °C TBSO, -0 ™S
i) n-PryNRuO4 ii) TSOH, MeOH "
0- “OTBS  NMO, CH,Cly, tt 07~ “otes rt) 56% (2 steps) 07 OTBS

H 95% (2 steps)

S$1.7 §1.8 $1.9

i) Tf,0, Py, CH,Cl,, rt

ii) n-Bu,NBr, THF H N
reflux Br z O

.

iiiy n-BusNF, THF, -5 °C + o

14% (3 steps) H

(Z)-Elatenyne

Scheme S1. Total Synthesis of the Putative Structures of (2)-Elatenyne.

The synthesis for the Chloroenyne began with the selective O-silylation followed by
Sn2 chlorination of compound S1.5. Next, the O-silyl group of the obtained compound S2.1
was deprotected under acidic conditions and the resulting free hydroxy group was subjected
for a two-step protocol (oxidation to keto derivative and a substrate controlled reduction) to
invert the stereochemistry of thisfree —-OH bearing carbon center.

iC):I:ECSICIYtEtSN ~ i) n-PryNRuO, 7z
5Cla, T H NMO, CH,Cl, t H

ii) TF,0, Py, CHClp, it TESO1,_~G0 ii) NaBH,, MeOH, it TESO 0

i) n-BugNCl, toluene =z 0 = cl i) TESCI, EtzN = O }f| Cl

reflux, then CH,Cly, rt
Amberlyst 120, MeOH 56% (3 steps)
$1.5 28% (3 steps) S2.1 S2.2

PPh;Br

20 TMs—=— TESO i) I, PPhg, Imid.
050z CH,Cl  TESO, i) n-BuLi, THF, 78 °C /m/\ CH4ON, 1t
_—— .

then PPh3 cl ") NaBH,, MeOH, rt HO ii) Zn, AcOH, rt
-78 °C, 95% 57% (2 steps) iii) n-BugNF, THF
rt, 88% (3 steps)

S§2.3 S2.4
HO. o) F

%

= Cl
H

Chloroenyne
from L. Majuscula

Scheme S2. Total Synthesis of a Chloroenyne from L. Majuscula.

This was protected again as its TES-ether and subsequently both the alkenes were
oxidatively cleaved to obtain the bis-adehyde S2.3. One of the adehyde functiona groups of
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compound S2.3 was homologated with the propargyl Wittig reagent, whereas the second
aldehyde group was reduced to the primary alcohol S2.4 and then deoxygenated. Finaly, the
deprotection of the triethylsilyl group afforded the Chloroenyne.

1.7. Observations

After the Burton group synthesized both the natural products, it was observed that the
NMR chemical shifts of the synthetic samples were not in good agreement with the values
reported for the corresponding natural products by isolation groups. After a careful
observation on a number of related isomers, Burton’s group observed that the *C NMR
chemical shift values of the fused methine carbon (CH-O), in the case of fused bis-
tetrahydropyran unit, should not exceed 76 ppm and that the corresponding chemical shift
values for the adjacent bis-THF compounds should be more than 76 ppm.?* At the outset, it
has been concluded that these natural products bear a bis-THF unit.

0% o)

0 Br o o

(2)-Elatenyne Laurendecumenyne B
reassigned structure reassigned structure

5 < 76 ppm 5 >76 ppm

Figure F11. ®*C NMR Chemical Shift Observations and Proposed Structures for
(2)-Elatenyne and Laurendecumenyne B.

1.8. Total Synthesis and Structure Revison of Elatenyne,
L aurendecumenyne B and L aurefurenynes A/B

In 2012, Burton’s group reported the first total synthesis of the revised structure of
(E/Z)-Elatenynes from 1,5-hexadien-3-ol.** The key steps in their strategy involved a cross-
metathesis for the key carbon framework construction and an intramolecular regioselective
epoxide opening and Sharpless asymmetric dihydroxylation-cycloetherification for the key
bissTHF unit construction (Scheme S3). The synthesis commenced with the Sharpless
asymmetric epoxidation of 1,5-hexadien-3-ol, followed by protection of the free hydroxy
group as its PMB/PBB ether and finally opening of the epoxide with methyl Grignard reagent
to obtain olefin S3.4 in 89% yield. Both intermediates S3.2 and S3.4 were subjected for
cross-metathesis followed by asymmetric dihydroxylation with AD-mix-a, which provided
the diol S3.5. The diol S3.5 was then subjected for intramolecular epoxide opening under

mild acidic conditions and both the hydroxyl groups in the resulting compound S3.6 were
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mesylated and then treated with TBAF to affect the-OTES deprotection and concomitant
intramolecular displacement resulting in the bisTHF compound S3.7. Next, nucleophilic
displacement by the iodide ion followed by its displacement with the vinyl Grignard reagent
led to the vinyl adduct S3.8 in 58% over three steps.

OH L-(+)-DCT, Ti(O'Pr), OH NaH, PBBBr oPEB
- : e :
Z 'BUOOH, -20 °C, 42 h 0 1, 16h,95% 0
38%
1,5-hexadien-3-ol 83.1 §3.2
PMB = para-MethoxyBenzy|
i) NaH, PMBBr OH TESCI, Imid. OTES PBB = para-BromoBenzyl
ol e Mo I e CHOION e I
ii) MeMgBr, Cul SPMB 89% (3 steps) SPMB
-23°C,1h
$3.3 S3.4
i) 83.2, G-Il OTES
1,4-benzoquinone OTES OH OPBB Me, i) MsCl, Et3N, CH,Cl,
CH,Cly, reflux, 3 h Me ~ 1% CSA, MeOH \ o] OH 0°C, 10 min
. Z - - N _—
H N PMBO .
i) AD-Mix-o., MeSO,NH, PMBO  OH o 0°C,3h ud opBB i) TBAF, THF
t-BUOH:H,0, rt, 71 h 72% r, 16 h
32% (2 steps) S3.5 S3.6 66% (2 steps)
i) TBAI, toluene
reflux, 16 h \
ii) CH,=CHMgBr, Cul N. N
benzene, THF, 40 °C C i \r i )
PMBO. O OMs 4h HO. O 7 <l
o - o CIVTU_ \
‘0 OPBB i) BClg, CH,Cl, ‘0 OPBB Py,
rt, 30 min G-l
83.7 58% (3 steps) S$3.8

Scheme S3. Synthesis of Key fragment S3.8.

To install the bromine atoms with the requisite stereocenter, first the stereochemistry
of the free hydroxy group of the S3.8 was inverted by using the Mitsunobu reaction and then
the PBB group was deprotected. (Scheme $4).

i) DIAD, PPh3

HO, o ~  Pp-NO»-CgH,COH HO,

G Br. Va
THF, 0 °C. o1 . ) CBry, PPhy 0

~ _— Q
g i) K,CO-. MeOH o) toluene, 80 °C &) Y
OPBB rt) 22h 3, OH 75 min, 70% Br
$3.8 iii) BClg, CH,Cly s4.1 S4.2
rt, 30 min
80% (3 steps)

04/0p, CH,Cly Br o 0 TMSCE(lSCHzTBS
PPhg, -78 °C t-BuLi, THF n-BuyNF, THF  Br.
- e , _— - >
15 h, 85% 0 “Br o 0°C, 30 min
' Ti(OPr)4, 1 h .0 o
83% o
$4.3 S4.4 (2)-Elatenyne
TMSC=CCH,PPh,Br
Br. V Br. 7
n-BuLi, THF O S n-BuyNF, THF 0 =
$43 > R Sws — D SN
-40 °C, 30 min "0 “Br 0°C, 30 min e gy
2 h, 80% 98%
S4.5 (E)-Elatenyne

Scheme $4. Total Synthesis of (E/Z)-Elatenyne.
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This was followed by a double Sy2 bromination on both the hydroxy groups, which
resulted into the dibromo compound $S4.2. For the synthesis of (Z)-Elatenyne, the terminal
alkene of compound $4.2 was subjected for ozonolysis followed by Yamato-Peterson
olefination to afford (2)-enyne $S4.4. Finally, silyl deprotection of compound $4.4 provided
the (2)-Elatenyne.

Next, for the installation of the trans enyne unit of (E)-Elatenyne, the intermediate aldehyde
4.3 was subjected for a Wittig olefination to obtain the trans-enyne S4.5.Subsequent
deprotection of the TM S group resulted in the formation of (E)-Elatenyne.

1.9. Biomimetic route for ent-Elatenynes and ent-
L aurendecumenyne B

In the same report, Burton and coworkers reported a biomimetic route for the total
synthesis of ent-Elatenynes and ent-Laurendecumenyne B.™ The synthesis involved an ion
induced oxonium ion intermediate for the key skeletal construction (Scheme S5).
Etherification of commercialy available  alcohol S5.1 under N,N-
dimethylchloromethylacetamide gave the amide S5.2. The Lemieux—Johnson oxidation of the
alkene S5.2 provided the aldehyde S5.3, which was then subjected for a stereo-controlled
alylation (chelation) to prepare akenol S5.4.

/
lItributyltin
o} a HO.
\/( CICH,CONMe, \/( 0s0,, NMO \):/ MgBr, OEt,
- - (o] - (0]
oH O/\( O/Y O/Y

NaH, THF, rt acetone/H,0 CH,Cly, rt, 15 h

h, 939 t,3h N 92% (2 steps .
3h, 93% Me/ “Me Me” “Me b pe) Me/N Me
S$5.1 S§5.2 §5.3 S5.4
= i) CICH,S0,CI ~
J 2,6 lut., CH,Cl, J Brin/ N
LiHMDS, allyisr ~ HO P t,1.5h Bra, 2 G-I, CH,Cl,
[ H _ > H _ = 5 o0—
~° iy Li A0 )
THF, -40 °C () i) LiBr, Et,O/THF (o) 40°C,12h /=0
85% /\N( 6h,rt /\N( 64% Me—N,
dr:9.3:1 Me” “Me  72% (2 steps) Me” “Me Me
S$5.5 8§5.7
i) BnO(CH,);MgBr
THF, rt _NBS, CH,Cl, \BF/QJ _ CHCN Bn
ii) L-Selectride rt,2h, 91% 80°C,10h
-78°C,1h 93%
87% (2 steps) —\—OBn
$§5.9 §5.10
PhSeBr, SiO,
K,COj3, CH,Cl, T
rt, 20 h
70%
i) Hp, Pd(OH),
THF, 10 min steps
ii) 0-NO,CgH,SeCN
(oct)3P, THF
H20,,12h ent-S4.2 ent-(E/Z)-Elatenynes

85% (2 steps)

Scheme S5. Synthesis of (E/Z)-Elatenynes.
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Diastereosel ective C-allylation of the amide S5.4 and its Sy2 bromination afforded the
dialkene S5.6, which upon aring closing metathesis, resulted in the oxocane S5.7. Next, a 5-
endo-trig bromoetherification or a 5-endo-trig selenium ion induced etherification on the
substrate S5.8 resulted in the key bis-THF framework via an ion induced rearrangement.
Further, deprotection followed by hydroxide elimination by employing Grieco’s method gave
the ent-$4.2. Finaly, the akene ent-S4.2 was converted to ent-(E/Z)-Elatenynes by
employing the same protocols that were used for the synthesis of Elatenynes. (Scheme S5).

For ent-Laurendecumenyne B, the alcohol S5.8 on selenium ion induced chloride
rearrangement led to the alkene S6.1. The synthesis of ent-Laurendecumenyne B was then
completed by following the steps used in the earlier syntheses.

PhSeCl, SiO, i) Hp, Pd(OH),
K,COj, CH,Cl,  Br/,, o, OBn THF, 10 min Br,, O, A
[ —— S - . S
rt, 20 h o - ii) 0-NO,CgH4SeCN o ol
69% (oct)sP, THF
$5.8 OBn $6.1 H20,, 121 $6.2

86% (2 steps)

steps

ent-Laurendecumenyne B

Scheme S6. Synthesis of ent-Laurendecumenyne B.

In 2013, Burton and coworkers further extended their structural reassignment
approach for the synthesis of Laurefurenyne B.'> The intermediate S3.8 on hydrogenolysis
followed by a double Mitsunobu inversion resulted in the precursor S7.2, which was then
converted to Laurefurenyne B by employing a two-step protocol such as, cross-metathesis

with crotonaldehyde and a Colvin—Ohira homologation.

i) DIAD, p-NO,-CgH4CO,H
i) p-NO2-CeH,COH - o

PMBO, 0 Z 8ol cHcl, 1O 0 Z PPhy, THF, 1, 12h
Mhe TRR 12D
< _ < <
"o t, 6 h, 94% e ii) K,CO3, MeOH, t, 3 h g
OPBB o OH Ty e OH
3.8 s7.1 7.2

i) crotonaldehyde, G-I

CHCly, 40°C, 1.5h  HO., 7
CHaCl, 40°C, 150

ii) TMSCH,N,, LDA g “'OH
THF, -78 °C, 1.5 h
45% (2 steps) Laurefurenyne B

Scheme S7. Total Synthesis of L aurefurenyne B.

Table T1 describes the year of isolation, proposed and reassigned structures of different Cis

acetogenins.
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Table T1. Structure Reassignment of bis-THF C;5 Acetogenins.

Name/l solation Proposed Structure Revised Structure
(2)-Elatenyne (1986) ) \JI (I
Br: 2 0o\ F Br. 0 %
From L. Elata \\(OjH/\JB ™
(E)-Elatenyne (1989) o o™~ NPT
"o “Br "o “Br

From L. Majuscula

Chloroenyne (1993) HO, q“oJ\/N
A
"o “cl
H

From L. Majuscula

Laurendecumenyne B (2007) f Il
Br. = O Pz Br.

From L. decumbens

Laurefurenynes A/B (2010) NP

From L. Sp.

1.10. Total Synthesis of Laurefurenyne A

In 2013, Britton and co-workers reported the structural revision of Laurefurenynes A
and B by synthesizing four possible diastereomers.’® The synthesis involved sequential
enantioselective chlorination, the diastereoselective aldol reaction and a hydroxy directed
diastereoselective Luche reduction, followed by cycloetherification reactions for the key
skeletal construction (Scheme S8). The synthesis commenced with the enantioselective
chlorination of propionaldehyde and subsequent aldol reaction to obtain the chlorohydrin
S8.5. The Luche reduction of the ketone S8.5 and subsequent cycloetherification resulted in
the intermediate S8.7. The free —OH group S8.7 was protected as its TBS ether, and then the
olefin was subjected for oxidative cleavage to produce the key intermediate ketone S8.8. A
similar asymmetric chlorination of aldehyde S8.2 (prepared from the TM S protected pentynol
S8.1) and subsequent aldol reaction of the chloroal dehyde with the above ketone S8.8 formed
the chlorohydrin S8.9. Following the established two-step protocol, the chlorohydrin was
converted to the bisTHF derivative S8.10. Following the established transformations,
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intermediate S8.10 was transformed to lead to the synthesis of Laurefurenyne A with the
proposed structure. With the synthesis of other three diastereomers, and by comparison of
NMR chemical shift values, the structure of Laurefurenyne A was reassigned, as shown in
Scheme S8.

"0 OH “'OH
S$8.12 Laurefurenyne A
__Proposed Structure ] revised structure. ..
Si(vie) i) DIBAL, THF o LiCl, Cu(CO,CF3), Cl Ho o
i(Me); 60°C,5d A Na,S;0g, CH3CN N
HO\/\/ > Y\/\ s : OY\/\
- H Si(Me)s = HN—, *TFA
ii) DMSO, (COCI), ent-S8.3 Si(Me)s "
S8.1 -78°C,Et;N, 1h s8.2 0°C, 12 h, 63% S8.4 $8.3
73% (2 steps)
i) LiCl, Cu(CO,CF3),
Na,S,0g, MeCN, H,0 O OH OH OH o,
j\/\ $8.3,0°C, 12h NaBH,, CeCly7H,0 AgOTf, Ag20 \)/\_</
B Y _
H ii) (3E)-3-methyl-3- | & MeOH, -78 °C, 40 min | THF rt
penten-2-one 86% (d.r. 5:1) 36 hr, 67%
LDA, THF, -78 °C, 0.5 h $8.5 S8.6
70% (2 steps)
_ SilMe), ) MeuNBH(OAC); (Me) SS'
i) TBSCI, Imid. TBSO,, LiHMDS, THF TBSO,, MeCN, AcOH  TBSO,,
CHZCIZOCH12h 40C05h 4OC12h
% g
i) O3, CH,Cl,, PPh3 then S8.4 ||) Ag,0, AgOTf
-78°C, 63% (2 steps) 0.5 h, 39% THF, rt, 12 h $8.10

38% (2 steps)

i) [Pd(PPhj),], Cul
i) TBSOTT, 2,6-lut. Et;N, HCCSiMe;
CHZCIz 0°C,2h TBSO,, rt, 14 h
_ >
i) NIS, CH3CN ii) n-BuyNF, THF
OTBS

rt, 14 h, (Z/E = 2:1) 0°C,12h
57% (2 steps) s8.11 69% (2 steps) $8.12
Proposed Structure

Scheme S8. Total Synthesis of Laurefurenyne A.

1.11. Total Synthesis of Notoryne and Structure reassignment of a
Chloroenynefrom L. Majuscula

In 2019, Burton and co-workers reported the total synthesis of Notoryne and
confirmed the structure of a Chloroenyne from L. Majuscula with the additional help of
computational studies for *C NMR chemica shift values of al diastereomers of
Chloroenyne.™® Their synthesis is similar to the reassigned Elatenyne synthesis. The synthesis
commenced with the Julia-Kocienski olefination of aldehyde S9.1 employing sulfone S9.2 to
afford the trans-alkene S9.3. The asymmetric dihydroxylation of akene S9.3 followed by
acidic cycloetherification resulted in the alcohol S9.4. Next, double mesylation followed by
base mediated cycloetherification resulted in the bis- THF mesylate S9.5, which on vinylation
followed by selective benzyl deprotection and chloride nucleophile displacement resulted in
the precursor S9.6. One of the chloroenyne diastereomers S9.8 was then synthesized by using
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the same procedures that were employed for the synthesis of Laurefurenyne B. By varying
the stereocenters at C6, C7, C9 and C10 and employing a similar protocol, the three

diastereomers were synthesized.

i) AD-Mix-B
N MeSO,NH,,
TBSO NN 0Bn NaHMDS oTBs 0Bn +BuOH:H,0  PMBO,
\)\NO + \N/K W _ M m24h /_)_\_iojo\\\OH
7 / S . - . _— / N
: PH S oy DME, rt, 2 h H -/ BN .,
OPMB g © o 80% OPMB O i) (£)-10-CSA 5H “OBn
9.1 CH,Cl, 0°C, 2 h .
. s9.2 $9.3 55% (2 steps) S9.
i) MsCl, i-Pr,NEt
CH,CI,, 0°C, 1h OMs i) Li, 4,4'-di-tert-butyl-
ii) (£)-10-CSA PMB i) BusNI, toluene 1,1"-biphenyl, THF
CH,Cly, MeOH, rt, 24 h T MBO O, 110 °C,16h  PMBO. 01~ 78°C.3h PMBO Oun
— . B ——— N
i) t-BuOK, t-BuOH "0 “oBn i) vinyMgBr, THF " “OBn i) CClg, PPh, CH,Cly Y CI
rt, 2 h, 52% (3 steps) 40°C,3h S9.6 1, 3 h, 60% (2 steps) $9.7
$9.5 48% (2 steps) : A
steps  HO o Z HO o 2 < HO %
. R \
"IO Cl 'I/d C‘ "/CI
S9.8 S$9.10 Chloroenyne from

L. Majuscula

Scheme SO. Total Synthesis of a Chloroenyne from L. Majuscula.

Along with the synthesis of Chloroenyne, the total synthesis of Notoryne (Scheme
S10) has aso been accomplished by following the same protocol that had been employed by
this group during their synthesis of ent-Laurendecumenyne B. However, the stereocenters for
the Notoryne precursor S10.1 were atered at C12 and C13 relative to the precursor of ent-
Laurendecumenyne B (i.e compound S5.8 of Scheme S5).

PhSeCl, SiO, i) Ha, Pd(OH),
Br K,COj, CH,Cl, Br. on, THF, 10 min Br 01~ steps " 01 A~
~ R _— S _— S LN Q
WOH  T,20h Ks) o/ OBnii) 0NO;CeHsSeCN ) o ) -
69% (oct)sP, THF
Hy02, 12 h Notoryne
$10.1 oBn $10.2 86% (2 steps) $10.3

Scheme S10. Total Synthesis of Notoryne.

1.12. Total Synthesis of Elatenyne, L aurendecumenyne B and ent-
Notoryne

In 2019, Burton and co-workers reported a bio-inspired oxonium ion rearranged
synthesis of several Cys acetogenins.?? The synthesis commenced with the regioselective
opening of epoxide S11.1 with vinyIMgBr followed by cross metathesis to afford the trans
akene S11.3, which was subjected for simple chemical transformations and key
cycloetherification to synthesize the advanced bicyclo[2.2.1] heptane intermediate S11.6. The
interna olefin present in S11.6 was selectively epoxidised and then the bond was opened
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with the bromide ion and, upon mesylation of the free —OH of the resulting diastereomeric
hal ohydrins, the mesylates S11.7 and S11.8 were formed.

ZMgBr
0, o 9 i) Ac0, Et;N AcQ o allylTMS
AQ.-.O Cul, THF CH,Cly, 1t, 6 h /\/\)\Q...o BF3.OEty, CH,Cl,
< [N T
‘0 20°C, 1h ii) trans-3-hexene ’O)< rt, 6 h.
83% G-II. CH,Cl, 75%, d.r. 4.2:1
s11.1 s11.2 it 1 h 85% s11.3
AcO n
o i) MsCl, EtzN
_ (:H2(3|2 ,1h NaH, DMF o A
% / j°
“OH ii) ch03 MeOH rt, 6h H
H,O,rt, 4 h 85%
s11.4 80% (2 steps) S11.5 S11.6

i) m-CPBA, CH,Cl,
r, 6 h

ii) MgBry Et,0

Et,0, tt, 2 h V)(_\ V)(_\
— Y >

ii) MsCl, Et3N,

CH,Cl, 0°C, 1h

60%, (3 steps)
dr.=2:1 S11.7 S$11.8

Scheme S11. Synthesis of Key Intermediates S11.7 and S11.8.

Intramolecular bromonium ion formation followed by etherification of both the
intermediates S11.7 and S11.8 led to the precursors of Chlorofucin/Bromofucin (S12.1), ent-
Laurendecumenyne B (S11.10) and Neoprelaurefucin (S12.1). The cis/trans units for the

respective natural products were introduced by following the earlier protocols.

/(C)’\/ —=0Q
steps
Brw
H TiCly, AgAl(pftb), CH,Cl, >0 ~

CH,Cl,-40°C, 2 h —

MsO, (o}
d o N\ )
and then -78 °C S$12.1 X = Cl, (E/Z)-Chlorofucin
H ) X = Br, (E/Z)-Bromofucin

Br add BuyNClI or BuyNBr

0]
ﬁg)(_\\ "0 ol
\

®

S11.7

$12.2 Laurendecumenyne B
(E)-Laurendecumenyne B

TiCly, AgAl(pftb)s-CH,Cl, -
CHZCIZ -40°C, 2h _ steps
B Br
u4NCI or BuyNBr

$11.8 $12.3 ent-Neoprelaurefucin

Scheme S12. Total Synthesis of Chlorofucin, Bromofucin and ent-Neolaurefucin.

Succeeding a silica mediated rearrangement on Chlorofucin, Bromofucin and ent-
Neoprelaurefucin resulted in the bissTHF natura products Laurendecumenyne B, (E/Z)-
Elatenynes and (E/Z)-Notorynes respectively (Scheme S13).
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ent-neopre-Laurefucin

hexane, 80 °C

76%

ent-(E/Z)-Notoryne

‘activate silica gel

Il

(E/Z)-Bromofucin

hexane, rt
61%

O

’(5

(E/Z)-Elatenyne

“Br

\activate silica gel

Il

7

(ElZ)-Chlorofucin

hexane, 80 °C
76%

Il

\activate silica gel

e “10l

Laurendecumenyne B
(E)-Laurendecumenyne B

Scheme S13. Total Synthesis of ent-(E/Z)-Notoryne, (E/Z)-Elatenyne and (E/2)-

Laurendecumenyne B.

From the above exhaustive compilation, it is evident that the conformational

flexibility present in these Cys-acetogenins posed challenges for the assignment of their

correct structures on many occasions and this has been addressed mainly with the help of ab

initio **C chemical shift predictions followed by total syntheses. However, as one can notice,
the total syntheses documented are lengthy in general and employed asymmetric
transformations for the synthesis of key building blocks, which is another challenge for the
scaleup. Thus, a generalized approach for the total synthesis of this class of natural products,
especialy employing readily available chiral pool materials, is warranted. In the next section,
we will be describing the total synthesis of several bis-THF Cys-acetogenins by starting with

acouple of readily available chiral pool intermediates and by simple synthetic maneuvering.
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2. Results and Discussion

From the beginning of organic chemistry, natural products have represented an
unparaleled source of inspiration for organic chemists, with their intricate molecular
structures, posing difficulties in their structure elucidation as well as their synthesis.” This,
taken together with the fact that natural products present the privileged molecular scaffolds
for the design of novel drugs has made the isolation of new natura products and their
synthesis, very desirable target and led to the sophistication of analytical tools, as well as the
development of new synthetic methods.** The general methods for structural determination
are the High-Resolution Mass Spectra (HRMS), 1D, 2D NMR spectra, and single crystal X-
ray diffraction studies. Out of these methods, the X-ray crystallographic method is the best
one for the exact stereochemica assignment, albeit with a prerequisite that the compound
must be a solid with a crystalline nature. However, in case of compounds that are liquids or
amorphous/waxy solids in nature, structure determination by the X-ray crystalographic
method is not possible. In such cases, exhaustive 2D NMR analysis is the only solution for
stereochemical assignments. In the late 80s or early 90s, due to the rare availability of the
high-resolution NMR spectrometers, the structure prediction by 2D NMR was unreliable and
the usual way for exact structure characterization was chemical degradation of the natural
product to the known intermediates and the rebuilding of the structure with the help of
predictable organic transformations.

In the current decades, with the availability of advanced technology, the problems
associated with the structure elucidation of natural products have been solved with the help of
high-resolution X-ray and NMR spectrometers. Additionaly, the complex structures of
natural products have also been solved partly with the help of density functional theory
(DFT) calculations.®® Coming to the Ci5 acetogenins, which are mostly waxy solids and
having multiple conformationally flexible THF units, the combination of DFT calculations
and *C NMR spectral data analysis has been efficiently employed for assigning their relative
stereochemistry on several occasions. For example, the putative structures of the
Laurefurenynes A and B were corrected by the Britton group and subsequently, by the Burton
group via the total synthesis of diastereomers and by comparing with the computationally
derived **C NMR chemica shifts™!® These C;5 acetogenins, with their flexible C9-C10
bond, that connects the THF rings, and diverse substituents with possible conformational

isomers thus demand the synthesis of the possible diastereomers along with these natura
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products for providing a **C NMR chemical shift library that can be used for the structure
determination of related acetogenins to be isolated.
As a part of our long-standing interest on developing such *C NMR chemical shift

628 the total synthesis of some of these

libraries around the THF-containing natural products,
Cis acetogenins has been taken up. As shown in Figure 1.1, considering the (9R)-
stereochemistry present at the C9 centre in Notoryne, and the (9S9)-stereochemistry present in
the other Cis-acetogenins Laurefurenyne A (6), Laurefurenyne B (7) Chloroenyne from
Laurencia Majuscula (8), Laurendecumenyne B (9) and Elatenynes (10), the synthesis of
these natural products has been planned from the easily accessible epoxides 11?° and 12,
which carry the requisite C9 stereogenic center along with two more additional stereogenic

centers that are easy to manipulate.

Br. O, F Br. 0 F
w10 e
0 cl 0 (o]
Notoryne (1) Diastereomer B (3)
Br. o 7 HO, 7
0 Cl "ol
Diastereomer D (5) Laurefurenyne A (6) Laurefurenyne B (7) ChIoroenyvne (8) from L.
Majuscula
Br. 0 7 Br. 0 Z '>—<OJ\\\O>< '>—<)J\\\O><
g o g o 0% or\—ig 07 9\~
Laurendecumenyne B (9) (E/Z) Elatenynes (10) " 12

Figure 1.1. Targeted bis-THF Cys-acetogenin Class of Natural Products
and Related Unnatural Diastereomers.

The total synthesis of Notoryne (9R) along with its four diastereomers is described in

section A, while the syntheses of other bis-THF C;5 acetogenins (9S) are described in section
B.
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Section A: Total Synthesis of Notoryne and its Four

Diastereomers
Our initial concern in this regard was the Notoryne as there was no total synthesis

reported when this project was initiated. In 1991, Suzuki et al. reported the isolation of
Notoryne (1) as a minor component along with (32)-Laurefucin from the red algae of genus
Laurencia nipponica from the specimen that was collected from the warm current region in
Hokkaido at the Notoro Point near Abashiri.'® The relative and absolute configuration of
notoryne has been established through its chemical degradation, leading to simple
intermediates. The same intermediates have been prepared from Laurefucin and/or Laurencin
natural products (belonging to the same family and having a known absolute configuration
from X-ray crystallographic analysis) and their structures have been confirmed by comparing
the spectral/analytical data. From the number of chemical schemes explored from these three
natural products to arrive at common points, and given the unambiguous chemical correlation
studies reported by Suzuki’s group, it becomes apparent that the structure of Notoryne (1) is
highly likely to be correct. However, given the conformational flexibility and overlapping
signals in their NMR spectra, structura revision is a common feature in this class of natural
products. This, taken together with an ongoing program on the total synthesis of bis-
tetrahydrofuran natural products employing the easily accessible carbohydrate building
blocks, the total synthesis of the Notoryne has been taken up to establish its assigned

relative/absol ute configurations.

:>
relay crost metathesis

R06)

Notoryne (1)

Sﬂ-d/splacementﬂ
OMe bromoethermcat/on \J/>_\/(\/
\_/_>_\j C-allylation

epoxide opening with 1-butyne &
controlled hydrogenation

O— .0
W':/OK ———— D-Glucose
1"

Scheme 1.1. Retrosynthesis of Notoryne.

Scheme 1.1 saliently describes the key retro synthetic disconnection for Notoryne.
The installation of the cis-enyne unit was planned as the final event by proposing the relay

cross-metathesis of allyl glycoside 13 with the enyne ether 14.% Keeping the installation of
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the chloro group by the Sy2 displacement of the C(2)-hydroxyl group, the corresponding
bromo-substituted bis-furanyl C-glycoside 158 was intended from the methyl furanosides 16
through a bromo-etherification followed by C-glycosidation.®®*' The synthesis of the
advanced intermediate 16 was planned from the known epoxide 11, where one of the THF
units with three stereocenters were fixed/pre-fixed. The synthesis of the key epoxide 11 is

known in literature to take place from D-glucose by a simple synthetic maneuver.?’

2.1. Synthesis of Key Allylglycoside 13

The total synthesis of Notoryne commenced with the opening of the epoxide 11 with
lithiated n-butyne. In the *H NMR spectrum of compound 17, the presence of a triplet at & =
1.13 ppm corresponding to the terminal methyl group and the appearance of two quaternary
alkyne carbons at & = 84.7 and 74.5 ppm in the **C NMR spectrum clearly indicated the
expected product formation. The resulting homo-propargyl alcohol 17 was reduced partially
under Birch reduction conditions to procure the trans-homo-allylic alcohol 18 (two sets of
doublets of triplet at 6 = 5.41 and 5.59 ppm with a characteristic coupling J = 15.2 Hz). Next,
the compound 18 was subjected for acetonide hydrolysigmethyl glycosidation employing
catal ytic amounts of sulfuric acid in methanol to obtain the methyl glycosides 16a and 16 in
83% yield with 13:1 diastereomeric ratio. In the *H NMR spectrum, the anomeric proton (-
CHOMe) of the major diastereomer 16 resonated as a singlet at 6 = 4.82 ppm, whereas that
of the minor diastereomer 160 resonated as a doublet at & = 4.70 ppm. A similar trend was
also observed in the *C NMR spectrum, where the anomeric carbon (-CHOMe) of the major
diastereomer 16§ resonated at 109.1 ppm, while in case of the minor isomer 16a, it resonated
at 102.3 ppm.

0 n-BuLi, BF30Et2 Na, llq NH;

(,)>_\J-/,o THF, -78 °C, 3 h >< -78°C,2h

70% 80%
1 17

/_//—>_<OJ.\\O cat. H,SO, /—/_>—\j /—/_>—\j
HO "'O MeOH rt, 6 h
18 83% 1:13

Scheme 1.2. Synthesis of Key Methyl Glycos des 160, and 16p.

Having the key methyl glycoside 16 in our hand, the next task was to construct the
second THF ring and introduce an alyl group in place of the anomeric —-OMe. For the
synthesis of the second THF unit with the requisite stereochemistry, the homoallylic alcohol
160, was subjected for the bromoetherification step by employing freshly recrystallized N-
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bromosuccinimide in dichloromethane to obtain the bromoether 19 as a single diastereomer.
In the *C NMR spectrum of compound 19, the methine carbon bearing the newly added
bromine atom (CH-Br) appeared as a doublet at 46.1 ppm, while the carbon atom of the
newly formed THF ring appeared as a doublet at 88.0 ppm, thus confirming the formation of
the halo ether 19.

Next, the methyl glycoside 19 (Scheme 1.3) was subjected for the C-allylation
employing alylITMS and TMSOTTf in acetonitrile at lower temperature (-40 °C) to obtain the
alyl glycosides 15¢ and 15p in a 7:1 ratio. In the **C NMR spectrum, in case of the trans-
diastereomer (relative to the alyl unit) 15a, the anomeric carbon (CH-alyl, C4) and the
hydroxy containing carbon (CH-OH, C5) resonate at 87.0 and 74.3 ppm respectively whereas
in case of the cis-diastereomer 158, the C4 and C5 resonate at 83.7 and 71.0 ppm
respectively. These chemical shift values are the characteristic values for 1-alyl-2-hydroxy
tetrahydrofuran moieties.*

/ 0-_,OMe Br. 0 OMe
s NBS, CH,Cl, s
/_/_>_\I _— \I{}_\j 8 = 87.0 ppm 8 =83.7 ppm
HO OH  r,4h,70% ‘OR &r Br
160 R=H(19)"7 ac,0, Et;N K 7 O
R=Ac 19-Ac):| CHxCly, rt, 2 h R | trans . cis
( 85% S0 450 g0 O 455 4 0H
_ | AlyiTMs, TMSOTF _ _
R= \CH3CN, 40-0°C,6h 3 =743 ppm 8 =70.9 ppm
78% 5 =831 =8l.
Br. . Z Br. o ° Z l ppm 5 1;1 3 ppm
S N S Br. o P2 Br. e W\ F
R=H (158) — Ac,0, EtsN R=H(15a) — Ac,0, Et;N S0 s T"OAC 0 15p-Ac T"OAC

CH,Clp, t, 2 h CH,Cly, 1, 2 h - -

R =Ac (15B-Ac) 950/2o " R = Ac (15a-Ac) 88"/2:; z 8 =77.5 ppm 8 =74.3 ppm

Scheme 1.3. Synthesis of Allyl glycosides 15a and 15
& Characteristic *C NMR Chemical Shifts.

However, due to the overlapping *H NMR signals (CH-O) of compound 19 and 15a
in the range 3.0 to 4.5 ppm, it was difficult to analyse the structure of these compounds by 2D
NMR spectra. In order to address this, the free —OH group present in these compounds has
been subjected for the acetylation. In general, the acetate attached methine proton (CH-OAC)
will be shifting to downfield/well separated from the rest of ether linked methine protons, and
also provide a handle to assign the connectivity. In case of compound 19-Ac, the observed
strong through space interaction between H2-H4-H8 in NOESY confirmed the cis
relationship between these three protons. Another strong interaction between H1 and H5
further confirmed the stereochemistry of both the THF units of compound 19-Ac. Figure 1.2.
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Figure 1.2: Characteristic Through Space Interactions Noticed in the
NOESY of Compound 19-Ac.
Though the structure of the major diastereomer 15p could be assigned by *C NMR
chemical shift values, in order to have additional support, especialy for establishing the
relative stereochemistry, the 2D NMR analysis of the acetates of both the allylglycosides has

HE 7 H3 H11 H1o O-H H4
_ppm

been carried out.

H4

O-H
H10

HS
H7
HB

Figure 1.3. Observed NOE Interactions in Diastereomer 158.

In the '"H NMR spectrum of diastereomer 158, the methine (CH-OH) protons were
well separated, so, upon anaysing the NOE spectra, two strong interactions between H8-H10
and H4-H7 confirmed the stereochemistry of both the THF rings. (Figure F1.3).

22| Page



CHAPTER I: Total Synthesis of bis-THF C;5 Acetogenins Section A

The diastereoselective formation of bromoether 19 in the bromoetherification step
could be explained by a hydrogen bond directed five membered ring transition state, where
the tetrahydrofuran ring occupies the equatoria position of the transition state. The
bromonium electrophile approaches the nucleophilic alkene from the exo face, thereby
forming the cyclobromonium intermediate, which was then opened intramolecularly by the
free hydroxy group to form the bis- THF compound 19 (Figure 1.4).%

Figure 1.4. Proposed Moddl for 5-endo-trig-Bromoetherification.

After successfully synthesizing the intermediate allyl glycoside 158, we continued to
install the chlorine group with the requisite stereochemistry. For that, the free hydroxy group
of the allyl glycoside 158 was converted to its chloromethylsulfonate and subsequent
displacement with tetra n-butyl ammonium chloride resulted in the bissTHF Notoryne
precursor 13 in 68% vyield. In the **C NMR spectrum of compound 13, the chlorine atom
containing the methine carbon (CH-CI) resonated at 6 = 59.0 ppm, which is the characteristic
value for trans-2-chloro-1-allyl THF compounds (observed during the total synthesis of ent-
Laurendecumenyne B by Burton and co-workers), which confirmed the stereocenter of the
newly installed C-Cl bond.™

i) CICH,S0,CI
2, 6-lut., CH,Cl, Br

0°C,2h D
-t .

ii) n-Bu,NCI, THF e Cl
80°C,4h
81% (2 steps) 13

Scheme 1.4. Synthesis of Notoryne Precursor 13.

Having the key fragment 13 in our hands, the synthesis of the cross-metathesis partner 14
was been carried out. As shown in Scheme 1.5, the cross-metathesis partner 14 was prepared

from (+)-epichlorohydrin by following the three-step literature protocol .*

i) acetylene, Na
lig. NH3, -78 °C, 3 h /
ii) n-BuLi, THF

e . O =TS
TIPSCI, -78 °C, 3 h

iii) AllylBr, NaH

(*)-epichlorohydrin THF, rt, 6 h 14

53% (3 steps)

Do

Scheme 1.5. Synthesis of trans-enyne 14.
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2.2. Total Synthesis of Notoryne

The crucial relay cross metathesis reaction was performed between the alkene 13 and
the TIPS enyne ether 14 in the presence of the Hoveyda Grubbs 2™ generation catalyst to
afford the TIPS-protected Notoryne, which was then subjected for TIPS deprotection with
tetra n-butylammonium fluoride to afford the synthetic Notoryne in 55% yield (Scheme 1.6).

i) HG-II, 14 I\
_ Benzene
Br. On 60 °C, 18 h Br o, /
D - N

ii) n-BuyNF, THF o) cl
-10 °C, 30 min

33% (2 steps) Notoryne (1)

Scheme 1.6. Total Synthesis of Notoryne.

The *H NMR spectral data and optical rotation {[o]®p: +36.4 (c = 0.8, CHCl5); Lit."®
+40.3 (c = 1.03, CHCI3)} of synthetic Notoryne are in good agreement with the data reported
for the natural product by the Suzuki group.’® However there is a strong deviation in the **C
NMR spectral data reported for some of the carbon atoms - C6, C8, C9, C10, C11, C13,
(Table 1) which might be due to the interchange of the carbons during the assignment by the
isolation group.

Table 1. Comparative *C NMR data of Natural and Synthetic Notoryne.

1l
|solation™ Synthetic

c) 82.1 (d) 82.3 (d)

cQ) 79.8(9) 80.0 (9)

cd) 110.8 (d) 1111 (d) 118.0 (d)
C(4) 1395 (d) 139.9 (d) 133.3(d)
C(5) 343 () 345 (b 378 ()

C(6) 87.0 (d) 86.2 (d) 86.4 (d)

c() 59.1 (d) 59.3 (d) 59.0 (d)

c(®) 39.3 (d) 38.2 (1) 38.1 (1)

c(9) 79.9 (d) 80.1 (d) 80.0 (d)

C(10) 788 (d) 79.0 (d) 789 (d)

C(11) 38.0 (1) 39.4 (1) 39.3 (1)

c(12) 472 (d) 473 (d) 473 (d)

C(13) 85.9 (d) 87.2(d) 87.1(d)

C(14) 25.4 (1) 255 (1) 25.4 (1)

C(15) 10.0(q) 10.0 (q) 10.0(q)
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2.3. Synthesis of Four diastereomers of Notoryne

A close analysis of all the stereocenters of Notoryne with other adjacent bis-THF Cys
acetogenins revealed that the relative configuration of both THF rings is similar to that
present in Notoryne, except that all the three centers of the Br-bearing THF ring (THF-Br)
were inverted. In other words, except Notoryne, all other adjacent bis-THF C,s acetogenins
bear the cis-cis fused THF rings. As discussed earlier, biogeneticaly, all the bisTHF Cys
acetogenins are derived from fatty acid metabolism through a common rearrangement
pathway. So, we thought that the trans-fused THF ring in Notoryne must be compared to its
cis analogue. In the proposed structure of Notoryne, the stereocenter at C10 was inverted.

Figure 1.5.

g 10

Cl

Notoryne (1) (Z)-Laurefurenynes A (6)
(trans-cis-fused) (E)-Laurefurenynes B (7

Other possible structure \ \J/\_O/\J

(E/Z)-Elatenynes (10)

Chloroenyne (8)

Diastereomer A (2) Laurendecumenyne B (9

(cis-cis-fused)

Figure 1.5. Proposed structure of Notoryne.

The synthesis of this diastereomer A was planned to provide an unambiguous support
for the stereochemistry of Notoryne, as it was expected to have a similar *3C chemical shift
pattern to that of Notoryne with minor deviations that could have been resulting from the
change of the relative configuration between the C9 and C10 centers (as the other natural
products bear a cis-1,4-linked THF-Br unit). However, due to the poor diastereoselectivity
during the construction of the THF-Br, it provided an opportunity to synthesize the other
three diastereomers 3-5.

diastereomer A (2)

Diastereomer B (3) Diastereomer C (4) Diastereomer D (5)

Scheme 1.7. Retrosynthetic Plan for Diastereomer A (2) and other Diastereomers B-D (3-5).
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As planned, the synthesis in the direction of diastereomer A (2) was started with the
preparation of the epoxide 22 from glucose diacetonide in five steps by following literature
reports.® The epoxide 22 was opened with the lithiated 1-butyne in the presence of BF3.Et,0
to afford the alkyne 23, which on controlled alkyne reduction under Birch conditions, gave
the alkene 24 in an overall yield of 72%. In the '"H NMR spectrum of compound 24, the
alkene protons resonated at 5.50 and 5.54 ppm with coupling constant (J) 15.3 Hz, whereasin
the *C NMR spectrum, the alkene carbons appeared as doublets at 124.4 and 137.0 ppm. The
homoallylic acohol 24 thus formed was treated with cat. H,SO, in methanol to afford the
methyl glycosides 21a and 21 in a10:1 ratio (Scheme 1.8).

BFy Etzo THF _50°C,3h MeOH ,6h
-78°C,2h 86%

Li, I|q NHj;
HO
22 23

72% (2 steps) 24

OMe OMe
O O
HO "’OH HO "’OH

21a 10:1 21p

Scheme 1.8. Synthesis of Methyl Glycosides 21a. and 21p.

Next, the major anomer 21o. was subjected for the key bromoetherification to construct the
THF-Br unit. Interestingly, unlike in the case of its C5-epimer that we employed during the
Notoryne synthesis (Scheme 1.3), the bromoetherification of homoallylic acohol 2la
resulted in a 1:1.2 mixture of diastereomers 25 and 26.

Br

OMe  NBS, CH,Cl, OMe Br.,, 0-_,OMe
> &

OH 0°C-rt,4h
70%

“OR
1:1.2
Ac,0, EtsN Ac,0, EtsN

o R=H (25) R =H (26)
R=A°(25A°jg:/m2n2h R=Ac 26chg(')—1/CI2n2h
Scheme 1.9. Synthesis of Methyl Glycosides 25 and 26.

For characterization purpose, the resulting diastereomers 25 and 26 were converted to
their acetate derivatives. A strong through space correlation between H(5)-H(8) distinguishes
the trans-linked THF compound 26 from the cis-linked THF compound 25. This poor
diastereoselectivity could be explained by considering the equal possibility of two possible
conformational isomers A and B during the initial addition of the bromonium ion to the
alkene unit. The conformers A and B are favoured due to facile rotation around the C9-C10

bond of compound 21a, leading to the formation of two minimum energy transition states.
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Conformer A is preferred on steric ground (the THF unit at the equatorial position) whereas
the other conformer B, is preferred due to the hydrogen bonding between the hydroxy group
and the ring oxygen atom, which enhances the nucleophilicity of the participating —-OH group
(Figure 1.17). %

..nOMe : ..nOMe

Conformer A Conformer B 26
@ o A )
e nooL AT §

OAc | OAc
25-Ac | 26-Ac

Figure 1.6. Proposed Model for Bromo-Etherification and Observed NOE Correlations of
25-Ac and 26-Ac.

Next, the diastereomer 25 was subjected independently for the modified
diastereosel ective alylation protocol employing allyITMS and TMSOTT in acetonitrile at —40
°C to afford the diastereomers 27p and 27a in a 5:1 ratio in good yields (Scheme 1.10).%
Primarily, the conformations of both the alyl glycosides were characterized by *C NMR
chemical shift analysis, which follows the similar trend as observed for the alyl glycosides
during the synthesis of the origina structure of Notoryne. The resulting diastereomers were
further converted to their acetate derivatives for stereochemical characterization by 2D NMR
correlation. A strong H-H NOE correlation between the ring protons C(4)H-C(7)H-C(8)H

distinguishes clearly the threo diastereomer from the erythro diastereomer.

Allyl-TMS Br 2

TMSOTF, CH3CN O .

T, >

S .,
-40°C-0°C,8h ‘OR 5:1
60% ’
25 R =H (27B) Ac,0, EtzN R =H (27a) Ac0, EtsN
CHyCly, 1t, 2h CHyCly, 1t, 2 h
R = Ac (27B-Ac) 93% R = Ac (27a-Ac) 86%

Scheme 1.10. Synthesis of Allyl Glycosides 20a and 20p.

Next, both the allyl glycosides were sequentially subjected for Sy2 chlorination by
following the two-step protocol used in the synthesis of compound 13 (Scheme 1.4). After
successfully synthesizing the chloro-allylic diastereomers, we applied the relay cross-
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metathesis protocol for the elongation of the akyne unit followed by TIPS deprotection to
complete the synthesis of the diastereomers A (2) and B (3) (Scheme 1.11).

)HG I, 14
i) CICH,SO,Cl, 2,6 lut. Br. benzene
CH,Cl,, 0°C, 2h 60 °C, 18 h
e —
) 0:BUNCI, THF (o ii) n-BusNF ,THF
. -10 °C, 30 min
75% (2 steps) 20 57% ( 2 steps) Diastereomer A (2)
yHG I, 14 It
i) CICH,S0,Cl, 2,6 lut. benzene
CHoCly, 0°C. 3 Br 0 # 60°C,18h Br. 0 %
27| ————————> NN EEEE——— =
ii) n-BugNCI, THF o) - ii) n-BugNF , THF o i
23;0&2.15 h ) -10 °C, 15 min
o (e steps 28 52% (2 steps) Diastereomer B (3)

Scheme 1.11. Synthesis of Notoryne Diastereomers A and B (2/3).

In the 3C NMR spectrum, the methylene (CH.) and methine (CH) carbons at C5
(34.6 ppm) and C6 (86.1 ppm), resonate downfield in the diastereomer A (2) in comparison
to the corresponding carbon atoms in diastereomer B (3), which follows the same trend as
observed in cigtrans-1-ally-2-hydroxy THF compounds. However, in case of the chlorine
containing methine carbon atom, the trend that we observed earlier (i.e, in hydroxy
containing THF compounds) was found to be reversed.

Table 2. ®*C NMR Chemical Shift Comparison of Diastereomers A (2) and B (3).

=C Diastereomer A1(2) Diastereomer B (3)
I
Bry12 0 6 7
o0 cl
1 82.3 82.3
2 80.0 79.9
3 111.0 110.7
4 140.2 1404
5 34.6 324
6 86.1 81.8
7 59.4 62.7
8 37.8 38.6
9 78.9 78.0
10 78.6 79.1
11 38.5 38.8
12 49.3 49.6
13 88.8 88.7
14 26.8 26.8
15 10.3 10.1
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The methine carbon at C7 appeared more up-field in case of the trans-1-allyl-2-chloro
diastereomer (diastereomer A) than the corresponding cis-diastereomer (diastereomer B)
(Table 2).

After successfully synthesizing the Diastereomers A (2) and B (3), we focused our
attention on the synthesis of the other two Notoryne diastereomers 4 and 5 from the anomer
26. As had been observed earlier, the synthesis proceeded smoothly, with the requisite
stereoselectivity. The C-allylation of compound 26 provided a mixture of C-glycosides 298
and 29« in the same ratio with good yields. Moving forward, the corresponding allylic
diastereomeric compounds 29a and 298 were converted to their chloro derivatives (30 and
31) and subsequently to the fina Notoryne diastereomeric compounds 4 and 5, upon the

application of the Sy2 chlorination and relay cross-metathesis protocols respectively.

Allyl-TMS
Br., 0~ OMe  1vsoTh, cHieN B N
; Mg
40°C-0°C,8h y
OH : OR :
58% 5:1
26 R =H (298) Acy0, Et;N R =H (29a) Ac,0, EtsN
:| CHyCl, 1t, 2 h J CHyClp, 1t, 2 h
R = Ac (29B-Ac) 85% R = Ac (29a-Ac) 88%
i) CICH,S0,Cl, 2,6 lut hHE Il 514.2
! 250701, 2,6 lut. benzene
CHClp, 0°C, 2h Br,, 7 60°C. 18 h
gt THE ) cl ii) n-BuNF | THF
76% (2 st -10 °C, 30 min
(2 steps) 30 50% ( 2 steps) Diastereomer C (4)
i) HG II, $14.2 Il
i) CICH,S0O,Cl, 2,6 lut. benzene
CHyCly, 0°C, 2 h Bre, K 7 g0 18h Bre, O 7
N _— S
1) - BueNCl, THE S (o] ii) n-BugNF , THF 0 Cl
73% ('2 steps) -10 °C, 30 min
31 41% ( 2 steps) Diastereomer D (5)

Scheme 1.12. Synthesis of Notoryne Diastereomers C (4) and D (5).

Diastereomers A/B and diastereomers C/D are differentiated at the bromine
containing THF ring. In diastereomers A/B, the bromine containing THF ring is cis-fused,
while in the diastereomers C/D, the corresponding ring is trans-fused. The trend in the **C
NMR chemica shifts of the chlorine containing THF ring of diastereomers C and D were
found to be the same as observed in diastereomers A and B, which confirmed the
stereochemistry of the newly introduced allylic and chlorine stereocenters. However, a strong
deviation was observed in the *C NMR chemical shift values of the bromine containing THF
ring. The carbon atoms at C12 to C15 were found to appear downfield in diastereomers C/D

in comparison to the corresponding carbon atoms in diastereomers A/B (Table 3).
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Table 3. Comparison of **C NMR Chemical Shifts Between Diastereomer C (4) and D (5).

Diastereomer C (4) Diastereomer D (5)
13C
1 82.3 82.4
2 80.0 80.0
3 111.0 110.7
4 140.1 140.5
5 34.6 32.4
6 86.3 81.5
7 59.6 62.6
8 37.8 38.7
9 78.2 78.8
10 79.6 78.9
11 38.6 38.6
12 47.1 47.2
13 86.7 86.6
14 25.1 25.0
15 10.1 10.1

The four diastereomers were fully characterized by 2D NMR analysis and by

comparing the *C NMR value of the subsequent steps. Table 4 provides the comparative

chemical shifts of the Notoryne and the diastereomer A.

Table 4. *3C NMR Chemical Shift Comparison of Notoryne with Diastereomer A.

13C

' o 7C‘ 15 Cl
Il;lfotoryne Diastereomer A | ! ; !
ecursor Precursor Notoryne Diastereomer A
5 37.8 37.9 34.5 34.6
6 86.3 86.4 86.1 86.1
7 58.9 59.0 59.3 59.4
8 38.0 38.6 38.2 37.8
9 79.9 79.3 80.1 78.9
10 78.9 79.4 78.9 78.6
11 39.3 39.4 39.4 38.5
12 47.2 48.8 47.3 49.3
13 87.1 88.6 87.2 88.8
14 25.4 26.7 25.4 26.8
15 10.0 10.0 10.0 10.3
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As mentioned earlier, the deviations in the **C NMR chemical shifts of these two
diastereomers is expected reflect the overal influence of the change in the stereochemistry
between the bridging carbons, as the relative stereochemistry of the three substituents on each
THF ring does not change. In paralel, *C NMR chemical shifts of the corresponding
chloroallyl derivatives have aso been tabulated as a control. Asis evident from the Table 5, a
strong deviation in chemical shifts of the carbons of the THF-Br unit, particularly the C12,
C13 and C14 is seen. However, the chemical shifts of the respective carbon atoms of the
THF-Br unit of diastereomer A exactly matches with the THF-Br unit of Laurendecumenyne
B, which suggests that the second THF (THF-Br) unit in Notoryneistrans-1,4 linked.

With several substituted halo/hydroxy tetrahydrofuran diastereomers in hand, a
comparison of *C NMR chemical shifts was carried out. Coming to the hydroxy bis-THF
isomers, the hydroxy group has an alpha, beta and gamma effect on the respective carbon
atoms. We observed that in the erythro isomer, the hydroxy group shields the adjacent carbon
atom by 4 ppm, the ring carbon by 4 ppm and the allylic carbon by 3 ppm in comparison to
the corresponding threo isomer. A similar observation has been documented by Britton’s
group during the total synthesis of Laurefurenyne B (7)."> However, altering the stereocenter
at C10 creates a gamma effect on C8, which deshields the carbon by 4 ppm and a beta effect
on C11, which shields the corresponding carbon by 1 ppm. The following observations
summarize the **C NMR chemical shifts variation of different hydroxy-THF diastereomers.

i) A reative difference of 4 ppm and 3 ppm were observed at the ring carbon (C5) and
at the hydroxy centre (C-OH) respectively by atering the stereochemistry of the
allylic group from syn to anti.

ii) A significant difference of 1 ppm is observed at H8 by altering the stereocenter at
C10. In other words, all the carbon centres ranging from C5 to C8 get shielded in
cis-diastereomersrelative to trans-diastereomers.

iii) By changing the stereocenter at C10, the carbon at C8 gets deshielded by 3 to 4 ppm
and a similar observation (1 ppm difference) is observed as in cis and trans-

diastereomers. The observation may be due to the gamma effect.

A similar deviation is also observed on the acetate derivatives of the subsequent
isomers. Coming to the di-halo bis-THF diastereomers, in the chloro THF unit, interestingly,
the trend for *C NMR chemical shift variation at chlorine carbon atom is seen to get
reversed. The ring carbon (C6) shields to about 5 ppm while the adjacent carbon (C7)
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deshields by 3 ppm with respect to the anti-diastereomer. Also, a significant difference of 2
ppm was observed to the gamma carbon (allylic carbon) of the chlorine atom in syn and anti-
diastereomers. The chlorine atom shields the alpha carbon and deshields the beta and gamma
carbon as in the trans-diastereomer, unlike in the cis-diastereomer. The difference in chemical
shift is about 3, 5 and 2 ppm in the alpha, beta and gamma carbons respectively (Figure 3).
Moving to the bromo THF unit, in the 1,4-cis-linked THF ring, al the carbon atoms attached
in alpha, beta, and gamma to bromine atom is get shielded by 2 ppm, in comparison to the
1,4-trans-linked THF ring (Figure 1.7).

870 84.

OH

0
740 710

i) e
T T trans cl T T cis cl
| 254872 26.8 88.8

Notoryne Diastereomer1

59.6 62.6

Figure 1.7. Characteristic *C NMR Chemical Shift Values of 2-hydroxy/halo-THF Units.

Furthermore, the six diastereomers were analyzed by computationa results. The
chemical shifts for the six diastereomers were calculated and compared to the experimentally
obtained chemical shift values. The trend for the calculated chemical shift of the carbon
atoms attached to the chlorine atoms match perfectly with the experimental values. However,
for the remaining carbon atoms, the trend noticed with their chemical shifts does not follow
the order asthat of the experimental results. The errorsin the calculated chemical shifts of the
heavy atoms substituted carbons C7 (chlorine) and C12 (bromine) are due to the spin-orbit
coupling effect in heavy atoms.* Errors of similar magnitude in chemical shift values have
been reported previously. In order to nullify the effect of spin-orbit coupling, the Rzepa’s
approach®™®

address this issue by excluding heavy carbon atoms from the analysis. This approach has the

of systematically correcting the shifts can be applied. Alternatively, one can

advantage of being ssimpler and also avoiding the need to make assumptions about the

transferability of the corrections.
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Section B: Total Synthesisof Laurefurenynes A/B,
L aurendecumenyne B and a Chloroenynefrom L. Majuscula

The bis-THF Cy5 acetogenins constitute a special acetogenin class of natural products
that are isolated from different Laurencia species. Due to the presence of multiple stereogenic
centres and conformational flexibility around/of THF rings, these bis-THF acetogenins pose
challenges for their structural elucidation as well as synthesis. The unambiguous structure
elucidation of these bis-THF acetogenins by NMR analysis aone is quite a chalenge and
structural revision is a common aspect in case of severa of these natural products. For
example, afused dihydropyran structure proposed for (E/Z)-elatenynes (10, isolated in 1986),
chloroenyne from L. Majuscula (8, isolated in 1993) and laurendecumenyne B (9, isolated in
2007) were reassigned to the bis-tetrahydrofuran core by Burton’s group with the help of
initio ab prediction of **C NMR chemical shifts coupled with the total synthesis. Similarly,
the structures of bis-THF natural products, Laurefurenynes A and B (6, 7) that were isolated
in 2010, and putative structures, have been proposed with the help of extensive 2D NMR
analysis, a structura revision was made by Burton and Britton groups through computational
NMR analysisby comparing the *C NMR chemical shift values, followed by total synthesis
(Figure 1.8). These recent structural revisions in this class of natural products reveal the
importance of *C NMR in structural assignment, and also the necessity of a database for
comparisons and, at the outset, ssmple approaches for assembling the bis-THF, with a

provision to manipulate the functiona groups/stereochemistry.

HO,,

“OH

Laurefurenyne A (6) (2010) Laurefurenyne B (7) (2010)
(revised in 2013, Burton & Britton) (revised in 2013, Burton & Britton)

Il 1l

Br. o 7 Br 0 Va

Chloroenyne (8) from L.
Majuscula (1993)
(revised in 2019, Burton)

Ay “cl "o “Br

Laurendecumenyne B (9) (2007) (E/Z) Elatenynes (10)(1986)
(revised in 2012, Burton) (revised in 2012, Burton)

Figure 1.8. Halo/Hydroxy bis-THF C;5 Acetogenins.

In this context, as a part of our ongoing program on the total synthesis of mono-/bis-
THF natura products employing easily accessible carbohydrate building blocks and devising
flexible strategies that allow the synthesis of possible diastereomers for generating the **C
NMR database, the total synthesis of these natural products 6-10 has been planned with the
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prerequisite of designing a unified approach from a common intermediate 31. The synthesis
of intermediate 31 was planned from compound 32 via a diastereoselective allylation
protocol, while compound 32 was planned to be synthesized from the homoallylic alcohol 33
via the key Sharpless-Asymmetric dihydroxylation protocol. The synthesis of the homoallylic
alcohol 33 was planned from the epoxide 12, the synthesis of which is known from D-glucose
(Scheme 1.13).

AcO,, 7

FGI 2 HO., 0.0
‘OH o ‘0
32

o\ O~ O, FGI 0—.mO O~ O,

glucose diacetonide 12 33

31

Scheme 1.13. Retrosynthetic Disconnections of bis-THF C;5 Acetogenins.

In order to start in the above protocol, for al the bis-THF acetogenins, the epoxide 12
was prepared from glucose diacetonide following the established sequence of reactions.®
Next, the homoallylic alcohol 33 was prepared from epoxide 12 in two steps. The first step in
the sequence includes a regioselective opening of the epoxide 12 with lithiated butyne in
presence of a Lewis acid, while the second the step involves a trans-selective Birch reduction
employing lithium metal in liqguid ammonia. The presence of quaternary alkyne carbon
signals at 6 = 74.9 and 84.2 ppm in DEPT NMR spectrum indicate the formation of the
butyne adduct 34, while the appearance of two sets of doublets of triplet (dt) at 5.50 ppm (J =
15.3, 5.5 Hz) and 5.54 ppm (J = 15.3, 6.7 Hz) in the *"H NMR spectrum, indicates the
formation of the trans-homoallylic acohol 33.
m:ﬁK n-BuLi, B, OFt, \+>_<jﬂo>< N, . NHs

THF, -78°C, 2 h HO "0 -78°C,2h
34

95% 77%
12

/ OO
/_/:O>_O"'O><

33

Scheme 1.14. Synthesis of Key Homoallylic Alcohol 33.

After the successful synthesis of the key homo alylic alcohol 33, our next concern
was the diastereoseal ective construction of the second THF unit. To achieve the key bis-THF
framework, the free hydroxyl group of the homo allylic alcohol 33 was converted to its
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mesylate derivative and the crude mesylate was then subjected for Sharpless Asymmetric
dihydroxylation. Unfortunately, the diol formed during the dihydroxylation step does not
participate for ring ether formation. A number of attempts by increasing temperature or
changing stochiometric conditions did not provide any further improvement. In this context,
the resulting diol was subjected separately for cycloetherification with K,COs3 in methanol at
room temperature to obtain the key bissTHF compound 32 in good yields. (Scheme 1.15).
The appearance of methine signals corresponding to the hydroxy carbon (>CHOH) and ethyl
carbon (Et(-CH)) at, = 71 and 85 ppm respectively in the *C NMR spectrum illuminates

the formation of the second THF framework with cis-stereochemistry.

i) MsCI, Et;N, CH,Cl,
0°C,1h

OO ii) AD-Mix-B, MeSO,NH, OO,
D O e G W
HO (¢} t-BuOH, rt, 48 h o) e}
iii) K,CO3, MeOH, 48 h
33 69% (3 steps) 32

Scheme 1.15. Synthesis of the Key bis-THF Compound 32.

Next, the free hydroxyl group of 32 was protected as its acetate to prevent further
functionalization of the free hydroxy group and subsequently, the resulting acetate 32-Ac was
subjected for diastereosel ective C-allylation by employing alyltrimethylsilane in BF;.OEt, to
afford the allyl glycoside 31 as asingle diastereomer in good yields.

ioj/\_@mox Ac,0, CH,Cl, Aiofj/\_@mo < AllyITMS, TMSOTf

fm e s

o g DMAP, tt, 2 h o g CH4CN, 20 °C, 1 h
90% 71%

32 32-Ac

31

Scheme 1.16. Synthesis of Key C-Allyl Glycoside 31.

The stereochemistry of the acetate 32-Ac and C-allyl glycoside 31 were characterized

by two-dimensional NMR analysis. The observations are discussed in the following points.

e In compound 32-Ac, a strong NOE interaction between H5-H7 and H5-H8 indicates a cis-
relationship between H5, H7 and H8, thereby confirming the stereochemistry of the left side
THF ring. The THF ring on the right-hand side was synthesized from D-glucose, where the
stereochemistry was fixed. The NOE interaction between one of the methyls of acetonide and
H4, further confirms the stereochemistry of the corresponding THF ring. (Figure 1.9).
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Figure 1.9. Observed NOE interactions in Compound 32-Ac.

e In compound 31, a strong NOE interaction between H8 and H11 confirms the
stereochemistry of the left hand side THF ring, while a clear NOE interaction between H5
and H3/H3’ confirms the cis-relationship between HS and C3/C3’, thereby confirming the
stereochemistry of the right-hand side THF unit (Figure 1.10).

o g5 " B,
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5.5
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2.6 2.4 2.2 2.0 1.8 1.6 1.4 : R | 1.0 0.8 pPpm
Figure 1.10. Observed NOE Interactions in Compound 31.
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Additionally, the appearance of the signals in the *C NMR spectrum at & = 75.4 and
73.9 ppm corresponding to C-OH and C-OAc of compound 32-Ac and 31 illuminates the
stereochemistry of the corresponding (-COH/-COACc) and adjacent carbon atoms (C-allyl).
(Figure 1.11).

3 = 85.7 ppm

ACO/,_E\_{)/\J'/\/
~0

T"OH

8 =754 ppm

8 =73.9 ppm

AcO,,J o o

(T <
] o e

8 = 83.6 ppm

32-Ac ' 31

~w

Figure 1.11. Observed *C NMR Chemical Shift VValues of Compound 32-Ac and 31.

Next, compound 31 was subjected for the relay cross metathesis with the enyne 14 by
using Grubb’s second-generation catalyst to afford the cross-metathesis product, which, upon
acetate and TMS group deprotection resulted in Laurefurenyne A (6) in 49% yield (Scheme
1.17). The *H and **C NMR chemical shifts of Laurefurenyne A are comparable with the
reported values (Table 5).

i) 14, HG-Il

Benzene, 40 °C, 16 h

ii) K,CO3, MeOH, rt, 1 h
- >

iii) n-BuyNF, THF, 0 °C
15 min, 49% (3 steps)

31 Laurefurenyne A (6)

Scheme 1.17. Total Synthesis of Laurefurenyne A (6).

Table 5. Comparison of *C NMR Chemical Shift Valueswith the Reported Values.

Laurefurenyne A Britton et. al.™ I solation™
BC | [a]p®=-165(c=01, |[a]p® = -60 (c = 02 |[a]p® = -80 (c = 0.1,
MeOH) MeOH) MeOH)
1 825 825 82.4
2 80.0 80.0 80.0
3 111.3 1114 111.3
4 139.8 139.9 139.9
5 34.1 34.1 34.1
6 85.7 85.7 85.7
7 74.8 75.0 74.8
8 37.1 37.3 37.1
9 79.1 79.3 79.1
10 78.1 78.3 78.2
11 34.5 34.7 345
12 70.8 70.9 70.8
13 85.6 85.6 85.6
14 21.8 21.7 21.8
15 105 105 105
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After the successful synthesis of Laurefurenyne A (6), we turned our attention to the
synthesis of Laurefurenyne B (7), whose structure is differentiated from Laurefurenyne A by
the presence of a trans-enyne unit in the place of a cis-enyne unit. For forging the trans-
enyne unit, a two-step protocol was followed. First, alkene 31 was subjected for cross-
metathesis with crotonaldehyde, and then the resulting trans-enal was subjected for Colvin-
Ohira Bestmann conditions to attain the trans-enyne, Laurefurenyne B (7). The *H, *C NMR
and specific rotation of synthetic Laurefurenyne B (7) are in good agreement with reported
values. Table 6 presents the comparison of *C NMR chemical shift values of synthetic and
natural Laurefurenyne B (7).

i) Crotonaldehyde, G-Il
CH,Cly, 50 °C, 1 h

HO,,

ii) n-BuLi, TMSCHN,
THF, -78 °C, 2 h

79% (2 st
31 (2 steps) Laurefurenyne B (7)

“OH “OH

Scheme 1.18. Total Synthesis of Laurefurenyne B (7).

Table 6. Comparison of *C NMR Chemical Shift Values of Synthetic Laurefurenyne B with
the Reported Values.

This Synthesis Burton et. al.™® | solation™
Bc [a]p®=-17.0(c=0.2, [a]o®®=-20.0(c=0.1, [a]p®=-13.0(c=0.1,
MeOH) MeOH) MeOH)
1 76.9 76.7 76.7
2 81.7 81.7 81.7
3 112.0 112.0 112.0
4 140.7 140.6 140.7
5 37.1 37.1 37.1
6 85.5 85.5 85.4
7 74.9 74.9 74.9
8 37.3 37.3 37.3
9 79.1 79.1 79.1
10 78.1 78.1 78.2
11 34.6 34.6 34.5
12 70.8 70.8 70.8
13 85.7 85.7 85.7
14 21.8 21.8 21.8
15 105 105 105

After the successful synthesis of Laurefurenynes A/B (6/7), our next target was the
synthesis of other bisTHF Cis acetogenins: a Chloroenyne from L. Majuscula,
Laurendecumenyne B and (E/Z)-Elatenynes, whose structures contain halogen units i.e.,
chloro or bromo units. In order to access the halogen unit, the with required stereocenter by

the Sy2 approach, an inversion of the hydroxy stereocenter at C5 is required. Initially, we
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applied the commonly used Mitsunobu conditions on the substrate 31, where the observed
yield was found to be low. To overcome the problem, a substrate controlled
diastereosel ective reduction strategy was applied by using a two-step protocol comprising of
the oxidation of the free hydroxy group of compound 31 and then the reduction of the
resulting ketone with NaBHj, to obtain the inverted alcohol 36. The new appearance of *C
NMR signa relative to the starting compound 31, at 6 = 71 ppm (characteristic value for cis-
alyl/hydroxy THF compounds, Scheme 1.3) confirmed the stereochemistry of the resulting
bis-THF compound 35. For the synthesis of Chloroenyne, this requires an Sy2 chlorination
and a relay cross-metathesis on the alcohol 35. For that, the key acohol 35 was first
converted to its chloromethylsulfonyl derivative and then the resulting chloromethylsulfate
was displaced with the Chloride nucleophile employing tetra n-butyl ammoniumchloride in
THF to give rise to the chloro derivative 36. In the *C NMR spectrum of compound 36, the
methine containing chlorine atom (>CHCI) resonates at 59.2 ppm, which is the characteristic
value for trans-1-allyl-2-chloro tetrahydrofuran compounds, thereby confirming the relative
stereochemistry of the chloro derivative 36 (Scheme 1.19).

i) DMP, CH,Cl, i) CICH,S0,Cl, 2,6-lut.
rt,1h

7 AcO,, O Z CHyClp, 0°C, 1h
- \ i
ii) NaBH,, THF Ko on i) -BuyNCI, THF

rt,2h 70°C,2h
59% (2 steps) 35 72% (2 steps)

Scheme 1.19. Synthesis of Chloro Derivative 36.

Next, the alkene 36 was subjected for cross-metathesis with crotonaldehyde by
employing Grubb’s second-generation catalyst in dichloromethane solvent to generate the
aldehyde 37, which was then moved for the alkyne homologation under Colvin-Ohira
condition to reach the final natural product Chloroenyne (8) in good yields (Scheme 1.20).

Crotonaldehyde o
G-I, CH,Cl,  HO,, 7
— T

n-BuLi, TMSCHN,
B —

50°C,3h " H 1hE 78°c.2h
84% cl 81%

36 37

Chloroenyne (8)

Scheme 1.20. Total Synthesis of Chloroenyne (8).
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The'H NMR, *C NMR and rotation values for synthetic Chloroenyne are in good agreement

with the reported values. (Table 7).

Table 7. Comparison of **C NMR Chemical Shift Values of Synthetic Chloroenyne with

Reported Values.
This Synthesis Burton et. al.”® | solation™
Bc [a]p®=-48.9 (c = 0.38, [a]p®=-51.9 (c = 0.09, [a]p®=-67.8(c=
CHCl,) CHCl,) 0.09, MeOH)
1 77.1 77.2 77.2
2 81.6 817 817
3 112.4 112.4 112.4
4 139.9 139.9 139.9
5 36.5 36.5 36.6
6 86.0 86.0 86.0
7 58.2 58.2 58.2
8 38.0 38.1 38.1
9 79.2 79.2 79.2
10 77.8 77.9 77.9
11 35.0 35.1 35.1
12 71.0 71.0 71.0
13 85.7 85.7 85.7
14 217 21.7 21.8
15 10.5 10.5 10.5

Having this initial success, we proceeded to complete the total synthesis of

Laurendecumenyne B (9) which is a diastereomer of Notoryne and is differentiated from

Chloroenyne by the presence of a bromine atom at C12 and a cis-enyne unit, unlike a trans-

enyne unit in Chloroenyne. Intermediate 36, on relay cross-metathesis followed by acetate
deprotection leads to the formation of the (2)-TIPS-Chloroenyne 38, which on Sy2

bromination followed by TIPS deprotection resulted in the formation of Laurendecumenyne

B (9) in good yields. The observed NMR and rotation values of Laurendecumenyne B are in

good agreement with the values reported by Burton’s group and isolation group (Table 8).

TIPS
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36

"0 “cl

Laurendecumenyne B (9)

i) 14, HG-II
Benzene
40°C,6h

i) K,CO3, MeOH
t,1h
46% (2 steps)

38

i) CICH,SO,ClI
2,6-lutidine
CH,Cl, 0°C,1h

- " .
ii) n-BuyNBr, THF

80°C,2h

i) n-BuyNF, THF
0°C, 15 min
75% (3 steps)

Scheme 1.21. Total Synthesis of Laurendecumenyne B (9).
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Table 8. Comparison of *C NMR Chemical Shift Values of Laurendecumenyne B with

Reported Values.
This Synthesis Burton et. al.™
Bc [a]p®=+8.4 (c=0.1, [a]p®= +9.1 (c = 1.05, | solation®
CHCly) CH.Cly)
1 824 824 824
2 79.9 79.9 80.0
3 1111 1111 111.1
4 139.8 139.8 139.8
5 34.6 34.6 34.6
6 86.2 86.2 86.2
7 59.3 59.3 59.3
8 38.2 38.2 38.3
9 79.6 79.6 79.6
10 79.3 79.3 79.3
11 38.9 38.9 39.0
12 48.9 48.9 48.8
13 88.7 88.7 88.7
14 26.7 26.7 26.7
15 10.0 10.0 10.0

Coming to the (E/Z)-Elatenynes (10), it differs from other bis-THF natural products —
being brominated at both C7 and at C12 positions. The synthesis for (E/Z)-Elatenynes

proceeded from

the intermediate 35. Initially, compound 35 was subjected for the

deacetylation and we examined the possible double displacement to bring the both bromine

atoms in one-go.

However, the intermediate bis-chloromethanesulfonate was found to be

unstable under the displacement conditions. To overcome this, a step-wise substitution with

bromide has been carried out.

IEI CHyCl,, 0°C, 1 h AcO,,
. \
s

i) CICH,S0,Cl, 2,6-lut.

K,COs MeOH  HO%, 7
Dos VeI
ii) n-BugNBr, THF
80°C, 2h

71% (2 steps) 39 40

“ar rt, 1h,93% "o “Iar

ii) CICH,80,C1, 2,6-ut. g,
CH,Clp, 0°C, 1h O ref. 11 O

iii) n-BusNBr Y B 10 e

THF, 80 °C, 2 h
72% (3 steps) M (E/Z)-Elatenynes (10)

Scheme 1.22. Formal Synthesis of (E/Z)-Elatenynes (10).

As shown in Scheme 1.22, compound 35 was converted to bromide 39 under

established conditions. Next, the acetate group of compound 39 was deprotected using K,CO3

in methanol and proceeded for the next bromine group introduction to arrive at the known
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dibromo bis-THF intermediate 41, which has been used by the Burton group in the previous
total synthesis. The spectral data as well as optical rotation of dibromo bis-THF intermediate
41 are in good agreement with the reported data.*Table 9 describes the comparison of *C
NMR chemical shift values of the Elatenyne precursor 41 with the data reported by Burton

and co-workers.

Table 9. Comparison of *C NMR Chemical Shift Vaues of Compound 41 with Reported
Values.

Bc This Synthesis Burton et. al.™
[a]o®=-2.5(c=0.7, CHCl3) [a]p®=-5.1 (c = 0.66, CHCI5)
1 139.8 139.8
2 34.6 34.6
3 86.2 86.2
4 59.3 59.3
5 38.2 38.2
6 79.6 79.6
7 79.3 79.3
8 38.9 38.9
9 48.9 48.9
10 88.7 88.7
11 26.7 26.7
12 10.0 10.0
Conclusion:

In this chapter, we have provided a successful total synthesis of severa of
halogenated bissTHF C;s acetogenins. In all of these endeavors, the central theme is
employing readily available carbohydrate derived building blocks as the key intermediates.
One of the reasons for opting for these chiral pool materialsis— in case of these bis THF Cys-
acetogenins, on majority of the occasions, the assignment on the proposed structures is
wrong. The presence of multiple stereogenic centers, in general, and the inherent
conformational flexibility of the THF ring and the flexibility around the bond that connects
these two THF rings, in particular, were some of the roadblocks that made the structural
elucidation of this class of natura products a formidable task. Keeping this in mind, we
devised our approaches starting with the building blocks that carry some of the requisite
functional groups and stereogenic centers. To this end, we completed the total synthesis of

Notoryne (1% total synthesis, also synthesized four possible diastereomers to provide an
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unambiguous support for the proposed structure) confirming its proposed relative and
absolute configurations. Following a similar protocol, a unified approach for the total
synthesis of Chloroenyne, Laurendecumenyne B, Laurefurenynes A/B and a formal total
synthesis of Elatenynes have been accomplished. As a majority of these total syntheses
involve the creation of new stereogenic centers in sequence, we had to establish the relative
stereochemistry of most of the intermediates involved with the help of extensive 2D NMR
analysis. This exercise has led us to draw some observations that comprises of (i) 2,5
disubstituted THF rings, (i) how the *C NMR chemical shifts vary with respect to the
relative stereochemistry of the substituents present and (iii) how these changes could be
helpful to assign the relative configurations with the help of alarge set of intermediates that

we have synthesized.

43 |Page



Chapter I: Section A

Experimental Section




CHAPTER I: Total Synthesis of bis-THF C;5 Acetogenins Section A: Experimental

= O~ .0,
2D =S
HO o

17

3.1. Preparation of alkynol 17

At -78 °C, to a solution of 1-butyne (2.9 g, 53.7 mmol, 7.7 mL, 7 M) in THF (25 mL)
was added n-BuLi (28.6 mL, 42.96 mmol, 1.5 M in THF) and BF3.Et,O (5.3 mL, 42.96 mmol)
followed by a solution of epoxide 11 (2 gm, 10.74 mmol) in THF (8 mL) with a 15 minutes
interval. The reaction mixture was stirred for 1.5 h at —78 °C and then quenched with sat.
NH4CI (5 mL). After reaching room temperature, the reaction mixture was partitioned between
ethyl acetate (50 mL) and water (50 mL). The agueous layer was extracted with ethyl acetate (2
x 30 mL). Combined organic layer was washed with brine, dried over Na,SO, and
concentrated. Purification of the crude product by column chromatography (80:20 petroleum
ether/EtOAC) gave the akynol 17 (1.8 g, 70%) as a colorless oil: Ry = 0.5 (25%
EtOA c/petroleum ether).

Specific rotation: [a]®p: +58.94 (c = 3.7, CHCl5).

'H NMR (CDCls3, 200 MHz): § 1.10 (t, J = 7.5 Hz, 3H), 1.30 (s, 3H), 1.52 (s, 3H), 2.08-2.22
(m, 3H), 2.33 (ddd, J = 1.4, 3.3, 14.5 Hz, 1H), 2.43-2.52 (m, 3H), 3.88-4.00 (m, 1H), 4.11
(ddd, J =34, 8.0, 11.2 Hz, 1H), 4.73 (ddd, J = 1.5, 3.9, 5.8 Hz, 1H), 5.77 (d, J = 3.9 Hz, 1H)
ppm.

3C NMR (CDCls, 50 MHZz): §12.4 (t), 14.1 (q), 24.1 (t), 25.9 (q), 27.1 (q), 32.4 (t), 70.7 (d),
74.5 (s), 80.7 (d), 82.6 (d), 84.7 (s), 106.3 (d), 112.3 () ppm.

HRMS (ESI) calcd for CisHo004Na: 263.1254 [M+Na]*; found 263.1252.

3.2. Preparation of alkenol 18 /_//_>_\OJO><
HO ke

18

At =78 °C, ammonia (300 mL) was condensed into a two neck
flask fitted with a dry ice condenser in one neck and the other neck was fitted with a gas
delivery-tube running to the bottom of the flask. The gas delivery-tube was removed and
lithium atom (217 mg, 31.21 mmol) was added in small portions with vigorous stirring for 30
min. Then a solution of alkyne 17 (1.0 g, 4.16 mmol) in THF (10 mL), followed by t-butanol
(1.23 g, 16.65 mmol, 1.58 mL) were added to it very slowly. After the addition was complete,
the reaction mixture was stirred at —50 °C for another 24 h. Then it was quenched by solid
NH4CI (=2 gm), after that the cooling bath was removed, and the ammonia was allowed to
evaporate overnight. The reaction mixture was partitioned between ethyl acetate (50 mL) and
water (50 mL). The agueous layer was extracted with ethyl acetate (2 x 50 mL) and the

combined organic layer was washed with brine, dried over NaSO,; and concentrated.
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Purification of the crude by column chromatography (80:20 petroleum ether/EtOAC) gave the
alkenol 18 (810 mg, 80%) as acolorless oil: R; = 0.5 (25% EtOAc/petroleum ether).

Specific rotation: [a]*°p: —25.4 (c = 2.3, CHCl5).

'H NMR (CDCls, 200 MHZ): §0.97 (t, J = 7.5 Hz, 3H), 1.32 (s, 3H), 1.54 (s, 3H), 1.96-2.09
(m, 2H), 2.11-2.20 (m, 2H), 2.24-2.41 (m, 3H), 3.81-3.92 (m, 1H), 3.96-4.05 (m, 1H), 4.75
(ddd, J = 2.0, 3.9, 6.2 Hz, 1H), 5.33-5.48 (m, 1H), 5.53-5.67 (m, 1H), 5.76 (d, J = 3.9 Hz,
1H).

3C NMR (CDCl3, 100 MHz): §13.7 (q), 25.6 (t), 26.2 (q), 27.3 (q), 31.9 (t), 36.8 (), 71.5 (d),
80.8 (d), 83.3(d), 106.1 (d), 112.5 (s), 124.2 (d), 136.1 (d), ppm.

HRMS (ESI) calcd for Ci3H204Na 265.1410 [M+Na]*; found 265.1410.

3.3. Preparation of methyl glycosides 16 and 168

To an ice cooled solution of the acetonide 18 (700 mg, 2.89 mmol) in MeOH (10 mL),
two drops of conc. H,SO,4 were added and stirred overnight at room temperature. The reaction
mixture was then cooled to 0 °C and quenched with Et3N. The solvent was evaporated under
reduced pressure, and the residue was purified by column chromatography (75:25 petroleum
ether/EtOAC) to yield a mixture of methyl glycoside 16« (480 mg, 77%) as colorless syrup: Ry
= 0.5 (40% EtOAc/petroleum ether) and the isomer 164 (40 mg, 6%) as colourless syrup: R =
0.6 (45% EtOACc/petroleum ether).

Characterization data of compound 16« - /_//—>_<)J,0Me
HO

Specific rotation: [a]®p: —107.8 (c = 1.9, CHCl5) 6
'H NMR (CDCls, 500 MHz): § 0.98 (t, J = 7.3 Hz, 3H), 1.80 (dd, J = 2.5, 13.8 Hz, 1H),
2.01-2.09 (m, 3H), 2.13-2.17 (m, 1H), 2.26 (ddd, J = 5.6, 9.7, 14.6 Hz, 1H), 3.12 (br. s, 2H),
3.33 (s, 3H), 3.87-3.89 (ddd, J = 1.7, 5.0, 7.0 Hz, 1H), 4.05 (d, J = 5.5 Hz, 1H), 4.19 (dt, J =
2.5,9.5 Hz, 1H), 4.82 (s, 1H), 5.35-5.41 (m, 1H), 5.57-5.63 (m, 1H).

3C NMR (CDCls, 125 MHZ): §13.6 (q), 25.6 (t), 30.8 (t), 37.3 (t), 54.5 (q), 70.9 (d), 73.7 (d),
80.6 (d), 109.1 (d), 123.7 (d), 136.7 (d) ppm.

HRMS (ESI) calcd for CiiHz004Na: 239.1254 [M+Na]*; found 239.1252.

Characterization data of compound 168: /_//_>_\OJ
HO .

Specific rotation: [a]®p: +77.1 (c = 2.6, CHCl3).
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'H NMR (CDCl3, 500 MHz): § 0.97 (t, J = 7.4 Hz, 3H), 1.86 (dt, J = 9.5, 12.2 Hz, 1H), 2.00—
2.05 (m, 2H), 2.08-2.15 (m, 2H), 2.18 (dt, J = 7.5, 12.5 Hz, 1H), 2.44 (d, J = 10.4 Hz, 1H),
2.53 (br. s, 1H), 3.50 (s, 3H), 3.75 (ddd, J = 3.9, 6.7, 10.0 Hz, 1H), 4.08 (ddd, J= 3.6, 7.0, 10.4
Hz, 1H), 4.20-4.26 (m, 1H), 4.74 (d, J = 4.3 Hz, 1H), 5.41 (dt, J = 7.0, 15.3 Hz, 1H) 5.57 (dt,
J=6.1, 15.3 Hz, 1H).

3C NMR (CDCls3, 125 MHz): §13.7 (q), 25.6 (t), 30.2 (t), 35.9 (t), 55.9 (q), 71.8 (d), 72.7 (d),
80.7 (d), 102.3 (d), 124.2 (d), 135.5 (d) ppm.

HRMS (ESI) caled for Ci3Ho004Na: 239.1254 [M+Na]™; found 239.1251.

Br 0 OMe

3.4. Preparation of compound 19 "0 “on

19

At 0 °C, to a solution of the methylglycoside 16« (450 mg, 2.08 mmol) in CH,Cl, (30
mL) was added NBS (481 mg, 2.70 mmol) and the mixture was stirred for 4 h a room

temperature. The reaction mixture was concentrated under reduced pressure and purified by
column chromatography (85:15 petroleum ether/EtOAC) gave 19 (430 mg, 70%) as colorless
syrup; Rs = 0.4 (20% EtOA c/petroleum ether).

Specific rotation: [a]®p: +26.8 (¢ = 4.1, CHCl3).

'H NMR (CDCls, 400 MHz): §1.01 (t, J = 7.3 Hz, 3H), 1.51-1.68 (m, 2H), 1.80-1.87 (m,
1H), 1.88-1.99 (m, 1H), 2.31-2.41 (m, 1H), 2.64 (dt, J = 6.1, 12.5 Hz, 1H), 3.34 (s, 3H), 3.87-
4.01 (m, 2H), 4.05 (br s, 1H), 4.23-4.35 (m, 2H), 4.85 (s, 1H).

3C NMR (CDCl3, 100 MHZ): §10.0 (q), 25.4 (t), 31.3 (t), 39.8 (t), 46.1 (d), 55.5 (q), 73.4 (d),
78.4 (d), 79.6 (d), 88.0 (d), 109.5 (d) ppm; HRMS (ESI) calcd for Cy;H19BrOs,Na: 317.0359
[M+Na]* found 317.0356.

Br. 0 OMe
3.5. Preparation of compound 19-Ac WOAC

19-Ac

At 0 °C, to asolution of 19 (30 mg, 102 pmol) in CH,Cl, (10 mL) was added Et3N (85
pL, 610 pmol), DMAP (2.50 mg, 20.33 pmol, 20 mol%) and the mixture was stirred for 15
min. To this, acetic anhydride (0.03 mL, 305 pumol) was added at 0 °C and stirring was
continued further for additional 2 h. The reaction mixture was diluted with CH,Cl, (10 mL)

and washed with brine, dried (Na,SO,) and concentrated under reduced pressure. The resulting
crude product was purified by column chromatography (90:10 petroleum ether/EtOAC) to
afford the aceate 19-Ac (29 mg, 85%) as colorless syrup: Rs = 0.6 (20% EtOAc/petroleum
ether).

Specific rotation: [a]*p: —37.5 (¢ = 0.45, CHCl5).
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'H NMR (CDCls, 400 MH2): 61.01 (t, J = 7.4 Hz, 3H), 1.50-1.57 (m, 1H), 1.71-1.79 (m,
1H), 1.85 (ddd, J = 1.5, 5.1, 14.2 Hz, 1H), 2.07 (s, 3H), 2.23-2.31 (m, 1H), 2.46-2.54 (m, 1H),
2.68-2.75 (m, 1H), 3.36 (s, 3H), 3.91 (dd, J = 7.6, 15.5 Hz, 1H), 3.96 (dd, J = 7.3, 10.8 Hz,
1H), 3.99 (dd, J = 6.9, 14.2 Hz, 1H), 4.20 (ddd, J = 5.3, 6.7, 7.9 Hz, 1H), 4.93 (s, 1H), 5.05
(dd, J= 1.5, 6.6 Hz, 1H).

13C NMR (CDCls, 100 MH2): 5 9.9 (q), 21.1 (q), 25.4 (1), 32.6 (t), 39.6 (t), 47.4 (d), 54.6 (d),
77.6 (q), 79.2 (d), 80.1 (d), 87.0 (d), 107.0 (d), 170.3 (S) ppm.

HRMS (ESI) calcd for Cy3Hp1BrOsNa: 359.0465 [M+Na]*; found 359.0461.

3.6. Preparation of allyl glycosides 158 and 15a

To a solution of methylglycoside 19 (200 mg, 0.68 mmol) and alyltrimethylsilane
(0.54 mL, 3.39 mmol) in acetonitrile (10 mL), was added dropwise an equimolar amount of
trimethylsilyl triflate (0.12 mL, 0.68 mmol) at —40 °C. The solution was allowed to warm to 0
°C over 8 h. As soon as it reached 0 °C, a saturated agueous solution of NaHCOg3 (5 mL) was
added. The reaction mixture was concentrated under reduced pressure and was extracted with
EtOAc (4 x 25 ml). The combined organic layers were dried over Na,SO, and concentrated
under reduced pressure. The resulting crude was purified by column chromatography
(petroleum ether:EtOAc, 90:10) to yield C-glycoside 158 as a magjor diastereomer (140 mg,
68%); R = 0.6 (10% EtOAc/petroleum ether) and further elution afforded the minor C-
glycoside 15a. (20 mg, 10%) as colorless syrup; Ry = 0.61 (10% EtOAc/petroleum ether).

Characterization data of compound 154

158

Specific rotation: [a]®p: +23.1 (c = 6.0, CHCl5).
4 NMR (CDCls, 500 MH2): §1.03 (t, J = 7.6 Hz, 3H), 1.51-1.57 (m, 1H), 1.80-1.87 (m,
1H), 1.88-1.98 (m, 2H), 2.28 (ddd, J = 5.2, 10.1, 14.6 Hz, 1H), 2.41-2.52 (m, 2H), 2.61 (ct, J
= 6.4, 12.8 Hz, 1H), 3.67 (td, J = 2.2, 6.8 Hz, 1H), 3.81 (d, J = 11.0 Hz, 1H), 3.85-3.90 (m,
1H), 3.94-3.98 (m, 1H), 4.04 (ddd, J = 2.4, 4.8, 10.7 Hz, 1H), 4.14 (ct, J = 2.2, 9.8 Hz, 1H),
4.22 (ddd, J = 1.4, 6.1, 10.7 Hz, 1H), 5.08 (dd, J = 1.2, 10.1 Hz, 1H), 5.17 (dd, J = 1.2, 17.1
Hz, 1H), 5.83-5.92 (m, 1H).

13C NMR (CDCl3, 125 MH2): §10.1 (q), 255 (t), 33.5 (1), 34.7 (t), 39.8 (1), 46.3 (d), 70.9 (d),
79.0 (d, 2C), 83.7 (d), 87.9 (d), 1169 (t), 134.9 (d) ppm.

HRMS (ESI) caled for Ci3H,1BrOsNa: 327.0566 [M+Na]*; found 327.0564.
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Characterization data of compound 15« Br o

Specific rotation: [a]*°p: —66.2 (¢ = 0.3, CHCl5) 15a

14 NMR (CDCl3, 500 MHZ): 1.0 (t, J = 7.4 Hz, 3H), 1.53 (dd, J = 7.3, 14.3 Hz, 1H), 1.77—
1.85 (M, 1H), 1.92-1.98 (m, 2H), 2.11-2.22 (m, 2H), 2.23 (ddd, J = 5.8, 9.1, 14.5 Hz, 1H),
263 (dt, J = 6.4, 12.8 Hz, 1H), 3.88-3.93 (M, 2H), 3.97-4.01 (M, 1H), 4.05-4.09 (m, 2H),
4.20-4.23 (m, 2H), 5.08-5.13 (m, 2H), 5.77-5.85 (m, 1H).

13C NMR (CDCls, 125 MHZ): 510.0 (q), 25.5 (t), 33.6 (t), 37.8 (t), 39.9 (), 46.4 (d), 74.3 (d),
79.5 (d, 2C), 87.0 (d), 87.9 (d), 117.3 (t), 134.2 (d) ppm.

HRMS (ESI) caled for Ci3H,1BrOsNa: 327.0566 [M+Na]™; found 327.0565.

3.7. Preparation of compound 15p-Ac

To a solution of 158 (25 mg, 82 pmol) in CH,Cl, (10 mL) at 0
°C were added Et3N (0.07 mL, 0.49 mmol), DMAP (1.5 mg, 12.3 pmol, 15 mol%) and the
mixture was stirred for 15 min. To this, acetic anhydride (0.02 mL, 0.246 umol) was added at 0
°C and stirred further for 2 h. The reaction mixture was diluted with CH,Cl, (10 mL) and
washed with brine, dried (Na&SO,4) and concentrated under reduced pressure. The resulting
crude product was purified by column chromatography (95:5 petroleum ether/EtOAC) to afford
the acetate 15p—Ac (27 mg, 95%) as colorless syrup: Ry = 0.64 (10% EtOAc/petroleum
ether).
Specific rotation: [a]*p: —11.1 (c = 0.6, CHCl5).
'H NMR (CDCls, 400 MHz): §1.00 (t, J = 7.3 Hz, 3H), 1.51 (dd, J = 7.3, 14.4 Hz, 1H), 1.74
(dgd, J = 4.2, 7.3, 14.4 Hz, 1H), 1.87 (ddd, J = 15, 5.7, 145 Hz, 1H), 2.07 (s, 3H),
2.28-2.50(m, 4H), 2.66-2.72 (m, 1H), 3.82-3.86 (M, 1H), 3.88 (d, J = 7.6 Hz, 1H), 3.91-4.03
(m, 3H), 5.06 (d, J = 10.5 Hz, 1H), 5.10 (d, J = 17.1 Hz, 1H), 5.25-5.30 (m, 1H), 5.80 (dddd, J
= 6.6, 6.9, 10.3, 17.1 Hz, 1H).
3C NMR (CDCls, 100 MHz): §9.9 (g), 21.0 (q), 25.5 (t), 33.6 (1), 36.2 (t), 39.4 (1), 47.7 (d),
74.3 (d), 79.5 (d), 79.7 (d), 81.3 (d), 87.0 (d), 117.1 (t), 134.2 (d), 178.8 (S) ppm.
HRMS (ESI) calcd for Ci5H23BrOsNa369.0672 [M+Na]*; found 369.0672.

3.8. Preparation of compound 15a-Ac o 0 7

To a solution of 15a (15 mg, 49 pmol) in CH.Cl, (10 mL) at O
°C were added Et3N (0.04 mL, 294 umol), DMAP (0.9 mg, 7.37 pmol, 15 mol%) and stirred
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for 15 min. To this, acetic anhydride (0.01 mL, 0.147 ymol) was added a 0 °C and stirred
further for 2 h. The reaction mixture was diluted with CH,Cl, (10 mL) and washed with brine,
dried (Na,SO,) and concentrated under reduced pressure. The resulting crude product was
purified by column chromatography (95:5 petroleum ether/EtOAC) to afford the diaceate
15a—Ac (15 mg, 88%) as colorless syrup: Ry = 0.65 (10% EtOA c/petroleum ether).

Specific rotation: [a]*°p: —5.8 (¢ = 0.6, CHCl3)

'H NMR (CDCls3, 500 MHz): §1.00 (t, J = 7.3 Hz, 3H), 1.52 (dg, J = 7.3, 14.5 Hz, 1H), 1.73
(dgd, J= 4.2, 7.3, 14.5 Hz, 1H), 1.97 (ddd, J =3.5, 5.3, 14.1 Hz, 1H), 2.06 (s, 3H), 2.24 (ddd, J
= 8.0, 8.0, 13.4 Hz, 1H), 2.29 (t, J = 6.8 Hz, 2H), 2.43-2.49 (m, 1H), 2.68-2.73 (m, 1H), 3.87—
3.95 (m, 2H), 3.99 (dt, J = 6.9, 7.3 Hz, 1H), 4.08 (td, J = 2.8, 6.5 Hz, 1H), 4.13 (dt, J = 5.3,
7.3 Hz, 1H), 5.01-5.04 (m, 1H), 5.08-5.16 (m, 2H), 5.81 (ddt, J = 6.9, 10.3, 17.2 Hz, 1H) ppm.
13C NMR (CDCls, 125 MHZ): 59.9 (q), 21.1 (q), 25.5 (t), 34.2 (t), 37.4 (t), 39.8 (t), 47.6 (d),
77.5(d), 79.3 (d), 80.1 (d), 83.1 (d), 87.0 (d), 117.7 (t), 133.6 (d), 170.6 (S) ppm.

HRMS (ESI): caled for CisHxsBrOsNa: 369.0672 [M+Na]*; found
369.0668.

3.9. Preparation of compound 13

To a cooled (0 °C) solution of acohol 158 (70 mg, 0.23 mmol) in CH2Cl2 (5 mL)
were added 2,6-lutidine (0.53 mL, 4.59 mmol) and chloromethanesulfonyl chloride (0.31 mL,
3.44 mmol) dropwise. The resulting mixture was stirred for 2 h at the same temperature,
guenched with saturated agqueous NH4Cl and diluted with CH2Cl2. The layers were separated,
and the agueous layer was extracted with CH2Cl2. The combined organic layers were washed
with H20 and brine, dried over anhydrous Na2SO4, and concentrated in vacuo. Purfication of
the crude by flash chromatography (petroleum ether/EtOAc, 80:20) gave the
chloromethanesulfonated compound (90 mg, 94%) as a brown oil, which was immediately

used for the next step.

To a stirred solution of the crude chloromethanesulfonated compound (90 mg, 0.22
mmol) in THF (5 mL) was added n-tetrabutylammonium chloride (300 mg, 1.10 mmol) at
room temperature. The resulting mixture was stirred at 80 °C for 4 h, quenched with H20 at
room temperature, and diluted with EtOAc. The layers were separated and the aqueous layer
was extracted with EtOAc (3 x 10 mL). The combined organic layer was washed with brine,

dried over anhydrous Na2SO4 and concentrated in vacuo. The residue was purified by column
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chromatography (petroleum ether/EtOAcCc, 95:5) to afford the chlorinated compound 13 (60 mg,
86%) as acolorlessail. Ry = 0.5 (10% EtOAc/petroleum ether).

Specific rotation: [a]*p: +29.5 (c = 2.0, CHCl5).

'H NMR (CDCl3, 400 MHz): 5§ 1.01 (t, J = 7.4, 3H), 1.50 (dg, J = 7.3, 14.4 Hz, 1H), 1.75
(dgd, J=3.7, 7.2, 14.4 Hz, 1H), 2.18 (dt, J = 8.4, 13.0, 1H), 2.21-2.27 (m, 2H), 2.30 — 2.43 (m,
2H), 2.66 (dt, J = 6.9, 13.0 Hz, 1H), 3.88 (br. dt, J = 7.2, 8.4 Hz, 1H), 3.92 (br. g, J = 3.8 Hz,
1H), 3.96 (br. g, J = 6.6 Hz, 1H), 4.02—4.07 (m, 2H), 4.24 (br. g, J = 6.6 Hz, 1H), 5.11 (dd, J =
11.0, 17.2 Hz, 2H), 5.84 (ddt, J = 7.2, 10.4, 17.2 Hz, 1H).

13C NMR (100 MHz, CDCls): § 10.0 (q), 25.4 (t), 37.8 (t), 38.1 (t), 39.3 (t), 47.3 (d), 59.0 (d),
78.9 (d), 80.0 (d), 86.4 (d), 87.1 (d), 118.0 (t), 133.3 (d).

HRMS (ESI) calcd for Ci3H20BrO,CINa: 347.0207 [M+Na]*; found 347.0200.

Il

O, %

3.10. Synthesisof Notoryne (1)

Br.

Y Cl

To asolution of 13 (50 mg, 154 umoal) in dry benzene (5 mL) were added Notoryne

TIPS-enyne 14 (129 mg, 463 umol) in benzene (2 mL) and Hoveyda-Grubbs 2™ generation
catalyst (13 mg, 15.45 umol, 10 mol%) in benzene (2 mL) at rt under nitrogen atmosphere. The
reaction mixture was stirred at 60 °C for 1.5 h. Addition of TIPS-enyne 14 (129 mg, 463
pmol) in benzene (2 mL) and catalyst (13 mg, 15.45 pmol) in benzene (2 mL) was repeated
three times for every 1.5 h. Dimethyl sulfoxide (0.5 mL) was added to the solution, and it was
stirred open to the air for 15 h. The reaction mixture was concentrated in vacuo. The residue
was purified by column chromatography (petroleum ether:EtOAc, 92:8) to yield cis-enyne (30
mg, 39%) as a colourless oil R = 0.64 (10% EtOAc/petroleum ether).

To an ice cooled solution of the TIPS-enyne (17 mg, 0.03 mmol) in THF (10 mL), TBAF (26
mg, 0.1 mmol) was added and stirred for 0.5 h at —20 °C. The reaction mixture was quenched
by adding few drops of Et3N. Solvent was evaporated under reduced pressure, and the residue
was purified by column chromatography (90:10 petroleum ether/EtOAc) to afford 1 (10 mg,
85%) as colorless syrup: Rs = 0.6 (20% EtOAc/petroleum ether).

Specific rotation: [a]®p: +36.4 (c = 0.8, CHCl5).

'H NMR (CDCls, 500 MHz): §1.01 (t, J = 7.3, 3H), 1.51 (dq, J = 7.3, 14.3 Hz, 1H), 1.76
(dgd, J = 3.8, 7.3, 14.3 Hz, 1H), 2.18 (ddd, J = 8.4, 8.8, 13.0 Hz, 1H), 2.24-2.30 (m, 2H), 2.60
(dddd, J=1.2, 6.1, 6.9, 13.0, 1H), 2.64-2.71 (m, 2H), 3.13 (d, J = 1.9 Hz, 1H), 3.87 (br. dt, J =
7.3, 8.3 Hz, 1H), 3.92 (br. dt, J = 4.0, 7.4 Hz, 1H), 3.98 (ddd, J = 5.7, 6.5, 8.1 Hz, 1H),
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4.07-4.12 (m, 2H), 4.26 (br. dt, J = 5.9, 7.3 Hz, 1H), 5.60 (br. ddd, J = 1.4, 3.3, 11.0 Hz, 1H),
6.08 (br. dt, J=7.6, 11.0 Hz, 1H) ppm.

13C NMR (125 MHz, CDCls3): § 10.0 (q), 25.5 (t), 34.5 (t), 38.2 (), 39.4 (), 47.3 (d), 59.3 (d),
79.0 (d), 80.0 (s), 80.1 (d), 82.3 (d), 86.2 (d), 87.2 (d), 111.1 (d), 139.9 (d) ppm.

HRMS (ESI) calcd for Ci5H,0BrO,CINa: 371.0207 [M+Na]™; found 371.0198.

3.11. Preparation of Alkynol 23 /+Ho\—\oj2><

23

To a stirred solution of n-Butyne (16.11 mL, 5.0 M, 80.56
mmol) in dry THF (60 mL) were added dropwise n-BuLi (43 mL, 1.5 M, 64.44 mmol)
followed by BF;.OEt, (7.95 mL, 64.44 mmol) at -78 °C. After stirring for 30 min, a solution
of epoxide 22 (3.0 g, 16.11 mmoal) in dry THF (30 mL) was added dropwise to the above

solution at the same temperature. After stirring for 2 h at the same temperature, the reaction

mixture was quenched with saturated ammonium chloride. The organic layer was partitioned
with ethyl acetate, dried over NaxSO, and concentrated under reduced pressure. Purification
of the crude reaction mixture with silicagel column chromatography gave alkynol 23 (3.15 g,
81%) as acolourless liquid. R = 0.4 (20% EtOACc in petroleum ether).

Specific rotation: [a]®p: —34.9 (c 2.6, CHCl5).

'H NMR (CDCls3, 500 MHz): § 1.12 (t, J = 7.5 Hz, 3H), 1.33 (s, 3H), 1.56 (s, 3H), 1.61 (br.
s, 1H), 2.13-2.20 (m, 3H), 2.26 (ddd, J = 6.1, 8.4, 14.5 Hz, 1H), 2.43 (dd, J = 2.3, 6.1 Hz,
1H), 2.88 (s, 1H), 3.88 (dd, J = 6.1, 12.6 Hz, 1H), 4.24 (td, J = 3.4, 8.4 Hz, 1H), 4.77 (dd, J =
3.4, 5.0 Hz, 1H), 5.82 (d, J = 3.8 Hz, 1H) ppm

13C NMR (CDCls, 125 MHZ): § 12.4 (t), 14.1 (), 23.9 (t), 26.0 (q), 27.0 (g), 33.7 (t), 71.2
(d), 74.9 (s), 80.8 (d), 83.2 (d), 84.1 (s), 106.1 (d), 112.5 (S) ppm.
HRMS: calcd for Ci3H04 [M+Na]™ 263.1260, found 263.1254.

/ \ é\O Rt{e]
ST <

3.12. Preparation of Alkenol 24 2

At —78 °C, ammonia (200 mL) was condensed on a three necked 500 mL round
bottom flask, lithium metal (433 mg, 62.4 mmol) was added in small pieces to it with
vigorous stirring. After five minutes, alkynol 23 (3.1 g, 12.5 mmol) in dry THF was added
slowly to the blue supernatant solution over a period of 15 minutes. The reaction was stirred
for 3 h at —50 °C, quenched with solid anmonium chloride (~5g) and ammonia was allowed
to evaporate. The reaction mixture was diluted with water and partitioned with ethyl acetate,

solvent was evaporated under reduced pressure and purification of the crude reaction mixture
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afford alkenol 24 (2.70 g, 89%) as a colourless liquid. R = 0.35 (20% EtOAc in petroleum
ether).

Specific rotation: [0]*p: —11.4 (c 2.2, CHCl5).

'H NMR (CDCl3, 400 MHZ): §0.97 (t, J = 7.6 Hz, 3H), 1.32 (s, 3H), 1.55 (s, 3H), 1.97-2.08
(m, 3H), 2.08-2.27 (m, 3H), 2.73 (br. s., 1H), 3.75-3.85 (m, 1H), 4.00 (td, J = 8.1, 3.4 Hz,
1H), 4.72-4.80 (m, 1H), 5.43-5.52 (m, 1H), 5.52-5.61 (m, 1H), 5.80 (d, J = 3.7 Hz, 1H)
ppm.

13C NMR (100 MHz, CDCly): §13.7 (), 25.6 (t), 26.0 (), 27.0 (q), 33.6 (t), 36.6 (t), 72.6
(d), 80.8 (d), 83.9 (d), 106.1 (d), 112.5 (s), 124.4 (d), 135.0 (d) ppm.

HRMS: calcd for Ci3H,,04Na 265.1409 [M + Na]*, found 265.1410.

3.13. Synthesis of methyl glycosides 21a and 21p

At 0 °C, 0.5 mL of concentrated sulfuric acid was added to a stirred solution of alkenol
24 (2.6 g, 10.73 mmol) in methanol (50 mL). The reaction was warmed to room temperature
and kept for 6 h at the same temperature. After completion of the starting material, the reaction
mixture was diluted with saturated NaHCO3 solution (20 mL) and the solvent was evapourated
under reduced pressure. The crude reaction mixture was diluted with ethylacetate and water.
The organic layer was separated, dried (Na,SO,) and concentrated. Purification of the crude
reaction mixture with silica gel column chromatography gave compound 21a (1.82 g, 78%)
and compound 21p (180 mg, 8%) as colorless liquids.

Characterisation Data of 21p: /_//—\_\oJ
HO K

Rt = 0.3 (50% EtOACc in petroleum ether).
Specific rotation: [0]*p: +69.9 (¢ 4.0, CHCl5).
'H NMR (400 MHz, CDCl3): §1.00 (t, J = 7.3 Hz, 3H), 1.68 (br. s., 1H), 1.79 (dd, J = 14.0,
3.1 Hz, 1H), 2.06 (dt, J = 7.3, 14.1 Hz, 2H), 2.38 (t, J = 7.9 Hz, 2H), 3.35 (s, 3H), 3.55 (t, J =
6.1 Hz, 1H), 4.08 (d, J = 4.9 Hz, 1H), 4.17 (dt, J = 9.2, 2.0 Hz, 1H), 4.84 (s, 1H), 5.43 (dt, J =
14.6, 7.3 Hz, 1H), 5.67 (dt, J = 14.6, 6.1 Hz, 1H) ppm.

13C NMR (100 MHz, CDCl3): §13.7 (), 25.6 (t), 34.9 (1), 37.4 (t), 54.5 (d), 72.1 (d), 74.0 (d),
79.3 (d), 109.8 (d), 124.4 (d), 137.0 (d) ppm.

HRMS: calcd for C11H2004Na239.1254 [M + Na]*, found 239.1254.
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Characterisation Data of 21a: OMe

Rf = 0.25 (50% EtOAcC in petroleum ether). 210
Specific rotation: [0]*°p: —1.9 (c 1.8, CHCl3).

'H NMR (400 MHz, CDCl3): § 0.98 (t, J = 7.3 Hz, 3H), 1.66-1.76 (m, 2H), 2.04 (quintet,
2H), 2.18 (dd, J = 7.3, 14.1 Hz, 2H), 2.27 (dt, J = 7.3, 12.2 Hz, 2H), 2.39 (d, J = 9.8 Hz, 1H),
2.52 (br. s., 1H), 3.45 (d, J = 4.9 Hz, 1H), 3.49 (s, 1H), 4.00 (dt, J = 6.2, 8.3 Hz, 1H), 4.25 (dt,
J=43,8.0Hz, 1H), 4.76 (d, J = 4.3 Hz, 1H), 5.45 (dt, J = 6.7, 15.3 Hz, 1H), 5.58 (dt, J = 6.1,
15.3 Hz, 1H) ppm.

3C NMR (100 MHz, CDCls): §13.7 (q), 25.6 (t), 33.3 (1), 36.8 (1), 54.6 (d), 72.7 (d), 74.1 (d),
80.3 (d), 102.1 (d), 124.3 (d), 134.5 (d) ppm.

HRMS: calcd for C13H2004Na239.1254 [M + Na]*, found 239.1252.

3.14. Synthesis of Compound 25 and 26

To a stirred solution of the methyl glycoside 21a (1.7 g, 10.22 mmol) in dry
dichloromethane (30 mL) at 0 °C, N-Bromo Succinimide (1.82 g, 10.22 mmol) was added
and stirred for 4 h at rt. The reaction mixture was concentrated under reduced pressure.
Purification of the crude reaction mixture by column chromatography (85:15 petroleum
ether/EtOAC) gave compound 25 (910 mg, 39%) and 26 (720 mg, 31%) in 1:1.2 ratio as

colourless liquids.

Characterization Data of Compound 25:

Rt = 0.4 (20% EtOACc in petroleum ether).
Specific rotation: [0]*p: —38.7 (¢ 3.7, CHCl3).
'H NMR (400 MHz CDClg): §1.01 (t, J = 7.3 Hz, 3H), 1.50-1.56 (m, 1H), 1.70-1.78 (m,
1H), 1.85 (dd, J = 1.7, 13.8 Hz, 1H), 2.27 (ddd, J = 5.3, 7.0, 13.1 Hz, 1H), 2.45 (ddd, J = 5.5,
10.0, 15.1 Hz, 1H), 2.67 (dt, J = 7.0, 13.8 Hz, 1H), 3.34 (s, 3H), 4.00 (dd, J = 5.8, 11.3 Hz,
1H), 4.04-4.14 (m, 2H), 4.20-4.23 (m, 2H), 4.79 (s, 1H) ppm.

13C NMR (100 MHz, CDCl3): §10.3 (q), 26.4 (t), 34.4 (t), 38.2 (t), 49.0 (d), 54.6 (q), 73.7
(d), 77.8 (d), 79.3 (d), 89.1 (d), 110.0 (d) ppm.

HRMS: calcd for C11H19BrO,[M+Na]* 327.0359 found 327.0358.

OMe
Characterization Data of Compound 26 '
“OH
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R; = 0.35 (20% EtOAc in petroleum ether).
Specific rotation: [0]*°p: ~102.9 (¢ 1.0, CHCl5).
'H NMR (400 MHz, CDCl3): §1.01 (t, J = 7.3 Hz, 3H), 1.45-1.52 (m, 1H), 1.80 (dd, J =
2.3, 14.0 Hz, 1H), 1.88 (ddd, J = 3.1, 7.5, 14.2 Hz, 1H), 2.48 (ddd, J = 5.5, 10.0, 15.3 Hz,
1H), 2.56 (t, J = 8.6 Hz, 2H), 3.35 (s, 3H), 3.81 (g, J = 9.0 Hz, 1H), 3.91 (td, J= 3.3, 9.0 Hz,
1H), 3.97-4.03 (m, 2H), 4.19 (d, J = 10.8 Hz, 1H), 4.27 (d, J = 11.0 Hz, 1H), 4.84 (s, 1H)
ppm.

3C NMR (100 MHz, CDCl3): §10.1 (q), 25.0 (t), 34.6 (t), 38.2 (t), 46.7 (d), 54.6 (), 73.6
(d),78.1 (d), 78.8 (d), 86.9 (d), 109.8 (d) ppm.

HRMS: calcd for C11H19BrO4[M+Na]* 327.0359 found 327.0359.

3.15. Preparation of Compound 25-Ac

To asolution of compound 25 (20 mg, 0.06 mmol) in dry dichloromethane (10 mL) at
0 °C was added EtsN (0.06 mL, 0.6 mmol), DMAP (2 mg) and stirred for 15 min. To this,
acetic anhydride (0.02 mL, 0.3 mmol) was added at 0 °C and stirred further for 2 h. The
reaction mixture was diluted with CH,Cl, (10 mL) and washed with brine, dried (NaxSO,)
and concentrated under reduced pressure. Purification of the crude reaction mixture by
column chromatography (90:10 petroleum ether/EtOAC) gave the 25-Ac (22 mg, 96%) as
colourless syrup: Rs = 0.6 (20% EtOAc in petroleum ether).
Specific rotation: [o]*p: —35.8 (¢ 1.4, CHCl5).
'H NMR (CDCls, 400 MHz): ¢ 1.01 (t, J = 7.5 Hz, 3H), 1.60-1.71 (m, 3H), 2.07 (s, 3H),
2.22-2.33 (m, 2H), 2.46 (ddd, J = 7.0, 8.3, 14.6 Hz, 1H), 3.37 (s, 3H), 4.02 (dt, J = 5.3, 6.6
Hz, 1H), 4.07-4.13 (m, 2H), 4.22 (g, J = 7.0 Hz, 1H), 4.97 (s, 1H), 5.03 (dd, J = 2.0, 6.8 Hz,
1H) ppm.
3C NMR (CDCls, 100 MHZ): 6 9.9 (q), 21.0 (q), 26.6 (t), 32.3 (t), 39.0 (t), 48.9 (d), 54.8
(q), 77.5 (d), 79.4 (d), 79.8 (d), 89.0 (d), 107.2 (d), 170.4 () ppm.
HRMS (ESI): calcd for Ci3HoBrOs [M+Na]® 359.047, 361.047, found 359.0461 and
361.0439.

3.16. Preparation of Compound 26-Ac

To a solution of 26 (30 mg, 0.1 mmol) in CH,Cl, (10 mL) at 0 °C was added EtsN
(0.09 mL, 0.6 mmol), DMAP (2 mg) and stirred for 15 min. To this, acetic anhydride (0.03
mL, 0.3 mmol) was added at O °C and stirred further for 2 h. The reaction mixture was
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diluted with CH,Cl, (10 mL) and washed with brine, dried (Na;SO,4) and concentrated under
reduced pressure. The resulting crude product was purified by column chromatography
(90:10 petroleum ether/EtOAC) to afford the 26-Ac (31 mg, 90%) as colourless syrup: R =
0.6 (20% EtOAc in petroleum ether).

Specific rotation: [0]*°p: —77.0 (c 0.76, CHCl5).

'H NMR (CDCl3, 400 MHZz): 6 1.01 (t, J = 7.5 Hz, 3H), 1.56-1.59 (m, 1H), 1.63-1.64 (m,
1H), 1.72-1.82 (m, 1H), 2.06 (s, 3H), 2.08 (dt, J = 8.3, 13.2 Hz, 1H), 2.47 (ddd, J = 6.8, 8.5,
14.6 Hz, 1H), 2.65 (dt, J= 7.1, 13.3 Hz, 1H), 3.38 (s, 3H), 3.90 (dt, J= 7.6, 8.5 Hz, 1H), 4.01
(td, J = 4.5, 7.3 Hz, 1H), 4.08 (dd, J = 7.3, 15.1 Hz, 1H), 4.23 (ddd, J = 5.5, 7.7, 13.3 Hz,
1H), 4.97 (s, 1H), 5.04 (dd, J = 1.8, 6.5 Hz, 1H) ppm.

3C NMR (CDCls, 100 MHZ): § 9.7 (g), 21.0 (q), 25.1 (t), 32.0 (t), 39.1 (t), 46.9 (d), 54.8
(q), 77.4 (d), 79.4 (d), 80.0 (d), 86.7 (d), 107.1 (d), 170.3 (S) ppm.

HRMS (ESI): calcd for CisHoBrOs [M+Na]® 359.047, 361.047, found 359.0460 and
361.0440.

3.17. Preparation of compound 27e and 27

To asolution of methyl glycoside 25 (850 mg, 2.88 mmol) and alyltrimethylsilane (2.28
mL, 14.40 mmol) in acetonitrile (10 mL) was added drop wise an equimolar amount of
trimethylsilyl triflate (0.52 mL, 2.88 mmol) at —40 °C. The solution was allowed to warm to O
°C over aperiod of 8 h. As soon asit reached to 0 °C, a saturated agueous solution of NaHCO3
(5 mL) was added. The reaction mixture was concentrated under reduced pressure and the
agueous layer was extracted with EtOAc (4x25 ml). The combined organic layers were dried
over NapSOy, filtrated, concentrated in vacuo and purified by column chromatography to afford
compound 27 (440 mg, 50%) and 27a. (90 mg, 10%) as colourless liquids.

Characterisation of Compound 27p:

“OH

Rt = 0.3 (10% EtOAC in petroleum ether). ° 27p
Spexific rotation: [0]%p: —11.8 (¢ 2.0, CHCl3).

'H NMR (400 MHz, CDCl3): §1.03 (t, J = 7.3 Hz, 3H), 1.53-1.64 (m, 1H), 1.70-1.81 (m,
1H), 2.01 (dd, J = 2.4, 14.0 Hz, 1H), 2.19-2.15 (m, 1H), 2.35-2.46 (m, 3H), 2.62 (quin, J =
6.7 Hz, 1H), 3.70 (td, J = 1.2, 6.7 Hz, 1H), 3.98 (s, 2H), 4.03-4.11 (m, 3H), 4.21 (t, J = 7.0,
1H), 5.06 (d, J = 10.4 Hz, 1H), 5.13 (dd, J = 1.1, 17.1 Hz, 1H), 5.87 (ddt, J = 6.7, 9.8, 17.1
Hz, 1H) ppm.
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13C NMR (100 MHz, CDCl): §10.4 (q), 26.6 (t), 33.9 (t), 37.7 (t), 38.1 (t), 49.4 (d), 71.1 (d),
76.9 (d), 80.0 (d), 83.9 (d), 89.1 (d), 116.8 (1), 135.1 (d) ppm.
HRMS: calcd for CisHzBrOs [M+Na]* 327.0566 found 327.0568.

Characterisation Data of Compound 27a

“'OH

Rr = 0.35 (10% EtOAcC in petroleum ether). ° 274
Specific rotation: [0]*p: —16.8 (¢ 2.3, CHCl5).

H NMR (500 MHz, CDCl3): 5 1.01 (t, J = 7.6 Hz, 3H), 1.53-1.62 (m, 1H), 1.69-1.78 (m,
1H), 1.93 (dd, J = 14.1, 2.3 Hz, 1H), 2.09-2.14 (m, 1H), 2.17-2.26 (m, 2H), 2.41 (ddd, J = 6.5,
9.9, 14.1 Hz, 1H), 2.61-2.61 (m, 1H), 3.98-4.05 (M, 2H), 4.06-4.10 (m, 2H), 4.15-4.20 (m,
2H), 4.32 (d, J = 11.1 Hz, 1H), 5.07-5.12 (m, 2H), 5.79 (ddt, J = 6.9, 13.7, 17.2 Hz, 1H) ppm.
B3C NMR (125 MHz, CDCls): §10.3 (q), 26.6 (t), 36.6 (t), 38.3 (t), 38.6 (t), 49.3 (d), 74.5 (3),
77.9 (d), 80.5 (d), 88.0 (d), 89.3 (d), 117.3 (t), 134.2 (d) ppm.

HRMS: calcd for Ci3H21BrOs[M+Na] " 327.0566 found 327.0568.

3.18. Preparation of compound 27p-Ac

27p-Ac

To the stirred solution of compound 27p (35 mg, 115 ymol) in dry dichloromethane (3
mL) were added triethyl amine (96 pL, 688 umol), acetic anhydride (33 pL, 344 pmol), and
DMAP (1.4 mg, 12 ymol) at O °C. The reaction was stirred at room temperature for 3h and
after completion it was diluted with water (5 mL). The organic layer was separated and the
agueous layer was extracted with dichloromethane (3 x 5 mL). The combined organic layer
was washed with brine, dried over Na&SO, and concentrated under reduced pressure.
Purification of the reaction mixture by silica gel chromatography gave compound 27p-Ac (37
mg, 93%) as a colourless liquid. Rs = 0.6 (10% EtOAc in petroleum ether).
Specific rotation: [0]*p: —23.6 (¢ 2.6, CHCl3).
'H NMR (500 MHz, CDCls): §1.0 (t, J = 7.2 Hz, 3H), 1.57-1.67 (m, 2H), 1.75 (ddd, J = 14.1,
7.2, 2.3 Hz, 1H), 2.07 (s, 3H), 2.21-2.32 (m, 2H), 2.36 — 2.42 (m, 2H), 2.44-2.50 (m, 1H),
3.80 (td, J = 6.9, 4.4 Hz, 1H), 3.85 (dd, J = 13.7, 7.3 Hz, 1H), 4.01 (dt, J = 7.3, 5.0 Hz, 1H),
4.06 (dd, J=5.7, 11.8 Hz, 1H), 4.21 (dd, J = 6.9, 13.3 Hz, 1H), 5.04 (d, J = 9.9 Hz, 1H), 5.09
(d, J=17.2Hz, 1H), 5.78 (ddt, J = 17.2, 9.9, 6.9 Hz, 1H) ppm.
3C NMR (125 MHz, CDCls): §9.9 (), 21.0 (), 26.6 (t), 33.5 (1), 35.4 (1), 38.9 (), 49.1 (d),
74.0 (d), 79.1 (d), 79.2 (d), 81.2 (d), 88.9 (d), 117.1 (t), 134.1 (d), 170.5 (S) ppm.
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HRMS: calcd for Ci5H23BrO, [M+Na]* 369.0673 found 369.0670.

3.19. Preparation of compound 27a-Ac

270-Ac

Following the procedure used in the preparation of 27p-Ac, 27a (30 mg, 98 umol) on
acetylation, gave compound 27a-Ac (30 mg, 86%) as a colourless liquid. R = 0.6 (10% EtOAc
in petroleum ether).

Specific rotation: [0]%°p: —29.9 (¢ 1.2, CHCl5).

'H NMR (500 MHz, CDCl3): § 1.01 (t, J = 7.6 Hz, 3H), 1.56-1.59 (m, 1H), 1.63-1.71 (m,
1H), 1.82 (ddd, J = 13.7, 6.5, 5.0 Hz, 1H), 2.06 (s, 3H), 2.19-2.14 (m, 1H), 2.26-2.33 (m, 3H),
2.43 (dt, J = 13.7, 7.6 Hz, 1H), 4.0-4.12 (m, 4H), 4.22 (dt, J = 13.7, 6.5 1H), 4.96 (dt, J=7.2,
4.6 Hz, 1H), 5.09 (d, J =10.3 Hz, 1H), 5.12 (d, J = 17.2 Hz, 1H), 5.81 (ddt, J =17.2, 10.3, 6.9
Hz, 1H) ppm.

3C NMR (125 MHz, CDCls): §10.0 (), 21.1 (q), 26.8 (1), 33.8 (t), 37.3 (t), 38.9 (t), 49.3 (d),
77.0 (d), 79.2 (d), 79.6 (d), 82.4 (d), 89.0 (d), 117.7 (t), 133.6 (d), 170.7 (S) ppm.

HRMS: calcd for CisH23BrO,[M+Na] ™ 369.0673 found 369.0672.

3.20. Preparation of Compound 20

To a cooled (0 °C) solution of acohol 27 (300 mg, 0.98 mmol) in dry
dichloromethane (10 mL) were added 2,6-lutidine (2.28 mL, 19.6 mmol) followed by
chloromethanesulfonyl chloride (1.34 mL, 14.74 mmol). The resulting mixture was stirred for
2 h at the same temperature, quenched with saturated aqueous NH,4Cl and diluted with CH,Cl..
The layers were separated, and the aqueous layer was extracted with CH,Cl,. The combined
organic layers were washed with water and brine, dried over anhydrous Na&SO,, and
concentrated in vacuo. Purfication of the crude reaction mixture by flash chromatography
(petroleum ether/EtOAc, 80:20) gave the chloromethanesulfonated compound (390 mg, 95%)

as abrown oil, which was immediately used for the next step.

To a stirred solution of the crude chloromethane sulfonated compound (390 mg, 0.93
mmol) in dry THF (10 mL) was added n-tetrabutylammonium chloride (1.30 mg, 4.67 mmol)
at room temperature. The resulting mixture was stirred at 80 °C for 4 h, quenched with H,O at
room temperature, and diluted with EtOAc. The layers were separated and the aqueous layer
was extracted with EtOAc (3 x 15 mL). The combined organic layer was washed with brine,
dried over anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column
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chromatography (petroleum ether/EtOAc, 95:5) to afford the chlorinated compound 20 (240
mg, 79%) as a colourless oil. R = 0.5 (10% EtOAc/petroleum ether).

Specific rotation: [0]%°p: +18.6 (¢ 1.3, CHCls).

'H NMR (400 MHz, CDCls): §1.0 (t, J = 7.3 Hz, 3H), 1.48-1.58, (m, 1H), 1.61-1.72 (m, 1H),
2.05-2.14 (m, 1H), 2.19-2.25 (m, 1H), 2.30-2.47 (m, 4H), 3.99-4.09 (m, 4H), 4.12-4.19 (m,
2H), 5.10 (s, 1H), 5.18 (d, J = 10.4 Hz, 1H), 5.83 (ddt, J = 6.7, 10.4, 17.1 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3): §10.2 (), 26.8 (t), 37.8 (t), 38.0 (t), 38.5 (t), 49.4 (d), 59.3 (d),
78.6 (d), 78.7 (d), 86.5 (d), 88.8 (d), 117.7 (t), 133.6 (d) ppm.

HRMS: calcd for Cy3H20BrO,CI[M+Na]* 347.0198 found 347.0193.

3.21. Preparation of diastereomer A (2)

To astirred solution of compound 20 (100 mg, 0.33 mmol) in dry dlastreomer A (2)

benzene (5 mL) were added TIPS-enyne 14 (273 mg, 982 pmol) in benzene (2 mL) followed
by Hoveyda-Grubbs 2™ generation catalyst (28 mg, 32.76 pmol, 10 mol%) in benzene (2 mL)
at rt under nitrogen atmosphere. The reaction mixture was stirred at 60 °C for 1.5 h. Addition
of TIPS-enyne 14 (273 mg, 982 pmol) in benzene (2 mL) and catalyst (28 mg, 32.76 umol) in
benzene (2 mL) was repeated three times for every 1.5 h. Dimethyl sulfoxide (0.5 mL) was

added to the solution, and it was stirred open to the air for 15 h. The reaction mixture was
concentrated in vacuo. The residue was purified by column chromatography (petroleum
ether:EtOAC 92:8) gave cis-enyne compound (94 mg, 59%) as a colourless oil. Rf = 0.6 (10%
EtOAc/petroleum ether).

To a stirred solution of the TIPS-enyne compound (90 mg, 185 pmol) in dry THF (10
mL), was added n-tetra butyl ammonium fluoride (73 mg, 278 pmol) and stirred at —10 "C for
0.5 h. The reaction mixture was quenched by adding few drops of triethylamine. Solvent was
evaporated under reduced pressure, and the crude reaction mixture was purified by column
chromatography (90:10 petroleum ether/EtOAC) to afford diastereomer A (2) (59 mg, 97%) as
colourless ail. R = 0.6 (20% EtOAc/petroleum ether).
Specific rotation: [0]%p: +13.4 (c 0.8, CHCl5).
'H NMR (500 MHz, CDCls): 6 1.01 (t, 7.6 Hz, 3H), 1.50-1.56 (m, 1H), 1.64-1.72 (m, 1H),
2.13 (ddd, J = 4.6, 6.5, 13.4, 1H), 2.23 (ddd, J = 4.6, 6.5, 13.4 Hz, 1H), 2.38-2.47 (m, 2H),
2.58 (dt, J = 7.3, 14.5 Hz, 1H), 2.69 (dt, J = 7.3, 14.5 Hz, 1H), 3.13 (d, J = 1.9 Hz, 1H),
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4.01-4.03 (m, 2H), 4.05-4.12 (m, 2H), 4.14-4.20 (m, 2H), 5.61 (dd, J = 1.9, 10.7 Hz, 1H),
6.07 (dt, J= 7.3, 10.7 Hz, 1H) ppm.

13C NMR (100 MHz, CDCl3): §10.3 (q), 26.8 (t), 34.6 (t), 37.8 (t), 38.5 (t), 49.4 (d), 59.4 (d),
76.7 (d), 77.3 (d), 78.6 (d), 78.9 (d), 80.0 (d), 82.3 (s), 86.1 (d), 88.8 (d), 110.9 (d), 140.2 (d)

ppm.
HRMS: calcd for CisH20BrO,CI[M+Na]* 371.0207 found 371.0197.

3.22. Preparation of compound 28

Following the procedure used in the preparation of 20, chlorination of compound 27a.
(60 mg, 196 umol) gave 28 (51 mg, 80%) as colourless oil. R = 0.5 (10% EtOAc in petroleum
ether).

Spexific rotation: [0]*p: + 6.0 (¢ 1.0, CHCl5).
'H NMR (500 MHz, CDCl3): §0.98 (t, J = 7.63 Hz, 3H), 1.48-1.56 (m, 1H), 1.62-1.71 (m,
1H), 2.22-2.29 (m, 2H), 2.40-2.47 (m, 1H), 2.47-2.55 (m, 3H), 4.02-4.06 (m, 2H), 4.09 (dt, J
= 5.0, 6.9 Hz, 1H), 4.16 (td, J = 3.1, 6.9 Hz, 1H), 4.29 (ddd, J = 3.1, 6.5, 9.5 Hz, 1H), 4.46 (dd,
3.1, 5.0 Hz, 1H), 5.09 (dd, J = 0.8, 10.3 Hz, 1H), 5.18 (dd, J = 1.5, 17.2 Hz, 1H), 5.79 (ddt, J =
6.9, 10.3, 17.2 Hz, 1H) ppm.

3C NMR (125 MHz, CDCl3): §10.2 (), 26.8 (t), 35.7 (t), 38.7 (t), 38.8 (t), 49.7 (d), 62.8 (d),
78.0 (d), 79.2 (d), 82.4 (s), 88.7 (d), 117.7 (d), 133.7 (d) ppm.
HRMS: calcd for Cy3H20BrO,CI[M+Na]* 347.0207 found 347.0198.

I

Br. o 7

3.23. Preparation of diastereomer B (3) \
g
Diastereomer B (3(;‘

By accompanying the procedure used for the preparation of
diastereomer A, Compound 28 (35 mg, 108 umol) on relay cross-metathesis followed by TIPS
deprotection gave diastereomer B (3) (17 mg, 52%) as a colourless liquid. R; = 0.4 (10%
EtOAcC in petroleum ether).

Spexific rotation: [0]%p: + 7.3 (¢ 0.5, CHCl5).

14 NMR (500 MHz, CDCls): §0.98 (t, J = 7.3 Hz, 3H), 1.48-1.54 (m, 1H), 1.62-1.70 (m,
1H), 2.23-2.30 (M, 3H), 2.48-2.55 (M, 3H), 2.65-2.70 (M, 1H), 2.76-2.84 (m, 1H), 3.12 (d, J
= 1.9 Hz, 1H), 4.02-4.06 (m, 1H), 4.06-4.11 (m, 1H), 4.16 (td, J = 3.1, 7.3 Hz, 1H), 4.30 (ddd,
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J=23.1, 65, 9.5Hz, 1H), 4.46 (dd, J = 3.1, 5.0 Hz, 1H), 5.58 (dt, J = 1.1, 11.1 Hz, 1H), 5.06
(dt, J=7.25, 11.1 Hz, 1H) ppm.

3C NMR (125 MHz, CDCl3): §10.2 (), 26.8 (t), 32.4 (t), 38.6 (t), 38.8 (t), 49.6 (d), 62.7 (d),
79.1 (d), 79.9 (d), 81.8 (d), 82.3 (s), 88.7 (d), 110.7 (d), 140.4 (d) ppm.

HRMS: calcd for CisH20BrO.CI[M+Na]* 371.0207 found 371.0199.

3.24. Preparation of Compound 29« and 293

Following the procedure used in the preparation of compounds 27« and 27, compound
28 (750 mg, 2.54 mmol) on C-glycosidation gave compound 29« (70 mg, 9%) and 29§ (380

mg, 49%) as colourless liquids.

Characterization of Data of Compound 29§:

29p

Rf = 0.35 (20% EtOAc in petroleum ether).
Specific rotation: [0]%°p: —20.2 (¢ 0.8, CHCl5).
'H NMR (500 MHz, CDCl3): § 1.03 (t, J = 7.6 Hz, 3H), 1.42-1.52 (m, 1H), 1.64 (br. s., 1H),
1.88 (dqd, J = 3.1, 7.6, 14.9 Hz, 1H), 1.97 (dd, J = 2.3, 14.1 Hz, 1H), 2.38-2.47 (m, 3H),
2.49-2.54 (m, 2H), 3.74 (td, J = 2.7, 6.9 Hz, 1H), 3.79 (td, J = 7.6, 9.9 Hz, 1H), 3.92 (td, J =
3.0, 8.8 Hz, 1H), 3.98 (td, J = 1.1, 8.8 Hz, 1H), 4.01-4.05 (m, 1H), 4.07 (ct, J = 1.1, 10.3 Hz,
1H), 5.08 (dt, J = 1.1, 10.3 Hz, 1H), 5.16 (dg, J = 1.5, 17.2 Hz, 1H), 5.91 (ddt, J = 7.3, 10.3,
17.2 Hz, 1H) ppm.

B3C NMR (125 MHz, CDCls): §10.2 (q), 25.0 (t), 34.0 (t), 38.1 (t, 2C), 46.9 (d), 71.1 (d),
77.6 (d), 79.5 (d), 84.1 (d), 87.2 (d), 116.9 (t), 135.1 (d) ppm.

Specific rotation: HRMS: calcd for Cy3H203Br [M+Na]* 327.0566 found 327.0566.

Characterization Data of Compound 29a::

Rt = 0.3 (20% EtOAC in petroleum ether).
Spexific rotation: [0]%p: —76.7 (¢ 1.0, CHCl3).
H NMR (500 MHz, CDCl3): § 101 (t, J = 7.3 Hz, 3H), 1.58 (dg, J = 7.3, 14.1 Hz, 1H),
1.69-1.78 (m, 1H), 1.93 (dd, J = 2.3, 14.1 Hz, 1H), 2.09-2.14 (m, 1H), 2.17-2.26 (m, 2H),
2.40 (ddd, J = 6.5, 9.9, 14.1 Hz, 1H), 2.61-2.66 (m, 1H), 3.98-4.05 (m, 2H), 4.06-4.10 (m,
2H), 4.15-4.20 (m, 2H), 4.32 (d, J = 11.1, 1Hz), 5.07-5.12 (m, 2H), 5.79 (ddt, J = 6.9, 10.3,
17.2 Hz, 1H) ppm.
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13C NMR (125 MHz, CDCls): §10.3 (q), 26.6 (t), 36.6 (t), 38.3 (t), 38.6 (t), 49.3 (d), 74.5 (d),
76.7 (d), 80.5 (d), 88.0 (d), 89.3 (d), 117.3 (1), 134.2 (d) ppm.
HRMS: calcd for CisH205Br [M+Na]* 327.0566 found 327.0565.

3.25. Preparation of Compound 29B-Ac

29p-Ac

Following the procedure used in the preparation 27p-Ac, compound 298 (30 mg, 98
pmol) on acylation gave acylated compound 298-Ac (29 mg, 85%) as a colourless liquid. R =
0.4 (20% EtOAc in petroleum ether).

Specific rotation: [0]*p: —54.9 (¢ 1.7, CHCl5).

'H NMR (400 MHz, CDCl3): 5 1.01 (t, J = 7.3 Hz, 3H), 1.56 (sept., J = 7.3 Hz, 1H),
1.65-1.80 (m, 3H), 2.07 (s, 3H), 2.08-2.12 (m, 1H), 2.36-2.52 (m, 3H), 2.58-2.67 (m, 1H),
3.83 (dt, J= 6.7, 9.8 Hz, 1H), 3.88 (g, J = 7.9 Hz, 1H), 3.96-4.02 (m, 2H), 4.07 (g, J = 7.3 Hz,
1H), 5.05 (d, J = 11.0 Hz, 1H), 5.09 (dd, J = 1.2, 17.7 Hz, 1H), 5.22-5.28 (m, 1H), 5.79 (ddt, J
=17.1, 10.4, 7.3 Hz, 1H) ppm.

13C NMR (100 MHz, CDCl3): §9.8 (q), 21.0 (g), 25.3 (t), 33.5 (t), 35.3 (t), 38.9 (t), 47.2 (d),
74.0 (d), 79.2 (d), 79.6 (d), 81.3 (d), 86.9 (d), 117.2 (t), 134.1 (d), 170.4 (s) ppm.

HRMS: calcd for Ci5H2304Br [M+Na]* 369.0672 found 369.0673.

3.26. Preparation of Compound 29a-Ac

29a-Ac

Following the procedure used in the preparation 27a-Ac, compound 29a. (14 mg, 46
pmol) on acylation gave acylated compound 29a-Ac (14 mg, 88%) as a colourless liquid. Ry =
0.5 (20% EtOAc in petroleum ether).

Specific rotation: [0]*p: —51.9 (¢ 2.1, CHCl3).

'H NMR (500 MHz, CDCl3): § 1.00 (t, J = 7.6 Hz, 3H), 1.51-1.60 (m, 1H), 1.69-1.80 (m,
2H), 2.03 (s, 3H), 2.04-2.09 (m, 1H), 2.27-2.34 (m, 2H), 2.42 (dt, J = 7.6, 13.7 Hz, 1H), 2.57
(dt, J = 7.3, 13.0 Hz, 1H), 3.85 (dt, J = 7.6, 8.8 Hz, 1H), 3.93 (dit, J = 7.3, 13.0 Hz, 1H), 4.03 (
dt, J=6.9, 8.0 Hz, 1H), 4.08 (td, J = 3.8, 6.5 Hz, 1H), 4.13 (dt, J= 6.5, 7.6 Hz, 1H), 4.97 (dt, J
= 3.8, 6.9 Hz, 1H), 5.07 (d, J = 10.7 Hz, 1H), 5.11 (dd, J = 1.1, 17.5 Hz, 1H), 5.81 (ddt, J = 6.9,
10.3, 17.2 Hz, 1H) ppm.

B3C NMR (125 MHz, CDCl3): 5 9.8 (q), 21.1 (q), 25.1 (t), 33.6 (t), 37.3 (t), 38.9 (1), 47.1 (d),
77.1 (d), 79.4 (d), 79.8 (d), 82.5 (d), 86.5 (d), 117.7 (t), 133.5 (d), 170.6 (s) ppm.

HRMS: calcd for Ci5H204Br [M+Na]* 369.0672 found 369.0673.
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3.27. Preparation of Compound 30

Following the procedure used in the preparation 20, compound
29p (270 mg, 884 umoal) on chlorination gave chlorinated compound 30 (218 mg, 76%) as a
colourlessliquid. Rs = 0.3 (10% EtOAc in petroleum ether).
Specific rotation: [0]%°p: —33.4 (¢ 2.1, CHCl5).
H NMR (500 MHz, CDClg): 5 1.02 (t, J = 7.3 Hz, 3H), 1.45-1.55 (m, 1H), 1.81 (dqd, J =
3.8, 7.6, 14.9 Hz, 1H), 2.09-2.15 (m, 1H), 2.24-2.34 (m, 2H), 2.35-2.39 (m, 2H), 2.57 (dt, J =
6.9, 13.0 Hz, 1H), 3.81 (ddd, J = 7.6, 9.5, 17.2 Hz, 1H), 3.91 (td, J = 3.8, 8.0 Hz, 1H), 3.96
(ddd, J = 3.8, 6.9, 8.4 Hz, 1H), 4.06-4.12 (m, 2H), 4.21 (ddd, J = 4.2, 6.9, 8.0 Hz, 1H),
5.10-5.17 (m, 2H), 5.85 (ddt, J = 6.9, 10.3, 17.2 Hz, 1H) ppm.
3C NMR (125 MHz, CDCl3): §10.0 (g), 25.1 (t), 37.8 (t), 38.0 (t), 38.6 (t), 47.1 (d), 59.4 (d),
78.2 (d), 79.4 (d), 86.6 (d), 86.7 (d), 117.9 (t), 133.5 (d) ppm.
HRMS: calcd for C13H»00,BrCl [M+Na]* 347.0198 found 347.0195.

3.28. Preparation of diastereomer C (4)

Following the procedure used in the preparation of diastereomer

diastereomer C (4)

A (2), relay cross-metathesis and followed by TIPS deprotection of
compound 30 (50 mg, 154 umol) gave diastereomer C (4) (27 mg, 50%) as a colourless liquid.
R¢ = 0.4 (10% EtOAc in petroleum ether).

Specific rotation: [0]%p: —33.4 (c 0.8, CHCls3).

'H NMR (400 MHz, CDCl3): 6§ 1.02 (t, J = 7.4 Hz, 3H), 1.46-1.55 (m, 1H), 1.76-1.86 (m,
1H), 2.10-2.17 (m, 1H), 2.24-2.40 (m, 2H), 2.54-2.65 (m, 2H), 2.66-2.74 (m, 1H), 3.14 (s,
1H), 3.81 (g, J = 8.5 Hz, 1H), 3.88-3.93 (m, 1H), 3.94-4.00 (m, 1H), 4.10-4.17 (m, 2H),
4.20-4.27 (m, 1H), 5.61 (d, J = 11.0 Hz, 1H), 6.09 (dit, J = 7.3, 11.0 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3): §10.1 (g), 25.1 (t), 34.6 (t), 37.8 (t), 38.6 (t), 47.1 (d), 59.6 (d),
78.2 (d), 79.6 (d), 80.0 (d), 82.3 (5), 86.3 (d), 86.7 (d), 111.0 (d), 140.1 (d) ppm.

HRMS: calcd for CisH200.BrCl [M+Na]* 371.0198 found 371.0194.

3.29. Preparation of Compound 31

Following the procedure used in the preparation of compound 20, chlorination of
compound 29a (250 mg, 819 umol) gave compound 31 (194 mg, 73%) as a colourless liquid.
Rt = 0.3 (10% EtOAC in petroleum ether).
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Specific rotation: [o]*p: —39.5 (c 1.0, CHCl5).
'H NMR (400 MHz, CDCl3): 6 1.01 (t, J = 7.4 Hz, 3H), 1.44-1.56 (m, 1H), 1.76-1.87 (m,
1H), 2.25-2.34 (m, 2H), 2.37-2.50 (m, 2 H), 2.53-2.63 (m, 2H), 3.81 (g, J = 8.2 Hz, 1H),
3.85-3.91 (m, 1H), 3.92-3.97 (m, 1H), 4.02 (td, J = 2.4, 6.8 Hz, 1H), 4.30-4.37 (m, 1H), 4.48
(bs, 1H), 5.11 (d, J = 9.8 Hz, 1H), 5.20 (d, J = 17.7 Hz, 1H), 5.81 (ddt, J = 7.3, 9.8, 17.1 Hz,
1H) ppm

3C NMR (100 MHz, CDCls3): §10.0 (q), 25.0 (t), 35.6 (t), 38.7 (t, 2C), 47.1 (d), 62.6 (d), 78.8
(d), 78.9 (d), 82.2 (d), 86.5 (d), 117.8 (t), 133.6 (d) ppm.

HRMS: calcd for Ci3H200-BrCl [M+Na]* 347.0198 found 347.0193. I

Br.,, o Y

3.30. Preparation of diastereomer D (5) o ol

diastereomer D (5)

Following the procedure used in the preparation of diastereomer A (2), relay cross-
metathesis followed by TIPS deprotection of compound 31 (25 mg, 77 pmol) gave
diastereomer D (5) (11 mg, 41%) as a colourless liquid. Rs = 0.4 (10% EtOAc in petroleum
ether).

Specific rotation: [0]*°p: —6.0 (c 0.8, CHCl3).

'H NMR (500 MHz, CDCl3): § 1.0 (t, J = 7.3 Hz, 3H), 1.50 (dt, J = 7.3, 14.50 Hz, 1H), 1.80
(ddd, J = 3.4, 7.6, 14.1 Hz, 1H), 2.27-2.33 (m, 2H), 2.42 (ddd, J = 5.0, 9.5, 14.1 Hz, 1H),
2.56-2.62 (M, 1H), 2.64-2.74 (m, 1H), 2.82 (dt, J = 6.5, 13.7 Hz, 1H), 3.14 (d, J = 1.9 Hz,
1H), 3.78-3.88 (m, 2H), 3.94 (ddd, J = 3.8, 7.3, 8.4 Hz, 1H), 4.07 (td, J = 2.7, 6.9 Hz, 1H),
4.34 (ddd, J = 3.8, 6.5, 9.9 Hz, 1H), 4.48 (t, J = 3.8 Hz, 1H), 5.58 (ddt, J = 1.5, 1.9, 10.7 Hz,
1H), 6.10 (dtt, J = 6.9, 10.7 Hz, 1H) ppm.

B3C NMR (125 MHz, CDCl3): §10.1(s), 25.0 (t), 32.4 (t), 38.7 (t, 2C), 47.2 (d), 62.6 (d), 78.8
(d), 78.9 (d), 80.0 (s), 81.5 (d), 82.4 (d), 86.6 (d), 110.7 (d), 140.5 (d) ppm.

HRMS: calcd for CisH200.BrCl [M+Na]* 371.0198 found 371.0197.
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3.31. Preparation of Alkynol 34 = OO
p y /—HO>_OWO><

At -78 °C, n-BuLi (21.9 mL, 35.01 mmol) followed by .
BF;.0OFEt; (3.24 mL, 26.26 mmol) were added to a stirred solution of 1-butyne (3M, 14.6
mL, 43.77 mmol) in dry THF. After 30 minutes, a solution of epoxide 12 (1.63 g, 8.75

mmol) in dry THF was added and the reaction was kept at the same temperature for 2 h.

The reaction was quenched by slow addition of saturated ammonium chloride and diluted
with ethyl acetate. The aqueous layer was extracted with ethyl acetate (3 x 30 mL) and
the combined organic layer was washed with brine, dried over Na,SO,4 and concentrated
under reduced pressure. Purification of the crude by silica gel column chromatography
(70:30 petroleum ether/EtOAC) gave alkyne 34 (2 g, 95%) as a white solid. R; = 0.3
(20% EtOACc/petroleum ether).

Specific rotation: [a]*p: +7.27 (¢ = 1.56, CHCl5).

'H NMR (400 MHz, CDCl3): §1.11 (t, J = 7.6 Hz, 3H), 1.32 (s, 3H), 1.52 (s, 3H), 1.72
(s, 1H), 1.82 (ddd, J = 4.6, 10.7, 13.0 Hz, 1H), 2.08 (dd, J = 4.6, 13.0 Hz, 1H), 2.12-2.20
(m, 2H), 2.30 (d, J = 6.9 Hz, 1H), 2.42-2.46 (m, 2H), 3.60-3.66 (M, 1H), 4.32 (dt, J =
4.6,10.7 Hz, 1H), 4.75 (t, J = 4.0 Hz, 1H), 5.81 (d, J = 3.7 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3): § 12.37 (t), 14.07 (q), 24.64 (t), 26.24 (q), 26.77 (q),
34.79 (t), 71.21 (d), 74.90 (s), 79.69 (d), 80.79 (d), 84.16 (s), 105.39 (d), 111.43 (s) ppm.
HRMS (ESI): calcd for Ci3H200sNa: 263.1254 [M+Na]*; found 263.1252.

3.32. Preparation of Alkenol 33 /_//—>_<o;'..\o><
HO "o

At -78 °C, ammonia (50 mL) was condensed into a two neck i

RB flask fitted with a dry ice condenser in one neck and the other neck was fitted with a
glass delivery-tube running to the bottom of the flask. The glass delivery tube was
removed and small pieces of sodium metal (957 mg, 41.61 mmol) were added with
vigorous stirring. A solution of alkyne 34 (2 g, 8.32 mmol) in THF (10 mL) was added to
it very slowly. After the addition was complete, the reaction mixture was stirred at -78
°C for another 2 h. The reaction was quenched by slow addition of solid NH4CI (10 g).
After, addition was complete, the cooling bath was removed, and ammonia was allowed
to evaporate overnight. The reaction mixture was partitioned between ethyl acetate (25
mL) and water (25 mL). The agueous layer was extracted with ethyl acetate, and the
combined organic layer was washed with brine, dried over Na,SO, and concentrated.
Purification of the crude by column chromatography (90:10 petroleum ether/EtOAC)
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gave alkenol 33 (1.55 g, 77%) as a colourless liquid. R; = 0.35 (20% EtOAc/petroleum
ether).

Specific rotation: [a]*p: —15.90 (¢ = 3.36, CHCl5).

'H NMR (500 MHz, CDCl3): §0.96 (t, J = 7.6 Hz, 3H), 1.31 (s, 3H), 1.49 (s, 3H), 1.76
(ddd, J = 4.6, 10.7, 13.3 Hz, 1H), 1.97-2.05 (m, 3H), 2.18 (bs., 1H), 2.23 (t, J = 6.6 Hz,
2H), 3.47-3.53 (m, 1H), 4.16 (dt, J = 4.6, 9.5 Hz, 1H), 4.72 (t, J = 4.2 Hz, 1H), 5.43 (dt,
J=6.9, 15.3 Hz, 1H), 5.57 (dt, J = 6.5, 15.3 Hz, 1H), 5.79 (d, J = 3.6 Hz, 1H) ppm.

3C NMR (125 MHz, CDCl3): & 13.67 (q), 25.55 (t), 26.19 (q), 26.74 (q), 34.80 (1),
37.32 (t), 72.30 (d), 80.40 (d), 80.70 (d), 105.34 (d), 111.26 (s), 124.26 (d), 135.64 (d)

ppm.
HRMS (ESI): calcd for Ci3H204Na: 265.1410 [M+Na]*; found 265.1408.

3.33. Preparation of Compound 32 io)/\_@o
.,lox‘-

To an ice cooled solution of alkenol 33 (920 mg, 3.8 mmol) in
dry dichloromethane (10 mL) were added EtzN (1.6 mL, 11.4 mmol) followed by

methanesulfonyl chloride (0.4 mL, 5.70 mmol). The reaction mixture was stirred at 0 °C

for 1 h. Then it was quenched by the addition of water. The reaction mixture was diluted
with dichloromethane (15 mL). The organic layer was separated, washed with brine,
dried over Na,SO,4 and concentrated. The crude reaction mixture was proceeded for the
next step without purification. R = 0.35 (20% EtOAc/petroleum ether).

To an ice cooled solution of mesylated crude compound (1.2 g, 3.75 mmol) in
1:1 (v/v) 'BUOH:H,O, 20 mL were added AD-mix-B (5.62 g, 1.5 g/mmol) and
methanesulfonamide (1.1 g, 11.2 mmol). The reaction mixture was stirred at 0 °C for 48
h. Then it was quenched by the addition of saturated solution of Na,SOs; (15 mL). The
reaction mixture was extracted with ethyl acetate, and the combined organic layer was
washed with brine, dried over Na,SO, and concentrated under reduced pressure. The
crude product mass was subjected for the next step without purification. Ry = 0.2 (60 %
EtOAc/petroleum ether).

To a solution of the above di-hydroxylated crude compound (1.0 g, 2.82 mmol)
in methanol (10 mL), was added K,CO3 (1.98 g, 14.11 mmol) at room temperature and
kept for 48 h. After complete consumption of the starting material, methanol was

evaporated under reduced pressure and purification of the crude reaction mixture by
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column chromatography (60:40 petroleum ether/EtOAcC) gave the bis-tetrahydrofuran
compound 32 (675 mg, 69%) as a colourless liquid. Ry = 0.2 (40% EtOAc/petroleum
ether).

Specific rotation: [a]®p: —45.38 (c = 3.1, CHCl5).

'H NMR (400 MHz, CDCl3): §0.96 (t, J = 7.5 Hz, 3H), 1.31 (s, 3H), 1.48 (ddd, J = 4.6,
8.4, 11.4 Hz, 1H), 1.52 (s, 3H), 1.69 (q, J = 7.6, 2H), 1.80 (dd, J = 3.8, 13.7 Hz, 1H),
2.09 (dd, J = 4.6, 13.7 Hz, 1H), 2.21 (ddd, J = 4.6, 9.9, 14.5 Hz, 1H), 3.12 (d, J = 10.7
Hz, 1H), 3.52 (td, J = 2.3, 6.9 Hz, 1H), 4.02 (ddd, J = 2.3, 5.3, 10.7 Hz, 1H), 4.11 (dt, J
= 2.3,9.9 Hz, 1H), 4.48 (dq, J = 2.3, 11.4 Hz, 1H), 4.73 (t, J = 4.2 Hz, 1H), 5.85 (d, J =
3.1 Hz, 1H) ppm.

13C NMR (100 MHz, CDCls): §10.4 (q), 21.7 (1), 26.2 (q), 26.7 (q), 34.9 (t), 35.3 (1),
70.9 (d), 77.6 (d), 79.3 (d), 80.1 (d), 85.5 (d), 105.6 (d), 111.8 (s) ppm.

HRMS (ESI): calcd for Ci3H2,0sNa: 281.1359 [M+Na]*; found 281.1353.

3.34. Preparation of Compound 32-Ac ifj/\_@.ﬂoK
o 10

32-Ac

At 0 °C, to a solution of compound 32 (110 mg, 0.43 mmol) in
dry CH2Cl, (10 mL) were added EtsN (0.9 mL, 6.4 mmol), DMAP (10 mg, 85 pmol) and
the mixture was stirred for 15 min at the same temperature. To this, acetic anhydride (0.4
mL, 4.3 mmol) was added at 0 °C and stirring was continued further for additional 2 h.
The reaction mixture was diluted with CH,Cl, (10 mL) and washed with brine, dried

(NaSO,4) and concentrated under reduced pressure. The resulting crude product was
purified by column chromatography (70:30 petroleum ether/EtOAC) to afford the acetate
32-Ac (115 mg, 90%) as colourless syrup: Rf = 0.5 (20% EtOAc/petroleum ether).
Specific rotation: [a]*°p: —40.74 (c = 1.74, CHCl5)

'H NMR (500 MHz, CDCl3): §0.92 (t, J = 7.6 Hz, 1H), 1.32 (s, 3H), 1.50 (s, 3H), 1.58
(td, J= 6.9, 14.1 Hz, 1H), 1.65 (td, J = 7.2, 14.1 Hz, 1H), 1.75-1.81 (m, 1H), 1.86 (dd, J
= 5.7, 14.5 Hz, 1H), 2.05 (s, 3H), 2.16 (dd, J = 4.2, 13.7 Hz, 1H), 2.44 (ddd, J = 6.9, 8.4,
14.9 Hz, 1H), 3.70 (td, J = 3.8, 6.9 Hz, 1H), 3.97 (dt, J = 5.7, 8.4 Hz, 1H), 4.20 (dt, J =
5.0, 10.7 Hz, 1H), 4.75 (t, J = 4.2, 1H), 5.25 (td, J = 3.8, 1.9 Hz, 1H), 5.80 (d, J = 3.8
Hz, 1H) ppm.

13C NMR (125 MHz, CDCls): & 10.43 (q), 20.96 (d), 21.88 (t), 26.15 (d), 26.73 (d),
35.06 (t), 36.19 (t), 73.93 (d), 78.07 (d), 79.94 (d), 80.50 (d), 83.54 (d), 105.54 (d),
111.06 (s), 170.39 (S) ppm.
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HRMS (ESI): calcd for CisH2406Na: 323.1465 [M+Na]™; found 323.1465.

3.35. Preparation of Compound 31

31

To an ice cooled solution of compound 32-Ac (105 mg, 0.35
mmol) in dry dichloromethane (5 mL), were added allyl trimethyl silane (0.28 mL, 1.75
mmol) followed by BF3.Et,O (0.22 mL, 1.75 mmol) and the mixture was stirred at 0 °C
for 1 h. The reaction mixture was diluted with saturated NH4Cl solution (5 mL) and was
extracted with dichloromethane. The combined organic layer was washed with brine,
dried over Na,SO, and concentrated under reduced pressure. Purification of the crude by
silica gel column chromatography (70:30 petroleum ether/EtOAc) gave the allylated
compound 31 (71 mg, 71%) as a colourless liquid. R; = 0.3 (40% EtOAc/petroleum
ether).

Specific rotation: [a]*p: —43.71 (¢ = 0.9, CHCl3).

'H NMR (400 MHz, CDCl3): 60.95 (t, J = 7.5 Hz, 3H), 1.60-1.68 (m, 3H), 1.85 (ddd, J
=15, 6.1, 14.5 Hz, 1H), 1.96-2.03 (m, 1H), 2.07 (s, 3H), 2.20-2.28 (m, 1H), 2.31-2.45
(m, 2H), 3.67 (td, J = 3.8, 6.1 Hz, 1H), 3.80-3.89 (m, 2H), 4.12-4.17 (m, 2H), 5.07-5.15
(m, 2H), 5.25 (ddd, J = 1.5, 3.1, 5.3 Hz, 1H), 5.84 (ddt, J = 6.9, 9.9, 16.8 Hz, 1H) ppm.
13C NMR (100 MHz, CDCl3): & 10.55 (q), 21.05 (q), 35.85 (t), 37.03 (t), 38.46 (t),
74.22 (d), 75.41 (d), 79.34 (d), 79.74 (d), 83.37 (d), 85.72 (d), 117.47 (t), 134.20 (d),
170.59 (s) ppm.

HRMS (ESI): calcd for CisH250s: 285.1697 [M+H]™; found 285.1699.

3.36. Preparation of Laurefurenyne A (6) Ho,,

“OH

To astirred solution of compound 31 (33 mg, 116 pmol) in dry Laurefurenyne A ()

benzene (1 mL) were added Hoveyda-Grubbs second generation catalyst (7 mg, 11.6
pmol) followed by compound 14 (97 mg, 348 umol) at room temperature. For every 1.5
hours, the addition of the catalyst and compound was repeated (same amounts) for 3
times. After stirring for another 12 h at 40 °C, the reaction mixture was quenched with
DM SO and the stirring was continued for another 13 h at room temperature. The reaction
mixture was diluted with water and extracted with ethyl acetate. Purification of the crude
reaction mixture with Pet-ether/ethyl acetate gave TIPS protected alkyne as a colourless

liquid.
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To a stirred solution of the resulting compound (43 mg, 92.5 pmol) in methanol,
K>COs3 (38 mg, 278 pmol) was added and the reaction was kept at room temperature for
1 h. Methanol was removed under reduced pressure and purification of the crude reaction
mixture with column chromatography gave TIPS protected compound as a colourless
liquid.

To a stirred solution of the crude TIPS protected Laurefurenyne A (35 mg, 83
pmol) in THF (1 mL) was added tetrabutylammonium fluoride (0.25 mL, 1 M, 248
pmol) at 0 °C. The reaction was stirred for 15 minutes and diluted with water. The
reaction mixture was partitioned with ethyl acetate and purification of the crude reaction
mixture with silica gel column chromatography gave Laurefurenyne A (6) (15 mg,
overall, 49%, 3 steps) as a colourless syrup. Ry = 0.3 (60% EtOAc/petroleum ether).
Specific rotation: [a]*p: —16.5 (¢ = 0.1, MeOH).
'H NMR (400 MHz, CDCl3): §0.98 (t, J = 7.6 Hz, 3H), 1.69-1.76 (m, 4H), 1.83-1.93
(m, 2H), 2.24 (ddd, J = 5.3, 9.9, 14.5 Hz, 1H), 2.60-2.70 (m, 2H), 3.14 (d, J = 2.2, 1H),
3.54 (td, J = 2.3, 6.9 Hz, 1H), 3.95 (td, J = 3.8, 6.1 Hz, 1H), 4.03 (dd, J = 2.3, 4.6 Hz,
1H), 4.42 (ddd, J = 2.3, 6.9, 10.7 Hz, 1H), 5.60-5.65 (m, 1H), 6.10 (dt, J = 7.6, 10.7 Hz,
1H) ppm.
13C NMR (100 MHz, CDCl3): §10.52 (q), 21.79 (t), 29.69 (t), 34.08 (t), 34.47 (t), 37.09
(t), 70.76 (d), 74.78 (d), 78.14 (d), 79.14 (d), 79.99 (s), 82.50 (s), 85.65 (d), 85.71 (d),
111.33 (d), 139.80 (d) ppm.
HRMS (ESI): calcd for CisH2,04Na: 289.1410 [M+Na]*; found 289.1410.

3.37. Preparation of Laurefurenyne B (7) HO,, 7

“OH

To a stirred solution of the Allylated compound 31 (20 Laurefurenyne B (7)

mg, 70.3 ymol) in dry dichloromethane were added crotonaldehyde (0.12 mL, 1.4 mmol)
followed by Grubb’s second-generation catalyst (6 mg, 7.0 ymol) at room temperature.
The reaction was kept at reflux for 1 h. After completion of the starting material, the
solvent was evaporated on reduced pressure and purification of the crude with sili ca gel
column chromatography gave the aldehyde (21 mg, 96%) as a colourless syrup. Rf = 0.3
(60% EtOACc/petroleum ether).

'H NMR (400 MHz, CDCl3): §0.94 (t, J = 7.5 Hz, 3H), 1.52-1.67 (m, 2H), 1.76 (ddd, J
= 1.9, 6.3, 14.6 Hz, 1H), 1.96 (ddd, J = 3.3, 6.6, 13.3 Hz, 1H), 2.06 (s, 3H), 2.10-2.14
(m, 1H), 2.43 (ddd, J = 6.8, 8.6, 14.9 Hz, 1H), 2.50-2.56 (m, 2H), 3.68 (ddd, J = 3.8,
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6.3, 7.4 Hz, 1H), 3.88-3.96 (m, 2H), 4.13 (ddd, J = 3.2, 4.1, 6.3 Hz, 1H), 4.18 (ddd, J =
5.2, 6.4, 8.3 Hz, 1H), 5.25 (ddd, J = 1.8, 3.8, 5.8 Hz, 1H), 6.19 (ddt, J = 1.3, 7.9, 15.6
Hz, 1H), 6.90 (dt, J = 7.0, 15.6 Hz, 1H), 9.51 (d, J = 7.9 Hz, 1H) ppm.

13C NMR (100 MHz, CDCls3): 6 10.6 (q), 21.0 (q), 21.9 (t), 35.9 (t), 36.3 (t), 37.1 (1),
74.1 (d), 75.6 (d), 78.8 (d), 80.2 (d), 83.4 (d), 84.4 (d), 134.7 (d), 154.1 (d), 170.5 (s),
194.0 (d) ppm.

HRMS (ESI): caled for CigHo40O6Na: 335.1465 [M+Na]*; found 335.1474.

To a stirred solution of diazomethane (1.07 mL, 0.6 M, 640 umol) in dry THF
was added n-BuLi (0.4 mL, 1.6 M, 640 ymol) at -78 °C and kept for 1h. A solution of
the above aldehyde (20 mg, 64 pmol) in dry THF was added slowly to the above mixture
and kept for another 1 h at the same temperature. After completion of the starting
material, the reaction was quenched with saturated ammonium chloride and extracted
with ethyl acetate. Purification of the reaction mixture with silica gel chromatography
gave Laurefurenyne B (7) (14 mg, 82%) as a colourless liquid. Ry = 0.3 (80%
EtOAc/petroleum ether).

Specific rotation: [a]*p: -17.0 (c = 0.2, MeOH).

'H NMR (400 MHz, CDCl3): §0.98 (t, J = 7.6, 3H), 1.68 — 1.75 (m, 5H), 1.82 (dd, J =
3.0, 13.9 Hz, 1H), 1.90 (ddd, J = 2.7, 6.3, 13.4 Hz, 1H), 2.12 (bs. 2H), 2.23 (ddd, J = 5.2,
10.0, 14.0 Hz, 1H), 2.34-2.50 (m, 2H), 2.83 (d, J = 1.9 Hz, 1H), 3.54 (td, J = 2.5, 6.9
Hz, 1H), 3.90 (td, J = 3.6, 6.5 Hz, 1H), 4.00-4.06 (m, 1H), 4.12 (dt, J = 3.1, 6.5 Hz, 1H),
4.16 (dt, J = 2.4, 10.0 Hz, 1H), 4.40 (ddd, J = 2.0, 6.2, 8.2 Hz, 1H), 5.59 (ddd, J = 1.5,
3.6, 15.9 Hz, 1H), 6.24 (dt, J = 7.4, 15.9 Hz, 1H) ppm.

13C NMR (100 MHz, CDCl3): & 10.5 (q), 21.8 (t), 34.6 (t), 37.1 (t), 37.3 (t), 70.8 (d),
74.9 (d), 78.1 (d), 79.1 (d), 81.8 (s), 85.5 (d), 85.7 (d), 112.0 (d), 140.7 (d) ppm.

HRMS (ESI): calcd for CisH2,04Na: 289.1410 [M+Na]*; found 289.1411.

3.38. Preparation of Compound 35

To astirred solution of compound 31 (71 mg, 250 ymol) in dry
CH.Cl, (3 mL), was added Dess-Martin periodinane (159 mg, 375 pumol) at 0 °C and

kept at room temperature for 1 h. The reaction mixture was concentrated under reduced

pressure and purified by column chromatography (90:10 petroleum ether/EtOAC) gave
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the keto-compound (70 mg, 99%) as a colourless liquid. R; = 0.5 (30 % EtOAc/petroleum
ether).

To an ice cooled solution of the resulting keto-compound (56 mg, 198 pumol) in
MeOH (3 mL), was added NaBH,4 (19 mg, 496 umol) and was stirred for 2 h at room
temperature. After completion of the starting material the reaction was quenched with
saturated ammonium chloride (2 mL) and the solvent was evaporated under reduced
pressure. The crude reaction mixture was diluted with water (5 mL) and was extracted
with ethyl acetate. Purification of the crude by column chromatography (70:30 petroleum
ether/EtOAc) gave the B-hydroxy compound 35 (34 mg, 60%) as a colourless liquid. R¢ =
0.4 (50% EtOAcc/petroleum ether).

Specific rotation: [a]*°p: —11.18 (¢ = 1.03, CHCl5).

'H NMR (500 MHz, CDCl3): §0.96 (t, J = 7.6 Hz, 3H), 1.50 (ddd, J = 1.5, 7.6, 14.9 Hz,
1H), 1.61-1.76 (m, 3H), 2.09 (s, 3H), 2.11 (d, J = 2.7, 14.1 Hz, 1H), 2.18-2.23 (m, 1H),
2.44-2.51 (m, 2H), 3.68 (td, J = 2.3, 6.9 Hz, 1H), 3.76 (ddd, J = 3.8, 6.1, 7.6 Hz, 1H),
3.85 (d, J = 11.1 Hz, 1H), 4.14-4.19 (m, 2H), 5.05-5.09 (m, 1H), 5.14-5.19 (m, 1H),
5.28 (ddd, J= 1.5, 3.8, 6.9 Hz, 1H), 5.87 (ddt, J = 6.9, 10.3, 17.2 Hz, 1H) ppm.

13C NMR (125 MHz, CDCls3): & 10.56 (q), 20.98 (q), 21.42 (t), 33.52 (t), 33.68 (1),
35.94 (t), 70.99 (d), 73.79 (d), 78.30 (d), 78.93 (d), 83.83 (d), 84.01 (d), 116.86 (t),
134.96 (d), 170.35 (s) ppm.

HRMS (ESI): calcd for CisH240sNa: 307.1516 [M+Na]*; found 307.1516.

3.39. Preparation of Compound 36

36

To an ice cooled solution of B-hydroxyl compound 35 (26 mg, 91.44
pmol) in dichloromethane (3 mL), were added 2,6-lutidine (0.21 mL, 1.83 mmol)
followed by chloromethylsulfonyl chloride (0.12 mL, 1.37 mmol). The reaction was kept

at same temperature for 1 h and diluted with dichloromethane, washed with brine, dried
over Na,SO, and concentrated under reduced pressure. The crude product was moved for

the next step without purification.

To a stirred solution of the chloromethylsulfonylated compound (30 mg, 75.6
pmol) in THF (3 mL), was added tetrabutylammonium chloride (63 mg, 227 ymol) at
ambient temperature. The reaction was kept at 80 °C for 2 h and was quenched by the
addition of water (5 mL). The aqueous layer was extracted with ethyl acetate, and the
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combined organic layers were washed with brine, dried over Na,SO, and concentrated
under reduced pressure. Purification of the crude by column chromatography (90:10
petroleum ether/EtOAC) gave chloro derivative 36 (20 mg, 72%) as a colourless liquid.
Rt = 0.6 (30% EtOAc/petroleum ether).

Specific rotation: [a]*p: —40.3 (c = 0.3, CHCl5).

'H NMR (400 MHz, CDCl3): §0.95 (t, J = 7.5 Hz, 3H), 1.60-1.71 (m, 2H), 1.82 (ddd, J
= 1.8, 6.0, 14.5 Hz, 1H), 2.08 (s, 3H), 2.22 (ddd, J = 4.4, 6.6, 13.5 Hz, 1H), 2.32-2.47
(m, 4H), 3.67 (ddd, J = 3.8, 6.3, 7.5 Hz, 1H), 3.89 (dt, J = 5.9, 8.5 Hz, 1H), 4.01-4.08
(m, 2H), 4.17 (dd, J = 7.0, 12.9 Hz, 1H), 5.09-5.17 (m, 2H), 5.26 (ddd, J = 2.0, 3.8, 6.4
Hz, 1H), 5.83 (ddt, J = 7.0, 10.3, 17.3 Hz, 1H) ppm.

13C NMR (100 MHz, CDCl3): & 10.57 (q), 21.04 (q), 21.93 (t), 35.97 (), 37.82 (1),
37.85 (t), 59.17 (d), 74.15 (d), 78.82 (d), 79.79 (d), 83.49 (d), 86.33 (d), 117.84 (1),
133.47 (d), 170.51 (s) ppm.

HRMS (ESI): calcd for CisHp304CINa: 325.1177 [M+Na]*; found 325.1176.

3.40. Preparation of aldehyde (37)

To astirred solution of compound 36 (12 mg, 39.6 pmol)

in dry dichloromethane (2 mL) was added Grubbs second generation catalyst (3.4 mg,
3.96 umol) followed by crotonaldehyde (0.065 mL, 844 umol) at room temperature.
After stirring the reaction at 50 °C for 3 h, the solvent was evaporated under reduced
pressure and purified by column chromatography to afford aldehyde 37 as a colourless
liquid (11 mg, 84%). R; = 0.3 (20% EtOAc/petroleum ether).

Specific rotation: [a]*p: —~74.81 (c = 0.6, CHCl3).

'H NMR (400 MHz, CDCl3): §0.95 (t, J = 7.6 Hz, 1H), 1.60-1.65 (m, 2H), 1.71 (ddd, J
= 15, 6.1, 14.5 Hz, 2H), 2.08 (s, 3H), 2.21 (ddd, J = 5.3, 6.9, 13.0 Hz, 1H), 2.41-2.51
(m, 2H), 2.58 (ddd, J = 1.5, 6.9, 15.3 Hz, 1H), 2.69-2.76 (m, 1H), 3.95 (ddd, J = 4.6,
6.1, 8.4 Hz, 1H), 4.02 (dt, J = 5.3, 7.6 Hz, 1H), 4.07 (dt, J = 4.6, 6.9 Hz, 1H), 4.21 (td, J
= 4.6, 6.9 Hz, 1H), 5.27 (ddd, J = 1.5, 3.8, 5.3 Hz, 1H), 6.21 (ddt, J = 1.5, 8.4, 16.0 Hz,
1H), 6.89 (dt, J=6.9, 16.0 Hz, 1H), 9.53 (d, J = 8.4 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3): & 10.60 (q), 21.03 (q), 21.86 (t), 35.95 (t), 36.81 (1),
36.27 (t), 58.82 (d), 74.01 (d), 78.38 (d), 80.04 (d), 83.56 (d), 84.84 (d), 135.08 (d),
152.90 (d), 170.42 (s), 193.72 (d) ppm.

HRMS (ESI): calcd for C16H230sCINa: 353.1126 [M+Na]*; found 353.1121.
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3.41. Preparation of Chloroenyne (8)
HO,, 7

“cl
Chloroenyne (8)

To a stirred solution of trimethylsilyl diazomethane (0.5 mL, 0.6
M, 302.3 pmol) in dry THF (2 mL) was added n-BuLi (0.19 mL,
1.6 M, 302.3 umol) at -78 °C and kept for 1h. A solution of the aldehyde 37 (10 mg,
30.2 pmol) in dry THF (1 mL) was added slowly to the above solution and kept for

another 1 h at the same temperature. After completion of the starting material, the
reaction was quenched with saturated ammonium chloride and extracted with ethyl
acetate. Purification of the reaction mixture with silica gel chromatography gave
Chloroenyne (8) (7 mg, 81%) as a colourless liquid. Rf = 0.5 (40% EtOAc/petroleum
ether).

Specific rotation: [a]*°p: —48.9 (c = 0.38, CHCl5); lit. -67.8 (c = 0.08, CHCl5).

'H NMR (400 MHz, CDCl3): §0.98 (t, J = 7.6 Hz, 3H), 1.67—1.74 (m, 2H), 1.79 (dd, J
= 3.1, 13.7 Hz, 1H), 2.01-2.09 (m, 1H), 2.15-2.30 (m, 2H), 2.41-2.53 (m, 2H), 2.84 (d,
J = 2.3 Hz, 1H), 3.54 (td, J = 2.3, 6.9 Hz, 1H), 3.97 (dt, J = 4.6, 7.6 Hz, 1H), 4.06 (bs.,
1H), 4.07-4.11 (m, 1H), 4.13 (dt, J = 3.1, 9.9 Hz, 1H), 4.42 (ddd, J = 2.3, 6.9, 9.2 Hz,
1H), 5.59 (ddt, J = 1.5, 3.8, 16.0 Hz, 1H), 6.23 (dt, J = 7.6, 16.0 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3): §10.50 (q), 21.73 (t), 35.01 (t), 36.54 (t), 38.02 (t), 58.21
(d), 70.95 (d), 77.86 (d), 79.15 (d), 81.64 (s), 85.65 (d), 86.00 (d), 112.39 (d), 139.91 (d)

ppm.
HRMS (ESI): calcd for CisH2103CINa: 307.1071 [M+Na]*; found 307.1074.

3.42. Preparation of Compound 38

Following the procedure used in the preparation of Laurefurenyne A,

chloroacetate 36 (32 mg, 105.7 pumol) on relay cross-metathesis with
compound 14 (88.3 mg, 317 pmol) gave the corresponding enyne (29 mg, 57%) as a
colourless liquid. Rs = 0.8 (5% EtOAc/petroleum ether).

To a stirred solution of the resulting acetate compound (15 mg, 31.05 pumol) in
methanol (1 mL) was added K,CO3; (13 mg, 93.14 pumol) at room temperature. After
keeping the reaction at the same temperature for 1 h, the solvent was removed under
reduced pressure and purification of the reaction mixture with pet ether EtOAc, gave
enyne 38 (11 mg, 80%) as a colourless liquid. R = 0.2 (10% EtOA c/petroleum ether).
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'H NMR (200 MHz, CDCl3): §0.98 (t, J = 7.5 Hz, 3H), 1.10 (s, 18H), 1.44 (s, 3H),
1.68-1.73 (m, 2H), 1.83 (dd, J = 3.1, 14.0 Hz, 1H), 1.99 (ddd, J = 7.2, 10.1, 13.8 Hz,
1H), 2.16 (ddd, J = 4.1, 6.9, 9.9 Hz, 1H), 2.24 (ddd, J = 5.4, 10.0, 13.9 Hz, 1H), 2.63 (dt,
J=7.0, 143 Hz, 1H), 2.75 (dt, J = 7.4, 14.4 Hz, 1H), 3.15 (bs, 1H), 3.54 (td, J = 2.4, 6.9
Hz, 1H), 4.04 (bs, 1H), 4.12-4.18 (m, 2H), 4.22 (td, J = 4.2, 6.1 Hz, 1H), 4.46 (ddd, J =
2.0, 5.9, 10.1 Hz, 1H), 5.71 (d, J = 10.9 Hz, 1H), 6.01 (dt, J = 7.6, 10.9 Hz, 1H) ppm.
13C NMR (100 MHz, CDCls): & ppm; 11.2 (g), 18.1 (g, 3C), 18.6 (d, 6C), 21.8 (t), 34.6
(), 34.8 (t), 38.3 (1), 58.9 (d), 70.9 (d), 77.8 (d), 79.4 (d), 83.9 (), 85.6 (d), 86.0 (s), 87.0
(d), 113.2 (d), 137.6 (d). HRMS (ESI) calcd for CpsH4105CISiNa: 463.2406 [M+Na]*;
found 463.2419.

HRMS (ESI): m/z [M + Na]” calcd for Ca4Ha1ClOsSiNa: 463.2406; found: 463.24109.

3.43. Preparation of compound Laurendecumenyne B (9) B o~

0 ',,C |

To a stirred solution of enyne 38 (8 mg, 18.14 pmol) in dry | Lauendecumenynes (@)
dichloromethane (1 mL) were added chloromethylsulphonyl chloride (0.025 mL, 272.0
pmol) and 2,6-lutidine (0.04 mL, 362.7 umol) at 0 °C. After keeping the reaction for 1 h
at room temperature, water was added to the reaction mixture, the organic layer was

separated, washed with brine. The crude reaction mixture was moved to the next step

without purification.

To a stirred solution of the crude chloromethylsulfonylated compound (10 mg, 17.7
pmol) in THF (2 mL), was added tetrabutylammonium bromide (17.13 mg, 53.1 umol) at
ambient temperature. The reaction was kept at 80 °C for 2 h and was quenched by the
addition of water (2 mL). The aqueous layer was extracted with ethyl acetate, and the
combined organic layers were washed with brine, dried over Na,SO, and concentrated.
Purification of the crude by column chromatography (90:10 petroleum ether/EtOAC)
gave compound the brominated (7 mg, 78%) as a colourless liquid. R = 0.5 (10%
EtOAc/petroleum ether);

To a stirred solution of the resulting TIPS protected enyne (6 mg, 11.9 umol) in THF (1
mL) was added tetrabutylammonium fluoride (0.035 mL, 35.7 umol) at 0 °C. the
reaction was stirred for 15 minutes and diluted with water (1 mL). The reaction mixture

was partitioned with ethyl acetate. Purification of the crude reaction mixture with silica
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gel column chromatography gave Laurendecumenyne B (9) (4 mg, 97%) as a colourless
syrup. Rs = 0.4 (10% EtOAc/petroleum ether).

Specific rotation: [a]®p: +8.4 (c = 0.1, CHCl5).

'H NMR (400 MHz, CDCl3): §0.99 (t, J = 7.4 Hz, 1H), 1.51 (dg, J = 7.4, 14.6 Hz, 1H),
1.68 (dqd, J = 4.8, 7.5, 13.9 Hz, 1H), 2.23-2.27 (m, 2H), 2.33 (t, J = 6.8 Hz, 2H),
2.56-2.70 (m, 2H), 3.14 (dd, J = 0.4, 2.1 Hz, 1H), 3.98 (dd, J = 6.0, 11.8 Hz, 1H), 4.02
(dt, J = 5.3, 7.4 Hz, 1H), 4.10 (ddd, J = 4.3, 6.3 10.1 Hz, 1H), 4.13-4.20 (m, 2H), 5.61
(ddt, J = 1.4, 2.3, 10.9 Hz, 1H), 6.06 (dtd, J = 0.8, 7.5, 10.9 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3): 5 10.0 (), 26.7 (t), 34.6 (t), 38.2 (t), 38.9 (t), 48.9 (d),
59.3 (d), 79.3 (d), 79.6 (d), 79.9 (s), 82.4 (d), 86.2 (d), 88.7 (d), 111.1 (d), 139.8 (d)

ppm.
HRMS (ESI): calcd for CisH200,BrCINa: 369.0227 [M+Na] *; found 369.0233.

3.44. Preparation of compound 39

39

Following the bromination procedure used in the preparation of

Laurendecumenyne B, bromination of alcohol 35 (100 mg. 351.7 pumol), gave bromo
derivative 39 (87 mg, 71%) as a colourless liquid. R; = 0.6 (10% EtOAc/petroleum
ether).

Specific rotation: [a]*p: —38.0 (¢ = 0.21, CHCl3).

'H NMR (400 MHz, CDCl3): §0.94 (t, J = 7.4 Hz, 3H), 1.54-1.65 (m, 2H), 1.81 (ddd, J
= 1.7, 6.1, 14.6 Hz, 1H), 2.07 (s, 3H), 2.26-2.34 (m, 2H), 2.37-2.48 (m, 3H), 3.66 (ddd,
J=3.6, 6.4, 7.3 Hz, 1H), 3.87 (dt, J = 5.9, 8.4 Hz, 1H), 4.03 (dt, J = 5.5, 7.3 Hz, 1H),
4.13-4.18 (m, 2H), 5.08-5.16 (m, 2H), 5.25 (ddd, J = 1.7, 3.6, 6.1 Hz, 1H), 5.82 (ddt, J
= 6.9, 10.1, 17.1 Hz, 1H) ppm.

13C NMR (100 MHz, CDCIs3): 6 10.5 (q), 21.0 (q), 21.9 (t), 35.9 (t), 37.7 (t), 38.3 (1),
48.5 (d), 74.1 (d), 78.7 (d), 79.9 (d), 83.5 (d), 86.5 (d), 117.8 (t), 133.4 (d), 170.5 (5)

ppm.
HRMS (ESI): calcd for CisH2404Br: 347.0852 [M+H]"; found 347.0851.

3.45. Preparation of compound 40

To a solution of compound 39 (55 mg, 158.4 pumol) in methanol (2
mL), was added potassium carbonate (32.8 mg, 237.6 umol) at room temperature. After

keeping the reaction for 1 h at the same temperature, solvent was evaporated under
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reduced pressure and purification of the crude reaction mixture with silica gel
chromatography gave the alcohol 40 (45 mg, 93%) as a colourless liquid. R; = 0.3 (30%
EtOAc/petroleum ether).

Specific rotation: [0]*°p: —30.0 (c = 0.12, CHCl5).

'H NMR (400 MHz, CDCl3): §0.98 (t, J = 7.5 Hz, 3H), 1.67-1.74 (m, 2H), 1.81 (dd, J
= 3.1, 14.0 Hz, 1H), 1.91 (br.s, 1H), 2.09 (dt, J = 8.4, 14.0 Hz, 1H), 2.22-2.31 (m, 2H),
2.36 (ddt, J=1.1, 7.6, 14.6 Hz, 1H), 2.46 (dddt, J = 1.3, 2.4, 5.5, 12.0 Hz, 1H), 3.54 (td,
J=24,6.9Hz 1H), 3.98 (ddd, J = 4.4, 5.6, 8.1 Hz, 1H), 4.04 (dd, J = 2.3, 5.2 Hz, 1H),
4.15 (dt, J = 2.4, 10.0 Hz, 1H), 4.25 (dd, J = 5.5, 6.6 Hz, 1H), 4.43 (ddd, J = 2.1, 6.7, 9.0
Hz, 1H), 5.12-5.19 (m, 2H), 5.82 (ddt, J = 6.7, 10.1, 17.0 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3): 5 10.5 (q), 21.7 (t), 34.8 (t), 37.4 (t), 38.6 (t), 47.4 (d),
70.9 (d), 77.9 (d), 79.1 (d), 85.7 (d), 86.7 (d), 118.6 (t), 132.7 (d) ppm.

HRMS (ESI): calcd for C13H2103Br: 327.0566 [M+Na]*; found 327.0576.

3.46. Preparation of compound 41

Following the bromination procedure used in the preparation of

Laurendecumenyne B, bromination of the alcohol 40 (30 mg. 98.3 pmol), gave dibromo
compound 41 (26 mg, 72%) as a colourless liquid. R; = 0.6 (10% EtOAc/petroleum
ether).

Specific rotation: [a]*°p: —2.5 (¢ = 0.7, CHCl5).

'H NMR (400 MHz, CDCls): 50.99 (t, J = 7.6 Hz, 3H), 1.51 (dq, J = 7.6, 14.5 Hz, 1H),
1.64-1.71 (m, 1H), 2.30-2.35 (m, 5H), 2.37-2.44 (m, 1H), 3.97 (dd, J = 6.1, 11.4 Hz,
1H), 4.03 (dt, J = 5.3, 6.9 Hz, 1H), 4.13-4.19 (m, 3H), 5.11-5.17 (m, 2H), 5.82 (ddt, J =
6.9, 9.9, 17.5 Hz, 1H) ppm.

3C NMR (100 MHz, CDCl3): 5 10.0 (g), 26.7 (t), 37.7 (t), 38.6 (t), 38.9 (t), 48.3 (d),
48.9 (d), 79.2 (d), 79.6 (d), 86.6 (d), 88.7 (d), 118.1 (t), 133.3 (d) ppm.

HRMS (ESI): calcd for Ci3H210,Br,: 366.9903 [M+H]™; found 369.9904.
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CHAPTER II: Synthesis of C14 to C29 Fragment of Eribulin Introduction

1. Introduction

Natural products continue to be the rich source of structuraly diverse molecules
endowed with privileged molecular scaffolds for the design of novel drugs. There are
attempts to devise efficient approaches/strategies for the chemical synthesis of structural
diversity, such as Diversity Oriented and Biology Oriented Synthesis. However, despite their
wide-popularity across the pharmaceutical R & D units, these strategies have not delivered
the expected magic bullets. Modification or simplification of molecular complexity of the
natural products is one of the well-practiced approaches in new drug discovery. Eribulin
Mesylate, sold as Halaven®, is one of the classical examples of drugs developed from the
structural simplification of natural products.’

In 1986, Uemura et al. isolated eight novel antitumor compounds (Norhalichondrin
A/BI/C, halichondrin A/B/C, homohalichondrin A/B) from the Japanese sponge Halichondria
Okadai. Their characteristic structure includes, a polyether macrolide with a long carbon
chain (C = 59 for norhaichondrins, C = 60 for halichondrins and C = 61 for
homohalichondrins) and possess a complex 2,6,9-trioxatricyclo[3.3.2.0]decane system.?
(Figure F1).

R' = OH, R?= OH, norhalichondrin A
R'=H, R?= H, norhalichindrin B
R'=H, R? = OH, norhalichindrin C

R? = H, halichondrin B
R3 = OH, halichondrin C

R*= OH, R®= OH, homohalichondrin A
R*= H, R% = OH, homohalichindrin B
R*=H, R®= H, homohalichindrin C

Figure F1. Structure of Norhalichondrins, Halichondrins and Homohalichondrins.

Among these halichondrins, Halichondrin B (ICso = 0.093 ng/mL) was found to have
highly remarkable anticancer activity both in vivo and in vitro against B16 murine melanoma
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cells and P-388 murine Leukemia cells. Only 12.5 mg of Halichondrin B was isolated from
600 kg of the marine sponge halichondria okadai. Due to the scarce bioavailability of
halichondrins for biological testing, a number of efforts towards the synthesis of this class of

compounds have been reported.?

In 1992, Kishi’s group reported the first total synthesis of Halichondrin B and
Norhalichondrin A through a convergent approach that utilized a linear sequence of 47
steps.®® However, their synthesis was not practical for commercialization due to the lengthy
sequence and low overall yield. Eisai Co., a Japanese company, has licensed the process of
synthesizing halichondrin B developed by the Kishi group. The research group at Eisai Co.
have developed more than hundreds of analogues of Halichondrin B and after testing (in vivo)
the analogues during their synthesis, they discovered that the macrocyclic portion (the right
hand macrolactone) is mainly responsible for the cell growth inhibition assays.* Further
biological screening and structure optimization with collaboration with the Eisal research
ingtitute, led to the simplified structure Eribulin, which exhibited excellent potency on cell
growth inhibitory assay and excellent stability, as compared to the parent Halichondrin B.”
Figure F2 describes the structure of the two potent intermediates observed in the route from

Halichondrin B to Eribulin mesylate.

Halichondrin B

Eribulin Mesylate F2.2

Figure F2. Structure of Halichondrin B, Potent Intermediates and Eribulin Mesylate.

Eribulin showed incredible cell growth inhibitory properties particularly on cancer
cell lines and has been approved by the US Food and Drug Administration (FDA) in 2010 as
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a breast cancer and liposarcoma drug. Eribulin mesylate is a prescribed drug, used
particularly for those breast cancer patients who have received at least two previous
chemotherapeutic treatments. Currently Eribulin is marketed by Eisai under the trade name
Haaven or E7389.

Nonetheless, Eribulin sets an example of a natura product derived drug candidate and
conveys a chemotherapeutic option to breast cancer patients. Structurally, Eribulin bears a
polyether skeleton with a 22-membered ring macrolide, which is embedded with 35 linear
carbon atoms having 19 stereocenters. Though the structure of eribulin mesylate is quite
complex, the activity that it possesses makes it an obvious choice for production scale
synthesis in laboratory or industry. The large-scale synthesis of Eribulin mesylate has been
modified from time to time by the Eisai Co. and Kishi groups. The details of the current
strategy employed for the production of the Eribulin Mesylate will be described below in
brief.

1.1. Total Synthesisof Eribulin (M ulti kilogram Synthesis)

The strategy for the synthesis of Eribulin used in the production scale (overall yield =
2-3%) relies on a convergent approach on three different fragments (C1-C13, C14-C26 and
C27-C35), with a late-stage asymmetric Nozaki-Hiyama-Kishi (NHK) coupling.® The key
retrosynthetic disconnections for Eribulin mesylate are represented in Figure F3.

MeQ

TBSO SO,Ph
TBSO\/‘\"“
o~
Asymmetric NHK ?3/
Coupling - “iisy H

Eribulin Mesylate Asymy
Coupling

TfO
HO
Teso MeQ SO,Ph ‘\f Asymmetric NHK TsO, 0
TBSO\/‘\““d\ \\\~ y Coupling Br}_/—\_\ OWN/
“ » |:> ~ H I
0™ " 10,20 oTBDPS TBSO 3 MeO

7
o OTBDPS

F3.3 F3.4 F3.5 F3.6

Figure F3. Retrosynthetic Strategy of Eribulin Mesylate.
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The sulfone fragment F3.1 and the adehyde F3.2 were designed for a late-stage
coupling followed by macrocyclization using the Nozaki-Hiyama-Kishi (NHK) coupling.
Sulfone F3.1 was further smplified to aldehyde F3.3 and vinyl iodide F3.4 by means of an
asymmetric NHK coupling. The vinyl iodide F3.4 was further subdivided into two different
fragments F3.5 and F3.6 through an NHK reaction. (Figure F4). After the appearance of the
production scale route, several groups across the globe have reported the synthesis of these
three mgjor fragments, particularly focusing on the overal yield with a smaller number of

steps.7’8
1.2. Synthesisof Fragment C1to C13

The current production route of Eribulin fragment C1 to C13 is a 3™ generation
strategy used in the total synthesis of Halichondrin B that starts with the L-Mannonic acid -y-
lactone and comprises alinear sequence of 13 steps for extending the carbon chain employing
some key transformations such as Witting one-Carbon Homol ogation, anomeric homologues
C-dlylation and a substrate-controlled NHK reaction for introducing a vinylsilane
derivative.” Initialy, the L-Mannonic acid-y-lactone was subjected to a ketal protection to

arrive at the bis-cyclohexylidene ketal derivative S1.1.

C CJ

o Qo MeO 2 P joso, Mo
= . _ > @
00 H B cyclohexanone O o g ) DI?AL F toluene \HO iH peone 0
1—2/\/0'_i p-TSA -15°C 5°C,12h
V= —_— -
HO"  oH toluene, rt 0,0 ii) PPhsCH,0MeCl o0l it
85% é KOBu, THF, rt é 4Zg$|2(é4s()te§s)
81% (2 steps) ’
L-Mannonic acid-y-lactone $1.1 $1.2

OAc H OAc H H ?H
AcO, X X

, 0L _Z_ _OAc MeOC . O A _OAc 03 OH
MeO.C i) NalO,, EtOAc
AcO™ 0 §1.4, BF3 OEt, AcO"’ o, liton BOMe) TEEZES g 0 10°C
Rtk i _— 7 s - 5
o CH4CN, 5°C 0 THF, it ii) $1.8, NiCl,, CrCl,
38% (2 steps) DMSO, 15 °C

T™MS 65% (2 steps)
Meo,c._L_~ B s
$1.3 S1.4 S$1.5 S$1.6 S1.8
OH i) AcCOH/THF/H,0
H H = 90 °C OH

O A A 1yg i) TBSOTY, 2,6-lut. H HE
p OSAAN,
MeO,C. o\ - -
o [o) Me0,C. A
5 iii) NIS, CH3CN, rt o 0TBS
47% (3 steps) OTBS

$1.7 F3.2

Scheme S1. Synthesis of Eribulin Fragment C1 to C13.
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The Lactone S1.1 was reduced to the lactol followed by homol ogation with the MOM
Wittig reagent to afford the methylvinyl ether S1.2. Dihydroxylation of the resulting vinyl
ether with osmium tetroxide, followed by protection with acetic anhydride, afforded the
acetate S1.3. Next, the anomeric acetate group of S1.3 was displaced diastereoselectively
with S1.4 by following a Barbier protocol, where the resulting ester S1.5 was cyclised to the
bis-THP compound S1.6 under acidic condition. The primary cyclohexylidene ketal group of
S1.6 was selectively deprotected under mild acidic conditions and the resulting 1,2-diol was
oxidatively cleaved with sodium periodate to its aldehyde and following a substrate-
controlled NHK reaction resulted in the formation of the bisTHP compound S1.7. The
deprotection of the cyclohexylidene protecting group of S1.7, followed by protection of the
resulting 1,2-diol to its TBS ether and a silyl-iodide exchange, resulted in the formation of the
key fragment F3.2. (Scheme S1).

1.3. Synthesis of Fragment C14 to C35 by Kishi/Chase group
(Multikilogram Synthesis)

In 2003, Kishi et al. reported a practical approach for the synthesis of the Eribulin
fragment C27 to C35 from D-(+)-Glucurono-6,3-lactone in 21 steps. Later, in 2013, the
Chase group from the Eisai Company reported a multikilogram synthesis of the C14 to the
C35 fragment of Eribulin by incorporating the process for the C27 to C35 fragment
developed by the Kishi group.”®

The D-(+)-glucurono-6,3-lactone was protected as its diacetonide and the free
hydroxyl group present was deoxygenated to lactone S2.0. Reduction of the lactone S2.0 with
DIBAL-H provided the lactol, which on  Grignard reaction  with
(trimethylsilyl)methylmagnesium chloride, resulted in diol S2.1. The diol S2.1, on Peterson
olefination, afforded the terminal alkene, which upon secondary hydroxy group protection,
resulted in the benzyl ether S2.2. Compound S2.2, on Sharpless asymmetric dihydroxylation,
produced the corresponding vicina diol in a 3:1 diastereomeric ratio, which on benzoylation
resulted in the dibenzoate S2.3. Diastereoselective anomeric C-alylation of the dibenzoyl
compound S2.3, followed by crystallization, provided the major diastereomer S2.4 in good
yields. The free hydroxyl group of the resulting compound S2.4 was oxidized under Swern
conditions and the resulting ketone was subjected to the Wittig reaction with
diethyl(methyl phenyl)sulfone phosphonate and n-butyl lithium to afford the a, 3-unsaturated
sulfone S2.5. The benzyl ether of the corresponding compound S2.5 was deprotected with
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trimethylsilyl iodide and the resulting unsaturated sulfone was then reduced to S2.6. The free
hydroxy group of compound S2.6 was converted to its methyl ether, followed by the
hydrolysis of both the benzoyl groups, which resulted in the diol that was subsequently
protected as its acetonide derivative S2.8. Finally, the oxidative cleavage of the terminal
alkene of S2.8 followed by recrystallization produced the targeted aldehyde F3.3 in good
yields. (Scheme S2).

i) Acetone, H,SO,4
65 °C
H OH ii) SOCI,, Py H i) DIBAL-H
oﬁg\ CH4CN, 0 °C OW% toluene, 20 °C % ) KHMDS, THF, rt
s . I - .
S07 O iy my, paic, THE o °© i TMSCHzMgBr /—{_/\/E ii) BnBr, KO'Bu
HO H rt, 64% (3 steps) THF, 60 °C THE, 10 °C
82% (2
D-(+)-Glucurono-6,3-lactone $2.0 % (2 steps) 83% (2 steps)
i) (DHQ),AQN i .
i) AllyITMS i) DMSO, TFAA
B0 K,0s04, KsFe(CN)s 'I)'iCI3y(OiPr) BnO,  oH EGN
= K2C03 BUOH, H,0, rt toluene, 30 °C d toluene, -10 °C
(0] >< — we I ————
=/ % o>< i) BzCL, NMM, DMAP ii) recrystalize /J © if) PhSO,Me
“ LIHMDS, THF, rt
toluene, rt, dr::3:1 56% (2 steps) BzO 0Bz
S2.2 81% (2 steps) $23 S2.4
BnQ, ) MSL, CHsCN HO, SO,Ph MeQ, SO,Ph
" /™S0,Ph toluene, ° y 7
I Mel, Ag,0 i) LIOH, MeOH-THF
‘dﬁ ii) n-BugNCl Wl Y A 2 wl A :
o 1y NN _— O 1. —_— O 1. —_—
", A NaBH(OAc); /J toluene, rt iiyTBSCI, imd., DMF
Bzo OBz toluene, 85°C g0  ©BZ 90% g, OBz
S2.5 47% (4 steps) S2.6 s2.7
MeQ MeQO
Z{SOZPh 1) Oa, heptans Z‘)/\SOZPh
/J\\“ W -50°C S So
o ii) recrystalize /a
8BS0 OB 68% (4 steps) TsO 0100
s2.8 F3.3

Scheme S2. Synthesis of Fragment C27 to C35.

1.4. Synthesisof Fragment C14to C26

In 2013, Chase and co-workers reported a convergent approach for the
diastereoselective construction of Eribulin’s C14 to C26 fragment.” The documented
synthesis comprises of 14 steps and employed an asymmetric NHK reaction. The synthesis
began with the hydration of 2,3-dihydrofuran to the tetrahydrofuran-1-ol, followed by Barbier
dlylation with 2-bromo allylbromide to afford the diol S3.1. The primary hydroxyl group
present in the resulting diol S3.1 was selectively protected as its TBDPS-ether, and then the
secondary hydroxyl group was O-tosylated to obtain F3.5. In pardlél, the synthesis of the
NHK coupling partner S3.5 commenced from the epoxide S3.2, where the (S)-enantiomer of
the epoxide S3.2 was separated by kinetic resolution with Jacobsen’s catalyst. Epoxide S3.2
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was opened with diethyl malonate, followed by Krapcho’s decarboxylation to synthesize the
lactone S3.3 in good yields. Lactone S3.3 was subjected for a diastereosel ective methylation
and then converted to the Weinreb amide S3.4. Finally, terminal alkene of the amide S3.4
was oxidatively cleaved with osmium tetroxide and sodium periodate to the aldehyde S3.5.
Both fragments S3.5 and F3.5 were coupled asymmetrically with the ligand (R)-S3.6 under
NHK conditions to yield the enantio-enriched amide, which cyclized intramolecularly with
silicato the amide S3.7. Finaly, a Grignard reaction of methyl magnesium chloride with the
amide S3.7 produced ketone S3.8 in good yields. The enol form of ketone S3.8 was trapped
as its O-triflate enolate and, finally, deprotection of the both the silyl groups and subsequent
selective protection of the primary hydroxy group asits pivaloyl ester followed by mesylation
of the remaining —OH resulted in the fragment F3.4.

i) Amberlyst 15, H,O i) TBDPSCI, Imid. OT:
o 5C OH Br  DMF, 15°C s Br
() o o~ AN T~ N
ii) 2,3-dibromo-1 i) SMB-chiralpak OD
-propene, Sn, HBr i) TsCl, EtgN, CH,Cly, rt
H,0, rt, 45% (2 steps) 35% (3 steps)
2,3-dihydrofuran F3.5
i) LIHMDS, Mel o i) 0sO4, NMO
i) diethylmalonate THF, -78 °C CH,Cl,-H,0, rt
o NaOEt, EtOH, 65 °C ii) MesAl, NH(Me)(OMe) \NJ\(\(\/\ - .
>, - - - . Y -
R/\/ OTBS ii) NalOy4, phosphste-
Z i) MgCly(H;0)s HCI, CH,Cl,, toluene OMe b)uffer (SHEU 2
DMF, 125 °C iii) TBSCI, imid., DMF, rt 93% (2 steps)
S3.2 71% (2 steps) S3.3 62% (3 steps) S3.4

(0]

i) F3.5, NiCl,, Moo i) KHMDS, Ph(NTf),
(R)-83.6, CrCl, THF-toluene, rt
Q THEA MeMgCl i) M HCI, 2-PrOH, rt
\N)l\r\(\/\ —— TBSO -
| ) 2-PrOH, s.o2 THF, rt L. 0o iii) PivCl, 2,4,6-colli.
OMe OTBS rt 48/ 2 steps) g DMAP, CH,Cl,, rt
%}‘\_4\ iv) MsCl, Et3N, THF, rt
OTBDPS OTBDPS 39% (4 steps)
$3.8

Scheme S3. Synthesis of Fragment C14 to C26.

1.5. Synthesisof Fragment C14to C35

Both the fragments (vinyltriflate F3.4 and adehyde F3.3) were coupled under
asymmetric NHK reaction conditions to afford the allylic alcohol $4.1. Cycloetherification of
allylic alcohol $4.1 with KHMDS produced the THP intermediate and, finally, deprotection
of the pivaloyl group with DIBAL-H completed the synthesis of the fragment S4.2 in good
yields. (Scheme $4).
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PhO,S PhO,S

MeO, TBSO
TBSQ TBSO
TBSO. o Do

(0)
i) KHMDS
O \1s THF, -14 °C
F3.3, CrCl,, NiCly Q ii) Chromatography
(S)-83.6, Et3N, THF e ii) DIBAL-H, CH,ClI, ‘O,
rt -78 °C
66% (4 steps)

S4.1 F4.1

Scheme $4. Synthesis of Eribulin Fragment C14 to C35

1.6. Completion of Synthesis

The completion of the synthesis of eribulin mesylate is represented in Scheme S5,
where the sulfonyl anion of compound F3.1 was coupled with aldehyde F3.2 to the diol S5.1.
Both the hydroxyl groups in compound S5.1 were oxidized with Dess-Martin Periodinane
and the resulting sulfonyl group was removed under radical conditions to yield the aldehyde
S5.2. The vinyliodide and aldehyde groups of compound S5.2 were coupled intramolecularly
under NHK coupling conditions to the allylic alcohol, which was then oxidized with Swern

oxidation conditions to give the macrocyclic ketone S5.3.

OH
HoHZ
OH Y |
PhO,S - OTBS
Buli OH i) DMP, CH,Cl,, rt
Far F3.2, n-BuLi MG, o OTBSO ) , CH,Cly,
THE, 84% S0 \ ¢ - ii) Smly, MeOH, -78 °C
= 77% (2 steps)
TBSOf
§5.1
Hol ?H/

o] ¥ I

65% (2 steps) T85O

L i) (S)-83.6, NiCl,
W 0TBS o CrCl EtN, rt
= —_—
MeOu., a o o ii) TCAA, DMSO MeOu.,
TBiO)*‘: o - Et;N, toluene, 0 °C TB?S

i) Ts ,0, Coll., -20 °C
i) n-BuyNF, THF, rt ii) NH4OH, PrOH, rt
- .

ii) p-TSA, CH,Cl,, 1t

i) M H, NH40OH, 15 °
79% (2 steps) iif) MeSO3H, NH4OH, 15 °C

84% (3 steps)

Eribulin Mesylate

Scheme S5. Total Synthesis of Eribulin Mesylate.

Deprotection of the TBS groups of the macrocyclic ketone S5.3 with TBAF, followed
by acid catayzed ketalisation produced the macrocyclic caged ketal S5.4. Findly, the
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primary hydroxy group of the macrocyclic diol S5.4 was converted to its mesylate and then
displaced with ammonia to complete the synthesis of Eribulin Mesylate (Scheme S5).

1.7. Consequencesin Production Scale Synthesis

The major obstacle for the large-scale production of Eribulin mesylate is the
asymmetric  NHK coupling between the aldehyde and the vinyl triflate/iodide.
Stoichiometrically, the NHK coupling reaction involves 2 equivalents of vinyl iodide/triflate
and one equivalent of aldehyde with 0.3-0.5 equivalent of the catalyst and 0.3 equivalent of
the ligand. The highly moisture sensitive NHK reaction requires specia attention, as it needs
harsh conditions, albeit with moderate yields. Overall, the NHK coupling is used four times
in the synthesis (production scale) to connect important fragments, which hampers the overall
yield. This warrants the development of newer approaches that are catalytic and avoid the

NHK couplings to a maximum extent.
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2. Results and Discussion

In the past few years, gold catalysed cycloisomerisation/spiroketalisation protocol has
created a unique identity in the total synthesis of tetrahydrofuran (THF)/tetrahydropyran
(THP) or spiro ketal containing natural products, because of its excellent output, ease of
availability and handling.’® In 2013, we developed a methodology for the diastereoselective
formation of cis fused six or five membered ring ethers via a tandem one-pot gold catalysed
endo/exo trig cycloisomerisation followed by Kishi reduction on carbohydrate moieties.
(Scheme 2.1).

Stereocenter
altered

Sugar, / Sugar OH Sugar OH
HO
\\ o2 oH (Au] v BF; OEt,, Et;SiH \\\;ﬁ
[ ——— _—
5/6-ex0-dig ( Kishi Reduction (
nR cyclisation "R "R
n=1-2 K / predominantly 1,4/1,5
cis linked THF/THP ring
Y forms relative to

One-Pot OH stereochemistry

Scheme 2.1 Synthesis of the cis fused tetrahydrofuran/pyran system via a one pot alkynol
cycloisomerisation/reduction protocol.

Considering the fact that the Eribulin contains a cis fused tetrahydropyran ring and a
cis fused tetrahydrofuran ring on the C14 to C35 fragment, we were keen on extending our
methodology for the construction of the THP and THF units as an aternative to the late-stage
NHK coupling that has been used during the production scale synthesis of Eribulin in general
and in the synthesis of fragment C14 to C35, in particular.

Eribulin Mesylate 42

() Au-cycloisomerisation/
reduction

(O SAD/cycloetherification

Jo
25,/0TBS #\o MeQ o )29

O,OBn

0,

"-:o
&
o
(o]

“
14

Bno' OTBDPS

H OBn
| @
1, O, .
OTBDPS \)

C14 to C28 Fragment 43 C19 to C35 Fragment 44 C14 to C29 Fragment 45

Scheme 2.2 Structure of Eribulin Mesylate and targeted C14-C29 Fragment.
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Scheme 2.2 describes the structure of the targeted fragments 43-45 of Eribulin
Mesylate that could be synthesized via a gold catalysed cycloisomerization/reduction and
Sharpless asymmetric dihydroxylation-cycloetherification approaches.

2.1. Synthesis of C14 to C28 fragment of Eribulin

The structure of Eribulin fragment C14 to C35 (42) contains three rings, namely, acis
fused THF ring, a cis fused THP ring and a trans fused THF ring, with a total of 10
stereocenters (Scheme 2.2). The synthesis of the cis fused THF and THP units were planned
via the Au catalysed cycloisomerisation/reduction approach, while the synthesis of the trans
fused ring was planned via the Sharpless asymmetric dihydroxylation/cycloetherification
method. Initially, we intended to synthesize the simplest fragment i.e., C14 to C28 (43),
which bears one cis fused THP, as well as one trans fused THF ring and then proceed to the
second cis fused THF ring (C29 to C35 fragment).

Scheme 2.3 saliently describes the devised retrosynthetic strategy for the synthesis of the
orthogonally protected C14-C28 fragment 43. We intended to use the Wittig olefination to
introduce both exo-methylene unitsin one go. For the construction of a 1,5-cissTHP unit 47, a
regioselective gold catalysed cyclization of akynol 49 and subsequent stereoselective ketal
reduction in the same pot should result in a but-3-enyl C-glycoside 47. The terminal olefin in
47 has been opted for as a handle to construct the 1,4-trans-THF ring via cross-metathesis
with the known olefin 48" having a suitably positioned —OH that will undergo an
intramolecular displacement after Sharpless asymmetric dihydroxylation of the internal olefin
resulting from the cross metathesis (Scheme 2.3).*?The requisite stereocenters on the alkyne
fragment 49 could be availed from the crotylated D-glyceral dehyde, while the stereocenter of
olefin 48 could be availed by a Keck alylation™'? strategy starting from 1,4-butane-diol or

from L-(+)-glutamic acid™™® following a chiral pool approach.

_OTBS _/OTBS Gold catalysed
282 : oBn Cyclisation/
NP Kishi reduction
o) T Wittig CO’ _ . \ o
o o, debenzylation “yy |nltramolecular P "‘\\OTBS TBSO s ~
\ \ /dlsplacement _ |
e O ” ~"NoBn BnO"
14 Oxidation = z
# . OTBDPS HO' \ OTBDPS 47 47
= Wittig Cross-Metathesis OH +

Sharpless AD R
C14 to C28 Fragment 43 46 W\/\/OTBDPS

48

}LO HO\ = =
O, = HO\)\’//:\/\/
CHO "2

OBn

L-(+)-glutamic acid 50 49

Barbier Crotylation H

Scheme 2.3. Retrosynthetic Scheme for the C14-C28 Fragment of Eribulin.
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2.2. Synthesis of Key Tetrahydropyran 47

The synthesis of the key fragment 47 started with the Barbier crotylation of the
acetonide protected D-glyceraldehyde (50),*2 which resulted in a 3.6:1 diastereomeric ratio of
homoallylic alcohols 51 and 52. Initially the diastereomers were inseparable by column
chromatography with the generally used solvent systems, i.e., pet-ether/EtOAc. However,
changing the solvent system from pet ether/EtOAc to pet ether/THF on a bigger column (~1
metre length with ~5-centimetre diameter) clearly separated the two diastereomers. In the °C
NMR spectrum, the methyl carbon in compound 51 resonated at 15.3 ppm while the methyl
carbon of compound 52 resonated at 16.5 ppm, which are in good agreement with the data

reported by Roush’s group.*®

Next, compound 51 was subjected for benzylation by using sodium hydride and
benzyl bromide in DMF as solvent to afford the benzyl ether 53 in 98% yield. The benzylic
proton (PhCH20O-, two doublets, 6 = 4.64 & 4.74 ppm) signals and aromatic signals (5
protons, & = 7.27-7.37 ppm) appeared in the '"H NMR spectrum, while the additional
benzylic methylene carbon appeared at § = 74.5 ppm as a triplet in the **C NMR spectrum of
compound 53, which confirmed the formation of the benzyl ether. Next, the alkene unit in 53
was subjected for hydroboration with the borane DMS complex in THF solvent, which
resulted in acohol 54 in moderate yield (~50 to 55%). However, on moving to the bulkier
borane reagent, i.e. 9-BBN, the yield of the reaction increased significantly to 76%. In the *H
NMR spectrum of compound 54, two sets of doublets of triplet at 3.64 ppm (J = 10.6, 7.1 Hz,
1H) and 3.72 ppm (J = 10.6, 6.6 Hz, 1H) corresponding to the hydroxy containing methylene
group (-CH20H) confirmed the formation of alcohol 54.

}L Sn, TBAI, Nal, 51\0 - 51\0
O\/O'\ crotylbromide OW . O\)\/k/

Y : o o
CHO DMF-H,0, 1t, 24 h OH OH n-OEt
0, ~,
50 78% 51 36:1 52 Ot

N,
OBR

}Lo . 9-BBN, THF }LO R i) DMP, NaHCO,

& NaH.Brer G Y . 3NNaOHH0, O I A . CHyCly, 1t, 1 h
., y —_— v OH ———

DMF, rt, 3 h &gn EtOH, rt, 4 h &Bn ii) OBR, MeOH
98% 5 76% t, 24 h
54 83% (2 steps)
}Lo B AllylBromide \/L OH : =
o : _KaCOs Cul \)\/\/\/ 60% ACOH \/v\/\/\/
dBn NazSOa DBU i, 12 h, 97% dBn

DMF, rt, 3 h
55 95% 56 49

Scheme 2.4. Synthesis of the Key Alkynol 49.
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Initially, acohol 54 was oxidised with pyridinium chloro chromate (PCC) to its
aldehyde. However, the yield of the reaction was not fruitful (~60 to 65%). On moving to the
Dess-Martin-Periodinane reaction by employing triacetoxyperiodinane in DCM, the
corresponding aldehyde was obtained in excellent yields. The resulting aldehyde was
immediately subjected for Ohira-Bestman alkynylation™ to afford the alkyne 55 in 83% yield
(2 steps). The formation of the terminal alkyne was confirmed by **C NMR spectroscopy,
where the terminal carbon (methine, =CH) appeared at 6 = 69.7 ppm, while the quaternary
alkyne carbon (C=CH) appeared at 6 = 80.1 ppm. Additional confirmation for the formation
of the termina akyne was established through HRMS (mass of CigH2403, corresponds to
311.1619 found 311.1618).

Next, the alylation of the terminal akyne unit in compound 55 has been attempted
initialy by using n-BuLi and allylbromide, and gave the requisite product 56 in 90% yield."
However, when conducted on gram scales, the yield of the product was reduced drastically
due to the decomposition of the starting alkyne. After a number of trials, the modified alkyne
alylation strategy using Cul, K,COs; and alyl bromide afforded the allyl homologated
product 56 in excellent yields, even on gram scales.’® Appearance of three additional alkene
proton signals relative to the starting alkyne 55 in *H NMR spectrum, [(8) 5.10-5.87 ppm]
confirmed the formation of the alylated product. Further, a peak at & = 115.7 ppm in the **C
NMR spectrum corresponding to the methylene carbon (=CH.) of terminal olefin, further
supported the formation of the alylated product 56. (Scheme 2.4). Findly, the acetonide
group of compound 56 was deprotected with 60% acetic acid in water to obtain the akynol
49 (in 97% vyield) - the substrate designed for the key cycloisomerisation reaction. The
disappearance of the methyl signals [6 = 1.37(s), 1.44(s) ppm] of the acetonide group in the
'H NMR spectrum and the disappearance of the signals of methyl carbons (6 = 25.3, 26.7
ppm) and quaternary carbon (6 = 108.6 ppm) of the acetonide group in BC NMR spectrum of
compound 49 relative to the starting alkyne 56, confirmed the formation of the diol 49.
Additionally, a strong peak at 289.1801 (calculated for CigH2503 289.1798) in the HRMS
confirmed the deprotection of the acetonide group of 49. After the successful synthesis of the
key alkynol 49, the next task was the diastereoselective THP ring construction via the Au-
catalysed cycloisomerisation/reduction protocol. The alkynol 49 was subjected for gold-
catalysed cyclization using Au(PPh3)Cl and AgSbFs, followed by lactol reduction with
Et;SiH and BF3.Et,0 to afford exclusively the key 1,5-cis-C-glycoside 57 in 73% yield over
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2 steps.’ The free hydroxyl group present in compound 57 was then protected as its TBS-
ether (in 96% yield) to obtain the key pyran intermediate 47.

B Au(PPh3)Cl o
P AgSbFyg HO N
HO " ——— Lo
&an Et;SiH,BF3OEt,

CH,Cly, 1t, 4 h
49 73% 57

0 3 0 :

TBSCI, Imid. TBSO X iBno !
—_— - . Me x|
DMF, rt, 6 h BnO 3 e No 3

96% ! 57
47 ' 8 (*H)=3.02 ppm, ¢
35.303,=9.2 Hz

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Scheme 2.5. Synthesis of the Key Tetrahydropyran 47.

Coming to the structure of pyran 57, initially it was confirmed with the help of *H and
3C NMR spectra data analysis. In the *C NMR spectrum of 57, the loss of the alkyne

carbon signals (6 = 78.1, 81.0 ppm) and the appearance of the additional methylene carbon

signal (6 = 39.8 ppm) relative to the starting diol 49, confirmed the formation of a THP-ring.

The stereochemistry of the newly formed tetrahydropyran ring was established with the help

of 'H NMR spectroscopy, where the methine proton (>CH-OBn) attached to benzyl ether

appeared as a triplet at 6 = 3.91 ppm with a coupling constant J = 9.2 Hz, indicating a trans-
diaxial relationship of H3 with the adjacent protons H4 and H2.'" The stereochemistry of the
tetrahydropyran ring was further established with the help of 2D-NMR analysis, where the
position of each proton and carbon were assigned with the help of COSY, HSQC and HMBC

spectra.

oy o
A

B
! I

)
‘b 5 5 Y J’\_)ﬂ—/

— PP

Pl

183 |Page

Figure 2.2. Observed NOE Interactions in Compound 57.



CHAPTER Il: Synthesis of C14 to C29 Fragment of Eribulin Results and Discussion

A strong correlation in NOESY between H(2)-H(4) and H(4)-H(6) confirmed the cis
relationship between these three protons. Additionally, a spatial interaction between the
methyl protons (CH3) and H(3) in the NOESY spectra further validated the stereochemistry
at C(3) and C(4) (Figure 2.2).

2.3. Synthesis of the cross-metathesis counter-part 48

Having the key pyran fragment 47 in hand, our next concern was the synthesis of the
requisite alkene 48. As mentioned previously, the synthesis of 48 is established mainly by
two routes — either by asymmetric Keck allylation or by following a chiral pool approach
starting with the L-glutamic acid. Initially, it was synthesized from 4-OTBDPS-1-butanal 58
via Keck alylation.**® However, the enantiomeric excess was only 87% (confirmed by
HPLC). This prompted us to synthesize the same by following the route that commenced
from L-glutamic acid.*’

i) TBDPSCI, Imidazole allyl(Bu)Sn, S-BINOL

on CH,Cly, 1t 6 h 0w Ti(OPr),, 4 A° MS OoH
HO > NS"otBOPS =~ _A_~_OTBDPS
ii) DMP, CH,Cly, 1t, 1 h CH,Cly, 20 °C, 3 days
butane-1,4-diol 76% (2 steps) 58 55%, 87% ee 48
NH, i) NaNO,, HCI OH i) NaBH,, THF i) TBDPSCI, Imid.
HOMOH H0, 1t, 14 h MeOMOMe 80°C,6h ) DMF, tt, 12 h
o] o) ii) cat. HCI, MeOH o) o) ii) 2, 2 DMP oH ii) CSA, MeOH
I'T,fzh CH,Cly, 1t, 12 h 0°C,12h
L(+)-glutamic acid /(2 steps) 59 55% (2 steps) 60 68% (2 steps)
i) BzCl, Et;N
CH,Cly, tt, 1 h
oH i) MsCl, Et°3N o VinyIMgBr OH
CH,Clp, 0°C. 1h 0 /=, 9
HO L _~_oTBOPS — > /A _~_OTBDPS 1pF, 20°C -~~~ OTBOPS
iii) K,CO3, MeOH 3h 65%
,2h '
61 83% (3 steps) 62 48

Scheme 2.6. Synthesis of Homoallylic Alcohol 48.

As shown in Scheme 2.6, L-glutamic acid was subjected for diazotization employing
sodium nitrite in HCl (1M) to obtain the five membered ring lactone, which was then
subjected for esterification with methanol and catalytic HCI to obtain the diester 59 in 77%
yield. Next, both the ester groups of 59 were reduced with sodium borohydride and the
resulting triol was regioselectively protected as its acetonide derivative 60 with 2,2-
dimethoxy propane. The free hydroxy group of alcohol 60 was protected as its TBDPS-ether
and then the acetonide group was deprotected under mild acidic conditions at lower
temperature to obtain the diol 61. Following this, the diol 61 was subjected for inverse

epoxidation by following a three-step protocol of chemoselective benzoylation, secondary
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hydroxy group mesylation and a one-pot benzoyl deprotection followed by displacement of
the mesylate to afford the epoxide 62 in good yields. The epoxide 62 was then opened with
the vinyl Grignard reagent at low temperature (-20 °C) to afford the homoallylic alcohol 48 in
65% yield. (Scheme 2.6). The 'H, *C NMR spectra and the specific rotation of the
homoallylic alcohol 48 arein good agreement with the data reported by the Shibuya group.™*

2.4. Synthesis of the Key disaccharide 46

After the successful synthesis of the two key fragments 47 and 48, the stage was now
set for cross metathesis between these two fragments. Initially, we used the general method
for cross metathesis, by employing 10 mol% Grubb’s second-generation catalyst in DCM as
solvent under reflux conditions, where the yield of the reaction was found to be moderate
(55%). With the intention of improving the yield, we adopted the method developed by
Lipsutz and co-workers'™® by using Cul as the co-catalyst and diethyl ether (1 Molar) solvent,
which improved the yield of the product upto 81%. In the *H NMR spectrum of compound
63, the newly formed trans ol efin protons resonated at 6 = 5.44 (dt, J = 7.1, 15.1 Hz) and 5.54
(dt, J=6.6, 15.1 Hz) ppm.

oT8S i) MsCl, Et;N
48 (3 equiv) 7 CH,Clp, 0°C, 1h

P Grubb's 11 (3 mol%) o OBn ii) AD-Mix o
NN o MeSO,NH
Q ores. cutomom) - KA, omeoes T
T eyoaoccseh N HO, BUOH:H,0
81% \ 0°C, 96 h
71% (2 steps)
47 63
_oTBS _OTBS _OTBS

5 _OBn OBn
? Et;N, Ac,0 J
“s,  OTBDPS pWAP, Cszclz “,  OTBDPS “,  OTBDPS

I”M t, 6 h M
(7:1)

HO 90% AcO

46/64
46-Ac 64-Ac
K,CO3, MeOH K;CO3, MeOH
rt, 3 h, 97% rt, 3 h, 95%

Scheme 2.7. Synthesis of the Key Disaccharide 46.

With this fruitful result, we proceeded for the asymmetric dihydroxylation followed
by the cycloetherification protocol to install the three stereocenters for the trans fused
tetrahydrofuran unit.'® The free hydroxy group of alcohol 63 was converted to its mesylate
and subsequently the internal olefin was subjected for Sharpless Asymmetric dihydroxylation
by using AD-mix-a to install the required stereocenters where in Situ cycloetherification
resulted in the formation of the diastereomers 46/64 in a 7:1 ratio. However, by using the
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usual condition for the Sharpless asymmetric dihydroxylation-cycloetherification protocol
(keeping the reaction at room temperature for 12 h), the yield of the reaction was found to be
only 35%, due to the decomposition of the starting mesylate compound. To overcome this
problem, the reaction was performed at a lower temperature (0 °C) and kept for an extended
period of time, which led to the yield of the reaction being improved to 73%. The products
formed during the asymmetric dihydroxylation-cycloetherification protocol were found to be
inseparable. To check the stereochemistry of the newly formed tetrahydrofuran moiety
stereocenters, diastereomeric mixture compounds 46/64 were converted to the corresponding
acetate derivatives, which serendipitousy were found to be separable by column
chromatography. (Scheme 2.7). By comparing the **C NMR chemical shift values of both the
acetates with the characteristic chemical shift values of the 2-OAc THF compounds, it was
observed that both the ring carbons and adjacent acetate carbons resonated more downfield in
the trans-2-OAc-THF compound 63 than the corresponding cis-compound 46. A similar
result was obtained during our *C NMR chemical shift investigation on Petromyroxol

analogues.” (Figure 2.3).
OTBDPS OTBDPS
80.1
TBSO TBSO
le) l\\o (o] l O
BnO \ BnO

ACQ:I 76.9 ACO] .o
46-Ac

Figure 2.3. *C NMR Chemical Shift Guided Structure Elucidation.

The stereochemistry of both the acetates 46-Ac and 64-Ac were further established
with the help of NOESY interactions. In the compound 46-Ac, a strong through space
interaction between acetate methyl protons (OCOCH3) and H17 indicated a cis relationship
between H17 and the acetate group while a strong interaction between H18’ and H20
confirmed the trans relation between H17 and H20 (Figure 2.4).
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Figure 2.4. Observed NOE Interactions in Compound 46-Ac.

Next, both the acetates were deprotected with potassium carbonate in methanol to
afford alcohols 46 and 64 in a 7:1 ratio. The stereochemistry of the resulting alcohols were
validated by **C NMR chemical shift analysis. In the **C NMR spectra, the carbon atom
attached to the hydroxy group of the cis-2-hydroxy THF compound 46 resonated at 6 = 73.1
ppm (characteristic value 71-73 ppm), while in the trans-2-hydroxy THF compound 64, it
resonated at 6 = 76.8 ppm (characteristic value 74-77 ppm), thereby confirming the
stereochemistry of both the newly formed C-O bonds. (Figure 2.5).

OTBDPS OTBDPS

TBSO TBSO
RS} o

Hd] 76.7 Ho] 76.8
46 64

73.1 76.8

Figure 2.5. *C NMR Chemical Shift Guided Structure Elucidation of Compounds 46 and 64.

Having the key intermediates 46 and 64 in our hand, the next task was the
hydrogenolysis of the -OBn group and subsequent oxidation of the both the ring —OH groups
to the corresponding ketones, followed by one-carbon Wittig homologation. In this pursuit,
the hydrogenolysis of the major diastereomer 46 using 10% Pd/C and H, was found to be
incomplete when conducted at atmospheric pressure. Increasing the pressure resulted in the
partial deprotection of the TBS group. At this juncture, the use of DDQ for the oxidative

debenzylation®* was found to be promising and provided the corresponding diol 65 in good
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yields. Next, diol 65 was subjected for a double oxidation with the Dess Martin Periodinane
reagent in DCM as solvent. However, the reaction did not proceed at all, leaving the starting
material intact. The reason for the failure may be attributed to the steric crowding around
both the hydroxy groups. To proceed further, the dlightly harsh, Swern oxidation was
adopted, employing trifluoroacetic anhydride, DM SO under basic conditions, to obtain the
diketone 66 in excellent yields. The peaks corresponding to the two carbonyl peaks at & =
208.7 and 216.5 ppm, seen in the *C NMR spectrum, confirmed the formation of the diketo

compound 66.

_oTBS _oTss _oTes
A _,OBn A _OH )
o 0 0
\ ,,,, OTBDPS DDQ, CH,Cl, A,  OTBDPS TFAA, DMSO  \_ -+, OTBDPS
T - 5
O 45°C,9h 10, O DIPEA, CH,Cly,  "¢©
77% 38°C, 1h
HO HO 75% o
46 65 66
_oTBS _OH

0 0
PhsP=CH, o/, OTBDPS  GSA, MeOH O/, OTBDPS

toluene \ l
- . - .
40 °C, 30 min O 0°C,2h o ©

95% 93%

43 67

Scheme 2.8. Synthesis of Targeted Fragment C14 to C28.

Initialy, both the ketone groups of compound 66 were subjected for olefination with a
one carbon Wittig reagent and n-butyl lithium in THF solvent at -78 °C to room temperature.
However, the reaction did not work and resulted in the decomposition of the starting material.
After facing this failure, a number of other possibilities, such as the Petasis reaction, the
Tebbe reaction and screening the bases/solvents with one carbon Wittig olefination have been
attempted without any success. At the outset, the Wittig olefination was attempted by
preparing the corresponding ylide with potassium tert-butoxide in toluene at 130 °C for 1 h,
and then transferring the resulting neat ylide to the diketone 66 at 40 °C. This worked
extremely well and provided the dialkene 43 in 95% yield.?? The structure of the key
fragment 43 was established with the help of extensive NMR studies. For example, in the *H
NMR spectrum of the compound 43, the four exo methylene protons appeared as four sets of
doublets at § = 4.83 (d), 4.84 (d), 4.90 (d), 4.97 (d) ppm, while in the *C NMR spectrum, the
four exo methylene carbons appeared at 104.6 (t, 2C), 149.4 (s) and 151.8 (S) ppm, thereby
confirming the formation of the exo-methylene compound 43. The *C NMR chemical shift
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values of the newly formed tetrahydrofuran ring (C17, C19 and C20) are in good agreement
with the data of similar compounds reported in the literature.’*»* (Table 1).

Table 1. Comparison of *C NMR chemical shift values of compound 43 with related

compounds.

_/OTBS OTBDPS Ho OTf
POS‘ ti On o‘y Hj"u, ‘)?'/'w

“'OMOM

- “, n, 047
\ 20
1., 0O, 7, 07 p‘\/\
20 L 2}/(\7‘\/\ OH
OTBDPS; OPiv

B¢ Chandrasekhar Zhang et. al.?
et al 1%
17 77.0 ~77 777
18 38.9 B B
19 151.8 1515 150.9
20 79.5 79.9 79.9

To further extend our approach, the TBS group of compound 43 was deprotected
selectively to observe the alcohol 67 in 93% yield. The disappearance of the dimethyl and tert
butyl protonsin 'H NMR spectrum confirmed the formation of the alcohol 67.

2.5. Synthesis of Eribulin Fragment C19to C35

After having the methods for the successful construction of the cis-configured THP
and the trans-configured THF rings of Eribulin by demonstrating the synthesis of fragment
C14 to C28, our next concern was to further extend the scope of the one-pot gold catalyzed
cycloisomerisation/reduction approach for the diastereoselective construction of the third cis
fused tetrahydrofuran moiety (C29-C35). The fragment C29 to C35 bears a fully substituted
cis-1,4-linked tetrahydrofuran framework with an additional hydroxy stereocenter at C34. In
this context, we first planned to synthesize the C19 to C35 fragment with an olefin at the
terminal that could be subjected for the late-stage cross-metathesis followed by Sharpless
asymmetric dihydroxylation/cycloetherification for the construction of the trans-1,4-linked
THF ring.

The retrosynthetic approach for the C19 to C35 fragment is presented in Scheme 2.9.
The synthesis of the targeted fragment 68 was planned via the [Au]-catalyzed
cycloisomerisation/reduction approach from the alkynol 69. Further, alkynol 69 was planned
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from the coupling product of the akyne 70 and the aldehyde 71, while the alkyne 70 could be
synthesized from the acohol 57 (Scheme 2.9), and the synthesis of aldehyde 71 was planned

from L-malic acid.

[Au]
)

cycloisomerisation/
reduction

OH
)\/COQH R —

o) TBSO

“ v L-Malic acid 71
\\\ y
10, 4O OTBDPS

— Late-stage
SAD-cycloetherification

..
,

68
#\ Meg’hozs /
e

HO,C

C14 to C35 fragment 42

Scheme 2.9. Retrosynthetic Approach for the Synthesis of the Eribulin Fragment C14 to C35.

2.6. Synthesis of Alkyne 70

The free hydroxy group of compound 57 was oxidized under Swern oxidation
conditions and the resulting a dehyde was subjected for alkynylation by employing the Ohira
Bestman reagent to prepare the alkyne 70 in 73% yield. In the *C NMR spectrum, the
quaternary carbon (C=CH) and the terminal methine (C=CH) carbons resonated at 82.7 and
73.5 ppm respectively, thus indicating the installation of the alkyne unit.

i) DMP, CH,Cl, S
0o AN rt, 1h N 0 A
_— >
BnoO" ii) OBR, K,CO3 Bno"
MeOH, rt, 12 h

73% (2 steps)
56 70

Scheme 2.10. Synthesis of Alkyne 70.

2.7. Synthesis of Aldehyde 71

After the synthesis of the targeted alkyne 70, we focused our attention on the
synthesis of the aldehyde fragment 71. The a, B-unsaturated ester 72 was synthesized from L-
malic acid by following the literature procedure.®® To install the dihydroxy groups with the
requisite stereocenter, the o,B-unsaturated ester 72 was subjected for Sharpless asymmetric
dihydroxylation by employing AD-Mix-p, which resulted in the diol 73 in good yields.
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(Scheme 2.11). In the **C NMR spectrum, the observed additional two methines (-CHOH)
peaks at 71.4 and 73.4 ppm confirmed the formation of the diol 73. Both the free hydroxyl
groups of ester 73 were protected as the corresponding TBS-ethers 74 in 92% vyield. The
resulting ester 74 was then partially reduced with DIBAL-H to obtain aldehyde 71 in 63%
yield (Scheme 2.11).

AD-Mix 3, MeSO,NH, (?LO HO O
-

L-Malic acid | _"®f (?LO Q
\)\/\)j\

OEt

OEt  'BUOH:H,0, rt, 12 h OH
72 73
70%
TBSOTY, 2,6-lut. ?LOTBSO Q DIBAL-H, CH,Cl, ?LO oTBS
e DAL, B
OEt S
CH,Cly, 1t, 3 h 78°C,1h o
92% 74 OTBS 63% 71 OTBS

Scheme 2.11. Synthesis of Aldehyde Fragment 71.

With the alkyne 70 and the adehyde 71 in hand, the next task was to arrive at the
substrate for the 5-exo-dig gold cyclisation. In this context, the alkyne 70 was treated with n-
BuLi in THF and then reacted with the aldehyde 71. The resulting alcohol thus formed was
protected as its benzyl ether, which upon subsequent deprotection of the TBS groups, resulted
in the formation of the key diol 75 in 53% yield over three steps. Next, the substrate 75 was
subjected for the alkynol cycloisomerisation/reduction approach by employing Au(PPhs)Cl
and AgSbFs and then BF; etherate and triethyl silane to construct the cis-fused
tetrahydrofuran scaffold. However, the reaction resulted in a complex mixture. Neither
changing the protecting group from acetonide to PMB group nor changing the catalyst to
AuCl; provided any fruitful results.

i) 71, n-BuLi
THF, -78 °C, 3 h
ii) BnBr, NaH

DMF, rt, 1 h

—
iii) n-BugNF, THF
rt, 1h
53% (3 steps)

i) Au(PPh3)Cl, AgSbFg
CH,Cly, 1t, 3h
Complex Mixture

i) BF 3 OEt,, Et;SiH
CH,Cl,, 0 °C, 10 min
18% (2 steps)

75

Scheme 2.12. Synthesis of Key Fragment C19 to C35.

With this failure result, we thought that the second hydroxy group (o to benzyl ether)
of diol 75 could be competing in the cyclisation process in a 5-endo-dig fashion. Thus, to
avoid such a problem, we planned to install the methoxy stereocenter at the beginning, which

would ultimately block this competing 5-endo-dig cyclisation.
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The free a-hydroxy group of ester 73 was initially protected with methyl iodide by
using one equivalent of silver oxide in acetonitrile to afford the methyl ether 76 in 74%
yield.”® Next, the secondary hydroxyl group of alcohol 76 was protected as its tert-
butyldimethylsilyl ether 77. In the 'H NMR spectrum, the methoxy protons of compound 77
resonated at 3.40 ppm, while the singlet with 9 protons at 0.87 ppm corresponding to the tert-
butyl group confirmed the presence of the TBS group. Next, the ester 77 was reduced with
DIBAL-H at -78 °C to afford alcohol 78 in 79% yield. The additional appearance of atriplet
a 61 ppm in the *C NMR spectrum corresponding to the hydroxy containing methylene
carbon (-CH,OH) confirmed the formation of alcohol 78. The resulting alcohol 78 was then
subjected for oxidation with the Dess Martin periodinane reagent to afford the targeted
aldehyde 79 in 83% yield.

»LO OH O »LO HO O %OTBSO o]
O\)\/H)l\

Mel, Ag,0 0, TBSOTf, 2,6-lut. O,
OEf —— OEf ——— OEt
OH CH3CN, 1t, 6 h OMe CH,Cly, 1t, 3 h OMe
73 74% 76 86% 77
5’\0 oTBS 5’\0 oTBS
DIBAL-H, CH,Cl, 0, DMP, CH,Cl, @
- OH —— No
-78°C,1h OMe t,1h OMe

79% 83%
’ 78 79

Scheme 2.13. Synthesis of Aldehyde 79.

With the access to both the targeted alkyne 70 and aldehyde 79, our next concern was
to couple both the fragments. For that, the lithiated alkyne 70 was added to the aldehyde 79 to
afford the inseparable diastereomeric mixture of alcohols 80. On purifying the mixture, only
a smal amount of one of the pure diastereomers could be obtained by column
chromatography. In the '"H NMR spectrum, the appearance of the characteristic peaks of both
the alkyne and aldehyde portions confirmed the formation of one of the diastereomer of the
coupled product 80. In the *C NMR spectrum, the appearance of eleven peaks in the C-O
region [with two singlet carbons (resonating at 83.8 and 85.2 ppm), six methine carbons and
one quaternary carbon (at 60.6 ppm)] further confirmed the formation of the coupled product
80. Next, the TBS group of the resulting mixture 80 was deprotected, and then subjected for
the gold catalysed cycloisomerisation/reduction protocol to afford the inseparable alcohol 81
in 23% yield. The diastereomeric mixture 81 was then subjected for oxidation with the Swern
condition to obtain the ketone 82 as a single diastereomer in 76% vield. In the *C NMR
spectrum of ketone 82, the carbonyl peak resonated at 214.5 ppm and an additional doublet in
the C-O region, as well as one additional triplet (CH>) in the region 30-40 ppm relative to the
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starting alcohol confirmed the formation of ketone 82. Due to the lower yield in the gold
catalysed cycloisomerisation/reduction step, the installation of the methyl alcohol group with
the requisite stereocenter at C30 did not progress further. However, a similar strategy in the
installation of the C30 stereocenter from a ketone intermediate is known in the literature.?®
Currently, work in the direction of the optimization of the gold cyclisation step and
installation of the C30 stereocenter isin progress. (Scheme 2.14).

i) n-BugNF, THF MeO,
,3h
79, n-BuLi, THF ~ MeO i) Au(PPhs)CI, AgSbFg
o DO o
-78-0°C,3h HO BF3 OEt,, Et;SiH

CHyCl,, 0°C-rt, 2 h
23% (2 steps)

53%

80 81

TFAA, DMSO
DIPEA, CH,Cl,
_2r

-78°C,1h
76%

82 67

Scheme 2.14. Synthesis of the Key Fragment 82.

2.8 Towardsthe Synthesis of the Eribulin Fragment C14 to C35

With the failure of the approach for the construction of the third cis fused
tetrahydrofuran ring (C29 to C35 unit) by the gold catalysed cycloisomerisation/reduction
protocol, we moved our approach to cross-metathesis followed by Sharpless asymmetric
dihydroxylation and the cycloetherification protocol to synthesize the cis fused THF ring.
The ultimate targets for the cross-metathesis step in the direction of the synthesis of the C14
to C35 fragment are the terminal olefins 83 and 84. The retrosynthetic strategy for C14 to
C35 fragment is represented in Scheme 2.15, where the synthesis of the major akene
fragment 83 (C14 to C29) was planned from D-Malic acid by following the same sequence
used during the synthesis of the Eribulin fragment C14 to C28, while the cross-metathesis
counterpart 84 was planned to be synthesized from D-mannose (which contains three

required hydroxy stereocenters) by following a number of simple chemica manipulations.
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l
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Gold catalysed

OBn Cyclisation/
., intramolecular Kishi reduction HO

OH
Sy S L j Qe
—
[ ]’\/\ 7 0Bn I

BnG" OTBDPS

Cross-Metathesis OH
84 83 85 86
Sharpless AD /\/\/\/OTBDPS

48
Late-stage
SAD-cycloetherification ﬂ
} Barbier Crotylation

M
H SOZPh Ph
O NH, OH
\/‘\ HO, C/'\/COZH HOZC/k/CozH — O/ko /

J/ L-(+)-glutamic acid D-malic acid Bné

oTBS OH OH

p/\//OTBDPS >< J/Y\/ N HO\/H/H/%o

OH OH
C14 to C35 Fragment 42 D-Mannose

Q

Scheme 2.15. Retrosynthetic Disconnections for the C14 to C35 unit of Eribulin Mesylate.

Synthesis in the direction of the key fragment 83 began with the preparation of the
alcohol 88 from D-Madlic acid, by following a two-step reported protocol.?’ Alcohol 88, on
oxidation with the Dess-Martin periodinane reagent, provided the aldehyde 89, which was
then subjected for Barbier crotylation with crotyl bromide, tin and sodium iodide, resulting in
the diastereomers 90 and 91 in a 4:1 ratio with 55% yield. The stereochemistry of both the
methyl and hydroxy stereocenters were confirmed by comparing the *3C NMR chemical shift
values of diastereomers 90 and 91 with the data observed in the case of glyceraldehyde
crotylation products 51 and 52 (C14 to C28 fragment). In the *C NMR spectrum of
compound 90, the methyl carbon resonated at 15.3 ppm. On the other hand, in the case of
diastereomer 91, the methyl carbon resonated at 16.5 ppm, which was in accordance with the
trend that we had observed earlier in case of compounds 51 and 52 (Scheme 2.16).

n sspom 165 pom

Ph
/L Crotylbromide, Sn /— y/—
o N DMP, CH,Cl, O/ko BuyNI, Nal, DMF o/k
—_— ——
+
A h K/H tA2h I\/K:/\/ K/k_/k/

55% (2 steps) d o
88 OH 89 © 90 OH 4:1 91 OH
' 15.3 ppm 16.5 ppm
E\/LO E/— 51\0
E O\)\/.\/ 0 =
H 51 OH 52 OH

Scheme 2.16. Synthesis of the Key Alkene 89.
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Next, the magor diastereomer 90 was subjected for O-benzylation with sodium
hydride and benzyl bromide to afford the benzyl ether 92 in 91% yield. In the *H NMR
spectrum of compound 92, the benzylic protons resonated at 4.66 and 4.84 ppm, while in the
3C NMR spectrum, the benzylic methylene carbon resonated at 74.6 ppm. The alkene 92 was
then subjected for hydroboration-oxidation with the 9-BBN reagent and subsequently, the
resulting alcohol 93 was oxidized to its aldehyde and then immediately subjected for Ohira
Bestman homologation to obtain the terminal alkyne 87 in 73% yield. In the *C NMR
spectrum, the alkyne methine (=CH) and quaternary carbon (C=CH) resonated at 69.7 and
83.2 ppm respectively. The alkyne 87 was then treated with allylbromide and copper iodide
to yield the C-allylated product, which was then subjected for benzylidene deprotection under
mild acidic condition by using p-TSA in methanol, to afford diol 86 in 90% yield. Finally, the
one-pot gold catalysed cycloisomerisation, followed by reduction of diol 86, resulted in the
tetrahydropyran 85 in 73% yield (Scheme 2.17).

Ph Ph Ph 1) DMP, CH,Cl,

Jo BnBr, NaH J 9-BBN, THF Jo t,1h

o 0 = —F 0 O = —> O 0 = R
LA Az ovRman (L A~ NaonH0, L\ A A~ i)08BR KCO,

H 91% H THF, 1t, 12 h Y MeOH, rt, 24 h
90 OH 92 OBn 77% 93 OBn 73% (2 steps)

HO.

Ph i) Allylboromide, K,CO3 =
o Cul, DBU, Na,S0O; Au(PPh3)Cl, AgSbFg
0”0 = DMF, 1t, 3h OH OH = CH,Cly, 1t, 2 h
gz Lz
BF; OEty, Et;SiH  BnO™

Y ii) p-TSA, MeOH Y
OBn r, 12 h 0OBn ,2h
87 90% (2 steps) 86 73%

85

Scheme 2.17. Synthesis of the Key Fragment 85.

The stereochemistry of the newly formed tetrahydropyran ring 85 was confirmed by
2D NMR analysis, where a strong interaction between H2-H4-H6 in the NOESY confirmed
the cis-relationship between these three protons. Next, the free hydroxy group of alcohol 85
was protected with TBSCI and the resulting silyl ether was subjected for cross-metathesis
with alkene 48 to obtain the metathesis product 94 in 72% overall yield. In the *H NMR
spectrum of metathesis product 94, the trans-olefinic protons resonated at 5.43 (dt, J = 7.0,
15.2 Hz), and 5.53 ppm (dt, J = 6.4, 15.2 Hz) while in the **C NMR spectrum, the alkene
methine carbons resonated at 126.3 and 133.8 ppm, thereby confirming the formation of the
metathesis product 94. The free hydroxyl group of the compound 94 was then converted to its
mesylate and the resulting mesylate was subjected for Sharpless asymmetric dihydroxylation
followed by the cycloetherification protocol, which resulted in the disaccharide 95 in 74%
yield. The carbon attached to the free hydroxy group resonated at 73.0 ppm in the *C NMR
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spectrum of compound 95, which was exactly the same position that had been observed in
case of compound 46, thereby confirming the stereochemistry of the newly formed
tetrahydrofuran ring. (Scheme 2.18).

OTBDPS

TBSO
i) TBSCI, Imid,

DMF, 1t, 6 h
- .

ii)48, G-I, E,0  Bno™ ii) AD-Mix-oc Bno™
reflux, 48 h t-BuOH:H,0, 0 °C

72% (2 steps 72 h, 74% (2 steps
85 o (2 steps) 94 o (2 steps) 95

TBSO
i) MsCl, Et;N

CH,Cl,, 0°C, 1h
- .

Scheme 2.18. Synthesis of the Key Disaccharide 95.

With the disaccharide 95 in hand, our next concern was to install an alkene unit at
C28 to arrive at one of the cross-metathesis substrates 83. The free hydroxy group of acohol
95 was protected as its benzyl ether and subsequently, the TBS group of the resulting
compound was selectively deprotected with catalytic camphor sulfonic acid to obtain the
acohol 96 in 63% vyield. The formation of alcohol 96 was evidenced by *H NMR spectral
data, where the dimethyl and tert-butyl protons of the TBS group were seen to disappear
relative to the starting compound 95.

Next, the alcohol 96 was oxidised with the Dess-Martin periodinane reagent to obtain
the aldehyde, which was immediately subjected for the one carbon Wittig homologation (in
61% vyield) to complete the synthesis of the target olefin 83. The newly formed akene
functional unit was confirmed by **C NMR spectroscopy, where the characteristic alkene
methylene (=CH) carbon resonated as atriplet at 116.2 ppm (Scheme 2.19).

OTBDPS OTBDPS

HO
i) NaH, BnBr

DMF, rt, 1 h

ii) CSA, MeOH  BnO™ i) PPhsCH,
0°C,6h toluene, 40 °C, 1 h
63% (2 steps) 61% (2 steps)

96 83

i) DMP, CH,Cl,
m,1h

Scheme 2.19. Synthesis of alkene 83.

The synthesis of the other cross-metathesis counterpart 84 began with the one-carbon
Wittig homologation of Mannose diacetonide to the alkene 97 by following the literature
procedure.?® The Barton-McCombie deoxygenation of alcohol 97 resulted the deoxygenated
akene 98 in 72% vyield. In the *C NMR spectrum of compound 98, the newly formed
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methylene carbon (>CH,) appeared as a triplet at & = 35.3 ppm. The akene 98, upon
acetonide deprotection, resulted in the tetrol 99, which, on chemoselective primary 1,2 diol
protection under controlled stoichiometric conditions, afforded diols 100 and 101 in a 3:1
ratio. The structures of both the diols were confirmed by **C NMR chemical shift values. In
the *C NMR spectrum, the terminal methylene carbon (-OCH.-) of diol 101 resonated at
69.5 ppm, while in case of diol 100, it resonated at 67 ppm. The allylic hydroxy group of the
major diol 101 was then selectively protected with TBSCI to afford the TBS ether 83 in 60%
yield. (Scheme 2.20)

Jq I I

0 OH i) CS,, NaH, Mel
O\)\Q@H PPh3CH3Br 0\)\§_(/ THF,ZHY“ O\)\>_(/

(O ge} KO®Bu, THF o. .0 i) n-BuzSnH, AIBN o. 0
. toluene, 80°C, 13 h X
X 40°C.3h X 72% (2 steps)

85%

Mannose

diacetonide 97 98

HO

"o HQ ﬁk—o HO. _
cat. H,S0, \)\>_(/ 2,2-DMP, DMSO 0\)\>_(/
—_— _—

MeOH, rt, 2 h 1, 16 h, 31% 00
55% HO  OH ’ HO  OH X
99 100 101
\/Lo
TBSC, Imid. ~ © =
—
CHyCly, 1t, 6 h
2 HO  OTBS

84

Scheme 2.20. Synthesis of the Cross-Metathesi s counterpart 84.

With both the alkene fragments 83 and 84 in hand, our next task was to construct the
third tetrahydrofuran ring via the cross-metathesis followed by the Sharpless asymmetric
dihydroxylation-cycloetherification protocol. Both the fragments 83 and 84 were subjected
for cross-metathesis with Grubb’s 2™ generation catalyst in dichloromethane. However, the
reaction was found to be unsuccessful. Upon varying the catalyst to Grubb’s 1% generation
and Hoveyda Grubb’s second-generation catalyst, as well as by following the earlier cross-
metathesis protocol by using additional copper iodide in diethyl ether solvent, no reaction
between these two fragments was observed. In the majority of the cases, both the starting

alkenes were recovered (Scheme 2.21).
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Yoo

84 (3 equiv) HO
Grubb's Il (3 mol%)

Cul (10 mol%)
- 7" -

Et,0,40°C, 36 h
BnO"

Not formed

Scheme 2.21. Towards the Synthesis of Cross-M etathesis Product 102.
2.9. Conclusion

A simple approach for the diastereosel ective synthesis of the Eribulin Fragment C14
to C28 is described in 14 linear steps with an overall yield of 7.2%. The synthetic strategy
used for the construction of the key tetrahydrofuran and tetrahydropyran scaffold avoids the
commonly employed NHK coupling. In addition, the attempted synthesis of the C14 to C35
fragment of Eribulin employing the gold-catalysed cycloisomerisation followed by Kishi
reduction approach at two occasions for the construction of a furan-pyran disaccharide unit
with seven stereogenic centers was aso established. However, this was not scalable, due to
the poor yields obtained during one of the key cyclizations. Next, an aternative route
comprising of cross-metathesis/cycloetherification as a key event for the construction of both
furan rings of the C14 to C35 fragment of Eribulin was also attempted. However, we could
successfully synthesize both the olefin partners of the second cross metathesis event [(C14 to
C29) and (C29 to C35)] with the requisite stereochemistry. The cross-metathesis of these two
fragments was found to be challenging. Currently, work in the direction of improving the
yield of one of the cross-metathesis counterparts, as well as varying the protecting group of
the hydroxyl group next to the olefin of this counterpart for a successful cross metathesis

reaction outcome, arein progress.
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3.1. Preparation of Alcohols51 and 52

At 0 °C, a solution of crotyl bromide (8.54 g, 6.5 mL, 53.8 mmol) in DMF-H,O (DMF = 50
ml & H,O =1 ml), was treated with tin (5.02 g, 42.3 mmol), tetrabutylammonium iodide (710
mg, 1.9 mmol) and sodium iodide (5.76 g, 38.4 mmol) and stirred for five minutes at 0 °C and
added a solution of acetonide protected D-glyceraldehyde 50 (5 g, 38.4 mmol) in DMF (10
mL). The reaction mixture was stirred at room temperature for 24 h and filtered through a
celite pad. The filtrate was passed through a short plug of 100-200 mesh silica gel column
(petroleum ether:EtOACc, 50:50) to afford the crude product, which was further purified by
silicagel column chromatography (petroleum ether: THF, 96:4), to afford compound 51 (4.36
0, 61% yield, Ry = 0.4 (10% EtOAc in petroleum ether) and compound 52 (1.24 g, 17% yield,
Rs = 0.4 (10% EtOAc in petroleum ether) as colourless liquids.

Characterization data of Compound 51 ?\L)O\/\/
Specific rotation: [0]*°p: +41.3 (c = 5.0, CHCl5). i

'H NMR (500 MHz): §1.10 (d, J = 6.9 Hz, 3H), 1.35 (s, 3H), 1.42 (s, 3H), =
2.16 (br. s, 1H), 2.25 (m, 1H), 3.64 (dd, J = 5.0, 6.5 Hz, 1H), 3.90 (dd, J = 8.0, 7.3 Hz, 1H),
3.97 (dd, J= 6.5, 8.0 Hz, 1H), 4.11 (td, J = 4.6, 6.5 Hz, 1H), 5.74 (ddd, J = 8.0, 10.3, 17.2 Hz,
1H), 5.06 (m, 2H) ppm.

3C NMR (125 MHz): 6 15.3 (g), 25.3 (), 26.5 (q), 40.6 (d), 64.5 (t), 73.6 (d), 7 6.7 (d),
108.7 (s), 115.4 (t), 140.1 (d) ppm.

HRMS (ESI) m/z [M+H]" calcd for CyoH1903 187.1329, found 187.1327.

Characterization data of Compound 52 §L

(0]
Specific rotation: [o]%p: +9.2 (c = 1.9, CHCl5). O\)\:)v/
IH NMR (400 MHZ): 51.09 (d, J = 6.9 Hz, 3H), 1.37 (s, 3H), 1.42 (s, 3H), Py

1.92 (br. s., 1H), 2.36-2.46 (m, 1H), 3.61 (dd, J = 4.6, 7.6 Hz, 1H), 3.93 (t, J = 7.6 Hz, 1H),
4.0 (t, J = 7.6 Hz, 1H), 4.07 (g, J = 6.1 Hz, 1H), 5.10-5.16 (m, 2H), 5.86 (ddt, J = 7.6, 9.2,
17.6 Hz, 1H) ppm.

13C NMR (100 MHz): & 16.5 (q), 25.4 (q), 26.6 (), 40.2 (d), 65.4 (t), 74.7 (d), 77.1 (d),
108.7 (s), 116.3 (t), 139.2 (d) ppm.

HRMS (ESI) m/z [M+H]" calcd for CigH130sNa209.1148, found 209.1150.

3.2. Preparation of benzyl ether 53

At 0 °C, a suspension of sodium hydride (560 mg, 14 mmol, 60% wt.) in ?\L)"W
dry DMF (15 mL) was treated with a solution of compound 52 (2.0 g, 10.7 58n
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mmol) in DMF (5 mL) stirred for 5 min, and added benzyl bromide (1.40 mL, 11.8 mmol)
dropwise. The cooling bath was removed and the reaction was stirred at room temperature for
3 h. After complete consumption of the starting material as indicated by TLC, the reaction
mixture was quenched with cold water and diluted with EtOAc (30 mL) and the organic layer
was separated. The aqueous layer was extracted with EtOAc (3 x 25 mL) and the combined
organic layer was washed brine, dried (N&SO,) and concentrated under reduced pressure.
The resulting crude was purified by silica gel chromatography (5% EtOACc in petroleum) to
afford the benzyl protected compound 53 as a colourless liquid (2.91 g, 98% vyield). Ry = 0.8
(10% EtOAcC in petroleum ether).

Specific Rotation: [a]®p: +23.6 (¢ = 5.2, CHCl5).

'H NMR (400 MHZz): §1.13 (d, J = 6.9 Hz, 3H), 1.40 (s, 3H), 1.47 (s, 3H), 2.44 (ddd, J =
6.9, 12.9, 13.7 Hz, 1H), 3.58 (t, J = 5.3 Hz, 1H), 3.95-4.05 (m, 2H), 4.22 (ddd, J = 4.6, 6.1,
6.9 Hz, 1H), 4.64 (d, J = 11.4 Hz, 1H), 4.74 (d, J = 11.4 Hz, 1H), 5.07 (dt, J = 1.2, 10.7 Hz,
1H), 5.11 (dt, J = 1.5, 17.5 Hz, 1H), 5.90 (ddt, J = 7.6, 10.7, 17.5 Hz, 1H), 7.31-7.38 (m, 5H)
ppm.

3C NMR (100 MHz): §15.3 (q), 25.4 (q), 26.5 (q), 40.3 (d), 65.5 (t), 74.5 (t), 76.8 (d), 82.4
(d), 108.6 (s), 114.6 (t), 127.5 (d), 127.7 (d, 2C), 128.2 (d), 128.3 (d), 138.6 (s), 141.1 (d)

ppm.
HRMS (ESI) m/z [M+Na]* calcd for Ci7H240sNa299.1618, found 299.1620.

3.3. Preparation of alcohol 54 §Lo :

At 0 °C, a stirred solution of compound 53 (2.80 g, 10.1 mmol) in dry 54
THF (20 mL) was treated with a solution of 0.5 M 9-BBN (30.4 ml, 15.2

mmol) over a period of 10 min. The reaction mixture was warmed to rt and stirring was

continued for additional 4 h. After complete consumption of the starting compound as
indicated by TLC, the reaction mixture was cooled to 0 °C and treated with ethanol (25 ml)
followed by 3N NaOH (30 mL) and H,0, (30% w/w, 30 mL). The contents were refluxed for
1 h and diluted with 10 mL of water. The oraganic layer was separated, washed with brine and
dried over Na,SO,. The solvent was evapourated under reduced pressure and purification of
the crude by silica gel column chromatography (50% EtOAc in petroleum ether) gave
compound 54 (2.27 g, 76% yield) as a colorless oil. Ry = 0.35 (40% EtOAc in petroleum
ether).

Specific Rotation: [a]3°: +20.1 (¢ = 0.4, CHClJ).
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'H NMR (400 MHz): §0.98 (d, J = 6.9 Hz, 3H), 1.35 (s, 3H), 1.42 (s, 3H), 1.53 (ddd, J =
1.5, 6.1, 13.7 Hz, 1H), 1.76 (dt, J = 6.1, 13.7 Hz, 1H), 1.96-2.10 (m, 2H), 3.53 (dd, J = 3.1,
5.5 Hz, 1H), 3.64 (ddd, J = 6.6, 10.6, 13.6 Hz, 1H), 3.73 (ddd, J = 6.1, 10.9, 12.3 Hz, 1H),
3.92 (t, J = 7.6 Hz, 1H), 4.05 (dd, J = 6.9, 7.6 Hz, 1H), 4.18 (q, J = 6.1 Hz, 1H), 4.63 (d, J =
11.4 Hz, 1H), 4.69 (d, J = 11.4 Hz, 1H), 7.27—7.37 (m, 5H) ppm.

13C NMR (100 MHz): §15.0 (q), 25.2 (q), 26.6 (g), 32.4 (d), 36.5 (t), 61.0 (t), 66.6 (t), 74.0
(d), 76.7 (d), 82.9 (d), 108.5 (s), 127.6 (d, 2C), 128.3 (d, 3C), 138.4 (S) ppm.

HRMS (ESI) m/z[M+Na]" calcd for C17H2604Na317.1723, found 317.1727.

3.4. Synthesis of alkyne 55 §Lo T

(0)

i

OBn

At 0 °C, to a stirred solution of compound 54 (2.30 g, 7.8 mmoal) in dry 55

dichloromethane (25 mL) were added Dess-Martin-Periodinane reagent

(4.31 g, 10.2 mmol) and sodium bicarbonate (1.97 g, 23.4 mmol) and stirring was continued
for 1 h a room temperature. After completion, the reaction mixture was treated with sat.
NaHCO;3; (15 mL) and diluted with dichloromethane (20 mL). The organic layer was
separated and washed with brine, dried (NaSO,) and concentrated under reduced pressure.
The resulting crude aldehyde was forwarded for the next step without any purification.

The above crude aldehyde (2.28 g, 7.8 mmol) was dissolved in methanol (40 mL) and treated
with potassium carbonate (3.23 g, 23.4 mmol) and Ohira-Bestmann Reagent (2.23 g, 10.14
mmol) and stirred for 24 h at room temperature. The reaction mass was filtered through a
celite pad and the filtrate was concentrated under reduced pressure. Purification of the crude
by silica gel column chromatography (5% EtOAc in petroleum ether) gave the akyne 55 as a
colourlessliquid (1.87 g, 83% yield). Rs = 0.6 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3>: +10.1 (c = 3.0, CHCl5).

'H NMR (400 MHz): §1.04 (d, J = 7.0 Hz, 3H), 1.38 (s, 3H), 1.46 (s, 3H), 2.04-2.13 (m,
2H), 2.22 (ddd, J = 2.3, 6.1, 16.8 Hz, 1H), 2.34 (ddd, J = 2.3, 7.6, 16.8 Hz, 1H), 3.80 (dd, J =
3.1, 6.1 Hz, 1H), 3.94 (dd, J = 6.1, 7.9 Hz, 1H), 4.07 (dd, J = 6.5, 7.9 Hz, 1H), 4.16 (g, J = 6.1
Hz, 1H), 4.67 (d, J = 11.4 Hz, 1H), 4.74 (dd, J = 11.4 Hz, 1H), 7.28-7.34 (m, 1H), 7.34-7.38
(m, 4H) ppm.

B3C NMR (100 MH2z): §14.3 (q), 23.2 (t), 25.2 (d), 26.7 (d), 35.1 (d), 66.3 (t), 69.7 (d), 74.6
(t), 76.8 (d), 80.8 (d), 83.1 (s), 108.6 (s), 127.6 (d, 3C), 128.3 (d, 2C), 138.5 (S) ppm.

HRMS (ESI) m/z[M+Na]" calcd for CigH2403Na, 311.1618, found 311.1619.
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3.5. Preparation of C-allyl alkyne 56 §L
O,

At 0 °C, a stirred solution of alkyne 55 (1.0 g, 3.5 mmol) in dry DMF
(10 mL) was treated in sequence with allyl bromide (0.33 mL, 3.8 56

mmol), copper iodide (66 mg, 0.35 mmol), potassium carbonate (527 mg, 3.8 mmol), sodium
sulphite (218 mg, 1.7 mmol) and DBU (0.26 mL, 1.7 mmol). The reaction mixture was
warmed to rt and stirred for 3 h. The reaction mixture was diluted with EtOAc (50 mL) and
water (50 mL). The organic layer was separated, and agueous layer was extracted with EtOAc
(2 x 25 mL). The combined organic layer was washed with water, brine, dried (Na&SO,) and
concentrated under reduced pressure. Purification of the resulting crude by silica gel column
chromatography (5% EtOAc in petroleum ether) afforded the allylated compound 56 (1.08 g,
95% yield) as acolourless liquid. Rs = 0.6 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3%: +11.6 (c = 4.8, CHCl5).

'H NMR (500 MHz): §1.02 (d, J = 6.9 Hz, 3H), 1.37 (s, 3H), 1.44 (s, 3H), 2.03 (ddd, J =
3.4, 6.9, 14.9 Hz, 1H), 2.23 (ddt, J = 2.3, 6.5, 14.5 Hz, 1H), 2.35 (ddt, J = 2.3, 8.0, 16.4 Hz,
1H), 2.97 (ddd, J= 2.1, 4.1, 6.7 Hz, 2H), 3.79 (dd, J = 3.4, 5.7 Hz, 1H), 3.92 (dd, J = 6.5, 8.0
Hz, 1H), 4.05 (dd, J = 6.1, 8.0 Hz, 1H), 4.16 (g, J = 6.1 Hz, 1H), 4.66 (d, J = 11.1 Hz, 1H),
4.74 (d, 3 = 11.1 Hz, 1H), 5.12 (ddt, J = 1.9, 3.4, 9.9 Hz, 1H), 5.33 (ddt, J = 1.5, 3.4, 16.8 Hz,
1H), 5.83 (ddt, J = 5.3, 10.3, 16.8 Hz, 1H), 7.30 (dd, J = 4.6, 8.8 Hz, 1H), 7.34-7.36 (m, 4H)
ppm.

3C NMR (125 MHz): §14.4 (q), 23.1 (1), 23.7 (1), 25.3 (q), 26.7 (), 35.6 (d), 66.5 (t), 74.7
(), 77.0 (d), 78.1 (s), 81.0 (d), 81.2 (s), 108.6 (s), 115.7 (t), 127.6 (d, 3C), 128.3 (d, 2C),
133.2 (d), 138.7 (s) ppm.

HRMS (ESI) m/z [M+Na]" calcd for CyH2s0sNa 351.1931, found

351.1933.

X i 277
3.6. Preparation of diol 49 T
A solution of compound 56 (1.07 g, 3.26 mmol) in 60% acetic acid in 49

water (20 mL) was dtirred at room temperature for 12 h. The reaction mixture was
concentrated under reduced pressure and the resulting crude was purified by column
chromatography (40% EtOAc in petroleum ether) to afford diol 49 (910 mg, 97% vyield) as a
colourlessliquid. Ry = 0.5 (50% EtOAc in petroleum ether).

Specific Rotation: [a]3®: +7.1 (c = 3.2, CHCly).
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H NMR (500 MHz): & 1.07 (d, J = 6.9 Hz, 3H), 2.00-2.08 (m, 1H), 2.20-2.35 (m, 2H),
2.93-2.97 (m, 2H), 3.67 (dd, J = 3.9, 6.3 Hz, 1H), 3.71-3.77 (m, 2H), 3.80 (ddd, J = 3.1, 5.3,
8.4 Hz, 1H), 4.64 (d, J = 11.4 Hz, 1H), 4.69 (d, J = 11.4 Hz, 1H), 5.10 (ddt, J = 1.5, 3.8, 9.9
Hz, 1H), 5.31 (ddt, J = 2.3, 3.8, 16.8 Hz, 1H), 5.83 (ddt, J = 4.6, 9.9, 16.8 Hz, 1H), 7.26-7.37
(m, 5H) ppm.

B3C NMR (125 MH2): §14.8 (q), 23.1 (t), 23.7 (t), 34.8 (d), 63.8 (1), 71.8 (d), 74.7 (t), 78.3
(9), 81.0 (s), 82.0 (d), 115.7 (t), 127.8 (d, 3C), 128.5 (d, 2C), 133.2 (d), 138.2 (S) ppm.

HRMS (ESI) m/z[M+H]" calcd for C1gH2503289.1798, found 289.1801.

3.7. Preparation of alcohol 57 HO

BnO™

At room temperature, a solution of alkynol 49 (900 mg, 3.12 mmol) in 57

dry dichloromethane (10 mL) in around bottom flask covered with silver

foil, were added Au(PPh3)Cl (15 mg, 31.2 umol, 1 mol%) followed by AgSbFs (11 mg, 31.2
pmol, 1 mol%) and stirred for 3 h. After completion of the starting material, triethyl silane
(2.50 mL, 15.6 mmol) was added to the reaction mixture and cooled to O °C and treated
slowly with BF3.Et,0 (1.9 mL, 15.6 mmol) and stirring was continued at 0 °C for 1 h. After
completion of the starting material 5 mL of saturated ammonium chloride was added and the
reaction mixture was extracted with dichloromethane (2 x 25 mL). The combined organic
layer was washed with brine, dried and concentrated under reduced pressure. The resulting
crude was purified by silica gel chromatography (10% EtOAc in petroleum ether) to afford
compound 57 (660 mg, 73% yield) as a colourless liquid. R = 0.4 (10% EtOACc in petroleum
ether).

Specific Rotation: [a]3’: +1.02 (c = 5.0, CHCl5).

'H NMR (400 MHZ): §1.09 (d, J = 6.3 Hz, 3H), 1.10-1.17 (m, 1H), 1.52 (ddd, J = 6.7, 9.8,
14.0 Hz, 1H), 1.62 (td, J = 7.9, 14.0 Hz, 1H), 1.68-1.80 (m, 2H), 2.06—2.26 (m, 3H), 3.02 (t,
1H, J = 9.2 Hz, 1H), 3.29 (ddd, J = 2.5, 4.9, 9.2 Hz, 1H), 3.42 (dt, J = 5.5, 11.0 Hz, 1H), 3.74
(dt, J = 5.5, 11.0 Hz, 1H), 3.89 (ddd, J = 2.4, 5.5, 11.6 Hz, 1H), 4.63 (s, 2H), 4.97 (d, J= 9.8
Hz, 1H), 5.03 (dd, J = 1.2, 17.1 Hz, 1H), 5.83 (ddt, J = 6.7, 9.8, 17.1 Hz, 1H), 7.27-7.42 (m,
5H) ppm.

3C NMR (100 MH2z): §18.6 (q), 29.9 (t), 34.7 (t), 36.9 (d), 39.7 (1), 62.8 (), 74.7 (), 76.4
(d), 80.3 (d), 80.7 (d), 114.5 (t), 127.8 (d), 127.9 (d, 2C), 128.4 (d, 2C), 138.1 (s), 138.4 (d)
ppm. HRM S (ESI) m/z [M+H]" calcd for CigH,704291.1955, found 291.1957.
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3.8. Preparation of TBS ether 47

80" N ° ~
To astirred solution of compound 57 (620 mg, 2.13 mmol) in dry DMF Br:q\/\
(10 mL), were added imidazole (436 mg, 6.40 mmol) followed by 47

TBSCI (354 mg, 2.35 mmol) at 0 °C. After stirring for 6 h at room
temperature the reaction mixture was quenched with water (10 mL) and diluted with EtOAc

(25 mL). The organic layer was separated and aqueous layer was extracted with EtOAc (2 x
20 mL). The combined organic layer was washed with brine, dried (NaSO,4) and concentrated
under reduced pressure. The residue was purified by silicagel chromatography (5% EtOAc in
petroleum ether) to afford compound 47 (830 mg, 96% yield) as a colourless liquid. R; = 0.8
(10% EtOAcC in petroleum ether).

Specific Rotation: [a]3°: +5.8 (C = 2.2, CHCl5)

'H NMR (400 MHZ): §0.10 (s, 3H), 0.11 (s, 3H), 0.94 (s, 9H), 1.05 (d, J = 6.6 Hz, 3H),
1.07-1.13 (m, 1H), 1.49 (ddd, J = 6.1, 11.0, 14.0 Hz, 1H), 1.55-1.78 (m, 3H), 2.13 (dt, J =
7.9, 14.6 Hz, 1H), 2.21 (dt, J= 7.9, 14.6 Hz, 1H), 3.09 (t, J = 9.5 Hz, 1H), 3.17 (dt, J = 2.3,
9.2 Hz, 1H), 3.35 (dt, J = 4.9, 10.4 Hz, 1H), 3.89 (dd, J = 3.0, 11.6 Hz, 2H), 4.60 (d, J= 11.0
Hz, 1H), 4.72 (d, J = 11.0 Hz, 1H), 4.96 (d, J = 10.4 Hz, 1H), 5.03 (d, J = 17.1 Hz, 1H), 5.84
(ddt, J=6.7,10.4, 17.1 Hz, 1H), 7.31 (dd, J = 2.4, 6.1 Hz, 1H), 7.33-7.40 (m, 4H) ppm.

3C NMR (100 MHz2): §-5.3 (q), —4.8 (), 18.4 (s), 18.8 (q), 26.0 (g, 3C), 30.0 (t), 35.0 (1),
36.9 (d), 39.9 (t), 63.2 (t), 74.5 (t), 76.0 (d), 80.2 (d), 81.2 (d), 114.4 (t), 127.6 (d), 128.1 (d,
2C), 128.4 (d, 2C), 138.7 (s), 138.8 (d) ppm.

HRMS (ESI) m/z [M+H]" calcd for Ca4H4103Si 405.2819, found 405.2828.

3.9. Preparation of alcohol 48

(?)H
To astirred solution of butane-1,4-diol (5 g, 55.48 mmoal) in dry DMF o\ -OTBDPS

48
(50 mL), were added imidazole (4.53 g, 66.58 mmol) and TBDPSCI

(14.23 mL, 55.48 mmol) at room temperature. The reaction was stirred for 6 h at the same

temperature and then quenched with water (50 ml). The reaction mixture was partitioned with
EtOAc (50 mL) and the combined organic layer was separated, dried over N&SO,, and
concentrated under reduced pressure. Purification of the crude reaction mixture by silica gel
column chromatography (40% EtOAc in petroleum ether) produces the mono TBDPS
compound (14.6 g, 80% yield) as a colourless liquid.

To a stirred solution of the resulting alcohol (5 g, 15.22 mmol) in dry dichloromethane (50
mL), was added Dess Martin Periodinane reagent (8.4 g, 19.79 mmol) at 0 °C. the reaction
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was warmed to room temperature and kept for 1 h. After completion of the starting material,
the solid residues were filtered off and the filtrate was diluted with water (50 mL). The
organic layer was separated, dried with Na,SO, and concentrated under reduced pressure.
Purification of the crude reaction mixture with silica gel column chromatography (50%
EtOAc in petroleum ether) produces the corresponding aldehyde 58 (4.72 g, 95% yield) as a

colourlessliquid.

To a stirred solution of 4 A° molecular sieves (15 g) in dry dichloromethane (40 mL), were
added (S)-BINOL (351 mg, 1.23 mmol) and Ti(O'Pr)s (348 mg, 1.23 mmol) a room
temperature. The reaction mixture was refluxed for 1 h and then cooled to room temperature
and a solution of the crude aldehyde (4 g, 12.25 mmol) in dry dichloromethane (15 mL) was
added. After tirring for 5 minutes at rt, the reaction was further cooled to -78 °C and
alyltributyl tin (4.55 mL, 14.70 mmol) was added. The reaction mixture was warmed to -20
°C and kept for 3 days without stirring. The solid residue in the reaction mixture was filtered
off and the resulting filtrate was diluted with water. The dichloromethane layer was separated,
dried and concentrated under reduced pressure. Purification of the crude reaction mixture with
silicagel chromatography (10% EtOAc in petroleum ether), produces the homoallylic alcohol
48 (2.48 g) in 55% yield. Rf = 0.3 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3°: +4.1 (¢ = 2.2, CHCl5)

'H NMR (400 MHZ): §1.07 (s, 9H), 1.48-1.57 (m, 1H), 1.63-1.74 (m, 3H), 2.16 (br. s., 1H),
2.20 (ddt, J=1.0, 6.5, 14.0 Hz, 1H), 2.30 (dddt, J = 1.1, 5.1, 6.5, 11.4 Hz, 1H), 3.65-3.69 (M,
1H), 3.71 (t, J = 6.0 Hz, 2H), 5.11-5.17 (m, 2H), 5.85 (ddt, J = 7.0, 9.3, 16.8 Hz, 1H),
7.37-7.47 (m, 6H), 7.67—7.70 (m, 4H) ppm.

3C NMR (100 MH2z): §19.2 (s), 26.8 (g, 3C), 28.8 (1), 33.5 (t), 41.9 (t), 64.1 (t), 70.5 (d),
117.8 (t), 127.6 (d, 4C), 129.6 (d, 3C), 133.7 (s, 2C), 135.0 (d), 135.6 (d, 3C) ppm.

HRMS (ESI) m/z [M+H]" calcd for Ca3H330,Si 369.2244, found 369.2249.

3.10. Synthesis of Compound 59

At 0 °C, to astirred solution of L-glutamic acid (30 g, 203.9 mmol) in OH
_ _ MeOMOMe
water (150 mL) and 2N HCI (120 mL) was added dropwise a solution 3 3

59

of sodium nitrite in water over a period of 2 h. After addition was

complete, the reaction was alowed to warm to room temperature and stirred for 12 h. The

aquous phase was saturated with solid NaCl and was extracted with ethyl acetate (3x200 mL).
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The combined organic layer was dried over Na,SO, and concentrated under reduced pressure.
The crude reaction mixture was moved to the next step without purification.

To asolution of the above crude lactone in methanol (200 mL) was added five drops of conc.
HCI. After keeping the reaction at room temperature for 6 h, triethyl amine (5 mL) was added
and the solvents were removed under reduced pressure. Purification of the crude reaction
mixture by column chromatography (25% EtOAc in petroleum ether) gave the di ester 59
(27.6 g, 77% yield) asacolourless liquid. R = 0.3 (20% EtOAc in petroleum ether).

Specific Rotation: [a]3°: 2.1 (¢ = 1.4, CHCl3)

H NMR (400 MHz): 6 1.86-2.01 (m, 1H), 2.10-2.26 (m, 1H), 2.37-2.55 (m, 2H),
2.94-3.07 (m, 1H), 3.66 (s, 3H), 3.78 (s, 3H), 4.23 (dt, J = 4.8, 8.1 Hz, 1H) ppm.

13C NMR (100 MHz): 6 29.2 (t), 29.4 (t), 51.7 (q), 52.6 (q), 69.4 (d), 173.5 (s), 175.0 (3)

ppm.
HRMS (ESI) m/iz [M+Na]* calcd for CyH:,0sNa199.0577, found 199.0573.

3.11. Synthesis of Compound 60 §L
S P O\)O\/\/OH

60

At 0 °C, to astirred solution of the diester 59 (27 g, 153.26 mmoal) in dry
THF (200 mL) was added sodium borohydride (11.60 g, 306.53 mmol) and the reaction
mixture was refluxed for 6 h. After completion of the starting material as indicated by TLC,

the reaction mixture was cooled to 0 °C and quenched by the slow addition of acetone (50
mL). The solvent of the reaction mixture was removed under reduced pressure and
purification of the crude reaction mixture by silica gel chromatography (40% MeOH in

CHCl5, short column) gave thetriol as a colourless liquid.

To a stirred solution of the resulting triol in dry dichloromethane (mL), 2, 2-dimethoxy
propane (56.3 mL, 459.43 mmol) and p-TSA (2.64 g, 15.31 mmol) were added at O °C. The
reaction was stirred for 12 h at room temperature. After completion of the starting material,
the reaction mixture was quenched with triethyl amine (15 mL) and the solvent was removed
under reduced pressure. Purification of the crude reaction mixture with silica gel colum
chromatography (40% EtOAc in petroleum ether) gave acohol 60 (13.6 g, 55% yield) as a
colourlessliquid. Ry = 0.2 (30% EtOAc in petroleum ether).

Specific Rotation: [a]3: +9.4 (¢ = 3.5, CHCl3).

'H NMR (400 MHz2): ¢ 1.36 (s, 3H), 1.41 (s, 3H), 1.62-1.73 (m, 4H), 3.47-3.56 (m, 1H),
3.67 (br. s., 2H), 4.01-4.08 (m, 1H), 4.11 (d, J = 6.0 Hz, 1H) ppm.
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3C NMR (100 MHz): 6 25.7 (q), 26.9 (q), 29.1 (t), 30.2 (t), 62.6 (t), 69.4 (t), 76.0 (d), 108.9

(S) ppm.
HRMS (ESI) m/z [M+H]" calcd for CgH1705161.1172, found 161.1171.

3.12. Synthesis of diol 61 Ho
HO_X_~_ 0oTBDPS
To adtirred solution of alcohol 60 (13.6 g, 84.9 mmol) in dry DMF (80 61

mL) were added TBDPSCI (26.1 mL, 101.9 mmol), imidazole (7.51 g, 110.35 mmol) at room

temperature. The reaction was stirred at the same temperature for 12 h. The reaction was

guenched with water (50 ml) and partitioned with ethyl acetate (2x100 mL). The organic layer
was separated, dried and concentrated under reduced pressure. Purification of the reaction
mixture with column chromatography gave the TBDPS protected compound (28.2 g, 83%
yield) asacolourlessliquid. Rs = 0.2 (30% EtOAc in petroleum ether).

At 0 °C, to a tirred solution of the above compound (28.2 g, 70.74 mmol) in methanol (250
mL) was added camphor sulfonic acid (1.64 g, 7.07 mmol). The reaction was kept at the same
temperature for 12 h and then quenched with triethyl amine (10 mL). The solvent was
removed under reduced pressure and purification of the crude reaction mixture with silica gel
column chromatography gave the diol 61 (20.83 g, 82% yield) as a colourless liquid. R; = 0.4
(60% EtOAC in petroleum ether).

Specific Rotation: [a]3>: +4.7 (¢ = 2.1, CHCl5).

'H NMR (400 MHZ): 6 1.08 (s, 9H), 1.50-1.73 (m, 4H), 3.47 (dd, J = 7.5, 11.1 Hz, 1H), 3.62
(dd, J=3.1, 11.1 Hz, 1H), 3.69-3.75 (m, 3H), 7.34-7.50 (m, 6H), 7.60-7.79 (m, 4H) ppm.
3C NMR (100 MH2): ¢ 19.1 (s), 26.8 (d, 3C), 28.6 (1), 30.1 (%), 64.0 (t), 66.7 (t), 72.0 (d),
127.6 (d, 4C), 129.6 (d, 2C), 133.5 (s, 2C), 135.5 (d, 4C) ppm.

HRMS (ESI) m/z [M+H]" calcd for CxH3103Si 359.2037, found 359.2031.

3.13. Preparation of epoxide 62

o)

L—’\/\/OTBDPS
At 0 °C, to a solution of the diol 61 (10.0 g, 27.89 mmoal) in dry 62

dichloromethane (50 mL), were added triethylamine (4.08 mL, 29.28 mmol) and benzoyl
chloride (3.24 mL, 27.89 mmol). The reaction was warmed to room temperature and kept for

1 h. After completion of the starting material as indicated by TLC, the reaction mixture was
diluted with water (40 mL). The organic layer was separated and concentrated under reduced
pressure. Purification of the reaction mixture by silica gel column chromatography gave the
mono benzoyl compound (12.1 g, 94% yield) as colourless liquid.
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To a stirred solution of the alcohol (12.0 g, 25.94 mmol) in dry drichloromethane (80 mL),
triethylamine (5.42 mL, 38.91 mmol) and mesyl chloride (2.21 mL, 28.53 mmol) were added
a 0 °C. The reaction was kept at same teperature for 1 h. After completion of the starting
material water was added to the reaction mixture. The organic layer was separated, dried with
NaSO,4 and concentrated under reduced pressure. The crude reaction mixture was moved to
the next step without purification.

To a stirred solution of the above mesylated compound in methanol (80 mL), potassium
carbonate (5.38 g, 38.92 mmol) was added at room temperature. The reaction was stirred at
room temperature for 2 h. After complete consumption of the starting material, methanol was
removed under reduced pressure and the crude reaction mixture was partitioned between ethyl
acetate (50 mL) and water (50 mL). The organic layer was separated, dried and concentrated
under vacuo. Purification of the reaction mixture with silica gel column chromatography
(20% EtOAcC in petroleum ether) gave the epoxide 62 (7.80 g, 88% yield) as a colourless
liquid. Rs = 0.4 (30% EtOAcC in petroleum ether).

Specific Rotation: [a]3>: +3.3 (¢ = 2.7, CHCl5).

'H NMR (400 MH2): 6 1.08 (s, 9H), 1.65-1.78 (m, 4H), 2.48 (dd, J = 2.8, 5.0 Hz, 1H), 2.75
(dd, J = 4.0, 5.0, Hz, 1H), 2.82-3.04 (m, 1H), 3.74 (td, J = 3.0, 5.8 Hz, 2H), 7.34-7.51 (m,
6H), 7.64—7.76 (m, 4H) ppm.

3C NMR (100 MHz): ¢ 19.2 (s), 26.8 (), 28.8 (1), 29.0 (1), 47.1 (1), 52.1 (d), 63.4 (), 127.6
(d, 2C), 129.6 (d), 133.9 (s), 135.5 (d, 2C) ppm.

HRMS (ESI) m/z [M+H]" calcd for Co1H2s0,SiNa363.1751, found 363.1745.

3.14. Preparation of alcohol 48 oH

A~ ~~-OTBDPS
48

At —-20 °C, to a stirred solution copper iodide (1.26 g, 6.61 mmol) in

diethyl ether (15 mL), vinyl magnesium bromide (66.1 mL, 66.07mmol) was added dropwise
over a period of 20 min. After stirring the reaction 15 minutes, a solution of epoxide 62 (7.50
g, 22.02 mmoal) in diethyl ether (20 mL) was added. The reaction was stirred for anouther 2.5
h at the same temperature. After completion of the starting material, saturated ammonium
chloride (20 mL) was added to the reaction mixture and stirred for additional 10 minutes. The
reaction mixture was extracted with ethyl acetate (3x50 mL). The combined oranic layer was

separated, washed with brine, dried and concentrated under vacuo. Purification of the reaction
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mixture by column chromatography (10% EtOAc in petroleum ether). gave the homoallylic

alcohol 48 (5.27 g, 65% yield) as acolourless liquid. _otes

__OBn
. (@)
3.15. Synthesis of Compound 63 Qf OTBDPS

HO,

Under Argon, to a solution of the compounds 47 (340 mg, 840 pmol) \ 63
and 48 (929 mg, 2.52 mmoal) in dry diethyl ether (20 mL) were added
sequentially Cul (16 mg, 84 pmol) and Grubb’s 2™ generation catalyst (21 mg, 25.2 pmol) at

room temperature. The reaction was kept at 40 °C for 36 h. The solvent was evaporated under
reduced pressure and the crude was purified by silica gel column chromatography (5% EtOAc
in petroleum ether) to afford compound 63 (507 mg, 81% yield) as a colourless liquid. Ry =
0.3 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3®: +1.04 (c = 1.1, CHCly)

H NMR (400 MHz): §0.09 (s, 3H), 0.10 (s, 3H), 0.93 (s, 9H), 1.02-1.05 (m, 3H), 1.06 (s,
9H), 1.44-1.55 (m, 2H), 1.60-1.72 (m, 7H), 2.07-2.25 (m, 5H), 3.08 (t, J = 9.5 Hz, 1H), 3.15
(ddd, J = 1.9, 3.5, 9.3 Hz, 1H), 3.28-3.39 (m, 1H), 3.61 (ddd, J = 4.1, 7.7, 11.9 Hz, 1H), 3.70
(d, J = 5.8 Hz, 2H), 3.83-3.93 (m, 2H), 4.59 (d, J = 10.9 Hz, 1H), 4.71 (d, J = 10.9 Hz, 1H),
5.44 (dt, J=7.1, 15.1 Hz, 1H), 5.54 (dt, J = 6.6, 15.1 Hz, 1H), 7.29-7.45 (m, 10H), 7.65-7.70
(m, 5H) ppm.

3C NMR (100 MHz): §-5.2 (q), —4.8 (q), 18.4 (s), 18.7(q), 19.2 (s), 26.0 (g, 3C), 26.8 (q,
3C), 28.8 (t), 28.9 (1), 33.4 (1), 35.5 (t), 36.9 (d), 39.9 (1), 40.7 (t), 63.2 (t), 64.1 (t), 70.8 (d),
74.5 (t), 76.0 (d), 80.2 (d), 81.2 (d), 126.1 (d), 127.6 (d, 5C), 128.1 (d, 2C), 128.4 (d, 2C),
129.6 (d, 2C), 133.8 (s), 134.0 (d), 134.2 (s) 135.6 (d, 4C), 138.7 (S) ppm.

HRMS (ESI) m/z [M+H]* calcd for CusHesOsSio 745.4678, found 745.4684.

3.16. Synthesis of Disaccharide 46

At 0 °C, a solution of compound 63 (300 mg, 0.4 mmol) and triethyl amine (0.17 mL, 1.21
mmol) in dry dichloromethane (10 mL) was treated with methane sulfonyl chloride (0.047
mL, 0.6 mmol) and stirred at the same temperature for 1 h. The reaction mixture was
guenched with water and diluted with dichloromethane (10 mL). The organic layer was
separated, washed with brine, dried (Na;SO,) and concentrated under reduced pressure. The

resulting crude was used for the next step without purification.
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The above crude mesylate (330 mg, 0.4 mmol) was dissolved in 'BuOH:H,0 (10 mL, 1:1,
v/v) and cooled to O °C in acryostat and treated with methane sulphonamide (114 mg, 1.2
mmol) and AD-Mix-a (800 mg, 2.0 g/mmol) and stirring was continued for 96 h at 0 °C.
After complete consumption of the starting compound as indicated by TLC, the reaction
mixture was quenched with saturated sodium sulfite solution (5 mL) and diluted with EtOAc
(25 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (2
x 15 mL). The combined organic layer washed with brine, dried (NaSO,) and concentrated
under reduced pressure. The resulting crude was purified by silica gel column
chromatography (15% EtOAc in petroleum ether) to afford compound 46 and 64 in a
diastereomeric mixture (217 mg, 71% yield) as a colourless liquid. R; = 0.4 (20% EtOAc in

petroleum ether.

To the stirred solution of diastereomeric mixture of compound 46 and 64 (217 mg, 285
pmol) in dry dichloromethane (5 mL) were added triethylamine (0.2 mL, 1.43 mmol), acetic
anhydride (81 pL, 855 pmol), and DMAP (7 mg, 57 pumol) at 0 °C. The reaction mixture was
stirred at room temperature for 6 h. After completion of the starting material, as indicated by
TLC, the reaction mixture was concentrated, diluted with EtOAc (25 mL) and washed with
brine, dried (Na,SO,4), and concentrated under reduced pressure. Purification of the crude by
silicagel chromatography gave compound 46-Ac (180 mg, 79% yield) and 64-Ac (26 mg, 11

% yield) as colourlessliquids. PR
: OBn
Compound 46-Ac: Rt = 0.3 (10% EtOAc in petroleum ether). ‘O’ oTEDPS
l/\, (0] /
Specific Rotation: [a]3>: —0.3 (¢ = 4.9, CHCl5). ,
AcO" 46-Ac

'H NMR (400 MHz): §0.08 (s, 3H), 0.09 (s, 3H), 0.92 (s, 9H), 1.03
(d, J = 6.4 Hz, 1H), 1.05 (s, 9H), 1.35-1.43 (m, 1H), 1.51-1.75 (m, 10H), 1.80 (ddd, J = 5.1,
9.1, 14.1 Hz, 1H), 2.05-2.07 (m, 1H), 2.09 (s, 3H), 3.08 (t, J = 9.5 Hz, 1H), 3.15 (ddd, J =
1.6, 3.4, 9.3 Hz, 1H), 3.69 (td, J = 2.3, 5.8 Hz, 2H), 3.29-3.37 (m, 1H), 3.84 (dd, J= 1.6, 11.5
Hz, 1H), 3.70 (td, J = 2.5, 5.9 Hz, 2H), 3.90 (dd, J = 3.5, 11.6 Hz, 1H), 3.95 (ddd, J = 3.6, 5.8,
9.1 Hz, 1H), 4.13 (ddd, J = 5.9, 9.3, 11.8 Hz, 1H), 4.58 (d, J = 10.9 Hz, 1H), 4.71 (d, J = 10.9
Hz, 1H), 5.29 (t, J = 3.9 Hz, 1H), 7.29-7.45 (m, 11H), 7.67 (dd, J = 1.5, 7.8 Hz, 4H) ppm.

3C NMR (100 MHz): §-5.3 (q), 4.8 (q), 18.4 (5), 18.7 (q), 19.2 (5), 21.1 (q), 25.4 (1), 26.0
(g, 3C), 26.9 (g, 3C), 29.1 (t), 32.1 (1), 32.3 (t), 36.9 (d), 39.3 (t), 39.9 (t), 63.2 (1), 63.8 (t),
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745 (t), 75.5 (d), 76.4 (d), 76.9 (1), 80.1 (d, 2C), 81.3 (d), 127.6 (q, 4C), 127.6 (d), 128.1 (d,
2C), 128.4 (g, 2C), 129.5 (g, 2C), 134.0 (s, 2C), 135.6 (g, 4C), 138.7 (9), 17.05 (S) ppm.
HRMS (ESI) m/z [M+H]* calcd for Ca7H-10+Si» 803.4733, found 803.4734.

OTBS
Compound 64-Ac: Ry = 0.3 (10% EtOAc in petroleum ether). £ OBn
O
\O/, OTBDPS
Specific Rotation: [a]3°: —0.4 (c = 1.7, CHCly). L, o
'H NMR (400 MHZ): §0.08 (s, 3H), 0.09 (s, 3H), 0.92 (S, 9H), 1.04 | acc” ~ sa-c

(d, J = 6.4 Hz, 3H), 1.06 (s, 9H), 1.51-1.74 (m, 12H), 2.05 (s, 3H),

2.43 (dt, J = 7.1, 14.0 Hz, 1H), 3.09 (t, J = 9.5 Hz, 1H), 3.16 (ddd, J = 1.6, 3.3, 9.3 Hz, 1H),
3.30-3.40 (m, 1H), 3.70 (t, J = 5.8 Hz, 2H), 3.85 (dd, J = 1.4, 11.4 Hz, 1H), 3.91 (dd, J = 3.3,
11.5 Hz, 1H), 3.94-4.03 (m, 2H), 4.60 (d, J = 10.9 Hz, 1H), 4.71 (d, J = 10.9 Hz, 1H), 4.93
(dt, J = 3.3, 6.8 Hz, 1H), 7.28-7.45 (m, 11H), 7.67 (dd, J = 1.5, 7.8 Hz, 4H) ppm.

13C NMR (100 MHz): §-5.3 (q), —4.8 (q), 18.4 (s), 18.7 (q), 19.2 (5), 21.2 (g), 25.9 (g, 3C),
26.9 (g, 3C), 28.6 (t), 29.2 (t), 316 (1), 32.4 (t), 36.9 (d), 37.5 (t), 39.9 (1), 63.2 (t), 63.7 (1),
74.5 (t), 76.2 (d), 77.0 (d), 78.7 (d), 80.1 (d), 81.2 (d), 82.6 (d), 127.6 (d, 4C), 127.6 (d), 128.1
(d, 2C), 128.4 (d, 2C), 129.5 (d, 2C), 134.0 (s, 2C), 135.5 (d, 4C), 138.7 (5), 170.8 (S) ppm.
HRMS (ESI) m/iz [M+Na]* calcd for Cs7H7007NaSi, 825.4552, found 825.4542.

. _0TBS
3.17. Preparation of Compound 46: : omn
T
) ) i S ‘y, OTBDPS
To a dtirred solution of compound 46-Ac (150 mg, 187 pmoal) in |
methanol (5 mL) was added potassium carbonate (77 mg, 560 pmol) at | | 46

room temperature. The reaction was kept at room temperature for 3 h.

After consumption of the strating meterial, methanol was removed under reduced pressure.
The crude reaction mixture was diluted with ethyl acetate (5 mL) and partitioned with water
(5 mL). The combined organic layer was washed with brine, dried over Na,SO, and
concentrated under reduced pressure. Purification of the reaction mixture by silica gel column
chromatography gave compound 46 (138 mg, 97% yield) as a colourless liquid. Ry = 0.4 (20%
EtOAC in petroleum ether).

Specific Rotation: [a]3>: +2.5 (¢ = 1.5, CHCl3).

'H NMR (400 MHz): 5§0.09 (s, 3H), 0.10 (s, 3H), 0.92 (s, 9H), 1.05 (s, 12H), 1.08-1.16 (m,
1H), 1.52-1.72 (m, 10H), 2.08 (dd, J = 6.3, 13.3 Hz, 1H), 2.35(d, J = 3.8 Hz, 1H), 3.08 (t, J =
9.6 Hz, 1H), 3.22 (ddd, J = 2.1, 3.6, 9.3 Hz, 1H), 3.38-3.45 (m, 1H), 3.69 (td, J = 2.0, 6.1 Hz,
2H), 3.78 (ddd, J = 2.7, 6.0, 8.6 Hz, 1H), 3.84-3.91 (m, 2H), 4.15-4.25 (m, 2H), 4.60 (d, J =
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11.0 Hz, 1H), 4.69 (d, J = 11.0 Hz, 1H), 7.28-7.45 (m, 11H), 7.67 (dd, J = 1.5, 7.6 Hz, 4H)
ppm.

13C NMR (100 MH2): §-5.3 (q), -4.9 (g), 18.4 (5), 18.7 (q), 19.2 (9), 24.1 (t), 26.0 (g, 3C),
26.8 (g, 3C), 29.1 (t), 31.6 (), 32.5 (t), 36.8 (d), 39.8 (t), 41.4 (1), 63.1 (t), 63.8 (t), 73.1 (d),
745 (t), 75.9 (d), 76.7 (d), 80.0 (d), 81.3 (d), 82.1 (d), 127.6 (d, 4C), 127.7 (5), 128.0 (d, 2C),
128.4 (d, 2C), 129.5 (d, 3C), 134.0 (s), 135.5 (d, 4C), 138.5 (S) ppm.

HRMS (ESI) m/z [M+H]" calcd for CasHeeOsSi» 761.4627, found 761.4617.

] _OTBS
3.18. Preparation of Compound 64: S oBn
@l
H H . W 1y OTBDPS
To astirred solution of compound 64-Ac (20 mg, 25 umol) in methanol | | |
(2 mL) was added potassum carbonate (10 mg, 75 umol) at room | 64

temperature and stirred for 3 h. The reaction mixture was concentrated
and dissolved in EtOAc (5 mL). The organic layer was washed with brine, dried (Na,SO,) and
concentrated under reduced pressure. Purification of the reaction mixture by silica gel column
chromatography gave compound 64 (18 mg, 95% yield) as a colourless liquid. Ry = 0.4 (20%
EtOAcC in petroleum ether).

Specific Rotation: [a]3°: —0.2 (c = 0.34, CHCl5).

'H NMR (400 MHz): 50.08 (s, 3H), 0.09 (s, 3H), 0.91 (s, 9H), 1.05 (s, 12H), 1.11 (q, J =
12.0 Hz, 1H), 1.48-1.77 (m, 11H), 2.31 (dd, J = 6.9, 13.3 Hz, 1H), 3.03 (t, J = 9.5 Hz, 1H),
3.20 (ddd, J = 2.1, 4.1, 9.4 Hz, 1H), 3.31-3.43 (m, 1H), 3.68 (t, J = 5.9 Hz, 2H), 3.80-3.90
(m, 3H), 3.96 (dt, J = 6.8, 12.8 Hz, 1H), 4.01-4.11 (m, 1H), 4.59 (d, J = 10.8 Hz, 1H), 4.66
(d, J=10.8 Hz, 1H), 7.27-7.25 (m, 11H), 7.67 (dd, J = 1.6, 7.8 Hz, 4H) ppm.

3C NMR (100 MHz): §-5.3 (q), —4.9 (q), 18.4 (s), 18.7 (), 19.2 (s), 26.0 (q, 3C), 26.9 (q,
3C), 29.2 (t), 29.3 (t), 31.2 (t), 32.9 (1), 37.0 (d), 40.1 (t), 40.6 (t), 63.2 (t), 63.8 (t), 74.6 (1),
76.0 (d), 76.8 (d, 2C), 80.3 (d), 81.4 (d), 84.2 (d), 127.6 (d, 4C), 127.7 (d), 128.0 (d, 2C),
128.4 (d, 2C), 129.5 (d, 2C), 134.0 (s, 2C), 135.6 (d, 4C), 138.5 (s) ppm.

HRMS (ESI) m/z [M+H]" calcd for CysHegOsSi2 761.4627, found 761.4623.

3.19. Synthesis of Compound 65 oS

OH
To a dtirred solution of compound 46 (118 mg, 0.15 mmol) in dry CO/ OTBDPS
dichloromethane (5 mL) and water (1 mL) was added DDQ (106 mg, \'m =

0.46 mmol) at room temperature. The reaction mixture was urged with HO™ &

nitrogen gas and stirred at reflux under inert atmosphere for 9 h. After completion, the
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reaction mixture was quenched with saturated NaHCO;3 solution (5 mL), the organic layer was
separated, and the aqueous layer was extracted with dichloromethane (3 x 10 mL). The
combined organic layer was washed with brine, dried (Na,SO4) and concentrated under
reduced pressure. Purification of the reaction mixture by silica gel column chromatography
gave the diol 65 (80 mg, 77% yield) as a colourlessliquid. R; = 0.5 (30% EtOAc in petroleum
ether).

Specific Rotation: [a]3>: —0.15 (¢ = 0.3, CHCly).

'H NMR (400 MHz): §0.11 (s, 3H), 0.11 (s, 3H), 0.91 (s, 9H), 1.05 (s, 9H), 1.06 (d, J = 6.3
Hz, 3H), 1.47-1.80 (m, 10H), 1.96 (d, J = 4.9 Hz, 1H), 2.07 (dd, J = 6.3, 13.1 Hz, 1H), 3.15
(t, J=8.6 Hz, 1H), 3.25 (td, J = 4.6, 8.6 Hz, H), 3.39-3.48 (m, 1H), 3.66-3.72 (m, 3H), 3.74
(d, J=0.9 Hz, 1H), 3.76 (ddd, J = 2.8, 6.1, 7.1 Hz, 1H), 3.91 (dd, J = 4.5, 9.9 Hz, 1H), 4.18
(dd, J = 6.1, 9.3 Hz, 1H), 4.22 (d, J = 3.0 Hz, 1H), 7.36-7.45 (m, 6H), 7.65-7.69 (M, 4H)
ppm.

3C NMR (100 MHz): §-5.7 (g), -5.6 (), 17.9 (), 18.1 (), 19.2 (3), 24.3 (t), 25.8 (q, 3C),
26.9 (g, 3C), 29.1 (t), 31.7 (1), 32.5 (t), 36.9 (d), 38.6 (1), 41.5 (t), 63.8 (1), 66.8 (t), 73.2 (d),
76.4 (d), 76.8 (d), 77.2 (d), 78.1 (d), 81.8 (d), 127.6 (d, 4C), 129.5 (d, 2C), 134.0 (s, 2C),
135.6 (d, 4C) ppm.

HRMS (ESI) m/z [M+H]" calcd for CagHez0sSi» 671.4158, found 671.4158.

3.20. Preparation of diketone 66 _oTBs

(0]
At —78 °C, a solution of trifluoro acetic anhydride (77 L, 551 pmol) \OKA//r OTBDPS
in dry dichloromethane (0.5 mL) was added DMSO (78 pL, 1.10 | °
mmol) in dichloromethane (0.5 mL) and stirred for 15 minutes. To
this, a solution of diol 65 (74 mg, 110 pmol) in dichloromethane (0.5 mL) was added

o] 66

dropwise and the mixture was stirred for another 30 min prior to the addition
diisopropylethylamine (0.3 mL, 1.65 mmol). Then, the reaction mixture was warmed to —30
°C and tirred for 1h. After completion of the starting material, as indicated by TLC, the
reaction mixture was warmed to room temperature and treated with cold water (2 mL). The
organic layer was separated and the aqueous layer was extracted with dichloromethane (3 x 5
mL). The combined organic layer was washed with brine, dried (Na,SO,) and concentrated
under reduced pressure. Purification of the crude reaction mixture by silica gel column
chromatography, gave the diketone 66 (55 mg, 75% vyield) as a colourless liquid. R = 0.3
(10% EtOAC in petroleum ether).
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Specific Rotation: [a]3°: 9.3 (¢ = 1.9, CHCly).

'H NMR (400 MHz): §0.07 (s, 3H), 0.07 (s, 3H), 0.89 (s, 9H), 1.06 (s, 9H), 1.08 (d, J = 6.5
Hz, 3H), 1.60-1.77 (m, 9H), 2.13 (ddd, J = 1.9, 6.4, 13.3 Hz, 1H), 2.21 (ddd, J = 7.3, 18.0 Hz,
1H), 2.47-2.59 (m, 2H), 3.72 (t, J = 5.9 Hz, 2H), 3.76 (dd, J = 6.1, 11.0 Hz, 1H), 3.80-3.87
(m, 1H), 3.89-3.96 (m, 1H), 4.03 (dd, J = 3.6, 11.1 Hz, 1H), 4.28-4.35 (m, 1H), 7.36-7.46
(m, 6H), 7.66 (dd, J = 1.5, 7.8 Hz, 1H).

3C NMR (100 MHz): 6-5.29 (g), -5.25 (q), 14.4 (q), 18.4 (s), 19.2 (s), 25.9 (g, 3C), 26.7
(t), 26.9 (g, 3C), 28.5 (t), 31.0 (t), 31.9 (1), 41.4 (1), 42.5 (1), 42.6 (d), 62.2 (t), 63.4 (1), 75.1
(d), 75.8 (d), 78.8 (d), 82.8 (d), 127.6 (d, 3C), 128.0 (d), 129.6 (d, 2C), 131.9 (d), 133.4 (9),
133.8(s), 135.5 (d, 2C), 141.8 (d), 208.7 (s), 216.5 (S) ppm.

HRMS (ESI): m/iz [M+H]" calcd for CagHsgOsSiz 667.3845, found 667.3843.

/OTBS
3.21. Preparation of Compound 43
.
. . . . . “,  OTBDPS
To a stirred solution of methyltriphenylphosphonium bromide (187 mg, L, o
525 pmol) in dry toluene (5 mL) was added potassium tert-butoxide (59 43

mg, 525 pmol) at 0 °C. The solution was refluxed for 1 h and then

cooled to 40 °C. The yellow supernatant solution was transferred to a 40 °C pre heated
solution of crude diketone 66 (70 mg, 105 pumol) in toluene (1 mL) and kept for 30 minutes at
the same temperature. The reaction mixture was cooled to room temperature and diluted with
water (10 mL) and ethyl acetate (20 mL). The organic layer was separated, washed with brine,
dried (NaSO,4) and concentrated under reduced pressure. Purification of the crude product
by column chromatography (10% EtOAc in petroleum ether) gave the diene 43 (66 mg, 95%
yield) asacolourless liquid. R = 0.5 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3’: 5.8 (¢ = 1.1, CHCl5).

'H NMR (400 MHz): 50.08 (s, 3H), 0.09 (s, 3H), 0.90 (s, 9H), 1.05 (s, 9H), 1.08 (d, = 6.1
Hz, 3H), 1.10-1.14 (m, 1H), 1.47-1.57 (m, 3H), 1.61-1.71 (m, 5H), 1.77 (ddd, J = 2.0, 4.4,
12.9 Hz, 1H), 2.19-2.30 (m, 2H), 2.63 (ddd, J = 1.6, 6.4, 15.4 Hz, 1H), 3.55-3.62 (m, 1H),
3.68 (td, J = 1.5, 6.0 Hz, 2H), 3.75 (t, J = 6.0 Hz, 1H), 3.80 (dd, J = 5.9, 10.1 Hz, 1H), 3.95
(dd, J = 5.4, 10.1 Hz, 1H), 3.98 (t, J = 6.5 Hz, 1H), 4.39 (d, J = 6.4 Hz, 1H), 4.83(d, J= 15
Hz, 1H), 4.84 (d, J = 2.0 Hz, 1H), 4.90 (s, 1H), 4.96 (d, J = 1.9 Hz, 1H), 7.36-7.43 (m, 6H),
7.66—7.68 (m, 4H) ppm.
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3C NMR (100 MHz2): §-5.3 (q), 5.1 (g), 17.8 (q), 18.3 (s), 19.2 (s), 25.9 (g, 3C), 26.8 (q,
3C), 29.1 (1), 31.2 (t), 31.6 (t, 2C), 35.7 (d), 38.9 (), 42.9 (t), 63.8 (t), 63.8 (t), 77.0 (d), 77.2
(d), 79.0 (d), 79.4 (d), 104.6 (t), 104.7 (t), 127.6 (d, 4C), 129.5 (d, 2C), 134.0 (s, 2C), 135.6
(d, 4C), 149.4 (s), 151.8 (S) ppm.

HRMS (ESI): m/z[M+H]" calcd for C4oHes04Si» 663.4259, found 663.4263.

_OH

.
- “u,  OTBDPS

To astirred solution of the diene 63 (13 mg, 19.6 umol) in methanol (2 | |

3.22. Preparation of alcohol 67

11, O,

mL) was added camphor sulfonic acid (1 mg, 3.9 umol) at 0 °C. After 67

stirring the reaction mixture for 2 h a the same temperature,

triethylamine was added and concentrated under reduced pressure. Purification of the crude
by column chromatography gave the TBS deprotected compound 67 (10 mg, 93% yield) as a
colourlessliquid. Ry = 0.2 (20% EtOAc in petroleum ether).

Specific Rotation: [a]3’: —2.8 (¢ = 0.34, CHCl5).

'H NMR (400 MHz): §1.05 (s, 9H), 1.09 (d, J = 6.5 Hz, 3H), 1.52-1.71 (m, 10H), 1.79 (ddd,
J = 20, 46, 12.9 Hz, 1H), 2.22-2.30 (m, 2H), 2.64 (ddd, J = 1.8, 6.4, 15.4 Hz, 1H),
3.58-3.65 (M, 1H), 3.68 (td, J = 1.3, 5.9 Hz, 1H), 3.80-3.92 (m, 3H), 4.0 (dt, J = 6.4, 12.3
Hz, 1H), 4.40 (d, J = 5.4 Hz, 1H), 4.74 (s,1H), 4.81-4.85 (m, 2H), 4.98 (dd, J = 2.0, 4.1 Hz,
1H), 7.36-7.44 (m, 6H), 7.66 (dd, J = 1.5, 7.8 Hz, 4H) ppm.

B3C NMR (100 MHZ): 6 17.6 (q), 19.2 (s), 26.8 (g, 3C), 29.1 (t), 31.4 (t), 31.5 (t), 31.7 (1),
35.4 (d), 38.9 (t), 42.5 (t), 63.1 (t), 63.8 (t), 77.1 (d), 77.2 (d), 78.2 (d), 79.4 (d), 104.7 (t, 2C),
127.6 (d, 4C), 129.5 (d, 2C), 134.0 (s, 2C), 135.6 (d, 4C), 148.5 (s), 151.8 (S) ppm.

HRMS (ESI) m/iz [M+H]" calcd for CasHag04Si 549.3395, found 549.3378.

V4
o]

3.23. Synthesis of Alkyne 70 A

BnO™

To a dtirred solution of alcohol 56 (500 mg, 1.72 mmol) in dry 70

dichloromethane (10 mL) was added Dess martin periodinane reagent (1.10 g, 2.58 mmol) at
0 °C. After the addition was complete, the reaction was warmed to room temperature and kept
for 1 hr. the solid residue in the reaction was filtered through a celite pad and the filtrate was
partitioned with water (10 mL). The organic layer was separated, concentrated under reduced
pressure. The crude reaction mixture was moved for the next step without purification.

To a stirred solution of the resulting aldehyde in methanol were added potassium carbonate
(714 mg, 5.16 mmol), and Ohira Bestman reagent (568 mg, 2.58 mmol) at room temperature,
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The reaction was stirred at room temperature for 24 h. After completion of the starting
material as indicated by TLC, methanol was removed under reduced pressure and the
resulting crude was diluted with EtOAc (10 mL) and water (10 mL). The organic layer was
separated, dried with Na,SO, and concentrated under reduced pressure. Purification of the
crude reaction mixture by silica gel column chromatography gave the alkyne 70 (359 mg,
73%) asacolourlessliquid. R; = 0.3 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3°: —0.2 (¢ = 0.34, CHCl5).

H NMR (400 MHz): § 1.05 (d, J = 6.3 Hz, 3H), 1.10-1.25 (m, 1H), 1.48-1.59 (m, 1H),
1.61-1.78 (m, 3H), 2.08-2.31 (m, 2H), 2.55 (d, J = 2.1 Hz, 1H), 3.08 (t, J = 9.6 Hz, 1H),
3.34-3.44 (m, 1H), 3.97 (dd, J = 2.1, 9.4 Hz, 1H), 4.65 (d, J = 10.6 Hz, 1H), 4.94-5.09 (m,
3H), 5.82 (dd, J = 10.3, 17.1 Hz, 1H), 7.28-7.42 (m, 5H) ppm.

¥4 NMR (100 MHZ): §18.4 (q), 29.8 (t), 34.6 (t), 36.9 (d), 39.0 (t), 70.9 (d), 73.5 (d), 75.1
(t), 77.0 (d), 82.8 (s), 83.5 (d), 114.7 (t), 127.8 (d), 128.3 (d, 4C), 128.3 (s), 138.2 (d) ppm.
HRMS (ESI) m/iz [M+H]" calcd for CigHp50, 285.1849, found 285.1846.

3.24. Sythesis of diol 73 Yo o o

OEt
73 OH

To a stirred solution of o, B-unsaturated alkene 72 ( 2 g, 9.33 mmol) in
tert butanol (15 mL) and water (15 mL) were added AD-Mix-p (18.7 g, 2g/mmol)and
methane sulfonamide ( 2.7 g, 28 mmol) at room temperature. After stirring the reaction for 12

hour at the same temperature, a saturated solution of sodium sulfite was added and the
reaction mixture was stirred for an additional 30 min. Ethylacetate (30 mL) was added to the
reactiom mixture and the organic layer was separated, washed with Na,SO, and concentrated
under reduced pressure. Purification of the crude reaction mixture by silica gel column
chromatography gave the diol 73 (1.62 g, 70% yield) as a colourless liquid. R = 0.4 (50%
EtOAc in petroleum ether).

Specific Rotation: [a]3>: +16.7 (¢ = 3.0, CHCl5).

'H NMR (400 MHZ): ¢ 1.32 (t, J = 7.1 Hz, 3H), 1.36 (s, 3H), 1.42 (s, 3H), 1.81 (dt, J = 3.6,
14.3 Hz, 1H), 1.95 (dt, J = 9.3, 14.3 Hz, 1H), 3.15 (d, J = 4.3 Hz, 1H), 3.20 (d, J = 7.1 Hz,
1H), 3.62 (dd, J = 7.0, 8.1 Hz, 1H), 4.08 (dd, J = 2.1, 7.1 Hz, 1H), 4.12 (dd, J = 6.0, 8.1 Hz,
1H), 4.15-4.21 (m, 1H), 4.29 (q, J = 7.1 H, 2H), 4.29-4.35 (m, 1H) ppm.

3C NMR (100 MH2): 6 14.1 (q), 25.7 (q), 26.8 (q), 36.7 (t), 61.9 (1), 69.6 (t), 71.4 (d), 73.4
(d), 74.7 (d), 109.5 (s), 172.8 (S) ppm.

HRMS (ESI): m/iz[M+Na]* caled for CiH2006Na 271.1152 found 271.1149.
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3.25. Sythesis of bis-TBS compound 74 ?Lomso o
OEt

To a stirred solution diol 73 (1.5 g, 6.04 mmoal) in dry dichloromethane 74 oTes
(20 mL) were added tert-butyldimethylsilyltriflate ( 4.2 mL, 18. 12 mmol) and 2,6-lutidine

(3.5 mL, 30.2 mmoal) at 0 °C. The reaction mixture was warmed to room temperature and was
stirred for 3 h. After the completion of the starting material as indicated by TLC, the reaction
was quenched with water (20 mL). The organic layer was separated, washed with brine, dried
with Na,SO,4 and concentrated under reduced pressure. Purification of crude reaction mixture
by silicagel column chromatography gave the TBS protected ester 74 (2.65 g, 92% yield) asa
colourlessliquid. Rs = 0.3 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3’: +12.6 (¢ = 2.5, CHCl5).

'H NMR (400 MHZz): 6 0.04 (s, 3H), 0.05 (s, 3H), 0.07 (s, 3H), 0.09 (s, 3H), 0.87 (s, 9H),
0.91 (s, 9H), 1.28 (t, J = 6.9 Hz, 3H), 1.34 (s, 3H), 1.41 (s, 3H), 1.73 (dt, J = 6.1, 13.7 Hz,
1H), 2.01 (dt, J = 6.1, 13.7 Hz, 1H), 3.51 (t, J = 7.6 Hz, 1H), 3.96-4.01 (m, 1H), 4.04 (dd, J =
6.1, 8.4 Hz, 1H), 4.12-4.24 (m, 4H) ppm.

3C NMR (100 MH2): ¢ -5.1 (), -4.8 (q), -4.6 (g, 2C), 14.2 (q), 17.9 (), 18.2 (s), 25.7 (q,
7C), 27.0 (q), 37.3 (1), 60.6 (), 69.7 (t), 71.7 (d), 73.4 (d), 74.6 (d), 108.7 (s), 171.8 (S) ppm.
HRMS (ESI) m/z[M+Na]" calcd for CasHas06SioNa 477.3068 found 477.3064.

3.26. Synthesis of Aldehyde 71 N oreso
O

o
To astirred solution of ester 74 (1 g, 2.1 mmol) in dry dichloromethane was 71 0TBS

added DIBAL-H (2.20 mL, 1M, 2.2 mmol) at -78 °C and stirred for 1 hour. The reaction
mixture was added with saturated sodium potassium tartarate and stirred for additional 1 hour

at room temperature. The organic layer was separated, washed with brine and concentrated
under reduced pressure. The reaction mixture was purified by column chromatography to
afford the aldehyde 71 (630 mg, 63%) as a colorless liquid. Aldehyde 71 was moved to next
step immediately after purification (short column chromatography, compound unstable). Ry =
0.3 (10% EtOAcC in petroleum ether).

3.27. Synthesis of Alcohol 75

At -78 °C, to a solution of akyne 70 (100 mg, 0.35 mmol) in dry THF (3 mL) was added n-
BuLi (0.24 mL, 0.39 mmol) and stirring was continued for 15 min. The reaction was warmed
to 0 °C over a period of 30 min and a solution of aldehyde 71 (182 mg, 0.42 mmol) in dry
THF (2 mL) was added slowly to the reaction mixture and was kept at the same temperature
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for 1 hour. The reaction was then quenched with saturated ammonium chloride solution 93
ml) and partitioned with ethyl acetate (5 mL). The organic layer was washed with brine dried
with Na,SO, and concentrated under reduced pressure. Purification of the reaction mixture by
silica gel column chromatography gave the akyne-aldehyde coupled alcohol (158 mg, 63%)
asacolourlessliquid.

To a solution of the resulting alcohol (158 mg, 0.22 mmol) in dry DMF (5 mL) were added
sodium hydride (13 mg, 0.33 mmol) and benzyl bromide (0.05 mL, 0.44 mmol) at 0 °C. After
stirring the reaction for 1 h at room temperature, it was quenched with ice at 0 °C and
partitioned with ethyl acetate (5 mL). Solvent was removed under reduced pressure and the
crude reaction mixture was subjected for the next step without purification.

To a solution of the crude benzyl ether in dry THF (5 mL) was added tetra n-
butylammoniumfluoride (0.6 mL, 0.66 mmoal) at 0 °C. After stirring the reaction for 3 hour at
room temperature water (5 mL) was added to the reaction mixture and the aqueous layer was
extracted with ethyl acetate (3x5 mL). The combined organic layer was washed with brine,
dried over NaxSO, and concentrated under reduced pressure. Purification of the crude reaction
mixture by silicagel column chromatography gave diol 75 (68 mg, 53% yield) as a colourless
liquid. Rs = 0.3 (10% EtOAcC in petroleum ether).

The characterization data for compound 75 (or intermediate in the sequence) was not given

>LO OH o

3.28. Sythesis of methylether 76 Wcﬁ

76 MeO

At 0 °C, to asolution of the diol 73 (1 g, 4.03 mmol) in dry acetonitrile (10 mL), were added

due to inseparable diastereomeric mixture.

4 A° molecular sieves (4 g), silver oxide (933 mg, 4.03 mmol), and methyl iodide (1.25 mL,
20.14 mmol). After stirring the reaction mixture for 6 h at room temperature, the solid residue
was filtered and the filtrate was diluted with ethyl acetate (10 mL) and water (10 mL). The
organic layer was separated, washed with brine and concentrated under reduced pressure.
Purification of the reaction mixture by silica gel column chromatography gave methyl ether
76 (785 mg, 74% yield) asacolourlessliquid. R = 0.4 (40% EtOAc in petroleum ether).
Specific Rotation: [a]3°: +13.8 (¢ = 1.6, CHClJ).

'H NMR (400 MHZ): 6 1.32 (t, J = 7.2 Hz, 3H), 1.36 (s, 3H), 1.41 (s, 3H), 1.77 (ddd, J = 3.5,
5.0, 14.1 Hz, 1H), 1.92 (ddd, J = 8.0, 9.2, 14.3 Hz, 1H), 2.94 (d, J = 4.6 Hz, 1H), 3.47 (s, 3H),
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3.61 (dd, J = 7.1, 8.0 Hz, 1H), 3.74 (d, J = 4.1 Hz, 1H), 4.04-4.08 (m, 1H), 4.11 (dd, J = 6.0,
8.1 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 4.28-4.33 (m, 1H) ppm.

3C NMR (100 MH2): 6 14.3 (q), 25.7 (9), 26.8 (q), 36.4 (t), 58.8 (d), 61.2 (t), 69.4 (t), 70.8
(d), 74.4 (d), 83.1 (d), 109.3 (s), 170.6 (S) ppm.

HRMS (ESI) m/z [M+Na]* calcd for CoH2:0sNa 285.1308 found 285.1309.

3.29. Sythesis of TBS-ether 77 ?AO 0TBSH
0"\

At 0 °C, to a stirred solution of methyl ether 76 (750 mg, 2.86 mmol) in 77 MeO
dry dichloromethane (10 mL) were added sequentially TBSOTf (1 mL, 4.29 mmol) and 2,6-
lutidine (1 mL, 8.58 mmol). The reaction mixture was stirred for 3 h at room temperature.
After completion of the starting materia as indicated by TLC, the organic layer was
partitioned with water. The organic layer was separated, washed with brine, dried under
NaSO,4 and concentrated under vacuo. Purification of the reaction mixture with silica gel
column chromatography gave the TBS protected 77 (925 mg, 86% yield) compound as a
colourlessliquid. Ry = 0.3 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3%: +23.2 (c = 1.8, CHCl5).

'H NMR (400 MHz): § 0.06 (s, 3H), 0.07 (s, 3H), 0.87 (s, 9H), 1.31 (t, J = 7.3 Hz, 3H), 1.34
(s, 3H), 1.40 (s, 3H), 1.75-1.85 (m, 1H), 1.86-1.95 (m, 1H), 3.40 (s, 3H), 3.53 (t, J = 7.9 Hz,
1H), 3.79 (d, J = 4.9 Hz, 1H), 4.05-4.15 (m, 2H), 4.17-4.25 (m, 3H) ppm.

3C NMR (100 MHz): 6 —4.7 (q), —4.6 (q), 14.2 (), 18.0 (s), 25.8 (g, 4C), 27.0 (q), 37.7 (1),
58.6 (q), 60.9 (t), 69.8 (t), 70.7 (d), 73.0 (d), 83.5 (d), 108.7 (s), 170.7 (S) ppm.

HRMS (ESI) m/z[M+Na]" calcd for CigH3606SiNa 399.2173 found 399.2174.

%0 OTBS

0]

3.30. Sythesis of alcohol 78

OH

To a stirred solution of ester 77 (500 mg, 1.33 mmol) in dry ’® Meo
dichloromethane (10 mL) was added DIBAL-H (3.32 mL, 3.32 mmol, 1M) at -78 °C and

stirred for 1 hour. The reaction mixture was added with saturated sodium potassium tartarate

(10 mL) and stirred for additional 1 hour a room temperature. The organic layer was
separated, washed with brine and concentrated under reduced pressure. Purification of the
crude reaction mixture with silica gel column chromatography gave the alcohol 78 (351 mg,
79% yield) as a colourlessliquid. Ry = 0.3 (40% EtOAc in petroleum ether).

Specific Rotation: [a]3°: +16.6 (¢ = 0.5, CHClJ).
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'H NMR (400 MH2): § 0.08 (s, 3H), 0.11 (s, 3H), 0.90 (s, 9H), 1.35 (s, 3H), 1.40 (s, 3H),
1.73-1.87 (m, 2H), 2.24 (br. s,, 3H), 5.31 (td, J = 4.5, 5.4 Hz, 1H), 3.45 (s, 3H), 351 (t, J =
7.8 Hz, 1H), 3.65 (dt, J = 4.9, 11.5 Hz, 1H), 3.80 (dt, J = 4.0, 11.5 Hz, 1H), 3.96 (dd, J = 5.6,
11.4 Hz, 1H), 4.06 (dd, J = 5.9, 7.9 Hz, 1H), 4.25 (ddd, J = 6.0, 7.2, 13.3 Hz, 1H) ppm.

13C NMR (100 MHz): 6 -4.8 (q), -4.5 (q), 18.0 (3), 25.7 (g, 3C), 25.8 (q), 26.9 (), 36.7 (1),
58.2 (d), 60.9 (t), 69.7 (1), 69.9 (d), 72.9 (d), 83.2 (d), 108.8 (S) ppm.

HRMS (ESI): m/z [M+H]* calcd for for CieH340sSiNa 357.2068 found 357.2068.

3.31. Sythesis of alcohol 79 (}Lo oTBS

AN

[¢]

At 0 °C, to a stirred solution of compound 78 (320 mg, 0.96 mmol) in dry 79 Meo
dichloromethane (10 mL) was added Dess-Martin-Periodinane reagent (609 mg, 1.43 mmol)

and sodium bicarbonate (1.97 g, 23.4 mmol) and stirring was continued for 1 h at room
temperature. After completion, the reaction mixture was treated with saturated solution of
NaHCO; (15 mL) and diluted with dichloromethane (20 mL). The organic layer was
separated and washed with brine, dried (NaSO,4) and concentrated under reduced pressure.
Purification of the crude reaction mixture by silica gel column chromatography (30% EtOAc
in petroleum ether) gave aldehyde 79 (265 mg, 83% yield) as a colourless liquid. R = 0.2

(10% EtOAC in petroleum ether).
3.32. Synthesis of Alcohol 80

At -78 °C, to asolution of alkyne 70 (100 mg, 0.35 mmol) in dry THF (5
mL) was slowly added n-BuLi (0.24 mL, 0.39 mmol). The reaction was

warmed to 0 °C over a period of 30 min and a solution of aldehyde 79

(140 mg, 0.42 mmoal) in dry THF (2 mL) was added slowly to the reaction mixture and
stirring was continued for anouther 1 hour. The reaction was quenched with saturated
ammonium chloride solution (5 mL) and partitioned with ethyl acetate. The organic layer was
washed with brine dried with Na,SO, and concentrated under reduced pressure. Purification
of the reaction mixture by silica gel column chromatography gave the acohol 80 (116 mg,
53% yield) as a colourless liquid. R = 0.2 (20% EtOAc in petroleum ether).

'H NMR (400 MHZz): 6 0.07 (s, 3H), 0.10 (s, 3H), 0.90 (s, 9H), 1.03 (d, J = 6.3 Hz, 3H), 1.34
(s, 3H), 1.38 (s, 3H), 1.47-1.54 (m, 1H), 1.62-1.71 (m, 5H), 1.84 (t, J = 6.3 Hz, 1H),
2.09-2.22 (m, 2H), 2.74 (d, J = 8.4 Hz, 1H), 3.32-3.38 (m, 1H), 3.42 (dd, J = 2.4, 6.4 Hz,
1H), 3.49 (d, J = 7.6 Hz, 1H), 3.58 (s, 3H), 3.99 (dd, J = 1.5, 5.6 Hz, 1H), 4.01 (dd, J = 2.1,
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4.1 Hz, 1H), 4.04 (dd, J = 6.0, 8.0 Hz, 1H), 4.28 (dd, J = 6.1, 13.4 Hz, 1H), 4.66 (d, J = 10.8
Hz, 1H), 4.68 (dt, J = 2.1, 7.6 Hz, 1H), 4.96 (ddt, J = 1.2, 2.0, 10.3 Hz, 1H), 5.02 (ddd, J =
1.6, 3.5, 17.0 Hz, 1H), 5.07 (d, J = 10.8 Hz, 1H), 5.80 (ddt, J = 6.6, 10.3, 17.0 Hz, 1H),
7.28-7.37 (m, 3H), 7.42 (dd, J = 1.6, 8.4 Hz, 2H) ppm.

13C NMR (100 MHZ): § -4.8 (q), -4.6 (g), 18.0 (S), 18.4 (g), 25.8 (q), 25.9 (g, 3C), 26.9 (q),
29.8 (1), 34.6 (1), 36.9 (d), 37.4 (t), 39.2 (t), 60.6 (d), 61.7 (q)), 69.8 (d)), 70.3 (d), 71.3 (d), 72.3
(d), 75.0 (d), 76.8 (d), 83.6 (d), 83.9 (s), 85.1 (d), 85.2 (5), 108.9 (5), 114.7 (t), 128.1 (d, 2C),
128.3 (d, 2C), 138.3 (d), 138.3 (S) ppm.

3.33. Synthesis of alcohol 81

To a solution of acohol 80 (100 mg, 0.16 mmol) in dry THF (5 mL) was added tetra n-
butylammoniumfluoride (0.24 mL, 0.24 mmol) at 0 °C. After stirring the reaction for 3 hour
at room temperature water (5 mL) was added to the reaction mixture and the aqueous layer
was extracted with ethyl acetate (3x5 mL). The combined organic layer was washed with
brine, dried over Na,SO,4 and concentrated under reduced pressure. Purification of the crude
reaction mixture by silica gel column chromatography gave the acohol (76 mg, 93%) as a
colourlessliquid. Ry = 0.3 (40% EtOAc in petroleum ether).

Following the procedure used in the synthesis of compound 57, the diol formed in the above
reaction (76 mg, 0.15 mmol) on [Au]-cycloisomerisation/reduction gave acohol 81 (18 mg,
23% yield) as a colourlessliquid. Rs = 0.3 (20% EtOAc in petroleum ether).

3.34. Synthesis of Ketone 82

Following the procedure used in the preparation of ketone 66, alcohol 91
(50 mg, 99 umol), on the Swern oxidation gave the ketone 82 (38 mg,
76% yield) as a colourless liquid. Ry = 0.3 (20% EtOAc in petroleum

ether).

'H NMR (400 MH2z): 6 1.05 (d, J = 6.3 Hz, 1H), 1.36 (s, 3H), 1.42 (s, 3H), 1.45-1.61 (m,
2H), 1.67-1.80 (m, 4H), 1.89-2.25 (m, 5H), 2.80 (t, J = 9.5 Hz, 1H), 3.31-3.37 (M, 2H), 3.40
(td, J=2.8, 9.6 Hz, 1H), 3.53 (s, 3H), 3.66 (td, J = 1.2, 7.3 Hz, 1H), 3.80 (d, J = 5.6 Hz, 1H),
4.09 (dd, J = 6.0, 8.0 Hz, 1H), 4.25 (dd, J = 6.1, 12.9 Hz, 1H), 4.31 (dd, J = 2.1, 10.8 Hz, 1H),
4.45 (dd, J = 6.5, 12.9 Hz, 1H), 4.58 (d, J = 11.1 Hz, 1H), 4.60 (d, J = 11.1 Hz, 1H), 4.91 (ddt,
J=0.9, 20 Hz, 10.1 Hz, 1H), 5.01 (ddt, J = 1.8, 3.8, 17.1 Hz, 1H), 5.81 (ddt, J = 6.6, 10.1,
17.1 Hz, 1H), 7.29-7.37 (m, 5H) ppm.
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3C NMR (100 MHz): 6 17.7 (), 24.7 (q), 25.9 (q), 29.0 (t), 30.8 (t), 32.8 (1), 33.9 (t), 36.1
(d), 39.0 (1), 57.5 (q), 68.2 (t), 71.9 (d), 72.7 (d), 73.2 (d), 73.4 (t), 74.9 (d), 75.2 (), 79.3 (1),
84.0 (1), 107.9 (), 113.6 (1), 126.6 (d, 2C), 126.7 (d), 127.4 (d, 2C), 137.3 (s), 137.4 (d), 213.4

(S) ppm.
HRMS (ESI): m/z [M+H]* calcd for CoH420;Na 525.2823 found 525.2828.

3.35. Preparation of alcohols 90 and 91

Following the procedure used in the preparation of acohols 51 and 52, oxidation of alcohol
89 (50, 25.74 mmol) followed by crotylation gave acohols 90 (2.79 g, 44%) and 91 (690 mg,

11%) as colourless liquids. R = 0.2 (10% THF in petroleum ether). )P\h
Characterization of Compound 90 Ok)o\/\/
90 CE)H

Specific Rotation: [a]3®: +52.8 (¢ = 2.6, CHCl5).
'H NMR (500 MHZz): ¢ 1.14 (d, J = 6.9 Hz, 3H), 1.58 (ddt, J = 1.1, 3.8, 13.3 Hz, 1H),
2.04-2.12 (m, 1H), 2.16 (d, J = 2.7 Hz, 1H), 2.44 (g, J = 7.3 Hz, 1H), 3.64 (ddd, J = 2.3, 4.6,
7.3 Hz, 1H), 3.92 (ddd, J = 2.7, 4.6, 11.4 Hz, 1H), 3.97 (ddd, J = 1.1, 2.3, 11.4Hz, 1H), 4.33
(ddd, J=1.1, 5.0, 11.4 Hz, 1H), 5.09 (dt, J= 9.5, 1.1 Hz, 1H), 5.11 (dt, J=17.2, 1.1 Hz, 1H),
5.56 (s, 1H), 5.78 (dt, J = 10.3, 17.2 Hz, 1H), 7.35-7.40 (m, 3H), 7.49 (dd, J = 1.9, 8.0 Hz,
2H) ppm.

3C NMR (125 MHz): § 15.5 (q), 24.6 (t), 39.2 (d), 66.8 (t), 75.7 (d), 77.7 (d), 101.0 (d),
115.4 (t), 125.9 (d, 2C), 128.2 (d, 2C), 128.8 (d), 138.5 (s), 140.4 (d) ppm.

HRMS (ESI): m/z [M+Na]" calcd for Ci5H2003sNa 271.1305, found 271.1298.

Characterization of Compound 91 )P\h

(0] (@]
Specific Rotation: [o]2%: +38.6 (¢ = 1.3, CHCls). GNP
'H NMR (400 MHz): ¢ 1.11 (d, J = 7.0 Hz, 3H), 1.68 (ddt, J = 2.5, 4.0, 13.4 non

Hz, 1H), 1.87-1.93 (m, 1H), 1.95-2.09 (m, 1H), 2.55-2.67 (m, 1H), 3.58 (q, J = 5.5 Hz, 1H),
3.88 (ddd, J = 2.5, 6.1, 11.3 Hz, 1H), 3.98 (ddd, J = 2.6, 11.5, 12.4 Hz, 1H), 4.35 (ddd, J =
1.3, 5.1, 11.4 Hz, 1H), 5.10-5.16 (m, 1H), 5.16-5.19 (m, 1H), 5.52-5.58 (m, 1H), 5.85-5.98
(m, 1H), 7.32-7.43 (m, 3H), 7.46—-7.55 (m, 2H) ppm.

B3C NMR (100 MH2): § 16,5 (), 26.4 (t), 38.5 (d), 66.9 (t), 76.6 (d), 77.8 (d), 101.0 (d),
116.1 (t), 125.9 (d, 2C), 128.2 (d, 2C), 128.8 (d), 138.5 (s), 139.4 (d) ppm.

HRMS (ESI): m/z [M+Na]" calcd for CisH200sNa 271.1305, found 271.1297.
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3.36. Preparation of benzyl ether 92

Following the procedure used in the preparation of benzylether 53, alcohol Ph

. (@] =
91 (2.5 g, 10.07 mmol), on benzylation gave compound 92 (3.10 g, 91% W
yield) asacolourlessliquid. R = 0.5 (10% EtOAc in petroleum ether). 92 OBn

Specific Rotation: [a]3°: +34.3 (¢ = 1.5, CHCly).

IH NMR (400 MH2): 6 1.16 (d, J = 6.8 Hz, 3H), 1.63-1.68 (m, 1H), 2.12 (dd, J = 11.6, 5.0
Hz, 1H), 2.55 (d, J = 7.1 Hz, 1H), 3.51 (dd, J = 6.5, 4.8 Hz, 1H), 3.88-4.14 (m, 2H), 4.33
(dd, J = 11.4, 4.4 Hz, 1H), 4.66 (d, J = 11.1 Hz, 1H), 4.84 (d, J = 11.3 Hz, 1H), 5.00 -5.29
(m, 2H), 5.52 (s, 1H), 5.76-5.98 (m, 1H), 7.31-7.45 (m, 7H), 7.48-7.61 (m, 2H) ppm.

13C NMR (100 MHZ): 915.8 (q), 26.0 (t), 39.5 (d), 67.0 (t), 74.6 (1), 78.3 (d), 84.4 (d), 101.4
(d), 114.6 (1), 126.0 (d, 2C), 127.5 (d), 128.0 (d), 128.2 (d, 2C), 128.3 (d, 2C), 128.7 (d),
138.7 (s), 138.7 (s, 2C), 141.4 (d) ppm.

HRMS (ESI): m/z [M+H]" calcd for CooHas03Na 361.1774, found 361.1769.

3.37. Preparation of alcohol 93 o -
I\)\:/:\/\OH
Following the procedure used in the preparation of alcohol 54, alkene 92 93 OBn

(3 g, 8.86 mmoal), on hydroboration-oxidation gave alcohol 93 (2.43 g, 77% yield) as a
colourlessliquid. Ry = 0.4 (40% EtOAc in petroleum ether).

Specific Rotation: [a]3’: +38.4 (c = 2.3, CHCl5).

'H NMR (400 MHz): & 1.04 (d, J = 7.0 Hz, 3H), 1.59 (dd, J = 6.2, 7.8 Hz, 1H), 1.74-1.82
(m, 3H), 1.94-2.05 (m, 1H), 2.10 (ddd, J = 1.2, 2.3, 3.5 Hz, 1H), 3.47 (dd, J = 3.6, 6.7 Hz,
1H), 3.58-3.68 (m, 1H), 3.69-3.79 (m, 1H), 3.92-4.08 (m, 2H), 4.30-4.38 (m, 1H),
4.61-4.79 (m, 2H), 5.52 (s, 1H), 7.29-7.42 (m, 8H), 7.49 (dd, J = 7.8, 1.6 Hz, 2H) ppm.

3C NMR (100 MH2z): § 15.1 (q), 28.2 (t), 31.5 (d), 36.7 (t), 61.2 (t), 67.1 (1), 74.5 (t), 77.7
(d), 84.7 (d), 101.2 (d), 125.9 (d, 2C), 127.7 (d), 127.8 (d, 2C), 128.2 (d, 2C), 128.4 (d, 2C),
128.7 (d), 138.3(s), 138.6 (S) ppm.

HRMS (ESI): m/z[M+Na]" calcd for CyoH,s04Na 379.1880, found 379.1869.

3.38. Preparation of alkyne 87

Following the procedure used in the preparation of akyne 55, acohol 94 87 Sgn
(2.2 g, 6.17 mmol) on oxidation and then Ohira-Bestmann akynation, gave akyne 87 (1.58 g,
73% yield) asacolourless liquid. Rs = 0.4 (10% EtOAC in petroleum ether).

Specific Rotation: [a]3°: +13.4 (c = 1.1, CHCla).
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'H NMR (400 MH2): 6 1.09 (d, J = 6.6 Hz, 3H), 1.76 (dd, J = 1.4, 13.1 Hz, 1H), 1.95-2.07
(m, 2H), 2.16-2.28 (m, 2H), 2.30-2.40 (m, 1H), 3.68 (dd, J = 3.4, 6.9 Hz, 1H), 3.93-4.04 (m,
2H), 4.28-4.40 (m, 1H), 4.63-4.82 (m, 2H), 5.52 (s, 1H), 7.29-7.41 (m, 8H), 7.50 (dd, J =
1.6, 7.7 Hz, 2H) ppm.

3C NMR (100 MH2): 6 14.3 (q), 23.2 (1), 28.2 (1), 34.0 (d), 67.1 (t), 69.7 (d), 75.0 (t), 77.6
(d), 83.1 (d), 83.2 (s), 101.2 (d), 126.0 (d, 2C), 127.7 (d), 127.8 (d, 2C), 128.2 (d, 2C), 128.4
(d, 2C), 128.7 (d), 138.5 (s), 138.6 (S) ppm.

HRMS (ESI): m/z [M+Na]* calcd for CasHzs0sNa 373.1774, found 373.17609.

3.39. Preparation of diol 86 W
- z

Following the procedure used in the synthesis of diol 49, alkyne 87 8 Opn
(1.50 g, 4.28 mmol) on C-dlylation followed by benzylidine deprotection (cat. p-TSA,
MeOH) gave diol 86 (1.16 g, 90% vyield) as a colourless liquid. R; = 0.4 (50% EtOAc in
petroleum ether).

Specific Rotation: [a]3%: +11.1 (c = 2.2, CHCl5).

'H NMR (400 MHZ): 6 1.10 (d, J = 6.9 Hz, 3H), 1.67 (br. s., 1H), 1.75-1.86 (m, 2H), 2.06
(d, J=3.9 Hz, 1H), 2.27 (ddt, J = 2.4, 7.0, 17.4 Hz, 2H), 2.72 (br. s., 1H), 2.91-3.02 (m, 2H),
3.54 (dd, J = 4.0, 5.4 Hz, 1H), 3.82-3.97 (m, 2H), 4.07 (d, J = 6.0 Hz, 1H), 4.67 (s, 2H), 5.11
(dg, J = 1.7, 10.0 Hz, 1H), 5.32 (dq, J = 1.8, 17.0 Hz, 1H), 5.72-5.94 (m, 1H), 7.28-7.34 (m,
1H), 7.34-7.40 (m, 4H) ppm.

13C NMR (100 MHZ): 6 15.1 (S), 23.1 (), 24.0 (5), 34.2 (3), 34.5 (5), 61.9 (3), 72.2 (5), 74.2
(s), 78.2 (5), 81.1 (3), 83.6 (), 115.7 (3), 127.7 (3), 127.7 (), 128.4 (s), 133.2 (), 138.4 (S)

ppm.
HRMS (ESI): m/z [M+Na]* calcd for CroH260sNa 325.1774, found 325.1770.

3.40. Preparation of alcohol 85

Following the procedure used in the preparation of alcohol 57, diol 86 (1 g,

3.31 mmoal), on [Au]-cycloisomerisation/reduction, gave acohol 85 (732
mg, 73% yield) asacolourlessliquid. Rs = 0.2 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3’: +5.16 (¢ = 0.9, CHCl5).

'H NMR (500 MHZ): § 1.09 (d, J = 6.1 Hz, 3H), 1.11-1.20 (m, 1H), 1.50 (d, J = 6.5 Hz,
1H), 1.60 (d, J = 8.8 Hz, 1H), 1.68-1.74 (m, 1H), 1.74-1.83 (m, 2H), 2.04-2.25 (m, 3H),
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2.83 (t, J = 9.3 Hz, 1H), 2.90 (br. s., 1H), 3.35-3.52 (m, 2H), 3.76-3.90 (m, 2H), 4.54-4.67
(m, 2H), 4.91-5.11 (m, 2H), 5.80 (dd, J = 17.2, 10.3 Hz, 1H), 7.28-7.32 (m, 1H), 7.32-7.38
(m, 4H) ppm.

3C NMR (100 MHZ): § 18.8 (), 30.0 (1), 34.2 (1), 34.7 (t), 36.9 (d), 39.7 (t), 62.0 (t), 74.8
(t), 76.6 (d), 81.6 (d), 84.6 (d), 114.9 (t), 127.8 (d, 4C), 128.5 (d), 128.5 (s), 138.0 (d) ppm.
HRMS (ESI): m/iz[M+Na]* calcd for CigH260sNa 327.1931, found 327.1926.

3.41. Preparation of alkene 94

Following the procedure used in the preparation of alkene 63, TBS
protection followed by cross-metathesis of akene 86 (500 mg, 1.64 ) o8n
mmol) with akene 48, gave the trans alkene 94 (895 mg, 72% yield), 0/ OTBDPS
asacolourlessliquid. Rf = 0.25 (10% EtOAc in petroleum ether). \\\\T//;
Specific Rotation: [a]3®: +1.38 (c=0.7, CHCly)

'H NMR (400 MHz): 6 0.07 (s, 6H), 0.92 (s, 9H), 1.06-1.09 (m, 12H), 1.46-1.56 (m, 2H),
1.58-1.78 (m, 8H), 2.02-2.28 (m, 6H), 2.78 (t, J = 9.5 Hz, 1H), 3.24-3.42 (m, 2H), 3.71 (t, J
= 5.9 Hz, 2H), 3.75-3.86 (m, 2H), 4.50-4.74 (m, 2H), 5.46 (s, 1H), 5.53 (s, 1H), 7.30-7.48
(m, 11H), 7.69 (dd, J =7.1, 0.9 Hz, 4H) ppm.

3¢ NMR (100 MHz): ¢ -5.3 (), -5.2 (), 18.4 (), 18.8 (g), 19.1 (), 26.0 (g, 3C), 26.8 (q,
3C), 28.8 (1), 29.0 (t), 33.4 (1), 35.6 (t), 35.7 (1), 36.9 (d), 40.1 (t), 40.7 (t), 59.8 (t), 64.1 (1),
70.8 (d), 74.3 (t), 76.1 (d), 76.9 (d), 85.1 (d), 126.2 (d), 127.6 (d, 5C), 127.7 (d), 127.9 (d,
2C), 128.4 (d, 2C), 129.6 (d, 2C), 133.7 (s), 133.8 (d), 135.5 (d, 4C), 138.3 () ppm.

HRMS (ESI): m/z[M+H]" calcd for CgeH7105Si, 759.4835, found 759.4821.

TBSO

TBSO

3.42. Preparation of alcohol 95

(o]

Following the procedure used in the preparation of alcohol 46, the

W

\

O,

:__OBn
O/ OTBDPS

Sharpless asymmetric dihydroxylation followed by
cycloetherification on akene 94 (870 mg, 1.15 mmol), afforded
alcohol 95 (660 mg, 74% yield) as a colourless liquid. Rf = 0.3 (30% EtOAc in petroleum
ether).

Specific Rotation: [a]3>: +2.6 (¢ = 0.8, CHCl5).

'H NMR (400 MHz):  0.06 (s, 6H), 0.9 (s, 9H), 1.05 (s, 9H), 1.07 (d, J = 6.8 Hz, 3H), 1.18
(9, J = 12.3 Hz, 1H), 1.56-1.70 (m, 13H), 2.08 (dd, J = 6.1, 13.1 Hz, 1H), 2.14-2.20 (m, 1H),

2.78 (t, J = 9.5 Hz, 1H), 3.33-3.45 (m, 2H), 3.69 (td, J = 1.9, 6.0 Hz, 2H), 3.74-3.81 (m,

“,,
HO™ 95
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3H), 4.16-4.27 (m, 2H), 4.58 (d, J = 10.8 Hz, 1H), 4.65 (d, J = 10.8 Hz, 1H), 7.29-7.45 (m,
11H), 7.67 (dd, J = 1.6, 7.9 Hz, 4H) ppm.

3C NMR (100 MHZ): § -5.3 (q), -5.2 (q), 18.3 (s), 18.8 (q), 19.2 (), 24.1 (t), 26.0 (q, 3C),
26.9 (g, 3C), 29.1 (t), 31.2 (t), 32.5 (t), 35.5 (t), 36.9 (d), 39.4 (t), 41.4 (t), 59.6 (t), 63.8 (t),
73.0 (d), 74.4 (t), 76.2 (d), 77.0 (d, 2C), 81.8 (d), 84.8 (d), 127.6 (d, 3C), 127.7 (d), 127.9 (d,
2C), 128.4 (d, 2C), 129.5 (d, 2C), 134.0 (s, 2C), 135.5 (d), 138.3 (s, 5C) ppm.

HRMS (ESI): m/z [M+H]" calcd for CagH7106Si2 775.4784, found 775.4777.

3.43. Preparation of alcohol 96

Following the procedure used in the preparation of alcohol 67 and
compound 53, the benzyl protection followed by TBS deprotection of

O

N

\

'
‘n,

BnO"

HO

J

O

OBn

OTBDPS

,,,,,

96

compound 95 (600 mg, 0.78 mmol), afforded alcohol 96 (366 mg,
63% yield) as a colourlessliquid. Ry = 0.3 (40% EtOAc in petroleum ether).

Specific Rotation: [a]3>: +1.7 (¢ = 1.3, CHCl5).

'H NMR (400 MHz): § 1.05 (s, 9H), 1.07 (dd, J = 6.2 Hz, 3H), 1.35-1.44 (m, 1H),
1.53-1.79 (m, 12H), 2.08-2.16 (m, 1H), 2.20 (ddd, J = 1.2, 6.0, 13.1 Hz, 1H), 2.82 (t, J=9.5
Hz, 1H), 2.84 (br. s. 1H), 3.39 (dd, J = 5.8, 11.6 Hz, 1H), 3.45 (td, J = 2.6, 9.3 Hz, 1H), 3.68
(td, J = 2.2, 5.8 Hz, 2H), 3.80 (dd, J = 4.5, 6.3 Hz, 2H), 3.87 (td, J = 4.2, 6.4 Hz, 1H), 3.99 (t,
J=3.6 Hz, 1H), 4.13 (dt, J = 6.0, 14.5 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 4.60-4.64 (m, 3H),
7.30-7.41 (m, 16H), 7.67 (dd, J = 1.5, 7.6 Hz, 4H) ppm.

13C NMR (100 MH2z): § 18.8 (), 19.2 (), 25.3 (t), 26.9 (g, 3C), 29.1 (1), 32.1 (t), 32.4 (1),
34.2 (1), 36.9 (d), 37.5 (t), 39.5 (t), 61.8 (t), 63.8 (t), 71.1 (t), 74.8 (t), 76.8 (d), 77.3 (d), 79.7
(d), 81.1 (d), 81.4 (d), 84.6 (d), 127.5 (d, 3C), 127.6 (d, 5C), 127.8 (d, 2C), 128.3 (d, 2C),
128.5 (d, 2C), 129.5 (d, 2C), 134.0 (s), 135.5 (d, 5C), 138.1 (s), 138.5 (s) ppm.

HRMS (ESI): m/z [M+H]" calcd for Ca7HesOsSi 751.4388, found 751.4380.

3.44. Preparation of alkene 83

J

__OBn
o
- “, — OTBDPS

(300 mg, 0.40 mmol) on oxidation followed by the Wittig olefination \ .
afforded alkene 83 (183 mg, 61% yield) as a colourless liquid. Ry =

0.2 (10% EtOAc in petroleum ether).

Specific Rotation: [a]3°: +1.93 (c = 0.9, CHClJ).

Following the procedure used in the synthesis of alkene 43, acohol 96

BnO 83
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H NMR (400 MHz): 6 1.05 (s, 9H), 1.78 (d, J = 3.9 Hz, 3H), 1.37-1.44 (m, 1H), 1.54-1.79
(m, 11H), 2.20 (dd, J = 5.9, 13.0 Hz, 1H), 2.27 (dd, J = 7.8, 14.4 Hz, 1H), 2.56-2.68 (m, 1H),
2.78 (td, J = 3.2, 9.5 Hz, 1H), 3.27 (td, J = 3.1, 8.8 Hz, 1H), 3.30-3.38 (m, 1H), 3.68 (td, J =
1.7, 5.9 Hz, 2H), 3.90 (td, J = 3.9, 7.1 Hz, 1H), 3.94-4.02 (m, 1H), 4.14 (dt, J = 5.9, 14.6 Hz,
1H), 4.42 (d, J = 12.0 Hz, 1H), 4.51-4.66 (m, 3H), 5.02 (dd, J = 1.1, 10.4 Hz, 1H), 5.09 (dd,
J=1.6, 17.3 Hz, 1H), 5.95 (ddt, J = 6.6, 10.4, 17.2 Hz, 1H), 7.29-7.45 (m, 16H), 7.67 (dd, J
=1.1, 7.5 Hz, 4H) ppm.

13C NMR (100 MHz): 6 18.8 (), 19.2 (), 25.4 (t), 26.9 (g, 3C), 29.1 (t), 32.1 (1), 32.5 (1),
36.7 (t), 37.1 (d), 37.6 (t), 40.1 (t), 63.9 (t), 71.1 (t), 74.6 (t), 76.8 (d), 76.9 (d), 79.6 (d), 80.1
(d), 81.2 (d), 84.7 (d), 116.2 (t), 127.4 (d), 127.5 (d), 127.6 (d, 5C), 127.7 (d), 127.8 (d, 2C),
128.3 (d, 2C), 1285 (d, 2C), 129.5 (d, 2C), 134.1 (s), 135.6 (d, 5C), 135.8 (d), 138.4 (3),
138.6 (S) ppm.

HRMS (ESI): m/z [M+H]" calcd for C4gHeaOsSi 747.4445, found 747.4439.

3.45. Preparation of alkene 98 jj\)_(

To a stirred solution of compound 97 (10 g, 38.71 mmoal) in dry o Oxo
THF (60 mL), was added sodium hydride (1.70 g, 42.58 mmol) portion-
wise at 0 °C. After stirring at room temperature for 30 min under argon atmosphere, carbon
disulphide (2.46 mL, 40.65 mmol) was added and stirred for 2 h. Then, a solution of methyl
iodide (3.62 mL, 58.07 mmol) in dry THF (10 mL) was slowly added to the reaction mixture
and stirring was continued for additional 1 h. After completion of the starting material, the

reaction was quenched with water (10 mL) and extracted with ethyl acetate. The organic
layer was washed with brine and dried over Na,SO, and concentrated under reduced pressure
and the residue obtained was taken for next reaction without purification.

The crude product thus obtained was dissolved in 150 mL toluene and added by a dropping
funnel (over 1 h) to a refluxing solution of tributyltin hydride (15.65 mL, 58.07 mmol) and
AIBN (635 mg, 3.87 mmol) in 76 mL toluene, under Ar atmosphere. After completion of the
starting material (12 h), the solvent was removed under reduced pressure and the residue was
purified by column chromatography (Petroleum ether-EtOAc; 9:1) to yield compound 98
(6.78 g, 72%) as acolourlessliquid. Rs = 0.4 (20% EtOAc in petroleum ether).

Specific Rotation: [a]3’: +31.4 (c = 3.4, CHCl5).
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'H NMR (400 MHz): § 1.40 (s, 3H), 1.48 (s, 3H), 1.62-1.68 (m, 2H), 3.56 (t, J = 7.5 Hz,
1H), 4.10 (dd, J = 6.0, 8.1 Hz, 1H), 4.23 (t, J = 7.1 Hz, 1H), 4.34 (ddd, J = 3.1, 6.4, 9.8 Hz,
1H), 4.57 (t, J = 7.0 Hz, 1H), 5.25 (dt, J = 0.8, 10.3 Hz, 1H), 5.33 (dd, J = 0.6, 17.1 Hz, 1H),
5.79 (ddt, J= 7.0, 10.3, 17.1 Hz, 1H) ppm.

13C NMR (100 MH2): 6 25.6 (q), 25.7 (q), 27.0 (d), 28.1 (d), 35.3 (t), 69.9 (d), 73.8 (d), 75.2
(d), 77.1 (d), 79.4 (d), 108.6 (s), 118.4 (1), 134.1 (d) ppm.

HRMS (ESI): m/z [M+Na]" caled for Ci3H2,04Na265.1410, found 265.1404.

3.46. Synthesis of diol 100

At 0 °C, to a stirred solution of akene 98 (5.0 g, 20.63 mmoal) in methanol (40 mL) was
added six drops of conc. H,SO,. After addition was complete, the reaction was warmed to
room temperature and kept for 2 hour. After complete consumption of the starting material,
solid sodium bicarbonate (~2 g) was added to the reaction mixture at 0 °C to quench the acid.
The solid residue was then filtered and the filtrate was concentrated under reduced pressure.
Purification of the crude reaction mixture by column chromatography, gave the tetrol 99
(1.85 g, 55%) as a colourless liquid.

At 0 °C, to a solution of the tetrol 99 (1.85 g, 11.41 mmol) in dry DMSO (15 mL), were
added sequentidly, 2, 2-DMP (1.40 mL, 11.41 mmol) and p-TSA (98 mg, 0.57 mmol). The
reaction was warmed to room temperature and stirred for 16 hour. After complete
consumption of the starting material, triethyl amine (5 mL) was added to the reaction mixture
and then partitioned between water and ethyl acetate. The organic layer was separated, dried
over NaSO, and concentrated under reduced pressure. Purification of the crude reaction
mixture by silica gel chromatography gave the diols 100 (540 mg, 23%) and 101 (176 mg,

8%) as colourless liquids.

Characterization of diol 100 #O

Rr = 0.3 (50% EtOAc in petroleum ether). ° =

Specific Rotation: [a]3°: +41.0 (¢ = 2.1, CHCly). HO  OH
100

'H NMR (400 MHz): 6 1.36 (s, 3H), 1.41 (s, 3H), 1.68-1.73 (m, 2H),
358 (t, J = 7.6 Hz, 1H), 3.89 (dt, J = 4.2, 7.4 Hz, 1H), 4.09 (dd, J = 6.0, 8.1 Hz, 1H), 4.14
(ddt, J=1.1, 4.1, 6.1 Hz, 1H), 4.35 (dt, J = 6.1, 13.3 Hz, 1H), 5.27 (dt, J = 1.4, 10.6 Hz, 1H),
5.34 (dt, J = 1.4, 17.3 Hz, 1H), 5.90 (ddd, J = 6.3, 10.6, 17.3 Hz, 1H) ppm.

3C NMR (100 MHz): § 25.6 (q), 26.9 (q), 34.9 (1), 69.4 (t), 71.2 (d), 73.6 (d), 75.9 (d),
108.8 (s), 117.6 (t), 136.2 (d) ppm.
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HRMS (ESl): m/z[M+H]+ calcd for CyoH1504Na225.1097, found 225.1093.
Characterization of diol 101

Rt = 0.25 (50% EtOAc in petroleum ether). Ho%—(/
Specific Rotation: [o]3°: +33.8 (¢ = 1.7, CHClJ). OXO
'H NMR (400 MHZz): 6 1.38 (s, 3H), 148 (s, 3H), 1.50-1.57 (m, 2H), 101
3.49 (dd, J=7.1, 11.1 Hz, 1H), 3.66 (dd, J = 3.3, 11.3 Hz, 1H), 3.92 (ddd, J = 3.6, 7.5, 11.3
Hz, 1H), 4.44 (ddd, J = 3.9, 6.4, 9.6 Hz, 1H), 4.57 (t, J = 7.1 Hz, 1H), 5.24 (dt, J = 0.8, 10.4
Hz, 1H), 5.32 (dt, J = 1.1, 17.1 Hz, 1H), 5.78 (ddd, J = 7.5, 10.4, 17.1 Hz, 1H) ppm.

13C NMR (100 MH2z): 6 25.6 (q), 28.1 (g), 33.9 (1), 66.9 (t), 69.6 (d), 74.7 (d), 79.5 (d),
108.5 (s), 118.5 (t), 133.9 (d) ppm.

HRMS (ESI) m/z [M+H]+ calcd for C1oH1504Na225.1097, found 225.1091.

3.47. Preparation of alcohol 84 #“O

O,

Under argon atmosphere, to a solution of acohol 100 (500 mg, 2.47 HO  OTBS
84

mmol) in dry DCM (5 mL), were added imidazole (168 mg, 2.47 mmol)

and tert-butyl dimethylsilyl triflate (0.57 mL, 2.47 mmol) at 0°C. The reaction was warmed

to room temperature and kept for 6 h. After complete consumption of the starting material,
water was added to the reaction mixture and the solution was extracted with DCM. The
combined organic layer was washed with brine, dried over Na,SO, and concentrated under
reduced pressure. Purification of the crude reaction mixture by silica gel column
chromatography gave the TBS ether 84 (470 mg, 60% yield) as a colourless liquid. R; = 0.3
(20% EtOAC in petroleum ether).

Specific Rotation: [a]3%: +21.1 (c = 1.3, CHCl5).

'H NMR (400 MHZ): 6 0.05 (s, 3H), 0.08 (s, 3H), 0.90 (s, 9H), 1.37 (s, 3H), 1.41 (s, 3H),
1.56 (ddd, J = 5.0, 10.0, 14.1 Hz, 1H), 1.67 (br. s. 1H), 1.73 (ddd, J = 2.1, 7.6, 14.1 Hz, 1H),
2.40 (d, J = 3.3 Hz, 1H), 3.56 (dd, J = 7.5, 8.1 Hz, 1H), 3.74-3.80 (m, 1H), 4.06 (ddt, J = 1.0,
4.1, 6.9 Hz, 1H), 4.10 (dd, J = 6.0, 8.1 Hz, 1H), 4.29-4.36 (m, 1H), 5.21 (ddd, J = 1.1, 1.8,
10.5 Hz, 1H), 5.24 (ddd, J = 1.3, 1.6, 17.4 Hz, 1H), 5.81 (ddd, J = 6.8, 10.4, 17.3 Hz, 1H)
ppm.

3C NMR (100 MH2): 6 -4.9 (q), -4.3 (q), 18.1 (s), 25.7 (q), 25.8 (q), 25.8 (g, 3C), 27.0 (q),
35.6 (t), 69.9 (t), 71.8 (d), 73.8 (d), 77.3 (d), 108.6 (s), 117.3 (t), 136.9 (d) ppm.

HRMS (ESI): m/z[M+Na]" calcd for C16H3,04Na339.1962, found 339.1955.

229 |Page



Chapter Il
SPECTRA OF SELECTED COMPOUNDS




CHAPTER II: Synthesis of C14 to C29 Fragment of Eribulin Spectra

Cl4to C28 Fragment of Eribulin

230 | Page



CHAPTER Il: Synthesis of C14 to C29 Fragment of Eribulin Spectra

¥8
—
Sl
»I\O B
O\)\/-\/
OH 3
:' -
51 g
.
N
[Te) <
o -
n
CHLOROFORM-d | 5 5o )
Q Pl D m
o 0 . ©
o L © 13 NS N N S ﬁ & :
~ N~ o~ 5 65 n oo .)
160 18 N —
r J
L WL .
)
1.00 2.04 1.031.051.021.02 1.130.90 3.423.173.15
[ [ [N TR TR [T [T TR

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0
Chemical Shift (ppm)

by

CHLOROFORM-d 51

o
© ™
[te] ~
g Re & 5 &8 3§
W | © ® g |~ 9
— =3 ™ < =11
) - o ~
— N~ |
! N
3 P

108.68

WW . s e o W‘ll‘ Mwmm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

'H /*C NMR Spectrum of 51in CDCl,

231 |Page



CHAPTER Il: Synthesis of C14 to C29 Fragment of Eribulin Spectra

N
<
-
[
-
»f\ B
o)
O\)\/‘\/
OH
52
S8
T
|
n
-
5
CHLOROFORM-d
N5
LDH ™ N
[{o} n N O
< o
N 3885328 2358 a8
T w6 s [ w8 Py AN
i i I SN N U
|
1.00 2.22 1.161.261.301.12 1.12  0.914.013.843.35
] ] R Y R WA [ TR TR TR
7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

CHLOROFORM-d

77.00
76.69

778
=
OwL
?.O
\

139.21
—116.25
—108.69
74.66
65.40
40.18
/2658
—25.38
16.51

" o A "

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

'H /*°C NMR Spectrum of 52in CDCl;

232 | Page



Spectra

10

f C14 to C29 Fragment of Eribulin

1S 0

J

CHAPTER II: Synthes

20

30

40

Chemical Shift (ppm)

100

110

'H /C NMR Spectrum of 53 in CDCl,

120

130

140

0
o
0T'T - E° .
:.HI/ wu - T€'ST—
<
. w S
o Fw vr'Se
01— —3 | ZF- "\ & 85'92—
(%) ille} :3«
° o
N ﬁﬁ
] S .
ov.m./. s 8E 0r—
e~ 27TE 10
°TFEw
e |z
“ =
zl8
vS'e Ellc _
om.m.«TK m 1fFa &8 09°59—
. ) = w
S | <l T .
/ o m 5] 89 wﬁl/. 05 ¥7.—
- S+ 2s oo.RI.\.
"N\ @ o z €L _
WO @ 8 1E 8 Ly'ee—
o] - )
<
/NFo 597 _€9'F~ o
€L y— N
Sks
ol
[Te) .
3 79°80T—
o T9YTT—
[}
OH_ o
©
kel .
= o 2L Le— LEEAaN
S © ezgzrd
S
24 .
o o €9'8ET—
- N h —
2 < = ETTYT
© 120~ It
€ L— e \Efw
S

150

233 | Page



Spectra

CHAPTER II: Synthesis of C14 to C29 Fragment of Eribulin
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CHAPTER Il: Synthesis of C14 to C29 Fragment of Eribulin Spectra
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Spectra

f C14 to C29 Fragment of Eribulin
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