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Abstract

Neaumycin B is a highly complex natural product that exhibits a strong synergistic effect with
Ramoplanin against methicillin-resistant Staphylococcus aureus (MRSA) and shows potent
cytotoxic activity against U87 human glioblastoma cells, highlighting its potential for further
pharmacological development.[2 Its structural complexity also presents a significant

challenge in total synthesis.

The structure elucidation by the Fenical Group initially proposed the structure of neaumycin
B (1) based on bioinformatic predictions and NMR analysis.l! However, in 2023, total syntheses
of neaumycin B (1) by the Smith® and Chen! groups resulted in NMR spectra identical to each
other but inconsistent with the NMR data of the isolated compound from Fenical’s group.
Consequently, the initial structural prediction was deemed incorrect. A subsequent structure
revision to neaumycin B (Il) by the Ziemert group,P utilizing bioinformatic prediction

identified six stereocenter changes at C4, C5, C10, C22, C35, and C38 (marked in red).

Due to the temporal overlap between the start of this study and the structure revision, efforts
were made to synthesize the C1-C17 fragment with both the original stereochemistry of
neaumycin B (I) and the revised stereochemistry of neaumycin B (ll). Additionally, authentic
fragments of neaumycin B (ll), specifically C1-C9 and C8-C17, were synthesized and their NMR
spectra compared with those from the Fenical, Smith, and Chen groups. The promising results

suggest that the revised structure of Neaumycin B (ll) is likely correct.

Neaumycin B
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1 Introduction

1 Introduction

1.1 Natural Products

The investigation of natural products has been a cornerstone of medicinal chemistry for
centuries. Early civilizations employed plant-derived bioactive molecules for therapeutic
purposes, as evidenced by Mesopotamian clay tablets (2600 BC) and the Egyptian Ebers
Papyrus (1500 BC), which documented intricate pharmaceutical formulations.[*) However, the
chemical composition and mechanistic basis of these remedies remained obscure until the
19th century. A landmark achievement in 1804 occurred when Friedrich Sertlirner isolated
morphine from opium, demonstrating that discrete chemical entities within medicinal plants
were responsible for their pharmacological properties.l?l This breakthrough signaled the

advent of natural product chemistry and spurred further advancements in the field.

Natural products, defined as organic compounds biosynthesized by living organisms,3! were
categorized by Albrecht Kossel at the end of the 19th century into two primary classes: primary
and secondary metabolites.[*>! Primary metabolites, such as amino acids, carbohydrates, and
lipids, are essential for cellular function and viability. In contrast, secondary metabolites
including alkaloids, terpenoids, polyketides, and phenylpropanoids are not requisite for basic
metabolic processes but confer adaptive benefits such as antimicrobial activity, chemical
defense, and intercellular signaling. These metabolites frequently modulate enzymatic
pathways, receptor binding, and nutrient transport, although many of their biochemical roles
remain only partially understood.[®! Owing to their structural intricacy and pronounced
bioactivity, these compounds have been rigorously investigated as lead structures for

pharmaceutical innovation.

Despite their significant therapeutic potential, the practical application of natural products is
often hindered by factors including limited natural abundance, complex molecular
architectures, and challenging isolation processes. To circumvent these issues, total synthesis,
the laboratory construction of complex molecules, has become a crucial strategy in natural
product research.’”l A seminal moment in synthetic organic chemistry was Friedrich Wohler’s
synthesis of urea in 1828, which refuted the vitalist notion that organic compounds could only

be produced by living systems. (8l
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Currently, natural products and their derivatives constitute approximately 39% of marketed
pharmaceuticals.®)’ Many modern drugs have been developed through the chemical
modification of natural scaffolds to enhance efficacy, stability, and bioavailability. Given their
historical and ongoing contributions to drug discovery, both the isolation and total synthesis
of natural products continue to be essential research avenues, driving innovation in

therapeutic development.

1.2 Neaumycin

Neaumycin B (1) represents a structurally complex and highly challenging natural product that
has intrigued the synthetic community for years (Figure 1.2-1). Its intricate macrocyclic
framework, bearing multiple stereogenic centers, poses a significant challenge for total
synthesis, establishing it as a compelling target for synthetic strategy development. Beyond
its architectural complexity, neaumycin B (1) displays distinctive biological activity, further

intensifying interest in its synthesis and functional characterization.[1%1

\ Neaumycin B (1)

Figure 1.2-1. Proposed structure of neaumycin B (1) by Fenical et a/.'!!

Moreover, the isolation of several natural derivatives suggests the existence of a broader
family of structurally related analogs with yet unexplored properties.[*% Despite substantial
progress in structural elucidation, neaumycin B (1) has undergone multiple revisions, and
notably, synthetic efforts have yet to yield a compound that fully corresponds to the originally
isolated natural product.[*213] This unresolved inconsistency highlights the intricate nature of
its structure and reinforces the need for further studies, solidifying neaumycin B (1) as a

captivating target in natural product chemistry.
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1.2.1  Structural Elucidation of Neaumycin by Shen et al. (2012)

The structure of neaumycin (2) was first determined by Shen and his team in 2012 after
isolating the compound from Streptomyces sp. NEAU-x211 (Figure 1.2-2).[*4 Their structural
analysis was conducted using comprehensive mass spectrometry (MS) and nuclear magnetic
resonance (NMR) spectroscopy. The molecular formula of neaumycin (2) was determined as
CssHgsO1s, indicating 13 degrees of unsaturation. The *C NMR spectrum revealed resonances
corresponding to three carbonyl groups and six double bonds, accounting for 9 of the 13

unsaturations and suggesting the presence of a tetracyclic core.

Figure 1.2-2. First structural elucidation of neaumycin (2).1*4

Further structural details were obtained through 2D NMR techniques, including COSY, HMBC,
and ROESY experiments. These analyses allowed the determination of connectivity between
proton and carbon atoms, as well as spatial relationships between different structural units.
The unique feature of neaumycin (2) was identified as a 30-membered macrolide ring system
containing an internal diester bridge, a unique architectural motif among known

macrolides. !

1.2.2  Structural Revision of Neaumycin by Simone et al. (2015)

A structural revision of neaumycin was prompted by its re-isolation from Actinoplanes sp.
ATCC 330766, a known producer of Ramoplanin in 2015 by Simone et al.l'® Optimization of
fermentation conditions for Ramoplanin revealed several lipophilic HPLC peaks that were
distinct from the Ramoplanin complex. Characterization of these peaks confirmed that one

was identical to neaumycin (2) based on UV, MS, and 'H and "*C NMR data. In addition, four
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novel congeners, neaumycin B—E, were isolated, all displaying the same UV absorption pattern

as the parent compound.

(0]

. _ _ OH
Neaumycin A (3) Ri=CHz Ry= % 7
Neaumycin B (4) R{=CH; R,=H O
Neaumycin C (5) Ri=H R,=H

Figure 1.2-3. Structural revision of neaumycin A-C (3-5).1%

NMR analysis of neaumycin A—C (3-5) revealed new structural features, including the presence
of a spiroketal and the absence of a diester bridge, prompting a revision of the initially
proposed structure (Figure 1.2-3). However, stereochemical information remained

unresolved.

1.2.3  Full Stereostructure of Neaumycin B (1) by Fenical et al. (2018)

In 2018, Fenical determined the full structure of neaumycin B (1) by employing an integrated

approach combining bioinformatics and spectroscopic techniques (Figure 1.2-4).[11]

\ Neaumycin B (1)

Figure 1.2-4. Full structural determination of neaumycin B (1).14

They identified neaumycin B (1) from the marine bacterium Micromonospora® sp. (strain
CNY-010) and, through complete genome sequencing, provided insights into its polyketide

synthase (PKS) biosynthesis.
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A key breakthrough was the determination of the absolute configurations of all 19 stereogenic
centers in neaumycin B (1). This was achieved by integrating bioinformatic predictions with

2D NMR spectroscopy (Figure 1.2-5).

Bioinformatic prediction

(0] OH OH OH OH OH OH OH O OH OH

NMR-based assignments m m
~

o) OH 0~ OH OH OH O OHpo O o O

Figure 1.2-5. Bioinformatic prediction and NMR-based assignments of neaumycin B (1).14

Through analysis of the PKS gene cluster, 11 of the 19 stereocenters were assigned and
validated by NMR, while the remaining stereocenters were resolved through detailed NMR

correlation studies, resulting in a comprehensive structural revision of neaumycin B (1).

1.2.4  Biological activity of Neaumycin

Neaumycin has demonstrated selective antibacterial activity, particularly against Gram-
positive bacteria. Neaumycin A (3) exhibited moderate inhibitory effects, with minimum
inhibitory concentrations (MICs) of 64 upg/mL against Staphylococcus aureus and
Streptococcus pneumoniae, and 16 pg/mL against Streptococcus pyogenes. In contrast,
neaumycin B (1) showed no significant antibacterial activity. Both compounds were inactive

against Gram-negative bacteria (E. coli, P. aeruginosa) and Candida albicans.['"

A notable synergistic effect was observed when neaumycin A (3) or B (1) was combined with
Ramoplanin, a glycolipodepsipeptide antibiotic known for its potent activity against
multidrug-resistant Gram-positive bacteria,['718 in the treatment of methicillin-resistant
Staphylococcus aureus (MRSA). In a checkerboard dilution assay, the MIC of Ramoplanin was
significantly reduced from 4 pg/mL to 0.015 pg/mL in the presence of either 4 pg/mL
neaumycin A (3) or 16 pg/mL neaumycin B (1), suggesting a promising combinatory
therapeutic strategy. However, no similar enhancement was observed when combined with

Vancomycin, a glycopeptide antibiotic commonly used in clinical settings.[1%!
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Preliminary in vitro studies also revealed cytotoxic activity of neaumycin B (1) against selected
cancer cell lines. It displayed significant potency, with an LDse value of 5.6 x 107° pg/mL,
showing particular selectivity toward U87 human glioblastoma cells.'!] These findings
highlight neaumycin’s potential as a lead structure for further pharmacological investigations,

particularly in antibacterial and anticancer research.

1.2.5 Previous work on Neaumycin B (1)

Since 2018, the presumed correct structure of neaumycin B (1), including the absolute
configuration of all stereogenic centers, has been established. Since then, multiple research
groups worldwide have undertaken efforts to achieve the total synthesis of neaumycin B (1),

driven by its unique biological activity and therapeutic potential (Figure 1.2-6).

10/23
Chen
11/22 09/23
. i 12/24
04/21 Krische frisene Floreancig
Fuwa 09/22 08/23 02/24  08/24
Start Lee Smith Lee Goswami
Menche ‘
L l l l l
I I I I I
2021 2022 2023 2024 2025

Figure 1.2-6. Chronology of all published studies on the synthesis of Neaumycin B (1).

Soon after we began our efforts towards the total synthesis of neaumycin B (1), Fuwa et al.
reported the first synthesis of the southern hemisphere of neaumycin B (1) in April 2021.119!
Over a year later, in September 2022, Lee et al. published an independent synthesis of the
southern hemisphere, further refining synthetic strategies.?®! In November 2022, Krische et
al.introduced a novel ruthenium-catalyzed butadiene-mediated crotylation reaction, applying
this methodology to the synthesis of the southern fragment.?!! This development provided a

new tool for the stereoselective construction of key substructures within the molecule.

The first reported total synthesis of neaumycin B (1) was achieved by the group of Smith in
August 2023.1121 However, discrepancies in the NMR spectral data were noted when compared
with those published by Fenical in 2018, raising concerns about the originally proposed
structure. This discrepancy suggested that the assigned structure of neaumycin B (1) might

require reassessment.
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In September 2023, Krische et al. continued their synthetic pursuits, publishing a synthesis of
the northern hemisphere.l??! Shortly thereafter, in October 2023, Chen et al. disclosed an
alternative total synthesis of neaumycin B (1).1'3! Notably, the NMR data obtained from Chen
closely matched that of Smith et al. but also deviated from the spectral data reported by
Fenical, further reinforcing the hypothesis that the originally proposed structure may not be

entirely accurate.

In February 2024, Lee et al. reported their second fragment synthesis, this time focusing on
the northern portion.[?3! This was followed by Goswami et al. in August 2024, who contributed
another synthetic approach targeting the northern hemisphere.?*I Finally, in December 2024,
Floreancig et al. reported an in-depth investigation into the stereochemical aspects of singly
anomeric spiroketals present in neaumycin B (1).[2°] Their work proposed a stereocenter

reassignment, further refining the structural understanding of the molecule.

Notably, all of these studies have been conducted only after the commencement of this
dissertation, highlighting the increasing interest in the synthesis of this complex natural

product.

1.2.6  Retrosynthetic Analysis of Fragment Synthesis

In the following, all fragment syntheses of neaumycin B (1) reported by various research
groups will be briefly discussed with respect to their retrosynthetic approaches, while the total
syntheses by Smith*2 and Chen(*3! will be elaborated in detail in the next chapter. Across all
studies, neaumycin B (1) has been divided into two nearly identical major fragments,

commonly referred to as the northern and southern hemispheres (Figure 1.2-7).

Neaumycin B (1)

Figure 1.2-7. Neaumycin B (1) and its commonly used numbering.

7



1 Introduction

The disconnection is consistently made at the triene, with flexibility between C17 and C21
depending on the research group, and at position C1, the ester moiety, with the intent of
utilizing a Yamaguchi esterification for final coupling. A few notable exceptions exist in these
fragmentations. Fuwa’s approach in his partial synthesis of the southern hemisphere initially
introduced a PMB-protected alcohol at C3.[**] Additionally, Floreancig focused on NMR studies
and synthesized only a neaumycin-like spiroketal rather than attempting fragment

assembly.[?!

Scheme 1.2-1. Krische's retrosynthetic approach to the southern hemisphere 6 of neaumycin B (1).[2%

Additional subdivisions of the northern and southern hemispheres have been explored.
Krische et al. separated the northern fragment 6 into two linear subunits (Scheme 1.2-1): one
extending from C20 to C27 (7), terminating in a Weinreb amide, and the other spanning C28
to C41 (8).122 The coupling of these fragments forms an acetylenic ketone at C27. Subsequent
acidic deprotection followed by NaBHai reduction ultimately induces intramolecular

spiroketalization,262%! yielding a single epimer through ketone reduction at C27.
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TBSO OTBS IO 0] TBSO O

21 37 39
22 24 26 28 30 32 34 38

20. / 23 25 27

= = 41

11 12
Scheme 1.2-2. Lee's retrosynthetic approach to the northern hemisphere 9 of neaumycin B (1).[2%

Conversely, Lee adopted an approach wherein the spiroketal 9 was formed intramolecular
from the ketone 10 at C29 (Scheme 1.2-2).123! His linear C20-C41 fragment 10 was synthesized
through an aldol reaction between aldehyde 11 and methyl ketone 12. The same
intramolecular spiroketalization strategy via a ketone at C29 was employed by both the

Goswami?¥ and Floreancig!?®! research groups.

Fuwa

Scheme 1.2-3. Fuwa's and Lee's retrosynthetic approach to the southern hemispheres 13 and 14 of neaumycin

B (1)'[19,20]
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Regarding the southern hemisphere, Fuwa et al. and Lee et al. divided this region into two
additional fragments, joining them at the olefin between C8 and C9 (Scheme 1.2-3).[1%20]
Specifically, Fuwa’s southern hemisphere 13 spans from C17 to C3, as previously mentioned.
To achieve this, he couples aldehyde 15 and phosphonate 16 using a Horner—Wadsworth—
Emmons (HWE) reaction.B% In contrast, Lee et al. synthesized fragment 14 via a Nozaki—
Hiyama—Kishi reaction between vinyl iodide 17 and aldehyde 18.3% However, the resulting
selectivity of the secondary alcohol at C7 was only 1.8:1. To overcome this issue, the alcohol
was first oxidized to a ketone and subsequently reduced via CBS reduction, thereby improving

the selectivity.

Krische, however, pursued a distinct route, incorporating his newly developed ruthenium-
catalyzed butadiene-mediated crotylation and oxazaborolidine-catalyzed vinylogous

Mukaiyama aldol reaction as key transformations in his synthetic strategy.[?!l

1.2.7  Total Synthesis of Neaumycin B (1) by Smith et al.

In August 2023, Smith et al. published the first total synthesis of the assumed correct structure
of neaumycin B (1, see Chapter 1.2.5).112] Like all other research groups that had previously
contributed to this topic, Smith et al. divided 1 into a spirocyclic northern hemisphere 19 and
a southern hemisphere 20 (Scheme 1.2-4). The final assembly of these two hemispheres was
designed to proceed via a Stille coupling at the triene unit between C17 and C18, followed by

a Mukaiyama macrolactonization between C1 and alcohol at C27.

10
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Stille coupling

Mukaiyama
macrolactonization

6 42

Neaumycin B (1)

Scheme 1.2-4. Retrosynthetic analysis of neaumycin B (1), revealing the northern hemisphere 19 and southern

hemisphere 20 by Smith et al.

The northern hemisphere 19 was further subdivided into fragments 21 and 22, which were

planned to undergo a Ni-catalysed coupling to generate a ketone at C29 (Scheme 1.2-5). This

ketone would subsequently undergo an intramolecular spiroketalization. The synthesis of 21

was envisioned from epoxide 23 and (S)-Roche ester (24), while fragment 22 was to be derived

from epoxide 25.

O OH

Meo 25 Z:E 27
24:45 "X o8n ogn o>< ><

O SPy 0”0  SiMe,Bn

B O
L2 I N 2 HO A~ A~
OBn o / 21 2: 23 25 2_6 27 o) Y\A%E)Y\/ — > <
NN 4 ® © 22 7 25
44 =
23

Scheme 1.2-5. Retrosynthetic analysis of the northern hemisphere 19.

For the southern hemisphere 20, Smith et al. further divided this region into alkyne 26 and

aldehyde 27, which were intended to be coupled via a Carreira asymmetric alkynylation[3?

11
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followed by a trans-reduction of the alkyne (Scheme 1.2-6). The precursor alkyne 26 was

synthesized from D-xylose (28), whereas aldehyde 27 was derived from alkyne 29.

Scheme 1.2-6. Retrosynthetic analysis of southern hemisphere 20, revealing commercial available substrates 28

and 29.

Starting from (S)-Roche ester (24), fragment 21 was synthesized in 13 steps (Scheme 1.2-7).
The key intermediate, dithioacetal 30, was obtained through acid-mediated PMB protection
of the hydroxyl group of 24, followed by DIBAL-H reduction to the corresponding aldehyde.
Subsequent thioacetalization and silylation under basic conditions yielded 30 with a 60% yield.
The synthetic route proceeded through a Brook rearrangement, followed by epoxide opening
of 23. Further benzyl protection, primary TMS deprotection, and Cu/TEMPO-catalysed aerobic
oxidation of the free alcohol afforded aldehyde 31 in 71% yield. Aldehyde 31 was then coupled
via a Felkin-Anh selective aldol reaction using the enolate of methyl acetate, achieving
excellent diastereoselectivity (dr = 15:1). The dithioacetal was subsequently cleaved, and an
Evans-Saksena reduction!®334 furnished diol 32 in 73% yield. The 1,3-diol was protected as an
acetonide, confirming the anti-configuration. Saponification of the methyl ester, followed by

thioesterification, yielded fragment 21 on a decagram scale with a 91% vyield.

12
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j\)OH 3)-d) %s OH €)-8) BnO BnoL\

s o
—_— —_—
MeO : |
: 60% ™S 71%
24 30 31
h)-j)
73%
OB -m) BnOBnO OH OH O
Mg mewg o g MR gy
: LI A ACA : OMe
: : 0 91% :
23 21 32

Scheme 1.2-7. Synthesis of fragment 21 over 13 steps, starting from (S)-Roche ester (24). Conditions: a) PMBTCAI
(1.27 equiv.), CSA (10 mol%). DCM, r.t., 24 h, 97%; b) DIBAL-H (1.0 m in toluene, 1.09 equiv.), DCM, —78 °C, not
purified; c) 1,3-Propanethiol (2.50 equiv.), BF3-Et20 (2.5 equiv.), DCM, =78 °C, 2 h, then r.t., 2 h, not purified; d)
n-Buli (2.5 m in hexanes, 2.25 equiv.), THF, 0 °C, 1 h, then TMSCI (2.5 equiv.), 0 °C to r.t., 2 h, 62% over three
steps; e) 30 (1.30 equiv.), n-Buli (2.5 M in hexanes, 1.30 equiv.), Et20,—-78 °C, 10 min, then 23 (1.00 equiv.), HMPA,
—78°Cto 0°C, 3 h, 82%; f) KHMDS (0.5 m in toluene, 2.50 equiv.), BnBr (6.00 equiv.), THF, =30 °C to 0 °C, 10 min,
then HCLaq,) (1 M, xs.), 0 °Cto r.t., 1 h, not isolated; g) Cu(MeCN)4OTf (5 mol%), TEMPO (5 mol%), 2,2 -bipyridinyl
(5 mol%), NMI (10 mol%), MeCN, air (1 atm), r.t., 16 h, 87% over two steps; h) iProNH (2.00 equiv.), n-Buli (2.5 m
in hexanes, 2.00 equiv.), THF, =78 °C, 30 min, then methyl acetate (2.00 equiv.), =78 °C, 50 min, then aldehyde
31 (1.00 equiv.), -78 °C, 20 min, quant., dr = 15:1; i) CaCOs (10.0 equiv.), Hg(ClO4)2:3H20 (2.00 equiv.), THF/H20,
0 °C to r.t., 40 min, not purified; NMesBH(OAc)s (7.00 equiv.), MeCN/HOAc, —20 °C, 40 h, 73% over two steps; k)
2-Methoxypropene (2.01 equiv.), PPTS (5 mol%), DCM, r.t., 16 h, 96%; I) LIOH (1 m in H20, 2.00 equiv.), THF, r.t.,
16 h, not purified; m) PPhs (4.00 equiv.), (SPy)2 (2.00 equiv.), DCM, r.t., 16 h, 95%.[123°]

In parallel, alkyl iodide 22 was also synthesized over 13 steps, beginning with epoxide 25
(Scheme 1.2-8). This epoxide was regioselectively opened using trimethylaluminum@®!
(dr>20:1), followed by periodate cleavage and dibromo olefination. Treatment of the
resulting dibromo alkene with n-BulLi and formaldehyde yielded a propargylic alcohol, which
underwent ruthenium-catalysed trans-hydrosilylation to afford alcohol 33 in 61% yield over
five steps, with excellent selectivity (/6 >20:1, E/Z >20:1). MnO; oxidation of the primary
alcohol generated an aldehyde, which was subjected to an Evans aldol reaction®” with 34.
Subsequent transamidation yielded Weinreb amide 35. Nucleophilic attack on 35 with vinyl
magnesium bromide, followed by Narasaka-Prasad reduction[333° of the resulting ketone,
enabled the selective protection of the 1,3-diol as acetonide 36. Hydroboration of the terminal

alkene, followed by an Appel reaction,!*® completed the synthesis of fragment 22.
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a)-e) OH SiMe,Bn f) - h) O OH SiMeyBn
HO\/\\?/\/ _— = _ = /O\N =
61% 78% |
25 33 35
i) - k)
0 0] 72%
. )kN)H
‘Bn 0" 'O  SiMe,Bn 1) - m) O O  SiMeyBn
34 ! Z ~— 7 Z
95%
22 36

Scheme 1.2-8. Synthesis of fragment 22 over 13 steps, starting from epoxide 25. Conditions: a) AlMes. (2.0 M in
hexanes, 3.00 equiv.), CsH14, —40 °Cto 0 °C, 1 h, 95%, dr >20:1; b) BuaN10a (5 mol%), NalOa4 (2.00 equiv.), DCH/H20,
1:2, 0 °C, 40 min, not isolated; c) PPhs (4.00 equiv.), CBrs (2.00 equiv.), DCM, 0 °C, 1 h, then r.t., 16 h, 95% over
two steps; d) n-Buli (2.5 M in hexanes, 2.20 equiv.), THF, =78 °C, 1.5 h, then 0 °C, 30 min, then (CH20). (2.00
equiv.), r.t., 14 h, 84%; e) BnMe:SiH (1.30 equiv.), Cp-Ru(MeCN)3PFs (3 mol%), acetone, r.t., 16 h, 91%, o/ >20:1,
E/Z >20:1; f) MnO2 (10.0 equiv.), DCM, r.t., 18 h, 95%; g) 34 (1.18 equiv.), Bu2BOTf (1 M in DCM, 1.24 equiv.), NEt3
(1.28 equiv.), DCM, 0 °C, 1 h, then =78 °C, 16 h, not purified; h) N,0-Dimethylhydroxylamine hydrochloride (2.28
equiv.), AlMes (2.0 m in hexanes, 2.28 equiv.), DCM, 0°Ctor.t., 2 h, then —20 °Ctor.t., 16 h, 82% over two steps;
i) AllyIMgBr (1.0 m in Et20, 3.00 equiv.), =78 °C to —10 °C, 1 h, not purified; j) Et2BOMe (1.0 m in THF, 1.10 equiv.),
—78 °C, 2h, then NaBHs (2.00 equiv.), 17 h, not purified; k) 2-Methoxypropene (1.08 equiv.), PPTS (10 mol%),
DCM, r.t., 17 h, 72% over three steps; |) 9-BBN (0.5 M in THF, 1.08 equiv.), THF, 0 °C to r.t., 16 h, then NaHCOs
(aqg. sat.), H202 (xs.), 96%; m) PPhs (1.20 equiv.), Imidazole (2.00 equiv.), 12 (1.20 equiv.), THF, 0 °Cto r.t.,, 1 h,
99%.[1235]

With both fragments 21 and 22 in hand, they were coupled via a Ni-catalysed reductive cross-
coupling,i*!l generating a ketone that was deprotected under acidic conditions to facilitate
spiroketalization (Scheme 1.2-9). This transformation afforded spiroketal 37 in 51% yield over
two steps. Selective DMB protection of the spiroketal hydroxyl group was achieved in two
steps. Due to the presence of two free hydroxyl groups, selective protection was necessary.
The addition of TBAF facilitated the formation of a five-membered siloxane ring from the
secondary hydroxyl, allowing selective protection of the spiroketal hydroxyl using DMB-Br.
Treatment with Meli induced the formation of the corresponding TMS group, yielding

spiroketal 38.

Next, a stereoselective vanadyl-catalyzed epoxidation[*?l was performed adjacent to the silyl
ether. The TMS group was then removed with TBAF, and the remaining secondary alcohol was

methylated, affording fragment 39. Benzyl deprotection, followed by oxidation of the primary
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alcohol to a 8-hydroxy aldehyde, allowed selective TES protection of the secondary hydroxyl
group, furnishing fragment 40 in 52% yield over three steps. Takai olefination of aldehyde 40
resulted in excellent E-selectivity (E/Z >20:1), and subsequent iodination afforded the

corresponding vinyl iodide. The DMB group was then removed using DDQ.

To extend the vinyl iodide, germylstannane-mediated*>° elongation was employed to
generate the corresponding dienyl germane, which, upon iodination, furnished the fully

extended vinyl iodide and completed the synthesis of the northern hemisphere 19.

Scheme 1.2-9. Synthesis of northern hemisphere 19 in 16 steps, staring from previous synthesized fragments 21
and 22. Conditions: a) (1.20 equiv.), Zn powder (4.00 equiv.), Cp2ZrCl2 (1.00 equiv.), NiBrz(dtbbpy) (10 mol%),
DMI, r.t., 2 h, 76%; b) TsOH-H,0 (18 mol%), DCM/MeOH, r.t., 1.5 h, 67%; c) TBAF (1.0 M in THF, 20 mol%), THF,
r.t., 15 min, 96%; d) KHMDS (0.5 m in toluene, 1.88 equiv.), DMBBr (1.01 equiv.), THF, =20 °Cto 0 °C, 20 min, 92%;
e) Meli (3.1 m in DME, 1.96 equiv.), THF, 78 °C, 45 min, quant.; f) TBHP (5.5 M in decane, 2.00 equiv.), VO(acac)2
(5 mol%), DCM, 0 °C, 20 h, 83%, g) TBAF (1.0 M in THF, 4.00 equiv.), DMF, r.t., 70 h, 96%; h) Agz0 (11.9 equiv.),
Mel (15.0 equiv.), DMF, r.t., 72 h, 84%; i) Pd(OH)2/C (22 wt%), H2 (1 atm), EtOAc, r.t., 45 min, 62%; j) TEMPO (19
mol%), BAIB (1.19 equiv.), DCM, 0 °C to r.t., 7 h, not isolated; k) TESCI (8.93 equiv.), DMAP (2.93 equiv.), NEt3
(12.0 equiv.), 0 °C to r.t., 30 min, 84%; |) nBusSnCHI2 (4.00 equiv.), CrClz (19.9 equiv.), DMF, 0 °Ctor.t., 16 h, 78%;
m) NIS (1.20 equiv.), THF, 0 °C, quant.; n) DDQ (2.00 equiv.), pH 7 buffer, DCM, 0 °C, 30 min, 90%; o)
nBusSNC=CGeEts (2.22 equiv.), CuTC (2.22 equiv.), Pd(PPhs)s (5 mol%), DMF, 0 °C, 5 h, then r.t., 3 h, 63%; p) NIS
(1.10 equiv.), MeCN/DCM, 0 °C, 1 h, 89%.[123]
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Fragment 26, required for the southern hemisphere 20, was synthesized in nine steps with an
overall yield of 28% (Scheme 1.2-10). Starting from D-xylose (28), the aldehyde was initially
converted into a dithioacetal, followed by acetonide protection of the four free hydroxyl
groups. Under basic conditions, the alcohol adjacent to the dithioacetal was removed, leading
to the concomitant deprotection of the acetonide and yielding alkene 41. Subsequent
treatment with LAH resulted in the reduction of the newly formed double bond. Protection of
the free hydroxyl group and subsequent oxidation gave aldehyde 42.14647] This aldehyde was
then subjected to a Marshall asymmetric propargylation,*8l delivering alkyne 43 with
moderate selectivity (dr =4:1). However, the diastereomers could be separated in the
following step via chromatography after TBAF-mediated deprotection of the silyl group.

Finally, re-protection of the free alcohol with TBS furnished alkyne 26.

h) - i)

66%
over 3 steps

Scheme 1.2-10. Synthesis of fragment 26 over 9 steps, starting from D-Xylose. Conditions: a) ZnCl (25.0 equiv.),
PhSH (2.00 equiv.), HClag.(conc.) r.t., 1.5 h; b) 2,2 Dimethoxypropane (8.00 equiv.), p-TsOH-H20 (10.0 equiv.),
Acetone, r.t., 72 h, 75% over two steps; c) tBuOK (2.40 equiv.), THF/DMSO, r.t., 1.5 h, 89%; d) LiAlH4 (4.00 equiv.),
THF, 0 °C, 3 h, 72%; e) no procedure given; f) 12 (3.00 equiv.), NaHCOs(aq.)/Acetone, 0 °C, 2 h, 90%; g) 44
(1.50 equiv.), Pd(OAc)2 (5 mol%), PPhs (5 mol%), Et2Zn (1.0 m in hexanes, 3.00 equiv.), THF, =78 °C, 30 min, then
—20°C, 16 h, dr = 4:1; h) TBAF (1.0 m in THF, 2.50 equiv.), THF, 16 h, 71% over two steps; i) TBSOTf (2.40 equiv.),
2,6-Lutidine (4.00 equiv.), DCM, =78 °C, 1 h, 93%.[1235!

The second fragment 27 required for the southern hemisphere 20 was synthesized over ten
steps, starting from alkyne 29, with an overall yield of 29% (Scheme 1.2-11). A Claisen
condensation between alkyne 29 and methyl propionate yielded 8-keto ester 45. Utilizing

(5,5)-Noyori-lkariya catalyst (46) in an asymmetric dynamic kinetic resolution*? provided
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alcohol 47 with high selectivity (dr = 18:1, >99% ee). The free hydroxyl group was then
protected with TBS, followed by ester reduction using DIBAL-H to yield the corresponding
alcohol, which was subsequently PMB-protected. Mild basic conditions enabled selective
removal of the TMS group, allowing Lindlar-catalysed reduction of the alkyne to the
corresponding alkene, producing 48. Hydroboration and subsequent oxidation of the resulting

alcohol to an aldehyde furnished fragment 27.

(0] (o]
(0] (0] OMe HO OMe
OMe a) b)
// 29 88% // 45 83% // 47
TMS TMS

TMS
c)-h)
60%
Q. r
. N\ 1 AN
Ru—r PMBQ i PMBO
N = TBSO, 1) TBSO
-
46 ; 66% —
(S,5)-Noyori-lkariya cat. 0 57 48

Scheme 1.2-11. Synthesis of fragment 27 over 10 steps, starting from commercial available substrate 29.
Conditions: a) Methyl propionate (3.00 equiv.), LDA (3.00 equiv.), THF, 30 min, —=78 °C, then 29, 2 h, -78 °C, 88%;
b) (S,S)-Noyori-lkariya cat. (46) (3 mol %), HCOOH/NEts (xs.), 5:2, DCM, r.t., 13 h, dr = 18:1, > 99% ee, 83%; c)
TBSCI (1.20 equiv.), Imidazole (1.50 equiv.), DCM, r.t., 16 h, 90%; d) DIBAL-H (1.0 m in toluene, 2.50 equiv.), DCM,
78 °C, 2 h, not purified; e) NaBH4 (1.32 equiv.), MeOH, 0 °C, 89% over two steps; f) PMBTCAI (1.30 equiv.), CSA (5
mol%), DCM, r.t., 19 h, not purified; g) K2COs (1.00 equiv.), MeOH, r.t., 2 h, 80% over two steps; h) Lindlar’s cat
(5% Pd on CaC0s, 1 wt%), Ha2 (1 atm), MeOH, r.t., 1 h, 95%; i) 9-BBN (0.5 m in THF, 1.10 equiv.), THF, 0 °C to r.t.,
16 h, then NaHCOs3(aq.) , H202 (30%), 0 °C, 30 min, 76%; j) Cu(MeCN)4BF4 (5 mol%), 2,2 -bipyridinyl (5 mol%), NMI
(10 mol%), TEMPO (5 mol%), Oz (1 atm), MeCN, r.t., 3 h, 87%.123%!

With both fragments (26, 27) in hand, they were coupled using a Carreira asymmetric
alkynylation®? to vyield fragment 49 with excellent diastereoselectivity (dr >20:1,
Scheme 1.2-12). The alkyne was then reduced to the corresponding trans-alkene via a Ru-
catalysed hydrostannation/destannation strategy.%°! The resulting free allylic alcohol was
methylated, and the acetonide group was selectively deprotected using TFA, which also
removed one of the TBS groups to yield triol 50. Selective tosylation and subsequent epoxide
ring closure followed, along with reprotection of the remaining free hydroxyl group as a TBS

ether. The epoxide was then opened under basic conditions, allowing methylation of the
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resulting free hydroxyl group, affording species 51. A protecting group exchange from TBS to
TES, followed by benzyl deprotection under oxidative conditions, yielded primary alcohol 52.
Oxidation of this alcohol to the corresponding aldehyde and subsequent Horner-Wadsworth-
Emmons olefination produced the required methyl ester. The final steps involved bromination
of the terminal alkyne and subsequent conversion into the vinylstannane, ultimately affording

the southern hemisphere 20.

Scheme 1.2-12. Synthesis of the southern hemisphere 20 over 17 steps. Conditions: a) Zn(OTf)2 (1.30 equiv.), (+)-
N-methylephedrine (1.30 equiv.), NEtz (3.70 equiv.), PhMe, r.t., 2 h, then 26 (1.30 equiv.), r.t., 2 h, then 27 (1.00
equiv.), 20 h, 90%, dr >20:1; b) [Cp-RuCl]4 (5 mol%), BusSnH (1.22 equiv.), DCM, —20 °C, 1.5 h, then 0 °C, 10 min,
72%; c) CuTC (2.20 equiv.), BusNPh2PO2 (2.50 equiv.), DMF, r.t., 16 h, quant.; d) MesOBF4 (4.20 equiv.), Proton-
sponge® (8.50 equiv.), DCM, r.t., 5 h, 84%; e) TFA(aq.) (50%, 7.00 equiv.), DCM, 0 °C, 2 h, 88%; f) Bu2SnO (20
mol%), NEts (3.00 equiv.), TsCl (1.10 equiv.), DCM, 0 °C, 19 h, 95%; g) NaH (1.50 equiv.), THF, r.t., 20 h, 98%; h)
TBSCI (2.00 equiv.), imidazole (3.00 equiv.), DCM, r.t., 1 h, 99%; i) TMS-acetylene (6.00 equiv.), n-Buli (2.5 M in
hexane, 5.50 equiv.), BF3-Et20 (5.50 equiv.), THF, =78 °C, 16 h, 95%; j) Me3OBF4 (5.00 equiv.), Proton—sponge®
(8.00 equiv.), DCM, r.t., 5 h, 90%; k) TBAF (1.0 M in THF, 6.00 equiv.), THF, r.t., 16 h; I) TESCI (6.00 equiv.), imidazole
(10.0 equiv.), DCM, r.t., 2 h, 90% over two steps; m) DDQ (3.00 equiv.), phosphate buffer (1 m, pH 7, xs.), DCM, 0
°C, 1.5 h, 90%; n) DMP (1.50 equiv.), NaHCOs (3.00 equiv.), DCM, 0 °Cto r.t., 2 h; o) (MeOOC)CH2PO(OMe): (2.00
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equiv.), DIPEA (2.00 equiv.), LiCl (2.00 equiv.), r.t., 24 h, 79% over two steps; p) NBS (1.20 equiv.), AgOAc (10
mol%), acetone, r.t., 2 h, 96%; q) BusSnH (2.10 equiv.), Pd(PPhs)s (10 mol%), THF, =78 °C to r.t., 0.5 h, 91%.[1235!

With both hemispheres 20 and 19 synthesized, they were coupled via a Stille cross-coupling
reaction® to construct the triene framework (Scheme 1.2-13). Esterification of the methyl
ester to the corresponding carboxylic acid enabled an intramolecular Mukaiyama

macrolactonization!®3! using pyridine 53.

Finally, global deprotection provided neaumycin B (1) with an overall yield of 0.76% over 33

linear steps (LLS), starting from (S)-Roche ester (24).

nPr

X
+ a)-d)
NK Br | 48%

Neaumycin B (1)

Scheme 1.2-13. Final coupling of northern hemisphere 19 and southern hemisphere 20. Conditions: a) 19 (1.00
equiv.), 20 (1.50 equiv.), BusNPh202(5.00 equiv.), Pd2dbas, (5 mol%), AsPh3(40 mol%), DMF, r.t., 3 h, 89%,; b)
MesSnOH (1.00 equiv.), PhMe, 90 °C, 24 h, 86%; c) 53 (20.0 equiv.), NaHCOs (200 equiv.), DCM, r.t., 48 h, 80%; d)
TBAF (1.0 M in THF, 107 equiv.), HOAc, THF, 0 °C, 48 h, 80%.[1>3°]
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1.2.8 Total Synthesis of Neaumycin B (1) by Chen et al.

Similar to the total synthesis previously reported by Smith et al., Chen et al. dissected
neaumycin B (1) at the same positions, specifically at the triene between C17 and C18, as well
as at the ester at C1 (Scheme 1.2-14).13! This approach resulted in the northern hemisphere
54 and southern hemisphere 55, which were to be assembled via a Suzuki cross-coupling

reaction and a Yamaguchi esterification.

44

PinB—/ TBSO .

45011100
Suzuki
crosscoupling

Yamaguchi
esterification

6 42

Neaumycin B (1)

Scheme 1.2-14. Retrosynthetic analysis of neaumycin B (1), revealing the northern hemisphere 54 and southern

hemisphere 55 by Chen et al.

The northern hemisphere 54 was further divided into aldehyde 56 and alkyne 57, which were

to be coupled via a classical nucleophilic addition reaction (Scheme 1.2-15).

OH OBn TBSO OTBS TESO o~ .

4 33
“K/Zlf’ — PMBOMO 2s> 33455 N — 28>\/\/\OH
58 " 56 57 59

Scheme 1.2-15. Retrosynthetic analysis of northern hemisphere 54.
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Aldehyde 56 was synthesized from alcohol 58 through two Krische crotylations,®*->8! while
alkyne 57 was constructed between C33 and C34 via a Brown crotylation,’®® and the double
bond between C37 and C38 was installed using a Julia-Kocienski olefination,6%-%%1 starting from

alkyne 59.

The southern hemisphere 55 was also divided into two fragments: vinyl iodide 60 and
aldehyde 61, which were coupled using a Nozaki-Hiyama-Kishi reaction (Scheme 1.2-16).[66-%°
Vinyl iodide 60 was constructed from aldehyde 62 through a Fiirstner Ni-catalyzed vicinal diol
formation!’%71 followed by a Marshall propargylation.l’>74 Aldehyde 61 was synthesized via

a halide-aldehyde cycloaddition,!”>7%! starting from aldehyde 62 and acetyl chloride (63).

Scheme 1.2-16. Retrosynthetic analysis of southern hemisphere 55.

For the synthesis of the northern hemisphere 54, aldehyde 56 was obtained from alcohol 58
over eight steps with an overall yield of 12% (Scheme 1.2-17). The process commenced with
a Krische crotylation,P*®8 which afforded an excellent ee of 98% and a dr of 10:1. The
resulting alcohol was protected with TBS, and subsequent ozonolysis led to cleavage of the
double bond, yielding the primary alcohol 64. Protection of this primary alcohol with PMB,
followed by deprotection of another benzyl-protected primary alcohol, enabled a second
Krische crotylation at the opposite side of the molecule, affording alcohol 65. A second TBS

protection of the secondary alcohol and another ozonolysis then delivered aldehyde 56.
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OH ©OBn a)-c) OTBS d) - f) TBSO OH g)-h) TBSO OTBS
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51% H 47% : H 50% z z
58 64 65 56

Scheme 1.2-17. Synthesis of fragment 56, starting from 3-(benzyloxy)propan-1-ol (58). Conditions: a) (R)-
SEGPHOS-Ir (5 mol%), KsPO4 (1.10 equiv.), a-methyl allyl acetate (6.66 equiv.), THF/H:20, r.t., 30 min, then 70 °C,
72 h, dr >10:1, 98% ee; 82%; TBSCI (1.50 equiv.), imidazole (2.00 equiv.), DCM, r.t., 16 h, 90%; Os (1 atm),
DCM/MeOH, -78 °C, 20 min, then NaBHa4 (2.50 equiv.), r.t., 2 h, 70%; d) PMBTCAI (1.50 equiv.), CSA (3 mol%),
DCM, r.t., 7 h, 75%; e) 2,6-Lutidine (3.00 equiv.), Pd/C (10 mol%), 1-Me-CHD (10.0 equiv.), MeOH, 50 °C, 80%; f)
(S)-SEGPHOS-Ir (5 mol%), KsPOa4 (1.10 equiv.), a-methyl allyl acetate (5.00 equiv.), THF/H20, r.t., 30 min, then
70°C, 48 h, dr=5.3:1, 78%; g) TBSCI (2.00 equiv.), imidazole (3.03 equiv.), DCM, r.t., 16 h, 90%; h) Os (1 atm),
DCM, =78 °C, 10 min, then PPh3 (3.00 equiv.), =78 °C to r.t., 12 h, 56%.

Alkyne 57 was synthesized from alkyne 59 over eight steps with an overall yield of 8%
(Scheme 1.2-18). The sequence started with a Dess-Martin oxidation. Unlike previous cases,
elongation was not performed via Krische crotylation but instead through a classical Brown
crotylation,® yielding a remarkable dr of >20:1 and an ee of 87%. The resulting secondary
alcohol was MOM-protected to obtain alkyne 66. The olefin was then subjected to
electrophilic activation with IBr, introducing Taylor’s ether transfer,77-8% yielding iodomethyl
ether 67 with a dr >10:1. The alkyl iodide in 67 was converted into a C-OH bond via a radical

processi® and subsequently oxidized to aldehyde 68. Finally, a Julia-Kocienski olefination[®%-

651 with sulfone 69 provided alkyne 57.

a)-c) OMOM d)-e) ™SO 0O~
\\\/\/\ — 3 N — I
OH " 6% 56%
59 66 67
f)-g)
Ph 47%
N)N\ P h) ~
N TBSO O TBSO O
== nPr
N ,,S\\/\‘/ X %% nPr o~ X 2
00 69%
69 57 68

Scheme 1.2-18. Synthesis of fragment 57, starting from commercial available hex-5-yn-1-ol (59). Conditions: a)
DMP (1.51 equiv.), NaHCO3s (2.00 equiv.), DCM, r.t., 5 h, not purified, 84% crude; b) tBuOK (2.00 equiv.), cis-2-
butene (1.1 equiv.), THF, =78 °C, then —45 °C, 50 min, then (-)-Ipcz2BOMe (2.07 equiv.), BF3'Et20 (2.11 equiv.),
5-hexynal (1.00 equiv.), =78 °C, 11 h, then NaOHq,) (3 M, 1.67 equiv.), , H202 (35%, 3.48 equiv.), r.t., 1 h, then
reflux, 1 h, dr > 20:1, 87% ee, 76%; c) MOMCI (1.50 equiv.), DIPEA, DCM, 0 °C, 5 h, 72%; d) ICl (1.0 M in DCM,
1.22 equiv.), toluene, =80 °C, 2 h, then jProNH (1.50 equiv.), H>0 (1.25 equiv.), =80 °C to r.t., 40 min, not purified;
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e) 2,6-lutidine (3.00 equiv.), TBSOTf (2.00 equiv.), r.t., 2 h, 56%; f) AIBN (1 mol%), nBusSnH (1.99 equiv.), 02 (1
atm), hv, r.t.,, 24 h, then NaBH4(2.00 equiv.), 65%; g) DMP (2.00 equiv.), NaHCOs (2.0 equiv.), DCM, r.t., 2 h, 73%;
h) 69 (3.36 equiv.), KHMDS (1.0 m in THF, 3.36 equiv.), DME, HMPA, =78 °C, 1 h, then 68 (1.00 equiv.), —78 °C to
r.t., 3 h, 69%.

With both fragments, aldehyde 56 and alkyne 57, in hand, their coupling was achieved via a
nucleophilic attack of the deprotected alkyne 57 on aldehyde 56, affording alkyne 70 with a
dr of 7.8:1 (Scheme 1.2-19). Subsequent borylcupration8283! of 70, followed by oxidation of
the resulting vinyl boronate, led to the formation of a 8-hydroxy ketone. The free alcohol was
then benzyl-protected. To initiate spiroketalization, a desilylation was performed, inducing a
concomitant spiroketalization to afford fragment 72 with a dr of 4.7:1. Next, the epoxide was
formed in two steps, yielding a dr of 2:1, and the primary PMB group was removed, generating
primary alcohol 73. Oxidation, followed by Takai-Utimoto olefination,!#48%! afforded vinyl
iodide 74. A final Stille coupling!®’-8 generated vinyl boronate 54, completing the synthesis

of the northern hemisphere 54.

TBSO OTBS TBSO O
X

k R
) PinB / TBSO

87%

Scheme 1.2-19. Synthesis of northern hemisphere 54. a) 57 (2.50 equiv.), nBuli (1.6 M in hexanes, 2.48 equiv.),

THF, =78 °C to —30 °C, 1 h, then 56 (1.00 equiv.), =78 °C, 10 h, dr =7.8:1, 51%; b) MesCuCl (10 mol%), tBuONa

(15 mol%), PCys (12 mol%), B2Pin2 (1.19 equiv.), THF, 0 °C to r.t., then 70 (1.00 equiv.), MeOH (2.93 equiv.), 0 °C,

89%; c) NaBO3-4H0 (5.00 equiv.), THF/H20, 0 °C to r.t., 91%; d) BzOTf (5.00 equiv.), pyridine (10.0 equiv.), DCM,
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—78 °C, 30 min, then =78 °Cto r.t., 1 h, 77%; e) 71 (3.00 equiv.), MeOH/DCM, 0 °C to r.t., then 2,6-lutidine (3.00
equiv.), TBSOTf (2.00 equiv.), DCM, =78 °C to r.t., 30 min, dr = 4.7:1, 70%; f) K2COs (23.1 equiv.), MeOH, r.t., 24 h,
91%; g) NazHPO4 (50.0 equiv.), CF3COsH (1.0 M in DCE, 5.00 equiv.), DCE/THF, =78 °C to 0 °C, 16 h, dr = 2.0:1, 53%;
h) DMDO (0.35 m in acetone, 4.82 equiv.), acetone, 88%; i) NaHCO3(aq,) (4.71 equiv.), TEMPO (5 mol%), KBr (10
mol%), NaClO (1.7 m in H20, 2.35 equiv.), DCM, 89%; j) CrCl2 (9.84 equiv.), CHI3 (2.93 equiv.), THF, =10 °Cto r.t.,
10 h, 71%; k) nBusSn(CH=CH)BPin (3.03 equiv.), Pd(MeCN):Clz (10 mol%), DMF, 35 °C, 87%.

For the synthesis of the southern hemisphere, vinyl iodide 60 was obtained from aldehyde 62
over six steps with an overall yield of 29% (Scheme 1.2-20). The sequence began with a
Firstner Ni-catalyzed vicinal monoprotected diol formation!’%7% of aldehyde 62 and silyl ether
75, yielding alcohol 76 with a dr >20:1 and an ee of 69%. A Meerwein methylation®® followed
by ozonolysis afforded aldehyde 77. Marshall Pd-catalyzed propargylation!”>74 with alkyne 78
then vyielded alcohol 79 (dr >10:1). Finally, TBS protection of the secondary alcohol and
conversion of the alkyne moiety into vinyl iodide under Schwartz reagent treatment,

followed by iodination, yielded vinyl iodide 60.

PMBO
m a) TBSO ) g ™8SO Q
0 ___ ., PMBO : PMBO :

+ 67% ; g =
OTBS 0 72'"' 68% 77/0

= =
75 d | OMs
85%| — (
78

TBSO OTBS e)-f) TBSO OH

PMBO A x| PMBO A 4

\/\é/\/Y\/ 74% (:)

-~ 60 - 79

Scheme 1.2-20. Synthesis of fragment 60. Conditions: a) 75 (2.50 equiv.), Ni(cod)2 (10 mol%), (S)-VAPhos-NEt>
(10mol%), BEt3 (1.0 m in hexane, 1.50 equiv.), PhMe, r.t., 48 h, then phosphate buffer (0.1 m, pH 7.2, xs.), H202
(30%, xs.), dr >20:1, 79% ee, 69%; b) Me3OBF4 (2.00 equiv.), Proton-sponge® (3.00 equiv.), DCM, 0 °C, 2 h, 89%;
c) O3 (1 atm), DCM, =78 °C, 10 min, then PPhs (3.00 equiv.), =78 °C to r.t., 16 h, 76%; d) 78 (1.50 equiv.), Inl (2.20
equiv.), PPhs (10 mol%), Pd(dppf)Cl2:DCM (10 mol%), THF, HMPA, 0 °C, 2 h, dr >10:1, 85%; e) TBSOTf (2.00 equiv.),
2,6-lutidine (3.00 equiv.), DCM, 0 °C, tor.t., 3 h, 88%; f) Cp2ZrHCI (1.50 equiv.), THF, 0 °C, 2 h, then 1> (0.85 equiv.),
r.t., 2 h, 84%.

The second fragment 61, required for the synthesis of the southern hemisphere 55, was
synthesized over five steps with an overall yield of 26% (Scheme 1.2-21). A base-catalyzed

asymmetric ketene [2+2] cycloaddition7>7%] of acetyl chloride (63) and aldehyde 62 produced
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B-lactone 80, which was subsequently reduced. The resulting alcohol was TBS-protected,

yielding silyl ether 81. PMB deprotection and primary oxidation then afforded aldehyde 61.

O
PMBO O 0 a) pMBO O b) - ) TBSO OTBS d)-e) TBSO OTBS
U + | =~
c 53% 71% PMBO 68% ©

62 63 80 81 61

Scheme 1.2-21. Synthesis of aldehyde 61. Conditions: a) 62, O-TMS-quinidine (25 mol%), LiClO4 (50 mol%), DIPEA
(3.00 equiv.), 63 (2.30 equiv.), Et20/DCM, =78 °C, 18 h, 98% ee, 53%; b) LiALH4 (1.10 equiv.), THF, 0 °C, 2 h, 81%;
c) TBSOTF (2.00 equiv.), 2,6-lutidine (3.00 equiv.), DCM, 0 °C to r.t., 1 h, 88%; d) DDQ (1.50 equiv.), phosphate
buffer (0.1 m, pH 7.2, 10 mol%), DCM, r.t., 1 h, 85%; e) DMP (2.00 equiv.), NaHCOs (2.00 equiv.), DCM, r.t., 2 h,
78%.

The southern hemisphere 55 was synthesized over eight steps with a yield of 15% from the
two fragments, vinyl iodide 60 and aldehyde 61 (Scheme 1.2-22). These fragments were
coupled via a Nozaki-Hiyama-Kishi reaction!®®%° to produce olefin 83 (dr=4.3:1). The
secondary alcohol was then methylated via Meerwein methylation,® the primary PMB group
was deprotected using DDQ, the primary alcohol was oxidized to an aldehyde, and a Takai-
Utimoto olefination afforded vinyl iodide 84. Finally, selective deprotection of the primary TBS
group using CSA, oxidation to an aldehyde, and a subsequent Horner-Wadsworth-Emmons

reaction®% with phosphonate 85 yielded the southern hemisphere 55.

TBSO OTBS TBSO OTBS

PMBO\/\./'\/\(\/| + OW N
= H
_0

a) 0N N”70

60 61
65% — Y
PhPR
82
TBSO OTBS Q/ OTBS b) - e) TBS(:) QTBS QH OTBS

<-—— PMBO

OTBS
52%

~ 84 - 83
o o f)-h) P
P~ 44% TBSO OTBS O  OTBS O
TMSO V OFt © :
OEt ™
85 | OH

- 55

Scheme 1.2-22. Synthesis of the southern hemisphere 55. Conditions: a) 61 (1.00 equiv.), 60 (1.05 equiv.),
82 (10 mol%), Proton-sponge® (10 mol%), CrCl2 (4.9 equiv.), NiCl2 (5 mol%), DMSO, 0 °C, 16 h, dr = 4.3:1., 80%;
b) MesOBF4 (2.00 equiv.), Proton-sponge® (3.20 equiv.), DCM, 0 °C, 2 h, 94%; c) DDQ (1.80 equiv.), phosphate

buffer (0.1 m, pH 7.2, 30 mol%), DCM, 0 °C, 1.5 h, 78%; d) DMP (2.00 equiv.), NaHCOs (2.00 equiv.), DCM, r.t., 2
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h, 90%,; e) CrCl2 (10.0 equiv.), CHIz (3.00 equiv.), THF/dioxane, 0 °C, 6 h, 80%; f) CSA (1.00 equiv.), DCM/MeOH, —
30 °C to —20 °C, 2 h; g) DMP (2.00 equiv.), NaHCOs (2.00 equiv.), DCM, r.t., 2 h; h) 85 (3.00 equiv.), nBulLi (1.6 m
in THF, 3.00 equiv.), THF, =78 °C, 1 h, then 40 °C, 2 h, 44% over three steps.

The final assembly of the northern hemisphere 54 and southern hemisphere 55 commenced
with a Yamaguchi esterification,®4 followed by a Suzuki coupling®>°®! to close the
macrocycle (Scheme 1.2-23). A final global deprotection step then yielded neaumycin B (1),
completing the total synthesis by Chen et al. in 22 linear steps (LLS) with an overall yield of
0.04%.

a)-¢) 54
10%

Neaumycin B (1)

Scheme 1.2-23. Final coupling of the northern hemisphere 54 and southern hemisphere 55 to Neaumycin B (1).
Conditions: a) 55 (1.00 equiv.), 2,4,6-Cl3-BzCl (1.50 equiv.), NEts (1.50 equiv.), toluene, 0 °C to r.t., 2h, then 54
(1.00 equiv.), DMAP (1.00 equiv.), =20 °C, 5 h, 68%; b) Pd(PPhs)s (10 mol%), T12COs (30 mol%), H2O/THF, r.t., 5 h,
44%; c) 3HF-NEts (30 mol%), NEts/MeCN, r.t., 5 d, 35%.
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2 Motivation and Objective
2.1 Aim of the Project

Neaumycin B (1) is a highly complex natural product that presents a significant challenge for
total synthesis (Figure 2.1-1). Its structure comprises a large macrocyclic core, a spiroketal
subunit, and 19 stereogenic centers, making it an intriguing target for synthetic research. In
addition to its structural complexity, neaumycin B (1) exhibits notable antibacterial activity
and potent cytotoxicity against U87 human glioblastoma cells, one of the most aggressive
adult cancers, with an LDso value of 5.6 x 107 pg/mL.[1%11] These biological properties
underscore its relevance in medicinal chemistry and make it an attractive subject for further

investigation.

Neaumycin A (3) Ry=CH; Ry=
R.0 Neaumycin B (1) R=CH; R,=H
Neaumycin C (5) R4=H Ry

]
Py
0]
=H

Figure 2.1-1. Proposed structure of neaumycin B (1) by Fenical et al.*¥ includes stereochemical information,

whereas the structure of neaumycin A (3) and neaumycin C (5) by Simone et al.*% lacks stereochemical details.

A reliable total synthesis is necessary to provide access to neaumycin B (1) and its derivatives
in sufficient quantities for further biological studies. The aim of this dissertation is to develop
an efficient synthetic route to neaumycin B (1), while also designing the retrosynthetic
approach to allow for the synthesis of structurally related analogs, such as neaumycin A (3)

and neaumycin C (5).

A convergent synthetic strategy was chosen to enhance the flexibility and efficiency of the
synthesis. By constructing key fragments separately and coupling them at a later stage, this
approach offers advantages over a purely linear strategy, particularly in terms of overall yield
and modularity. This methodology is expected to facilitate the future synthesis of additional

derivatives with minimal adjustments.
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2 Motivation and Objective

Due to the structural complexity of neaumycin B (1), this project is being carried out in
collaboration with Christina Braun. While the completion of the total synthesis remains an
ambitious goal, all intermediate results contribute valuable insights into synthetic

methodology and the feasibility of accessing this class of natural products.
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3 Results and Discussion
3.1 Convergent Total Synthesis

Synthesizing a complex and structurally intricate molecule like neaumycin B (1) represents a
significant challenge due to the numerous synthetic steps required. As the molecular
complexity increases, so does the difficulty of controlling selectivity, regioselectivity, and
functional group compatibility. To address these challenges, a convergent total synthesis

approach is employed, offering several advantages over a traditional linear approach.

In a linear total synthesis, the construction starts from a simple precursor and proceeds step
by step until the target molecule is reached. However, as the synthesis progresses, the
molecule becomes increasingly complex, incorporating multiple functional groups that must
be selectively manipulated. While protecting group strategies can help manage this
complexity to some extent, they have inherent limitations—only a finite number of distinct
protecting groups exist, making it increasingly difficult to selectively modify only specific

functional sites.!?”]

50% 50% 50%
Linear A -~ B > C 2 Product
(12.5%)
50%
Convergent A > B .
50% Product
50% E (25.0%)

Scheme 3.1-1. Comparison of the linear and convergent total synthesis approaches, highlighting the advantages

of the convergent strategy.

Another major drawback of a linear approach is the impact on overall yield (Scheme 3.1-1). If
each step in a three-step sequence has a yield of 50%, the final product is obtained with an
overall yield of only 12.5%. In contrast, a convergent strategy divides the target molecule into
key fragments that are synthesized separately before being coupled in the final stages. Using
the same three-step example, if two intermediates (B and E) are synthesized separately and
later combined, the final yield improves to 25%, effectively doubling the efficiency compared
to the linear approach. This difference becomes even more pronounced in complex total

syntheses like that of neaumycin B (1), where multiple steps are required.
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3 Results and Discussion

Beyond improving yield and efficiency, a convergent approach also facilitates late-stage
derivatization.[®®! By assembling the molecule from well-defined building blocks, structural
modifications can be introduced more easily, enabling access to analogs and derivatives. This
is particularly relevant for neaumycin B (1), as several related natural products have been
isolated, making the ability to generate derivatives an important aspect of the synthetic
strategy. Given these advantages, a convergent approach is indispensable for the total
synthesis of neaumycin B (1), offering both practical benefits and broader applicability in

synthetic and medicinal chemistry.

3.2 Retrosynthetic Analysis

When embarking on a total synthesis, the first step is retrosynthetic analysis. The goal of this
process is structural simplification by strategically disconnecting the target molecule at key
functional groups to generate smaller, more manageable precursors, known as synthons. This
iterative process continues until the retrosynthesis leads to simple or commercially available
building blocks. Additionally, smaller known fragments can be identified in the literature,

allowing existing synthetic methods to be adapted accordingly.[®®-102]

Since retrosynthesis does not follow a strict right or wrong approach, multiple synthetic routes
are often possible. In the case of neaumycin B (1), key disconnections were made at the triene
unit, specifically between C17 and C20, as well as at the ester moiety at C1 (Scheme 3.2-1).
This strategy resulted in two major fragments: the southern fragment 86 and the northern
fragment 87. This dissertation focuses on the synthesis of the southern fragment 86, while
details on the retrosynthesis and synthesis of the northern fragment 87 can be found in the

dissertation of Christina Braun.[103!
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Scheme 3.2-1. Retrosynthetic analysis of neaumycin B (1), dividing it into northern fragment 87 and southern

fragment 86.

The final synthetic plan involves coupling both fragments using a Yamaguchi esterification, 104
followed by an intramolecular Stille coupling[0>1%! hetween the corresponding vinyl iodides,
utilizing (E)-1,2-bis(tributylstannyl)ethane (88) as the linker unit. A final global deprotection

would then yield the desired neaumycin B (1).

Given the structural complexity of the southern fragment 86, it was further divided into two
smaller fragments to exploit the advantages of a convergent total synthesis approach.
Specifically, the southern fragment 86 was fragmented into sulfone 89 and aldehyde 90, which

should be coupled via a Julia-Kocienski olefination to obtain the E-olefin.[1%7]

The synthesis of sulfone 89 was planned to originate from commercially available 3-butenol
(96, Scheme 3.2-2). The key steps include deprotection of silyl ether 91, followed by the
introduction of a phenyltetrazolylthiol group under Mitsunobu conditions, and an oxidative

transformation using H,0, to yield the corresponding sulfone 89.[108.109]
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Scheme 3.2-2. Retrosynthetic analysis of sulfon 89, outlining its synthetic strategy beginning with 3-butenol (96).

Furthermore, ester 91 is envisioned to be synthesized via a Grubbs metathesis reaction of
alkene 92 with methyl acrylate (93).[219 Alkene 92, in turn, is derived from benzyl ether 94
through a sequence involving deprotection, oxidation to the corresponding aldehyde,
followed by a Brown crotylation®® and subsequent TBS protection of the resulting secondary

alcohol.

The synthesis of benzyl ether 94 is planned to be achieved from diol 95. The key step involves
the primary TBS protection of the hydroxyl group, which enables a Meerwein methylation[®°

at the secondary alcohol, affording benzyl ether 94.

Diol 95, in turn, is envisioned to be synthesized from 3-butenol (96). The synthetic route starts
with benzyl protection of the hydroxyl group, followed by a non-stereospecific
epoxidation.[!1 The stereogenic center of diol 95 is then introduced via a hydrolytic kinetic

resolution (HKR), ensuring high enantiomeric purity.[12-115]

Additionally, aldehyde 90 is planned to be synthesized from the commercially available (R)-
Roche ester (101, Scheme 3.2-3). The synthesis begins with a hydroboration!*1¢! of alkene 97,
followed by oxidation of the resulting alcohol to the corresponding aldehyde. A subsequent
Takai-Utimoto reaction(®! converts the aldehyde into a vinyl iodide. The sequence continues
with the deprotection of the primary TBS group and oxidation of the resulting primary alcohol,

ultimately yielding aldehyde 90.
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Scheme 3.2-3. Retrosynthetic analysis of aldehyde 90, outlining its synthetic strategy beginning with (R)-Roche
ester (101).

Furthermore, a temporary TES protection of the primary alcohol in diol 98 enables selective
TBS protection of the secondary alcohol. The TES group is then selectively removed, followed
by oxidation to the corresponding aldehyde. A Brown allylation,['”! followed by Meerwein

methylation® of the resulting secondary alcohol, leads to allyl 97.

The synthesis of diol 98 is envisioned to proceed from allyl 99 through an asymmetric
dihydroxylation using AD-Mix.[*18 Allyl 99 itself is to be obtained from alcohol 100 via
oxidation to the corresponding aldehyde, followed by a Brown allylation®¥”! and protection of

the resulting secondary alcohol.

Finally, 100 would be derived from commercially available (R)-Roche ester (101). The synthetic
known sequence begins with TBS protection of the hydroxyl group, followed by reduction of

the ester to the corresponding alcohol.[11°]

This synthetic approach, based on a convergent strategy, not only enhances efficiency in

fragment assembly but also enables easier access to structural modifications.
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3.3 Implementation of the Retrosynthetic Analysis

3.3.1 Synthesis of Sulfone 89

Figure 3.3-1. Target molecule 89.

In this chapter the synthesis of the target molecule 89 is described (Figure 3.3-1). The initial
investigations of this dissertation focused on the deprotonation of 3-butenol (96) using NaH,
enabling its protection with BnBr (Scheme 3.3-1). This transformation was achieved in
guantitative yield on a deca-gram scale. The successfully synthesized benzyl ether 102 was

subjected to a classical epoxidation using mCPBA, ' affording epoxide 103, again on a deca-

gram scale.
) NaH, BnBr b) mCPBA OBn o
K/\ quant. K/\ quant. K/Q
102 103

Scheme 3.3-1. Synthesis of epoxide 103, starting from 3-butenol (96). Conditions: a) 96 (1.00 equiv.), NaH
(1.50 equiv.), BnBr (1.50 equiv.), THF, r.t., 18 h, quant.; b) 102 (1.00 equiv.), mCPBA (1.50 equiv.), DCM, 0 °C >

r.t., 3 h, quant.

With epoxide 103 in hand, the first key reaction of this dissertation was investigated. The goal
was to apply the Hydrolytic Kinetic Resolution (HKR) established by Jacobsen to achieve
enantioselective ring-opening. Using a chiral Co(lll)-salen complex, water is activated as a
nucleophile to promote a selective ring-opening reaction. The asymmetric hydrolysis results
in two distinct products: one enantiomer remains as an unreacted, enantiopure epoxide, while
the other is converted into an enantiopure diol via nucleophilic attack. As a consequence, the
maximum theoretical yield for each compound is 50% based on the starting material. Due to
their significantly different polarities, the resulting epoxide and diol can be efficiently
separated, either by distillation or column chromatography, ensuring the successful isolation

of both enantiomerically enriched compounds.[112-113]
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OBn (S,S)-Jacobsen cat.

HKR: K/<(’) Acetic acid
15%, 25% ee x

103
OBn OH
OH
OBn ) 95
AD-mix-f
SAD: 7

I\/\

102 65%), 45% ee

Scheme 3.3-2. Enantioselective synthesis of diol 95, achieved either through HKR from epoxide 103 or via SAD
from alkene 102. Conditions: HKR: (S,S)-Jacobsen cat. (0.01 equiv.), acetic acid (0.50 equiv.), toluene, r.t., 30 min
then 103 (1.00 equiv.), H20, r.t., 40 h, 15%; SAD: 102 (1.00 equiv.), methansulfonamide (1.00 equiv.), AD-Mix-f3,
H20, t-BuOH, r.t., 96 h. 65%.

Applying HKR to epoxide 103 by using (S,S)-Jacobsen cat. yielded diol 95 (Scheme 3.3-2).
However, the results were not satisfactory, with an enantiomeric excess of only 25% (detected
by HPLC). Such a low ee is unacceptable for the initiation of a total synthesis. As an alternative,

a different approach to setting the stereocenter was explored.

A logical next step was to explore the Sharpless Asymmetric Dihydroxylation (SAD), a syn-
dihydroxylation of an olefin using osmium tetroxide (OsQg) as the key oxidant. Due to the high
toxicity and cost of osmium, it is only employed in catalytic amounts. However, after OsO,4
adds to the olefin and forms the diol, the osmium species needs to be reoxidized to maintain
catalytic turnover. Therefore, an additional oxidant is used to continuously regenerate OsO,.
To achieve enantioselectivity, a chiral ligand, typically derived from cinchona alkaloids, is

introduced, directing the formation of the enantiopure product.[120-122]

To implement this approach, benzyl-protected alcohol 102 was subjected to AD-mix-68, leading
to the formation of diol 95. This strategy resulted in more than quadruple the yield and
significantly improving the ee to 45% (detected by HPLC). However, even this improvement

remained insufficient for the precise control required at the beginning of a total synthesis.

Consequently, a different approach was pursued, involving the construction of the
stereocenter from a commercially available chiral building block. Amino acids are particularly
suitable for this purpose, as they occur naturally in enantiopure form, are readily accessible
and cost-effective.['23] |-aspartic acid (104) was chosen as the starting material, following a

well-established sequence that allows its use as a general building block in total synthesis.[124
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O o}

NaNO,, H,SO,, KBr
HOJL%/AW(OH HOJLf/AW(OH
NH, O 62% Br O
104 105

Scheme 3.3-3. Synthesis of bromide 105. Conditions: 104 (1.00 equiv.), 6 M H2504 (5.00 equiv.), KBr (2.20 equiv.),
NaNO:2 (1.20 equiv.), H20, r.t., 2 h, 62%.

The first step in this sequence involves the replacement of the amino group with a bromine
atom to bromide 105 (Scheme 3.3-3). Notably, this transformation occurs with retention of
configuration due to a neighboring group effect.['?! The reaction proceeds via an initial
diazotization, where the amino group is converted into intermediate 106 and immediate to a
diazonium intermediate 107 (Scheme 3.3-4). This intermediate 107 undergoes nitrogen
elimination, leading to an intramolecular attack by one of the carboxylate groups, to form a

B-lactone 108 with inversion of configuration.

HOZC\/\COZH -H* HOZC\./\CC)zH

H H N
104\\—72N=O ((') 106
H ®H
&Hzo
HO,C
N ¥ ® COH Nz, H*
’ Hf P X
COZH o)
i
o M .
109 HO,C 108

Scheme 3.3-4. Bromination of L-aspartic acid (104).

The preference for B-lactone 108 formation is explained by lower ring strain compared to a
three-membered a-lactone 109 and is supported by computational data, which indicate a
lower activation barrier for 8-lactone 108 formation.[!26-128] The resulting intermediate is then
attacked by a bromide ion with again inversion of configuration, leading to ring opening of the
lactone and formation of the desired brominated product 105. This constitutes a double

inversion of configuration, thereby preserving the original stereochemical information.
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Next, the two carboxyl groups of 105 were reduced to the corresponding alcohols using
borane-dimethyl sulfide complex, yielding diol 110 (Scheme 3.3-5). Subsequently, an
intramolecular attack of the primary alcohol facilitated the formation of epoxide 111,
following a previously developed protocol employing cesium carbonate.*?°! Finally, benzyl
protection of the resulting alcohol afforded benzyl ether 112, all with remarkable efficiency—

achieving an overall yield of 97% over three steps.

o

a) BH;*DMS b) Cs,CO OH c) NaH, BnBr  OBn
HO™ ™ O T2 ho o T o ——— ©
B O quant. Br quant. 97%
105 110 111 112

Scheme 3.3-5. Synthesis of epoxide 111, beginning with carboxylic acid 105 and proceeding through bromide
110. Conditions: a) 105 (1.00 equiv.), BH3-DMS (4.00 equiv.), THF, =78 °C - r.t., 48 h, quant.; b) 110 (1.00 equiv.),
Cs2C03 (1.80 equiv.), DCM, r.t., 45 h, quant.; c) 111 (1.00 equiv.), NaH (2.00 equiv.), BnBr (1.50 equiv.), THF, r.t.,
4 h, 97%.

To obtain enantiomerically pure epoxide 112, four synthetic steps were required instead of
the initially planned two-step route starting from 3-butenol (96, see Scheme 3.2-2). The
original plan involved benzyl protection, epoxidation, and enantioselective opening via HKR.
However, the revised strategy delivered an enantiomerically pure epoxide in only two
additional steps while maintaining excellent yields. Furthermore, the entire process was

successfully conducted on a decagram scale.

Epoxide 112 was now subjected to ring opening to get diol 95 (Table 3.3-1). To retain the
stereocenter, a basic epoxide opening was required, following an Sn2 mechanism. In contrast,

an acidic epoxide opening would proceed via an Sx1 mechanism, leading to racemization.[3%

Detailed studies were conducted to optimize the basic epoxide opening. Initially, mild
conditions were tested using 1-2 equivalents of KOH with only water as solvent (entries 1-2).
However, no product formation was observed at temperatures ranging from room

temperature to 60 °C, Instead, only starting material was recovered.

The first successful conversion was achieved under harsher conditions. A strongly basic
environment was applied, along with a biphasic solvent system to improve substrate

solubility. tert-Butanol was chosen as the co-solvent due to its poor nucleophilicity, thereby
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3 Results and Discussion

preventing unwanted side reactions. Under these conditions, yields increased with

temperature up to 80 °C, but further heating (110 °C) led to decreased yields (entries 3-5).

Despite a yield of 68% under optimized conditions (entry 4), additional modifications were

explored to improve efficiency. Due to the high reaction temperatures, the use of additives

for epoxide activation was explored. Magnesium bromide ethyl etherate as a Lewis acid was

added to facilitate the ring opening. However, no conversion was observed at room

temperature (entry 6), and only trace amounts of product were detected at 70 °C (entry 7).

Table 3.3-1. Studies on the epoxide ring-opening of 112 to diol 95.

QBN O conditions OBn OH
T o, L o
112 95
Entry Solvent KOH Additive Temperature Time Yield
[equiv.] [°cl [h] [%]
1 H20 1.00 60 20 =
2 H20 2.00 r.t. 48 -
3 H.0/t-BuOH 50.0 60 18 45
4 H.0/t-BuOH 50.0 80 96 68
5 H.0/t-BuOH 50.0 110 48 37
6 H.0/t-BuOH 50.0 MgBr2-OEt: r.t. 1 -
7 H.0/t-BuOH 50.0 MgBr,-OEt2 70 20 traces
8 H.0/t-BuOH 50.0 MgBr2-OEt: 135 20 42
Methansulfonamide
9 H20/THF 50.0 80 96 23
10 H.O/THF 50.0 115 65 84

Compared to entry 3 and entry 4, which yielded 45% and 68% at 60 °C and 80 °C, respectively,

the use of this additive significantly worsened the outcome. Even at 135 °C with a phase-

transfer reagent, the yield remained at 42%, failing to offer any improvement (entry 8).
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Best results were achieved with changes in the solvent system from H,0O/t-BuOH to H,O/THF
(entries 9-10). Yields at 80 °C were slightly lower than in entry 4, further temperature
increases led to an improvement, unlike entry 5, where excessive heating had reduced yields.
Ultimately, an optimized yield of 84% was achieved, marking a significant enhancement of the

reaction conditions.

To ensure that these harsh conditions exclusively yielded the enantiomerically pure product,
the enantiomeric excess was determined via HPLC. The measured ee was 92%. Given that the
manufacturer specifies an ee higher than 96% for L-aspartic Acid, the slight decrease could be
attributed either to the harsh reaction conditions or to an inaccurate manufacturer
specification. However, since the result with an ee of 92% was considered more than

satisfactory, no further investigations were conducted.

Finally having diol 95 in hand, the primary alcohol could be selectively protected. Initial
investigations attempted selective protection of the primary alcohol using THP. The rationale
behind this approach was that the primary THP group could later be easily and selectively
removed in the presence of a secondary TBS group. However, only the doubly protected
product was isolated, even when the reaction was carried out at temperatures as low as —

50 °C.

As a result, an alternative approach was pursued, aiming to protect the primary alcohol with
TBS to get silyl ether 113 (Table 3.3-2). More extensive studies were conducted to optimize
the conditions. In the first two attempts (entries 1-2), TBS protection was performed using
TBSOTf with a slight excess (1.05 equiv.). This method was successful, and no significant
difference in yield was observed between reactions carried out at —=78 °C to r.t. or at 0 °C.

However, the yields were still deficient.

A significant improvement was achieved with freshly opened TBSOTf. This suggests that the
previously used TBSOTf had been exposed to moisture from the air, leading to partial
hydrolysis. As a result, the actual amount of active reagent was lower than the intended
1.05 equivalents. With freshly opened TBSOTY{, the yields improved to 49% at —78 °C and 55%
at 0 °C (entries 3-4). However, these results were still inadequate. Increasing the amount of
TBSOTf slightly to 1.10 or 1.15 equivalents did not further enhance the yield but led to an
increase in the undesired doubly protected product (entries 5-6).
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Since TBSOTf appeared to be too reactive, producing the doubly protected product even at
low temperatures, TBSCl was considered as a less reactive alternative. The first attempt with
TBSCI gave similar results to previous trials. However, a trend was observed: increasing the

equivalents of TBSCI led to improved yields (entries 8-9).

Table 3.3-2. Studies on the primary TBS protection of diol 95 to corresponding mono protected silyl ether 113.

OBn OH DCM OBn OH
o — = (_X_otss
95 113

Entry TBSOTf TBSCI Lutidine Temperature Time Yield
[equiv.] [equiv] [equiv.] [°C] [h] [%]
1 1.05 5.00 -78 ->r.t. 2.5 35[0
2 1.05 5.00 0 3.0 320
3 1.0518] 5.00 -78 1.0 49
4 1.0518] 5.00 0->r.t. 72 55[b!
5 1.10@ 10.0 -78->r.t. 20 44
6 1.15% 10.0 78 ->r.t. 16 46!
8 1.00 5.00 0->r.t. 1.0 41%
9 1.05 3.00 0->r.t. 22 55%
10 2.00 5.00 0->rt. 1.0 90!
11 1.50 5.00 0->r.t. 1.0 96%

o] Fresh opened TBSOTF.

b1 partially double protected.

A significant increase to 2.00 equivalents of TBSC| resulted in a 90% vyield of the mono-
protected alcohol with a short reaction time. However, traces of the doubly protected product
were also detected, indicating that either the TBSCI equivalents were too high or the reaction

time was too long.
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For optimization, the amount of TBSCl| was reduced to 1.50 equivalents and yielded in results
of 96% within a reaction time of 1 hour. No traces of the doubly protected alcohol were

observed and no further modifications were pursued.

The silyl ether 113 was transformed into methyl ether 94 by Meerwein methylation
(Scheme 3.3-6). Me3OBF,4 as an alternative to carcinogenic methyl iodide*3! has several

adavantaged, since it offers high reactivity, is non-volatile, and is not carcinogenic.[*%132

The reaction worked excellently on a small scale (quantitative yield) and remained highly

decent on a larger gram scale, achieving a yield of 73%.

_ ®
OBn OH Pm&’” Z";ane oBn 07
OTBS €305 4 oTBS
113 73% 94

Scheme 3.3-6. Methylation of alcohol 113 to corresponding methylated product 94. Conditions: 113

(1.00 equiv.), Proton—sponge® (5.50 equiv.), Me3OBF4 (5.00 equiv.), DCM, r.t., 6 h, 73%.

The benzyl-protected alcohol 94 needed to be deprotected to get alcohol 114 to allow further
fragment extension (Table 3.3-3). For this, a classical hydrogenation was employed,

specifically, a Pd/C reduction.

Table 3.3-3. Studies on the benzyl deprotection of benzyl ether 94.

- ~
Oin/(')\/OTBs —»MeOH CC/OK/OTBS
conditions
94 114
Entry 94 Pd/C Concentration p (H2) Time Yield
el [equiv.] (M] [bar] [h] [%]

1 0.1 0.1 0.1 1 24 quant.

2 2 0.1 0.1 1 120 57

3 13 0.1 0.1 1 64 traces

4 13 0.1 0.5 20 2 traces

5 13 0.1 0.5 40 19 6 (47 brsm)
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Good results were obtained on a small scale (entry 1). However, when scaled up to 2 g, the
yield dropped significantly to 57% (entry 2). On a decagram scale (entry 3), no satisfactory
results could be achieved. Increasing the hydrogen pressure to 20 bar by using an autoclave,
did not improve the outcome (entry 4). Further increasing the pressure to 40 bar and
extending the reaction time to 19 hours allowed product isolation, but also led to side
products, making complete recovery of the starting material impossible. Fortunately, thanks
to the large reaction scale (13 g), a sufficient amount of the primary alcohol could still be
isolated to proceed with fragment extension. Optimization of this process or an alternative
approach, such as modifying the protecting group, was planned for later, after successfully

establishing the intended synthetic route.

The primary alcohol 114 was then oxidized to the corresponding aldehyde 115 using a Parikh-

Dorring reaction (Scheme 3.3-7).

- -

OH O Parikh-Doering OI %
(_X_otss (X _otss
92%
114 115

Scheme 3.3-7. Parikh-Doering oxidation of alcohol 114 to the corresponding aldehyde 115. Conditions: 114
(1.00 equiv.), DIPEA (4.00 equiv.), DMSO (10.0 equiv.) sulphur trioxide pyridine complex (3.00 equiv.), DCM, 0 °C
->r.t., 1h, 92%.

To access aldehyde 115, the initial synthetic route required nine steps, yielding the target
compound with an overall efficiency of 35%. While this represents a reasonable yield, the
number of steps is quite high considering the relatively small size of the molecule. Therefore,
an alternative synthetic approach was explored to minimize the number of steps while

maintaining efficiency.

This revised strategy began with (2)-but-2-ene-1,4-diol (116, Scheme 3.3-8). A double TBS
protection afforded silyl ether 117 in quantitative yield on a decagram scale. The symmetrical
nature of silyl ether 117 allowed for its cleavage via ozonolysis, yielding two equivalents of
aldehyde 118. The key stereocenter was introduced through a Brown allylation,*” achieving
an enantiomeric excess of 86% with a satisfactory yield of 80%. Following the previously
established route, alcohol 119 was subjected to a Meerwein methylation, converting it into
methyl ether 120 in a respectable 78% yield. Finally, ozonolysis furnished aldehyde 115 in 97%

yield.
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_~_OH a) TBSCI, Imidazole ~_O0TBS )0, PPh, OI
- . —— 2 [ _orss

HO quant TBSO 73%
116 117 118

c) | Brown allylation
80%, ee=86%

d) Proton-sponge®

e -~ H
0 0 e) O, PPhy o Me;OBF, Q
M/OTBS - OTBS ~—" " M/OTBS
97% .
115 120 78% 119

Scheme 3.3-8. Alternative route for the synthesis of aldehyde 115, beginning with diol 116. Conditions: a) 116
(1.00 equiv.), Imidazole (4.00 equiv.), TBSCI (3.00 equiv.), DCM, 0 °C, 90 min, quant.; b) 117 (1.00 equiv.), O3 (xs.),
DCM/MeOH, -78 °C, 45 min, then PPhs (2.00equiv.), =78 °C > rt., 2h, 73%; c) (+)-B-
Methoxydiisopinocampheylboran (1.25 equiv.), allylmagnesium bromide (1.20 equiv.), Et20, 0 °C > r.t., 1 h, then
118 (1.00 equiv.), -78 °C, 2.5 h, then NaOH (xs.), H202 (xs.), reflux, 2 h, 80%, ee=86%; d) 119 (1.00 equiv.),
Me3OBF4 (2.00 equiv.), Proton-sponge® (2.00 equiv.), DCM, 0 °C->r.t., 72 h, 78%; €) 120 (1.00 equiv.), Oz (xs.),
DCM/MeOH, -78 °C, 15 min, then PPhz (1.50 equiv.), =78 °C->r.t., 2 h, 97%.

Compared to the initial nine-step sequence, this optimized route from diol 116 to aldehyde
115 required only five steps and achieved a higher overall yield of 44%, compared to 35% in
the original approach from L-aspartic (104) to aldehyde 115 (Scheme 3.3-9). Only a slightly

lower enantiomeric excess of 86% was observed (92% in the previous route).

-
0 9 steps o O 5 steps
OH _— I - = OH
NH, O 35% OTBS  44% HO
104 115 116

Scheme 3.3-9. Comparison of the two synthetic routes: starting from L-aspartic acid (104) to synthesize aldehyde

115 in 9 steps with a 35% yield, or beginning with diol 116 to obtain aldehyde 115 in 5 steps with a 44% yield.

To verify the stereocenter of 119 the absolute configuration was elucidated by Mosher ester
analysis, a widely used method for determining the absolute configuration of a secondary
alcohol 121 (Scheme 3.3-10). Mosher ester analysis involves the derivatization of a secondary
alcohol 121 into two diastereomeric esters by transformation with both enantiomers of
MTPA-Cl (a-methoxy-a-trifluoromethylphenylacetyl chloride), resulting in the formation of
two distinct diastereomeric esters, R-ester 122 and the S-ester 123. Both diastereomers

exhibit characteristic differences in their '"H NMR spectra.
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CF CF
o cl S ’ c” Y P H o
R, Ph' OMe R, Ph OMe Ry,
)\O CF3 - 2/, —_— o CF3
R o . ] OH L ) R R
! pt! ome  ((SH(*)-MTPA-CI) Ry (R)-(--MTPA-Cl) Ri o Yte
122 121 123

SSR - SS-ester _ SR-ester - positive - R1
58R = SS-ester _ BR-ester - negative - R2

Scheme 3.3-10. Mosher ester analysis of secondary alcohol 121.

To confirm the absolute configuration of alcohol 119, the S-ester 124 and R-ester 125 were
synthesized (Scheme 3.3-11). Analyzing the chemical shift differences between the S-ester
123 and the R-ester 122 (A5°F = §>ester — §R-ester) reveals insight into the stereochemistry of the
chiral center of the secondary alcohol. A positive shift indicates correspondence to the R;
residue, whereas a negative shift corresponds to the R; residue.!’33 The assignment of S or R

configuration to the stereocenter is based on the correlation

Ph ocH, Ph ocH;,
“'CF a9 b P CF
o) 3 )S/CFs )J\<CF3 0 3

7 ° P oM 7 o o) i
e Ph' OMe
_~_A~_otBs PR OMe otes  __PmOMe oTBS
125 ((S)-(+)-MTPA-CI) 19 ((R)-(--MTPA-CI) 124
(R-Ester) (S-Ester)

Scheme 3.3-11. Synthesis of (S)-ester 124 and (R)-ester 125 for Mosher analysis.!33 Conditions: a) 119
(1.0 equiv.), (S)-(+)-MTPA-CI (3.0 equiv.), pyridine (0.2 mL), r.t.,, 2 h, 38%; b) 119 (1.0 equiv.), (R)-(-)-MTPA-CI
(3.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 28%;

Comparison of their respective NMR data are shown in Table 3.3-4.

Table 3.3-4. Significant 1H NMR signals of 124 (S-Ester) and 125 (R-Ester) and their use in Mosher ester analysis.

MTPA
o)
1 M/OTBS
Atom 64 of 124 (S-Ester) 64 of 125 (R-Ester) ASSR = §S-ester _ gR-ester
[ppm] [ppm]
1 5.17-5.10 5.06-4.99 (+0.11)-( +0.11)
2 5.80 5.67 +0.13
3 2.52/2.43 2.42-2.29 (+0.10)-(+0.14)
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5 3.72-3.64 3.80-3.70 (—0.08)-(-0.06)

Mosher analysis confirms (R)-configuration of the stereogenic center. The aldehyde 115 was
then elongated in a Brown crotylation, resulting in anti-diol 126 in remarkable 82% vyield

(Scheme 3.3-12) with an excellent diastereomeric ratio of >20:1:1:1.

_ Brown _

OI o crotylation QH o
LA oms ———— oTBS
82%, dr>20:1:1:1 H
115 - 126

Scheme 3.3-12. Brown crotylation of aldehyde 115 to corresponding crotyl 126. Conditions: (Z)-Buten (127,
5.00 equiv.), KOtBu (1.30 equiv.), n-BuLi (1.30equiv.) THF, -40°C, 15min then (-)-B-
Methoxydiisopinocampheylboran (1.30 equiv.), =78 °C, 30 min then BFs*Et20 (1.35 equiv.), 115 (1.00 equiv.), —
78 °C, 2.5 h then NaOH (xs.), H202 (xs.), reflux, 1 h, 82%, dr >20:1:1:1.

The remarkable diastereoselectivity observed in the Brown crotylation reaction warrants a

more detailed discussion of its mechanism.

The first step of the Brown crotylation involves the in situ generation of the active boron
species 130 and 134 (Scheme 3.3-13). This step is generally performed in situ, as preformed
crotylboranes can undergo a borotropic rearrangement, leading to interconversion between

(2)- and (E)-crotyl species, thereby compromising the selectivity of the reaction. 134

. ®
n-BuLi K ©,0Me @®
KOtBu o Ipc,.BOMe IpczB/ K BF3*OEt,  Ipc,B
— THF =/ 7s°C \/w 78°C \/w
127 -45°C 128 129 130
®
n-BuLi K ©O0Me @
KOtBu Q) Ipc,BOMe Ipc2B\/\/K BF3*OEt,  |pc,B
N - - —_—
/ THF 78 °C -78 °C N
131 -78 °C 132 133 134

Scheme 3.3-13. A general approach for synthesising the active species 130 and 134, essential for the Brown

crotylation.”

Deprotonation of cis-butene (127) or trans-butene (131) with n-BulLi and KOtBu (Schlosser-
Base)[*3]in THF, forming organometallic species 128 and 132, which forms a Lewis-acid-base-

adduct with methoxydiisopinocampheylborane resulting in intermediates 129 or 133.
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Treatment with boron trifluoride etherate generates the active trialkylborane species 130 or

134, [136]

When the active species is introduced to an aldehyde, the stereselectivity can be explained by
a Zimmerman-Traxler transition state (Scheme 3.3-14). The presence of a chiral ligand, in this
case, either (+)- or (-)-Ipc, dictates the preferred transition state. Aldehyde residue R is located
in equatorial position to avoid the 1,3-diaxial interaction. In the lower transition states
(pathway A-B), steric interactions between the equatorial methyl group of the lower Ipc ligand
and the CH,-group of the crotyl unit render these configurations unfavorable. Consequently,
the upper transition states are preferred, leading to Si-face addition and the stereochemical
control of the resulting alcohols of products 135 and 136.

A B c D

(-)-IpcoB-(2)-crotyl (-)-lpc,B-(E)-crotyl (+)-lpc,B-(Z)-crotyl (+)-Ipc,B-(E)-crotyl

=5 L=

(
] R Y R

~ (Siface addition) ~ (Siface addition)
ks r % ks r Ik
2 H 2 H H Z
_ < =_B

R%?M @?M Réojj\% \//&M

H
s
B B "~ (Re face addition) "~ (Re face addition)
OH OH OH OH
135 136 137 138

Scheme 3.3-14. Explaining the four sterecisomers of the Brown crotylation through the transition states of the

aldehyde and the active boronic species 130 or 134 within the Zimmerman-Traxler transition state model.

In the case of (Z)-crotyl species 130 (Pathway A), the terminal CHs-group of the crotyl unit
adopts an axial position, favoring the formation of the syn-product 135. Conversely, when
employing (E)-crotyl species 134, the CHs-group is equatorial, resulting in the anti-product

136.
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Similarly, when the (+)-Ipc ligand is used, steric repulsion between the CH,-group of the crotyl
moiety and the equatorial methyl group of the upper Ipc ligand renders the upper transition
states unfavorable (pathway C-D). As a result, Re-face addition occurs, establishing the
stereocenter of the alcohol in products 137 and 138. The formation of the syn-product 137 is
observed when (Z)-crotylborane 130 is used, whereas employing (E)-crotyl leads to the anti-

product 138.

This methodology allows for the installation of two stereocenters in a single reaction. By
selecting the appropriate combination of reagents, all four possible sterecisomers can be

synthesized with high selectivity.[>%137.138]

Ph
Ph LOCH; o O _— \OCHj
oa)/ca/ CI)S/CFQ, P N CF, OR)\CF"/
? 9 Pt OMe on @ PR OMe ° 9
o~ OTBS _ OTBS OTBS
: ((S)-(+)-MTPA-CI) : ((R)-(-)-MTPA-CI) :
" 140 T 126 139
(R-Ester) (S-Ester)

Scheme 3.3-15. Synthesis of (S)-ester 139 and (R)-ester 140 for Mosher analysis.!!33 Conditions: a) 126
(1.0 equiv.), (S)-(+)-MTPA-CI (5.0 equiv.), pyridine (0.2 mL), r.t., 2 h, quant.; b) 126 (1.0 equiv.), (R)-(-)-MTPA-CI

(5.0 equiv.), pyridine (0.2 mL), r.t., 2 h, quant.

Analogously to the former approach, absolute configuration of 8-methylhomoallylic alcohol

126 was verified by Mosher ester analysis (Scheme 3.3-15).

Table 3.3-5. Significant 1H NMR signals of 139 (S-Ester) and 140 (R-Ester) and their use in Mosher ester analysis.

I\I/ITPA
o~

o
2 <
|M/OTBS

5 7
=

Atom 6n of 139 (S-Ester) 64 of 140 (R-Ester) ASSR = §S-ester — gR-ester
[ppm] [ppm]
1 5.03-4.89 5.10-5.04 (=0.15)-(~0.07)
2 5.68 5.82 -0.14
3 2.50 2.59 -0.09
4 - - -
8 0.97 1.04 -0.07
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5 1.78/1.66 1.70/1.62 +0.08/+0.04

6 3.63 3.52 +0.11

7 3.53-3.49/ 3.48/2.98 +0.02/+0.02
3.17-3.07

The differences observed in the '"H NMR spectra of the (S)- and (R)-MTPA esters 139 and 140
enabled the assignment of the absolute configuration, confirmed anti-configuration of diol

126 (Table 3.3-5). For further details, refer to Scheme 3.3-10 or the relevant literature.[133!

To confirm the absolute configuration of the methylhomoallylic alcohol 126, the double bond
was first cleaved via ozonolysis, followed by NaBH,4 reduction, yielding the corresponding 1,3-
diol 141 (Scheme 3.3-16). Subsequent acetonide protection of both hydroxyl groups afforded
acetonide 142.

~ ~ b) CSA >< -
OH © a) O3, NaBH; OH OH O 2,2-Dimethoxypropane oo o
o~ A oms ——— L _A_L_otss L_A_J_otss
: 66% : 88% :
- 126 - 141 - 142

Scheme 3.3-16. Synthesis of acetonide 142 to verify the stereo configuration of the methyl group. Conditions: a)
126 (1.00 equiv.), O3 (xs.), DCM/MeOH, -78 °C, 1 min, then NaBH4 (5.00 equiv.), =78 °C->r.t., 2 h, 66%; b) 141
(1.00 equiv.), CSA (0.01 equiv.), 2,2-dimethoxypropane (xs.), r.t., 1 h, 88%.

With both hydroxyl groups now protected as an acetonide, the chemical shift of the ketal
carbon provided insight into the conformation of the 1,3-diol (Figure 3.3-2). A ketal carbon
shift above 100 ppm indicates a twist-boat conformation (1,3 anti diol), while a shift below

100 ppm is characteristic of a chair conformation (1,3 syn diol). In this case, the ketal carbon

shift was below 100 ppm, confirming that the molecule adopts a chair conformation.[*39
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1.7 Hz Hax
JHGeq Héax — =11.4 Hz

JH6eq,H5eq =29 Hz
3JneaxHseq = 1.7 Hz
3JHSeq,H4ax =25Hz

3Jax.ax = 9-14 Hz
3Uaxeq  “Jeqeq = 2-5 Hz

Figure 3.3-2. Depicted is the chair conformation of 142 for verifying the 1,2 syn configuration.

Once the chair conformation was established, the coupling constants of the protons were
analyzed to determine whether the methyl group is positioned axially or equatorially. This
distinction ultimately allowed differentiation between the 1,2-syn configuration and 1,2-anti
configuration, depending on whether the methyl group occupies the axial or equatorial
position. The observed coupling constants confirmed an axial orientation of the methyl group,
as evidenced by a 3J coupling between H6.x and H5¢q of 1.7 Hz and a 3J coupling between H4ax
and H5¢q of 2.5 Hz. If the methyl group had been equatorial, a significantly larger coupling of
approximately 9-14 Hz would have been expected between H6.x and H5.y, as well as between
H4.x and H54x. Since no such large couplings were observed, the data conclusively confirmed

that the methyl group is in the axial position, establishing a 1,2-syn configuration.[24%

With 126 in hand, the hydroxyl group was TBS-protected, yielding the corresponding silyl enol
ether 92 (Scheme 3.3-17). The terminal alkene in 92 provided an excellent opportunity for
elongation via Grubbs metathesis.['1% This transformation was carried out using methyl

acrylate, successfully affording olefin 91 with an outstanding 97% vyield.

0
a)TBSOTf,  18s0 0o~ " . M~ o TBSO 0o
/\/\/K/OTBS 2/6-Lutidine : oes ——>— » N __A_X_oms
N DoAY
89% H Hoveyda-Grubbs-Il, :
126 92 97% o1

Scheme 3.3-17. Synthesis of olefin 91 via alcohol 126 protection to corresponding silyl ether 92 followed by a
Grubbs metathesis. Conditions: a) 126 (1.00 equiv.), TBSOTf (3.00 equiv.), 2,6-lutidine (10.0 equiv.), DCM,
0°C-r.t,, 2 h, 89%; b) 92 (1.00 equiv.), Hoveyda-Grubbs-II (0.07 equiv.), methyl acrylate (5.00 equiv.), toluene,
120°C, 20 h, 97%, E/Z >20:1.
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The next step involved the selective removal of the primary TBS group while ensuring that the
secondary TBS group remained intact to yield 143. For this purpose, a classical CSA

deprotection in DCM/MeOH was employed.

To prevent undesired cleavage of the secondary TBS group, a cautious approach at low
temperatures of -50 °C and -40 °C and catalytic amounts of CSA was employed (entries 1-2,
Table 3.3-6). First traces of the desired primary alcohol 143 appeared after 24 h at —30 °C
(entry 3). At —20 °C the reaction proceeded significantly faster with achieving 42% vyield after
6 h (entry 4). Notably, the brsm yield was quantitative, suggesting that further optimization

was possible.

Table 3.3-6. Primary deprotection of silyl enol ether 91 to primary alcohol 143.

o TBSO O DCM/MeOH o TBSO 0O
~ ' OTBS ——— >~ - OH
0 7 conditions © i
91 143
Entry CSA Temperature Time Yield
[equiv.] [°cl [h]

1 0.1 -50 72 -

2 0.1 -40 24 -

3 0.1 -30 24 traces

4 0.1 -20 6 42%

(quant. brsm)
5 0.5 0°C->r.t. 1.5 81%

An increase to 0.50 equivalents of CSA, a slow temperature increase from 0 °C - r.t. and a
shorter reaction time (1.5 h) successfully afforded the desired mono-deprotected alcohol 143
in 81% yield (entry 5). TLC analysis revealed an additional, more polar spot, indicating the
onset of double deprotection, which likely contributed to the yield not exceeding 81%. The
yield was considered decent and the minor byproduct observed on TLC was not further

investigated.
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Scheme 3.3-18. Mitsunobu reaction of primary alcohol 143 to thioether 144 and additional oxidation to sulfone

89.

Deprotected primary alcohol 143 was further modified by a Mitsunobu reaction.[1981%1 Finally,
primary alcohol 143 was converted into thioether 144 and subsequently oxidized to the
corresponding sulfone 89 (Scheme 3.3-18). The fragment was now fully prepared for a Julia-

Kocienski reaction with an aldehyde counterpart to form the E-olefin.[107]

3.3.2  Synthesis of primary alcohol 145

This chapter describes the synthesis of primary alcohol 145, which differs from sulfone 89,
discussed in the previous Chapter 3.3.1, by featuring a TBS-protected hydroxyl group at the
1,2-diol instead of a methoxy group (Figure 3.3-3).

O TBSO OTBS

\O)J\/\:/\/k/OH

145
Figure 3.3-3. Target fragment 145 for neaumycin C (5).

Fragment 145 is essential for the synthesis of neaumycin C (5, see Chapter 1.2.2).11% Following
the previously established synthetic route (see Chapter 3.3.1), the synthesis starts from diol
116 (Scheme 3.3-19). A double TBS protection afforded silyl ether 117, which was then

subjected to ozonolysis and a Brown allylation, yielding the known allyl 119.
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_~_OH a) TBSCI, Imidazole ~_O0TBS )0, PPh, OI
- . —— 2 [ _orss

HO quant TBSO 73%
116 117 118

c) | Brown allylation
80%, ee=86%

O OTBS e) O3, PPh; OTBS d) TBSCI, imidazole OH
oTBS ~——— - oTBS ~— M/OTBS
85% 93%
147 146 119

Scheme 3.3-19. Synthesis of aldehyde 147, beginning with diol 116. Conditions: a) 116 (1.00 equiv.), Imidazole
(4.00 equiv.), TBSCI (3.00 equiv.), DCM, 0 °C, 90 min, quant.; b) 117 (1.00 equiv.), O3 (xs.), DCM/MeOH, —78 °C,
45 min, then PPhz (2.00 equiv.), =78 °C = r.t., 2 h, 73%; c) (+)-B-Methoxydiisopinocampheylboran (1.25 equiv.),
allylmagnesium bromide (1.20 equiv.), Et20, 0 °C - r.t., 1 h, then 118 (1.00 equiv.), =78 °C, 2.5 h, then NaOH
(xs.), H202 (xs.), reflux, 2 h, 80%, ee=86%; d) 119 (1.00 equiv.), TBSCI (2.00 equiv.), imidazole (2.00 equiv.), DCM,
0°C->r.t., 2 h, 93%; e) 146 (1.00 equiv.), O3 (xs.), DCM/MeOH, =78 °C, 15 min, then PPhs (1.50 equiv.), =78 °C >
r.t., 2 h, 85%.

At this stage, instead of methylation as in the previous synthesis, the free hydroxyl group was
TBS-protected to silyl ether 146. Finally, following the same approach as before, the double

bond was cleaved to furnish the corresponding aldehyde 147.

Aldehyde 147 was elongated by Brown crotylation to obtain homoallylic alchohol 148
(Scheme 3.3-20). In higher gram scales the reaction showed poor diastereoselectivity

(dr =3:1). Smaller scales improved the selectivity to approximately 5:1.

In comparison to sulfone 89 (see Chapter 3.3.1), the diminished selectivity might causey by

the bulky TBS-ether at the B-position.

Brown
O OTBS crotylation OH OTBS

otes ————> . _~_J\_otss
75%, dr=31 7
147 S 148

Scheme 3.3-20. Brown crotylation of aldehyde 147 to corresponding alcohol 148. Conditions: (Z)-Buten (127,
5.00 equiv.), KOtBu (1.30 equiv.), n-BuLi (1.30equiv.) THF, -40°C, 15min then (-)-B-
Methoxydiisopinocampheylboran (1.30 equiv.), =78 °C, 30 min then BFs-Et.0 (1.35 equiv.), 147 (1.00 equiv.), —
78 °C, 2.5 h then NaOH (xs.), H202 (xs.), reflux, 1 h, 75%, dr = 3:1.

Nevertheless, the diastereomers could be efficiently separated via HPLC in later stages. Since

this fragment primarily served to demonstrate the flexibility of the synthetic route, confirming
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that all neaumycin derivatives could be accessed, no further efforts were made to optimize

the reaction's selectivity at this stage.

To confirm absolute configuration, a Mosher analysis was performed. S-MTPA ester 149 and
R-MTPA ester 150 were synthesized analogously to previous approaches (see Chapter 3.3.1)
from alcohol 148 (Scheme 3.3-21).

Ph Ph
LOCH, o O b O OCHj
o= CFs o CFs CFs o= ©Fs
o oTBS g OH OTBS cI” 3 o oTBS
: Pt OMe : PR OMe :
_ oTBS _ otBs — 25, _A__oTBs
: ((S)-(+)-MTPA-CI) : ((R)-(-)-MTPA-CI) :
150 148 149
(R-Ester) (S-Ester)

Scheme 3.3-21. Synthesis of (S)-ester 149 and (R)-ester 150 for Mosher analysis.[*33 Conditions: a) 148
(1.0 equiv.), (S)-(+)-MTPA-CI (5.0 equiv.), pyridine (0.2 mL), r.t., 2 h, quant.; b) 148 (1.0 equiv.), (R)-(-)-MTPA-CI
(5.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 73%.

The differences observed in the '"H NMR spectra of the (S)- and (R)-MTPA esters 149 and 150
enabled the assignment of the absolute configuration (Table 3.3-7). For further details, refer

to Scheme 3.3-10.'331 The Mosher ester analysis confirmed (R)-configuration.

Table 3.3-7. Significant 1H NMR signals of 149 (S-Ester) and 150 (R-Ester) and their use in Mosher ester analysis.

MTPA
O OTBS
NN OTBS
Atom 6n of 149 (S-Ester) 6n of 150 (R-Ester) ASSF = §S-ester — gR-ester
[ppm] [ppm]
1 4.99-4.87 5.08-5.00 (=0.09)-(—0.13)
2 5.66 5.77 -0.11
3 2.54 2.66-2.58 (—0.12)-(-0.04)
4 - - R
8 0.99 1.03 —-0.04
5 1.90/1.56 1.83/1.54 +0.07/+0.02
6 3.65 3.59-3.54 (+0.06)-(+0.11)
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7 3.55-3.53/ 3.51-3.47/ (+0.04)-(+0.06)/
3.32 3.30 +0.02

Homoallylic alchohol 148 was TBS-protected and silyl ether 151 was subsequently elongated
with methyl acrylate via a Hoveyda-Grubbs-Il catalyzed metathesis to yield olefin 152

(Scheme 3.3-22) in high yields (86% and 80%).

0O

b
OH OTBS a)TBSOTf,  1Bso  OTBS N = O TBSO OTBS
= 2,6-Lutidine H OTBS (0] H oTBS
_ OTBS N - T NN
H 86% H Hoveyda-Grubbs-l, :
148 151 80% 152

Scheme 3.3-22. Synthesis of olefin 152 via alcohol 148 protection to corresponding silyl ether 151 followed by a
Grubbs metathesis. Conditions: a) 148 (1.00 equiv.), TBSOTf (3.00 equiv.), 2,6-lutidine (10.0 equiv.), DCM,
0°C-r.t,, 2 h, 86%; b) 151 (1.00 equiv.), Hoveyda-Grubbs-Il (0.03 equiv.), methyl acrylate (5.00 equiv.), toluene,
120°C, 20 h, 80%, E/Z >20:1.

The final step involved primary TBS ether cleavage of silyl ether 152 (Scheme 3.3-23).

Analogously to the synthesis of 143, CSA was employed under the previously optimized

reaction conditions (Table 3.3-6).

0] TBSO OTBS A o) TBSO OTBS o) TBSO OH

cs
: +
~ PN OTBS — > ~ _ OH ~ _

= 152 = 145, 25% = 153,32%

OH

Scheme 3.3-23. Deprotection of silyl ether 152, yielding primary alcohol 145 and 1,2 deprotected compound 153.
Conditions: 152 (1.00 equiv.), CSA (0.50 equiv.), DCM/MeOH, 0 °C, 30 min, then = r.t., 3 h, 145 (25%), 153 (32%).

Compared to the previous fragment 91, the deprotection proved to be more challenging (see

Chapter 3.3.1).

The desired product 145 was successfully isolated with 25% yield and the undesired 1,2-
deprotected byproduct 153 was obtained in a higher yield of 32%. This suggests that the

previously optimized conditions were not directly applicable to this particular substrate.

Nevertheless, this demonstrated the accessibility to fragment 145 by using the previously
described steps. The primary alcohol can be functionalized as needed, depending on the

chosen coupling strategy for the next fragment.
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3.3.3  Synthesis of Aldehyde 154

This chapter outlines the synthesis of aldehyde 90, a key precursor for coupling with the
previously synthesized sulfone 89 (see Chapter 3.3.1) via a Julia-Kocienski reaction to generate

the corresponding E-olefin.

However, due to a copying error, the synthesis was initially conducted based on the incorrect

scaffold 154, resulting in the formation of the wrong diastereomer.

TBSO OTBS TBSO OTBS
07 N 07 NN
= /O = /O
90 154
original structure incorrect scaffold

Figure 3.3-4. Depicted is the target fragment 90 and the incorrect scaffold 154 whose synthesis is discussed in

this chapter.

The fragment synthesis of 154 starts from commercially available (R)-Roche ester (101),

already including the asymmetric methyl group, and was elongated by an allylation reaction.

Initial attempts to perform a direct Krische allylation**! resulted in complete lack of selectivity
(dr = 1:1). The methyl group in a-position may interfered sterically and causes no

stereoselectivity.

As an alternative, the free hydroxyl group of (R)-Roche ester (101) was TBS-protected to silyl
ether 155 (Scheme 3.3-24). Intermediate 155 was converted into Weinreb amide 156 in
excellent yield (96%).1*4% DIBAL-H reduction of Weinreb amide 156 finally furnished aldehyde
157 without further reduction to the corresponding alcohol 100. With an overall yield of 70%
for three steps, this sequence was decent, but considering these as initial steps of the

fragment synthesis, improvement was necessary.

For optimization, ester 155 was fully reduced to alcohol 100 using DIBAL-H, followed by a
Parikh-Doering oxidation to afford aldehyde 157.1143] Both reactions proceeded with yields

exceeding 90% on a multi-decagram scale.

An alternative approach was also tested, attempting a direct DIBAL-H reduction of ester 155

to aldehyde 157. Cooling issues at bigger scale (multi-decagrams) led to a mixture of alcohol
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100 and aldehyde 157. Since the reaction vessel was only cooled externally, the actual

temperature inside the flask may have been higher, leading to over-reduction to alcohol 100.

b) i-PrMgCl
 nidazols i HOT O i ) DIBAL-H i
Imidazole C -
.0
HO/\:)J\O/ TBSO/\:)J\O/ TBSO/\:)J\N ~ — TBSO/\:)
H quant. H 96% H | 73% :
101 155 156 157
OH
d) DIBAL-H e) Parikh-Doering
TBSO™ ™
94% : 93%
100

Scheme 3.3-24. Synthesis of aldehyde 157. Conditions: a) 101 (1.00 equiv.), TBSCI (1.50 equiv.), imidazole
(1.50 equiv.), DCM, 0 °C->r.t., quant; b) 155 (1.00 equiv.), i-PrMgCl (4.00 equiv.), N,O0-dimethylhydroxylamine
(2.00 equiv.), THF, 0°C, 2 h, 96%; c) 156 (1.00 equiv.), DIBAL-H (1.50 equiv.), DCM, =78 °C, 2.5 h, 73%; d) 155
(1.00 equiv.), DIBAL-H, (3.00 equiv.), DCM, -78 °C, 2.5 h, 94%; e) 100 (1.00 equiv.), DIPEA (4.00 equiv.), DMSO

(10.0 equiv.), sulfur trioxide pyridine complex (3.00 equiv.), DCM, 0 °C-r.t., 1 h, 93%.

As previously mentioned, aldehyde 157 was elongated via a Brown allylation,*'”! yielding
corresponding homoallylic alchohol 158 in high vyield (78%, Scheme 3.3-25). The
diasteroselectivity (dr = 14:1) was consistent with previous Brown allylations (see

Chapter 3.3.1), achieving a diastereoselectivity of 14:1.

OH

O
| Brown allylation /\/‘\/\
TBSO/\) —— TBSO X

z 78%, dr=14:1 z
157 158

Scheme 3.3-25. Brown allylation of aldehyde 157 to the corresponding allyl 158. Conditions: allylmagnesium
chloride (1.20 equiv.), (-)-B-Methoxydiisopinocampheylboran (1.25 equiv.), Et0, 0°C, 45 min, then 157
(1.00 equiv.), =78 °C, 1.5 h, then NaOH (xs.), H202 (xs.), reflux, 1.5 h, 78%, dr = 14:1.

Stereoconfiguration of alcohol 158 was confirmed by transformation with MTPA-CI,

analogously to previous approaches (Scheme 3.3-26).
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Ph Ph
L0CH; o O o O \OCHj
o= ©Fs CFs CFs o=( CFs
o) o OH CI7 3 o)
/\)\/\ <—Ph oMe /\/k/\ _Fm N, /\)\/\
N _ N N
TBSO™ (SH-(+H-MTPA-Cl)  1BSO" T ((R-(--MTPA-Cl) 1BSO" %
160 158 159
(R-Ester) (S-Ester)

Scheme 3.3-26. Synthesis of (S)-ester 159 and (R)-ester 160 for Mosher analysis.[*33 Conditions: a) 158
(1.0 equiv.), (S)-(+)-MTPA-CI (3.0 equiv.), pyridine (0.2 mL), r.t.,, 2 h, 37%; b) 158 (1.0 equiv.), (R)-(-)-MTPA-CI
(3.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 27%.

The differences in the 'TH NMR spectra of the (S)- and (R)-MTPA esters 159 and 160 enabled
the assignment of the absolute configuration (Table 3.3-8).[133! Evaluation confirmed (S)-

configuration of the hydroxy function.

Table 3.3-8. Significant 1H NMR signals of 159 (S-Ester) and 160 (R-Ester) and their use in Mosher ester analysis.

I\IIITPA
O

TBSOM’

5

3=

Atom 6n of 159 (S-Ester) 64 of 160 (R-Ester) ASSF = §S-ester — gR-ester
[ppm] [ppm]
1 3.60-3.53 3.51-3.46/3.41 (+0.09)-(+0.07)/

(+0.19)-(+0.12)

2 2.04 2.05-1.96 (-0.01)-(+0.08)

3 0.94 0.89 +0.05

4 ; ) }

5 2.52-2.41/ 2.55-2.48/ (-0.03)-(-0.07)/
2.33 2.40 -0.07

6 5.71-5.58 5.80 (-0.09)-(-0.22)

7 5.04-4.96 5.16-5.08 (-0.12)-(-0.12)

Alcohol 158 was TBS-protected by using TBS triflate, yielding the corresponding silyl ether 99
in 76% yield (Scheme 3.3-27). An attempt to perform a Sharpless asymmetric dihydroxylation
(SAD) on olefin 99 to obtain directly the desired 1,2-diol moiety proved unsuccessful. This was

tested in a preliminary experiment and is therefore not discussed in further detail. However,
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the reaction exhibited almost no selectivity, producing a near 1:1 mixture of diastereomers

when using the AD-mix.

OH a) TBSOTf, OTBS b) Ozonolysis, TBSO O
/\/V\/\ 2,6-lutidine /\/k/\ PPh; W
TBSO : N TBSO ; X TBSO -
= 76% z quant. z
158 99 161

Scheme 3.3-27. TBS protection of alcohol 158 to silyl ether 99 and subsequent ozonolysis to aldehyde 161.
Conditions: a) 158 (1.00 equiv.), TBSOTf (2.00 equiv.), 2,6-lutidine (4.00 equiv.), DCM, 0 °C->r.t., 45 min, 76%; b)
99 (1.00 equiv.), Oz (xs.), DCM/MeOH, -78 °C, 90 min, then PPhs (1.50 equiv.), =78 °C->r.t., 2 h, quant.

Ozonolysis afforded aldehyde 161, which was now ready for further elongation reaction.

Since the planned asymmetric dihydroxylation (SAD) was unsuccessful, an alternative
approach was required. A Carreira reaction was selected, enabling the asymmetric addition of

alkynes to aldehydes using N-methylephedrine as the chiral auxiliary.

In this case, aldehyde 161 was elongated using (1R,25)-(-)-N-methylephedrine and 1-pentyne,
yielding alkyne 162 with a decent yield of 67% and an outstanding diastereoselectivity
(dr>20:1, Scheme 3.3-28).

Zn(OTf),, NEt3,
1-pentyne

_—

67%, dr>20:1
161 162

™SO O TBSO  OH

TBSO™ ™

TBSO : %

Scheme 3.3-28. Carreira’s asymmetric addition of 1-pentyne to aldehyde 161. Conditions: NEts (2.40 equiv.),
Zn(OTf)2 (2.20 equiv.), (1R,2S)-(-)-N-methylephedrine (2.40 equiv.), toluene, r.t., 2h, then 1-pentyne
(2.40 equiv.), r.t., 15 min, then 161 (1.00 equiv.), 2 h, 67%, dr >20:1.

Confirmation of the newly generated stereogenic center was performed by Mosher analysis

(Scheme 3.3-29).

58



3 Results and Discussion

TBSO OH
a) e b)
o] o)
CF 7880 : N CF
cl 3 - 162 c” Y P
Ph OMe Ph OMe
((S)-(+)-MTPA-CI) ((R)-(-)-MTPA-CI)
Ph_ _OCH; Ph__.OCH;
o "“CF,4 o CF,
TBSO O TBSO O
TBSO™ ™ N TBSO™ ™ N
: 164 163
(R-Ester) (S-Ester)

Scheme 3.3-29. Synthesis of (S)-ester 163 and (R)-ester 164 for Mosher analysis.!33 Conditions: a) 162
(1.0 equiv.), (S)-(+)-MTPA-CI (5.0 equiv.), pyridine (0.2 mL), r.t.,, 2 h, quant; b) 162 (1.0 equiv.), (R)-(-)-MTPA-CI

(5.0 equiv.), pyridine (0.2 mL), r.t., 2 h, quant.

The differences observed in the 'TH NMR spectra of the (S)- and (R)-MTPA esters 163 and 164

confirmed (S)-configuration (Table 3.3-9).0133]

Table 3.3-9. Significant 1H NMR signals of 163 (S-Ester) and 164 (R-Ester) and their use in Mosher ester analysis.

MTPA
TBSO O

Atom 6n of 163 (S-Ester) 6n of 164 (R-Ester) ASSF = §S-ester — gR-ester
[ppm] [ppm]

1 3.48/3.35 3.53/3.43 -0.05/-0.08

2 1.85 1.94-1.90 (-0.09)-(-0.05)

3 0.86 0.90 -0.04

4 3.80-3.70 3.90 (-0.10)-(-0.20)

5 2.04/ 2.06/ -0.02/
1.85 1.90-1.88 (-0.05)-(-0.03)

6 - - }

7 - = ;

8 - - ;

9 2.21 2.17 +0.04
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10 1.55-1.48 1.49 (+0.06)-(-0.01)

11 1.00-0.93 0.95 (+0.05)-(-0.02)

For flexible functionalization in later stages, alcohol 162 was protected as TES ether

(Scheme 3.3-30).

In the case of neaumycin B (1), this hydroxyl group remains free, whereas in neaumycin A (3),
it is ultimately converted into a mesaconic acid ester moiety (see Chapter 2.1).To ensure
compatibility with both pathways, TES was selected as the protecting group, as it can be
selectively removed later in the synthesis without affecting the other primary and secondary
TBS groups, thus allowing for the introduction of the ester functionality when required. An
attempt was also made to use a PMB group instead of the TES group, as it can also be

selectively cleaved. However, this approach did not yield promising results.

TBSO OH TBSO  OTES
/\/k/f\/\a) TESCI, imidazole W\/\
TBSO™ ™ N TBSO™ ™ N
: S 92% : S
162 165

b.1) | Lindlar catalyst,
quinoline, H,

b.2) | O3, NaBH4
62%, 2 steps

) TBSO  OTES ) . TBSO  OTES
d) Brown allylation H c) Parikh-Doering B
TBSO/M - TBSOM
: 0 93% H OH
167 166
TBSO OTES
8BS0 ANF
“1es O

Scheme 3.3-30. Synthesis of aldehyde 167. Conditions: a) 162 (1.00 equiv.), TESCI, (2.00 equiv.), imidazole
(4.00 equiv.), DCM, 0 °C->r.t., 2 h, 92%; b.1) 165 (1.00 equiv.), Lindlar catalyst (Pd-600%), quinoline (0.20 equiv.),
H2 (xs.), hexane, r.t., 16 h, filtered over ceIite®, then Oz (xs.), DCM/MeOH, -78 °C, 30 min, then NaBHa
(5.00 equiv.), -78 °C->r.t., 2 h, 62%; c) 166 (1.00 equiv.) DIPEA (4.00 equiv.), DMSO (10.0 equiv.), sulfur trioxide
pyridine complexe (3.00 equiv.), DCM, 0 °C->r.t., 30 min, 93%.

The TES protection of 162 proceeded with high yield (92%), affording silyl ether 165. A
subsequent Lindlar reduction converted the alkyne to its corresponding alkene, which was

subsequently cleaved in an ozonolysis, furnishing primary alcohol 166 in 62% yield over two
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steps. Parikh-Doering oxidation of primary alcohol 166 successfully generated aldehyde 167.
Attempts to achieve a direct ozonolysis of alkyne 165 to aldehyde 167 were only in a small
scale possible. Unfortunately, the subsequent Brown allylation at aldehyde 167 to allyl 168

also proved unfeasible.

Given the low atom economic efficiency of the Carreira reaction, which involves attaching a
pentynyl group only to later remove it through ozonolysis, and the unsuccessful Brown
allylation from aldehyde 167 to homoallylic alcohol 168, the synthetic route required
reconsideration. The strategy was therefore revised, returning to aldehyde 161, the step

preceding Carreira’s asymmetric addition of alkynes to aldehydes (Scheme 3.3-28).

An alternative strategy involved a Brown alkoxyallylation, enabling the direct conversion of
aldehyde 161 to alkoxyallyl 169 (Scheme 3.3-31).144 With a moderate yield of 58%, the
reaction exhibited excellent diastereoselectivity (dr >20:1). This step introduced two
stereocenters and incorporated a methoxy group in a single transformation. Compared to the
previous strategy, which required six steps (Scheme 3.3-30), this method provided a more

concise and efficient route, which significantly streamlined the synthesis.

1. s-BuLi, 3-methoxy-1-propene
2. (+)-B-Methoxydiisopinocampheylboran

TBse @ 3. BF5*OEty, x91y TBSQ  OH
TBSO™ ™ TBSO™ ™ TN
: 4.NaOH, H,0,, : 5
~N
161 58%, dr >20:1 169

Scheme 3.3-31. Brown alkoxyallylation of aldehyde 161 to corresponding alkoxyallyl 169. Conditions: s-BulLi
(1.30 equiv.), 3-methoxy-1-propen (1.50 equiv.), THF, -78 °C, 10 min, then (+)-B-
Methoxydiisopinocampheylboran (1.30 equiv.), 30 min, then BFs*OEt2 (1.35 equiv.), 161 (1.00 equiv.), 2 h, 58%,
dr>20:1.

The stereoselectivity of the alcohol, previously described in the Brown crotylation, applies
similarly to this reaction (see Scheme 3.3-14). In the Brown crotylation, the observed syn- or
anti-selectivity was attributed to the choice of either cis- or trans-buten as the starting
material (see Scheme 3.3-13). However, in the alkoxyallylation exclusively the syn product is
obtained. This can be explained by the deprotonation of 3-methoxy-1-propene (170), where
coordination of the lithium atom to the oxygen results in the formation of organolithium
compound 171 (Scheme 3.3-32). This coordination enforces cis selectivity in the double bond,

stabilizing its conformation and leading to the formation of cis compound 172 upon the

61



3 Results and Discussion

addition of Ipc;BOMe, which is then activated by BFs-OEt,, yielding 173. The syn-selectivity
observed in the alkoxyallyltion is now identical to that of the Brown crotylation, as a result of

the formation of the cis-species 173.

©0Me 0GB
s-BuLi (\ Ipc,BOMe  Ipc,B BF;*OEt, PC2
o, — > - . N
/\/ ~N Li---O \ \/w
THF, -78°C ! ~ -78 °C -78 °C o
170 171 172 O 173\

Scheme 3.3-32. Deprotonation of 3-methoxy-1-propene (170) vyielded organolithium compound 171.
Subsequent addition of Ipc,BOMe led to species 172, which can be activated using BFs-OEt, to form active species

173.

Mosher analysis was performed for absolute stereochemistry elucidation. To achieve this, S-

MTPA ester 169a and R-MTPA ester 169b were synthesized from alcohol 169 (Scheme 3.3-33).

a) © b)

o)
CF CF
Ph CI)S./ 3 CI)J\_( 3 Ph  oCH;,

OCHs PH OM PR OM
O:‘g/"CF3 © TBSO e o CF,

OH
TBSO O {SHMTPACD TBSOM ((R-O-MTPA-CD TBSO 0
TBSO ; . 7N : 169 6\ TBSO : i\
" eep O™ 169 O
(R-Ester) (S-Ester)

Scheme 3.3-33. Synthesis of (S)-ester 169a and (R)-ester 169b for Mosher analysis.'33 Conditions: a) 169
(1.0 equiv.), (S)-(+)-MTPA-CI (2.0 equiv.), pyridine (0.2 mL), r.t.,, 2 h, 62%; b) 169 (1.0 equiv.), (R)-(-)-MTPA-CI
(2.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 27%.

The differences observed in the 'TH NMR spectra of the (S)- and (R)-MTPA esters 169a and 169b

confirmed (S)-configuration (Table 3.3-10).[133]
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Table 3.3-10. Significant 1H NMR signals of 169a (S-Ester) and 169b (R-Ester) and their use in Mosher ester

analysis.
I\I/ITPA
TBSO C_)
TBSO™ N NN
= (')\
Atom &4 of 169a (S-Ester) 6+ of 169b (R-Ester) DGR = §Sester — GR-ester
[ppm] [ppm]
1 3.39/ 3.48/ -0.09/
3.22-3.18 3.37-3.33 (-0.15)-(~0.15)
2 1.75 1.86-1.80 (-0.11)-(~0.05)
3 0.81 0.85-0.83 (-0.04)-(-0.02)
4 3.62-3.59 3.78 (-0.16)-(-0.19)
5 1.70-1.64/ 1.73-1.63 (-0.03)-(~0.07)
1.60-1.56
6 - _ )
7 3.64-3.62 3.60-3.57 (+0.04)-(+0.05)
8 5.62 5.55-5.48 (+0.07)-(+0.14)
9 5.36-5.33/ 5.26-5.23/ (+0.10)-(+0.10)/
5.28 5.16 +0.12

The relative syn-orientation of the OH and OMe groups was assigned based on the expected
simple diastereoselectivity of the Z-configured boron reagent 173 (Scheme 3.3-32) and was
further supported through coupling constants (Table 3.3-11). By applying the Karplus
equation, the coupling constant between H6 and H7 provided insight into the stereochemistry
at C7. In the Newman projection along the C6-C7 axis, a syn-configuration requires H6 and H7
to be on the same side, which is supported by an observed coupling constant of 7.0 Hz,

corresponding to a dihedral angle of approximately 45°.

Conversely, in an anti-configuration, where H7 and the methoxy group are swapped, placing
H7 in the bottom left position, the H6-H7 dihedral angle is expected to be in the vicinity of

180°, resulting in a coupling constant of approximately 10 Hz, which was not observed.[*40
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Table 3.3-11. Chemical shifts (8) of alkoxyallyl 169, 700/176 MHz, CD2Cly, r.t.

Newman Projection

Ce-C7
R Cs
: ", H HO Heg
> 7.0 Hz
169 MeO H;
Cs
Atom 81 [ppm] m J[Hz] 8¢ [ppm]
1-Ha 3.54 dd 10.1, 6.7 65.6
1-Hp 3.41 dd 10.0, 6.3 -
2 1.88 pd 6.8,4.4 42.2
3 0.83 d 7.0 11.7
4 4.06 ddd 9.1,4.4,2.6 70.4
5-Ha 1.35 ddd 14.1, 10.6, 2.6 35.5
5-Hb 1.48 dddd 14.1,9.1,2.0,1.1 -
6 3.64 dddd 10.6,7.0,2.9,2.0 70.3
7 3.32 ddt 7.9,7.0,0.8 87.7
7-OMe 3.29 S 56.7
8 5.63 ddd 17.3,10.4, 8.0 135.7
9 5.31-5.25 m - 119.8

The secondary alcohol of 169 was then protected as TES ether to maintain synthetic flexibility.
This strategy should allow the potential synthesis of neaumycin A (3), where this hydroxyl

position is later functionalized with a mesaconic acid ester moiety.

The TES or TBS protection of alcohol 169 was successful, affording silyl ether 174 or 175 in
excellent yields of 98% and 96% (Scheme 3.3-34).
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Scheme 3.3-34. TES or TBS protection of alcohol 169 to corresponding silyl ether 174 or 175. Conditions: a) 169
(1.00 equiv.), TESCI (2.00 equiv.), imidazole (2.00 equiv.), DCM, r.t., 30 min, 98%; b) 169 (1.00 equiv.), TBSOTf
(2.00 equiv.), 2,6-lutidine (4.00 equiv.), DCM, r.t., 96%.

The next step involved Ci-elongation of the methoxyallyl ether to a homoallylic ether. Initial
attempts using enol ether Wittig reactions, which required prior ozonolysis to generate the
corresponding aldehyde, were unsuccessful. Similarly, efforts to couple MIDA boronates via
Grubbs metathesis also failed. As a result, the synthetic strategy was modified. A classical
hydroboration followed by oxidation, a subsequent Takai olefination, and the conversion of

the primary TBS group into an aldehyde were planned to obtain the target aldehyde 154.

In consequence, a classical hydroboration approach was explored, aiming to introduce a
primary alcohol (Table 3.3-12). First approaches used 9-BBN to transform TES-protected silyl
ether 174 to alcohol 176 (entry 1). However, no reaction occurred and only the starting
material was recovered. Increasing the reagent to 2 equivalents (entry 2) yielded product 177
in low yield (25%), but higher equivalents resulted in even lower yields (entry 3). Alternative
hydroboration reagents such as BH3-THF (entry 4) and BH3-DMS (entry 5) also failed to produce
the desired product 177 in acceptable yields. The poor yields raised the suspicion that the TES
protecting group might be cleaved during oxidative workup. For confirmation the reaction was
attempted using free alcohol 169, but only traces of the product 176 were obtained (entry 6).
Yields increased to around 30% at 60 °C reaction temperature (entry 7), indicating that the

substrate was not the limiting factor, but rather the choice of hydroboration reagent.

Consequently, dicyclohexylborane was generated in situ and added to olefin 169. Usage of a
slight excess of dicyclohexylborane (entry 8) showed no conversion and the starting material

was fully recovered. Using a larger excess led to a decent yield (60%, entry 9), revealing
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dicyclohexylborane as the preferred reagent. Product 178 was formed in excellent yields

(94%), when TBS-protected alcohol 175 was used (entry 10).

Table 3.3-12. Hydroboration of olefins 169, 174 and 175 to the corresponding primary alcohols 176-178.

TBSO ?R THE TBSO ?R
TBSO Y Y X abl TBSO Y
z = see table z =
z O = 0. OH
169: R=H 176: R=H
174: R=TES 177: R=TES
175: R=TBS 178: R =TBS
Entry  Substrate Reagent Time Temperature Ox.Work up Yield
[equiv.]
1 174 9-BBN (1.05) 1h r.t. 1h,r.t. Substrate recovered
2 174 9-BBN (2.00) 25h 0°C->r.t. 1h,rt. 177, 25%
3 174 9-BBN (10.0) 1h r.t. 1h,r.t. 177, 16%
4 174 BH3*THF (20.0) 1h -78°C->r.t. 0.5h,70°C Substrate recovered
5 174 BH3*DMS 1h r.t. 1.5h, 68 °C 177, 30%
6 169 9-BBN (1.50) 2h 0°C->r.t. 1h,70°C 176, Traces
7 169 9-BBN (1.20) 20 h 60 °C 1h,70°C 176, 30%
8 169 HB(Cy)2 (1.15) 1h 0°C->r.t 1h,rt. Substrate recovered
9 169 HB(Cy)2 (5.30) 1h 0°C->r.t 1h,r.t. 176, 60%
10 175 HB(Cy)2 (5.30) 1h 0°C->rt 1h,50°C 178, 94%

A Parikh-Doering oxidation of primary alcohol 178 furnished aldehyde 179, which was
immediately transformed in a Takai olefination to vinyl iodide 180 in a moderate yield of 59%

and a diastereomeric ratio of 5:1 (Scheme 3.3-35).
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Scheme 3.3-35. Parikh-Doering oxidation of alcohol 178 to aldehyde 179 and an additional Takai-olefination to
vinyl iodide 180. Conditions: a) 178 (1.00 equiv.), DIPEA (2.00 equiv.), DMSO (10.0 equiv.), sulfur trioxide pyridine
complex (3.00 equiv.), DCM, 0 °C->r.t., 1 h, 92%, b) 179 (1.00 equiv.), CrCl2 (6.00 equiv.), iodoform (2.00 equiv.),
THF, 0°C, 16 h, 59%, dr = 5:1.

To obtain alcohol 181, the selective removal of the primary TBS group from vinyl iodide 180
was necessary (Scheme 3.3-36). Previous approaches for TBS protection (see Table 3.3-6)
were implemented. Further oxidation to aldehyde 154 using Parikh-Doering-, IBX-, or DMP-

oxidation were unsuccessful.

Traces of product 154 were detected in the crude mixture by mass spectrometry, but could
not be fully characterized by NMR due to impurity issues. Probably the vinyl iodide moiety
might not withstand the subsequent reaction conditions, potentially explaining the failure of

oxidation.

TBSQ  OTBS a) CSA TBSQ  OTBS b) Oxidation ~ 1BSQ  OTBS

o~ ——— o~ — _
TBSO” ™ : | 3se  HOT Y : [ 07y : [

Scheme 3.3-36. Primary deprotection of silyl ether 180 to corresponding primary alcohol 181. Subsequent
oxidation to aldehyde 154 was unfortunately not possible. Conditions: a) 180 (1.00 equiv.), CSA (0.50 equiv.),
DCM/MeOH, r.t., 1 h, 35%.

Considering the low yield for primary TBS protection and the unsuccessful transformation of
alcohol 181 to 154 (Scheme 3.3-36), the synthetic approach was modified. Alkynylation of
aldehyde 179 to alkyne 182 could later be converted into the corresponding vinyl iodide,
preferably after fragment coupling. Hence aldehyde 179 was transformed in an Ohira-
Bestmann reaction, yielding alkyne 182 (Scheme 3.3-37). Selective deprotection of the

primary silyl group afforded alcohol 183 in decent 65% yield (quant. brsm.). Strict reaction
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times were crucial, because longer reaction times resulted in multiple deprotection products.

Oxidation of the resulting alcohol 183 to aldehyde 184 remained unsuccessful.

TBSO OTBS TBSO OTBS
: a) Ohira-Bestmann F
TBSO Y Y | TBSO ; Y A
: 0. O 86% : O b) CSA
179 182 65%
quant. (brsm.)

TBSO ?TBS ¢) Parikh-Doering TBSO ?TBS

-y
HO

BT YR " o1s3 9N

A

Scheme 3.3-37. Ohira-Bestmann alkynation of aldehyde 179 to form alkyne 182, followed by primary TBS
deprotection to yield alcohol 183. Subsequent oxidation was again unsuccessful. Conditions: a) 179 (1.00 equiv.),
dimethyl (1-diazo-2-oxopropyl)phosphonate (2.00 equiv.), K2COs (2.00 equiv.), MeOH, r.t., 72 h, 86%; b) 182

(1.00 equiv.), CSA (0.10 equiv.), DCM/MeOH, r.t., 2 H, 65%, brsm.: quant.

3.3.4  Synthesis of the Mesaconic Acid Moiety 185

This chapter presents the investigations into the synthesis of the mesaconic acid moiety 185

(Figure 3.3-5).

Figure 3.3-5. Target molecule 185.

Mesaconic acid (186) contains two free carboxyl groups, but only the one with the methyl
group in the alpha position should be esterified, the other carboxyl group needed to be
protected. The global deprotection strategy for the synthesis of neaumycin A (3) is based on
TBS ether moieties, therefore a silyl-based protecting group would also be feasible for
carboxyl group protection. TMSE was selected as it is a commonly used protecting group for

carboxylic acids in total synthesis.

The left-side carboxyl group of mesaconic acid (186), lacking a neighboring methyl group with
a positive inductive effect, is more acidic than the right-side carboxyl group (Scheme 3.3-38).
Therefore, an attempt was made to selectively protect the left carboxyl group with TMSE to

get direct the target molecule 185. However, this approach was unsuccessful, leading to either
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a fully protected product or a mixture of mono-protected mesaconic acids. These two species

could not be separated.

0 s~ ~OH 0
HONOH TMS/\/ONOH
o DCC, DMAP o}
186 185

Scheme 3.3-38. Unsuccessful mono TMSE protection of mesaconic acid (186).

Since the two mono-protected regioisomers could not be separated, this strategy was
abandoned in favor of a synthetic route that would allow selective protection of the left
carboxyl group while introducing the right-side carboxyl group at a later stage. The approach
involved TMSE-protection of acryloyl chloride (187) to TMSE ester 188 (Scheme 3.3-39).
Grubbs metathesis allows the metathesis to three differen products, depending on the
substrate: product 185 by usage of methacrylic acid (189), aldehyde 191 by usage of
methacrylaldehyde (190), or alcohol 193 by usage of 2-methylprop-2-en-1-ol (192). The two
latter products could be oxidized to the corresponding acid (185). However, all attempts at

the Grubbs metathesis failed.

|
o Y 185 ?
™S > Grubbs 190 o
o NEts, 59% o) OH 0
187 188 191 oH
192
TMS/\/ON
o]

Scheme 3.3-39. TMSE protection of acryloyl chloride (187) to olefin 188. Subsequent Grubbs olefinations were
unsuccessful. Conditions: 187 (1.40 equiv.), 2-(trimethylsilyl)ethan-1-ol (1.00 equiv.), NEts (1.50 equiv.), Et20,
0°C-r.t., 15 h, 59%.

In consequence the metathesis approach was abandoned, and a Horner-Wadsworth-Emmons
(HWE) reaction was pursued. Phosphonate 194 was first protected with TMSE to yield ester
195, which was transformed with ethylpyruvate to olefin 196 (Scheme 3.3-40). The reaction
proceeded with a moderate yield of 54%, but with the wrong diastereoselectivity (revealed

later). The non-preferred Z-isomer had an E/Z ratio of <1:20.
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Scheme 3.3-40. TMSE protection of acid 194 to phosphonate 195 with subsequent HWE reaction to olefin 196.
Conditions: a) 194 (1.00 equiv.), 2-(trimethylsilyl)ethan-1-ol (1.40 equiv.), DCC (1.60 equiv.), DMAP (0.15 equiv.),
THF, r.t., 14 h, quant.; b) 195 (2.50 equiv.), Ba(OH)2 (3.00 equiv.), ethyl 2-oxopropanoate (1.00 equiv.), THF/H-0,
r.t.,, 3 h, 54%, E/Z: <1:20.

Determining the olefin geometry via '"H NMR coupling constants was not possible, as the
olefinic proton was adjacent to a methyl group rather than another proton. Therefore,
mesaconic acid (186) and citraconic acid (197) were esterified to their respective ethyl esters

198 and 199, and the chemical shifts of their olefinic protons were analysed (Scheme 3.3-41).

0 ) EtOH, HCI 0
t
HO a , EtO
NOH - . X OEt
o quant. o

186 198
HOWfAjIj b) EIOH, HCI 10~
© o7 oH quant. O 67 0kt
197 199

Scheme 3.3-41. Esterification of mesaconic acid (186) and citraconic acid (197) to ethyl ester 198 and 199.
Conditions: a) 186 (1.00 equiv.), HCI (5 drops), EtOH, 100 °C, 1 h, quant.; b) 197 (1.00 equiv.), HCI (5 drops), EtOH,
100 °C, 1 h, quant.

The proton in the E-ester 198 appeared at 6.77 ppm, while the Z-ester 199 showed a signal at
5.84 ppm (Figure 3.3-6). Comparison with the previously synthesized 196, which exhibited a

signal at 5.82 ppm, confirmed that the product formation was indeed Z-selective.
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Figure 3.3-6. Comparison of the H-NMR (in CDCls) of E ethyl ester 198, Z ethyl ester 199 and HWE product 196.

Since the HWE reaction produced the undesired Z-olefin, an alternative olefination method
was necessary and a classical Wittig reaction was investigated. Olefin 188 was first oxidized to
the corresponding aldehyde via ozonolysis and either the methyl ketone 201 or ester 203 was
added subsequently to get methyl keton 202 or ethyl ester 204 (Scheme 3.3-42). The E-
selectivity was again determined via '"H NMR chemical shifts, confirming that the Wittig
reaction successfully yielded the desired E-isomer. Both products can be converted to
mesaconic acid 185. The ethyl ester 204 can be selective saponificated, which required
detailed investigations. The methyl ketone 202 can be converted using a classical Haloform
reaction. This establishes a synthetic route for the mesaconic acid moiety 185, a crucial

fragment for the total synthesis of neaumycin A (3).
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Scheme 3.3-42. Wittig reaction of olefin 188 to corresponding methyl ketone 202 and ethyl ester 204. Both can
further be transformed into acid 185. Conditions: a) 200 (1.00 equiv.), PPh3 (1.10 equiv.), toluene, r.t., 72 h, then
NaOH (xs.), 1 h, 52%; b) 188 (1.00 equiv.), O3 (xs.), DCM/MeOH, -78 °C, 10 min, then PPhs (1.50 equiv.),
-78 °C->r.t., 2 h, work up, then 201 (1.50 equiv.), DCM, r.t., 12 h, 83%, E/Z: >20:1; c) 188 (1.00 equiv.), Os (xs.),
DCM/MeOH, -78 °C, 15 min, then PPhs (1.50 equiv.), =78 °C->r.t., 2 h, work up, then 203 (2.00 equiv.), toluene,
60 °C, 14 h, 64%, E/Z: >20:1.

3.3.5 Modification of Coupling Fragments and Coupling Process

The desired sulfone 89 was successfully synthesized from alcohol 143, whereas the conversion
of alcohol 183 to aldehyde 184 remained unsuccessful (see Chapter 3.3.1 and Chapter 3.3.3,
Scheme 3.3-43).

As a result, the synthon polarity of fragments 89 and 184 were interchanged: an aldehyde
group was introduced at the western fragment 89, while the eastern fragment 184 was

modified to contain the corresponding sulfone for the Julia-Kocienski reaction.

Therefore, alcohol 143 was subjected to a Parikh-Doering oxidation, furnishing aldehyde 205
in 79% vyield. Alcohol 183 was converted analogously using the same conditions as previously

applied for sulfone 89. Sulfone 206 was synthesized in high yields of 86% over two steps.
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Scheme 3.3-43. Shown are fragments 89 and 184, initially planned to be synthesized from alcohols 143 and 183.
Instead, aldehyde 205 was obtained from alcohol 143, while sulfone 206 was derived from alcohol 183.
Conditions: a) 143 (1.00 equiv.), DIPEA (4.00 equiv.), DMSO (10.0 equiv.), sulfur trioxide pyridine complex
(3.00 equiv.), DCM, 50 °C, 3 h, 79%; b) 183 (1.00 equiv.), DIAD (2.50 equiv.), PPhs3 (2.50 equiv.), 1-phenyl-1H-
tetrazole-5-thiol (1.30 equiv.), THF, 0 °C-r.t., 14 h, 89%; c) product from b (1.00 equiv.), H202 (xs.), ammonium
heptamolybdate (2.00 equiv.), EtOH, 40 °C, 14 h, 97%.

Both fragments 205 and 206, were utilized in a Julia-Kocienski olefination. To better
understand the reaction, a general mechanistic explanation follows. In the first step, sulfone
207 is deprotonated by an organometallic base, generating the organometallic species 208
(Scheme 3.3-44). The reaction outcome can be explained by two competing transition states:
the open transition state (left) or the closed transition state (right). Furthermore, the addition

step is irreversible when using an unstabilized sulfone, as in this case.[#°]

In the open transition state model, the reaction proceeds through either TS1 or TS2. This
pathway is favored when a polar solvent and deprotonating reagents with non-coordinating
metal ions are utilized.[1*! In this scenario, the sulfone nucleophile attacks the aldehyde from
two possible orientations, leading to the formation of either the syn-addition product 209 or
the anti-addition product 210. The anti-product 210 is preferred, as TS2 avoids 1,2-interaction
between R1 of the sulfone and R2 of the aldehyde. In contrast, TS1 introduces a destabilizing

1,2-interaction of both residues.
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The closed transition state is preferred in apolar solvents and with strongly coordinating metal
ions such as lithium. Here, the metal cation is chelated by the sulfonic oxygen, and a tetrazolic
nitrogen, forming a stabilized intermediate by additional aldehyde coordination. In this case,
the competing transition states TS3 and TS4 arise. In TS3, the aldehyde substituent R2 is
positioned equatorially, whereas in TS4, it is axial. TS3 is preferred because TS4 experiences
both a 1,2-interaction between R1 and R2 and a strong 1,3-diaxial interaction between R2 and
the bulky 1-phenyl-1H-tetrazol-5-yl (PT) group.[**”! Consequently, the syn-addition product

209 is favored when the reaction follows the closed transition state.
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addition addition S
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l +R,CHO l
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UV R /2 _an A 4R M
1 - H 1 - R2 o= ~0 ! o= ~0 !
0 o R /= R /=
1 - ) 1 - O
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Scheme 3.3-44. General addition of an aldehyde to organometallic species 208 through the four possible
transition states (TS1-TS4), leading to either syn- or anti-addition products.

These initial steps are critical, as they control the selectivity of the Julia-Kocienski olefination.
The subsequent Smiles rearrangement*8 and B-elimination steps,!**°! responsible for the

formation of the double bond, are both stereospecific.

If the anti-addition product 210/211 is formed (left pathway, Scheme 3.3-45), it undergoes a
Smiles rearrangement, where the oxygen attacks the tetrazole carbon, shifting a m-electron

pair onto nitrogen and forming a new five-membered heterocyclic intermediate 212.5% This
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step proceeds slowly due to gauche interactions between R1 and R2 in 212. The lone pair on
nitrogen shifts back, breaking the carbon-sulfur bond and forming species 213, in which the
PT group and the metal cation have interchanged positions. This transformation where a
sulfone group exchanges its position with an oxygen-bound residue is the defining feature of

the Smiles rearrangement.

A subsequent rotation leads to intermediate 214, where the bulky PT and sulfone groups are
positioned opposite each other. The final 8-elimination then expels sulfur dioxide and the

metallated OPT group, affording the desired E-olefin 215.

The same Smiles rearrangement pathway applies to the syn-addition product 209/216, where
R1 and R2 are initially positioned away from each other. Cyclization leads to the heterocyclic
species 217, a step that occurs faster than the anti-pathway due to the lack of steric
interactions between R1 and R2. A subsequent shift in substituents within 218 follows, where
a rotation to 219 aligns R1 and R2 syn to each other, ultimately leading to the formation of

the Z-olefin 220 via B-elimination.

N=N oM M) N=N
Ph/NT/;N\\ R1\_/'\R2 Risc g, pp-N KZ\I\
oM = sopr SOPT — ~— M

~ / — ;O\ /
0= =5 210 209 0=°~<g
Ry H anti syn R R,
sIov% Ry H \\‘fast
211 216

)V\N\ R )V\/\
M 2 M
oT( M Ry o7l M

Rq S0, Rise g, Ry S0,
212 215 220 217
R, H H R,

H -S0, -S0, H
1L [M]JOPT [M]JOPT 1L
OPT H R, " OPT
R SO[M] rotating Ri SOZ/[M] Ry SOZ/[ ] rotating Ri SOM]
R, H PTO R, PTO H H Rs
H H H H
213 214 219 218

Scheme 3.3-45. Proposed mechanism of the Julia-Kocienski olefination using 1-phenyl-1H-tetrazol-5-yl (PT)

sulfone.

Experimental evidence has demonstrated that the use of PT sulfones predominantly results in
the formation of the E-olefin. Assuming that the addition of the aldehyde to the sulfone is

irreversible, this outcome likely arises because the reaction proceeds exclusively via the open
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transition state (Scheme 3.3-44). This preference can be attributed to steric interactions
between the phenyl group of the tetrazole and the R1 substituent, which prevent the reaction
from proceeding through the closed transition state.l*”] Consequently, the anti-addition
product 210 is favored. Since both the subsequent Smiles rearrangement and 8-elimination
are stereospecific, the anti-addition product 210 inevitably leads to the formation of the E-

olefin 215 as the final product.

Table 3.3-13. Julia-Kocienski coupling of aldehyde 205 and 206.

o TBSO O I“‘l\\l TBSO OTBS
: N :
~ WO + N /\)\/\/\
0 = : 5\1 /,S\\ : 2 \\
: Ph 00 : o
205 j 206

o TBSO O  TBSO OTBS

(6) : : 6\ %
221
Entry 205 206 1M NaHMDS Conditions Yield Notes
[equiv.] [equiv.] in THF
1 1.50 1.00 1.10 DME 0
-55°C>r.t.
16 h
2 2.50 1.00 2.00 THF traces e Reaction with
-55°C—>r.t. ground molecular
72 h sieve
3 1.00 1.20 1.30 DME 2% e Freshly distilled
-78°C—>r.t. E/Z=1:10 DME
72 h e Reaction with

ground molecular

sieve

With both fragments in hand, sulfone 206 and aldehyde 205 were subjected to the Julia-
Kocienski reaction (Table 3.3-13). To achieve high E-selectivity, a protic solvent and non-

coordinating metal cations were preferred, leading to the choice of DME and THF as solvents.

NaHMDS was selected as the base, as it offers a suitable balance between selectivity and yield.

Although KHMDS is reported to provide higher E-selectivity, experimental studies suggest that
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it also leads to lower overall yields. Therefore, NaHMDS was chosen as the initial base to

optimize the reaction conditions.[t>1-153]

In the first attempt, using DME as the solvent and an excess of aldehyde, no product was
isolated (entry 1). In the second attempt, the aldehyde excess was further increased, and 2
equivalents of base were used in THF under ground molecular sieve conditions (entry 2). This
led to the detection of trace amounts of the desired product 221, though only observed via

MS.

Alternatively, a slight excess of sulfone 206 was used (entry 3). Freshly distilled DME and
ground molecular sieves were again employed, yielding a low 2% product yield. Interestingly,
analysis of the coupling constant of the olefinic protons (3J = 11.3 Hz) revealed a preference

for the Z-isomer over the expected E-isomer, with an observed E/Z ratio of 1:10.

To ensure that the effort of resynthesizing aldehyde 205 and sulfone 206 for further Julia-
Kocienski coupling investigation was worthwhile, test systems were first developed to
optimize the Julia-Kocienski olefination. If these model reactions proved successful, the full

synthesis of both fragments could proceed with confidence.

The test systems were designed to be quickly accessible, minimizing the time investment in
their synthesis while still accurately representing the key functional groups of the original
fragments. In particular, the sulfone 206 included an alkyne moiety, as alkynes could
potentially be deprotonated under the strongly basic conditions of the Julia-Kocienski

reaction, leading to unexpected side reactions.

As part of this study, two sulfone test systems, 224 and 227, were synthesized
(Scheme 3.3-46). The variation in the sulfone substituents allowed investigation into whether

the sulfone moiety itself played a critical role in the Julia-Kocienski olefination.

For sulfone 224, synthesis started from but-3-yn-1-ol (222), which underwent a Mitsunobu
reaction with 1-phenyl-1H-tetrazole-5-thiol to afford thioether 223 in quantitative yield.
Subsequent oxidation using ammonium heptamolybdate and hydrogen peroxide yielded

sulfone 224 with a decent yield of 82%.
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Sulfone 227 was synthesized from bromide 225 via a classical Sn2 reaction, affording 226 in
89% vyield. Analogous oxidation as previously mentioned gave sulfone 227 in an equally high

yield of 89%.

N-N
a) N\NJ\SH
ot N-N b) (NH4)%M07024 N-N
/7 H /y
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quant.
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CFs

.

c) CF, CF,4
d) (NH4)6M07024
FsC SH H,0,
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= =
A~ 89% FsC 7

/7

Br NaH, 89%

225 226
227

Scheme 3.3-46. Synthesis of test fragment 224 and 227. Conditions: a) 222 (1.00 equiv.), DIAD (1.25 equiv.), PPhs
(1.25 equiv.), 1-phenyl-1H-tetrazole-5-thiol (1.10 equiv.), THF, 0 °C-r.t., 14 h, quant.; b) 223 (1.00 equiv.), H202
(xs.), ammonium heptamolybdate (2.00 equiv.), EtOH, 50°C, 16h, 82%; c) 225 (1.20equiv.), 3,5-
bis(trifluoromethyl)benzenethiol (1.00 equiv.), NaH (2.00 equiv.), H3CCN, r.t.,, 72 h, 89%; d) 226 (1.00 equiv.),
H20:2 (xs.), ammonium heptamolybdate (2.00 equiv.), EtOH, 60 °C, 72 h, 89%.

For aldehyde 205, it was suspected that the methoxy group in a-position might sterically
hinder the reaction. To investigate this, commercially available 2-((tert-
butyldimethylsilyl)oxy)acetaldehyde (228) was selected as an test system, as it also features a

sterically demanding group at the a-position.

Initial trials using THF as the solvent and NaHMDS mediated deprotonation showed first
promising results, yielding 22% of the product 229 with an E/Z ratio of 5:1, albeit only when
using one equivalent of the base (entries 1-2, Table 3.3-14). When LHMDS was employed, an
even higher E-selectivity of 6:1 was observed when DMPU was used as additive (entries 3-4).
Interestingly, this improved E-selectivity contrasts with the general trend observed in the Julia-
Kocienski olefination, where smaller coordinating cations typically favor higher Z-

selectivity.[1%3!
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Table 3.3-14. Julia-Kocienski olefination with test fragments 228 and 224.

N-
O(/B/So . NI:[\I I 5 /\/ ‘Conditions OTBC/\/
Ph O O reactions over ground
228 224 molec;JQISar: sieve 229
Entry  Solvent Base Base Additive Temperature Yield E/Z
[equiv.] [equiv.] [°C]
1 THF NaHMDS 1 M in THF 1.00 —78 ->r.t. 22% 5:1
2 THF NaHMDS 1 M in THF 2.00 —78 ->r.t. 0% -
3 THF LHMDS 1 m in THF 1.00 —78 ->r.t. 0% -
4 THF LHMDS 1 m in THF 1.00 DMPU (xs.) —78 ->r.t. 13% 6:1
5 THF KOtBU 1.00 —78 ->r.t. 32% 5:1
6 THF KOtBU 2.00 r.t. traces -
7 THF NaH 1.00 —78 ->r.t. 40% 3:1
8 THF KHMDS solid 1.00 LiCl (2.00) —78 ->r.t. 40% 5:1
9 THF Cs2C03 1.00 80 44% 3:1
10 DCM Cs2C03 1.00 r.t. 18% 3:1
11 DME NaHMDS 1 M in THF 1.00 —60 ->r.t. 27% 3:1
12 DME NaHMDS 1 M in THF 1.00 TBSOTf (1.00) —60 ->r.t. 25% 3:1
13 DME NaHMDS 1 M in THF 2.00 TBSOTf (2.00) —60 ->r.t. 25% 3:1
14 DMF NaHMDS 1 m in THF 1.00 =50 ->r.t. 0% -
15 DMF NaHMDS 1 M in THF 1.00 DMPU (xs.) =50 ->r.t. 0% =
16 DMF NaHMDS 1 m in THF 1.00 DMPU (xs.) =50 ->r.t. 0% -
17 DMF KOtBU 1.00 =50 ->r.t. traces =

KOtBu as base improved the yield to 32%, but only at low temperatures (entries 5-6). Higher
yields up to 40% were obtained with either NaH or KHMDS, with the latter requiring LiCl as
additive (entries 7-8). A slight further increase to 44% was achieved using Cs,COs at elevated
reaction temperatures (80 °C) in THF (entry 9). When the reaction was performed in DCM at
room temperature, the yield dropped significantly to 18% (entry 10). Attempts using DME as
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the solvent and NaHMDS as the base showed little variation, with yields ranging between 25%
and 27% regardless of whether one or two equivalents of base were used (entries 11-13).
When DMF was used as the solvent, no product formation was observed, regardless of
whether NaHMDS or KOtBu was employed as the base, and irrespective of the presence of

DMPU as an additive (entries 14-17).

With the testing system sulfone 227, no product were obtained in the Julia-Kocienski reaction,
when using NaHMDS, the phosphazene base P;-Et, or additional DMPU, as suggested in the

literature.[1>4

The test systems indicated a general trend, assuming that milder bases provided the best
yields (entry 9, Table 3.3-14). However, none of the tested conditions led to acceptable yields.
It was suspected that the alkyne moiety might undergo deprotonation, leading to undesired
side reactions. To prevent this assumption, both test fragments were TMS-protected at the

alkyne functionality.

Y Tsa (MY s TR
N N, /\/ 22 N | /\/
NJ\S/\/ N)\S N)\S
/ 980/ / 83% ! N
Ph ° Ph Ph 0
223 230 231
CF, CF,
LHMDS NH4 MO7024
_ TMSCI H,0, _™s
=
F4C S 94% 91%  FsC oy
226 0 0 533

Scheme 3.3-47. TMS protection of alkynes 223 and 226 with subsequently oxidation to sulfon 231 and 233.
Conditions: a) 223 (1.00 equiv.), LHMDS (1.20 equiv.), TMSCI (1.40 equiv.), Et20, -78 °C-r.t., 1 h, 98%, b) 230
(1.00 equiv.), H202 (xs.), ammonium heptamolybdate (0.20 equiv.), EtOH, 50 °C, 16 h, 83%; c) 226 (1.00 equiv.),
LHMDS (1.20 equiv.), TMSCI (1.40 equiv.), Et20, -78 °C->r.t., 14 h, 94%, d) 232 (1.00 equiv.), H202 (xs.),
ammonium heptamolybdate (0.20 equiv.), EtOH, 60 °C, 72 h, 91%.

Accordingly, thioether 223 was TMS-protected to afford 230, followed by oxidation to sulfone
231 (Scheme 3.3-47). Similarly, thioether 226 was converted to 232 via TMS protection and

subsequently oxidized to the corresponding sulfone 233.

TMS-protected alkyne 231 was reevaluated with aldehyde 228 in the Julia-Kocienski

olefination (Table 3.3-15). Initial investigations immediately demonstrated formation of
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product 234 in a significantly higher yield of 54%. (entry 1). Compared to the unprotected
alkyne, which had previously provided only 22% vyield under identical conditions (entry 1,
Table 3.3-14), this represents an increase of 32%. Attempts to further improve the results
using Cs,COs, which had previously shown the most promising outcomes, did not lead to any
enhancements (entries 2-3). A notably higher yield was achieved with KHMDS, which also
improved the E/Z selectivity from 3:1 to 5:1, although the addition of LiCl did not have any
noticeable effect (entries 4-5). These promising results suggested that the optimized

conditions could now be applied to the actual synthetic fragments.

Table 3.3-15. Julia-Kocienski olefination with test fragments 228 and 231.

N-N T™S ”
OTBS NI' | — Conditions OTBS TMS
K%O + \N)\S/\/ — K/\/
I ) reactions over ground =
Ph OO molecular sieve
228 231 THF, 16 h 234
Entry Base Base Additive Conditions  Yield E/Z
[equiv.] [equiv.] [°C] [%]
1 NaHMDS 1 m in THF 1.00 —78 ->r.t. 54 3:1
2 Cs2C03 1.00 80 43 3:1
3 Cs2C03 2.00 80 39 3:1
4 KHMDS solid 1.00 —78 ->r.t. 71 5:1
5 KHMDS solid 1.00 LiCl (4.00) —78 ->r.t. 69 5:1

As previously observed, the Julia-Kocienski olefination with sulfone 227 failed when employing

the phosphazene base P,-Et.[1>%]
3.4 Structure Revision

During this work, two total syntheses of neaumycin B (1) were published: one by Smith et al.
and another by Chen et al.[1213] The NMR spectra of the synthetic neaumycin B (1) obtained
by both research groups were nearly identical, with deviations only in the 0.01 ppm range.
However, the NMR spectrum of synthetic neaumycin B (1) did not match that of the isolated

natural product (Figure 3.4-1).
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\ Neaumycin B (1)

Figure 3.4-1. 'H NMR comparison of synthetic neaumycin B (1) by Chen et al. with natural neaumycin B (1).

As illustrated in Figure 3.4-1, significant discrepancies (marked in red) were observed at
positions 11, 21-24, and 35 in the 'H NMR spectrum when compared to the isolated
neaumycin B (1). Additionally, several other notable differences, marked in blue, further

indicated that the previously proposed structure by Fenical et al.'¥ was likely incorrect.

To resolve this discrepancy, a structural revision was carried out in collaboration with Prof. N.
Ziemert from the University of Tibingen. This revision was guided by bioinformatic
predictions, incorporating an antiSMASH['%3! analysis alongside Kalesses profile hidden
Markov model prediction.[*>® The results were remarkable: as shown in Figure 3.4-2, the
stereocenters predicted by Fenical et al. using bioinformatic tools were in agreement with the
predictions made by Ziemert et al. (marked in green). However, all stereocenters previously

assigned by NMR analysis were found to be inverted (marked in red).

Furthermore, Ziemert et al. predicted the presence of a methyl group at C12, which was not
observed in the NMR data reported by Fenical et al., suggesting that this methyl group is likely

absent in the actual structure of neaumycin B.
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Bioinformatic prediction by Fenical et al.

0 OH OH OH OH OH OH OH O OH OH

NMR-based assignments by Fenical et al. m /—\

o} OH 0~ OH OH OH O OHo O 0O o

New bioinformatic prediction by Ziemert et al.

O OH OH OH OH OH OH OH O OH OH 0}

Figure 3.4-2. Bioinformatic prediction and NMR-bases assignments by Fenical et al. and new bioinformatics

prediction by Ziemert et al.

It is likely that the stereocenters at positions with significant NMR deviations are incorrectly
assigned. Nevertheless, this assumption should be approached with caution. Neaumycin B is
a highly complex and conformationally flexible molecule that does not adopt a planar
structure. Instead, its folded conformation means that not only directly adjacent groups

influence NMR shifts but also more distant interactions can contribute to spectral deviations.

Still, largest NMR discrepancies are found precisely at positions 4, 5, 10, 22, 35, and 38, where
the bioinformatic analysis also predicts the opposite stereochemistry. This observation
strongly supports the reliability of this computational approach. Ultimate confirmation
requires the total synthesis of the revised structure, followed by a direct comparison of its

NMR data with natural neaumycin B.

3.5 Revision of the Retrosynthetic Analysis

The revised structure of neaumycin B (235) is shown in Figure 3.5-1. Modified stereocenters
are highlighted in red. Initially the newly assigned stereocenters were transferred into the
previously established synthetic route, as described in Chapter 3.3.1. This approach quickly
encountered obstacles for the setting of the stereocenters at the positions 4 and 5. The
reaction yielded an insufficient diastereoselectivity of 3:1. Alternative approaches, such as a

Leighton crotylation, also failed to deliver improved selectivity.[*%7]
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Intramolecular
Stille coupling

SnBuj
/.

Bu3Sn
88
O
/
HO / Yamaguchi
- esterification
/ A
Revised structure of
Neaumycin B (235)
(0} TBSO ©O° TBSO OTBS
\o ZaY 5 TN N 13N\ \17
_0 ™S
“ 236 \
(0] TBSO O TBSO OTBS
\o NG g PO(OMB)Z O/ 10 134 %17
_0O T™MS
238 239

Figure 3.5-1. Revised structure of neaumycin B (235) with an adjusted retrosynthetic approach.

Due to these inadequate results and the hampering Julia-Kocienski olefination (see
Chapter 3.3.5), the retrosynthetic strategy was revised. The southern fragment 236 were now
designed to be coupled via a classical Horner-Wadsworth-Emmons (HWE) reaction of
phosphonate 238 and aldehyde 239, followed by a CBS reduction and methylation of the C7

alcohol.

To enable this approach phosponate 238 was designed with a ketone function at C7-position

ensures the formation of a phosphonate-stabilized carbanion.

The modified eastern fragment 239 was designed to contain the aldehyde moiety. Aligning
the revised structure, the synthesis had to start from the corresponding alternative Roche
ester to achieve the inversion of the methyl group at C10. Additionally, the alkyne was now
planned to be TMS-protected, as previous experiments showed improved yields under the

basic conditions of the Julia-Kocienski reaction (see Table 3.3-15). While the current approach
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no longer involves a Julia-Kocienski olefination, the same bases are used in the HWE reaction,

making it a reasonable choice to protect the alkyne.

O TBSO O O TBSO (I) O TBSO OPMB
\O)J\/\‘/k)\/ PO(Me), — \O)j\/\‘/k) p— \Ow
238 240 241
OH OH O OPMB OH OPMB
K) &—— | R em—
Z
244 243 242

Scheme 3.5-1. Retrosynthetic analysis of phosphonate 238 revealed the starting material propane-1,3-diol (244).

The retrosynthesis of phosphonate 238 starts from commercially available diol 244
(Scheme 3.5-1). The key steps involve a nucleophilic attack of deprotonated dimethyl
methylphosphonate on aldehyde 240, followed by oxidation of the resulting secondary
alcohol back to the ketone to yield phosphonate 238. Aldehyde 240 is derived from the
primary PMB-protected alcohol 241, which undergoes deprotection and subsequent oxidation

to form the aldehyde 240.

PMB ether 241 is synthesized from alcohol 242, which is first TBS-protected and then
subjected to a Grubbs metathesis with methyl acrylate to furnish 241. Homoallylic alcohol 242
itself is obtained from aldehyde 243 through a Brown crotylation, establishing the two
stereocenters. Finally, aldehyde 243 is prepared from commercially available propane-1,3-diol
(244) by selective PMB protection of one hydroxyl group, followed by Parikh-Doering

oxidation of the other hydroxyl to generate the aldehyde 243.

The previous synthesis of the eastern fragment 154 followed a highly linear approach, which,
despite overcoming multiple challenges, resulted in a reduced overall vyield (see
Chapter 3.3.3). To address this, an alternative route was developed as part of a master's thesis
by Niclas Gaida. This new strategy aimed to construct aldehyde 239 via a Mukaiyama aldol

reaction between enol ether 245 and aldehyde 246 (Scheme 3.5-2).0158]

Following the aldol reaction, the resulting aldol product would require primary PMB
deprotection, followed by oxidation of the emerging alcohol to furnish aldehyde 239. Enol

ether 245 is to be synthesized from (S)-Roche ester (248) by first protecting the primary
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alcohol of 248 with PMB, converting the ester into a Weinreb amide, and subsequently

reducing it to methyl ketone 247 which then can be transformed into silyl enol ether 245.

TBSO OTBS
e
(@) \\
N ™S
239

~TMS

O
(@) %/\
N
PMB N
O/Y& ] ™S
245 246

o} 0 OTBS OTBS
HO/\1/H\O/ — PMBO/\T/ﬂ\ ki/A\Sg\ : L\<ﬂ
0

OH ™S
248 247 249 250

Scheme 3.5-2. Retrosynthetic analysis of aldehyde 239 revealed epoxide 250 and (S)-Roche ester (248) as staring

materials.

Aldehyde 246 is derived from commercially available epoxide 250, where nucleophilic opening
with deprotonated ethynyltrimethylsilane provides alkyne 249. Methylation, followed by
selective deprotection of the primary TBS-protected alcohol and subsequent oxidation, yields

aldehyde 246.

This revised route introduces greater flexibility in the synthesis of neaumycin B (235) while
reducing linear synthetic steps through the fragmentation of aldehyde 239 into enol ether 245
and aldehyde 246. Such an approach is crucial for improving efficiency in the total synthesis

of a complex molecule like neaumycin B (235).
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3.6 Implementation of the Revised Retrosynthetic Analysis

3.6.1 Synthesis of Phosphonate 238

This chapter describes the synthesis of phosphonate 238 (Figure 3.6-1), which will later be
utilized in a Horner-Wadsworth-Emmons (HWE) reaction with the corresponding aldehyde to

form the desired E-olefin.

(0] TBSO O
~ P PO(Me),

238
Figure 3.6-1. Target molecule 238 which is going to be synthesised in this chapter.

The synthesis begins with commercially available and low-priced propane-1,3-diol (244),
which is selectively mono-protected as PMB ether 251 using 4-methoxybenzyl alcohol and
Amberlyst® 15 hydrogen form as acidic catalyst, yielding 98% (Scheme 3.6-1). The remaining

hydroxyl group is then oxidized to aldehyde 243 via a classical Swern oxidation.

a) PMBOH b) CQC'ZOZ,
OH OH Amberlyst 15 OH OPMB DMSO, NEt; OI OPMB
98% 91%
244 251 243

Scheme 3.6-1. PMB protection of diol 244 to PMB ether 251 with subsequent oxidation to aldehyde 243.
Conditions: a) 244 (1.50 equiv.), 4-methoxybenzyl alcohol (1.00 equiv.), Amberlyst® 15 hydrogen form
(10% w/w), 45 °C, 96 h, 98%, b) oxalyl chloride (1.20 equiv.), DMSO (2.60 equiv.), DCM, =78 °C, 30 min, then 251
(1.00 equiv.), 45 min, then NEts (5.00 equiv.), =78 °C->r.t., 30 min, 91%.

Aldehyde 243 is transformed in a Brown crotylation, analagously as described in Chapter 3.3.1,
introducing two stereogenic centers simultaneously (Scheme 3.6-2). The resulting homoallylic
alcohol 242 is obtained with moderate yields up to 52%, on a decagram scale with remarkable
diastereoselectivity (dr >20:1). This high selectivity makes the transformation particularly

valuable.
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Brown =
CI) OPMB crotylation OH OPMB : OH
—_— + ‘y
243 242 252

52%, dr >20:1:1:1

Scheme 3.6-2: Brown crotylation of aldehyde 243 to corresponding alcohol 242. Conditions: (Z)-Buten (127,
5.00 equiv.), KOtBu (1.30 equiv.), n-BuLi (1.30equiv.) THF, -40°C, 15min then (+)-B-
Methoxydiisopinocampheylboran (1.30 equiv.), =78 °C, 60 min then BFs-Et.0 (1.35 equiv.), 243 (1.00 equiv.), —
78 °C, 2.5 h then NaOH (xs.), H20: (xs.), 70 °C, 14 h, 52%, dr >20:1:1:1.

Due to the large reaction scale, some contamination with pinene alcohol 252 was observed.
However, this impurity was removed in the following step, making its presence

inconsequential at this stage.

Stereochemistry was confirmed by Mosher analysis. Alcohol 242 was converted into the

corresponding R-MTPA ester 254 and S-MTPA ester 253 (Scheme 3.6-3).

Ph

T
>

OCHs a 9 b) O . OCH,
o—( CFs C|)J>(CF3 C|)J§< Fa o CF4
O OPMB Ph  OMe OH OPMB Ph OMe O OPMB
((S)-(+)-MTPA-CI) ((R)-(->-MTPA-CI)
= =z =
254 242 253
(R-Ester) (S-Ester)

Scheme 3.6-3. Synthesis of (S)-ester 253 and (R)-ester 254 for Mosher analysis.[*3¥ Conditions: a) 242 (1.0 equiv.),
(S)-(+)-MTPA-CI (2.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 17%; b) 242 (1.0 equiv.), (R)-(-)-MTPA-CI (2.0 equiv.),
pyridine (0.2 mL), r.t., 2 h, 41%.

The differences observed in the 'TH NMR spectra of the (S)- and (R)-MTPA esters 253 and 254

confirmed (S)-configuration (Table 3.6-1).1133!

Table 3.6-1. Significant 1H NMR signals of 253 (S-Ester) and 254 (R-Ester) and their use in Mosher ester analysis.

MTPA
O OPMB
1/ 3 5 - 7
Atom 64 of 253 (S-Ester) 6u of 254 (R-Ester) DGR = §Sester _ GR-ester
[ppm] [ppm]
1 5.11-5.05 5.01-4.90 (+0.10)-(+0.15)
2 5.82 5.66 +0.16
3 2.57 2.50 +0.07
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4 1.05 0.97 +0.07

5

6 1.90 1.95 -0.05
1.81 1.87 -0.06

7 3.35,3.27 3.47-3.37 (-0.12)-(-0.10)

After determining the stereochemical configuration of the alcohol of 242, the configuration of
the methyl group also needed confirmation, following the same approach as described in

Chapter 3.3.1 (see Figure 3.3-2).

For this, the vinylic moiety of alcohol 242 was first cleaved via ozonolysis, yielding alcohol 255
(Scheme 3.6-4). The resulting 1,3-diol 255 was then converted into the corresponding

acetonide 256, allowing the syn-selectivity to be verified through coupling constant analysis.

b) Pyridinium p-toluenesulfonate, ><

OH OPMB a) O3, NaBH, OH OH OPMB 2-methoxypropene O O OPMB

69% 83%
242 255 256

Scheme 3.6-4. Synthesis of acetonide 256 to verify the stereo configuration of the methyl group. Conditions: a)
242 (1.00 equiv.), Os (xs.), DCM/MeOH, -78 °C, 1 min, then NaBHa4 (5.00 equiv.), =78 °C->r.t., 2 h, 69%; b) 255

(1.00 equiv.), pyridinium p-toluenesulfonate (0.10 equiv.), 2-methoxypropene (2.00 equiv.), DCM, r.t., 16 h, 83%.
The chair conformation of compound 242 was confirmed by the chemical shift of the ketal
carbon in the *C NMR spectrum, which appeared below 100 ppm (Figure 3.6-2). The syn-
selectivity of the alcohol and methyl group was verified by analyzing the coupling constant
between H3.x and H4eq, Which was measured at 2.7 Hz. This value is indicative of a 3Jax.eq OF
3Jeq,eq interaction between the hydrogen atoms. A higher coupling constant, in the range of 9—
14 Hz, would suggest that both hydrogen atoms at C3 and C4 were in axial positions, implying

that the methyl group at C4 would be in the equatorial position rather than the observed axial

orientation.
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2.7Hz

3oy ax = 9-14 Hz 2

*Jaxeq + 2Jeqeq = 2-5 Hz

Figure 3.6-2. Depicted is the chair conformation of 256 for verifying the 1,2 syn configuration.
With the stereocenters successfully confirmed, alcohol 242 was protected as TBS ether 257

(Scheme 3.6-5). Subsequently, the terminal alkene underwent elongation via a Grubbs

metathesis with methyl acrylate, affording olefin 241.

a) TBSOTf b) Hoveyda-Grubbs-II,
OH OPMB 2.6-lutidine TBSO OPMB methyl acrylate (0] TBSO OPMB
—— ~
97% 84% ©
242 257 241

Scheme 3.6-5. TBS protection of alcohol 242 to silyl ether 257 and subsequent Grubbs metathesis to olefin
241. Conditions: a) 242 (1.00 equiv.), TBSOTf (2.00 equiv.), 2,6-lutidine (5.00 equiv.), DCM, 0 °C-r.t., 2 h, 97%;
b) 257 (1.00 equiv.), Hoveyda-Grubbs-Il (0.02 equiv.), methyl acrylate (5.00 equiv.), toluene, 120 °C, 22 h, 84%
E/Z >20:1.

Next, the initially installed PMB protecting group of 241 needed to be removed to allow
oxidation to the aldehyde 240 (Scheme 3.6-6). This was achieved by DDQ-mediated

deprotection of 241 to yield primary alcohol 258, followed by oxidation with DMP to furnish
aldehyde 240 in 92% yield.

Up to this stage, all reactions proceeded with remarkable yields and excellent selectivity, even

on a multigram scale, making the synthetic sequence highly efficient and practical.

O TBSO OPMB a)DDQ, H,0 O TBSO OH  b)DMP H,0 o TBSO O
~N —_— ~N —_— N
o 94% om 92% o~
241 258 240

Scheme 3.6-6. Deprotection of PMB ether 241 with DDQ to primary alcohol 258 and additional oxidation to
aldehyde 240. Conditions: a) 241 (1.00 equiv.), DDQ (1.40 equiv.), H20 (5.50 equiv.), DCM, r.t., 2 h, 94%; b) 258
(1.00 equiv.), DMP (2.00 equiv.), H20 (1.20 equiv.), DCM, 0 °C-r.t., 4 h, 92%.
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Aldehyde 240 was converted into alcohol 259 through a nucleophilic attack by deprotonated
dimethyl methylphosphonate, yielding 36% of product as a mixture of diastereomers
(Scheme 3.6-7). Stereocontrol was not necessary, as the alcohol was subsequently oxidized to
ketone 238 with 56% vyield. The overall yields were rather moderate and not entirely
satisfactory, likely due to the presence of an ester group on the opposite side. Although
aldehydes are generally more reactive, and the reaction was conducted at low temperatures

to minimize side reactions, ester reactivity could not be entirely excluded.

(0]
a) II:I’
“ole b) DMP
(6] TBSO ? n-Buli O TBSO OH (IDI H,0 (6] TBSO (6] (IDI
~ ~ R-ome ~ R-oMe
o ~ 36% S ~ OMe 56% o ~ OMe
240 259 238

Scheme 3.6-7. Synthesis of phosphonate 238, starting from aldehyde 240. Conditions: a) dimethyl
methylphosphonate (1.30 equiv.) n-Buli (1.15 equiv.), THF, =78 °C, 30 min, then 240 (1.00 equiv.), 30 min, 36%;
b) 259 (1.00 equiv.), DMP (1.50 equiv.), H20 (1.20), DCM, 2 h, 56%

For vyield improvement, dimethyl methylphosphonate was substituted by diethyl
methylphosphonate (Scheme 3.6-8). This modification led to significantly improved yields,

and the target phosphonate 261 was successfully synthesised and ready for use in the HWE

reaction.
a) II:I’
d \o%Ft b) DMP
o TBSQ O gy, O TBSO OH Q H,0 o TBSO O 0
~ RN R~0Et N R-0Et
0"~ 53% 0"~ OEt  73% o~ OEt
240 260 261

Scheme 3.6-8. Synthesis of phosphonate 261, starting from aldehyde 240. Conditions: a) diethyl
methylphosphonate (1.50 equiv.) n-BulLi (1.20 equiv.), THF, -78 °C, 30 min, then 240 (1.00 equiv.), -90 °C,
15 min, then -40 °C, 40 min, 53%; b) 260 (1.00 equiv.) DMP (2.00 equiv.), H20 (1.20), DCM, 2 h, 73%.

91



3 Results and Discussion

3.6.2  Synthesis of Aldehyde 239

This chapter describes the synthesis of aldehyde 239, following a newly designed route aimed
at increasing flexibility by introducing a Mukaiyama aldol coupling at the 1,3-diol
(Figure 3.6-3). This approach facilitates potential late-stage derivatization while also reducing
the number of linear synthetic steps.

TBSO OTBS

=~
o %
(ONQ T™S
239

Figure 3.6-3. Target molecule 239.

The synthesis started with the (S)-Roche ester (248), which was protected to PMB ether 262
(Scheme 3.6-9), since previous attempts to remove a primary TBS group selectively alongside
secondary TBS ethers had shown limitations. PMB deprotection should offer better yields in

later steps (see Scheme 3.3-36 and Scheme 3.3-37).

o a) CSA, 85% 0
HO/YJ\O/ PMBO/YJ\O/
248 262
b) PMBOH, KOH,

A 18-crown-6 A

| »

cI” N 88% PMBO™ "N
263 264

Scheme 3.6-9. Synthesis of the PMB-protecting reagent (Dudley reagent, 264) and PMB protection of (S)-Roche
ester (248) to corresponding PMB ether 262. Conditions: a) 248 (1.00 equiv.), 264 (2.00 equiv.), CSA (0.10 equiv.),
DCM, r.t., 72 h, 85%; b) 263 (1.00 equiv.), p-anisyl alcohol (1.20 equiv.), 18-crown-6 (0.05 equiv.), KOH
(4.00 equiv.), Dean-Stark trap, toluene, 140 °C, 1.5 h, 88%.

To install the PMB protection, the Dudley reagent (264) was first synthesized from quinoline
263. Using this reagent, Roche ester 248 was successfully converted to PMB ether 262 with

85% vyield without workup difficulties, even on a large scale.

PMB ether 262 was subsequently transformed into Weinreb amide 265 and reduced to methyl
ketone 247 (Scheme 3.6-10). Methyl ketone 247 was further transformed into silyl enol ether

245, completing the first key building block for the Mukaiyama aldol reaction.
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a) i-PrMgCl
o) . yN-C o] o]
HCI Hlil ~ o b) HzCMgClI
PMBO/YJ\O/—> PMBO/YJ\N/ ~ PMBO/\HJ\
97% | 89%
262 265 247
c) NEt, TMSCI,
LHMDS
quant.
_TMS
o)
PMBO%

245

Scheme 3.6-10. Conversion of ester 262 into Weinreb amide 265, followed by methylation to the methyl ketone
247, enabling the formation of silyl enol ether 245. Conditions: a) 262 (1.00 equiv.), isopropylmagnesium chloride
(3.00 equiv.), N-methoxymethylamine hydrochloride (1.55 equiv.), THF, -20 °C, 40 min, then -r.t., 2 h, 97%; b)
265 (1.00 equiv.), methylmagnesium chloride (3.00 equiv.), THF, 0°C, 30 min then -r.t.,, 2h, 89%; c)
247 (1.00 equiv.), NEts (3.00 equiv.), TMSCI (3.00 equiv.), LHMDS (1.70 equiv.), =78 °C, 3 h, quant.

The second key fragment was derived from commercially available epoxide 250
(Scheme 3.6-11). Epoxide opening was implemented by using t-Buli and

ethynyltrimethylsilane, yielding secondary alcohol 249 in 91% vyield.

X
X
\TMS
OTBS t-BuLi, BF;*OEt,  OTBS
o 91% A
OH T™S
250 249

Scheme 3.6-11. Opening of epoxide 250 to alcohol 249. Conditions: ethynyltrimethylsilane (1.30 equiv.), t-Buli
(1.40 equiv.), THF, =78 °C, 30 min, then 250 (1.00 equiv.), BFs-Et20 (1.30 equiv.), -78 °C-»r.t., 3 h, 91%.

Alcohol 249 was methylated using a Meerwein methylation to get methyl ether 266 in an
excellent 96% vyield (Scheme 3.6-12). Subsequent deprotection of the primary TBS group
proceeded smoothly, affording primary alcohol 267 with 90% vyield. Since no other silyl ethers
were present in the molecule, unwanted side reactions were avoided. Finally, alcohol 267 was
oxidized to the corresponding aldehyde 246, completing the second key fragment required

for aldol coupling.
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a) Proton-sponge®, c) DMP,
OTBS OTBS OH 0
- H/\ - H/\ = l
—_ —
N 96% N 90% N 71% N
OH ™S O ™S O ™S O ™S
249 266 267 246

Scheme 3.6-12. Methylation of alcohol 249 to methyl ether 266, followed by TBS deprotection to primary alcohol
267 and subsequent oxidation to aldehyde 246. Conditions: a) 249 (1.00 equiv.), Proton-sponge® (4.00 equiv.),
Me30BF4 (3.00 equiv.), DCM, 0 °C-»r.t., 16 h, 96%; b) 266 (1.00 equiv.), ag. 3 M HCI (0.30 equiv.), MeOH, r.t.,
45 min, 90%; c) 267 (1.00 equiv.), DMP (2.00 equiv.), H20 (1.20 equiv.), pyridine (3.00 equiv.), DCM, 0 °C, 3 h,
thenr.t.,, 3 h, 71%.

Silyl enol ether 245 and aldehyde 246 were coupled via a Mukaiyama aldol reaction
(Scheme 3.6-13).1%58 This transformation proceeded on a gram scale with an excellent yield of

92% and remarkable diastereoselectivity (dr >20:1). In this process, Mg?* acted as a Lewis acid

to activate aldehyde 246, facilitating the nucleophilic attack of enol ether 245.

OTMS (? MgBr, (0] OH
+
PMBO/Y& N - > PMBO/YJ\/H/\
X X
92%, dr>20:1
(ONG TMS ° (ONG TMS
245 246 268

Scheme 3.6-13. Mukaiyama aldol reaction of enol ether 245 and aldehyde 246 to corresponding aldol coupling
product 268. Conditions: 245 (3.00 equiv.), 246 (1.00 equiv.), MgBr2-OEt: (3.00 equiv.), DCM, -78 °C, 3 h, 92%.

The excellent stereoselectivity of this reaction can be explained by the Cram-chelate transition
states.[159160] |n this mechanism, the oxophilic Mg?* cation coordinates both to the aldehyde
and the methoxy group, which is in a-position to the carbonyl group (269 and 271,
Scheme 3.6-14). As shown in 269 and 271 the carbonyl oxygen and the oxygen of the methoxy

group are locked in syn-position, due to chelation of Mg?*.

Consequently, two distinct transition states are possible, in which the nucleophile 245 attacks
the aldehyde from either the Re-face (269) or the Si-face (271). Steric hindrance between the
nucleophile and the bulky aldehyde substituent in transition state 271 makes this pathway
less favorable. Thus, transition state 269 is preferred. Following nucleophilic attack and
subsequent workup results in the formation of product 270, which corresponds to the 1,2-syn
product 268. In contrast, the disfavored transition state 271 would lead to Newman-projection

272, which corresponds to the 1,2-anti product 273.
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Nu
l v, H OH
M . R OMe HO, H
ol So—  Workup _ N OTMS
>, = Nu S
H favoured 1 Nu H OMe  Nu before addition: PMBO
R H
269 270 268 245

1,2 syn
O

Nu after addition: PMBO/YK/‘%“
H OH

-M.
RSN . R OMe H OH
0 0O— work-up R R
_— N H Nu R
H T disfavoured u H OMe R= ‘?ZL/\
TMS

\ 272 273
1,2 anti

Nu
271

Scheme 3.6-14. lllustration of the 1,2-syn selectivity in the Mukaiyama aldol reaction via the Cram-chelate

transition state.[*6%

The S-ester 274 and R-ester 275 were synthesized from alcohol 268 to confirm the

stereochemistry by Mosher analysis (Scheme 3.6-15).

a) b)
o] PMBO [ 0
CF3 o) T™MS CF3

C|)J>/ ~ cl

P’ OMe 268 Ph OMe
(S)-(+)-MTPA-CI) ((R)-(--MTPA-CI)
Ph _ome Ph oMe
Ojg"’ca O:\)‘CF3
o 0o o o
PMBO/\‘)J\/H/\ PMBOM
O ™S O ™S
275 274
(R-Ester) (S-Ester)

Scheme 3.6-15. Synthesis of (S)-ester 274 and (R)-ester 275 for Mosher analysis.!33 Conditions: a) 268
(1.0 equiv.), (S)-(+)-MTPA-CI (4.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 65%; b) 268 (1.0 equiv.), (R)-(-)-MTPA-CI
(4.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 65%.

The differences observed in the '"H NMR spectra of the (S)- and (R)-MTPA esters 274 and 275

confirmed (R)-configuration (Table 3.6-2).1133]
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Table 3.6-2. Significant 1H NMR signals of 274 (S-Ester) and 275 (R-Ester) and their use in Mosher ester analysis.

I\I/ITPA
(6] O
PMBOM
: O ™S
Atom 6n of 274 (S-Ester) 6u of 275 (R-Ester) DGR = §S-ester — gR-ester
[ppm] [ppm]
1 3.57-3.52 3.53-3.51 (+0.04)-(+0.01)
3.46 3.41 +0.05
2 2.86-2.79 2.78-2.69 (+0.08)-(+0.10)
3 1.03 0.96 +0.07
a - . .
5 3.03 2.93 +0.10
2.86-2.79 2.81 (+0.05)-(~0.02)
6 - - -
7 3.57-3.52 3.59 (-0.02)-(-0.07)
8 2.26,2.03 2.47,2.37 -0.21,-0.34

After successful confirmation of alcohol 268, the corresponding syn-diol 276 was synthesized
via a Narasaka-Prasad reduction with 93% yield (Scheme 3.6-16).[152] The syn selectivity of this
transformation was verified through conversion into acetonide 277. The chemical shift of the
ketal carbon with 99 ppm provided further confirmation. A value below 100 ppm (278)
indicated a 1,2-syn product, whereas a shift above 100 ppm would have suggested a 1,3-anti

selectivity and the presence of a twist-boat conformation (refer to Figure 3.3-2).113
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O OH a) (Et),;BOMe, OH OH
NaBH4
PMBO AN PMBO A
O T™S 93% O T™S
268 276
b) 2-Methoxypropen,
PPTS
66%
Rz (0] 99.0 ppm PMBO N
278 277 O T™MS
%(—/
R4 Rz

Scheme 3.6-16. Narasaka-Prasad reduction of ketone 268 to syn-diol 276 and subsequent transformation into
the acetonide 277. Conditions: a) 268 (1.00 equiv.), (Et).BOMe (2.00 equiv.), NaBH4 (1.10 equiv.), THF/MeOH,
-78 °C, 3 h, 93%; b) 276 (1.00 equiv.), 2-methoxypropen (2.00 equiv.), PPTS (0.10 equiv.), DCM, r.t., 14 h, 66%.

The observed syn-reduction in the Narasaka-Prasad reaction can be explained by the six-
membered transition state 279 (Scheme 3.6-17). In an equilibrium process between
(Etz)BOMe and ketone 268, the loss of methanol generates transition state 279, where the
boron atom coordinates to the hydroxyl and the carbonyl oxygen. The subsequent hydride
transfer occurs in an axial position, in syn-configuration to the 8-oriented hydrogen atom and
leads to the formation of the more stable chair conformer 280, yielding the 1,3-syn product
276. In contrast, if the hydride transfer were to take place from the bottom, the unfavorable
twist-boat conformer would be generated, resulting in a 1,3-anti diol product, which is

energetically disfavored.[163]

+(Et),BOMe H Et
o QH -HOMe = |
R, Et 3 _B—
PMBO N — o—do R, 0~/ T Et
268 O T™Ms -(Et)2.BOMe —X_/ N 0
N > +HOMe Ri o E Ry
R, R, 279 280
work-up‘
OH OH
R R
"2t C

Scheme 3.6-17. lllustration of the Narasaka-Prasad reduction, highlighting the sterecontrol of the reaction.['6?

With the successful confirmation and explanation of the syn selectivity in the Narasaka-Prasad
reduction, diol 276 was subsequently protected as a TBS ether, yielding silyl ether 281

(Scheme 3.6-18). The initial PMB-protected alcohol was then selectively deprotected to afford
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primary alcohol 282. A final Parikh-Doering oxidation converted this intermediate into
aldehyde 239, completing the synthesis of the target fragment with considerable yields.
Aldehyde 239 was utilized in an HWE coupling with the previously synthesized phosphonate
(see Chapter 3.6.1).

OH OH a) DMAP, TBSCI, TBSO OTBS
imidazole
PMBO % . PMBO %
O ™S 99% O ™S
x147y x149y
b) MgBr,*OEt,
DMS
77%, 97% brsm
TBSO OTBS c) Parikh-Doering TBSO OTBS
oxidation
’
o) A . HO RN
(ONQ T™MS 87% (ONg T™MS
x151y x150y

Scheme 3.6-18. TBS protection of diol 276 to silyl ether 281, followed by selective PMB deprotection to primary
alcohol 282, and subsequent oxidation to aldehyde 239. Conditions: a) 276 (1.00 equiv.), DMAP (0.05 equiv.),
TBSCI (3.00 equiv.), imidazole (4.00 equiv.), DMF/DCM, r.t., 14 h, 99%, b) 281 (1.00 equiv.), MgBr-OEt;
(15.0 equiv.), DMS (50.0 equiv.), DCM, sealed, 96 h, 77%, 97% brsm.; c) 282 (1.00 equiv.), DIPEA (4.00 equiv.),
DMSO (10.0 equiv.), sulfur trioxide pyridine complex (6.00 equiv.), DCM, 0 °C-r.t., 1 h, 87%.

3.6.3 Coupling of Phosphonates 238 and 261 with Aldehyde 239

Phosphonates 238, 261 (see Chapter 3.6.1) and aldehyde 239 (see Chapter 3.6.2) were
coupled via a Horner-Wadsworth-Emmons (HWE) reaction to generate E-olefin bond

formations selectively. A general reaction mechanism is outlined in Scheme 3.6-19.[164

Carbanion 283 is generated by deprotonation and remarkably stabilized by phosphonate and
the electron-withdrawing group (EWG). This carbanion 283 undergoes nucleophilic attack on
aldehyde 284, leading to the formation of either addition product 285 or 288. Subsequently,
the oxygen performs an intramolecular attack on the phosphorus atom, forming a four-
membered heterocyclic oxaphosphetane 286 or 289. Significantly the transition states 285

and 286 can interconvert between 288 and 289.1165!

In the final step, elimination of phosphate results in the breakdown of oxaphosphetane 286

or 289, yielding either the E-olefin 287 or the Z-olefin 290. Although the HWE reaction typically
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3 Results and Discussion

favors the formation of the E-olefin, the selectivity between E- and Z-isomers can be
influenced by various factors, including the alkyl groups on the phosphonate, the choice of
coordinating or non-coordinating metal ions, reaction temperature or the steric demand of

the aldehyde substituent.[166]

Q 0©
R0 P'/Em R{0),P-0
( 1 )2 0a o ( 1 )2/4 EWG\/\R
H EWG"H v H 2
/ Ry H Rz 287
o 285 286
I
R0,P__Ewc _ ﬂ 1L
e R
28} : >
284 (R10),P__H (R0),P-0 — Z R
\ 0d —— 719 [ 2
EWG M4 WH
R “H EWG R, 290
288 289

Scheme 3.6-19. General mechanism of the HWE reaction. 164

Considering the reaction mechanism, the HWE reaction was first attempted using ethyl
phosphonate 261, as it had previously provided better yields (c¢f. Scheme 3.6-7 and
Scheme 3.6-8).

NaHMDS, a commonly used base for HWE reactions, was employed in the initial attempt
(entry 1, Table 3.6-3). Even under low temperatures with slow warming and prolonged
reaction times of 16 hours, only trace amounts of the desired HWE product 292 were
detected. Instead an elimination product 291 was obtained in over 90% yield. Base-induced
elimination removed the TBS-ether group in the B-position relative to the aldehyde.

Temperature increase and shortened reaction time did not improve the outcome (entry 2).

Table 3.6-3. HWE coupling of phosphonate 238/261 with aldehyde 239 to corresponding HWE coupling product
292 and side product 291.

(0] TBSO (0] (R TBSO OTBS
~ I:)\‘OR + =
° ~ OR ° (0] % TMS
~
238: R = Me 239
261: R = Et
Conditions
OTBS (0] TBSO O TBSO OTBS
OM + \O = = %
O ™S O ™S
291 292
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Entry Phos- Solvent Base Additives T Time Yield 291 Yield 292
phonate [1.10 equiv.] [°C] [h] [%] [%]
1 261 THF NaHMDS -78>0 16 >90 Traces!®!
(1M in THF)
2 261 THF NaHMDS -78 > 50 3 >90 ofel
(1M in THF)
3 261 THF BaOH H20 r.t. 16 >90 Traces
(2.00 equiv.)
4 261 THF BaOH H20 r.t. 16 >90 Traces
(10.0 equiv.)
5 261 THF/H20 BaOH 70 3 >90 Traces
40:1
6 261 THF NaHMDS -78 16 0 ofabel
(solid)
7 261 THF NaHMDS -78 > r.t. 16 27 3(ab]
(solid)
8 261 THF NaHMDS ScOTf -78 > r.t. 16 0 ofab!
(1M in THF)  (2.00 equiv.)
9 261 THF NaHMDS BF3*OEt2 60 16 0 0f2b!
(IMinTHF) (1,00 equiv.)
10 261 MeCN DBU LiCl rt. 1 48 Traces
(5.00 equiv.)
11 261 DMF K2COs3 r.t. 2 48 Traces
12 261 Toluene NaH 100 4 >90 Traces[®®!
13 238 THF/H20 BaOH 40 16 51 12
40:1
14 238 THF NaHMDS -78>0 16 3 18]
(1M in THF)

o] Substrates dried with Freeze-Pump-Thaw.

(bl Reaction was conducted over ground molecular sieve.

[ No conversion.

Similarly, attempts using Ba(OH), as a base with varying amounts of water did not yield

improvements (entries 3-5). It was suspected that the elimination reaction was facilitated by

traces of moisture, possibly introduced via the NaHMDS solution. To prevent moisture

contaminations, the reaction was repeated using solid NaHMDS. Additionally, all reagents
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were dried via Freeze-Pump-Thaw procedures and the reaction was conducted over ground
molecular sieve (entries 6-7). Although no product was isolated at -78 °C (entry 6), but the
elimination reaction was completely suppressed under these conditions. Small amounts of the

desired HWE product 292 were firstly observed at room temperature conditions (3%, entry 7).

Employing a Lewis acid should accelerate the rate determining step, the nucleophilic attack
on the aldehyde,[*®7] therefore scandium triflate (entry 8) or BFs-OEt, (entry 9) were added,

but no product was formed.

Utilizing milder deprotonating reagents, using the Masamune-Roush approach (entry 10),
were also unsuccessful.[*8! Similarly, employing very mild bases such as potassium carbonate

(entry 11) or sodium hydride (entry 12) failed.

Switching to methyl phosphonate 238 immediately provided promising results with 12% of
the desired E-olefin 292 obtained in the first attempt (entry 13). A slight improvement to 18%
yield and reduced side reaction product 291 in only small amounts (3%), were achieved using

NaHMDS (entry 14).

To exclude the possibility that the failure of the HWE reaction with ethyl phosphonate 261
was due to side reactions under the previously described conditions, a test reaction was
conducted using aldehyde 228 (Scheme 3.6-20). Investigations successfully yielded the E-
olefin 293 on the first attempt. These results suggest that the issue did not originate from the

phosphonate itself, but rather from the aldehyde 239 or a combination of several reasons.

o TBSO O O 9 NaHMDS O TBSO O
+
- R oTBs —————> 0TBS
07 NF et ~ 53%, dr>20:1 07 F =
261 228 293

Scheme 3.6-20. HWE reaction of ethyl phosphonate 261 with aldehyde 228 to corresponding olefin 293.
Conditions: 261 (1.10 equiv), 228 (1.00 equiv.), NaHMDS (1 m in THF, 1.10 equiv.), THF, =78 °C-r.t., 2 h, 53%,
dr>20:1.

Given these results, the HWE reaction may not be the most suitable olefination method for
this system. As an alternative approach, an attempt was made to synthesize the olefin via a

Grubbs metathesis (Scheme 3.6-21).
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To achieve this, aldehyde 240 was first treated with vinylmagnesium bromide as a nucleophile,
to form the corresponding alcohol, followed by oxidation using DMP to afford olefin 294 with
77% yield. Aldehyde 239 was converted into olefin 295 via a Wittig reaction, achieving a yield
of 93%.

(0] TBSO (I) TBSO OTBS
~
= ’
° ° (0] \\ TMS
240 239
a) X MgBr b) MePPh3Br
work up, then n-Buli
77%
0 TBSO O TBSO OTBS
\O = 4 + = \\
(ONQ T™MS
294 295
c) Hoveyda-Grubbs-II
O
0O TBSO OTBS
+
~
. (0) = NN
7 \
oTBS (ONg TMS
296 297
54% 16%

Scheme 3.6-21. Conversion of aldehyde 240 to olefin 294 and aldehyde 239 to olefin 295, followed by a Grubbs
metathesis reaction with both olefins to yield 296 and 297. Conditions: a) 240 (1.00 equiv.), vinylmagnesium
bromide (1.50 equiv.), THF, =78 °C, 1 h, then =78 °C->-30 °C, 45 min, aq. work up, then DMP (3.00 equiv.), DCM,
r.t., 1 h, 77%; b) Methyltriphenylphosphonium bromide (1.50 equiv.), n-BulLi (2 M in cyclohexane, 1.20 equiv.),
THF, -78 °C, 30 min, then -78 °C->r.t., 10 min then -78 °C, 239 (1.00 equiv.), =78 °C->r.t., 14 h, 93%; c) 294
(1.00 equiv.), 295 (1.00 equiv.), Hoveyda-Grubbs-II (0.10 equiv.), toluene, 120 °C, 20 h, 54% of 296 and 16% of
297.

These two olefins were then subjected to a Grubbs metathesis. Instead of the desired coupling
product 292 formation, the reaction predominantly led to the formation of cyclohexene 296.
This cyclic product is formed by an intramolecular Grubbs metathesis of olefin 294, leading to
the elimination of methyl acrylate. The released methyl acrylate then participated in another
Grubbs metathesis with olefin 295, generating methyl ester 297. While these findings are
intriguing, they unfortunately did not provide the desired product, indicating that Grubbs

metathesis is not a viable strategy for this system.
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3.6.4 Synthesis of Authentic Fragments 298 and 299

Since the fragment coupling proved to be extraordinarily difficult (see Chapter 3.3.5 and
Chapter 3.6.3), authentic fragments 298 and 299 were synthesized (Scheme 3.6-22). These
fragments correspond exactly to specific regions of the revised structure of neaumycin B (235)
and appear as if they were directly excised from the neaumycin molecule, meaning they

contain no protective groups or modifications.

g Revised structure of
- neaumycin B (235)

299

Scheme 3.6-22. The authentic fragments 298 and 299 from the revised structure of neaumycin B (235).

The goal of this fragment synthesis was to compare their NMR data with those of the
neaumycin B (1) isolated by Fenical et al. and the synthetically produced neaumycin B (1) by
Smith et al. and Chen et al. Hopefully, due to the altered stereocenters at the relevant
positions, a better match of the NMR data would be achieved, which would indicate that the

revised structure of neaumycin B (235) is correct.

B Ph
: Ph
o)
N-g’
\
0 TBSO O BH3*THF 0 TBSO OH
~ = ~ =
o 75%, dr=19:1 O &
294 300

Scheme 3.6-23. CBS-reduction of keton 294 to alcohol 300. Conditions: 294 (1.00 equiv.), BH3*THF (1 M in THF,
1.50 equiv.), (S)-2-methyl-CBS-oxazaborolidine (1 M in toluene, 1.10 equiv.), THF, =20 °C, 2.5 h, 75%, dr = 19:1.
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For this purpose, the previously synthesized vinyl ketone 294 (see Chapter 3.6.3) was
selectively reduced to alcohol 300 using a Corey-Bakshi-Shibata (CBS) reduction
(Scheme 3.6-23). This reaction proceeded with a yield of 75% and a remarkable

diastereoselectivity of 19:1.

The mechanism of the CBS reduction is explained below in Scheme 3.6-24. CBS reductions
utilize a chiral auxiliary, specifically the oxazaborolidine catalyst 301. Upon addition of BH3 as
the reducing agent, it coordinates to the catalyst 301 via the nitrogen atom, forming species
302. This coordination activates the BH3 as a hydride donor and simultaneously increases the

Lewis acidity of the endocyclic boron atom.

 Ph L Ph

| on BHy*THF o
N\B/O N\B/O
HiB 302
H,BQ, H
RL/< Rs \ /
307 H Ph
= L pn 0
@l 50
HCI, MeOH H B/N\%// RO Rs
, 28 b, Rs / 303
H-p’ H/{
7\ R,
BH, Huy
R™ Rs Ph Ph

" T
N . N
PR N oH Ph . o=<
H.B R HB-y” Re
305 304

Scheme 3.6-24. Mechanism of the CBS-reduction.!1¢!

Due to this increased Lewis acidity, the ketone 303 can coordinate to the Lewis-acidic
endocyclic boron atom through its sterically more accessible lone pair (Rs pointing upwards,
R. pointing downwards), with the adjacent BHs group positioned in cis-configurationt,
enabling a hydride transfer in the six-membered transition state 304 to form reduction

product 305.

The detachment of the oxazaborolidine catalyst can then proceed via two pathways. In one
pathway, a cycloelimination takes place, where the bond between the endocyclic boron atom

and the oxygen shifts to the BH, group and the bond between the nitrogen atom and the BH;
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group shifts back to the nitrogen atom. This regenerates the oxazaborolidine catalyst 301 and

forms the borinate 307, which is then converted into alcohol 308 upon work-up.

Alternatively, another BHs molecule can coordinate to complex 305, forming the six-

membered species 306, which subsequently converts into species 302 and the borinate 307.

Mosher analysis was performed for absolute stereochemistry elucidation. To achieve this, S-

MTPA ester 309 and R-MTPA ester 310 were synthesized from alcohol 300 (Scheme 3.6-25).

O TBSO OH
a) b)
o} Not A = 0
CFg CFs
Cl 300 CI™ 3
Ph OMe Ph OMe
((S)-(+)-MTPA-CI) ((R)-(-)-MTPA-CI)
Ph ocH, Ph  OoCH,
o “CF,4 o CF,4
o) TBSO O o) TBSO O
\O % = \O % =
310 309
(R-Ester) (S-Ester)

Scheme 3.6-25. Synthesis of (S)-ester 309 and (R)-ester 310 for Mosher analysis.[*33 Conditions: a) 300
(1.0 equiv.), (S)-(+)-MTPA-CI (2.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 60%; b) 300 (1.0 equiv.), (R)-(-)-MTPA-CI
(2.0 equiv.), pyridine (0.2 mL), r.t., 2 h, 69%.

The differences observed in the '"H NMR spectra of the (S)- and (R)-MTPA esters 309 and 310

confirmed (R)-configuration (Table 3.6-4).1133]

Table 3.6-4. Significant 1H NMR signals of 309 (S-Ester) and 310 (R-Ester) and their use in Mosher ester analysis.

I\I/ITPA
O TBSO O
\o* /3 4 6 8 /10

Atom 6n of 309 (S-Ester) 6n of 310 (R-Ester) DGR = §S-ester — GR-ester
[ppm] [ppm]
1 - - _
2 5.79 5.77 +0.02
3 6.96 6.86 +0.10
4 2.53 2.37 +0.16
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5 1.00 0.92 +0.08

6 3.72 3.59-3.55 (+0.13)-(+0.17)
7 1.82 1.77 +0.05

8 - - -

9 5.73 5.83 -0.10

10 5.37-5.25 5.44-5.33 (-0.07)-(-0.08)

After stereocenter verification of alcohol 300, the alcohol was converted into the
corresponding methyl ether 311 via Meerwein methylation (Scheme 3.6-26). Subsequently
the secondary TBS protecting group was quantitatively removed using CSA as catalyst,

completing the first authentic fragment 299.

a) Proton-sponge®

O TBSO OH MeOBF, o TBSO 07  b)CsA o OH o~
~ g — -
OW \OW quant. \OW
80%
300 311 299

Scheme 3.6-26. Meerwein methylation of alcohol 300 to methyl ether 311 and final deprotection to alcohol 299.
Conditions: a) 300 (1.00 equiv.), Proton-sponge® (6.00 equiv.), Me3OBF4 (4.00 equiv.), DCM, r.t., 20 h, 80%; b)
311 (1.00 equiv.), CSA (1.50 equiv.), DCM/MeOH, r.t., 18 h, quant.

The second authentic fragment, 298, was derived from the previously synthesized silyl ether
295 (Scheme 3.6-27, see Chapter 3.6.3). Deprotection by using HF-pyridine formed the 1,3-
diol 312 in quantitative yield, followed by the removal of the TMS group with K,COs;. A Lindlar

reduction’% of alkyne 313 to olefin 298 completed the synthesis of the authentic fragment.
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TBSO OTBS a) HF-pyridine OH OH
= =
/YK/H/\ quant- %
(ONG T™MS (ONg TMS
295 312
b) K.CO3,
MeOH
76%
c) Lindlar cat.,
OH OH OH OH

A
o
4

quinoline, H,
W -
O 68%
298

Scheme 3.6-27. TBS deprotection of silyl ether 295 to diol 312 with subsequent TMS deprotection to alkyne 313

313

with final poisoned reduction to authentic fragment 298. Conditions: a) 295 (1.00 equiv.), HF-pyridine
(50.0 equiv.), THF, r.t., quant.; b) 312 (1.00 equiv.), K2CO3 (10.0 equiv.), MeOH, r.t., 2 h, 76%; c) 313 (1.00 equiv.),
Lindlar cat. (Pd-50%), quinoline (2.00 equiv.), Hz (xs.), hexane, r.t., 30 min, 68%.
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3.6.5 Comparison of NMR Data from Authentic Fragments 298 and
299

With the successful synthesis of the two authentic fragments, 298 and 299, their NMR data
could now be compared to the originally isolated neaumycin B (1) reported by Fenical et al.

(Scheme 3.6-28).111

2
Revised structure of
neaumycin B (235)

Scheme 3.6-28. Revised structure of neaumycin B (235) with the authentic fragments 298 and 299.

Table 3.6-5, presents the 'H and C values from Fenical's isolated neaumycin B (1, left) and
the corresponding data for the synthetic authentic fragments 299 (atoms 1-9, right) and 298
(atoms 8-17, right). Since both fragments share atoms 8 and 9 due to the overlap of the double
bond, the table includes two entries for these atoms. The data in the table is limited to C1-

C17, as this corresponds to the range covered by the authentic fragments.

The authentic fragments show fewer multiplets and possess a noticeable improvement in
signal resolution. This can be attributed to the lower proton density in the fragments
compared to the full neaumycin B (1), where extensive signal overlap occurs, making
differentiation more challenging. Additionally, the fewer signals not only allow better
resolutions, but also a more precise determination of coupling constants. Ideally, it would
have been beneficial if the NMR signals in Fenical’s neaumycin B (1) had been fully resolved
with coupling constants, allowing for a direct comparison, particularly at positions where
stereocenters were revised (see Chapter 3.5). However, in the absence of such resolved data,

a comparison based on chemical shifts must suffice.
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Table 3.6-5. NMR data of isolated neaumycin B (1) by Fenical et al. and NMR data of fragment 299 and 298.111

Isolated neaumycin B (1) Fragments of neaumycin B (235, revised structure)
by Fenical et al. this work
(500/125 MHz, CDCls, r.t) (700/176 MHz, CDCls, r.t.)
Atom 6ulppm] m J[Hz] 6c [ppm] | &H[ppm] m J [Hz] 6¢c [ppm]
1 165.9 167.2
2 5.76 D 15.6 122.0 5.85 dd 15.8,1.3 121.2
3 6.75 dd 15.6,9.2 151.2 6.97 dd 15.8,7.8 151.3
4 231 me! 44.1 2.41 dddd  8.0,6.9,5.8,1.3 42.9
5 3.56 ml2 75.0 3.76 mla! 74.6
6a 1.50 ml2! 40.6 1.61 dt 14.6,9.9 39.5
6b 1.50 me 1.56 ddd 14.6,3.7,2.0
7 3.68 dd 8.6,5.0 84.3 3.77 mle! 84.3
5.22 dd 155, 8.5 129.8 5.63 m 137.57
5.68 dd 15.6,7.2 137.9 5.21/5.23 ddd 6.6,1.5,0.8 118.04
5.22 155, 8.5 129.8 5.06 m 115.3
5.68 15.6,7.2 1379 5.79 d 0.8 141.0
10 2.22 m2! 41.7 2.27 m 441
11 3.89 dd 12.0, 10.3 70.1 3.72 ddd 10.1,5.8,1.9 75.5
12a 1.65 mla! 36.2 1.68 dt 14.3,2.2 35.9
12b 1.40 ml2! 1.46 dt 14.4,10.3
13 3.72 ddd 9.7,6.0,2.1 70.3 3.77 ddd 10.5,5.8,2.4 73.9
14 3.05 ddd 9.5,5.5,2.7 83.9 3.10 q 5.6 83.7
15a 2.57 brd 15.0 335 2.42 dddt 14.9,6.8,54,1.4 34.0
15b 2.28 me 2.23 m
16 5.49 mte] 129.3 5.82 mte] 134.1
17 6.13 ml2! 133.6 5.08 mla! 117.7
42 1.10 mla! 16.1 1.09 d 6.9 14.7
43 0.83 d 6.9 12.2 1.05 d 6.9 15.0
7-OCHs 3.23 S 56.0 3.29 s 56.1
14-OCHs 341 s 57.3 3.42 s 58.2

br = broad signal.
eI Overlapping signal.
Although some chemical shifts exhibit similarities and fall within the expected range, none are

entirely identical. This discrepancy arises because the authentic fragments represent only

small sections of the molecule, whereas neaumycin B (1) is a large and complex macrocycle
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with numerous structural factors influencing chemical shifts. A more meaningful comparison
can be made by examining the 'H and "*C NMR data from the synthetic neaumycin B (1)

reported by Smith and Chen, alongside Fenical’s data and this work.

A close examination of the Smith and Chen datasets reveals nearly identical NMR spectra
(Table 3.6-6).['213] The largest deviation in the 'H spectrum is only 0.01 ppm, while in the *C
spectrum, deviations are generally within 0.1 ppm, with the notable exception of C13, which
shows a 1.8 ppm difference. Similarly, coupling constants are highly consistent, with the most
significant discrepancy being the coupling constant of H16, which Smith reported as 13.9 Hz
and Chen as 14.6 Hz. Apart from these exceptions, the data strongly suggest that both Smith

and Chen synthesized the same molecule with identical stereocenters.
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Table 3.6-6. NMR data of synthetic neaumycin B (1) from Smith et al. and Chen et a/.l*%13]

Synthetic neaumycin B (1) Synthetic neaumycin B (1)
by Smith et al. by Chen et al.
(600/150 MHz, CDCls, r.t) (800/201 MHz, CDCls, r.t.)
Atom 6n[ppm] m J [Hz] 6c [ppm] | Su[ppm] m J [Hz] 6¢c [ppm]

1 0.00 165.6 0.00 165.6

2 5.75 d 15.9 122.1 5.76 d 15.9 122.1

3 6.77 dd 158,80  150.3 6.78 dd 158,79 1503

4 2.38 ml 43.4 238 mb 433

5 3.70 me 72.0 3.0 m 72.0

6a 1.66 me 39.7 1.66  mb 39.6
6b 1.57 me] 1.57 m?]

7 3.83 dd  7.4,4.0 80.7 3.84 dd  7.4,4.0 80.7

8 5.40 dd 155,84  129.2 5.41 dd 156,84  129.2

9 5.72 dd 15.0,7.4 1382 5.73 dd 15.3,7.7 1382

10 2.17 h 6.9 43.0 2.18 q 7.5 42.9

11 3.47 d 9.2 76.4 3.47 d 9.2 76.4

12a 1.83 br d 14.3 36.7 1.84 d 14.1 36.6
12b 1.34 me] 1.34 m?]

13 3.72 ma] 76.4 3.72 ma] 74.6

14 3.06 td  6.5,4.1 84.0 3.07 td 6.5,4.1 84.0

15a 2.43 ml@ 32.6 2.43 ml? 32,6
15b 2.43 m?] 2.43 m@]

16 5.60 dt  13.9,7.2 1284 5.60 dt 146,73 1284

17 6.07 ml@ 133.4 6.07 ml? 133.4

42 1.12 me] 15.7 1.12 m@] 15.7

43 0.85 d 6.5 16.6 0.86 d 6.5 16.5

7-OCH; 3.25 s 56.2 3.25 s 56.2

14-OCHs  3.42 s 57.4 3.43 S 57.4

br = broad signal.

o] Overlapping signal.

When comparing these results with Fenical’s data, substantial discrepancies become

apparent. Significant deviations in chemical shifts are observed across almost all atoms, with

the most pronounced differences at H11 (0.42 ppm), H5 (0.14 ppm), and H6a (0.16 ppm,

Table 3.6-7). Additional discrepancies are found at H4 to H8, H12, and H15 to H17. The same
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trend is evident at the C chemical shifts, where atoms C3 to C8 show variations of up to
3.6 ppm, along with large differences at C10-C16 and the methyl group C43. These
inconsistencies strongly indicate that Fenical’s proposed structure does not represent the

correct structure of neaumycin B (1).

Table 3.6-7. Comparison of the NMR data from Fenical et al., Smith et al., Chen et al. and this work.[11~13]

A &4 [ppm] A &8¢ [ppm]
Atom Fenical Fenical Fenical Fenical Fenical Fenical
-Smith  -Chen  -thiswork | -Smith  -Chen  -this work
3 -0.02 -0.03 -0.22 0.9 0.9 -0.1
4 -0.07 -0.07 -0.10 0.7 0.8 1.2
5 -0.14 -0.14 -0.20 3.0 3.0 0.4
6a -0.16 -0.16 -0.11 0.9 1.0 1.1
6b -0.07 -0.07 -0.06
7 -0.15 -0.16 -0.09 3.6 3.6 0.0
10 0.05 0.04 -0.05 -1.3 -1.2 -2.4
11 0.42 0.42 0.17 -6.3 -6.3 -5.4
12a -0.18 -0.19 -0.03 -0.5 -04 0.3
12b 0.06 0.06 -0.06
13 0.00 0.00 -0.05 -6.1 -4.3 -3.6
14 -0.01 -0.02 -0.05 -0.1 -0.1 0.2
15a 0.14 0.14 0.15 0.9 0.9 -0.5
15b -0.15 -0.15 0.05
42 -0.02 -0.02 +0.01 0.4 0.4 14
43 -0.02 -0.03 -0.22 -4.4 -4.3 -2.8
7-OCHs -0.02 -0.02 -0.06 -0.2 -0.2 -0.1
14-OCHs -0.01 -0.02 -0.01 -0.1 -0.1 -0.9

Further insights can be gained by comparing the authentic fragment data with the NMR values

from Fenical’s structure. Since the fragments are relatively small, and chemical shifts depend
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on neighboring groups, the terminal atoms (1-2, 8-9, and 16-17) are marked in gray to indicate
that their values are not fully reliable due to the significant structural differences in their
surroundings. This is confirmed by the large chemical shift deviations observed at H17 (up to
1.05 ppm) and C17 (15.9 ppm). However, within the central regions of the fragments, several

improvements in chemical shift alignment can be noted compared to Smith and Chen's data.

In the 'H spectrum, notable improvements in alignment with Fenical’s data are observed at
H6a, H7, H11, H12a, and H15b. No direct improvements were achieved at H4, H5, or H10
where the stereocenters were modified (marked in red). Adjacent atoms such as H6a showed
a reduced discrepancy from 0.16 ppm (Smith/Chen vs. Fenical) to 0.11 ppm in the authentic
fragment, indicating a better match. Similarly, H7 improved from a deviation of 0.16 ppm to
0.09 ppm. A particularly striking example is H11 and H12a, where the chemical shift
discrepancy was reduced from 0.42 ppm to 0.17 ppm for H11 and from 0.19 ppm to 0.03 ppm
for H12a. These atoms are located near the methyl group at C10, which possesses the revised
stereochemistry in the authentic fragments. Furthermore, H15b exhibited an improvement in

deviation from 0.15 ppm to 0.05 ppm.

Examining the 3C shifts, improvements were achieved in fragment 299 at C3, C5, and C7. The
deviation at C3 decreased from 0.9 ppm to 0.1 ppm, while C5, one of the modified
stereocenters, showed a significant reduction from 3.0 ppm to 0.4 ppm. Additionally, C7
displayed a perfect match with Fenical’s data, whereas it showed previously a deviation of
3.6 ppm in Smith and Chen's reports. Thus, both H7 and C7 demonstrated improved
agreement. Furthermore, at C11 and C12, the deviations were reduced from 6.3 ppm to
5.4 ppm and from 0.5 ppm to 0.3 ppm, respectively. However, at C13, while Smith and Chen
had achieved an exact match in the 'H spectrum, their deviations in *C shifts were substantial
(6.1 ppm for Smith and 4.3 ppm for Chen). The authentic fragments showed an improved
agreement in C shift (reduced to 3.6 ppm), although at the cost of a slight deterioration in
the H7 shift (now deviating by 0.05 ppm). Similarly, improvements were observed at C15,
where the deviation was reduced from 0.9 ppm to 0.5 ppm, and at the methyl group C43,

where the difference decreased from 4.4 ppm to 2.8 ppm.

In summary, comparing small fragments to a large and complex macrocycle like neaumycin B

(1) is inherently challenging, especially because the folded nature of the macrocycle
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significantly influences chemical shifts. In summary, this study demonstrated improvements
in key regions of the molecule. Although a perfect match has not yet been achieved, which
was expected, the results indicate that the revised stereochemistry may indeed be more
accurate. The next logical step is to synthesize the full neaumycin B (235) with the revised

stereocenters and directly compare its NMR data to confirm this hypothesis.
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4 Conclusion
4.1 Summary

Neaumycin B (1) is a highly complex natural product that exhibits a strong synergistic effect
with Ramoplanin against methicillin-resistant Staphylococcus aureus (MRSA) and shows
potent cytotoxic activity against U87 human glioblastoma cells, highlighting its potential for
further pharmacological development.['%11] |ts structural complexity also presents a
significant challenge in total synthesis, which is why this work focused on synthesizing the

southern fragment 314 of this intricate molecule (Scheme 4.1-1).

O
. _ _ OH
Neaumycin A (3) Ri=CH; R,= %
“ R0 Neaumycin B (1) R{=CH3; R,=H (0]
H

Neaumycin C (5) Ry=H Ry=

o TBSO 0O  TBSO OTBS

0 TBSO o/ N‘K\I TBSO OTBS
H N
~ (0] N 1 14,
\O)‘W 5\1 8¢ SN N
H Ph O O = 0
205 315 ~

Scheme 4.1-1. Retrosynthetic strategy for the southern fragment 314 of neaumycin B (1).

In this work, the synthesis of the southern fragment 314 was explored, aiming to connect
aldehyde 205 and sulfone 315 through a Julia-Kocienski olefination. The synthesis starts from
commercially available diol 116, which was doubly protected as TBS ethers and subjected to
ozonolysis to yield aldehyde 118 (Scheme 4.1-2). Due to the molecular symmetry, two
equivalents of aldehyde 118 were obtained. A Brown allylation introduced the first
stereocenter with an enantiomeric excess of 86%. The resulting alcohol was methylated using

a Meerwein methylation, and a second ozonolysis converted the terminal double bond into
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aldehyde 115. A subsequent Brown crotylation delivered an excellent diastereoselectivity
(dr>20:1:1:1) with 82% vyield. The alcohol was protected to obtain silyl ether 92. A Grubbs
metathesis with methyl acrylate (93), followed by primary TBS deprotection and a final Parikh-

Doering oxidation, yielded aldehyde 205 in 10 steps with an overall yield of 25%.

1. Imidazole, 3. Brown allylation _

Z OH TBSCI, quant. ox (? 80%, ee=86% O O
fv R — (_ores L_X_orss
118

HO 2. 03, PPhg 4. Proton Sponge
116 73% Mez;OBF,4, 78% 115
5. O3, PPh3, 97%

6. Brown crotylation

10 82%, dr >20:1:1:1
7. 2,6-Lutidine
8_ ) )
\OJ\/ TBSOT, 89%
93
o TBSO O/ g;);;eyda-Grubbs-ll, TBSO O/
< ° <
\O S -0 MOTBS
: 9. CSA, 42% H
205 (quant. brsm) 92

10. Parikh-Doering, 79%
Scheme 4.1-2. Synthesis of aldehyde 205 over 10 steps with an overall yield of 25%, starting from diol 116.
Similarly, alcohol 145, required for the synthesis of neaumycin C (5), was synthesized in nine
steps but with a significantly lower yield of 6%, primarily due to a challenging primary
deprotection step, which resulted in only 25% vyield (refer to Chapter 3.3.2, Scheme 4.1-3).

_ OH 9 steps, 6% o] TBSO OTBS
f\/ T ~ )J\/\/T\/k/OH

B — (@) =
HO

116 145
Scheme 4.1-3. Analogous synthesis of the silyl ether derivate 145.

For the synthesis of sulfone 206 (unintentionally, the incorrect diastereomer 206 was
synthesised instead of 315, differing in the stereochemistry at the 1,2-diol moiety), the
starting material, (R)-Roche ester (101), was initially protected as a TBS ether (Scheme 4.1-4).
The ester was reduced by DIBAL-H to an alcohol, and oxidized via a Parikh-Doering reaction to
yield aldehyde 157. Following Brown allylation, provided a dr of 14:1 and subsequent TBS
protection and ozonolysis of the double bond afforded aldehyde 161. A challenging
alkoxyallylation with 3-methoxy-1-propene introduced two stereocenters simultaneously,
forming both an alcohol and a methoxy group with excellent diastereoselectivity
(dr>20:1:1:1). The alcohol was then TBS-protected to obtain silyl ether 175. Hydroboration

using in situ prepared dicyclohexylborane, followed by a Parikh-Doering oxidation, furnished
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aldehyde 179, which was converted into an alkyne via an Ohira-Bestmann reaction. The
primary TBS group was then deprotected using CSA to obtain primary alcohol 183, which was
further transformed into sulfone 206 in two steps via a Mitsunobu reaction to form the

corresponding thioether, followed by oxidation to the sulfone 206.

4. Brown allylation
78%, dr=14:1
5. TBSOTf, 2,6-lutidine

1. TBSCI, imidazole
0 quant.

(0] TBSO O
2. DIBAL-H, 94% | 76% |
HO/\:)J\O/ ) ) TBSO/\:) TBSO™
z 3. Paglkh-Doerlng z 6. Ozonolysis, PPhs z
101 93% 157 quant. 161
7. Brown alkoxyallylation
58%, dr>20:1:1:1
8. TBSOTHT, 2,6-lutidine
96%
TBSO OTBS TBSO OTBS
: 9. HB(Cy)y, 94% H
TBSO™ ™ iy , . TBSO™ X
B o) 10. Parikh-Doering H o
11. Ohira-Bestmann 179 ~ 92% 175 ~
86%
12. CSA
65%, quant. (brsm.)
TBSO OTBS 13. 1-Phenyl-1H-tetrazole-5-thiol, ,',\I‘N TBSO OTBS
: DIAD, PPH3, 89% N\NJ\ -
o 6 N 14. (NH4)gM070,4, HyO,, 97% ph JO ° 5 N
H _ 0+00a, ’ H
183 °> (NH4)sM07024, H20; o 206 -

Scheme 4.1-4. Synthesis of sulfone 206 over 14 steps, starting from (R)-Roche ester (101) with an overall yield of
20%.

Aldehyde 205 and sulfone 206 were converted in a Julia-Kocienski olefination to yield olefin
221 (Scheme 4.1-5). Unfortunately, the best yield was only 2%, with an E/Z selectivity of 1:10,

favoring the wrong diastereomer.

o TBSO O
; o
\O = =
205 NaHMDS O TBSO O TBSO OTBS
+ - ~ ~ ~
2%, E/IZ = 1:10 o : : R
N-N TBSO OTBS H : o
AN : 221
I 2 : - %
Ph = N
206

Scheme 4.1-5. Julia-Kocienski olefination of aldehyde 205 and sulfone 206 to olefin 221.

At this stage, two total syntheses of neaumycin B (1) had already been reported. However,

the NMR data did not match the originally isolated neaumycin B (1) reported by Fenical
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et al.,™ who first proposed its stereochemical structure. This discrepancy suggested that the
predicted structure was incorrect. Consequently, a structure revision was conducted in
collaboration with Prof. N. Ziemert, revealing that the revised structure of neaumycin B (235)
featured six different stereocenters (marked in red) at C4, C5, C10, C22, C35, and C38
(Scheme 4.1-6).

(o)
/ \ Revised structure of

Neaumycin B (235)

-

(0] TBSO (@) TBSO OTBS
\O = 475 NN NN %'7
_0 TMS
“ 236 “
~o NS . PO(Me), oY TNy %‘7
_0 TMS
238 239

Scheme 4.1-6. Structural revision of neaumycin B (235) and the retrosynthetic strategy for synthesizing the

southern fragment 236 from phosphonate 238 and aldehyde 239.

In consequence the synthetic strategy was adjusted. The new approach focused on
synthesizing the southern fragment 236, incorporating the revised stereocenters.
Additionally, a TMS-protected alkyne was introduced to avoid complications in base-mediated
couplings. Since the previous synthetic approach was not directly applicable to the new
stereochemical configuration (see Chapter 3.5), the southern fragment 236 was synthesized
via a Horner-Wadsworth-Emmons (HWE) coupling between phosphonate 238 and aldehyde
239.

The synthesis of phosphonate 238 started from diol 244, where one hydroxyl group was
selectively protected as a PMB ether, and the remaining hydroxyl was oxidized to aldehyde

via a Swern oxidation (Scheme 4.1-7). A Brown crotylation introduced the first two
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stereocenters with remarkable diastereoselectivity (dr >20:1:1:1) to yield alcohol 242.
Notably, this selectivity was maintained even at a decagram scale. Alcohol 242 was then TBS-
protected and converted into olefin 241 via Grubbs metathesis with methyl acrylate (93). The
primary PMB ether was removed with DDQ, and the resulting alcohol was oxidized with DMP
to aldehyde 240. A nucleophilic attack of deprotonated dimethyl methylphosphonate on
aldehyde 240, followed by oxidation of the resulting secondary alcohol, yielded target

phosphonate 238 over nine steps with an overall yield of 7%.

1. Amberlyst 15, 4. 2,6-lutidine
OH OH PMBOH, 98% OH OPMB TBSOTf, 97% O TBSO OPMB
2. DMSO, NEt3 = 5. Hoveyda-Grubbs-II, o =
C,Cl,0,, 91% methyl acrylate (93)
244 3, Brown crotylation 242 84% 241
52%, dr >20:1:1:1 6. DDQ, H20
94%
o 7. DMP, H,0,
~"\_OMe
OMe
O TBSO O O n-BuLi, 36% o TBSO O
~o % R-oMe ~— ~0 =
OMe 9. DMP, H,0
238 56% 240

Scheme 4.1-7. Synthesis of phosphonate 238 over 9 steps, starting from diol 244 with an overall yield of 7%.

The synthesis of aldehyde 239 started from (S)-Roche ester (248), by PMB-protection using
the previously synthesized Dudley reagent (264, Scheme 4.1-8). The ester was converted into
amide 265 and a Grignard reaction yielded the corresponding methyl ketone, which was

subsequently transformed into silyl enol ether 245.

Epoxide 250 was subjected to basic ring-opening, and the resulting alcohol was methylated
via a Meerwein methylation to yield methyl ether 266. The TBS group was removed, and the
alcohol was oxidized with DMP to the volatile aldehyde 246. Aldehyde 246 was coupled with
silyl enol ether 245 in a Mukaiyama aldol reaction, providing ketone 268 with an excellent
yield of 92% and a dr of >20:1, even on a multigram scale. A Narasaka-Prasad reduction,
followed by selective TBS protection of the resulting 1,3-diol, PMB deprotection, and a final

Parikh-Doering oxidation furnished aldehyde 239 in an impressive 52% yield over nine steps.
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1. AN
P
PMBO~ "N
o 264 o 3. H3CMgCl o TMS
CSA, 85% ° 89%
HO/\HJ\O/ ) > PMBO/W)LN/ ~ > PMBO%
2. i-PrMgCl I 4. NEts, TMSCI,
248 HCI*HN™~ 265 LHMDS, quant. 245
97%
1. =—TMS, t-BulLi
* 9 3. HCI, 90%
oTBS BF3"OEty, 91% OTBS 9 5. MgBr,
92%, dr >20:1
0 2. Proton Sponge®, A 4. DMP, H,0 x
250 266 246
6. (Et),BOMe,
NaBH,, 93%
TBSO OTBS 7. DMAP, TBSCI, o OH
_— imidazole, 99%
o) SN PMBO SN
o) TMS 8. MgBr,*OEt,, DMS O TMS
239 77%, 97% brsm 268

9. Parikh-Doering

87%

Scheme 4.1-8. Synthesis of aldehyde 239 over 9 steps (longest linear sequence) with a yield of 52%, starting from

(S)-Roche ester (248).

The HWE coupling yielded the desired olefination product 292, albeit with a modest yield of

18% (Scheme 4.1-9). This time a favored E/Z selectivity of >20:1 was achieved. Nevertheless

the elimination byproduct 291, was also isolated, causing complications in the reaction (refer

to Chapter 3.6.3).

T™MS

OTBS

X

o TBSO O O TBSO OTBS
~ R-ome + z
0" OMe 0 A
238 239 O<
\NaHMDS
O TBSO O TBSO OTBS
~ +
% %
(0] \\
N T™S

292, 18%, E/Z >20:1

O\
291,3%

T™MS

Scheme 4.1-9. HWE reaction of phosphonate 238 and aldehyde 239 to yield olefin product 292 and the

eliminated aldehyde 291.

To circumvent base-induced elimination, alternative strategies were pursued by synthesizing

olefins 294 and 295 (Scheme 4.1-10). Olefin 294 was obtained via a Grignard reaction with

aldehyde 240, while olefin 295 was synthesized through a Wittig reaction from aldehyde 239.
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Attempts to couple these intermediates via Grubbs metathesis were unsuccessful, as the
reaction led to undesired cyclization of 294, forming compound 296, instead of the expected
olefination product 292. Methyl acrylate, released during intramolecular metathesis of

substrate 294, underwent an additional Grubbs metathesis with olefin 295, yielding olefin 297.

0
~_MgBr
1. M9 O TBSO O
work up, then _
240 DMP, 77% ToT ‘oTes
()
’ 2. Hoveyda-
294 Grapbo 296, 54%
TBSO OTBS O TBSO OTBS
1. MePPhaBr
239 = [ e ~0 = N
n-BuLi, 93% o rms o rms
~ ~N
295 297,16%

Scheme 4.1-10. Grubbs metathesis of olefin 294 and 295 to cyclohexenon 296 and olefin 297.

Finally, authentic fragments 299 and 298 (Scheme 4.1-11), containing the revised
stereocenters, were synthesized for NMR comparison with Fenical’s isolated neaumycin B (1)
and the previously synthesized structures by Smith et al.[' and Chen et al.[3] Fragment 299
was obtained by reducing vinyl ketone 294 via CBS reduction, followed by a Meerwein
methylation and TBS deprotection using CSA. Fragment 298 was synthesized by sequentially
removing the TBS groups from 295 using HF-pyridine, deprotecting the TMS group with K,CO3

in MeOH, and reducing the alkyne to a double bond via Lindlar catalysis.

1. CBS-reduction
TBSO 75%, dr=19:1

0 OH O~
= \O Z =
2. Proton Sponge®
299

Me3OBF,4, 80%
3. CSA, quant.

1. HF-pyridine, quant.
TBSO OTBS 2. K,COg3, OH OH

y MeOH, 76%
X
O\
295

TMS 3. Lindlar cat.,
quinoline, Hy 68%

Scheme 4.1-11. Synthesis of the authentic fragments 299 and 298.

Comparing the authentic fragment data with Fenical’s structure reveals notable
improvements in chemical shift alignment, particularly in the central regions (Table 4.1-1).

While terminal atoms show large deviations due to structural differences, significant
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reductions in discrepancies were observed for key protons (H6a, H7, H11, H12a, and H15b)
and carbons (C3, C5, C7, C11, and C15). The revised stereochemistry appears more accurate,
but full confirmation requires synthesizing complete neaumycin B (235) and comparing its

NMR data. For further details see Chapter 3.6.5.

Table 4.1-1. Comparison of the NMR data from Fenical et al., Smith et al., Chen et al. and this work.[11~13]

A &4 [ppm] A &8¢ [ppm]
Atom Fenical Fenical Fenical Fenical Fenical Fenical
-Smith  -Chen  -thiswork | -Smith  -Chen  -this work
3 -0.02 -0.03 -0.22 0.9 0.9 -0.1
4 -0.07 -0.07 -0.10 0.7 0.8 1.2
5 -0.14 -0.14 -0.20 3.0 3.0 0.4
6a -0.16 -0.16 -0.11 0.9 1.0 1.1
6b -0.07 -0.07 -0.06
7 -0.15 -0.16 -0.09 3.6 3.6 0.0
10 0.05 0.04 -0.05 -1.3 -1.2 -2.4
11 0.42 0.42 0.17 -6.3 -6.3 -5.4
12a -0.18 -0.19 -0.03 -0.5 -04 0.3
12b 0.06 0.06 -0.06
13 0.00 0.00 -0.05 -6.1 -4.3 -3.6
14 -0.01 -0.02 -0.05 -0.1 -0.1 0.2
15a 0.14 0.14 0.15 0.9 0.9 -0.5
15b -0.15 -0.15 0.05
42 -0.02 -0.02 +0.01 0.4 0.4 14
43 -0.02 -0.03 -0.22 -4.4 -4.3 -2.8
7-OCHs -0.02 -0.02 -0.06 -0.2 -0.2 -0.1
14-OCHs -0.01 -0.02 -0.01 -0.1 -0.1 -0.9
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Additionally, a synthetic strategy was developed for mesaconic acid 185, required for the
synthesis of neaumycin A (3, Scheme 4.1-12). The synthesis begins from TMSE ether 188,
which can be obtained through the reaction of acryloyl chloride with 2(trimethylsilyl)ethanol
(TMSE). Ozonolysis of 188 furnishes the corresponding aldehyde, which is transformed into
ketone 202 via a Wittig reaction using triphenylphosphonium salt 201, prepared from bromide
200. Alternatively, the aldehyde can be converted into ethyl ester 204 employing
triphenylphosphonium salt 203. Both 202 and 204 can subsequently be converted to
mesaconic acid 185 through selective saponification or a classical Haloform reaction,
respectively.

1. O3, PPhs, 2. 03, PPh;,
then 203 then 201 0

0
o 64%, E/Z: >20:1 o 83%, E/Z: >20:1 o
™S Xy~ OEt ‘—O TMS TN T s X
% PhsP 0 0
204 Y‘\OEt 188 202

PPhg

Selective ! 203 201 :
! ' Haloform
Sponification | !
' o 1. PPhz, NaOH '
¥ 52% ¥
(0] \)J\ 0
~0 A0
TMS N OH Br T™MS X OH
0 200 o)

185 185

Scheme 4.1-12. Synthesis strategy for mesaconic acid 185, which is essential for the preparation of neaumycin

A (3).
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4.2 Outlook

Since the HWE coupling ultimately yielded promising results with methylphosphonate 238,
and the undesired elimination reactions could be effectively suppressed, this approach should
be further pursued (see Chapter 3.6.3). The synthesis of methylphosphonate requires
optimization, as previous attempts did not yield satisfactory results, possibly due to the ester
functionality present in the molecule. To address this issue, Cossy et al. developed a system

that successfully introduces methylphosphonates in the presence of an ester group.7%

In this approach, alcohol 258 is oxidized to the corresponding acid utilizing the Jones oxidation
conditions, followed by Steglich esterification with pentafluorophenol (Scheme 4.2-1). The
resulting pentafluorophenyl ester 316 acts as electrophile and is attacked by the lithiated
dimethyl ((trimethylsilyl)methyl)phosphonate to afford the desired methylphosphonate 238.
Alternatively, the synthesis could start from homoallylic alcohol 257. In this case, rather than
reacting with methyl acrylate in a Grubbs reaction as previously attempted, the alken 257
would be coupled with silyl ether 317. Subsequent PMB deprotection and oxidation would
yield aldehyde 318, which could then be attacked by the lithiated species of dimethyl

methylphosphonate and further oxidized to ketone 319.

Q TBSQ o 1. Jones-Oxidation Q TBSQ 2
I = 07 NF OCeFs "1 . 0
2. Pentafluorophenol v 3. |F|J
DCC, DMAP i \"OMe
258 316 1 ( OMe
TMS
j\ ¥ n-BulLi
238: R=
o ¥ ] TBSO O (Is
4 \"OMe
319: R= TESOk OMe
rﬁ A
b4 Q
/P\B(I\D/IMe
' e
OTES TBSO  OPMB ;.cD;Bngs TESO  TBSO O ! n-BuLi
v L. - | e 5.DMP
tZ =
3. DMP
317 257 318

Scheme 4.2-1. Synthesis strategy for methyl phosphonate 238 or 319.

With the successful synthesis of methylphosphonate 238 (for simplicity, only 238 is depicted

here, omitting 319), further investigations into the HWE reaction with aldehyde 239 could be

conducted to obtain olefin 292 in improved yields (Scheme 4.2-2). Subsequent CBS reduction,
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methylation of the resulting alcohol and saponification of the methyl ester to the
corresponding acid would afford the final southern fragment 320. This fragment could then
be coupled with the northern fragment 237 via a Steglich esterification, utilizing the carboxylic

acid functionality of 320 and the alcohol at the spiroketal moiety of 237.

Finally, TMS deprotection and functionalization of both alkynes to the corresponding vinyl
iodide following the mild and functional group tolerant methodology reported by Chong et al.
would enable an intramolecular Stille reaction.l'’? The final step would involve global

deprotection of all protecting groups using HF-pyridine, ultimately yielding neaumycin B (235).

0] TBSO O O

o g
238 O TBSO O TBSO OTBS
TBSO  OTBS T oA = X
> < - O ™S
O ™S
239 | 2. CBS reduction

' 3. Meerwein Methylation
i 4. Saponification

__:\ y

~

0] TBSO O TBSO OTBS

Z4 Z4
HO %

(0] TMS

~

5. Steglich Esterification 320

6. K2003, MeOH
7. Bu3SnH, |2
8. HF-pyridine

) Revised structure of
Neaumycin B (235)

Scheme 4.2-2. Final steps towards the total synthesis of neaumycin B (235).
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5 Experimental Procedures

5.1 General Information

Reaction handling: Unless stated otherwise, all non-aqueous reactions were performed in
flame-dried glassware under an argon atmosphere. All flasks were equipped with rubber septa
or were sealed with a glass stopper and a PTFE-collar. Temperatures above r.t. (23— 27 °C)
refer to oil bath temperatures, which were controlled by a temperature modulator. The
following baths were used for cooling: water/ice (0 °C), acetone/dry ice (-78 °C) and
acetone/liquid nitrogen (—90 °C). Reactions were magnetically stirred and monitored by TLC,

unless otherwise noted.

Solvents and reagents: Unless stated otherwise, solvents were purchased from the central
chemical store (ZVE) of the University of Bonn. Cyclohexane (CH) and ethyl acetate (EA) were
distilled over a Vigreux column. Dry solvents like dichloromethane, toluene, diethyl ether and
acetonitrile were taken out of a solvent purification system MB-SPS 800 from MBraun,
Garching. THF was freshly distilled over sodium/benzophenone before use. Reagents were
purchased from the following companies: Acros Organics, Geel (Belgium); Alfa-Aesar, Ward
Hill, MA (USA); Sigma-Aldrich, St. Louis, MO (USA) and TCI Chemicals, Antwerp (Belgium).

Unless stated otherwise all of these chemicals were used without further purification.

Flash column chromatography was accomplished according to the method introduced by G.
Nill using silica gel (pore size 60 A, 0.040 — 0.063 mm) purchased from Merck Millipore,

Massachusetts (USA). The given yields refer to the purified products.[173174]

Optical rotations were measured with a MCP 150 polarimeter (Anton Paar) in a 1 dm cuvette

using a sodium lamp.

'H-NMR spectra were recorded at room temperature (298 K) on Bruker Avance |
spectrometers with a 'H operating frequency of 300, 400 and 500 MHz and Bruker Avance llI
spectrometers with a H operating frequency of 500 MHz and 700 MHz. Unless stated
otherwise, all spectra were recorded at room temperature. All chemical shifts are given in
6 units relative to the residual protiated solvent residual peak (CDCls: 6H = 7.26 ppm,
CD,Cly: 8H =5.32, de-acetone: 8H = 2.05 ppm, de-DMSO: §H = 2.50 ppm).[175I Analyses followed
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first-order principles and the following abbreviations were used throughout: s = singlet,
d = doublet, t = triplet, g = quartet, m = multiplet, br = broad. Coupling constants through

n bonds ("J) are given in Hertz [Hz].

13C-NMR spectra were recorded at room temperature on Bruker Avance | spectrometers with
a 13C operating frequency of 75 and 100 MHz and Bruker Avance Il spectrometers with a 13C
operating frequency of 125 and 175 MHz. Unless stated otherwise, all spectra were recorded
at room temperature. All chemical shifts are given in & units relative to the residual protiated
solvent residual peak (CDCls: 6C = 77.16 ppm, CD,Cl,: 6C = 13.84 ppm, ds-acetone: 6H = 29.84
ppm, de-DMSO: 8C = 39.52 ppm).[173]

* chem. shifts associated with the major diastereomer are marked with an asterisk.
# chem. shifts associated with the minor diastereomer are marked with a hash.

Mass spectra (MS) and high-resolution- mass spectra (HR-MS) were recorded on a MAT 95
XL sector field device from Thermo Finnigan (Bremen), mircoTOF-Q from Bruker Daltonik
(Bremen) and LTQ Orbitrap XL mass spectrometer from Thermo Fisher Scientific (Bremen).
lonization processes and mol peaks were given in combination with characteristic

fragmentations.
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5.2 Experimental Details for Chapter 3.3.1: Synthesis of Sulfone 89

\ 7/
S _N_
: TN
= N~ /
89 pv N

O TBSO O 0 o

5.2.1 ((But-3-en-1-yloxy)methyl)benzene (102)

OH OBn
K/\ K/\
96 102

Chemical Formula: C41H440
Exact Mass: 162.1045

Sodium hydride (28.2 g, 706 mmol, 1.50 equiv., 60% dispersion in mineral oil) was added
carefully to a solution of 3-butenol (96, 40.0 mL, 470 mmol, 1.00 equiv.) in THF (200 mL) and
stirred for 2 h. Benzyl bromide (83.8 mL, 706 mmol, 1.50 equiv.) was added and the reaction
was stirred for 18 h. H,O (100 mL) was added, the aqueous phase was extracted with
Et20 (3 x 100 mL) and the combined organic layers were washed with brine (20 mL). Drying
over MgS0s, removal of the solvent in vacuo and purification of the residue by distillation
under reduced pressure (bp ~130 °C @ ~80 mbar) yielded ether 102 (76.2 g, 470 mmol,

guant) as a colourless oil.
Ry =0.28 (CH/EA 40:1)

1H NMR (CDCl,, 400 MHz): & = 7.37 — 7.29 (m, 5H), 5.87 (ddt, 1H, J=17.0, 10.2, 6.7 Hz), 5.17 —
4.95 (m, 2H), 4.50 (s, 2H), 3.53 (t, 2H, J=6.7 Hz), 2.37 (qt, 2H, J=6.7, 1.4 Hz) ppm.

13C NMR (CD2Cl;, 126 MHz): 6 = 139.2, 136.0, 129.4, 129.2, 128.7, 128.0, 127.8, 116.3, 73.2,
70.1, 34.7 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 163.1117; found: 163.1117.

The experimental data are in agreement with those previously published.[27¢!
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5.2.2  2-(2-(Benzyloxy)ethyl)oxirane (103)

OBn OBn
K/\ <7
102 103

Chemical Formula: C11H140,
Exact Mass: 178.0994

A solution of 102 (25.0 g, 154 mmol, 1.00 equiv.) in DCM (77 mL) was cooled to 0 °C. mCPBA
(39.9 g, 231 mmol, 1.50 equiv.) was carefully added and the reaction mixture was stirred at
0°C for 1h, then allowed to warm to r.t. and stirred for additional 2 h. Aq. sat.
Na2S,03 (300 mL) was carefully added, the reaction mixture stirred for 30 min. and then aq.
sat. NaHCOs (300 mL) was added and the reaction mixture was stirred for additional 30 min.
The aqueous phase was extracted with DCM (3x 100 mL). The combined organic layers were
again washed with aqg. sat. Na;5,03 (100 mL) and aqg. sat. NaHCOs (100 mL), the aqueous phase
was extracted with DCM (3x 100 mL) and the combined organic layers were dried over MgSOQa.
Removal of the solvent in vacuo yielded epoxide 103 (24.7 g, 154 mmol, quant.) as a colourless

oil, which was used in the next step without further purification.
Ry=0.29 (CH/EA 6:1)

1H NMR (CDzCl,, 500 MHz): & = 7.38 — 7.32 (m, 4H), 7.31 — 7.25 (m, 1H), 4.51 (s, 2H), 3.68 —
3.53 (m, 2H), 3.02 (dddd, 1H, J=6.5, 4.8, 4.0, 2.7 Hz), 2.73 (ddd, 1H, J=5.1, 4.0, 0.5 Hz), 2.48
(dd, 1H, J=5.1, 2.7 Hz), 1.87 (dddd, 1H, J=14.3, 7.3, 6.1, 4.8 Hz), 1.75 (dq, 1H, J=14.3, 6.0 Hz)

ppm.

13C NMR (CD.Cl, 126 MHz): 6 = 139.1, 128.7, 128.0, 127.9, 73.3, 67.6, 50.2, 47.2, 33.4 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 201.0886; found: 201.0886.

The experimental data are in agreement with those previously published.[7”]
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5.2.3 (R)-4-(Benzyloxy)butane-1,2-diol (95)

Procedure a:

OH
103 95

Chemical Formula: C41H503
Exact Mass: 196.1099

((1S,25)-(+)-1,2-Cyclohexanediamino-N,N'-bis(3,5-di-tertbutylsalicylidene)cobalt(ll)) (559 mg,
926 umol, 0.01 equiv.), acetic acid (5.29 mL, 92.6 mmol, 0.50 equiv.) and toluene (4.90 mL,
46.3 mmol, 0.25 equiv.) were placed in a round flask and stirred for 30 min at r.t. under air.
The solvents were removed under reduced pressure, the resulting residue were cooled to 0 °C
and epoxide 103 (33.0 g, 185 mmol, 1.00 equiv.) and H>0 (1.83 mL, 102 mmol, 0.55 equiv.)
were added. The reaction mixture was allowed to stir for 40 h. H,O (100 mL) and Et,0 (300 ml)
were added, the aqueous phase was extracted with Et,0 (3x 100 mL) and DCM (3x 100 mL)
and the combined organic layers were dried over MgS0O4 and concentrated in vacuo. The
residue was purified by flash column chromatography over silica gel (CH/EA 1:2) to yield diol
95 (5.58 g, 28.4 mmol, 15%, ee = 25%, detected by HPLC, n-Hexan/2-propanol 98:02, DAICEL

Chiralpak IH-U, flow: 0.85 mL/min, pressure 191 bar, retention time 20 min) as a yellow oil.

Procedure b:

OH
102\ 95

Chemical Formula: C11H503
Exact Mass: 196.1099

To a solution of methansulfonamide (58.6 mg, 616 umol, 1.00 equiv.) in H,O (1 mL) and t-
BuOH (0.3 mL) was added AD-mix-8 (864 mg) and the mixture was cooled to 0 °C. Alken 102
(100 mg, 616 umol, 1.00 equiv.) was transferred to the mixture by using t-BuOH (0.7 mL). The
reaction mixture was allowed to warm to r.t. and stirred for 96 h. Aqg. sat. Na2SOs (1 mL) was
added and the mixture stirred for 30 min. The aqueous Phase was extracted with Et,O
(3x2mL) and DCM (3x 2 mL), the combined organic layers were dried over MgSO4 and
concentrated in vacuo. The residue was purified by flash column chromatography over silica

gel (CH/EA 1:2) to yield diol 95 (79.0 mg, 403 umol, 65%) as a yellow oil with an ee of 45%
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which was detected by HPLC (n-Hexan/EtOH 98:02, DAICEL Chiralpak IH-U, flow: 0.85 mL/min,

pressure 192 bar, retention time 20 min).

Procedure c:

OBn o OBn OH
K/<l K/k/OH
112 95

Chemical Formula: C11H503
Exact Mass: 196.1099

112 (6.09 g, 34.2 mmol, 1.00 equiv.), THF (57 mL) and sodium hydroxide (3 M in water,
57.0 mL, 170 mmol, 5.00 equiv.) were placed in a sealed pressure tube and stirred for 65 h at
100 °C. The reaction mixture was allowed to cool to r.t., aq. sat. NH4Cl (400 mL) was added
and the aqueous layer were extracted with EA (3x 200 mL). The combined organic layers were
washed with brine (300 mL), dried over MgS04 and the solvent was removed under reduced
pressure. Purification of the residue by flash column chromatography over silica gel (CH/EA

1:2) yielded diol 95 (22.6 g, 115 mmol, 84%) as a yellow oil.
Rs=0.18 (CH/EA 1:2).
[a]o?® = -6 (DCM, c = 0.5).

1H NMR (CD2Clz, 499 MHz): 6 = 7.51 - 7.05 (m, 5H), 4.51 (s, 2H), 3.89 —3.81 (m, 1H), 3.67 (qdd,
2H, J=9.4, 6.8, 4.7 Hz), 3.57 (ddd, 1H, J=11.1, 6.7, 3.7 Hz), 3.44 (ddd, 1H, J=11.2, 6.5, 5.4 Hz),
2.96 (d, 1H, J=3.5 Hz), 2.21 (dd, 1H, J=6.8, 5.5 Hz), 1.83 — 1.67 (m, 2H) ppm.

13C NMR (CDzCl, 126 MHz): & = 138.6, 128.8, 128.1 (d, J=1.5 Hz), 73.6, 71.6, 68.7, 67.0, 33.3

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 197.1172; found: 197.1171.

The experimental data are in agreement with those previously published.[178!
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5.24 (5)-2-Bromosuccinic acid (105)

o) o
H
HOP o HO)WOH
NH, O Br O
104 105

Chemical Formula: C4H5BrO4
Exact Mass: 195.9371

3N aq. sulfuric acid (195 mL, 1.13 mol, 5.00 equiv.) and L-aspartic acid (104,
30.0 g, 225 mmol, 1.00 equiv.) were added to a stirring solution of potassium bromide (60.0 g,
270 mmol, 2.20 eq.) in H20 (200 mL) at 0 °C. NaNO; (6.24 g, 90.1 mmol, 1.20 equiv.) was
added and the solution stirred vigorously for 2 hours. Urea (6.78 g, 113 mmol, 0.50 equiv.)
and EA (100 mL) were added, the layers were separated and the aqueous layer was extracted
with ethyl acetate (4x 40 mL). All organic phases were combined, washed with brine (50 mL)
and dried over MgS04. Removal of the solvent in vacuo yielded carboxylic acid 105 as a
colourless solid, which was used in the next step without further purification

(27.6 g, 140 mmol, 62%).
Ry = 0.50 (CH/EA 1:1 containing 5% AcOH).
[a]lo 2° = -36.0 (H20, c = 1.0).

'H NMR (MeOD, 500 MHz): & = 4.56 (dd, 1H, J=8.7, 6.2 Hz), 3.18 (dd, 1H, J=17.2, 8.7 Hz), 2.95
(dd, 1H, J=17.2, 6.2 Hz) ppm.

13C NMR (MeOD, 126 MHz): § =173.2, 172.4, 40.8, 40.2 ppm.
HRMS (ESI (-), 6.0 eV): calculated for [M-H]: 194.9298; found: 194.9282.

The experimental data are in agreement with those previously published.[?4]

5.2.5 (S)-2-Bromobutane-1,4-diol (110)

(0]
H
HO - OH HO/\;/\/O
Br O Br
105 110

Chemical Formula: C4HgBrO,
Exact Mass: 167.9786
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Borane dimethylsulfide complex (42.6 mL, 560 mmol, 4.00 equiv.) was added to a solution of
carboxylic acid 105 (27.6 g, 140 mmol, 1.00 equiv.) in THF (200 mL) at —78 °C and stirred for
90 min. The reaction was allowed to warm to r.t. and stirred for addition 48 h. Methanol
(100 mL) was added slowly at 0 °C, and stirred for additional 20 min at r.t. The solvent was
removed in vacuo the residue was dissolved in methanol (100 mL) and evaporated in vacuo
(2x) to yield diol 110 as a yellow oil, which was used in the next step without further

purification (4.32 g, 25.5 mmol, quant.).
Rs= 0.3 (CH/EA/MeOH 6:6:1).
[a]o 2° = —31.0 (CHCl3, c = 1.0).

1H NMR (CD:Cl2, 500 MHz): 6 = 4.33 (dddd, 1H, J=10.3, 5.9, 5.3, 2.7 Hz), 3.88 — 3.74 (m, 4H),
2.52 (s, 1H), 2.17 — 2.02 (m, 2H), 1.87 (s, 1H) ppm.

13C NMR (CD.Cl3, 126 MHz): 6 = 67.5, 60.4, 56.1, 38.2 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 168.9864; found: 168.9862.

The experimental data are in agreement with those previously published. 124

5.2.6 (R)-2-(Oxiran-2-yl)ethan-1-o0l (111)

Br K/<’
110 111

Chemical Formula: C4HgO»
Exact Mass: 88.0524

Caesium carbonate (14.9 g, 45.7 mmol, 1.80 equiv.) was added to a solution of diol 110
(4.29 g, 25.4 mmol, 1.00 equiv.) in CHxCl> (90 mL) and stirred at r.t. for 45 h. The reaction
mixture was filtrated over a plug of celite® and rinsed with CH,Cl (40 mL). Removal of the
solvent in vacuo yielded epoxide 111 as a yellow oil, which was used in the next step without

further purification (2.24 g, 25.4 mmol, quant.).
Rs=0.35 (CH/EA 1:1 containing 5% AcOH).

[a]o 2° = +25.0 (DCM, c = 1.0).
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14 NMR (CD2Cl2, 500 MHz): & = 3.75 (dt, 2H, J=6.2, 5.4 Hz), 3.06 — 3.00 (m, 1H), 2.77 = 2.72 (m,
1H), 2.53 (dd, 1H, J=5.0, 2.7 Hz), 1.95 — 1.86 (m, 1H), 1.77 (td, 1H, J=5.3, 3.5 Hz), 1.70 — 1.62
(m, 1H) ppm.

13C NMR (CD2Cl;, 126 MHz): & = 60.2, 50.6, 46.7, 35.3 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 89.0603; found: 89.0609.

The experimental data are in agreement with those previously published. 12!

5.2.7 (R)-2-(2-(Benzyloxy)ethyl)oxirane (112)

111 112

Chemical Formula: C41H440,
Exact Mass: 178.0994

Sodium hydride (11.3 g, 282 mmol, 2.00 equiv. 60% dispersion in mineral oil) was added to a
precooled solution (0 °C) of alcohol 111 (12.4 g, 141 mmol, 1.00 equiv.) in THF (250 mL). After
30 min of stirring, benzyl bromide (25.2 mL, 212 mmol, 1.50 equiv.) was added slowly and the
reaction was allowed to warm to r.t. and stirred for additional 3.5 h. H,O (50 mL) was added,
the aqueous layer was extracted with EA (3x 200 mL), the combined organic layers washed
with brine (300 mL) and dried over MgSOa4. Removal of the solvent in vacuo and purification
of the residue by flash column chromatography over silica gel (CH/EA 6:1) yielded ether 112
(24.4 g, 137 mmol, 97%) as a colourless oil.

Rf=0.22 (CH/EA 6:1).
[alp 2° = +13.0 (DCM, ¢ = 1.0).

1H NMR (CD2Cl,, 500 MHz): & = 7.38 — 7.32 (m, 4H), 7.31 — 7.25 (m, 1H), 4.51 (s, 2H), 3.68 —
3.53 (m, 2H), 3.02 (dddd, 1H, J=6.5, 4.8, 4.0, 2.7 Hz), 2.73 (ddd, 1H, J=5.1, 4.0, 0.5 Hz), 2.48
(dd, 1H, J=5.1, 2.7 Hz), 1.87 (dddd, 1H, J=14.3, 7.3, 6.1, 4.8 Hz), 1.75 (dq, 1H, J=14.3, 6.0 Hz)

ppm.

13C NMR (CD:Cl2, 126 MHz): & = 139.1, 128.7, 128.0, 127.9, 73.3, 67.6, 50.2, 47.2, 33.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]* : 201.0886; found: 201.0866.
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The experimental data are in agreement with those previously published.[7®

5.2.8 (R)-4-(Benzyloxy)-1-((tert-butyldimethylsilyl)oxy)butan-2-ol

(113)
OBn OH OBn OH
on — L _X_otss
95 113

Chemical Formula: C47H3003Si
Exact Mass: 310.1964

Imidazole (173 mg, 2.55 mmol, 5.00 equiv.) was added to a solution of diol 95 (100 mg,
250 mmol, 1.00 equiv.) in DCM (3 mL) at 0 °C and the reaction was stirred for 30 min. Then a
solution of TBSCI (115 mg, 764 mmol, 1.50 equiv.) in DCM (2 mL) was added dropwise over a
period of 10 min and the reaction was allowed to stir for additional 60 min at 0 °C. The
reaction was quenched with H,0 (20 mL) and the aqueous phase was extracted with DCM (3x
20 mL). The combined organic layers were washed with brine (30 mL), dried over MgSO4 and
concentrated under reduced pressure. Purification by flash column chromatography over

silica gel (CH/EA 6:1) yielded silyl ether 113 (151 mg, 486 mmol, 96%) as a colourless oil.
Rf=0.25 (CH/EA 6:1).
[a]o 2° = +20.0 (DCM, ¢ = 1.0).

1H NMR (CD2Clz, 499 MHz): § = 7.36 — 7.31 (m, 4H), 7.30 - 7.26 (m, 1H), 4.50 (s, 2H), 3.78 (ddq,
1H, J=8.2, 7.0, 3.9 Hz), 3.70 — 3.63 (m, 1H), 3.63 — 3.57 (m, 2H), 3.47 (dd, 1H, J=10.0, 6.7 Hz),
2.66 (d, 1H, J=3.5 Hz), 1.76 (dddd, 1H, J=12.7,5.6, 4.4, 2.8 Hz), 1.73 = 1.65 (m, 1H), 0.90 (s, 9H),
0.07 (s, 6H) ppm.

13C NMR (CD:Clz, 126 MHz): 6 = 73.4,70.7, 68.3, 67.7, 33.5, 26.1, 18.6, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]* : 333.1856; found: 333.1859.
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5.2.9 (R)-(4-(Benzyloxy)-2-methoxybutoxy)(tert-
butyl)dimethylsilane (94)

OBn OH 0Bn 0~
— >
oTBS L_X_otss
13 94

Chemical Formula: C1gH3,03Si
Exact Mass: 324.2121

Proton-sponge® (9.45 g, 44.1 mmol, 5.50 equiv.) was added to a solution of alcohol 113
(2.49g, 8.02 mmol, 1.00 equiv.) in DCM (150 mL) at 0°C. After 30 min of stirring,
trimethyloxonium tetrafluoroborate (5.93 g, 40.1 mmol, 5.00 equiv.) was added. The reaction
was allowed to warm to r.t. and stirred for additional 6 h. Aq. sat. NaHCO3 (200 mL) was added
and the aqueous phase was extracted with DCM (3x 100 mL). The combined organic layers
were washed with brine (50 mL), dried over MgS04 and celite® (10 g) was added before the
mixture was concentrated under reduced pressure. Purification of the residue by flash column
chromatography over silica gel (CH/EA 15:1) yielded methyl ether 94 (1.91 g, 5.87 mmol, 73%)

as a yellow oil.
Ry=0.23 (CH/EA 15:1).
[alp 2° = +12.0 (DCM, c = 1.0).

1H NMR (CD2Cla, 499 MHz): & = 7.36 — 7.25 (m, 4H), 4.56 — 4.43 (m, 2H), 3.61 (d, 2H, J=5.0 Hz),
3.60 — 3.50 (m, 2H), 3.37 (s, 3H), 3.35 (s, 1H), 1.81 (dddd, 1H, J=14.3, 7.8, 6.6, 4.4 Hz), 1.68
(dddd, 1H, J=14.1, 8.0, 6.0, 5.3 Hz), 0.90 (s, 9H), 0.06 (s, 6H) ppm.

13C NMR (CD,Cl,, 126 MHz): 6 = 139.4, 128.6, 128.0, 127.8, 79.4, 73.2, 67.4, 65.5, 58.1, 32.2,
26.1, 18.6, -5.3 ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+H]* : 325.2193; found: 325.2190.
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5.2.10 (R)-4-((tert-Butyldimethylsilyl)oxy)-3-methoxybutan-1-ol

(114)
0Bn 07 OH 0~
A_ores L_X_orss
94 114

Chemical Formula: C41H03Si
Exact Mass: 234.1651

10 wt.% Pd/C (11.1 mg, Pd-10%) was added to a solution of benzyl ether 94 (34 mg, 105 umol,
1.00 equiv.) in MeOH (1 mL) and the reaction vessel was filled with hydrogen. After stirring for
16 h, the suspension was filtered over a plug of celite® and washed with MeOH (3 mL). The
solvent was removed under reduced pressure and the residue was purified by flash column
chromatography over silica gel (CH/EA 3:1) to yield alcohol 114 (24.5 mg, 105 umol, quant.)

as a colourless oil.

Ry=0.26 (CH/EA 3:1).

[a]lo 2° = +10.0 (DCM, c = 0.2).

'H NMR (CDCl;, 500 MHz): § = 3.72 — 3.66 (m, 3H), 3.61 (dd, 1H, J=10.6, 5.3 Hz), 3.41 (s, 3H),

3.40 — 3.35 (m, 1H), 2.42 (td, 1H, J=5.3, 2.8 Hz), 1.81 — 1.66 (m, 2H), 0.90 (s, 9H), 0.07 (s, 6H)

ppm.

13C NMR (CD2Clz, 126 MHz): 6 = 81.7, 65.1, 60.8, 58.0, 34.6, 26.0, 18.6, -5.3 (d, J=1.4 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 235.1724; found: 235.1724.

5.2.11 (R)-4-((tert-Butyldimethylsilyl)oxy)-3-methoxybutanal (115)

Procedure a:

oH o~ o o~

L_X_otss L_X_otss

114 115
Chemical Formula: C41H2403Si
Exact Mass: 232.1495

DIPEA (639 uL, 3.67 mmol, 4.00 equiv.) was added to a solution of alcohol 114 (215 mg,
918 pumol, 1.00 equiv.) in DCM (3 mL) and DMSO (651 uL,9.17 mmol, 10.0 equiv.) at 0 °C. After

stirring for 5 min, sulfur trioxide pyridine complex (438 mg, 2.75 mmol, 3.00 equiv.) was added
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and the reaction was allowed to warm to r.t. and stirred for 60 min. DCM (10 mL) and ag. sat.
NaHCOs (5 mL) were added and the aqueous phase was extracted with DCM (2x 5 mL). The
combined organic layers were washed with CuSO4, NH4Cl and brine (each aq. sat. 2x 5 mL)
while the aqueous phase was extracted each time with DCM (2x 5 mL). The organic phase was
dried over MgS04 and concentrated in vacuo to yield aldehyde 115 (197 mg, 848 umol, 92%)

as a yellowish oil.

Procedure b:

o~ 9 o~
_~_A_orss (_X_otss
120 115

Chemical Formula: C11H2403Si
Exact Mass: 232.1495

Alkene 120 (1.32 g, 5.63 mmol, 1.00 equiv.) was solved in MeOH (57 mL) and DCM (57 mL)
together with a tip of a spatula NaHCO3 (~10 mg) and cooled to —78 °C. The reaction vessel
was filled with ozone and stirred for 15 min. PPhsz (2.27 g, 8.67 mmol, 1.50 equiv.) was added
and the reaction mixture was stirred for 10 min at —78 °C. The reaction was allowed to warm
tor.t. and stirred for additional 2 h. The solvent was removed under reduced pressure and the
residue was purified by flash column chromatography over silica gel (CH/EA 9:1) to get

aldehyde 115 (1.30 g, 5.57 mmol, 97%) as a colourless liquid.
Rs=0.58 (CH/EA 9:1).
[a]o 2° = +17.0 (DCM, ¢ = 1.0).

1H NMR (CDCl>, 500 MHz): 6 = 9.77 (dd, 1H, J=2.4, 1.9 Hz), 3.77 — 3.69 (m, 2H), 3.63 — 3.59
(m, 1H), 3.38 (s, 3H), 2.63 — 2.52 (m, 2H), 0.89 (s, 9H), 0.06 (s, 6H) ppm.

13C NMR (CD:Clz, 126 MHz): 6§ = 201.4, 77.5, 64.5, 57.9, 46.4, 26.0, 18.5, -5.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 233.1567; found: 233.1563.
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5.2.12 (2)-2,2,3,3,10,10,11,11-octamethyl-4,9-dioxa-3,10-
disiladodec-6-ene (117)

f\/OH f\/OTBS
B ———

HO TBSO 17

Chemical Formula: C4gH3505Si,
Exact Mass: 316.2254

TBSCI (20.5 g, 136 mmol, 3.00 equiv.) was added to a solution of diol 116 (4.00 g, 45.4 mmol,
1.00 equiv.) and imidazole (12.4 g, 182 mmol, 4.00 equiv.) in DCM (90 mL) at 0 °C and stirred
for 5 min before the reaction was allowed to warm to r.t. and stirred for additional 90 min.
Ag. sat. NH4CI (100 mL) was added, the aqueous phase extracted with DCM (3x 100 mL) and
the combined organic layers were dried over MgSO4. Concentration in vacuo and purification
of the residue by flash column chromatography over silica gel (CH/EA 50:1) yielded silyl ether
117 (14.4 g, 45.4 mmol, quant.) as a colourless liquid.

Rf=0.27 (CH/EA 50:1).

1H NMR (CDCls, 400 MHz): 6 = 5.55 (ddd, 2H, J=4.1, 3.2, 0.8 Hz), 4.25 — 4.21 (m, 4H), 0.90 (s,
19H), 0.07 (s, 12H) ppm.

13C NMR (CDCl3, 101 MHz): § = 130.3, 59.8, 26.1, 18.5, -5.0 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 317.2327; found: 317.2326.

The experimental data are in agreement with those previously published.[27!

5.2.13 2-((tert-Butyldimethylsilyl)oxy)acetaldehyde (118)

OTBS

(0]
— 2x |l

=

OTBS
TBSO
17 118

Chemical Formula: CgH150,Si
Exact Mass: 174.1076

Alkene 117 (12.0 g, 37.9 mmol, 1.00 equiv.) was solved in MeOH (50 mL) and DCM (50 mL)
together with a tip of a spatula NaHCO3 (~10 mg) and cooled to —78 °C. The reaction vessel
was filled with ozone and stirred for 45 min. PPh3 (19.9 g, 75.8 mmol, 2.00 equiv.) was added

and the reaction mixture was stirred for 10 min at =78 °C before the reaction was allowed to
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warm to r.t. and stirred for additional 2 h. The solvent was removed under reduced pressure
and the residue was purified by flash column chromatography over silica gel (CH - CH/EA
15:1) to get aldehyde 118 (9.64 g, 55.3 mmol, 73%) as a colourless liquid.

Rf=0.21 (CH/EA 15:1).

14 NMR (CD,Cl, 400 MHz): & = 9.66 (t, 1H, J=0.7 Hz), 4.22 (d, 2H, J=0.8 Hz), 0.93 (s, 9H), 0.10

(s, 6H) ppm.
13C NMR (CD.Cl3, 126 MHz): 6 = 202.3, 70.1, 25.9, 18.6, -5.3 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 175.1149; found: 175.1150.

The experimental data are in agreement with those previously published. 8%

5.2.14 (R)-1-((tert-Butyldimethylsilyl)oxy)pent-4-en-2-ol (119)

(0] OH
L_omes = ~_L_omss

118 119
Chemical Formula: C11H2405,Si
Exact Mass: 216.1546

Allylmagnesium bromide (1 m in Et20, 41.3 mL, 41.3 mmol, 1.20 equiv.) was added over a
period of 30 min to a solution of (+)-B-Methoxydiisopinocampheylboran (13.6 g, 43.0 mmol,
1.25 equiv.) in Et,0 (110 mL) at 0 °C. The reaction was allowed to warm to r.t. and stirred for
additional 60 min before the reaction was cooled to —78 °C. Then aldehyde 118 (6.00 g,
34.4 mmol, 1.00 equiv.) was added over a period of 25 min and the reaction was stirred for
2.5 h. The mixture was diluted with THF (300 mL), NaOH (3 m, 100 mL) and H20; (35%, 50 mL)
were added and the reaction mixture was refluxed (55 °C) for 2 h. The aqueous phase was
extracted with Et,0 (3x 100 mL), washed with brine (50 mL) and concentrated in vacuo. The
residue was again solved in Et20 (100 mL) and H,0 (100 mL). FeSO4 (~25.0 g) was added and
the mixture was stirred overnight (14 h) at r.t. On the next day, the aqueous phase was
extracted with Et20 (3x 100 mL), the combined organic layers were washed with brine (50 mL)
and dried over MgS0O4. Removal of the solvent and purification of the residue by flash column
chromatography over silica gel (CH/EA 9:1) yielded alcohol 119 (5.94 g, 27.5 mmol, 80%,

ee = 14:1) as a colourless oil.

140



5 Experimental Procedures

Rf=0.31 (CH/EA 9:1).
[alo 2° = -2.0 (CHCls, ¢ = 1.0).

1H NMR (CD:Cl2, 700 MHz): & = 5.85 (ddt, 1H, J=17.2, 10.2, 7.1 Hz), 5.16 — 4.98 (m, 2H), 3.66
(tdt, 1H, J=6.9, 5.6, 3.9 Hz), 3.62 (dd, 1H, J=10.0, 3.8 Hz), 3.45 (dd, 1H, J=10.0, 6.9 Hz), 2.31 (d,
1H, J=4.0 Hz), 2.25 — 2.15 (m, 2H), 0.91 (s, 10H), 0.08 (s, 6H) ppm.

13C NMR (CDCl, 176 MHz): & = 135.3, 117.2, 71.6, 67.1, 38.1, 26.0, 18.6, -5.3 (d, J=5.4 Hz)

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 217.1618; found: 217.1624.

The experimental data are in agreement with those previously published.[181]

5.2.15 (R)-tert-Butyl((2-methoxypent-4-en-1-yl)oxy)dimethylsilane

(120)
OH o~
o~ Aoms T N _omss
119 120

Chemical Formula: C4,H,605Si
Exact Mass: 230.1702

Trimethyloxonium tetrafluoroborate (4.48 g, 30.3 mmol, 2.00 equiv.) was added to a solution
of Proton-sponge® (6.50 g, 30.3 mmol, 2.00 equiv.) and alcohol 119 (3.28 g, 15.2 mmol,
1.00 equiv.) in DCM (30 mL) at 0 °C. After 5 min of stirring, the reaction was allowed to warm
to r.t. and stirred for additional 72 h. The mixture was diluted with DCM (100 mL) and aq. sat.
NaHCOs (200 mL) was added and the reaction stirred for 1 h. The aqueous phase was
extracted with DCM (3x 100 mL), the combined organic layers washed with ag. sat. NaHCO3
(20 mL), brine (20 mL) and dried over MgS04. Removal of the solvent in vacuo and purification
of the product by flash column chromatography over silica gel (CH/EA 30:1->20:1) gave
desired ether 120 (2.74 g, 11.9 mmol, 78%) as a colourless oil.

Rf=0.19 (CH/EA 9:1).

[alo 2° = +5.0 (DCM, ¢ = 1.0).
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1H NMR (CDCls, 500 MHz): & = 5.84 (ddt, 1H, J=17.2, 10.2, 7.0 Hz), 5.09 (ddt, 1H, J=17.2, 2.1,
1.5 Hz), 5.05 (ddt, 1H, J=10.2, 2.2, 1.1 Hz), 3.65 —3.53 (m, 2H), 3.42 (s, 3H), 3.28 (dq, 1H, J=6.4,
5.4 Hz), 2.32 (dddt, 1H, J=13.9, 6.9, 5.5, 1.4 Hz), 2.27 — 2.20 (m, 1H), 0.90 (s, 9H), 0.06 (s, 6H)

13C NMR (CDCl3, 126 MHz): § = 135.0, 117.0, 81.6, 64.6, 57.9, 35.7, 26.1, 18.4, -5.2 (d, J=5.5

Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 231.1775; found: 231.1778.

5.2.16 (R)-1-((tert-Butyldimethylsilyl)oxy)pent-4-en-2-yl (5)-3,3,3-
trifluoro-2-methoxy-2-phenylpropanoate (124)

Ph

\OCHj
O:g\CFS

OH 0
_~__oTBs _~_A_oTBs
119 124

Chemical Formula: CyqH34F30,4Si
Exact Mass: 432.1944

(R)-(-)-MTPA-CI (16 ul, 83 umol, 3.0 equiv.) was added to a solution of alcohol 119 (6.0 mg,
28 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with Et;0 (3x 1 mL), the combined organic layers
were washed with brine (1 mL) and dried over MgSQO4. The residue was purified by flash
column chromatography over silica gel (CH/EA 50:1) to yield ester 124 (3.3 mg, 7.6 umol, 28%,

dr=14:1) as a colourless oil.
Rs=0.39 (CH/EA 50:1).
[a]lo 2° = -30.0 (DCM, c = 1.0).

1H NMR (CD:Cl2, 500 MHz): & = 7.56 — 7.52 (m, 2H), 7.44 - 7.39 (m, 3H), 5.80 (dddd, 1H, J=16.9,
10.2, 7.5, 6.6 Hz), 5.21 — 5.18 (m, 1H), 5.17 — 5.10 (m, 2H), 3.72 — 3.64 (m, 2H), 3.53 (q, 3H,
J=1.2 Hz), 2.52 (dddt, 1H, J=15.0, 6.9, 5.6, 1.4 Hz), 2.43 (dtt, 1H, J=14.6, 7.3, 1.2 Hz), 0.86 (s,
9H), 0.01 (d, 6H, J=2.6 Hz) ppm.
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13C NMR (CDCl, 126 MHz): & = 166.5, 133.5, 132.7, 130.0, 128.7, 128.0, 118.7, 77.1, 63.7,
55.8 (d, J=1.5 Hz), 35.3, 25.9, 18.5, -5.5 (d, J=6.2 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]* : 455.1836; found: 455.1834.

5.2.17 (R)-1-((tert-Butyldimethylsilyl)oxy)pent-4-en-2-yl (R)-3,3,3-
trifluoro-2-methoxy-2-phenylpropanoate (125)

Ph

OCH,
O:‘g"’CFg,
OH o)
M/OTBS . M/OTBS

119 125
Chemical Formula: CyqH34F30,4Si
Exact Mass: 432.1944

(S)-(+)-MTPA-CI (16 pl, 83 umol, 3.0 equiv.) was added to a solution of alcohol 119 (6.0 mg,
28 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with EtO (3x 1 mL), the combined organic layers
were washed with brine (1 mL) and dried over MgSQO4. The residue was purified by flash
column chromatography over silica gel (CH/EA 50:1) to yield ester 125 (4.5 mg, 10 umol, 38%,

dr=14:1) as a colourless oil.
Rs=0.39 (CH/EA 50:1).
[a]p 2° = +21.0 (DCM, c = 1.0).

1H NMR (CD2Cl,, 500 MHz): § = 7.58 — 7.55 (m, 2H), 7.43 — 7.38 (m, 3H), 5.67 (ddt, 1H, J=17.2,
10.2, 7.1 Hz), 5.23 = 5.16 (m, 1H), 5.06 — 4.99 (m, 2H), 3.80 — 3.70 (m, 2H), 3.57 (q, 3H, J=1.2
Hz), 2.42 — 2.29 (m, 2H), 0.89 (s, 11H), 0.07 (d, 8H, J=2.6 Hz) ppm.

13C NMR (CD:Cl2, 126 MHz): § = 166.4, 77.1, 64.1, 55.9 (q, J=1.6 Hz), 35.2, 25.9, 18.5, -5.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]* : 455.1836; found: 455.1834.
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5.2.18 (3R,4R,6R)-7-((tert-Butyldimethylsilyl)oxy)-6-methoxy-3-
methylhept-1-en-4-0l (126)

o o~ oH o~
(I _oes — MOTBS
115 T 126

Chemical Formula: C15H3,03Si
Exact Mass: 288.2121

Cis-2-buten (~1 mL, ~5 equiv.) was condensed at =78 °C in the reaction vessel. Potassium
tert-butoxide (225 mg, 2.01 mmol, 1.30 equiv.) was added together with THF (3 mL). n-Buli
(2.5 min hexanes, 803 uL, 2.01 mmol, 1.30 equiv.) was added over a period of 10 min at—78 °C
and the reaction was allowed to warm to —40 °C and stirred for additional 15 min before it
was recooled to -78°C. (-)-B-Methoxydiisopinocampheylboran (635 mg, 2.01 mmol,
1.30 equiv., solved in 2 mL Et,0) was added over a period of 10 min and the reaction was
allowed to stir for additional 30 min before boron trifluoride etherate (262 uL, 2.09 mmol,
1.35 equiv.) was added over a period of 2 min. Aldehyde 115 (359 mg, 1.54 mmol, 1.00 equiv.,
dried 14 h over 3 A molecular sieve in 1 mL THF) was added and the reaction mixture was
stirred for 2.5 h before MeOH (2 mL), NaOH (3 m, 5 mL) and H,0; (35%, 5 mL) were added and
the reaction mixture was refluxed (70 °C) for 1 h. Aqg. sat. Na;5,03 (10 mL) was added to
guench the reaction, the aqueous phase was extracted with Et,O (3x 5 mL), the combined
organic layers washed with ag. sat. NH4Cl (2 mL) and brine (2 mL). Drying the organic layer
over MgSQ4, removal of the solvents in vacuo and purification of the residue by flash column
chromatography over silica gel (CH/EA 6:1) yielded title compound 126 (367 mg, 1.27 mmol,

82%, dr = 20:1) as a colourless oil.
Rs=0.23 (CH/EA 6:1).
[a]p 2° = +23.0 (DCM, c = 1.0).

1H NMR (CD2Cl3, 500 MHz): & = 5.82 — 5.73 (m, 1H), 5.08 — 5.00 (m, 2H), 3.70 (dd, 1H, J=10.5,
5.3 Hz), 3.64 (dddd, 1H, J=9.9, 6.2, 3.8, 1.9 Hz), 3.59 (dd, 1H, J=10.5, 5.6 Hz), 3.48 (dtd, 1H,
J=7.3,5.4,3.9 Hz), 3.41 (s, 3H), 2.63 (d, 1H, J=4.4 Hz), 2.25-2.17 (m, 1H), 1.67 (ddd, 1H, J=14.6,
7.3,2.3 Hz),1.58-1.52 (m, 1H), 1.03 (d, 3H, J=6.8 Hz), 0.90 (s, 9H), 0.07 (s, 6H) ppm.
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13C NMR (CD.Cl;, 126 MHz): 6 = 141.8, 114.9, 80.3, 72.1, 65.0, 58.2, 44.7, 35.8, 26.0, 18.5,
15.4,-5.3 (d, J=1.5 Hz) ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+H]* : 289.2193; found: 289.2190.

5.2.19 (3R4R,6R)-7-((tert-Butyldimethylsilyl)oxy)-6-methoxy-3-
methylhept-1-en-4-yl (5)-3,3,3-trifluoro-2-methoxy-2-
phenylpropanoate (139)

OH O o o
MOTBS —_— MOTBS
126 139

Chemical Formula: Cy5H39gF305Si
Exact Mass: 504.2519

(R)-(-)-MTPA-CI (16 pl, 87 umol, 5.0 equiv.) was added to a solution of alcohol 126 (5.0 mg,
17 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgSQOa. The residue was purified by flash column
chromatography over silica gel (CH/EA 9:1) to yield ester 139 (8.8 mg, 17 umol, quant.) as a

colourless oil.
Rs=0.51 (CH/EA 9:1).
[alo 2° = +5.0 (DCM, ¢ = 1.0).

14 NMR (CDzCl, 400 MHz): & = 7.57 (ddq, 2H, J=5.6, 3.1, 0.9 Hz), 7.45 — 7.37 (m, 3H), 5.68
(ddd, 1H, J=17.4, 10.5, 7.1 Hz), 5.03 — 4.89 (m, 2H), 3.63 (dd, 1H, J=10.5, 4.7 Hz), 3.54 (q, 3H,
J=1.2 Hz), 3.53 — 3.49 (m, 1H), 3.35 (s, 3H), 3.17 — 3.07 (m, 1H), 2.50 (tdt, 1H, J=7.2, 4.9, 1.3
Hz), 1.78 (ddd, 1H, J=15.0, 9.8, 2.5 Hz), 1.66 (ddd, 1H, J=14.9, 10.2, 2.5 Hz), 0.97 (d, 3H, J=6.9
Hz), 0.89 (s, 9H), 0.05 (s, 6H) ppm.

13C NMR (CD2Cl2, 176 MHz): 6 = 166.1, 139.0, 129.6, 128.3, 127.5, 115.5, 77.8, 77.0, 64.4, 60.2,
57.8,55.5,41.3,33.8, 25.6, 20.8, 18.1, 14.3, 14.0, -5.8 ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+NH4]* : 522.2857; found: 522.2857.
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5.2.20 (3R,4R,6R)-7-((tert-Butyldimethylsilyl)oxy)-6-methoxy-3-
methylhept-1-en-4-yl (R)-3,3,3-trifluoro-2-methoxy-2-
phenylpropanoate (140)

Ph _ocH,
o= 'CFs
oH 0~ o o~
o~ A otBs ——— AL _oss
126 140

Chemical Formula: Cy5H3gF305Si
Exact Mass: 504.2519

(8)-(+)-MTPA-CI (13 pl, 69 umol, 5.0 equiv.) was added to a solution of alcohol 126 (4.0 mg,
14 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgSQOa. The residue was purified by flash column
chromatography over silica gel (CH/EA 50:1) to yield ester 140 (7.0 mg, 14 umol, quant.) as a

colourless oil.
Ry =0.44 (CH/EA 9:1).
[a]p 2° = +54.0 (DCM, c = 0.5).

14 NMR (CD,Cl2, 700 MHz): § = 7.59 — 7.54 (m, 2H), 7.43 — 7.38 (m, 3H), 5.82 (ddd, 1H, J=17.3,
10.5, 6.9 Hz), 5.34-5.30 (m, 1H), 5.10 = 5.04 (m, 2H), 3.53 (g, 3H, J=1.3 Hz), 3.52 (d, 1H, J=4.8
Hz), 3.48 (dd, 1H, J=10.6, 5.2 Hz), 3.32 (s, 3H), 2.98 (dtd, 1H, J=10.1, 5.0, 2.4 Hz), 2.59 (dddd,
1H, J=10.0, 6.2, 2.9, 1.6 Hz), 1.70 (ddd, 1H, J=14.9, 10.1, 2.4 Hz), 1.62 (ddd, 1H, J=14.9, 10.2,
2.4 Hz), 1.04 (d, 3H, J=7.0 Hz), 0.87 (s, 8H), 0.02 (d, 6H, J=3.7 Hz) ppm.

13C NMR (CD2Cl;, 176 MHz): § = 166.5, 139.5, 132.6, 130.0, 128.8, 128.0, 124.8, 123.1, 116.0,
78.0,77.6, 64.8, 58.1, 55.8, 41.6, 33.8, 26.0, 18.5, 14.8, -5.4 ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+NH4]* : 522.2857; found: 522.2856.
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5.2.21 (2R,3R,5R)-6-((tert-Butyldimethylsilyl)oxy)-5-methoxy-2-
methylhexane-1,3-diol (141)

OoH 0~ OH OH O~
MOTBS - K:/\/k/oms
= 126 R P

Chemical Formula: C44H3,04Si
Exact Mass: 292.2070

Alkene 126 (35.0 mg, 121 umol, 1.00 equiv.) was solved in MeOH (1 mL) and DCM (1 mL) and
the reaction vessel was filled with ozone at —78 °C and stirred for 1 min. NaBH4 (22.8 mg,
602 umol, 5.00 equiv.) was added and the reaction mixture was stirred for 10 min at —78 °C.
The reaction was allowed to warm to r.t. and stirred for additional 2 h. H,0 (2 mL) was added
and the aqueous phase was extracted with DCM (3x 1 mL). The combined organic layers were
dried over MgS04 and the solvent was removed in vacuo. Purification of the residue by flash
column chromatography over silica gel (CH/EA 1:1) yielded diol 141 (23.1 mg, 80.0 umol, 66%)

as a colourless oil.
Ry=0.17 (CH/EA 1:1).
[alo 2° = +10.8 (DCM, c = 1.2).

1H NMR (CD2Clz, 500 MHz): & = 4.02 (ddd, 1H, J=10.4, 3.3, 2.1 Hz), 3.75 (dd, 1H, J=10.5, 5.2
Hz), 3.64 —3.63 (m, 2H), 3.63 — 3.60 (m, 1H), 3.51 —3.44 (m, 1H), 3.41 (s, 3H), 3.27 (s, OH), 2.48
(s, 1H), 1.83 = 1.75 (m, 1H), 1.75 — 1.70 (m, 1H), 1.67 — 1.57 (m, 1H), 0.90 (s, 10H), 0.90 — 0.87
(m, 4H), 0.08 (d, 6H, J=0.8 Hz) ppm.

13C NMR (CD2Clz, 126 MHz): 6 = 80.6, 71.8, 67.1, 64.8, 58.2, 40.3, 35.4, 26.0, 18.5, 11.1, -5.3

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 293.2143; found: 293.2145.
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5.2.22 tert-Butyl((R)-2-methoxy-3-((4R,5R)-2,2,5-trimethyl-1,3-
dioxan-4-yl)propoxy)dimethylsilane (142)

OH OH O~ O><Q o
(A N _omss —— L _A_J_omss
Sy © a2

Chemical Formula: C47H3¢04Si
Exact Mass: 332.2383

CSA (4 m stocksolution in DCM, 0.1 mL, 0.4 umol, 1-mol%,) was added to a solution of diol 141
(11 mg, 38 mmol, 1.0 equiv.) in 2,2-dimethoxypropane (1 mL) and the reaction was allowed
to stirfor 1 h. Then NEt3 (0.1 mL) was added and the reaction was allowed to stir for additional
5 min before the solvent was removed under reduced pressure. Purification of the residue by
flash column chromatography over silica gel (CH/EA 9:1) yielded acetonide 142 (11 mg,

33 umol, 88%) as a colourless oil.
Ry=0.23 (CH/EA 9:1).
[alo 2° = +10.8 (DCM, c = 1.2).

1H NMR (CD2Cl,, 700 MHz): & = 4.18 (dt, 1H, J=10.1, 2.6 Hz), 4.12 — 4.08 (m, 1H), 3.62 (dd, 1H,
J=10.7, 4.4 Hz), 3.57 (dd, 1H, J=10.7, 5.5 Hz), 3.52 (dd, 1H, J=11.4, 1.7 Hz), 3.40 (s, 3H), 3.32
(dddd, 1H, J=9.9, 5.5, 4.4, 3.1 Hz), 1.58 — 1.51 (m, 1H), 1.43 (d, 3H, J=0.7 Hz), 1.38 (ttd, 1H,
J=7.0, 2.7, 1.7 Hz), 1.33 (d, 3H, J=0.7 Hz), 1.32 = 1.27 (m, 1H), 1.02 (d, 3H, J=6.9 Hz), 0.90 (s,
9H), 0.06 (d, 6H, J=1.4 Hz) ppm.

13C NMR (CD.Clz, 176 MHz): & = 98.9, 78.6, 68.0, 67.3, 66.1, 58.7, 36.3, 32.9, 29.9, 26.1, 19.3,
18.6, 11.0, -5.3 (d, J=1.5 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 333.2456; found: 333.2457.
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5.2.23 (5R,7R)-5-((R)-But-3-en-2-yl)-7-methoxy-2,2,3,3,10,10,11,11-
octamethyl-4,9-dioxa-3,10-disiladodecane (92)

oH o~ BSO 0~
/\:/\/'\/OTBS - = /\:/\/k/OTBS
= 126 = 92

Chemical Formula: C,1Hy4603Sis
Exact Mass: 402.2985

TBSOTf (870 pL, 3.75 mmol, 3.00 equiv.) was added to a solution of alcohol 126 (361 mg,
1.25 mmol, 1.00 equiv.) and 2,6-lutidine (1.44 mL, 12.5 mmol, 10.0 equiv.) in DCM (1.25 mL)
at 0 °C and the reaction was allowed to stir for 30 min. Then the reaction was allowed to warm
to r.t. and stirred for additional 2 h before the reaction was quenched with aqg. sat. NH4Cl
(5 mL). The aqueous phase was extracted with DCM (3x 5 mL) and the combined organic layers
were washed with brine (1 mL) and dried over MgSO4. Removal of the solvent under reduced
pressure and purification of the residue by flash column chromatography over silica gel (CH/EA

50:1) yielded silyl ether 92 (449 mg, 1.11 mmol, 89%) as a colourless liquid.
Ry=0.27 (CH/EA 50:1).
[a]p 2° = +46.7 (DCM, c = 1.0).

1H NMR (CD:Clz, 700 MHz): & = 5.95 (ddd, 1H, J=17.1, 10.6, 6.3 Hz), 5.03 — 4.98 (m, 2H), 3.83
(dt, 1H,J=9.2, 3.4 Hz), 3.62 —3.56 (m, 2H), 3.38 (s, 3H), 3.33 (ddt, 1H, J/=12.4, 4.8, 2.7 Hz), 2.41
—2.35(m, 1H), 1.47 (ddd, 1H, J=14.3, 9.6, 3.0 Hz), 1.40 (ddd, 1H, J=14.4, 9.1, 2.9 Hz), 0.95 (d,
3H, J=7.0 Hz), 0.90 (s, 8H), 0.89 (s, 9H), 0.08 (d, 6H, J=3.5 Hz), 0.05 (s, 6H) ppm.

13C NMR (CD2Clz, 126 MHz): § = 141.2, 114.2, 78.6, 73.1, 65.5, 57.5, 43.5, 36.0, 27.3, 26.2,
26.1, 18.6, 18.5, 14.6, -3.8, -4.4, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 403.3058; found: 403.3057.
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5.2.24 Methyl (4R,5R,7R,E)-5,8-bis((tert-butyldimethylsilyl)oxy)-7-
methoxy-4-methyloct-2-enoate (91)

™8SO 07 o TBSO O

N oTBS @ ——mm> ~o N OTBS

92 91
Chemical Formula: Cy3H4g05Sis
Exact Mass: 460.3040

Hoveyda-Grubbs-1l (100 mg, 159 umol, 0.07 equiv.) was added to a solution of alkene 92
(926 mg, 2.30 mmol, 1.00 equiv., dried with 3x Freeze-Pump-Thaw cycles) and methyl acrylate
(989 mg, 11.5 mmol, 5.00 equiv.) in toluene (12 mL) and the reaction was refluxed (120 °C) for
20 h. Celite® (~20 g) was added to the mixture and the solvent was reduced under reduced
pressure. Purification of the residue by flash column chromatography over silica gel (CH/EA

15:1) yielded methyl ester 91 (1.03 g, 2.23 mmol, 97%, E/Z >20:1) as a yellowish oil.
Rf=0.24 (CH/EA 15:1).
[a]o 2° = +150.0 (DCM, ¢ = 0.2).

1H NMR (CD2Cl, 500 MHz): & = 7.06 (dd, 1H, J=15.9, 6.5 Hz), 5.80 (dd, 1H, J=15.9, 1.6 Hz), 3.91
(dt, 1H, J=9.1, 3.4 Hz), 3.69 (s, 3H), 3.63 — 3.52 (m, 2H), 3.38 (s, 3H), 3.36 — 3.28 (m, 1H), 2.58
—2.49 (m, 1H), 1.49 (ddd, 1H, J=14.3, 9.7, 3.1 Hz), 1.39 (ddd, 1H, J=14.3, 9.1, 2.8 Hz), 1.01 (d,
3H, J=6.9 Hz), 0.90 (s, 9H), 0.89 (s, 9H), 0.08 (d, 6H, J=6.9 Hz), 0.05 (s, 6H) ppm.

13C NMR (CDCl;, 126 MHz): 6 = 167.2, 151.9, 121.1, 78.4, 72.7, 65.3, 57.4, 51.6, 42.8, 36.3,
26.1, 26.0, 18.6, 18.4, 14.1,-4.0, -4.4, -5.3 (d, J=1.3 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 461.3113; found: 461.3115.

5.2.25 Methyl (4R,5R,7R,E)-5-((tert-butyldimethylsilyl)oxy)-8-
hydroxy-7-methoxy-4-methyloct-2-enoate (143)

~ e

O TBSO O O TBSO O

~o = oTBS — ~o N OH
91 143
Chemical Formula: C17H3405Si
Exact Mass: 346.2176
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CSA (50.4 mg, 217 umol, 0.50 equiv.) was added to a solution of silyl ether 91 (200 mg,
434 umol, 1.00 equiv.) in DCM (50 mL) and MeOH (50 mL) at 0 °C. After 30 min of stirring, the
reaction was allowed to warm to r.t. and stirred for additional 4.5 h. The reaction was
guenched with ag. sat. NaHCOs3 (10 mL) and the aqueous phase was extracted with DCM (3x
20 mL) and EA (3x 20 mL). The combined organic layers were dried over MgSO4 and the
solvent was removed in vacuo. Purification of the residue by flash column chromatography
over silica gel (CH/EA 2:1) yielded primary alcohol 143 (126 mg, 364 umol, 84%) as a colourless

oil.
Ry =0.19 (CH/EA 2:1).
[a]o 2° = +75.0 (DCM, ¢ = 0.2).

1H NMR (CD;Cl5, 700 MHz): 6 = 7.06 (dd, 1H, J=15.9, 6.5 Hz), 5.81 (dd, 1H, J=15.9, 1.6 Hz), 3.89
(dt, 1H, J=9.2, 3.4 Hz), 3.77 (dd, 1H, J=11.4, 3.3 Hz), 3.69 (s, 3H), 3.41 — 3.36 (m, 2H), 3.36 (s,
3H), 2.58 — 2.52 (m, 1H), 1.74 — 1.71 (m, 1H), 1.70 — 1.66 (m, 1H), 1.32 (ddd, 1H, J=14.3, 9.2,
3.4 Hz), 1.03 (d, 3H, J=6.9 Hz), 0.91 (s, 9H), 0.09 (d, 6H, J=4.7 Hz) ppm.

13C NMR (CDCl;, 176 MHz): 6 = 167.2, 151.4, 121.3, 78.1, 72.8, 63.5, 56.6, 51.6, 42.6, 35.5,
26.1,18.4,14.2,-4.2 (d, J=75.9 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 347.2248; found: 347.2251.

5.2.26 Methyl (4R,5R,7R,E)-5-((tert-butyldimethylsilyl)oxy)-7-
methoxy-4-methyl-8-((1-phenyl-1H-tetrazol-5-yl)thio)oct-2-
enoate (144)

o TBSsO O 0 TBSO O

~ OH ~ S _N,
(@) = : —_— O = : \( ,N

- /
143 144 Ph
Chemical Formula: Co4H3gN404SSi
Exact Mass: 506.2383

DIAD (41.8 uL, 79.4 umol, 2.50 equiv.) was added dropwise to a solution of alcohol 143
(11.0 mg, 31.7 umol, 1.00 equiv.), PPhs (20.8 mg, 79.4 umol, 2.50 equiv.) and 1-Phenyl-1H-
tetrazole-5-thiol (6.22 mg, 34.9 umol, 1.10 equiv.) in THF (1 mL) at 0 °C. The reaction was
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allowed to warm to r.t. and stirred for additional 60 min. Celite® (1 g) was added and the
solvent was removed under reduced pressure. Purification by flash column chromatography

over silica gel (CH/EA 2:1) yielded sulfide 144 (16.1 mg, 31.7 umol, quant.) as a colourless oil.
Ry = 0.44 (CH/EA 2:1).
[a]o 2° = +22.5 (DCM, ¢ = 0.4).

1H NMR (CD,Cl5, 400 MHz): & = 7.62 — 7.55 (m, 5H), 7.03 (dd, 1H, J=15.9, 6.5 Hz), 5.81 (dd, 1H,
J=15.9, 1.6 Hz), 3.90 (ddd, 1H, J=9.2, 3.9, 2.8 Hz), 3.77 — 3.70 (m, 1H), 3.69 (s, 3H), 3.49 (dd,
1H, J=13.3, 6.3 Hz), 3.41 (s, 3H), 2.60 — 2.50 (m, 1H), 1.70 — 1.56 (m, 1H), 1.54 — 1.44 (m, 1H),
1.00 (d, 3H, J=6.9 Hz), 0.84 (s, 9H), 0.05 (d, 6H, J=9.1 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 507.2456; found: 507.2452.

5.2.27 Methyl (4R,5R,7R,E)-5-((tert-butyldimethylsilyl)oxy)-7-
methoxy-4-methyl-8-((1-phenyl-1H-tetrazol-5-
yl)sulfonyl)oct-2-enoate (89)

o TBSO O o TBSO O 0.0
= - NNy
. S .
~0 = \(/N\N . >0 = \(/N
- N-N - NN
144 Ph 89 Ph

Chemical Formula: Cp4H3gN4OgSSi
Exact Mass: 538.2281

H20; (35%, 1 mL) was added to a solution of sulfide 144 (16.1 mg, 31.7 umol, 1.00 equiv.) and
ammonium heptamolybdate (3.70 mg, 3.18 umol, 0.10 equiv.) in EtOH (1 mL) and the reaction
stirred for 13 days. Ag. sat. Na>S,03 (2 mL) was added and the aqueous phase was extracted
with EA (3x 2 mL). The combined organic layers were washed with brine (1 mL) and dried over
MgS0O4. Removal of the solvent in vacuo and purification of the residue by flash column
chromatography over silica gel (CH/EA 3:1) yielded sulfone 89 (12.0 mg, 22.3 umol, 70%) as a

colourless oil.
Rs=0.22 (CH/EA 3:1).

[a]lo 2° = +38.0 (DCM, c = 1.0).
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14 NMR (CDCl, 700 MHz): & = 7.69 — 7.65 (m, 1H), 7.64 — 7.60 (m, 4H), 7.00 (dd, 1H, J=15.9,
6.4 Hz), 5.81 (dd, 1H, J=15.9, 1.6 Hz), 3.99 (ddt, 1H, J=8.1, 6.8, 4.5 Hz), 3.89 —3.82 (m, 2H), 3.73
(dd, 1H, J=15.1, 4.6 Hz), 3.70 (s, 3H), 3.20 (s, 3H), 2.58 — 2.52 (m, 1H), 1.77 (ddd, 1H, J=14.5,
8.2, 2.8 Hz), 1.48 (ddd, 1H, J=14.5, 9.3, 4.3 Hz), 1.01 (d, 3H, J=6.9 Hz), 0.87 (s, 9H), 0.07 (d, 6H,
J=9.5 Hz) ppm.

13C NMR (CD2Clz, 176 MHz): 6 = 167.0, 154.7, 150.2, 133.5, 132.0, 130.0, 126.1, 121.8, 73.0,
72.7,60.1, 56.5,51.7,42.4, 37.7, 26.0, 18.3, 14.5, -3.9, -4.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 539.2354; found: 539.2354.

5.3 Experimental Details for Chapter 3.3.2: Synthesis of Alcohol 145

O TBSO OTBS

\O N OH

145

5.3.1 (R)-5-Allyl-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-

disiladecane (146)
OH OoTBS
_~__orss _~_A_oTBs
119 146

Chemical Formula: C47H350,Si,
Exact Mass: 330.2410

TBSCl (219 mg, 1.45 mmol, 2.00 equiv.) was added to a solution of alcohol 119 (157 mg,
726 umol, 1.00 equiv.) and imidazole (98.8 mg, 1.45 mmol, 2.00 equiv.) in DCM (1 mL) at 0 °C.
After 5 min of stirring, the reaction was allowed to warm to r.t. and stirred for additional 2 h.
The reaction was quenched with ag. sat. NH4Cl (5 mL), the aqueous phase extracted with DCM
(3x 3 mL) and the combined organic layers were washed with brine (1 mL) and dried over
MgS0O4. Removal of the solvent in vacuo and purification of the residue by flash column
chromatography over silica gel (CH/EA 50:1) yielded silyl ether 146 (223 mg, 674 umol, 93%)

as a colourless oil.

Ry = 0.48 (CH/EA 9:1).
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[a]o 2° = +3.0 (DCM, c = 1.0).

14 NMR (CD2Cl2, 500 MHz): 6 = 5.90 — 5.80 (m, 1H), 5.08 — 5.00 (m, 2H), 3.71 (tt, 1H, J=6.2, 5.2
Hz), 3.51 (dd, 1H, J=10.0, 5.5 Hz), 3.44 (dd, 1H, J=10.0, 6.2 Hz), 2.34 (dddt, 1H, J=14.7, 6.6, 5.1,
1.4 Hz), 2.16 (dddt, 1H, J=13.9, 7.5, 6.2, 1.2 Hz), 0.89 (s, 9H), 0.88 (s, 9H), 0.06 (s, 6H), 0.05 (d,
6H, J=1.8 Hz) ppm.

13C NMR (CD,Cl, 126 MHz): 6 = 135.8, 116.9, 73.3, 67.3, 39.3, 26.1 (d, J=9.9 Hz), 18.5 (d, J=25.1
Hz), -4.4 (d, J=36.9 Hz), -5.3 (d, J=7.0 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 331.2483; found: 331.2488.

The experimental data are in agreement with those previously published. 182

5.3.2 (R)-3,4-Bis((tert-butyldimethylsilyl)oxy)butanal (147)

oTBS O OTBS
—_—
/\/'\/OTBS M/OTBS
146 147

Chemical Formula: C4gH3603Si,
Exact Mass: 332.2203

Alkene 146 (220 mg, 665 umol, 1.00 equiv.) was solved in MeOH (6 mL) and DCM (6 mL)
together with a tip of a spatula NaHCO3 (~10 mg) and cooled to —78 °C. The reaction vessel
was filled with ozone and stirred for 15 min. PPhs (262 mg, 998 umol, 1.50 equiv.) was added
and the reaction mixture was stirred for 10 min at =78 °C. The reaction was allowed to warm
tor.t. and stirred for additional 2 h. The solvent was removed under reduced pressure and the
residue was purified by flash column chromatography over silica gel (CH/EA 30:1) to get
aldehyde 147 (188 mg, 568 pumol, 85%) as a colourless liquid.

Ry =0.38 (CH/EA 30:1).
[alo 2° = +9.0 (DCM, ¢ = 1.0).

14 NMR (CD:Cl,, 700 MHz): & = 9.78 (dd, 1H, J=2.9, 2.1 Hz), 4.20 (tt, 1H, J=6.7, 5.0 Hz), 3.64
(dd, 1H, J=10.0, 4.9 Hz), 3.47 (dd, 1H, J=10.0, 6.8 Hz), 2.62 (ddd, 1H, J=15.8, 5.1, 2.1 Hz), 2.49
(ddd, 1H, J=15.8, 6.5, 2.9 Hz), 0.89 (s, 9H), 0.87 (s, 9H), 0.08 (d, 6H, J=9.4 Hz), 0.06 (d, 6H, J=1.9
Hz) ppm.
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13C NMR (CD,Cl, 176 MHz): 6 = 201.9, 69.5, 67.5, 49.2, 26.0 (d, J=24.5 Hz), 18.4 (d, J=52.3 Hz),
-4.6 (d, J=90.4 Hz), -5.4 (d, J=4.5 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 333.2276; found: 333.2262.

The experimental data are in agreement with those previously published. 183!

5.3.3  (3R4R,6R)-6,7-Bis((tert-butyldimethylsilyl)oxy)-3-
methylhept-1-en-4-0l (148)

O OTBS OH OTBS
oTBS — > MOTBS
147 = 148

Chemical Formula: C,gH4403Si,
Exact Mass: 388.2829

Cis-2-buten (~4 mL, ~5 equiv.) was condensed at =78 °C in the reaction vessel. Potassium
tert-butoxide (1.03 g, 8.91 mmol, 1.30 equiv.) was added together with THF (7 mL). n-Buli
(2.5 ™ in hexanes, 3.56 mL, 8.91 mmol, 1.30 equiv.) was added over a period of 10 min at
—78 °C and the reaction was allowed to warm to —40 °C and stirred for additional 15 min
before it was recooled to —78 °C. (-)-B-Methoxydiisopinocampheylboran (2.82 g, 8.91 mmol,
1.30 equiv., solved in 9 mL Et,0) was added over a period of 10 min and the reaction was
allowed to stir for additional 60 min before boron trifluoride etherate (1.16 mL, 9.25 mmol,
1.35 equiv.) was added over a period of 2 min. Aldehyde 147 (2.21 g, 6.64 mmol, 1.00 equiv.,
dried 14 h over 3 A molecular sieve in 20 mL THF) was added and the reaction mixture was
stirred for 2.5 h before MeOH (20 mL), NaOH (3 m, 40 mL) and H,0; (35%, 20 mL) were added
and the reaction mixture was refluxed (70 °C) for 1 h. The aqueous phase was extracted with
Et20 (3x 50 mL) and concentrated in vacuo. The residue was again solved in Et,0 (50 mL) and
H20 (25 mL). FeSO4 (~10.0 g) was added and the mixture was stirred overnight (14 h) at r.t.
On the next day, the aqueous phase was extracted with Et,0 (3x 50 mL), the combined organic
layers were washed with brine (30 mL) and dried over MgS0Oa. Removal of the solvent and
purification of the residue by flash column chromatography over silica gel (CH/EA 15:1) yielded
alcohol 148 (1.93 g, 4.97 mmol, 75%, dr = 3:1) as a yellow oil.

R = 0.09 (CH/EA 15:1).
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[a]o 2° = +19.0 (DCM, c = 1.0).

1H NMR (CD2Cl2, 700 MHz): & = 5.81 — 5.74 (m, 1H), 5.06 — 4.98 (m, 2H), 3.98 — 3.92 (m, 1H)",
3.92-3.86 (m, 1H)*, 3.70 (ddt, 1H, J=10.5, 5.6, 2.2 Hz)", 3.65 (ddd, 1H, J=9.9, 5.1, 2.3 Hz)*, 3.64
—3.60 (m, 1H)", 3.60 (dd, 1H, J=4.8, 2.1 Hz)#,3.52 (dd, 1H, J=10.0, 7.3 Hz)", 3.47 (dd, 1H, J=10.1,
6.6 Hz)*, 3.01 (d, 1H, J=2.9 Hz)", 2.95 (d, 1H, J=2.6 Hz)*, 2.20 (dtt, 1H, J=13.8, 6.9, 1.1 Hz)", 1.85
(ddd, 1H, J=14.5, 4.8, 2.1 Hz)*, 1.72 (ddd, 1H, J=14.4, 5.3, 1.8 Hz)", 1.59 — 1.53 (m, 1H)", 1.44
(ddd, 1H, J=14.5, 9.5, 7.4 Hz)*, 1.01 (dd, 3H, J=6.9, 4.4 Hz), 0.89 (s, 10H), 0.89 (s, 10H), 0.10 —
0.08 (m, 6H), 0.06 (d, 6H, J=3.9 Hz) ppm.

13C NMR (CD:Cl, 176 MHz): 6 = 141.9%, 141.9%, 114.7%, 114.6*, 73.5%, 73.2#,72.5%, 71.7", 67.9*,
66.8",44.8",44.4%,39.1% 38.0%, 26.1", 26.1%, 26.0%, 26.0", 18.6%, 18.6", 18.3", 18.3# 15.4%, 15.1%,
-4.0%,-4.47,-4.7%,-4.9", -5.3", -5.3# -5.3% -5.3" ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 389.2902; found: 389.2898.

5.3.4 (3R4R,6R)-6,7-Bis((tert-butyldimethylsilyl)oxy)-3-
methylhept-1-en-4-yl (5)-3,3,3-trifluoro-2-methoxy-2-
phenylpropanoate (149)

Ph  ocH,
OH OTBS O OTBS
N oTBS — > ~ : oTBS
S 148 149

Chemical Formula: C3gH5¢F305Sis
Exact Mass: 604.3227

(R)-(-)-MTPA-CI (8.4 pl, 45 umol, 5.0 equiv.) was added to a solution of alcohol 148 (3.5 mg,
9.0 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, aq. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with Et20 (3x 1 mL), the combined organic layers
were washed with brine (1 mL) and dried over MgSQ0a. The residue was purified by flash
column chromatography over silica gel (CH/EA 50:1) to yield ester 149 (4.0 mg, 6.6 umol, 73%,

dr=5:1) as a colourless oil.

Rf= 0.60 (CH/EA 50:1).
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[a]o 2° = +2.0 (DCM, c = 1.0).

1H NMR (CDCls, 700 MHz): = 7.61 — 7.56 (m, 2H), 7.39 (qd, 4H, J=3.1, 1.4 Hz), 5.80 (ddd, 1H,
J=17.2, 10.5, 6.6 Hz)*, 5.66 (ddd, 1H, J=17.3, 10.5, 6.8 Hz)", 5.27 (ddd, 1H, J=9.4, 4.3, 2.2 Hz),
5.10 — 5.03 (m, 2H)¥, 4.99 — 4.87 (m, 2H)", 3.70 (p, 1H, J=5.7 Hz)*, 3.65 (dddd, 1H, J=9.8, 7.0,
5.0, 2.1 Hz)", 3.56 — 3.55 (m, 3H), 3.55 — 3.53 (m, 1H), 3.45 (dd, 1H, J=10.1, 4.6 Hz)*, 3.32 (dd,
1H, J=9.9, 6.9 Hz)}, 2.61 — 2.57 (m, 1H)*, 2.54 (tdt, 1H, J=6.9, 4.3, 1.3 Hz)", 1.96 — 1.93 (m, 1H)*,
1.90 (ddd, 1H, J=14.7, 9.4, 2.1 Hz)", 1.70 (dddd, 1H, /=32.8, 14.1, 8.1, 5.8 Hz)*, 1.56 (ddd, 1H,
J=14.8,9.8, 2.2 Hz)", 1.03 (d, 3H, J=7.0 Hz)*, 0.99 (d, 3H, J=7.0 Hz)", 0.91 - 0.86 (m, 18H)", 0.85
(d, 18H, J=2.7 Hz)*, 0.05—0.02 (m, 12H)", -0.03 (d, 12H, J=8.3 Hz)* ppm.

13C NMR (CDCls, 176 MHz): 6 = 166.2, 139.3%, 138.8", 132.5", 132.3%, 129.7%, 129.6", 128.5*,
128.4°, 127.7%, 127.6°, 115.9* 115.8", 84.6%, 84.5", 70.3*, 70.0*, 67.7", 67.0*, 55.6", 55.6",
41.17,40.2% 36.2",35.4%,26.1*,26.0°, 26.0°, 26.0%, 18.5%, 18.4", 18.2", 18.2* 14.6", 14.4%,-3.8",
-4.3% -4.8%, -4.8% -5.2, -5.3% -53% 53" ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 605.3300; found: 605.3301.

5.3.5 (3R4R,6R)-6,7-Bis((tert-butyldimethylsilyl)oxy)-3-
methylhept-1-en-4-yl (R)-3,3,3-trifluoro-2-methoxy-2-
phenylpropanoate (150)

Ph ocH,
0 "“CFg
OH OTBS O OTBS
A OTBS A OTBS
148 150

Chemical Formula: C3gH5¢F305Sis
Exact Mass: 604.3227

(S)-(+)-MTPA-CI (9.6 ul, 51 umol, 5.0 equiv.) was added to a solution of alcohol 148 (4.0 mg,
10 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with Et20 (3x 1 mL), the combined organic layers
were washed with brine (1 mL) and dried over MgSQ04. The residue was purified by flash
column chromatography over silica gel (CH/EA 50:1) to yield ester 150 (6.2 mg, 10 umol,

qguant., dr = 5:1) as a colourless oil.
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Rs=0.60 (CH/EA 50:1).
[a]p 2° = +27.0 (DCM, c = 1.0).

1H NMR (CDCls, 700 MHz): & = 7.57 (dd, 2H, J=7.7, 2.0 Hz)", 7.55 — 7.51 (m, 2H)*, 7.40 — 7.37
(m, 3H), 5.77 (ddd, 1H, J=17.2, 10.5, 6.7 Hz)", 5.68 (ddd, OH, J=17.3, 10.5, 6.9 Hz)*, 5.30 — 5.27
(m, 1H)¥, 5.27 - 5.23 (m, 1H)", 5.08 — 5.00 (m, 2H)", 4.99 — 4.94 (m, 2H)¥, 3.72 — 3.68 (m, 1H)*,
3.61 (dd, 1H, J=10.3, 4.7 Hz)*, 3.59 — 3.54 (m, 1H)", 3.52 (dd, 3H, J=2.5, 1.3 Hz), 3.51 — 3.47 (m,
1H)", 3.46 — 3.43 (m, 1H)¥, 3.30 (dd, 1H, J=10.0, 6.5 Hz)", 2.66 — 2.58 (m, 1H)", 2.55 (tdq, 1H,
J=6.6,4.0, 1.4 Hz)*, 2.00 (ddd, 1H, J=14.2, 6.8, 5.7 Hz)*, 1.83 (ddd, 1H, J=14.7, 9.4, 2.1 Hz)", 1.72
(ddd, 1H, J=14.0, 7.7, 6.1 Hz)*, 1.54 (ddd, 1H, J=14.7, 9.8, 2.2 Hz)", 1.03 (d, 3H, J=7.0 Hz)", 0.99
(d, 1H, J=6.9 Hz)*, 0.89 (d, 9H, J=1.1 Hz)", 0.87 (s, 18H)*, 0.86 (s, 9H)", 0.07 (d, 6H, J=22.5 Hz)",
0.04 —0.02 (m, 6H)*, -0.00 (d, 6H, J=12.1 Hz)", -0.03 (d, 6H, J=8.3 Hz)* ppm.

13C NMR (CDCl3, 176 MHz): & = 166.3%, 166.1%, 139.2#, 138.9%, 132.4%, 132.3%, 129.7#, 129.7",
128.5,127.8%,127.7%,124.4,122.8, 115.9%, 115.7%, 84.7%,84.6%,78.1, 70.3", 70.2%, 67.7", 67.1%,
55.5%,55.4%,41.0%,40.2*,36.0", 35.8* 26.1%,26.0%, 26.0%, 26.0%, 18.5%, 18.4", 18.2", 18.2", 14.7",
13.7%,-3.7", -4.2% -4.7", -4.7%, -5.2% -5.3%, -5.3", -5.3" ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 605.3300; found: 605.3300.

5.3.6 (5R,7R)-5-((R)-But-3-en-2-yl)-7-((tert-
butyldimethylsilyl)oxy)-2,2,3,3,10,10,11,11-octamethyl-4,9-
dioxa-3,10-disiladodecane (151)

OH OTBS TBSO OTBS

A~ oTBS ——— > MOTBS

= 148 151
Chemical Formula: CygH5503Si3
Exact Mass: 502.3694

2,6-Lutidine (9.25 mL, 80.3 mmol, 10.0 equiv.) was added to a solution of alcohol 148 (3.12 g,
8.03 mmol, 1.00 equiv.) in DCM (8 mL) and the reaction stirred for 5 min at r.t. before it was
cooled to 0°C and TBSOTf (5.58 mL, 24.1 mmol, 3.00 equiv.) was added over a period of
10 min. The reaction was allowed to warm to r.t. and stirred for additional 2 h. Ag. sat. NH4Cl

(50 mL) was added and the aqueous phase was extracted with DCM (3x 20 mL). The combined
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organic layers were washed with brine (20 mL) and dried over MgS04. Removal of the solvent
in vacuo and purification by flash column chromatography over silica gel (CH 100%) yielded

silyl ether 151 (3.47 g, 6.89 mmol, 86%) as a colourless oil.
Rs=0.70 (CH 100%).
[a)o 2° = +13.0 (DCM, ¢ = 1.0).

1H NMR (CDCl2, 700 MHz): 6 = 5.93 (ddd, 1H, J=17.2, 10.7, 6.4 Hz), 5.02 — 4.96 (m, 2H), 3.81
(dt, 1H, J=7.5, 3.7 Hz), 3.78 — 3.74 (m, 1H), 3.52 (dd, 1H, J=10.2, 5.5 Hz), 3.43 (dd, 1H, J=10.2,
5.5 Hz), 2.35 (ddtt, 1H, J=10.1, 4.9, 3.5, 1.7 Hz), 1.54 (ddd, 1H, J=14.2, 7.7, 3.8 Hz), 1.46 (ddd,
1H, J=14.2, 8.1, 3.9 Hz), 0.96 (d, 3H, J=6.9 Hz), 0.91 — 0.86 (m, 27H), 0.10 — 0.03 (m, 17H) ppm.

13C NMR (CD2Clz, 176 MHz): & = 141.6, 114.0, 73.9, 72.0, 68.5, 43.6, 39.6, 26.2, 26.1, 26.1,
18.7, 18.5, 18.4, 14.3, -3.5,-3.9, -4.0, -4.3, -5.2, -5.2 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 503.3767; found: 503.3766.

5.3.7 Methyl (4R,5R,7R,E)-5,7,8-tris((tert-butyldimethylsilyl)oxy)-
4-methyloct-2-enoate (152)

TBSO  OTBS O TBSO OTBS
N oTBS — > \OJW/OTBS
151 152

Chemical Formula: C,gHggO5Sis
Exact Mass: 560.3749

Hoveyda-Grubbs-Il (100 mg, 159 umol, 0.03 equiv.) was added to a solution of alkene 151
(2.50 mg, 4.97 mmol, 1.00 equiv., dried with 3x Freeze-Pump-Thaw cycles) and methyl

acrylate (2.14 g, 24.9 mmol, 5.00 equiv.) in toluene (25 mL) and the reaction was refluxed
(120 °C) for 20 h. Celite® (~20 g) was added to the mixture and the solvent was reduced

under reduced pressure. Purification of the residue by flash column chromatography over
silica gel (CH/EA 30:1) yielded methyl ester 152 (2.22 g, 3.96 mmol, 80%, E/Z >20:1) as a

yellowish oil.
Rf=0.22 (CH/EA 30:1).

[alp 2° = +31.0 (DCM, ¢ = 1.0).
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14 NMR (CD3Cl2, 700 MHz): & = 7.03 (dd, 1H, J=15.9, 6.7 Hz), 5.79 (dd, 1H, J=15.9, 1.5 Hz), 3.88
(dt, 1H, J=7.5, 3.8 Hz), 3.76 (dtd, 1H, J=8.1, 5.5, 3.6 Hz), 3.69 (s, 3H), 3.53 (dd, 1H, J=10.2, 5.4
Hz), 3.42 (dd, 1H, J=10.2, 5.7 Hz), 2.52 (pdd, 1H, J=6.8, 3.4, 1.6 Hz), 1.57 (ddd, 1H, J=14.1, 7.6,
3.6 Hz), 1.49 (ddd, 1H, J=14.1, 8.1, 4.1 Hz), 1.02 (d, 3H, J=6.9 Hz), 0.92 — 0.87 (m, 28H), 0.12 —
0.01 (m, 17H) ppm.

13C NMR (CDCl;, 176 MHz): 6 = 167.2, 152.2, 120.9, 73.3, 71.8, 68.4, 51.6, 42.7, 39.9, 26.2,
26.1, 26.1, 18.7, 18.4, 18.4, 13.6, -3.5,-4.0, -4.1, -4.3, -5.2, -5.2 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 561.3821; found: 561.3822.

5.3.8 Methyl (4R,5R,7R,E)-5,7-bis((tert-butyldimethylsilyl)oxy)-8-
hydroxy-4-methyloct-2-enoate (145)

O TBSO OTBS O TBSO OTBS

\O % : OTBS 5 \O % : OH

152 145
Chemical Formula: CyoHy605Si,
Exact Mass: 446.2884

CSA (479 mg, 2.06 mmol, 0.50 equiv., solved in 10 mL MeOH) was added over a period of
10 min to a solution of silyl ether 152 (2.31 g, 4.12 mmol, 1.00 equiv.) in DCM (80 mL) and
MeOH (20 mL) at 0 °C. After 30 min of stirring, the reaction was allowed to warm to r.t. and
stirred for additional 3 h. The reaction was quenched with aq. sat. NaHCO3 (20 mL) and the
aqueous phase was extracted with DCM (3x 20 mL) and EA (3x 20 mL). The combined organic
layers were dried over MgSO4 and the solvent was removed in vacuo. Purification of the
residue by flash column chromatography over silica gel (CH/EA 2:1) yielded primary alcohol
145 (460 mg, 1.03 mmol, 25%) and 1,2 deprotected 153 (441 mg, 1.33 mmol, 32%) both as a

colourless oil.
Rs=0.20 (CH/EA 6:1).
[a]p 2° = +26.0 (DCM, ¢ = 1.0).

1H NMR (CD:Cl,, 700 MHz): & = 7.02 (dd, 1H, J=15.9, 6.7 Hz), 5.80 (dd, 1H, J=15.9, 1.5 Hz), 3.80

(dddd, 2H, J=11.5, 9.1, 5.7, 4.4 Hz), 3.69 (s, 3H), 3.56 (dt, 1H, J=11.5, 3.8 Hz), 3.42 (dt, 1H,

J=11.0, 5.4 Hz), 2.50 (ddtdd, 1H, J=8.7, 6.8, 5.2, 3.5, 1.8 Hz), 1.75 (d, 1H, J=6.1 Hz), 1.63 (ddd,
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1H, J=14.2, 6.6, 4.8 Hz), 1.55 — 1.49 (m, 1H), 1.03 (d, 3H, J=6.8 Hz), 0.90 (s, 9H), 0.89 (s, 9H),
0.11 (d, 6H, J=5.5 Hz), 0.08 (d, 6H, J=13.0 Hz) ppm.

13C NMR (CD:Clz, 176 MHz): § = 167.2, 151.7, 121.2, 73.4, 71.6, 67.3, 51.6, 42.3, 39.1, 26.0,
26.0, 18.4,18.4,13.7,-4.0,-4.1, -4.2 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 447.2957; found: 447.2954.

O TBSO OH

\O)J\/\:/\/K/OH

153
Chemical Formula: CgH3,05Si
Exact Mass: 332.2019

Rf=0.04 (CH/EA 6:1).
[alo 2° = +18.0 (DCM, ¢ = 1.0).

1H NMR (CD;Cl,, 700 MHz): 6 = 6.99 (dd, 1H, J=15.9, 7.2 Hz), 5.83 (dd, 1H, J=15.8, 1.4 Hz), 3.95
(ddd, 1H, J=8.2, 5.5, 3.0 Hz), 3.89 — 3.83 (m, 1H), 3.70 (s, 3H), 3.56 (ddd, 1H, J=11.0, 5.8, 3.3
Hz), 3.35 (ddd, 1H, J=10.9, 6.9, 5.6 Hz), 2.66 (d, 1H, J=3.6 Hz), 2.62 (qdd, 1H, J=6.9, 5.4, 1.5 Hz),
1.93 (t, 1H, J=5.8 Hz), 1.53 (ddd, 1H, J=14.3, 10.4, 3.0 Hz), 1.37 (ddd, 1H, J=14.3, 7.9, 2.4 Hz),
1.06 (d, 3H, J=6.9 Hz), 0.91 (s, 9H), 0.11 (d, 6H, J=11.7 Hz) ppm.

13C NMR (CD:Cl2, 176 MHz): & = 167.2, 151.0, 121.5, 73.4, 68.9, 67.7, 51.7, 42.5, 36.3, 26.0,
18.3, 15.4, -4.3, -4.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 333.2092; found: 333.2094.

5.4 Experimental Details for Chapter 3.3.3: Synthesis of Alcohol 183

TBSO OTBS

HO : 7 %

161



5 Experimental Procedures

5.4.1 Methyl (R)-3-((tert-butyldimethylsilyl)oxy)-2-
methylpropanoate (155)

0 0
HO/\E)J\O/ — TBSO/\E)J\O/

101 155
Chemical Formula: C41H2403Si

Exact Mass: 232.1495

Imidazole (6.98 g, 103 mmol, 1.50 equiv.) was added to a solution of alcohol 101 (7.55 mL,
68.4 mmol, 1.00 equiv.) in DCM (70 mL) at 0 °C. Then TBSCI (15.5 g, 103 mmol, 1.50 equiv.)
was added and the reaction was stirred for 1 h at 0 °C, before the reaction was allowed to
warm to r.t. and stirred for additional 30 min. The reaction was quenched by adding aqg. sat.
NH4Cl (100 mL). The aqueous phase was extracted with DCM (2x 50 mL). The combined
organic layers were dried over MgS0O4 and concentrated under reduced pressure. Purification
by flash column chromatography over silica gel (CH/EA 30:1) yielded silyl ether 155 (15.9 g,

68.4 mmol, quant.) as a colourless oil.

Ry =0.26 (CH/EA 30:1).

[alp 2 =-19.2 (DCM, c = 1.2).

1H NMR (CD:Cl2, 499 MHz): 6 = 3.75 (dd, 1H, J=9.7, 6.9 Hz), 3.68 — 3.65 (m, 1H), 3.64 (s, 3H),
2.65-2.57 (m, 1H), 1.11 (d, 3H, J=7.0 Hz), 0.87 (s, 9H), 0.04 (d, 6H, J=1.9 Hz) ppm.

13C NMR (CD:Cl3, 126 MHz): 6§ = 175.6, 65.7, 51.7, 42.9, 27.3, 25.9, 18.5, 13.6, -5.4, -5.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 233.1567; found: 233.1566.

The experimental data are in agreement with those previously published. 84

5.4.2 (R)-3-((tert-Butyldimethylsilyl)oxy)-N-methoxy-N,2-
dimethylpropanamide (156)

0 0
TBSO/\E)J\O/ —_— TBSO/\E)J\I\ll/O\

155 156
Chemical Formula: C4,H,7NO3Si
Exact Mass: 261.1760
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i-PrMgCl (2 M in THF, 240 mL, 480 mmol, 4.00 equiv.) was added slowly to a solution of ester
155 (27.9 g, 120 mmol, 1.00 equiv.) and N,O-dimethylhydroxylamine hydrochloride (14.7 g,
240 mmol, 2.00 equiv.) in THF (200 mL) at 0 °C and the reaction was stirred for 2 h. Aqg. sat.
NH4Cl (200 mL) was added, the aqueous phase extracted with Et0 (3x 300 mL) and the
combined organic layers were dried over MgSOa. Removal of the solvent under reduced
pressure and purification of the residue by flash column chromatography over silica gel (CH/EA

4:1) yielded amide 156 (30.1 g, 115 mmol, 96%) as a colourless oil.
Ry=0.24 (CH/EA 4:1).
[a]p 2° = -18.0 (DCM, c = 1.0).

1H NMR (CD-Cl, 500 MHz): & = 3.79 (dd, 1H, J=9.5, 8.2 Hz), 3.69 (s, 3H), 3.51 (dd, 1H, J=9.5,
6.0 Hz), 3.15 (s, 3H), 1.02 (d, 3H, J=6.9 Hz), 0.87 (s, 9H), 0.04 (d, 6H, J=4.9 Hz) ppm.

13C NMR (CD.Cl, 126 MHz): 6 = 176.2, 66.1, 61.9, 38.4, 27.3, 26.0, 18.6, -5.4 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 262.1833; found: 262.1830.

The experimental data are in agreement with those previously published. 18]

5.4.3 (S)-3-((tert-Butyldimethylsilyl)oxy)-2-methylpropan-1-ol
(100)

o) OH
TBSO/\E)J\O/ —_— TBSO/\E)

155 100
Chemical Formula: C4gH2405Si
Exact Mass: 204.1546

DIBAL-H (1 m in THF, 86.0 mL, 86.0 mmol, 3.00 equiv.) was added over a period of 20 min to a
solution of Ester 155 (6.66 g, 28.7 mmol, 1.00 equiv.) in DCM (100 mL) at —78 °C and the
reaction was stirred for 2.5 h. The reaction was allowed to warm to 0 °C and Et20 (80 mL), H,O
(10 mL) and NaOH (3 m, 10 mL) were added, followed by H,0O (30 mL). The reaction was
allowed to warm to r.t. and stirred for 15 min. MgS04 was added, and the suspension was

stirred for an additional 15 min before being filtered and the solvent removed under reduced
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pressure. Purification of the residue by flash column chromatography over silica gel (CH/EA

6:1) yielded alcohol 100 (5.50 g, 26.9 mmol, 94%) as a colourless liquid.
Rf=0.24 (CH/EA 6:1).
[a]p 2° = -10.0 (DCM, ¢ = 1.0).

14 NMR (CDCl3, 500 MHz): & = 3.74 (ddd, 1H, J=9.9, 4.4, 0.9 Hz), 3.67 — 3.57 (m, 2H), 3.54 (dd,
1H, J=9.9, 8.0 Hz), 2.81 (dd, 1H, J=7.1, 4.1 Hz), 1.98 — 1.90 (m, 1H), 0.90 (s, 9H), 0.84 (d, 3H,
J=7.0 Hz), 0.07 (s, 6H) ppm.

13C NMR (CDCl3, 126 MHz): 6 = 68.9, 68.5, 37.2, 26.0, 18.3, 13.2, -5.4, -5.5 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 205.1618; found: 205.1622.

The experimental data are in agreement with those previously published.[184]

5.4.4 (R)-3-((tert-butyldimethylsilyl)oxy)-2-methylpropanal (157)
Procedure a:

0] O

|
TBSO/\)J\N/O\ —_— TBSO/\)

156 157
Chemical Formula: C4gH2,0,Si
Exact Mass: 202.1389

DIBAL-H (1 m in THF, 174 mL, 174 mmol, 1.50 equiv.) was added dropwise to a solution of
amide 156 (29.9 g, 114 mmol, 1.00 equiv.) in DCM (230 mL) at —78 °C and the reaction was
stirred for 2.5 h. MeOH (100 mL) was added and the reaction as allowed to warm to r.t.
Subsequently, H,0 (300 mL) and DCM (300 mL) were added, the aqueous phase extracted
with DCM (3x 200 mL), the combined organic layers washed with brine (50 mL) and dried over
MgS04. Removal of the solvent under reduced pressure and purification of the residue by flash
column chromatography over silica gel (CH/EA 30:1) yielded aldehyde 157 (16.9 g, 83.6 mmol,

73%) as a colourless liquid.
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Procedure b:

OH

o}
|
TBSO/\E) — TBSO/\)

100 157
Chemical Formula: C4gH2,0,Si
Exact Mass: 202.1389

DIPEA (375 pL, 2.15 mmol, 4.00 equiv.) was added to a solution of alcohol 100 (110 mg,
538 umol, 1.00 equiv.) in DCM (3 mL) and DMSO (382 uL, 5.38 mmol, 10.0 equiv.) at 0 °C. After
stirring for 5 min, sulfur trioxide pyridine complex (257 mg, 1.61 mmol, 3.00 equiv.) was added
and the reaction was allowed to warm to r.t. and stirred for 60 min. The solvent was removed
under reduced pressure and the residue purified by flash column chromatography over silica

gel (CH/EA 20:1) to yield aldehyde 157 (101 mg, 499 umol, 93%) as a colourless liquid.
Rf=0.28 (CH/EA 20:1).
[a]o 2° = -29.0 (DCM, ¢ = 1.0).

1H NMR (CD2Cl,, 499 MHz): § = 9.70 (d, 1H, J=1.6 Hz), 3.89 — 3.77 (m, 2H), 2.55 — 2.43 (m, 1H),
1.06 (d, 3H, J=7.0 Hz), 0.88 (s, 10H), 0.06 (s, 6H) ppm.

13C NMR (CD.Cl;, 126 MHz): § = 204.8, 63.8, 49.2, 25.9, 18.5, 10.4, -5.4, -5.5 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 203.1462; found: 203.1467.

The experimental data are in agreement with those previously published. 84

5.4.5 (2R,35)-1-((tert-Butyldimethylsilyl)oxy)-2-methylhex-5-en-3-
ol (158)

(0] OH

: /\)\/\
TBSO/\) TBSO X

157 158
Chemical Formula: C43H»50,Si
Exact Mass: 244.1859

Allylmagnesium chloride (1 m in THF, 12.0 mL, 12.0 mmol, 1.20 equiv.) was added over a
period of 30 min to a solution of (-)-B-Methoxydiisopinocampheylboran (3.97 g, 12.5 mmol,

1.25 equiv.) in Et,0 (30 mL) at 0 °C. The reaction was stirred for 45 min and then cooled to —
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78 °C. At this temperature, aldehyde 157 (2.03 g, 10.0 mmol, 1.00 equiv., dried 14 h over 3 A
molecular sieve in 12 mL Et,0) was added over a period of 20 min. The reaction was stirred
for an additional 1.5 h, followed by the addition of MeOH (20 mL), NaOH (3 m, 30 mL) and
H203 (35%, 20 mL). The reaction mixture was then refluxed (70 °C) for 1.5 h. After cooling to
r.t., the aqueous phase was extracted with EtO (3x 50 mL), the solvent removed under
reduced pressure and the residue solved in Et,0 (20 mL) and H,0 (20 mL). FeSO4 (~10 g) was
added and the mixture stirred overnight (14 h). The aqueous phase was extracted with Et,0
(3x 20 mL), the combined organic layers washed with brine (10 mL) and dried over MgSQa.
Removal of the solvent in vacuo and purification of the residue by flash column
chromatography over silica gel (CH/EA 15:1) yielded title compound 158 (1.92 g, 7.86 mmol,
78%, dr = 14:1) as a colourless liquid.

Rf=0.22 (CH/EA 15:1).
[a]o 2° = -15.0 (DCM, ¢ = 0.8).

1H NMR (Acetone, 700 MHz): & = 5.94 (ddt, 1H, J=17.2, 10.2, 7.0 Hz), 5.06 (ddt, 1H, J=17.2,
2.3, 1.5 Hz), 5.00 (ddt, 1H, J=10.2, 2.4, 1.2 Hz), 3.74 (dd, 1H, J=9.9, 5.6 Hz), 3.65 (dd, 1H, J=9.9,
6.0 Hz), 3.59 — 3.52 (m, 2H), 2.32 (dt, 1H, J=5.5, 1.8 Hz), 2.30 (ddt, 1H, J=6.8, 3.6, 1.4 Hz), 2.16
(dtt, 1H, J=15.4, 7.2, 1.3 Hz), 1.74 — 1.66 (m, 1H), 0.91 (d, 9H, J=2.5 Hz), 0.90 (d, 3H, J=2.0 Hz),
0.07 (d, 6H, J=0.6 Hz) ppm.

13C NMR (Acetone, 176 MHz): § = 137.1, 116.5, 73.7, 66.6, 41.6, 39.9, 26.3, 18.8, 13.7,-5.3, -

5.3 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 245.1931; found: 245.1934.

The experimental data are in agreement with those previously published.[18¢!
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5.4.6 (2R,3S5)-1-((tert-Butyldimethylsilyl)oxy)-2-methylhex-5-en-3-
yl (5)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (159)

Ph .OCH;,
o:g\CFS'
OH o)
TBSO/\:/k/\ B TBSO/\:/k/\

158 159
Chemical Formula: Cy3H35F30,4Si

Exact Mass: 460.2257

(R)-(-)-MTPA-CI (15 pl, 81 umol, 3.0 equiv.) was added to a solution of alcohol 158 (6.6 mg,
27 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgSQOa. The residue was purified by flash column
chromatography over silica gel (CH/EA 50:1) to yield ester 159 (3.3 mg, 7.2 umol, 27%) as a

colourless oil.
Ry =0.14 (CH/EA 50:1).
[alo 2 = -1.4 (DCM, ¢ = 0.6).

1H NMR (CD:Cl, 400 MHz): & = 7.55 — 7.50 (m, 2H), 7.45 — 7.37 (m, 3H), 5.71 — 5.58 (m, 1H),
5.25 (ddd, 1H, J=7.7, 6.0, 3.9 Hz), 5.04 — 4.96 (m, 2H), 3.60 — 3.53 (m, 2H), 3.52 (p, 3H, J=1.4
Hz), 2.52 — 2.41 (m, 1H), 2.33 (dtt, 1H, J=14.8, 7.8, 1.1 Hz), 2.04 (dddd, 1H, J=13.4, 7.6, 6.2, 1.4
Hz), 0.94 (d, 3H, J=6.9 Hz), 0.90 (s, 9H), 0.04 (s, 6H) ppm.

13C NMR (CD2Clz, 126 MHz): 6 = 166.3, 133.8, 132.7, 130.0, 128.7, 125.1, 122.8, 118.2, 85.2,
85.0, 78.1, 64.7,55.8, 38.8, 35.1, 26.0, 18.5, 12.8, -5.4, -5.5 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 461.2329; found: 461.2311.
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5.4.7 (2R,3S5)-1-((tert-Butyldimethylsilyl)oxy)-2-methylhex-5-en-3-
yl (R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (160)

Ph " ocH,
o
OH o)
TBSO/\:/k/\ B TBSO/\:/k/\

158 160
Chemical Formula: Cy3H35F30,4Si

Exact Mass: 460.2257

(S)-(+)-MTPA-CI (12 pl, 64 umol, 3.0 equiv.) was added to a solution of alcohol 158 (5.2 mg,
21 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgSQOa. The residue was purified by flash column
chromatography over silica gel (CH/EA 50:1) to yield ester 160 (3.6 mg, 7.8umol, 37%) as a

colourless oil.
Ry=0.14 (CH/EA 50:1).
[a]p 2° = +40.0 (DCM, c = 0.6).

1H NMR (CD1Cla, 500 MHz): 6 = 7.57 — 7.50 (m, 1H), 7.43 — 7.37 (m, 3H), 5.80 (dddd, 1H, J=17.1,
10.2, 7.9, 6.0 Hz), 5.26 (ddd, 1H, J=7.9, 5.8, 4.0 Hz), 5.16 — 5.08 (m, 2H), 3.54 (q, 3H, J=1.3 Hz),
3.51—3.46 (m, 1H), 3.41 (dd, 1H, J=10.1, 6.1 Hz), 2.55 — 2.48 (m, 1H), 2.40 (dtt, 1H, J=15.0, 7.9,
1.1 Hz), 2.05 — 1.96 (m, 1H), 0.89 (s, 9H), 0.82 (d, 3H, J=7.0 Hz), 0.01 (d, 6H, J=3.3 Hz) ppm.

13C NMR (CDCl2, 126 MHz): & = 166.3, 134.3, 132.9, 130.0, 128.7, 127.8, 125.1, 122.8, 118.3,
85.0, 84.8, 78.3, 64.6, 55.9, 38.7, 35.2, 26.0, 18.5, 12.6, -5.4, -5.5 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 461.2329; found: 461.2334.
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5.4.8 (58,6R)-5-Allyl-2,2,3,3,6,9,9,10,10-nonamethyl-4,8-dioxa-3,9-

disilaundecane (99)

OH OTBS
TBSO/\:)\/\ TBSO™ ™ XN
158 99

Chemical Formula: C1gH4,0,Si,
Exact Mass: 358.2723

TBSOTf (2.14 mL, 10.9 mmol, 2.00 equiv.) was added to a solution of alcohol 158 (1.33 g,
5.42 mmol, 1.00 equiv.) and 2,6-lutidine (2.50 mL, 21.8 mmol, 4.00 equiv.) in DCM (10 mL) at
0 °C. The reaction was then allowed to warm to r.t. and stirred for 45 min before it was
guenched by adding aqg. sat. NH4Cl (20 mL). The aqueous phase was extracted with DCM
(3x 5 mL) and the combined organic layers were dried over MgSO4. Removal of the solvent
under reduced pressure and purification of the residue by flash column chromatography over

silica gel (CH/EA 50:1) yielded silyl ether 99 (1.47 g, 4.11 mmol, 76%) as a colourless oil.
Rs = 0.50 (CH/EA 50:1).
[a]o 2° = +15.6 (DCM, ¢ = 0.9).

1H NMR (CD,Cl5, 400 MHz): & = 5.81 (ddt, 1H, J=17.3, 10.2, 7.1 Hz), 5.12 — 5.00 (m, 2H), 3.89
(ddd, 1H, J=7.2, 6.0, 3.0 Hz), 3.57 (dd, 1H, J=9.8, 7.0 Hz), 3.45 (dd, 1H, J=9.8, 6.6 Hz), 2.34 —
2.22 (m, 2H), 1.72 (qd, 1H, J=6.8, 3.1 Hz), 0.93 (d, 19H, J=0.9 Hz), 0.86 (d, 3H, J=6.8 Hz), 0.09
(d, 7H, J=1.3 Hz), 0.07 (s, 6H) ppm.

13C NMR (CD,Cl,, 126 MHz): & = 136.1, 116.6, 71.9, 65.8, 40.3, 40.0, 26.1, 18.5, 18.4, 10.4, -
4.0,-4.6,-5.2, -5.2 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 359.2796; found: 359.2797.

5.4.9 (3S5,4R)-3,5-bis((tert-Butyldimethylsilyl)oxy)-4-
methylpentanal (161)

OTBS TBSO (ID

TBSO™ ™ X —— 1BSO”

99 161
Chemical Formula: C4gH4003Si,

Exact Mass: 360.2516
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Alkene 99 (6.50 g, 18.1 mmol, 1.00 equiv.) was solved in MeOH (50 mL) and DCM (50 mL)
together with a tip of a spatula NaHCO3 (~10 mg) and cooled to —78 °C. The reaction vessel
was filled with ozone and stirred for 90 min. PPhsz (7.13 g, 27.2 mmol, 1.50 equiv.) was added
and the reaction mixture was stirred for 10 min at —78 °C. The reaction was then allowed to
warm to r.t. and stirred for additional 2 h. Celite® (50 g) was added and the solvent was
removed under reduced pressure. Purification of the residue by flash column chromatography
over silica gel (CH/EA 30:1) yielded aldehyde 161 (6.54 g, 18.1 mmol, quant.) as a colourless

oil.
Rs=0.16 (CH/EA 30:1).
[a]o 2° = -3.0 (DCM, ¢ = 1.0).

1H NMR (CD:Cl,, 700 MHz): & = 9.78 (dd, 1H, J=3.0, 2.0 Hz), 4.37 (dt, 1H, J=7.1, 4.7 Hz), 3.50
(qd, 2H, J=10.2, 6.4 Hz), 2.55 — 2.41 (m, 2H), 1.92 (pdd, 1H, J=7.0, 5.6, 4.8 Hz), 0.89 (s, 9H), 0.86
(d, 3H, J=7.0 Hz), 0.07 (d, 6H, J=22.9 Hz), 0.04 (d, 6H, J=2.6 Hz) ppm.

13C NMR (CD2Cl;, 176 MHz): § = 202.8, 69.3, 65.3, 47.3, 42.1, 26.0, 25.9, 18.5, 18.3, 11.6, -4.4,
-4.5,-5.3,-5.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 361.2589; found: 361.2591.

The experimental data are in agreement with those previously published.[187]

5.4.10 (2R,3S5,55)-1,3-bis((tert-Butyldimethylsilyl)oxy)-2-methyldec-
6-yn-5-0l (162)

TBSO (I) TBSO OH

e
TBSO™ TBSO™ SN

161 162
Chemical Formula: Cy3H4g03Si,
Exact Mass: 428.3142

NEts (158 uL, 1.13 mmol, 2.40 equiv.) was added to a solution of Zn(OTf), (377 mg, 1.04 mmol,
2.20 equiv.) and (1R,2S)-(-)-N-methylephedrine (203 mg, 1.13 mmol, 2.40 equiv.) in toluene
(2 mL) and the mixture was stirred for 2 h. 1-Pentyne (112 uL, 1.13 mmol, 2.40 equiv.) was

added and the reaction was stirred for 15 min, followed by addition of aldehyde 161 (170 mg,
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471 umol, 1.00 equiv.). After 2 h of stirring, the reaction was quenched by adding ag. sat.
NH4Cl (5 mL). The aqueous phase was extracted with DCM (3x 5 mL), the combined organic
layers dried over MgS04 and the solvent removed under reduced pressure. Purification of the
residue by flash column chromatography over silica gel (CH/EA 20:1) to yield alkyne 162
(135 mg, 314 umol, 67%, dr > 20:1) as a colourless oil.

Rf=0.25 (CH/EA 20:1).
[a]o 2° = -13.0 (DCM, ¢ = 1.0).

1H NMR (CD:Cl3, 500 MHz): & = 4.51 (dddt, 1H, J=8.0, 5.8, 3.8, 2.0 Hz), 4.21 (ddd, 1H, J=8.3,
4.6, 3.8 Hz), 3.47 (qd, 2H, J=10.1, 6.6 Hz), 2.73 (d, 1H, J=6.1 Hz), 2.17 (td, 2H, J=7.1, 2.0 Hz),
1.99 - 1.89 (m, 1H), 1.75 (qdd, 2H, J=14.3, 8.2, 3.6 Hz), 1.56 — 1.48 (m, 1H), 0.97 (t, 3H, J=7.4
Hz), 0.90 (d, 19H, J=3.2 Hz), 0.85 (d, 3H, J=7.0 Hz), 0.11 (d, 5H, J=13.1 Hz), 0.05 (s, 6H) ppm.

13C NMR (CD:Cl,, 126 MHz): & = 85.0, 82.2, 71.2, 65.4, 60.3, 41.6, 39.6, 26.1, 22.6, 21.0, 18.3,
13.7, 11.5, -4.3, -4.4, -5.4, -5.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 429.3215; found: 429.3236.

5.4.11 (2R,35,55)-1,3-Bis((tert-butyldimethylsilyl)oxy)-2-methyldec-
6-yn-5-yl (8)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate

(163)
Ph  ocH,
o CF3
TBSO OH TBSO O
TBSO : % TBSO : %
162 163

Chemical Formula: C33H55F305Sis
Exact Mass: 644.3540

(R)-(-)-MTPA-CI (9.9 ul, 52 umol, 5.0 equiv.) was added to a solution of alcohol 162 (4.5 mg,
10 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs3 (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were

washed with brine (1 mL) and dried over MgSQOa. The residue was purified by flash column
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chromatography over silica gel (CH/EA 50:1) to yield ester 163 (6.7 mg, 10 umol, quant.) as a

colourless oil.
Rf=0.21 (CH/EA 50:1).
[a]o 2° = -30.0 (DCM, ¢ = 1.0).

1H NMR (CD:Cl3, 700 MHz): & = 7.58 (dd, 2H, J=6.7, 2.5 Hz), 7.47 — 7.35 (m, 5H), 5.55 (ddt, 1H,
J=9.4,4.1,2.0 Hz), 3.80 — 3.70 (m, 1H), 3.56 (q, 4H, J=4.2 Hz), 3.48 (ddd, 1H, J=9.7, 5.7, 4.0 Hz),
3.35 (dd, 1H, J=10.1, 5.9 Hz), 2.21 (tt, 2H, J=7.0, 2.3 Hz), 2.04 (ddd, 1H, J=14.4, 9.4, 3.2 Hz),
1.85 (ddtd, 2H, J=24.2, 13.2, 7.6, 3.6 Hz), 1.55 — 1.48 (m, 2H), 1.00 — 0.93 (m, 3H), 0.89 (d, 9H,
J=4.7 Hz), 0.87 (d, 9H, J=4.7 Hz), 0.86 (s, 3H), 0.00 (d, 12H, J=3.3 Hz) ppm.

13C NMR (CD2Cl, 176 MHz): & = 166.0, 132.9, 130.1, 128.8, 127.9, 87.7, 85.3, 77.6, 70.1, 65.3,
64.8, 60.6, 55.6, 41.9, 39.3, 26.1, 26.0, 22.3, 20.9, 18.5, 18.3, 13.6, 11.5, -4.3, -4.6, -5.4, -5.5

ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 645.3613; found: 645.3621.

5.4.12 (2R,3S5,55)-1,3-Bis((tert-butyldimethylsilyl)oxy)-2-methyldec-
6-yn-5-yl (R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate

(164)
Ph ' ocH,
o "“CF4
TBSO OH TBSO O
- -
TBSO : % TBSO : %
162 164

Chemical Formula: C33H55F305Si,
Exact Mass: 644.3540

(S)-(+)-MTPA-CI (11 pl, 58 umol, 5.0 equiv.) was added to a solution of alcohol 162 (5.0 mg,
12 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the agueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgS0Oa4. The residue was purified by flash column
chromatography over silica gel (CH/EA 50:1) to yield ester 164 (7.5 mg, 12 umol, quant) as a

colourless oil.
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Rf=0.21 (CH/EA 50:1).
[alo 2° = -6.0 (DCM, ¢ = 1.0).

1H NMR (CD,Cl2, 700 MHz): & = 7.54 (dd, 2H, J=6.9, 2.0 Hz), 7.45 — 7.39 (m, 3H), 5.57 (ddt, 1H,
J=8.8, 4.3,2.0 Hz), 3.90 (dt, 1H, J=8.7, 3.8 Hz), 3.59 (d, 1H, J=1.2 Hz), 3.55 (d, 3H, J=1.1 Hz), 3.53
(dd, 1H, J=10.2, 6.9 Hz), 3.43 (ddd, 1H, J=10.2, 5.5, 3.7 Hz), 2.17 (td, 2H, J=7.0, 2.0 Hz), 2.06
(ddd, 1H, J=14.3, 9.1, 3.6 Hz), 1.94 — 1.90 (m, 1H), 1.90 — 1.86 (m, 1H), 1.49 (p, 2H, J=7.2 Hz),
0.95 (t, 3H, J=7.4 Hz), 0.90 (s, 9H), 0.89 — 0.86 (m, 12H), 0.04 (d, 6H, J=19.9 Hz), 0.02 (d, 6H,
J=1.1 Hz) ppm.

13C NMR (CD2Cl, 176 MHz): & = 166.0, 132.3, 130.0, 128.7, 128.0, 87.5, 85.1, 77.5, 70.1, 65.3,
65.0, 55.9, 41.8, 38.9, 27.3, 26.1, 26.0, 22.3, 20.9, 18.6, 18.4, 13.6, 11.7, -4.2, -4.5, -5.3, -5.4

ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 645.3613; found: 645.3617.

5.4.13 (6R,75,95)-7-((tert-Butyldimethylsilyl)oxy)-11,11-diethyl-
2,2,3,3,6-pentamethyl-9-(pent-1-yn-1-yl)-4,10-dioxa-3,11-
disilatridecane (165)

TBSO OH TBSO OTES

TBSO™ SN TBSO™ SN

162 165
Chemical Formula: CygHg,03Si3
Exact Mass: 542.4007

TESCI (520 mg, 3.45 mmol, 2.00 equiv.) was added to a solution of alcohol 162 (740 mg,
1.73 mmol, 1.00 equiv.) and imidazole (470 mg, 6.90 mmol, 4.00 equiv.) in DCM (4 mL) at 0 °C.
After 5 min of stirring, the reaction was allowed to warm to r.t. and stirred for additional 2 h.
The reaction was quenched with ag. sat. NH4Cl (20 mL), the aqueous phase extracted with
DCM (3x 10 mL) and the combined organic layers were washed with brine (5 mL) and dried
over MgS04. Removal of the solvent in vacuo and purification of the residue by flash column
chromatography over silica gel (CH/EA 100:1) yielded silyl ether 165 (866 mg, 1.59 mmol, 92%)
as a colourless oil.

Rf=0.11 (CH/EA 100:1).
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[alpo 2° = -33.0 (DCM, c = 1.0).

1H NMR (CD1Cl,, 700 MHz): 6 = 4.48 (ddt, 1H, J=8.7, 4.4, 2.0 Hz), 4.00 (dt, 1H, J=7.9, 3.9 Hz),
3.55 (dd, 1H, J=10.1, 6.8 Hz), 3.40 (dd, 1H, J=10.1, 6.5 Hz), 2.16 (td, 2H, J=7.1, 2.0 Hz), 1.86
(ddt, 1H, J=10.5, 6.9, 3.7 Hz), 1.77 (ddd, 1H, J=13.7, 8.8, 4.0 Hz), 1.64 (ddd, 1H, J=13.7, 8.2, 4.6
Hz), 1.52 (h, 2H, J=7.2 Hz), 0.97 (t, 11H, J=8.0 Hz), 0.89 (s, 9H), 0.89 (s, 10H), 0.86 (d, 6H, J=6.9
Hz), 0.72 - 0.60 (m, 6H), 0.07 (d, 6H, J=8.0 Hz), 0.04 (d, 6H, J=2.3 Hz) ppm.

13C NMR (CD:Cl2, 176 MHz): § = 84.9, 82.8, 70.3, 65.4, 60.1, 43.2, 42.0, 26.1 (d, J=1.5 Hz), 22.5,
21.1,18.6, 18.4, 13.7, 12.1, -4.3, -4.3, -5.3, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 543.4080; found: 543.4084.

5.4.14 (25,4S,5R)-4,6-Bis((tert-butyldimethylsilyl)oxy)-5-methyl-2-
((triethylsilyl)oxy)hexan-1-o0l (166)

TBSO OTES TBSO OTES

—_—

TBSO : AN TBSO :

: H
165 166 ©

Chemical Formula: C5H5504Si3
Exact Mass: 506.3643

Lindlar catalyst (923 mg, Pd-600%) was added to a solution of alkyne 165 (790 mg, 1.45 mmol,
1.00 equiv.) and quinoline (34.4 uL, 291 pmol, 0.20 equiv.) in hexane (20 mL). The reaction
vessel was then filled with hydrogen. After stirring for 16 h, the suspension was filtered over
a plug of celite® and washed with CH/EA (100:1, 50 mL). The solvent was removed under
reduced pressure and the residue was solved in DCM/MeOH (1:1, 50 mL). A tip of a spatula
NaHCOs (~10 mg) was added and the reaction vessel was filled with ozone at —78 °C. After
30 min, NaBH4 (275 mg, 7.27 mmol, 5.00 equiv.) was added and the mixture was stirred for
30 min before it was allowed to warm to r.t. and stir for an additional 2 h, followed by addition
of H,0 (10 mL). The aqueous phase was extracted with DCM (3x 10 mL) and the combined
organic layers were dried over MgSQs. Purification of the residue by flash column
chromatography over silica gel (CH/EA 15:1) yielded alcohol 166 (457 mg, 902 pumol, 62%,

2 step) as a colourless oil.

Rf=0.42 (CH/EA 15:1).
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[a]o 2° =-6.7 (DCM, c = 0.6).

1H NMR (CD:Cl, 400 MHz): & = 3.96 (ddd, 1H, J=7.9, 4.7, 3.5 Hz), 3.82 (dtd, 1H, J=6.4, 5.2, 3.8
Hz), 3.58 (ddd, 1H, J=11.1, 6.2, 3.8 Hz), 3.51 (dd, 1H, J=10.1, 7.3 Hz), 3.47 — 3.37 (m, 2H), 1.95
(t, 1H, J=6.4 Hz), 1.88 (ddt, 1H, J=10.4, 7.0, 3.5 Hz), 1.59 — 1.55 (m, 2H), 0.90 (d, 20H, J=2.1 Hz),
0.84 (d, 3H, J=7.0 Hz), 0.68 — 0.58 (m, 6H), 0.08 (d, 6H, J=0.6 Hz), 0.05 (d, 6H, J=1.5 Hz) ppm.

13C NMR (CD:Cl, 126 MHz): & = 72.1, 71.6, 67.6, 65.5, 42.4, 37.4, 26.1, 26.1, 18.6, 18.4, 11.5,
7.1,5.5,-4.0, -4.2, -5.3, -5.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 507.3716; found: 507.3715.

5.4.15 (25,45,5R)-4,6-Bis((tert-butyldimethylsilyl)oxy)-5-methyl-2-
((triethylsilyl)oxy)hexanal (167)

Procedure a:

TBSO OTES TBSO OTES

—_

TBSO™ TBSO™ |

- OH -
166 167

Chemical Formula: Cy5H5604Si53
Exact Mass: 504.3486

DIPEA (304 pL, 1.74 mmol, 4.00 equiv.) was added to a solution of alcohol 166 (221 mg,
436 umol, 1.00 equiv.) in DCM (2 mL) and DMSO (310 L, 4.36 mmol, 10.0 equiv.) at 0 °C. After
stirring for 5 min, sulfur trioxide pyridine complex (208 mg, 1.31 mmol, 3.00 equiv.) was added
and the reaction was stirred for 30 min. The solvent was removed under reduced pressure
and the residue purified by flash column chromatography over silica gel (CH/EA 50:1) to yield
aldehyde 167 (205 mg, 406 umol, 93%) as a colourless oil.

Procedure b:

TBSO OTES TBSO OTES

—_—

TBSO : % TBSO : i

165 167
Chemical Formula: Cy5H5604Si3
Exact Mass: 504.3486
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Lindlar catalyst (923 mg, Pd-600%) was added to a solution of alkyne 165 (790 mg, 1.45 mmol,
1.00 equiv.) and quinoline (34.4 pL, 291 umol, 0.20 equiv.) in hexane (20 mL). The reaction
vessel was then filled with hydrogen. After stirring for 16 h, the suspension was filtered over
a plug of celite® and washed with CH/EA (100:1, 50 mL). The solvent was removed under
reduced pressure and a part of the residue (3.5 mg) was solved in DCM/MeOH (1:1, 2 mL). A
tip of a spatula NaHCOs3 (~3 mg) was added and the reaction vessel was filled with ozone at —
78 °C. After 15 min, PPh3 (3.4 mg, 13 umol, 2.0 equiv.) was added and the mixture was allowed
to warm to r.t. and stir for 2 h. The solvent was removed under reduced pressure and the
residue purified by flash column chromatography over silica gel (CH/EA 50:1) yielded aldehyde
167 (3.0 mg, 5.9 umol, 93%, 2 step) as a colourless oil.

Rf=0.20 (CH/EA 50:1).
[a]p 2°=-17.0 (DCM, c = 1.0).

1H NMR (CD2Clz, 700 MHz): 6 = 9.56 (d, 1H, J=1.5 Hz), 4.19 (ddd, 1H, J=8.2, 4.1, 1.6 Hz), 4.05
(ddd, 1H, J=8.7, 3.9, 3.0 Hz), 3.52 — 3.41 (m, 2H), 1.98 — 1.90 (m, 1H), 1.75 (ddd, 1H, J=14.1,
8.7, 4.1 Hz), 1.60 (ddd, 1H, J=14.1, 8.3, 3.0 Hz), 0.96 (t, 9H, J=8.0 Hz), 0.89 (d, 18H, J=1.6 Hz),
0.85 (d, 3H, J=7.0 Hz), 0.63 (q, 6H, J=8.0 Hz), 0.08 (d, 6H, J=7.6 Hz), 0.04 (d, 6H, J=2.4 Hz) ppm.

13C NMR (CDCl,, 176 MHz): 6 = 203.1, 76.5, 70.3, 65.5, 42.3, 36.0, 26.1, 26.1, 18.6, 18.4, 11.3,
7.0,5.6,-4.0,-4.2,-5.3,-5.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 505.3559; found: 505.3558.

5.4.16 (35,45,6S,7R)-6,8-Bis((tert-butyldimethylsilyl)oxy)-3-
methoxy-7-methyloct-1-en-4-ol (169)

TBSO (l) TBSO OH
TBSO Y — > TBSO Y TN
= = 6
161 169 ~
Chemical Formula: C55H4804Si,

Exact Mass: 432.3091

s-Buli (1.4 m, 1.34 mL, 1.87 mmol, 1.30 equiv.) was added slowly over a period of 10 min to a
solution of 3-methoxy-1-propene (203 pL, 2.16 mmol, 1.50 equiv.) in THF (5 mL) at —78 °C and

the reaction was stirred for 10 min. Then (+)-B-Methoxydiisopinocampheylboran (593 mg,
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1.87 mmol, 1.30 equiv.) was to the reaction mixture along with THF (2x 2.5 mL). The reaction
was stirred for an additional 30 min before boron trifluoride etherate (244 uL, 1.95 mmol,
1.35 equiv.) and aldehyde 161 (520 mg, 1.44 mmol, 1.00 equiv., dried 2 h over 3 A molecular
sieve in 2 mL THF) were added, with the aldehyde being added gradually. The reaction was
stirred for 2 h. Subsequently, MeOH (5 mL), NaOH (3 M, 50 mL) and H.0; (35%, 30 mL) were
cautiously added and the reaction mixture was refluxed (70 °C) for 45 min. Aqg. sat. Na;S,03
(100 mL) was added to quench the reaction, the aqueous phase extracted with Et.0
(3x 50 mL), the combined organic layers dried over MgS0O4 and the solvent removed under
reduced pressure. Purification of the residue by flash column chromatography over silica gel
(CH/EA 15:1) yielded title compound 169 (362 mg, 836 umol, 58%, dr >20:1) as a colourless

oil.
Ry=0.24 (CH/EA 15:1).
[a]o 2° = -9.0 (DCM, ¢ = 1.0).

14 NMR (CD2Cl, 700 MHz): 6 = 5.63 (ddd, 1H, J=17.3, 10.4, 8.0 Hz), 5.31 — 5.25 (m, 2H), 4.06
(ddd, 1H, J=9.1, 4.4, 2.6 Hz), 3.64 (dddd, 1H, J=10.6, 7.0, 2.9, 2.0 Hz), 3.54 (dd, 1H, J=10.1, 6.7
Hz), 3.41 (dd, 1H, J=10.0, 6.3 Hz), 3.32 (ddt, 1H, J=7.9, 7.0, 0.8 Hz), 3.29 (s, 3H), 2.72 (dd, 1H,
J=2.9, 1.1 Hz), 1.88 (pd, 1H, J=6.8, 4.4 Hz), 1.48 (dddd, 1H, J=14.1, 9.1, 2.0, 1.1 Hz), 1.35 (ddd,
1H, J=14.1, 10.6, 2.6 Hz), 0.89 (s, 9H), 0.89 (s, 9H), 0.83 (d, 3H, J=7.0 Hz), 0.07 (d, 6H, J=6.5 Hz),
0.04 (s, 6H) ppm.

13C NMR (CD2Clz, 176 MHz): § = 135.7, 119.8, 87.7, 70.4, 70.3, 65.6, 56.7, 42.2, 35.5, 26.1,
26.1,18.5, 18.4,11.7,-4.3, -4.5, -5.3, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 433.3164; found: 433.3161.
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5.4.17 (35,45,6S,7R)-6,8-Bis((tert-butyldimethylsilyl)oxy)-3-
methoxy-7-methyloct-1-en-4-yl (5)-3,3,3-trifluoro-2-methoxy-
2-phenylpropanoate (169a)

Ph

\OCH,
TBSO  OH TBSO O
TBSO™ > Y 7~ TBSO” X
: o) : 0
169 > 169a O

Chemical Formula: C3,H55F306Sis
Exact Mass: 648.3489

(R)-(-)-MTPA-CI (5.5 ul, 30 umol, 2.0 equiv.) was added to a solution of alcohol 169 (6.4 mg,
15 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgSQOa. The residue was purified by flash column
chromatography over silica gel (CH/EA 50:1) to yield ester 169a (2.6 mg, 4.0 umol, 27%) as a

colourless oil.
Rs=0.16 (CH/EA 50:1).
[a]p 2° = -150 (DCM, c = 0.1).

1H NMR (CDCls, 700 MHz): & = 7.63 (dt, 3H, J=9.9, 3.5 Hz), 7.44 — 7.34 (m, 4H), 5.62 (ddd, 1H,
J=17.2, 10.4, 7.8 Hz), 5.36 — 5.33 (m, 1H), 5.33 — 5.30 (m, 1H), 5.28 (ddd, 1H, J=17.2, 1.6, 0.9
Hz), 3.64 — 3.62 (m, 1H), 3.62 — 3.59 (m, 1H), 3.55 (t, 3H, J=1.2 Hz), 3.39 (dd, 1H, J=10.1, 5.6
Hz), 3.28 (s, 3H), 3.22 — 3.18 (m, 1H), 1.75 (dddd, 1H, J=10.3, 6.8, 5.0, 2.2 Hz), 1.70 — 1.64 (m,
1H), 1.60 — 1.56 (m, 1H), 0.90 (d, 9H, J=4.0 Hz), 0.86 (s, 9H), 0.81 (d, 3H, J=7.0 Hz), 0.12 — 0.04
(m, 6H), -0.01 (d, 6H, J=2.5 Hz) ppm.

13C NMR (CDCl3, 176 MHz): 6 = 166.3, 134.0, 132.5, 129.6, 128.4, 127.9, 120.7, 84.0, 75.3, 70.4,
65.1, 56.5,55.4, 425, 34.2, 26.1, 26.0, 18.4, 18.3, 11.0, -4.0, -4.4, -5.3, -5.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 649.3562; found: 649.3559.
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5.4.18 (35,45,6S,7R)-6,8-Bis((tert-butyldimethylsilyl)oxy)-3-
methoxy-7-methyloct-1-en-4-yl (R)-3,3,3-trifluoro-2-methoxy-
2-phenylpropanoate (169b)

Ph

OCHj
o "“CF4
TBSO  OH TBSO O
TBSO™ > Y 7~ TBSO” X
: o) : 0
169 > 169b O

Chemical Formula: C3,H55F306Sis
Exact Mass: 648.3489

(S)-(+)-MTPA-CI (3.5 pl, 18.5 umol, 2.0 equiv.) was added to a solution of alcohol 169 (4.0 mg,
9.2 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, aq. sat. NaHCO3 (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgSQ0a. The residue was purified by flash column
chromatography over silica gel (CH/EA 50:1) to yield ester 169b (3.7 mg, 5.7 umol, 62%) as a

colourless oil.
Rs=0.16 (CH/EA 50:1).
[a]lo 2° = +0.0 (DCM, ¢ = 0.8).

14 NMR (CDCls, 700 MHz): 6 = 7.62 (dd, 2H, J=7.1, 2.8 Hz), 7.41 — 7.37 (m, 3H), 5.55 — 5.48 (m,
1H), 5.34 - 5.28 (m, 1H), 5.26 — 5.23 (m, 1H), 5.16 (ddd, 1H, J=17.2, 1.7, 1.0 Hz), 3.78 (ddd, 1H,
J=9.8,3.5,2.1 Hz), 3.60 —3.57 (m, 1H), 3.56 (d, 3H, J=1.2 Hz), 3.55 — 3.52 (m, 1H), 3.48 (dd, 1H,
J=10.2, 6.3 Hz), 3.37 — 3.33 (m, 1H), 3.20 (s, 2H), 1.86 — 1.80 (m, 1H), 1.73 — 1.63 (m, 2H), 0.90
(s, 9H), 0.88 (s, 9H), 0.85 — 0.83 (m, 3H), 0.11 — 0.05 (m, 6H), 0.03 —-0.00 (m, 6H) ppm.

13C NMR (CDCl3, 176 MHz): 6 = 166.2, 133.9, 129.6, 128.4, 127.8, 120.2, 83.6, 75.2, 70.2, 65.3,
56.7,55.7,42.5, 335, 26.1, 26.1, 18.5, 18.3, 11.1, -4.1, -4.5, -5.3, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 649.3562; found: 649.3561.
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5.4.19 (6R,75,95)-7-((tert-Butyldimethylsilyl)oxy)-11,11-diethyl-9-
((S)-1-methoxyallyl)-2,2,3,3,6-pentamethyl-4,10-dioxa-3,11-
disilatridecane (174)

TBSO  OH TBSO OTES
TBSO™ - — TBSO” N

S 0 S 0
169 174
Chemical Formula: 028H6204Si3

Exact Mass: 546.3956

~

TESCI (180 mg, 1.19 mmol, 2.00 equiv.) was added to a solution of alcohol 169 (258 mg,
596 umol, 1.00 equiv.) and imidazole (128 mg, 1.19 mmol, 2.00 equiv.) in DCM (2 mL) and the
reaction was stirred for 30 min. at r.t. Ag. sat. NH4Cl (10 mL) was added, the aqueous phase
extracted with DCM (3x 10 mL) and the combined organic layers were washed with brine
(5 mL) and dried over MgS0Oa4. Removal of the solvent in vacuo and purification of the residue
by flash column chromatography over silica gel (CH/EA 50:1) yielded silyl ether 174 (321 mg,

587 umol, 98%) as a colourless oil.
Ry =0.33 (CH/EA 50:1).
[a]o 2°=-15.0 (DCM, c = 1.0).

1H NMR (CD,Clz, 700 MHz): & = 5.68 (ddd, 1H, J=17.3, 10.5, 7.3 Hz), 5.28 — 5.20 (m, 2H), 3.91
(dt, 1H,J=8.3, 3.4 Hz), 3.81 (ddd, 1H, J=8.6, 5.6, 3.3 Hz), 3.57 (dd, 1H, J=10.1, 6.0 Hz), 3.42 (ddt,
1H, J=7.5, 5.6, 1.0 Hz), 3.37 (dd, 1H, J=10.1, 7.2 Hz), 3.25 (s, 3H), 1.83 (tdd, 1H, J=7.1, 6.1, 3.3
Hz), 1.60 (ddd, 1H, J=14.1, 8.3, 3.3 Hz), 1.35 (ddd, 1H, J=14.1, 8.4, 3.4 Hz), 0.96 (t, 9H, J=8.0
Hz), 0.89 (s, 8H), 0.89 (s, 9H), 0.86 (d, 3H, J=6.9 Hz), 0.69 —0.55 (m, 6H), 0.07 (d, 6H, J=2.4 Hz),
0.04 (d, 6H, J=2.8 Hz) ppm.

13C NMR (CD2Clz, 176 MHz): & = 136.0, 118.5, 86.8, 72.4, 71.8, 65.5, 56.6, 42.7, 37.7, 26.1,
18.6,18.4,12.2,7.3,5.9,-3.9,-4.0, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 547.4029; found: 547.4028.
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5.4.20 (5S,7S,8R)-7-((tert-Butyldimethylsilyl)oxy)-5-((S)-1-
methoxyallyl)-2,2,3,3,8,11,11,12,12-nonamethyl-4,10-dioxa-
3,11-disilatridecane (175)

TBSO OH TBSO OTBS

TBSO™ ™ N — " TBSO” X

= o) = o
169 ~ 175 ~

Chemical Formula: CogHgr04Si3
Exact Mass: 546.3956

TBSOTf (414 pL, 1.80 mmol, 2.00 equiv.) was added to a solution of alcohol 169 (390 mg,
901 umol, 1.00 equiv.) and 2,6-lutidine (415 pL, 3.60 mmol, 4.00 equiv.) in DCM (2 mL) at r.t.
The reaction was stirred for 30 min before it was quenched by adding aq. sat. NH4Cl (20 mL).
The aqueous phase was extracted with DCM (3x 5 mL) and the combined organic layers were
dried over MgS04. Removal of the solvent under reduced pressure and purification of the
residue by flash column chromatography over silica gel (CH/EA 100:1) yielded silyl ether 175
(471 mg, 861 umol, 96%) as a colourless oil.

Rf=0.07 (CH/EA 100:1).
[a]o 2° = -20.0 (DCM, ¢ = 1.0).

1H NMR (CDCls, 700 MHz): 6 = 5.68 (ddd, 1H, J=17.5, 10.6, 7.3 Hz), 5.30 — 5.17 (m, 2H), 3.91
(dt, 1H, J=8.7, 3.1 Hz), 3.83 (ddd, 1H, J=8.5, 5.7, 2.8 Hz), 3.56 (dd, 1H, J=10.1, 5.8 Hz), 3.42 (ddt,
1H, J=6.9, 5.8, 1.1 Hz), 3.34 (dd, 1H, J=10.1, 7.2 Hz), 3.26 (s, 3H), 1.82 (tqd, 1H, J=9.1, 6.6, 4.5
Hz), 1.61 (ddd, 1H, J=14.1, 8.7, 2.8 Hz), 1.34 (ddd, 1H, J=14.2, 8.6, 2.8 Hz), 0.89 — 0.88 (m, 27H),
0.85 (d, 3H, J=6.9 Hz), 0.09 (d, 6H, J=13.2 Hz), 0.06 (d, 5H, J=6.6 Hz), 0.03 (d, 6H, J=3.4 Hz) ppm.

13C NMR (CDCl3, 176 MHz): 6 = 135.5, 118.3, 86.5, 72.0, 71.3, 65.4, 56.6, 42.7, 37.5, 26.3, 26.2,
26.1, 18.5, 18.5, 18.3, 12.0, -3.6, -3.8, -3.9, -4.2, -5.2, -5.2 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 547.4029; found: 547.4038.
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5.4.21 (35,45,6S,7R)-6,8-Bis((tert-butyldimethylsilyl)oxy)-3-
methoxy-7-methyloctane-1,4-diol (176)

TBSO OH TBSO  OH

TBSO Y 7R TBSO Y

: o) : O. OH
169 > 176 >

Chemical Formula: C,,H5005Sis
Exact Mass: 450.3197

Borane dimethyl sulfide complex (12.4 uL, 132 umol, 5.70 equiv.) was added to a solution of
cyclohexene (26.7 uL, 263 umol, 11.4 equiv.) in Et,0 (0.5 mL) at 0 °C and the reaction was
stirred for 1 h. Then alkene 169 (10.0 mg, 23.1 pmol, 1.00 equiv. dried 16 h over 3 A molecular
sieve in 1 mL Et,0) was added and the reaction was allowed to warm to r.t. After 1 h of stirring
MeOH (1 mL), NaOH (3 m, 5 mL) and H.0; (35%, 5 mL) were added and the reaction was stirred
for an additional 1 h at r.t. Aq. sat. Na;S;03 (20 mL) was added and the aqueous phase
extracted with EA (3x 10 mL), the combined organic layers dried over MgS0O4 and the solvent
removed in vacuo. Purification of the residue by flash column chromatography over silica gel

(CH/EA 3:1) yielded alcohol 176 (6.5 mg, 14 umol, 62%) as a colourless liquid.
Ry=0.10 (CH/EA 3:1).
[a]o 2°=-19.0 (DCM, c = 1.0).

1H NMR (CDCl;, 500 MHz): 6 = 4.07 — 4.02 (m, 1H), 3.89 —3.84 (m, 1H), 3.72 (ddd, 1H, J=11.5,
7.1, 4.7 Hz), 3.66 (ddd, 1H, J=11.1, 6.9, 4.7 Hz), 3.58 (dd, 1H, J=10.0, 6.6 Hz), 3.46 (dd, 1H,
J=10.0, 6.0 Hz), 3.41 (s, 3H), 3.25 (dt, 1H, J=6.8, 4.6 Hz), 2.89 (s, 1H), 2.44 (s, 1H), 1.98 — 1.91
(m, 1H), 1.90-1.81 (m, 1H), 1.68 (dtd, 1H, J=14.6, 7.0, 4.6 Hz), 1.59 — 1.53 (m, 2H), 0.91 - 0.89
(m, 19H), 0.85 (d, 3H, J=7.0 Hz), 0.09 (d, 6H, J=6.7 Hz), 0.05 (s, 6H) ppm.

13C NMR (CD2Cl;, 126 MHz): 6 = 83.4, 71.4, 69.3, 65.6, 60.2, 58.4, 41.5, 35.2, 32.9, 26.1, 26.1,
18.6,18.3,12.1,-4.4,-4.5,-5.3, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 451.3270; found: 451.3273.
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5.4.22 (35,45,6S,7R)-6,8-Bis((tert-butyldimethylsilyl)oxy)-3-
methoxy-7-methyl-4-((triethylsilyl)oxy)octan-1-o0l (177)

TBSO  OTES TBSO  OTES
TBSO™ ™ N — T1BsO”

: o) : O_ OH
174 ~ 177 ~

Chemical Formula: C,gHg405Si3
Exact Mass: 564.4062

9-BBN (0.5 m in THF, 978 pL, 384 umol, 2.00 equiv.) was added slowly to a solution of alkene
174 (105 mg, 192 umol, 1.00 equiv., dried 30 min over 3 A molecular sieve in 0.5 mL THF) in
THF (1 mL) at 0 °C and the reaction was stirred for 2.5 h. MeOH (1 mL), NaOH (3 m, 5 mL) and
H,0; (35%, 5 mL) were added and the mixture was stirred for 1 h at r.t., followed by addition
of aq. sat. Na$:03 (20 mL). The aqueous phase was extracted with EA (3x 10 mL), the
combined organic layers washed with brine (5 mL) and dried over MgSOa4. Removal of the
solvent in vacuo and purification of the residue by flash column chromatography over silica

gel (CH/EA 3:1) yielded alcohol 177 (29.0 mg, 51.3 umol, 25%) as a colourless oil.
Ry = 0.41 (CH/EA 3:1).
[a]p 2° = -35.0 (DCM, ¢ = 0.6).

1H NMR (CD2Clz, 400 MHz): & = 4.11 — 4.03 (m, 1H), 3.95 (dt, 1H, J=9.0, 2.8 Hz), 3.70 (qd, 2H,
J=5.3, 3.1 Hz), 3.53 (dd, 1H, J=10.1, 6.5 Hz), 3.43 — 3.39 (m, 1H), 3.38 (s, 3H), 3.33 (ddd, 1H,
J=9.4,4.1,3.3 Hz),2.40-2.34 (m, 2H), 1.95-1.74 (m, 3H), 1.66 - 1.54 (m, 2H), 1.41-1.31 (m,
1H), 1.00 - 0.94 (m, 9H), 0.90 (d, 18H, J=1.5 Hz), 0.86 (d, 3H, J=6.9 Hz), 0.64 (qd, 6H, J=7.9, 0.7
Hz), 0.10 (d, 6H, J=1.2 Hz), 0.04 (d, 6H, J=1.4 Hz) ppm.

13C NMR (CDCl2, 126 MHz): & = 84.3,71.7, 69.1, 65.8, 61.9, 57.8, 42.9, 35.2, 31.6, 29.6, 26.2,
26.2,18.7,18.5,11.5,7.2,5.8,1.2,-3.7,-4.0, -5.3, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 565.4134; found: 565.4135.
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5.4.23 (35,45,6S,7R)-4,6,8-Tris((tert-butyldimethylsilyl)oxy)-3-
methoxy-7-methyloctan-1-o0l (178)

TBSO OTBS TBSO  OTBS

TBSO Y 7R TBSO Y

: o) : O. OH
175 > 178 >

Chemical Formula: C,gHg405Si3
Exact Mass: 564.4062

Borane dimethyl sulfide complex (565 pL, 6.03 mmol, 7.00 equiv.) was added to a solution of
cyclohexene (1.22 mL, 12.05 mmol, 14.0 equiv.) in Et;0 (12 mL) at 0 °C and the reaction was
stirred for 1 h. Then alkene 175 (471 mg, 861 pumol, 1.00 equiv. dried 16 h over 3 A molecular
sieve in 10 mL Et,0) was added and the reaction was allowed to warm to r.t. After stirring for
1h, MeOH (10 mL), NaOH (3 m, 50 mL) and H.0; (35%, 30 mL) were added. The reaction
mixture was then gradually heated to 50 °C and stirred for an additional hour. Ag. sat. NaS,03
(20 mL) was added, the agqueous phase extracted with EA (3x 30 mL), the combined organic
layers dried over MgS04 and the solvent removed in vacuo. Purification of the residue by flash
column chromatography over silica gel (CH/EA 6:1) yielded alcohol 178 (459 mg, 812 umol,

94%) as a colourless oil.
Rs=0.28 (CH/EA 6:1).
[ 2° = -40.0 (DCM, ¢ = 0.6).

1H NMR (CD;Cl,, 700 MHz): & = 4.06 (ddd, 1H, J=9.3, 4.2, 1.7 Hz), 3.97 — 3.93 (m, 1H), 3.74 —
3.65 (m, 2H), 3.53 (dd, 1H, J=10.2, 6.4 Hz), 3.40 — 3.38 (m, 1H), 3.38 (s, 4H), 3.34 (ddd, 1H,
J=9.9, 4.1, 2.9 Hz), 2.30 (dd, 1H, J=6.8, 4.3 Hz), 1.89 (dtq, 1H, J=10.4, 6.8, 3.4 Hz), 1.82 (dddd,
1H,J=14.1, 6.5, 4.8, 2.9 Hz), 1.58 (dddd, 2H, J=12.4, 7.3, 6.0, 4.1 Hz), 1.36 (ddd, 1H, J=14.1,9.3,
2.2 Hz), 0.90 — 0.88 (m, 27H), 0.87 (d, 3H, J=7.0 Hz), 0.14 — 0.09 (m, 12H), 0.04 (d, 6H, J=2.9 Hz)

ppm.

13C NMR (CD2Cl>, 176 MHz): & = 84.2, 71.5, 68.8, 65.8, 62.0, 57.7, 43.1, 34.8, 31.2, 26.2, 26.1,
26.1, 18.6, 18.4, 18.3, 11.2, -3.8, -3.8, -3.9, -4.0, -5.2, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 587.3954; found: 587.3938.
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5.4.24 (35,45,6S,7R)-4,6,8-Tris((tert-butyldimethylsilyl)oxy)-3-
methoxy-7-methyloctanal (179)

TBSO OTBS TBSO OTBS

TBSO™ - — TBSO” iy

: O OH : 6. 0
178 179 O

Chemical Formula: CygHgoO5Si3
Exact Mass: 562.3905

DIPEA (149 uL, 857 umol, 2.00 equiv.) was added to a solution of alcohol 178 (242 mg,
428 umol, 1.00 equiv.) in DCM (2 mL) and DMSO (304 pL, 4.28 mmol, 10.0 equiv.) at 0 °C. After
stirring for 5 min, sulfur trioxide pyridine complex (204 mg, 1.28 mmol, 3.00 equiv.) was added
and the reaction was stirred for 1 h. The solvent was removed under reduced pressure and
the residue purified by flash column chromatography over silica gel (CH/EA 20:1) to vyield
aldehyde 179 (222 mg, 395 umol, 92%) as a colourless oil.

Rf=0.26 (CH/EA 20:1).
[a]o 2° = -26.0 (DCM, ¢ = 0.5).

'H NMR (CD:Clz, 700 MHz): 6 = 9.77 (dd, 1H, J=2.8, 1.3 Hz), 4.09 (ddd, 1H, J=9.1, 4.2, 1.9 Hz),
3.97-3.92 (m, 1H), 3.75 (ddd, 1H, J=9.7, 4.2, 2.7 Hz), 3.54 - 3.50 (m, 1H), 3.40 (dd, 1H, J=10.2,
6.4 Hz), 3.36 (d, 3H, J=2.7 Hz), 2.62 (ddd, 1H, J=16.7, 2.7, 1.4 Hz), 2.44 (ddd, 1H, J=16.7, 9.7,
2.8 Hz), 1.89 (hd, 1H, J=6.4, 2.8 Hz), 1.60 (ddd, 1H, J=14.0, 9.2, 1.9 Hz), 1.29 (ddd, 1H, J=14.0,
9.1,2.3 Hz),0.91-0.87 (m, 23H), 0.86 (d, 3H, J=6.9 Hz), 0.14—0.09 (m, 12H), 0.04 (d, 7H, J=2.8
Hz) ppm.

13C NMR (CD2Cl3, 176 MHz): 6 = 201.9, 78.9, 71.4, 68.7, 65.7, 57.9, 43.9, 43.0, 41.5, 34.9, 26.2,
26.1, 26.1, 18.6, 18.4, 18.3, 11.3, -3.8, -3.8, -4.0, -4.0, -5.3, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 585.3797; found: 585.3798.
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5.4.25 (5S,7S5,8R)-7-((tert-Butyldimethylsilyl)oxy)-5-((S,E)-4-iodo-1-
methoxybut-3-en-1-yl)-2,2,3,3,8,11,11,12,12-nonamethyl-
4,10-dioxa-3,11-disilatridecane (180)

TBSO OTBS TBSO OTBS

TBSO™ ™ <Y T TBSO” Y NI

= o_©O = O
179 O 180
Chemical Formula: C,gHg3104Si3

Exact Mass: 686.3079

~

The following reaction was implemented in the dark.

Aldehyde 179 (220 mg, 394 pumol, 1.00 equiv., dried 2 h over 3 A molecular sieve in 1 mL THF)
was added to a mixture of CrCl, (291 mg, 2.37 mmol, 6.00 equiv.) and iodoform (310 mg,
789 umol, 2.00 equiv.) in THF (1 mL) at 0 °C. The reaction was stirred for overnight (16 h). H.O
(2 mL) was added, the aqueous phase extracted with EA (3x 5 mL), the combined organic
layers dried over MgS04 and the solvent removed in vacuo. Purification of the residue by flash
column chromatography over silica gel (CH/EA 100:1) yielded vinyl iodide 180 (159 mg,

231 umol, 59%, dr = 5:1) as a colourless oil.
Rs=0.16 (CH/EA 100:1).
[a]p 2° = -24.0 (DCM, c = 0.5).

14 NMR (CDCls, 700 MHz): & = 6.59 — 6.54 (m, 1H)", 6.31 (td, 1H, J=7.2, 6.0 Hz)*, 6.25 (dt, 1H,
J=7.4, 1.5 Hz)*, 6.06 (dt, 1H, J=14.4, 1.4 Hz)", 4.01 (dtd, 1H, J=9.8, 4.9, 2.0 Hz), 3.92 (ddd, 1H,
J=9.2,3.2,2.1 Hz), 3.57 —3.52 (m, 1H)* 3.52 — 3.48 (m, 1H)", 3.39 — 3.36 (m, 1H), 3.36 (s, 3H),
3.21(dt, 1H,J=9.1, 3.7 Hz)# ,3.14 (ddd, 1H, J=9.6, 4.1, 2.7 Hz)", 2.49— 2.42 (m, 1H)¥, 2.35 (dddd,
1H, J=14.8, 7.6, 2.7, 1.4 Hz)*, 2.20 (dddd, 1H, J=15.3, 9.1, 6.0, 1.6 Hz)*, 2.09 — 2.03 (m, 1H)",
1.86 (ddh, 1H, J=10.1, 6.7, 3.3 Hz), 1.66 — 1.61 (m, 1H)*, 1.57 (ddd, 1H, J=14.1, 9.3, 1.9 Hz)",
1.33 - 1.26 (m, 1H), 0.90 — 0.88 (m, 27H), 0.85 (d, 3H, J=6.9 Hz), 0.13 — 0.08 (m, 6H), 0.08 —
0.07 (m, 6H), 0.04 — 0.02 (m, 6H) ppm.

13C NMR (CDCl3, 176 MHz): & = 144.0%, 139.0%, 83.07, 83.0", 75.9, 71.2%, 71.0%, 69.3%, 68.8",
65.4°, 64.8"% 57.9%, 57.8" 42.6", 42.6%, 35.4", 35.0%, 34.5%, 34,57, 26.0, 26.0, 25.9, 18.3, 18.1,
18.1,11.3%,11.1%,-3.9, -4.1, -4.1, -5.3, -5.4 ppm.
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HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 687.3152; found: 687.3156.

5.4.26 (2R,3S5,5S5,6S,E)-3,5-Bis((tert-butyldimethylsilyl)oxy)-9-iodo-
6-methoxy-2-methylnon-8-en-1-o0l (181)

TBSO OTBS TBSO OTBS

TBSO™ ™ :/l HO™ ™ NI

= 0 = 6\
180 181
Chemical Formula: C,3H49104Sis

Exact Mass: 572.2214

CSA (8.23 mg, 35.4 umol, 0.50 equiv.) was added to a solution of silyl ether 180 (48.7 mg,
70.9 umol, 1.00 equiv.) in DCM (3 mL) and MeOH (1 mL). The reaction was stirred for 1 h. Aqg.
sat. NaHCOs (2 mL) was added, the aqueous phase extracted with DCM (3x 2 mL) and the
combined organic layers dried over MgS0Oa4. Removal of the solvent in vacuo and purification
of the residue by flash column chromatography over silica gel (CH/EA 3:1) yielded alcohol 181
(14.4 mg, 25.1 umol, 35%) as a colourless oil.

Rf=0.26 (CH/EA 9:1).
[a]o 2° = -23.0 (DCM, ¢ = 1.0).

1H NMR (CDCl3, 700 MHz): § = 6.57 (dt, 1H, J=14.6, 7.4 Hz), 6.08 (dt, 1H, J=14.4, 1.3 Hz), 3.95
—3.91 (m, 1H), 3.89 (td, 1H, J=5.9, 2.6 Hz), 3.80 (dd, 1H, J=11.0, 4.4 Hz), 3.51 (dd, 1H, J=11.0,
5.2 Hz), 3.36 (s, 3H), 3.13 (ddd, 1H, J=9.4, 4.1, 3.0 Hz), 2.35 (dddd, 1H, J=14.7, 7.5, 3.0, 1.4 Hz),
2.11 (dddd, 1H,J=14.8,8.9, 7.3, 1.3 Hz), 1.80 (tqd, 1H, J=7.2, 4.6, 2.4 Hz), 1.73 (ddd, 1H, J=14.2,
6.2, 3.5 Hz), 1.56 (ddd, 1H, J=14.1, 8.5, 5.5 Hz), 1.01 (d, 3H, J=7.1 Hz), 0.89 (d, 19H, J=10.6 Hz),
0.11-0.08 (m, 12H) ppm.

13C NMR (CDCl3, 176 MHz): 6 = 143.8, 83.0, 76.4, 74.4, 69.5, 65.0, 58.2, 39.9, 36.5, 35.4, 26.0,
26.0,18.2,18.1,13.7, 2.0, -3.8, -4.0, -4.2, -4.2 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 573.2287; found: 573.2292.
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5.4.27 (5S8,7S,8R)-7-((tert-Butyldimethylsilyl)oxy)-5-((S)-1-
methoxybut-3-yn-1-yl)-2,2,3,3,8,11,11,12,12-nonamethyl-
4,10-dioxa-3,11-disilatridecane (182)

TBSO OTBS TBSO OTBS

TBSO Y Y | — > TBSO Y Y %
= 0. O = O

179 O 182

Chemical Formula: CygHgy04Si3

Exact Mass: 558.3956

N

Dimethyl (1-diazo-2-oxopropyl)phosphonate (250 pL, 1.66 mmol, 2.00 equiv.) was added to a
solution of aldehyde 179 (468 mg, 831 pmol, 1.00 equiv., dried 1 h over 3 A molecular sieve in
6 mL MeOH) and K,COs (230 mg, 1.66 mmol, 2.00 equiv.) in MeOH (8 mL). The reaction was
stirred for 72 h in a sealed pressure tube. H,0 (5 mL) was added, the aqueous phase extracted
with EA (3x 10 mL) and the combined organic layers dried over MgSOa. Removal of the solvent
in vacuo and purification of the residue by flash column chromatography over silica gel

(CH/EA 50:1) yielded alkyne 182 (398 mg, 712 umol, 86%) as a colourless oil.
Ry =0.18 (CH/EA 50:1).
[a]lo 2°=-20.0 (DCM, c = 0.8).

1H NMR (CDCl2, 500 MHz): & = 4.00 (dt, 1H, J=8.2, 3.5 Hz), 3.92 (dt, 1H, J=9.0, 3.0 Hz), 3.53
(dd, 1H, J=10.2, 6.5 Hz), 3.42 (s, 3H), 3.39 (dd, 1H, J=10.2, 6.6 Hz), 3.33 (dt, 1H, J=8.1, 4.0 Hz),
2.49 (ddd, 1H, J=17.0, 4.1, 2.7 Hz), 2.24 (ddd, 1H, J=17.0, 8.1, 2.6 Hz), 1.97 (t, 1H, J=2.7 Hz),
1.86 (hd, 1H, J=6.9, 3.3 Hz), 1.64 (ddd, 1H, J=14.0, 9.0, 3.2 Hz), 1.33 (ddd, 1H, J=14.0, 8.2, 2.9
Hz), 0.90 — 0.89 (m, 27H), 0.86 (d, 3H, J=7.0 Hz), 0.12 (d, 6H, J=1.0 Hz), 0.09 (d, 6H, J=4.2 Hz),
0.04 (d, 6H, J=1.9 Hz) ppm.

13C NMR (CDCl2, 126 MHz): & = 83.2, 83.1, 71.6, 70.0, 69.1, 65.6, 58.4, 42.8, 35.3, 26.2, 26.1,
26.1, 19.3, 18.6, 18.4, 18.4, 11.6, -3.8, -3.9, -4.0, -4.0, -5.3, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 559.4029; found: 559.4037.
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5.4.28 (2R,3S5,5S5,65)-3,5-Bis((tert-butyldimethylsilyl)oxy)-6-
methoxy-2-methylnon-8-yn-1-ol (183)

TBSO OTBS TBSO OTBS

TBSO Y HO Y Y
= o) z 0
182 O 183
Chemical Formula: C,3H4504Sis
Exact Mass: 444.3091

N
~N

CSA (2.74 mg, 11.8 umol, 0.10 equiv.) was added to a solution of silyl ether 182 (66.0 mg,
118 pmol, 1.00 equiv.) in DCM (5 mL) and MeOH (5 mL). The reaction was stirred for 2 h. Aqg.
sat. NaHCOs (2 mL) was added, the agqueous phase extracted with DCM (3x 5 mL) and the
combined organic layers dried over MgSOa4. Removal of the solvent in vacuo and purification
of the residue by flash column chromatography over silica gel (CH/EA 9:1) yielded alcohol 183

(34.3 mg, 77.1 umol, 65%, brsm: quant.) as a colourless oil.
Ry =0.20 (CH/EA 9:1).
[a]o 2° = -6.0 (DCM, ¢ = 1.0).

1H NMR (CD,Cl,, 700 MHz): & = 3.94 (ddd, 1H, J=7.7, 5.0, 3.7 Hz), 3.87 (td, 1H, J=6.3, 2.7 Hz),
3.75 (ddd, 1H, J=10.9, 4.6, 3.4 Hz), 3.48 (ddd, 1H, J=10.9, 7.4, 5.2 Hz), 3.43 (s, 3H), 3.29 (ddd,
1H, J=7.6, 4.7, 3.6 Hz), 2.50 (ddd, 1H, J=16.9, 4.7, 2.7 Hz), 2.31 (ddd, 1H, J=16.9, 7.6, 2.7 Hz),
2.16 (dd, 1H, J=7.5, 3.5 Hz), 1.99 (t, 1H, J=2.7 Hz), 1.80 (ddd, 1H, J=13.9, 6.3, 4.9 Hz), 1.76 (ddq,
1H, J=9.6, 4.9, 2.3 Hz), 1.58 (ddd, 1H, J=14.0, 7.7, 6.2 Hz), 1.01 (d, 3H, J=7.1 Hz), 0.89 (d, 18H,
J=4.7 Hz), 0.12 - 0.10 (m, 12H) ppm.

13C NMR (CDCl2, 176 MHz): & = 82.7, 82.6, 74.3, 70.2, 69.5, 64.8, 58.3, 39.9, 37.2, 26.0, 19.1,
18.4, 18.3,13.8,-4.1,-4.1,-4.1, -4.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 445.3164; found: 445.3163.
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5.5 Experimental Details for Chapter 3.3.4: Synthesis of Ester 204
and Ketone 202

O 0}
T™MS N OEt and T™MS N
o} (0]

5.5.1 2-(Trimethylsilyl)ethyl acrylate (188)

™S Oj]/\

¢)
321 188

Chemical Formula: CgH150,Si
Exact Mass: 172.0920

Acryloyl chloride (1.83 mL, 22.5 mmol, 1.40 equiv.) was added to a solution of alcohol 321
(2.01 mL, 16.1 mmol, 1.00 equiv.) and NEts (3.34 mL, 24.1 mmol, 1.50 equiv.) in Et,0 (50 mL)
at 0 °C. The reaction was allowed to warm to r.t. and stirred overnight (15 h). Ag. sat. NH4Cl
(20 mL) was added, the aqueous phase extracted with Et,O (3x 30 mL) and the combined
organic layers dried over MgSQs. Purification of the residue by flash column chromatography

over silica gel (CH/EA 20:1) yielded ester 188 (1.63 g, 9.48 mmol, 59%) as a colourless oil.
Ry =0.38 (CH/EA 20:1).

1H NMR (CDCls, 500 MHz): 6 = 6.38 (dd, 1H, J=17.4, 1.5 Hz), 6.10 (dd, 1H, J=17.3, 10.4 Hz), 5.80
(dd, 1H, J=10.4, 1.5 Hz), 4.28 — 4.21 (m, 2H), 1.06 — 1.00 (m, 2H), 0.05 (s, 9H) ppm.

13C NMR (CDCl3, 126 MHz): 6 = 166.5, 130.4, 129.0, 62.9, 17.4, -1.3 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 173.0998; found: 173.1002.

The experimental data are in agreement with those previously published. 188!

5.5.2  2-(Trimethylsilyl)ethyl 2-(diethoxyphosphoryl)acetate (195)

H
™M™ >0 TMS/\/O\H/\ PO(OEt),
0

321 195

Chemical Formula: C411Hy505PSi
Exact Mass: 296.1209
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Alcohol 321 (1.02mlL, 7.14 mmol, 1.40equiv.) was added to a solution of
diethylphosphonoacetic acid (8.20 L, 5.10 mmol, 1.00 equiv.) in THF (20 mL) followed by DCC
(1 min DCM, 8.16 mL, 8.16 mmol, 1.60 equiv.) and DMAP (93.4 mg, 764 umol, 0.15 equiv.).
The reaction was stirred overnight (14 h). Removal of the solvent in vacuo and purification of
the residue by flash column chromatography over silica gel (CH/EA 1:2 - 100% EA) yielded

phosphonate 195 (1.51 g, 5.10 mmol, quant.) as a colourless oil.
Rs=0.25 (CH/EA 1:2).

1H NMR (CDCls, 500 MHz): & = 4.25 — 4.12 (m, 6H), 2.94 (d, 2H, J=21.5 Hz), 1.34 (td, 6H, J=7.0,
0.5 Hz), 1.04 — 0.99 (m, 2H), 0.04 (s, 9H) ppm.

13C NMR (CDCl3, 126 MHz): 6 = 166.1 (d, J=6.0 Hz), 64.1, 62.8, 62.8, 35.2, 34.1, 17.4, 16.5, 16.5,

-1.4 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 297.1286; found: 297.1281.

The experimental data are in agreement with those previously published. 18!

5.5.3  1-Ethyl 4-(2-(trimethylsilyl)ethyl) 2-methylmaleate (196)

~_0 X
™S
TMS/\/O\H/\ PO(OEt), \g/j:

o} O~ "OEt
195 196
Chemical Formula: C4,H2,04Si
Exact Mass: 258.1287

Ba(OH), (860 mg, 5.02 mmol, 3.00 equiv.) was added to a solution of phosphonate 195 (1.24 g,
4.18 mmol, 2.50 equiv.) in THF (14 mL) and the mixture was stirred for 1 h. Then THF/H,0
(40:1, 0.5 mL) was added followed by ethyl 2-oxopropanoate (185 uL, 1.67 mmol, 1.00 equiv.)
and the reaction was stirred for 2 h. Ag. sat. NH4Cl (20 mL) was added, the aqueous phase
extracted with Et,0 (3x 30 mL) and the combined organic layers dried over MgSO.. Removal
of the solvent in vacuo and purification of the residue by flash column chromatography over
silica gel (CH/EA 9:1) yielded olefin 196 (233 mg, 902 umol, 54%, E/Z: <1:20) as a colourless

oil.

Rf=0.28 (CH/EA 9:1).
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14 NMR (CDCls, 700 MHz): & = 5.82 (g, 1H, J=1.6 Hz), 4.28 (q, 2H, J=7.1 Hz), 4.23 — 4.17 (m,
2H), 2.04 (d, 3H, J=1.7 Hz), 1.32 (t, 3H, J=7.2 Hz), 1.02 — 0.95 (m, 2H), 0.03 (s, 9H) ppm.

13C NMR (CDCl3, 176 MHz): 6 = 169.1, 165.2, 145.4, 121.2, 63.1, 61.5, 20.6, 17.4, 14.1, -1.4

ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+H]* : 259.1360; found: 259.1356.

5.5.4 Diethyl 2-methylfumarate (198)

(@) 0]

HONOH EtONOEt
(0] (0]

186 198
Chemical Formula: CgH1404

Exact Mass: 186.0892

EtOH (2.72 mL, 46.1 mmol, 30.0 equiv.) was added to a solution of acid 186 (200 mg,
1.54 mmol, 1.00 equiv.) and conc. HCI (5 drops) in a pressure tube. The tube was sealed and
heated to 100 °C for 1 h. H,0 (5 mL) was added at r.t. and the agueous phase extracted with
EA (3x 5 mL). The combined organic layers were dried over MgSO4 and the solvent removed
under reduced pressure. Purification of the residue by flash column chromatography over

silica gel (CH/EA 9:1) yielded ester 198 (286 mg, 1.54 mmol, quant.) as a colourless oil.
Rs=0.35 (CH/EA 9:1).

14 NMR (CDCls, 400 MHz): & = 6.77 (q, 1H, J=1.6 Hz), 4.24 (dq, 4H, J=9.4, 7.1 Hz), 2.28 (d, 3H,
J=1.6 Hz), 1.31 (td, 6H, J=7.1, 4.0 Hz) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 187.0965; found: 187.0964.

The experimental data are in agreement with those previously published. %

5.5.5 Diethyl 2-methylmaleate (199)

HO\”/X EtO\”/j
_ =
© O~ "OH © O~ 'OEt
197 199
Chemical Formula: CgH1404
Exact Mass: 186.0892
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EtOH (2.72 mL, 46.1 mmol, 30.0 equiv.) was added to a solution of acid 197 (200 mg,
1.54 mmol, 1.00 equiv.) and conc. HCI (5 drops) in a pressure tube. The tube was sealed and
heated to 100 °C for 1 h. H,0 (5 mL) was added at r.t. and the aqueous phase extracted with
EA (3x 5 mL). The combined organic layers were dried over MgS0O4 and the solvent removed
under reduced pressure. Purification of the residue by flash column chromatography over

silica gel (CH/EA 9:1) yielded ester 199 (286 mg, 1.54 mmol, quant.) as a colourless oil.
Rf=0.22 (CH/EA 9:1).

1H NMR (CDCls, 400 MHz): & = 5.84 (g, 1H, J=1.6 Hz), 4.28 (q, 2H, J=7.2 Hz), 4.17 (q, 2H, J=7.1
Hz), 2.05 (d, 3H, J=1.6 Hz), 1.32 (t, 3H, J=7.2 Hz), 1.29 — 1.24 (m, 3H) ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 209.0784; found: 209.0785.

The experimental data are in agreement with those previously published. !

5.5.6 3-(Triphenyl-A>-phosphanylidene)butan-2-one (201)

1) (0]
\)j\ _— \”)j\
Br PPh,
200 201
Chemical Formula: Cy,H,,OP

Exact Mass: 332.1330

PPhs (2.14 g, 8.16 mmol, 1.10 equiv.) was added to a solution of bromide 200 (1.12 g,
7.42 mmol, 1.00 equiv.) in toluene (40 mL). The reaction was stirred for 72 h. The mixture was
filtered and washed with toluene (100 mL). The filter cake was solved in DCM (100 mL) and
transferred to a solution of ag. NaOH (1 m, 50 mL). The mixture was stirred for 1 h before the
aqueous phase was extracted with DCM (3x 100 mL). The combined organic layers were dried
over MgS04 and the solvent removed under reduced pressure to yield ylen 201 (1.28 g,

3.85 mmol, 52%) as a white solid with a slight yellowish tint.

14 NMR (CDCl, 500 MHz): 6 = 7.70 - 7.61 (m, 2H), 7.60— 7.51 (m, 9H), 7.47 (dddd, 7H, J=12.3,
11.0, 5.3, 2.9 Hz), 2.05 (s, 3H), 1.63 (d, 3H, J=15.5 Hz) ppm.

13C NMR (CDCl2, 126 MHz): & = 188.0, 133.9, 133.9, 132.4, 132.3, 132.3,132.2, 131.8, 128.9,
128.9,128.8, 128.8, 25.0, 23.6, 14.2, 14.1 ppm.

193



5 Experimental Procedures

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 333.1403; found: 333.1398.

The experimental data are in agreement with those previously published.*%%

5.5.7  2-(Trimethylsilyl)ethyl (E)-3-methyl-4-oxopent-2-enoate
(202)

o

TMS/\/O\H/\ R TMS/\/OM
o} 0

188 202
Chemical Formula: C441H5qO5Si
Exact Mass: 228.1182

Alkene 188 (127 mg, 737 umol, 1.00 equiv.) was solved in MeOH (4 mL) and DCM (4 mL)
together with a tip of a spatula NaHCO3 (~10 mg) and cooled to —78 °C. The reaction vessel
was filled with ozone and stirred for 15 min. PPh3 (290 mg, 1.11 mmol, 1.50 equiv.) was added
and the reaction mixture was stirred for 10 min at —78 °C. The reaction was allowed to warm
tor.t. and stirred for additional 2 h. The solvent was removed under reduced pressure and the
residue was put on a plug of silica gel and washed with CH (50 mL) and rinsed with CH/EA
(3:1 30 mL). The solvent was removed in vacuo and the residue was added to a solution of
ylen 201 (366 mg, 1.10 mmol, 1.50 equiv.) in DCM (2 mL) and the mixture was stirred
overnight (12 h). The solvent was removed under reduced pressure and the residue purified
by flash column chromatography over silica gel (CH/EA 15:1) yielded olefin 202 (140 mg,
613 umol, 83%, E/Z: >20:1) as a colourless oil.

Rf=0.22 (CH/EA 15:1).

1H NMR (CDCls, 500 MHz): & = 6.55 (g, 1H, J=1.5 Hz), 4.30 — 4.24 (m, 2H), 2.38 (s, 3H), 2.20 (d,
3H, J=1.5 Hz), 1.08 — 1.02 (m, 2H), 0.06 (s, 9H) ppm.

13C NMR (CDCls, 126 MHz): 6 = 200.1, 166.5, 150.4, 126.9, 63.3, 26.3, 17.5, 13.2, -1.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 333.1403; found: 333.1398.
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5.5.8  1-Ethyl 4-(2-(trimethylsilyl)ethyl) 2-methylfumarate (204)

0
0 0
™S \n/\ ™S > Noa
o) o
188

204
Chemical Formula: C15H25,04Si
Exact Mass: 258.1287

Alkene 188 (969 mg, 5.62 mmol, 1.00 equiv.) was solved in MeOH (25 mL) and DCM (25 mL)
together with a tip of a spatula NaHCO3 (~10 mg) and cooled to —78 °C. The reaction vessel
was filled with ozone and stirred for 15 min. PPhs3 (2.21 g, 8.44 mmol, 1.50 equiv.) was added
and the reaction mixture was stirred for 10 min at =78 °C. The reaction was allowed to warm
tor.t. and stirred for additional 2 h. The solvent was removed under reduced pressure and the
residue was put on a plug of silica gel and washed with CH (200 mL) and rinsed with CH/EA
(3:1 100 mL). The solvent was removed in vacuo and the residue was added to a solution of
ethyl 2-(triphenylphosphoranylidene)propionate (4.08 g, 11.3 mmol, 2.00 equiv.) in toluene
(5 mL). The reaction mixture was heated to 60 °C and stirred overnight (14 h). The solvent was
removed under reduced pressure and the residue purified by flash column chromatography
over silica gel (CH/EA 15:1) yielded olefin 204 (934 mg, 3.61 mmol, 64%, E/Z: >20:1) as a

colourless oil.
Rs=0.37 (CH/EA 15:1).

1H NMR (CDCls, 500 MHz): & = 6.76 (q, 1H, J=1.6 Hz), 4.32 — 4.21 (m, 4H), 2.28 (d, 3H, J=1.6
Hz), 1.32 (t, 3H, J=7.1 Hz), 1.08 — 1.00 (m, 2H), 0.06 (s, 9H) ppm.

13C NMR (CDCl3, 126 MHz): 6 = 167.4, 166.3, 143.7, 127.0, 63.1, 61.7, 27.1, 17.5, 14.4, 14.3, -

1.4 ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+H]* : 259.1360; found: 259.1356.
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5.6 Experimental Details for Chapter 3.3.5: Julia-Kocienski
Olefination to 221 and Synthesis of Test Systems

O TBSO O TBSO OTBS

5.6.1 Methyl (4R,5R,7R,E)-5-((tert-butyldimethylsilyl)oxy)-7-
methoxy-4-methyl-8-oxooct-2-enoate (205)

o TBSO O o TBSO O
- - o

OH ——

N 07 A
143 205

Chemical Formula: C47H3,05Si
Exact Mass: 344.2019

DIPEA (46.2 pL, 265 umol, 4.00 equiv.) was added to a solution of alcohol 143 (23.0 mg,
66.4 umol, 1.00 equiv.) in DCM (1 mL) and DMSO (651 uL, 9.17 mmol, 10.0 equiv.) in a
pressure tube. After stirring for 5 min, sulfur trioxide pyridine complex (31.7 mg, 199 umol,
3.00 equiv.) was added, the pressure tube was sealed and heated to 50 °C for 3 h. Removal of
the solvent in vacuo and purification of the residue by flash column chromatography over silica

gel (CH/EA 6:1) yielded aldehyde 205 (18.0 mg, 52.3 umol, 79%) as a colourless oil.
Rs=0.25 (CH/EA 6:1).
[alo 2° = +89.0 (DCM, c = 1.0).

'H NMR (Acetone, 700 MHz): & = 9.65 (d, 1H, J=1.7 Hz), 7.08 (dd, 1H, J=15.9, 6.6 Hz), 5.86 (dd,
1H, J=15.9, 1.6 Hz), 4.02 (ddd, 1H, J=9.2, 4.0, 3.0 Hz), 3.81 (ddd, 1H, J=10.3, 3.0, 1.6 Hz), 3.68
(s, 3H), 3.44 (s, 3H), 2.77 — 2.76 (m, 1H), 2.67 (dddd, 1H, J=9.2, 6.9, 3.5, 1.8 Hz), 1.63 (ddd, 1H,
J=14.3,10.3, 3.1 Hz), 1.57 (ddd, 1H, J=14.3, 9.2, 3.0 Hz), 1.06 (d, 3H, J=7.0 Hz), 0.93 (s, 11H),
0.14 (s, 6H) ppm.

13C NMR (Acetone, 176 MHz): 6 =204.1, 167.0, 151.2, 122.1, 83.1, 72.3, 58.0, 51.5, 42.8, 34.0,
26.3,18.7,14.3,-3.9, -4.5 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]* : 345.2092; found: 345.2085.
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5.6.2 5-(((25,3S,5S5,65)-3,5-Bis((tert-butyldimethylsilyl)oxy)-6-
methoxy-2-methylnon-8-yn-1-yl)thio)-1-phenyl-1H-tetrazole
(322)

TBSO OTBS ,[\l‘{\l TBSO OTBS
R N -

HO hz\l S Y \\

: o P :
183 > 322 >

Chemical Formula: C3yH5,N403SSi,
Exact Mass: 604.3299

DIAD (266 pL, 506 umol, 2.50 equiv.) was added dropwise to a solution of alcohol 183
(90.0 mg, 202 umol, 1.00 equiv.), PPhs (133 mg, 506 umol, 2.50 equiv.) and 1-Phenyl-1H-
tetrazole-5-thiol (46.9 mg, 263 umol, 1.30 equiv.) in THF (1 mL) at 0 °C. The reaction was
allowed to warm to r.t. and stirred overnight (14 h). Celite® (2 g) was added and the solvent
was removed under reduced pressure. Purification by flash column chromatography over

silica gel (CH/EA 20:1) yielded sulfide 322 (109 mg, 180 pumol, 89%) as a colourless oil.
Rf=0.17 (CH/EA 20:1).
[a]o 2° = -10.0 (DCM, ¢ = 0.3).

1H NMR (CD2Cl2, 700 MHz): 6 = 7.62 — 7.54 (m, 5H), 4.05 (dt, 1H, J=8.0, 3.9 Hz), 3.90 (ddd, 1H,
J=7.4,4.4,2.7 Hz), 3.43 (s, 3H), 3.42 —3.38 (m, 1H), 3.32 (dt, 1H, J=8.0, 3.9 Hz), 3.23 (dd, 1H,
J=13.2, 7.8 Hz), 2.55 — 2.48 (m, 1H), 2.28 (ddd, 1H, J=17.0, 8.1, 2.7 Hz), 2.22 — 2.15 (m, 1H),
1.99 (t, 1H, J=2.7 Hz), 1.72 (ddd, 1H, J=14.0, 7.6, 3.8 Hz), 1.45 (ddd, 1H, J=14.0, 8.3, 4.4 Hz),
1.05 (d, 3H, J=6.9 Hz), 0.88 (s, 9H), 0.86 (s, 9H), 0.12 (s, 3H), 0.09 (s, 3H), 0.08 (s, 3H), 0.03 (s,

3H) ppm.

13C NMR (CD2Clz, 176 MHz): § = 155.1, 134.2, 130.5, 130.2, 124.3, 82.9, 82.8, 72.8, 69.7, 69.4,
58.4, 38.6, 36.0, 35.9, 26.0, 19.1, 18.4, 18.3, 15.0, -4.0, -4.0, -4.1, -4.1 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 605.3371; found: 605.3386.
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5.6.3 5-(((25,35,55,65)-3,5-Bis((tert-butyldimethylsilyl)oxy)-6-
methoxy-2-methylnon-8-yn-1-yl)sulfonyl)-1-phenyl-1H-
tetrazole (206)

,[“‘)l‘\l\ TBSO OTBS N ‘){\1\ TBSO  OTBS
N - N H
Ph : 5 Ph OO : 5
~N ~N
322 206

Chemical Formula: C39H5oN405SSi,
Exact Mass: 636.3197

H>0; (35%, 1 mL) was added to a solution of sulfide 322 (25.8 mg, 42.6 umol, 1.00 equiv.) and
ammonium heptamolybdate (105 mg, 85.3 umol, 2.00 equiv.) in EtOH (2 mL) and the reaction
mixture was heated to 40 °C and stirred overnight (14 h) in a pressure tube. Aq. sat. Na;5,03
(2 mL) was added and the aqueous phase was extracted with EA (3x 2 mL). The combined
organic layers were washed with brine (1 mL) and dried over MgS04. Removal of the solvent
in vacuo and purification of the residue by flash column chromatography over silica gel (CH/EA

30:1) yielded sulfone 206 (26.3 mg, 41.3 umol, 97%) as a colourless oil.
Rf=0.07 (CH/EA 30:1).
[a]o 2° = -12.0 (DCM, ¢ = 1.0).

1H NMR (CD2Clz, 700 MHz): & = 7.69 — 7.60 (m, 5H), 4.00 (dt, 1H, J=8.2, 4.0 Hz), 3.86 (dd, 1H,
J=14.8, 2.7 Hz), 3.84 — 3.82 (m, 1H), 3.43 — 3.40 (m, 1H), 3.32 (dt, 1H, J=8.0, 3.9 Hz), 2.54 (ddd,
1H, J=17.0, 3.9, 2.7 Hz), 2.46 — 2.40 (m, 1H), 2.27 (ddd, 1H, J=17.0, 8.1, 2.6 Hz), 2.00 (t, 1H,
J=2.7 Hz), 1.73 (ddd, 1H, J=14.1, 6.3, 4.0 Hz), 1.17 (d, 3H, J=6.9 Hz), 0.89 (s, 9H), 0.87 (s, 9H),
0.12-0.06 (m, 12H) ppm.

13C NMR (CD2Clz, 176 MHz): § = 154.4, 133.5, 131.9, 130.1, 125.7, 82.9, 82.7, 74.0, 70.0, 69.5,
58.5, 58.5, 36.9, 34.2, 26.0, 26.0, 19.0, 18.3, 18.3, 16.8, -3.9, -4.0, -4.1, -4.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 659.3089; found: 659.3081.
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5.6.4 Methyl (2E4R,5R,7R,8E,10R,115,135,14S5)-5,11,13-tris((tert-
butyldimethylsilyl)oxy)-7,14-dimethoxy-4,10-
dimethylheptadeca-2,8-dien-16-ynoate (221)

N-

NN TBSO  OTBS
N B
Ph J O : 5 O P
206 ~ o TBSO 0O TBSO OTBS
- T T
+ () %
e =z z hud
O TBSO O O
: o 221
D07 7 Chemical Formula: C4oH7g07Sis
z Exact Mass: 754.5055
205

NaHMDS (1 m in THF, 41.5 uL, 41.5 umol, 1.30 equiv.) was added to a mixture of sulfone 206
(24.4 mg, 38.3 umol, 1.20 equiv., dried 14 h over 3 A molecular sieve in 0.1 mL THF) in DME
(2 mL, freshly distilled) and 3 A ground molecular sieve at =78 °C. The reaction was stirred for
1 h before aldehyde 205 (11.0 mg, 31.9 pmol, 1.00 equiv., dried 14 h over 3 A molecular sieve
in 0.1 mL THF) was added and the reaction was allowed to warm to r.t. and stirred for an
additional 72 h. H,0 (2 mL) was added and the aqueous phase extracted with EA (3x 2 mL),
the combined organic layers dried over MgSQO4 and the solvent removed under reduced
pressure. Purification of the residue by flash column chromatography over silica gel (CH/EA

9:1) yielded olefin 221 (0.5 mg, 0.7 umol, 2%, E/Z = 1:10) as a colourless oil.
Ry=0.41 (CH/EA 9:1).
[a]p 2° = -10.0 (DCM, c = 0.2).

14 NMR (CDCl3, 700 MHz): & = 7.13 — 7.08 (m, 1H), 5.79 (dd, 1H, J=16.0, 1.7 Hz), 5.50 (ddd, 1H,
J=11.3, 10.1, 1.0 Hz), 5.18 (ddd, 1H, J=11.3, 9.1, 1.0 Hz), 4.08 — 4.03 (m, 2H), 3.93 (ddd, 1H,
J=8.7,4.1,3.0 Hz), 3.71 (s, 3H), 3.68 (dt, 1H, J=8.5, 2.9 Hz), 3.45 (s, 4H), 3.29 (dt, 1H, J=8.1, 4.1
Hz), 3.22 (s, 3H), 2.56 — 2.51 (m, 3H), 2.51 (dd, OH, J=4.1, 2.7 Hz), 2.31 — 2.21 (m, 1H), 1.97 (t,
1H, J=2.7 Hz), 1.66 (ddd, 1H, J=14.0, 8.4, 3.1 Hz), 1.52 — 1.48 (m, 2H), 1.37 — 1.27 (m, 2H), 1.01
(d, 3H, J=6.9 Hz), 0.97 (d, 3H, J=6.9 Hz), 0.92 (s, 9H), 0.90 (s, 9H), 0.87 (s, 9H), 0.10 — 0.06 (m,
18H) ppm.
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13C NMR (CDCl3, 176 MHz): 6 = 167.0, 151.3, 134.7, 131.2, 121.0, 82.9, 82.8, 72.9, 72.4, 71.5,
70.0, 69.4, 58.4, 55.7, 51.5, 42.6, 39.5, 38.6, 36.6, 26.2, 26.1, 26.1, 19.1, 18.4, 18.3, 18.3, 14.2,
-3.5,-3.7,-3.8, -4.0, -4.2, -4.2 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 777.4948; found: 777.4948.

5.6.5 5-(But-3-yn-1-ylthio)-1-phenyl-1H-tetrazole (223)

N-N
= (N =
HO/\// 5\] )\S/\//
Ph
222 223

Chemical Formula: Cq4HoN4S
Exact Mass: 230.0626

DIAD (3.29 mL, 6.24 mmol, 1.25 equiv.) was added dropwise to a solution of alcohol 222
(380 pL, 4.99 mmol, 1.00 equiv.), PPhs (1.64 g, 6.24 mmol, 1.25 equiv.) and 1-phenyl-1H-
tetrazole-5-thiol (979 mg, 5.49 mmol, 1.10 equiv.) in THF (25 mL) at 0 °C. The reaction was
allowed to warm to r.t. and stirred overnight (14 h). Celite® (50 g) was added and the solvent
was removed under reduced pressure. Purification by flash column chromatography over

silica gel (CH/EA 6:1) yielded sulfide 223 (1.15 g, 5.08 mmol, quant.) as a colourless oil.
Rs=0.23 (CH/EA 6:1).

1H NMR (CDCls, 700 MHz): 6 = 7.62 — 7.51 (m, 5H), 3.54 (t, 2H, J=6.8 Hz), 2.82 (td, 2H, J=6.8,
2.6 Hz), 2.06 (t, 1H, J=2.6 Hz) ppm.

13C NMR (CDCl3, 176 MHz): 6 = 153.8, 133.7, 130.3, 130.0, 124.0, 81.3, 70.8, 32.3, 19.5 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 231.0699; found: 231.0695.

The experimental data are in agreement with those previously published. 13!

5.6.6 5-(But-3-yn-1-ylsulfonyl)-1-phenyl-1H-tetrazole (224)

N-N N-N
N\NJ\S/\/ —_— N‘NJ\S/\/
h Ph O ¢
223 224
Chemical Formula: C41H4oN405,S

Exact Mass: 262.0524
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H,03 (35%, 40 mL) was added to a solution of sulfide 223 (1.20 g, 5.21 mmol, 1.00 equiv.) and
ammonium heptamolybdate (12.1 g, 10.4 mmol, 2.00 equiv.) in EtOH (50 mL) and the reaction
mixture was heated to 50 °C and stirred overnight (16 h). Ag. sat. Na25,03 (100 mL) was added
and the aqueous phase was extracted with EA (3x 50 mL). The combined organic layers were
washed with brine (20 mL) and dried over MgS0Os4. Removal of the solvent in vacuo and
purification of the residue by flash column chromatography over silica gel (CH/EA 6:1) yielded
sulfone 224 (1.12 g, 4.26 mmol, 82%) as a yellowish solid.

Rf=0.07 (CH/EA 6:1).

14 NMR (CDCl3, 700 MHz): & = 7.70 — 7.58 (m, 5H), 3.94 — 3.90 (m, 2H), 2.93 — 2.88 (m, 2H),
2.07 (t, 1H, J=2.7 Hz) ppm.

13C NMR (CDCl3, 176 MHz): 6 = 153.2, 133.0, 131.7, 129.9, 125.3, 78.2, 71.7, 54.6, 13.5 ppm.
HRMS (APCI (+), 5.0 eV): calculated for [M+H]*: 263.0597; found: 263.0592.

The experimental data are in agreement with those previously published. %4

5.6.7 (3,5-Bis(trifluoromethyl)phenyl)(but-3-yn-1-yl)sulfane (226)

—_—
g
=
323

226
Chemical Formula: C1,HgFgS
Exact Mass: 298.0251

4-Bromobut-1-yne (292 mg, 2.19 mmol, 1.20 equiv.) was added to a stirring solution of thiol
323 (450 mg, 1.83 mmol, 1.00 equiv.) and NaH (146 mg, 3.66 mmol, 2.00 equiv., 60%
dispersion in mineral oil) in acetonitrile (4 mL) and the reaction was stirred for 72 h. H,0 (5 mL)
was added to quench the reaction, the aqueous phase extracted with EA (3x 5 mL) and the
combined organic layers dried over MgSOa4. Removal of the solvent in vacuo and purification
of the residue by flash column chromatography over silica gel (CH/EA 50:1) yielded sulfide 226

(486 mg, 1.63 mmol, 89%) as a colourless oil.

Rf=0.31 (CH/EA 50:1).
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14 NMR (CDCls, 500 MHz): & = 7.75 (dt, 2H, J=1.5, 0.7 Hz), 7.67 (tt, 1H, J=1.6, 0.8 Hz), 3.19 (t,
2H, J=7.2 Hz), 2.58 (td, 2H, J=7.2, 2.6 Hz), 2.08 (t, 1H, J=2.6 Hz) ppm.

13C NMR (CDCls, 126 MHz): & = 139.8, 132.4 (q, J=33.4 Hz), 128.5 (q, J=3.8 Hz), 126.4, 124.2,
122.1, 119.9 (hept, J=4.0 Hz), 81.3, 70.7, 32.3, 19.3 ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+H]*: 299.0324; found: 299.0321.

5.6.8 1-(But-3-yn-1-ylsulfonyl)-3,5-bis(trifluoromethyl)benzene
(227)

CF3 CF3

Pz .
F3C/©\S/\// F3C S/\//

/7 \\

226 227
Chemical Formula: C4,HgFg0,S
Exact Mass: 330.0149

H,0, (35%, 30 mL) was added to a solution of sulfide 226 (377 mg, 1.26 mmol, 1.00 equiv.)
and ammonium heptamolybdate (2.94 g, 2.53 mmol, 2.00 equiv.) in EtOH (20 mL) and the
reaction mixture was stirred at r.t. for 1 h before it was heated to 60 °C and stirred for an
additional 72 h. Aqg. sat. Na;S;03 (100 mL) was added and the aqueous phase was extracted
with EA (3x 50 mL). The combined organic layers were washed with brine (20 mL) and dried
over MgS04. Removal of the solvent in vacuo and purification of the residue by flash column
chromatography over silica gel (CH/EA 6:1) yielded sulfone 227 (372 mg, 1.13 mmol, 89%) as

a white solid.
Rs=0.26 (CH/EA 6:1).

1H NMR (CDCls, 500 MHz): & = 8.44 — 8.38 (m, 2H), 8.18 (dp, 1H, J=1.7, 0.8 Hz), 3.40 (t, 2H,
J=7.2 Hz), 2.74 (td, 2H, J=7.2, 2.7 Hz), 1.88 (t, 1H, J=2.7 Hz) ppm.

13C NMR (CDCls, 126 MHz): 6 = 141.8, 133.5 (q, J=34.7 Hz), 129.2 (d, J=3.8 Hz), 128.0 — 127.6
(m), 125.7, 123.5, 121.4, 119.2, 78.6, 71.5, 54.8, 13.4 ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+H]*:331.0222; found: 331.0221.
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5.6.9 (E)-tert-Butyl(hex-2-en-5-yn-1-yloxy)dimethylsilane (229)

N-

! 7\
Ph O O
224 229

Chemical Formula: C4,H,,0Si
Exact Mass: 210.1440

2-((tert-Butyldimethylsilyl)oxy)acetaldehyde (1 m in THF, 57.2 puL, 57.2 uL, 1.00 equiv.) was
added to a stirring solution of sulfone 224 (15.0 mg, 57.2 umol, 1.00 equiv.) and Cs,COs3
(18.6 mg, 57.2 umol, 1.00 equiv.) in THF (0.3 mL) and the reaction mixture was heated to 80 °C
and stirred overnight (16 h). H,O (0.2 mL) was added, the aqueous phase extracted with
EA (3x 1 mL) and the combined organic layers dried over MgSO4. Removal of the solvent in
vacuo and purification of the residue by flash column chromatography over silica gel

(CH/EA 50:1) yielded olefin 229 (5.3 mg, 25 umol, 44%, E/Z: 3:1) as a colourless oil.
R = 0.29 (CH/EA 50:1).

'H NMR (CDCls, 400 MHz): 6 = 5.85 (dtt, 1H, J=15.2, 4.8, 1.7 Hz)", 5.66 (dtt, 1H, J=15.3,5.6, 1.7
Hz)*, 5.60 (dt, 1H, J=5.9, 1.6 Hz)*, 5.49 (dtt, 1H, J=10.5, 7.0, 1.7 Hz)*, 4.25 (ddt, 2H, J=6.0, 1.7,
0.8 Hz)¥, 4.17 (dq, 2H, J=5.0, 1.7 Hz)", 2.99 (ddd, 2H, J=3.5, 1.7, 0.8 Hz)¥, 2.96 (dtd, 2H, J=5.4,
1.7, 1.0 Hz)*, 2.10 (t, 1H, J=2.7 Hz)", 1.98 (t, 1H, J=2.7 Hz)*, 0.91 (d, 9H, J=3.0 Hz), 0.07 (d, 6H,
J=2.0 Hz) ppm.

13C NMR (CDCls, 101 MHz): 6 = 131.8*, 131.4%, 124.6%, 123.9", 81.7, 70.3", 68.5*, 63.4", 59.4*,
26.1°, 26.1%,21.5, 18.6, -5.1 ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+H]*:211.1513; found: 211.1506.

5.6.10 1-Phenyl-5-((4-(trimethylsilyl)but-3-yn-1-yl)thio)-1H-
tetrazole (230)

N My
NNJ\S/\// N‘NJ\S/\/
Ph Ph

223 230

Chemical Formula: C44H4gN,4SSi
Exact Mass: 302.1021
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Alkyne 223 (1.15 g, 4.99 mmol, 1.00 equiv.) was solved in Et,O (10 mL) and then cooled to
—78 °C before LHMDS (1 m in THF, 5.99 mL, 5.99 mmol, 1.20 equiv.) was added over a period
of 10 min. After 1 h of stirring, TMSCI (908 uL, 6.99 mmol, 1.40 equiv.) was added over a
period of 30 min and then the reaction was allowed to warm to r.t. and stirred for an
additional 1 h. Ag. sat. NH4Cl (20 mL) was added, the aqueous phase extracted with
Et,0 (3x 15 mL) and the combined organic layers dried over MgS04. Removal of the solvent in
vacuo and purification of the residue by flash column chromatography over silica gel

(CH/EA 9:1) yielded silyl ether 230 (1.48 g, 4.88 mmol, 98%) as a colourless paste.
Rs=0.26 (CH/EA 9:1).

1H NMR (CDCl3, 500 MHz): § = 7.61 — 7.53 (m, 5H), 3.53 (t, 2H, J=7.0 Hz), 2.82 (t, 2H, J=7.0 Hz),
0.13 (s, 9H) ppm.

13C NMR (CDCl3, 126 MHz): 6 = 153.9, 133.8, 130.3, 130.0, 124.0, 103.5, 87.4, 32.3, 20.8, 0.1

ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 303.1094; found: 303.1093.

5.6.11 1-Phenyl-5-((4-(trimethylsilyl)but-3-yn-1-yl)sulfonyl)-1H-
tetrazole (231)

N~)r|\1\ P T™MS N~JN\ P T™S
N /\/ N /\/
N" s NT O
Ph Ph o]
230 231

Chemical Formula: C14H4gN40,SSi
Exact Mass: 334.0920

H,0, (35%, 50 mL) was added to a solution of sulfide 230 (1.46 mg, 4.83 mmol, 1.00 equiv.)
and ammonium heptamolybdate (1.12 g, 965 umol, 0.20 equiv.) in EtOH (30 mL) and the
reaction mixture was stirred at r.t. for 1 h before it was heated to 50 °C and stirred for an
additional 16 h. Aqg. sat. Na;S,03 (100 mL) was added and the aqueous phase was extracted
with EA (3x 50 mL). The combined organic layers were washed with brine (20 mL) and dried
over MgS04. Removal of the solvent in vacuo and purification of the residue by flash column
chromatography over silica gel (CH/EA 9:1) yielded sulfone 231 (1.33 g, 3.98 mmol, 83%) as a
white solid.
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Rf=0.18 (CH/EA 9:1).

14 NMR (CDCl3, 700 MHz): & = 7.69 — 7.67 (m, 2H), 7.65 — 7.58 (m, 3H), 3.94 — 3.88 (m, 2H),
2.96 —2.90 (m, 2H), 0.14 (s, 9H) ppm.

13C NMR (CDCl3, 176 MHz): & = 153.3, 133.1, 131.7, 129.9, 125.3, 99.9, 88.7, 54.8, 27.1, 14.8,
-0.0 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 357.0812; found: 357.0809.

5.6.12 (4-((3,5-Bis(trifluoromethyl)phenyl)thio)but-1-yn-1-
yl)trimethylsilane (232)

CF3

CF,
jq ! Q.
F /\/
=
FsC s/\/ FsC s

226 232
Chemical Formula: C45H¢FgSSi
Exact Mass: 370.0646

Alkyne 226 (462 mg, 1.55 mmol, 1.00 equiv.) was solved in Et,0 (3 mL) and then cooled to
—78 °C before LHMDS (1 m in THF, 1.86 mL, 1.86 mmol, 1.20 equiv.) was added over a period
of 10 min. After 1 h of stirring, TMSCI (282 uL, 2.17 mmol, 1.40 equiv.) was added over a
period of 30 min and then the reaction was allowed to warm to r.t. and stirred overnight
(14 h). Aq. sat. NH4Cl (10 mL) was added, the aqueous phase extracted with EA (3x 5 mL) and
the combined organic layers dried over MgS0Os. Removal of the solvent in vacuo and
purification of the residue by flash column chromatography over silica gel (CH/EA 100:1)
yielded silyl ether 232 (537 mg, 1.45 mmol, 94%) as a colourless oil.

Rf=0.26 (CH/EA 100:1).

14 NMR (CDCls, 700 MHz): § = 7.74 — 7.72 (m, 2H), 7.66 (td, 1H, J=1.7, 0.9 Hz), 3.17 (t, 2H,
J=7.4 Hz), 2.59 (t, 2H, J=7.4 Hz), 0.14 (s, 9H) ppm.

13C NMR (CDCl3, 176 MHz): & = 140.1, 132.4 (q, J=33.4 Hz), 128.4 (q, J=3.9 Hz), 125.5, 123.9,
122.4,120.8, 119.8 (p, J/=3.9 Hz), 103.5, 87.3, 32.3, 20.7, 0.1 ppm.

HRMS (APCI (+), 5.0 eV): calculated for [M+H]*: 371.0719; found: 371.0719.
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5.6.13

(4-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)but-1-yn-1-
yl)trimethylsilane (233)

CF3

CF,
TMS TMS
/\/ /\/
FsC S FsC S
232 00

77\

233
Chemical Formula: Cy5H1gFgO2SSi
Exact Mass: 402.0544

H20; (35%, 20 mL) was added to a solution of sulfide 232 (362 mg, 977 umol, 1.00 equiv.) and

ammonium heptamolybdate (227 mg, 195 umol, 0.20 equiv.) in EtOH (10 mL) and the reaction

mixture was heated to 60 °C and stirred for 72 h. Aq. sat. Na2S,03 (50 mL) was added and the

aqueous phase was extracted with EA (3x 10 mL). The combined organic layers were washed

with brine (10 mL) and dried over MgS04. Removal of the solvent in vacuo and purification of

the residue by flash column chromatography over silica gel (CH/EA 15:1) yielded sulfone 233

(356 mg, 885 umol, 91%) as a colourless oil.

Rf=0.26 (CH/EA 15:1).

1H NMR (CDCls, 700 MHz): & = 8.39 — 8.37 (m, 2H), 8.18 (td, 1H, J=1.7, 0.9 Hz), 3.41 - 3.37 (m,

2H), 2.75 (dd, 2H, J=8.0, 7.2 Hz), 0.05 (s, 9H) ppm.

13C NMR (CDCls, 176 MHz): & = 141.8, 133.5 (q, J=34.7 Hz), 129.0 (q, J=3.6 Hz), 127.9 (hept,

J=3.5Hz),124.8,123.2,121.7,120.1, 100.4, 88.3, 54.9, 14.6, -0.2 ppm.

HRMS (ESI (-), 6.0 eV): calculated for [M+Na]*: 401.0472; found: 401.0473.

5.6.14

(E)-tert-Butyldimethyl((6-(trimethylsilyl)hex-2-en-5-yn-1-
yl)oxy)silane (234)

N-N T™MS
N~ g _— M
! 7\ =
Ph O O
231 234

Chemical Formula: C5H370Si,
Exact Mass: 282.1835
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2-((tert-Butyldimethylsilyl)oxy)acetaldehyde (1 m in THF, 59.8 uL, 59.8 uL, 1.00 equiv.) was
added to a stirring solution of sulfone 231 (20.0 mg, 59.8 umol, 1.00 equiv.) and KHMDS
(11.9 mg, 59.8 umol, 1.00 equiv.) in THF (0.3 mL) at —78 °C and the reaction mixture was
allowed to warm to r.t. overnight (16 h). H,O (0.2 mL) was added, the aqueous phase
extracted with EA (3x 1 mL) and the combined organic layers dried over MgSOa4. Removal of
the solvent in vacuo and purification of the residue by flash column chromatography over silica
gel (CH/EA 50:1) yielded volatile olefin 234 (after accounting for EA and H,O as impurities:
12.3 mg, 43.6 umol, 71%, E/Z: 4:1) as a colourless oil.

Rf=0.23 (CH/EA 50:1).

1H NMR (CDCls, 500 MHz): § = 5.82 (dtt, 1H, J=15.2, 5.0, 1.7 Hz)", 5.67 — 5.61 (m, 1H)", 5.60 —
5.57 (m, 1H)#, 5.51 — 5.44 (m, 1H)#, 4.25 (ddt, 2H, J=6.0, 1.8, 0.9 Hz)#, 4.18 (dq, 2H, J=5.0, 1.6
Hz)", 3.01 (dt, 2H, J=1.7, 0.9 Hz)#, 2.99 (dq, 2H, J=5.2, 1.7 Hz)", 0.91 (s, 9H), 0.16 (s, 9H), 0.07

(s, 6H) ppm.

13C NMR (CDCls, 126 MHz): 6 = 131.6*%, 131.2°, 124.8%, 124.4%, 104.7%, 104.1", 86.8", 84.8",
63.6", 59.5%, 26.1, 22.9%, 18.9% 18.6, 0.2, 0.2* -5.0%, -5.0* ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 283.1908; found: 283.1905.

The experimental data are in agreement with those previously published. %!

5.7 Experimental Details for Chapter 3.6.1: Synthesis of Phosphate
238 and 261

0] TBSO O O o) TBSO O O

~ R-0oMe and ~ R-OEt
0" F o S OEt

238 261

5.71 3-((4-Methoxybenzyl)oxy)propan-1-ol (251)

OH OH OH OPMB

—_—

244 251
Chemical Formula: C41H4¢03
Exact Mass: 196.1099
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Amberlyst® 15 hydrogen form (10% w/w, 1 g) was added to a solution of alcohol 244 (10.0 g,
131 mmol, 1.50 equiv.), 4-methoxybenzyl alcohol (12.1 g, 87.6 mmol, 1.00 equiv.) and DCM
(100 mL) in a pressure tube. The tube was sealed and heated to 45 °C and the reaction stirred
for 96 h. The mixture was filtered over a plug of silica gel, the solvent removed under reduced
pressure and the residue purified by flash column chromatography over silica gel (CH/EA 2:1)

to yield PMB alcohol 251 (16.9 g, 85.8 mmol, 98%) as a colourless liquid.
Rs=0.16 (CH/EA 2:1).

1H NMR (CD:Cl, 500 MHz): & = 7.27 — 7.22 (m, 2H), 6.90 — 6.85 (m, 2H), 4.43 (s, 2H), 3.79 (s,
3H), 3.71 (t, 2H, J=5.8 Hz), 3.64 — 3.57 (m, 2H), 2.11 (s, 1H), 1.81 (p, 2H, J=5.9 Hz) ppm.

13C NMR (CD,Cl;, 126 MHz): 6 = 159.7, 131.0, 129.6, 114.1, 73.2, 69.4, 62.0, 55.6, 32.8 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 219.0992; found: 219.0991.

The experimental data are in agreement with those previously published. [

5.7.2  3-((4-Methoxybenzyl)oxy)propanal (243)

OH OPMB O OPMB

B — |

251 243
Chemical Formula: C11H403
Exact Mass: 194.0943

Oxalyl chloride (1.07 mL, 12.2 mmol, 1.20 equiv.) was added to a solution of DCM (20 mL) and
DMSO (1.88 mL, 26.5 mmol, 2.60 equiv.) at =78 °C and the reaction was stirred for 30 min.
Alcohol 251 (2.00 g, 10.2 mmol, 1.00 equiv., solved in 5 mL DCM) was added over a period of
5 min and the reaction stirred for 45 min. NEt3 (7.06 mL, 51.0 mmol, 5.00 equiv.) was added
and the reaction was allowed to warm to r.t. over a period of 30 min. Then H,0 (20 mL) was
added and after 10 min the aqueous phase was extracted with DCM (3x 20 mL). The combined
organic layers were dried over MgS0O4 and the solvent was removed under reduced pressure.
Purification of the residue by flash column chromatography over silica gel (CH/EA 2:1) yielded
aldehyde 243 (1.79 g, 9.24 mmol, 91%) as a colourless oil.

R =0.36 (CH/EA 2:1).
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14 NMR (CDCls, 400 MHz): & = 9.81 (t, 1H, J=1.8 Hz), 7.30 — 7.25 (m, 2H), 6.93 — 6.87 (m, 2H),
4.48 (s, 2H), 3.83 (s, 3H), 3.81 (t, 2H, J=6.1 Hz), 2.70 (td, 2H, J=6.1, 1.8 Hz) ppm.

13C NMR (CDCl3, 101 MHz): 6 = 201.4, 159.4, 130.1, 129.5, 114.0, 73.1, 63.6, 55.4, 44.0 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+NH4]*:212.1281; found: 212.1280.

The experimental data are in agreement with those previously published.[1°¢!

5.7.3 (35,45)-1-((4-Methoxybenzyl)oxy)-4-methylhex-5-en-3-ol
(242)

OI OPMB OH OPMB

243 242
Chemical Formula: C45H,,03
Exact Mass: 250.1569

Cis-2-buten (~5 mL, ~5 equiv.) was condensed at =78 °C in the reaction vessel. Potassium
tert-butoxide (1.32 mg, 11.8 mmol, 1.30 equiv.) was added together with THF (100 mL). n-Buli
(2.5 M in hexanes, 7.36 mL, 11.8 mmol, 1.30 equiv.) was added over a period of 20 min at
—40 °C and the reaction stirred for additional 15 min before it was recooled to —78 °C. (+)-B-
Methoxydiisopinocampheylboran (3.73 g, 11.8 mmol, 1.30 equiv., solved in 10 mL Et,0) was
added over a period of 20 min and the reaction was allowed to stir for additional 60 min
before boron trifluoride etherate (1.54 mL, 12.2 mmol, 1.35 equiv.) was added over a period
of 20 min. Aldehyde 243 (1.76 g, 9.06 mmol, 1.00 equiv., dried 2 h over 3 A molecular sieve in
20 mL THF) was added and the reaction mixture was stirred for 3 h before MeOH (50 mL),
NaOH (3 m, 200 mL) and H20; (35%, 50 mL) were added and the reaction mixture was refluxed
(70 °C) overnight (14 h). Aqg. sat. Na;5,03 (200 mL) was added to quench the reaction, the
aqueous phase was extracted with Et,0 (3x 50 mL), the combined organic layers were washed
with ag. sat. NH4Cl (20 mL) and brine (20 mL). Drying the organic layer over MgS0O4, removal
of the solvents in vacuo and purification of the residue by flash column chromatography over
silica gel (CH/EA 6:1) yielded title compound 242 (1.19 g, 4.74 mmol, 52%, dr >20:1,) with
additional 2,6,6-trimethylbicyclo[3.1.1]heptan-3-ol as impurity (285 mg, 1.85 mmol, 20%) as a

colourless oil.
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Rf=0.14 (CH/EA 6:1).
[a]o 2° = -2.0 (DCM, ¢ = 1.0).

1H NMR (CD,Cl;, 500 MHz): 6 = 7.3 - 7.2 (m, 2H), 6.9 — 6.9 (m, 2H), 5.8 (ddd, 1H, J=17.3, 10.4,
7.6 Hz), 5.1—15.0 (m, 2H), 4.4 (s, 2H), 4.0 (dt, OH, J=9.6, 5.0 Hz), 3.8 (s, 3H), 3.7 (ddd, 1H, J=9.3,
6.0, 4.7 Hz), 3.6 — 3.6 (m, 2H), 2.7 (d, 1H, J=3.4 Hz), 2.5 — 2.5 (m, OH), 2.4 (dtd, OH, J=9.7, 6.2,
2.3 Hz), 2.3 - 2.2 (m, 1H), 1.9 (dddd, 1H, J=14.7, 7.4, 5.6, 2.6 Hz), 1.8 — 1.7 (m, 1H), 1.7 - 1.6
(m, 2H), 1.2 (s, 1H), 1.1 (d, 1H, J=7.4 Hz), 1.0 (d, 3H, J=6.8 Hz), 0.9 (s, 1H) ppm.

13C NMR (CD2Cl;, 126 MHz): 6 = 159.8, 141.8, 130.8, 129.7,114.8,114.2,74.7,73.3,71.9, 69.6,
55.7,48.4,44.4,42.4,39.5, 34.7, 34.2, 23.8, 20.9, 15.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 273.1461; found: 273.1457.

The experimental data are in agreement with those previously published.[*?7)

5.74  (35,45)-1-((4-Methoxybenzyl)oxy)-4-methylhex-5-en-3-yl (S)-
3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (253)

Ph  ocH,
o—( “CFs
OH OPMB 0 OPMB
= =
242 253

Chemical Formula: Cy5Hy9F305
Exact Mass: 466.1967

(R)-(-)-MTPA-CI (7.5 pl, 40 umol, 2.0 equiv.) was added to a solution of alcohol 242 (5.0 mg,
20 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, aq. sat. NaHCO3 (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgS0Oa. The residue was purified by flash column
chromatography over silica gel (CH/EA 15:1) to yield ester 253 (3.8 mg, 8.2 umol, 41%) as a

colourless oil.
Rf=0.18 (CH/EA 15:1).

[a]o 2°=-84.0 (DCM, c = 1.0).

210



5 Experimental Procedures

1H NMR (CD:Cl;, 500 MHz): § = 7.54 (ddq, 2H, J=7.5, 1.8, 0.8 Hz), 7.44 — 7.36 (m, 3H), 7.24 —
7.19 (m, 2H), 6.89 — 6.84 (m, 2H), 5.82 (ddd, 1H, J=17.1, 10.7, 6.9 Hz), 5.26 (ddd, 1H, J=8.7, 4.8,
3.8 Hz), 5.11 - 5.05 (m, 2H), 4.35-4.27 (m, 2H), 3.79 (s, 3H), 3.51 (q, 3H, J=1.3 Hz), 3.35 (ddd,
1H, J=9.5, 6.6, 5.0 Hz), 3.27 (ddd, 1H, J=9.4, 8.1, 5.9 Hz), 2.57 (tdt, 1H, J=7.0, 4.7, 1.3 Hz), 1.90
(dddd, 1H, J=14.7, 8.1, 6.7, 3.8 Hz), 1.81 (dddd, 1H, J=14.7, 8.9, 5.9, 5.0 Hz), 1.05 (d, 3H, J=6.9
Hz) ppm.

13C NMR (CD:Cl;, 126 MHz): 6 = 166.5, 159.7, 139.6, 132.8, 131.0, 130.0, 129.6, 128.8, 128.0
(d, J)=1.4 Hz), 125.1, 122.8, 116.1, 114.1, 77.9, 73.0, 66.4, 55.9, 55.6, 41.2, 31.5, 14.8 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 489.1859; found: 489.1855.

5.7.5 (35,45)-1-((4-Methoxybenzyl)oxy)-4-methylhex-5-en-3-yl (R)-
3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (254)

Ph ocH,
o "“CF3
OH OPMB O OPMB
= - - 7
242 254

Chemical Formula: Cy5Hp9F 305
Exact Mass: 466.1967

(5)-(-)-MTPA-CI (10 pl, 56 pumol, 2.0 equiv.) was added to a solution of alcohol 242 (7.0 mg,
28 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, aq. sat. NaHCO3 (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgS0Oa. The residue was purified by flash column
chromatography over silica gel (CH/EA 15:1) to yield ester 254 (2.2 mg, 4.7 umol, 17%) as a

colourless oil.
Rf=0.18 (CH/EA 15:1).
[o]p 2° = -15.0 (DCM, ¢ = 1.0).

1H NMR (CD2Cl,, 500 MHz): & = 7.53 (dtd, 2H, J=6.6, 1.6, 0.8 Hz), 7.43 — 7.37 (m, 3H), 7.26 —
7.21(m, 2H), 6.89 — 6.83 (m, 2H), 5.66 (ddd, 1H, J=17.4, 10.5, 7.1 Hz), 5.23 (ddd, 1H, J=8.7, 5.0,
3.9 Hz), 5.01 — 4.90 (m, 2H), 4.37 (s, 2H), 3.79 (s, 3H), 3.49 (q, 3H, J=1.2 Hz), 3.47 — 3.37 (m,
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2H), 2.50 (tdt, 1H, J=7.1, 4.9, 1.3 Hz), 1.95 (dddd, 1H, J=14.5, 7.9, 6.6, 3.8 Hz), 1.87 (dddd, 1H,
J=14.6, 8.7, 5.9, 5.3 Hz), 0.97 (d, 3H, J=6.9 Hz) ppm.

13C NMR (CD:Clz, 126 MHz): 6 = 166.5, 159.7, 139.4, 132.8, 131.0, 130.0, 129.7, 128.8, 125.1,
122.8,116.0,114.1, 77.9, 73.1, 66.5, 55.8, 55.8, 55.6, 41.2, 31.7, 14.7 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 489.1859; found: 489.1859.

5.7.6 (25,35)-5-((4-Methoxybenzyl)oxy)-2-methylpentane-1,3-diol
(255)

OH OPMB OH OH OPMB

_

242 255
Chemical Formula: C44H2,04
Exact Mass: 254.1518

Alkene 242 (70.0 mg, 280 umol, 1.00 equiv.) was solved in MeOH (1 mL) and DCM (1 mL)
together with a tip of a spatula NaHCO3 (~3 mg) and cooled to =78 °C. 1 drop of sudan Il
solution (0.1 m in MeOH) was added and the reaction vessel was filled with ozone until the
mixture turned colourless (~1 min). NaBH4 (52.9 mg, 1.40 mmol, 5.00 equiv.) was added and
the reaction mixture was stirred for 10 min at =78 °C. The reaction was allowed to warm to
r.t. and stirred for additional 2 h. The solvent was removed under reduced pressure and the
residue was purified by flash column chromatography over silica gel (CH/EA 1:2) to get 1,3-
diol 255 (49.2 mg, 193 umol, 69%) as a colourless liquid.

Rs=0.19 (CH/EA 1:2).
[a]p 2° = +13.0 (DCM, c = 1.0).

1H NMR (CD:Cl,, 500 MHz): & = 7.28 — 7.22 (m, 2H), 6.90 — 6.86 (m, 2H), 4.44 (s, 2H), 4.00 —
3.94 (m, 1H), 3.79 (s, 3H), 3.72 (dt, 1H, J=9.5, 4.9 Hz), 3.66 — 3.56 (m, 3H), 3.22 (s, 1H), 2.46 (s,
1H), 1.89 — 1.80 (m, 1H), 1.78 (ddtd, 1H, J=10.1, 6.9, 3.6, 1.2 Hz), 1.61 (dddd, 1H, J=14.5, 5.0,
4.0, 2.3 Hz), 0.88 (d, 3H, J=7.1 Hz) ppm.

13C NMR (CDClz, 126 MHz): 6 = 159.8, 130.7, 129.7, 114.2, 75.0, 73.4, 70.0, 67.0, 55.7, 40.2,
33.5,11.0 ppm.
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HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 277.1410; found: 277.1406.

The experimental data are in agreement with those previously published. 18!

5.7.7  (4S5,55)-4-(2-((4-Methoxybenzyl)oxy)ethyl)-2,2,5-trimethyl-
1,3-dioxane (256)

>

OH OH OPMB 0" O OPMB

_—

255 256
Chemical Formula: C17H2504
Exact Mass: 294.1831

Pyridinium p-toluenesulfonate (2.96 mg, 11.8 umol, 0.10 equiv.) was added to a solution of
alcohol 255 (30.0 mg, 118 pumol, 1.00 equiv.) and 2-methoxypropene (22.6 pL, 236 umol,
2.00 equiv.) in DCM (1 mL) and the reaction was stirred overnight (16 h). The mixture was
concentrated in vacuo and the residue purified by flash column chromatography over silica

gel (CH/EA 9:1) to yield acetonide 256 (28.9 mg, 98.2 umol, 83%) as a colourless oil.
Ry=0.13 (CH/EA 9:1).
[alp 2°=-22.0 (DCM, c = 1.0).

1H NMR (CD:Cl,, 500 MHz): & = 7.28 — 7.20 (m, 2H), 6.92 — 6.84 (m, 2H), 4.43 — 4.36 (m, 2H),
4.11 (ddd, 1H, J=8.8, 4.5, 2.6 Hz), 4.09 — 4.04 (m, 1H), 3.79 (s, 3H), 3.55 — 3.44 (m, 3H), 1.69
(ddt, 1H, J=14.2, 8.7, 5.5 Hz), 1.42 (ddd, 1H, J=4.4, 2.7, 1.7 Hz), 1.59 (dddd, 1H, J=14.1, 7.8, 6.5,
4.5 Hz), 1.03 (dd, 3H, J=7.0, 0.5 Hz) ppm.

13C NMR (CD,Cl,, 126 MHz): 6 = 159.7, 131.4, 129.6, 114.1, 98.9, 73.0, 67.2, 66.9, 55.7, 33.9,
32.4,29.9,19.4, 10.9 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 295.1904; found: 295.1905.
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5.7.8  tert-Butyl(((3S5,45)-1-((4-methoxybenzyl)oxy)-4-methylhex-5-
en-3-yl)oxy)dimethylsilane (257)

OH OPMB TBSO OPMB

—_—

= =

242 257
Chemical Formula: Cy4H3¢03Si
Exact Mass: 364.2434

TBSOTf (10.4 mL, 44.7 mmol, 2.00 equiv.) was added to a solution of alcohol 242 (5.60 g,
22.4 mmol, 1.00 equiv.) and 2,6-lutidine (12.9 mL, 112 mmol, 5.00 equiv.) in DCM (20 mL) at
0 °C and the reaction was allowed to stir for 30 min. Then the reaction was allowed to warm
to r.t. and stirred for additional 2 h before the reaction was quenched with aqg. sat. NH4Cl
(100 mL). The aqueous phase was extracted with DCM (3x 50 mL) and the combined organic
layers were washed with brine (10 mL) and dried over MgS04. Removal of the solvent under
reduced pressure and purification of the residue by flash column chromatography over silica

gel (CH/EA 50:1) yielded silyl ether 257 (7.95 g, 21.8 mmol, 97%) as a colourless oil.
Rf=0.12 (CH/EA 50:1).
[a]o 2° = -32.0 (DCM, ¢ = 1.0).

1H NMR (CDCl, 500 MHz): & = 7.33 — 7.17 (m, 2H), 6.90 — 6.83 (m, 2H), 5.97 — 5.83 (m, 1H),
5.03 —4.98 (m, 2H), 4.45 — 4.31 (m, 2H), 3.79 (s, 3H), 3.74 (dt, 1H, J=7.7, 4.4 Hz), 3.50 (dd, 2H,
J=7.3,6.0 Hz), 2.39 — 2.24 (m, 1H), 1.74 (dtd, 1H, J=13.9, 7.4, 4.1 Hz), 1.62 (ddt, 1H, J=13.9, 7.8,
6.0 Hz), 0.96 (d, 3H, J=6.9 Hz), 0.89 (s, 10H), 0.05 (d, 6H, J=3.0 Hz) ppm.

13C NMR (CD2Cl;, 126 MHz): 6 = 159.6, 141.6, 131.5, 129.6, 114.3,114.1, 73.5, 72.9, 67.3, 55.6,
435, 34.0, 26.1, 18.5,15.1, -4.2, -4.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 365.2506; found: 365.2506.

The experimental data are in agreement with those previously published. %!
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5.7.9 Methyl (4S8,5S8,E)-5-((tert-butyldimethylsilyl) oxy)-7-((4-
methoxybenzyl)oxy)-4-methylhept-2-enoate (241)

TBSO OPMB O TBSO OPMB

—_—

= SN0 NF

257 241
Chemical Formula: C,3H3g05Si
Exact Mass: 422.2489

Alkene 257 (7.80 g, 21.4 mmol, 1.00 equiv., dried with 3x Freeze-Pump-Thaw cycles) and
methyl acrylate (9.69 mL, 107 mmol, 5.00 equiv.) in toluene (40 mL) were refluxed (120 °C) for
30 min. Hoveyda-Grubbs-Il (268 mg, 428 umol, 0.02 equiv.) was added and the reaction was
allowed to stir overnight (22 h). Celite® (~100 g) was added to the mixture and the solvent
was reduced under reduced pressure. Purification of the residue by flash column
chromatography over silica gel (CH/EA 15:1) yielded methyl ester 241 (7.60 g, 18.0 mmol, 84%,

E/Z >20:1) as a colourless oil.
Ry=0.12 (CH/EA 15:1).
[a)o 2° = -39.0 (DCM, ¢ = 1.0).

1H NMR (CD.Cl3, 400 MHz): § = 7.28 — 7.19 (m, 2H), 7.01 (dd, 1H, J=15.9, 7.0 Hz), 6.90 — 6.83
(m, 2H), 5.79 (dd, 1H, J=15.8, 1.5 Hz), 4.44 — 4.31 (m, 2H), 3.83 (dt, 1H, J=8.3, 4.3 Hz), 3.79 (s,
3H), 3.69 (s, 3H), 3.51 — 3.45 (m, 2H), 2.54 — 2.43 (m, 1H), 1.74 (dtd, 1H, J=14.3, 7.2, 4.2 Hz),
1.64 —-1.55(m, 1H), 1.53 (d, 1H, J=0.7 Hz), 1.02 (d, 3H, J=6.9 Hz), 0.89 (s, 9H), 0.05 (d, 6H, J=0.9
Hz) ppm.

13C NMR (CDzClz, 126 MHz): § = 167.3, 159.7, 152.0, 131.3, 129.6, 121.2, 114.1, 72.9, 72.9,
67.0,55.6,51.6,42.5, 34.2, 26.1, 18.4, 14.3, -4.3, -4.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+NH4]*: 440.2827; found: 440.2830.
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5.7.10 Methyl (4S,5S,E)-5-((tert-butyldimethylsilyl)oxy)-7-hydroxy-
4-methylhept-2-enoate (258)

O TBSO OPMB O TBSO OH

241 258
Chemical Formula: C15H3004Si

Exact Mass: 302.1913

DDQ (5.64 g, 24.8 mmol, 1.40 equiv.) was added to a solution of PMB ether 241 (7.50 g,
17.8 mmol, 1.00 equiv.) and H20 (1.8 mL, 97.6 mmol, 5.50 equiv.) in DCM (40 mL) and the
reaction was allowed to stir for 2 h at r.t. Ag. sat. NaHCOs3 (50 mL) and H,0 (50 mL) was added,
the aqueous phase extracted with DCM (3x 50 mL) and the combined organic layers were
dried over MgS0O4. Removal of the solvent in vacuo and purification of the residue by flash
column chromatography over silica gel (CH/EA 6:1) yielded primary alcohol 258 (5.03 g,

16.6 mmol, 94%) as a colourless oil.
R;=0.06 (CH/EA 6:1).
[a]p 2° = -67.0 (DCM, ¢ = 1.0).

'H NMR (CD:Cl3, 400 MHz): & = 7.01 (dd, 1H, J=15.9, 7.1 Hz), 5.83 (dd, 1H, J=15.9, 1.5 Hz), 3.85
(ddd, 1H, J=7.8, 5.0, 3.9 Hz), 3.69 (s, 3H), 3.68 (s, 2H), 2.60 — 2.50 (m, 1H), 1.71 (dtd, 1H, J=14.1,
7.0, 4.0 Hz), 1.66 — 1.62 (m, 1H), 1.61 — 1.55 (m, 1H), 1.04 (d, 3H, J=6.9 Hz), 0.90 (s, 8H), 0.09
(d, 5H, J=5.8 Hz) ppm.

13C NMR (CDCl;, 126 MHz): & = 167.2, 151.4, 121.4, 73.8, 60.1, 51.6, 42.5, 36.3, 26.1, 18.4,
14.9,-4.3,-4.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+NH4]*: 303.1986; found: 303.1987.

5.7.11 Methyl (4S,5S,E)-5-((tert-butyldimethylsilyl)oxy)-4-methyl-7-
oxohept-2-enoate (240)

0] TBSO OH 0] TBSO (ID

258 240
Chemical Formula: C15H,5804Si

Exact Mass: 300.1757
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H,O (296 uL, 16.5 mmol, 1.20 equiv.) was added to a solution of alcohol 258 (4.15g,
13.7 mmol, 1.00 equiv.) and DMP (11.6 g, 27.4 mmol, 2.00 equiv.) in DCM (70 mL) at 0 °C. The
reaction was allowed to warm to r.t. and stirred for 4 h. Ag. sat. Na>S,03 (50 mL) and aqg. sat.
NaHCOs (50 mL) were added to the solution and the aqueous phase was extracted with DCM
(3x 50 mL). The combined organic layers were dried over MgSO4 and the solvent removed
under reduced pressure. Purification of the residue by flash column chromatography over
silica gel (Pentane/Et,0 4:1) yielded volatile aldehyde 240 (4.48 g, 12.7 mmol, 92%) as a

colourless liquid.
Ry =0.21 (Pentane/Et,0 4:1).
[a]o 2° = -40.0 (DCM, ¢ = 1.0).

1H NMR (CD:Cl2, 500 MHz): & = 9.76 (t, 1H, J=2.2 Hz), 6.97 (dd, 1H, J=15.9, 7.2 Hz), 5.84 (dd,
1H, J=15.9, 1.5 Hz), 4.22 (dt, 1H, J=6.2, 5.2 Hz), 3.71 (s, 3H), 2.56 (tdd, 1H, J=7.1, 5.0, 1.5 Hz),
2.51—2.48 (m, 2H), 1.06 (d, 3H, J=6.8 Hz), 0.88 (s, 9H), 0.08 (d, 6H, J=17.7 Hz) ppm.

13C NMR (CDCl, 126 MHz): § = 201.5, 167.0, 150.4, 122.1, 71.3, 51.7, 48.5, 43.0, 26.0, 18.3,
14.7,-4.4,-4.5 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+NH4]*: 318.2095; found: 318.2095.

5.7.12 Methyl (4S,5S,E)-5-((tert-butyldimethylsilyl)oxy)-8-
(dimethoxyphosphoryl)-7-hydroxy-4-methyloct-2-enoate
(259)

O TBSO IO 0] TBSO OH 9

™~ S—— R-oMe
o ~ 0 ~ OMe

240 259
Chemical Formula: C4gH3707PSi
Exact Mass: 424.2046

n-Buli (2™ in cyclohexane, 638 uL, 1.60 mmol, 1.15 equiv.) was added to a solution of
dimethyl methylphosphonate (193 pL, 1.80 mmol, 1.30 equiv.) in THF (3 mL) at —=78 °C and the
reaction was stirred for 30 min. Aldehyde 240 (417 mg, 1.39 mmol, 1.00 equiv.) was added

over a period of 2 min and the reaction was allowed to stir for further 30 min before it was
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guenched by adding aqg. sat. NH4Cl (10 mL). The aqueous phase was extracted with EA
(3x 5 mL), the combined organic layers dried over MgSO4 and the solvent was removed in
vacuo. Purification of the residue by flash column chromatography over silica gel (100% EA)
yielded alcohol 259 (214 mg, 503 umol, 36%, containing both diastereomers and impurities)

as a yellowish oil.
R;=0.14 (100% EA).
[a]p 2°=-21.0 (DCM, c = 1.0).

1H NMR (CD2Clz, 500 MHz): & = 7.03 (ddd, 1H, J=15.9, 6.9, 1.8 Hz), 5.83 (ddd, 1H, J=15.9, 2.6,
1.5 Hz), 4.40 (dt, OH, J=9.7, 4.8 Hz), 4.15 — 3.95 (m, 2H), 3.89 (td, 1H, J=6.4, 4.2 Hz), 3.76 — 3.63
(m, 13H), 3.49 (d, 1H, J=2.7 Hz), 2.64 — 2.53 (m, 1H), 2.40 (dd, OH, J=15.0, 4.9 Hz), 2.10 (dd, 1H,
J=18.4, 6.5 Hz), 2.03 - 1.97 (m, 1H), 1.96 — 1.82 (m, 2H), 1.66 (td, 2H, J=6.6, 1.0 Hz), 1.44—1.35
(m, OH), 1.03 (d, 3H, J=6.8 Hz), 0.92 — 0.88 (m, 14H), 0.10 — 0.06 (m, 8H) ppm.

13C NMR (CDCl;, 126 MHz): 6 =172.1, 167.2,151.7, 151.3,121.5,121.4,73.7,73.7,72.7,70.6,
66.0, 64.8,64.7,63.2,63.2,52.8 -52.6 (m), 52.0, 51.6, 42.7,42.2,42.1, 42.0, 41.9, 41.6, 40.7,
34.6,34.1,33.8,33.0,32.7, 32.4, 31.3, 18.4, 18.3, 14.8, 13.9, 13.1, -4.2,-4.4, -4.5, -4.7 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 425.2119; found: 425.2119.

5.7.13 Methyl (4S,5S,E)-5-((tert-butyldimethylsilyl)oxy)-8-
(dimethoxyphosphoryl)-4-methyl-7-oxooct-2-enoate (238)

(0] TBSO OH 9 (0] TBSO O (I)I
~ R~ ~ P~
\_OMe \_OMe
(0] = OMe 0 = OMe
259 238
Chemical Formula: C1gH350,PSi
Exact Mass: 422.1890

H,0 (9.7 uL, 0.54 mmol, 1.2 equiv.) was added to a solution of alcohol 259 (190 mg, 448 umol,
1.00 equiv.) and DMP (285 mg, 671 umol, 1.50 equiv.) in DCM (3 mL) and the reaction was
stirred for 2 h. Ag. sat. Na2S203 (5 mL) and aqg. sat. NaHCOs (5 mL) were added to the solution
and the aqueous phase was extracted with DCM (3x 5 mL). The combined organic layers were

dried over MgS04 and the solvent removed under reduced pressure. Purification of the
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residue by flash column chromatography over silica gel (CH/EA 3:7) to yield ketone 238
(105 mg, 249 pmol, 56%) as a colourless oil.

R¢=0.17 (CH/EA 3:7).
[a]p 2°=-78.0 (DCM, ¢ = 1.0).

1H NMR (CD1Cl,, 500 MHz): & = 6.99 (dd, 1H, J=15.9, 6.9 Hz), 5.83 (dd, 1H, J=15.9, 1.5 Hz), 4.22
(td, 1H, J=5.9, 4.2 Hz), 3.75 (d, 3H, J=1.4 Hz), 3.73 (d, 3H, J=1.4 Hz), 3.71 (s, 3H), 3.12 — 3.05 (m,
1H), 3.05 — 2.98 (m, 1H), 2.71 (s, 1H), 2.69 (d, 1H, J=0.7 Hz), 2.52 (tdd, 1H, J=6.9, 4.1, 1.5 Hz),
1.02 (d, 3H, J=6.9 Hz), 0.87 (s, 9H), 0.05 (d, 6H, J=26.0 Hz) ppm.

13C NMR (CDCl;, 126 MHz): § = 200.5 (d, J=6.4 Hz), 167.1, 151.0, 121.7, 71.5, 51.7, 48.7, 48.7,
43.3,42.4,42 .3, 26.0, 18.3, 14.0, -4.6, -4.6 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 423.1962; found: 423.1958.

5.7.14 Methyl (4S,5S,E)-5-((tert-butyldimethylsilyl)oxy)-8-
(diethoxyphosphoryl)-7-hydroxy-4-methyloct-2-enoate (260)

0} TBSO (I) O TBSO OH 9

~ — R~0Et
0" 0" OEt

240 260
Chemical Formula: CygH4407PSi
Exact Mass: 452.2359

n-BulLi (2 min cyclohexane, 4.92 mL, 9.84 mmol, 1.20 equiv.) was added to a solution of diethyl
methylphosphonate (1.80 mL, 12.3 mmol, 1.50 equiv.) in THF (200 mL) at =78 °C and the
reaction was stirred for 30 min before the reaction was cooled to —90 °C. Aldehyde 240 (2.90 g,
8.20 mmol, 1.00 equiv., solved in 10 mL THF) was added quickly and the reaction was allowed
to stir for 15 min. The reaction was warmed to —40 °C and stirred for further 40 min before it
was quenched by adding aq. sat. NH4Cl (100 mL) and allowed to warm to r.t. The aqueous
phase was extracted with EA (3x 50 mL), the combined organic layers dried over MgS04 and
the solvent was removed in vacuo. Purification of the residue by flash column chromatography
over silica gel (100% EA) yielded alcohol 260 (1.96 g, 4.33 mmol, 53%, containing both

diastereomers) as a yellowish oil.
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Rf=0.17 (100% EA).
[a]o 2° = -27.0 (DCM, ¢ = 1.0).

1H NMR (CDCls, 500 MHz): 6 = 7.06 (ddd, 1H, J=15.9, 11.8, 6.7 Hz), 5.83 (ddd, 1H, J=15.9, 4.9,
1.5 Hz), 4.18 — 4.05 (m, 5H), 4.03 — 3.86 (m, 1H), 3.73 (s, 3H), 3.70 — 3.60 (m, 1H), 3.58 (d, 1H,
J=2.3 Hz), 2.63 — 2.52 (m, 1H), 2.00 — 1.84 (m, 2H), 1.68 (t, 1H, J=6.3 Hz), 1.36 — 1.31 (m, 6H),
1.03 (dd, 3H, J=6.9, 5.6 Hz), 0.90 (d, 9H, J=4.6 Hz), 0.13 — 0.06 (m, 6H) ppm.

13C NMR (CDCl3, 126 MHz): 6 =167.2,167.1,151.4,151.1,121.2,121.2,73.5(d, J=1.7 Hz), 72.2
(d, J=2.6 Hz), 64.7 (d, J=4.3 Hz), 63.0 (d, J/=5.1 Hz), 62.1 - 61.9 (m), 51.5, 42.5, 41.6 (dd, J=15.5,
6.8 Hz), 41.4, 35.0, 34.7, 33.9, 33.6, 26.1, 26.0, 18.3, 18.2, 16.7 — 16.5 (m), 14.7, 13.9, -4.2, -
4.2,-4.3,-4.5 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 453.2432; found: 453.2426.

5.7.15 Methyl (4S8,5S8,E)-5-((tert-butyldimethylsilyl) oxy)-8-
(diethoxyphosphoryl)-4-methyl-7-oxooct-2-enoate (261)

O TBSO OH 9 (0] TBSO O 9

~ R-oet ——— R-0Et
07 NF OEt 0" Ot

260 261

Chemical Formula: CyoH390,PSi
Exact Mass: 450.2203

H,0 (11 pL, 0.61 mmol, 1.2 equiv.) was added to a solution of alcohol 260 (230 mg, 508 umol,
1.00 equiv.) and DMP (431 mg, 1.02 mmol, 2.00 equiv.) in DCM (3 mL) and the reaction was
stirred for 2 h. Ag. sat. Na;S;0s3 (5 mL) and aqg. sat. NaHCOs (5 mL) were added to the solution
and the aqueous phase was extracted with DCM (3x 5 mL). The combined organic layers were
dried over MgS04 and the solvent removed under reduced pressure. Purification of the
residue by flash column chromatography over silica gel (CH/EA 3:7) to yield ketone 261
(166 mg, 368 umol, 73%) as a colourless oil.

Rs=0.26 (CH/EA 3:7).

[a]o 2° = -66.0 (DCM, ¢ = 0.5).
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14 NMR (CDCl3, 500 MHz): & = 7.02 (dd, 1H, J=15.9, 6.8 Hz), 5.83 (dd, 1H, J=15.9, 1.5 Hz), 4.22
(ddd, 1H, J=6.8, 5.1, 4.1 Hz), 4.18 — 4.09 (m, 4H), 3.73 (s, 3H), 3.15 - 2.97 (m, 2H), 2.76 — 2.64
(m, 2H), 2.52 (tdd, 1H, J=6.8, 4.1, 1.6 Hz), 1.33 (tdd, 6H, J=7.1, 1.0, 0.5 Hz), 1.02 (d, 3H, J=6.9
Hz), 0.86 (s, 9H), 0.04 (d, 6H, J=27.5 Hz) ppm.

13C NMR (CDCl3, 126 MHz): 6 = 200.6 (d, J=6.3 Hz), 167.0, 150.8, 121.4, 71.2, 62.7 (dd, J=12.1,
6.4 Hz), 51.6, 48.2,44.3,43.3,42.1, 26.0, 18.2, 16.5, 16.4, 13.9, -4.5, -4.6 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 451.2275; found: 451.2268.

5.8 Experimental Details for Chapter 3.6.2: Synthesis of Aldehyde
239

TBSO OTBS

’
(0] %
o
239

- T™S

5.8.1 2-((4-methoxybenzyl)oxy)-4-methylquinoline (264)

X X
| — [
Cl N PMBO N

263 264
Chemical Formula: C4gH47NO»
Exact Mass: 279.1259

\

p-Anisyl alcohol (18.7 g, 135 mmol, 1.20 equiv.) was added to a stirring solution of 2-chloro-4-
methylquinoline (263, 20.0g, 113 mmol, 1.00 equiv.), 18-crown-6 (1.49g, 5.63 mmol,
0.05 equiv.) and KOH (25.3 g, 450 mmol, 4.00 equiv., ground with mortar and pestle) in
toluene (225 mL). The mixture was heated to 140 °Cfor 1.5 h with azeotropic removal of water
(Dean-Stark trap). The reaction mixture was allowed to cool to r.t. and H,O (100 mL) and EA
(200 mL) were added. The aqueous phase was extracted with EA (3x 100 mL), the combined
organic layers washed with brine (50 mL) and dried over MgSO.. Removal of the solvent in
vacuo and purification of the residue by flash column chromatography over silica gel

(CH/EA 20:1) yielded PMB ether 264 (27.6 g, 98.9 mmol, 88%) as a white solid.
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Rf=0.22 (CH/EA 20:1).

14 NMR (CDCls, 400 MHz): & = 7.93 — 7.85 (m, 2H), 7.64 (ddd, 1H, J=8.4, 7.0, 1.5 Hz), 7.51 —
7.45 (m, 2H), 7.41 (ddd, 1H, J=8.2, 6.9, 1.3 Hz), 6.98 — 6.91 (m, 2H), 6.81 (g, 1H, J=1.1 Hz), 5.49
(s, 2H), 3.82 (s, 3H), 2.62 (d, 3H, J=1.1 Hz) ppm.

13C NMR (CDCl3, 126 MHz): 6 = 161.9, 159.5, 146.9, 146.6, 130.2, 129.7, 129.3, 127.9, 125.6,
123.9, 123.8,114.0, 113.3, 67.3, 55.4, 18.8 ppm.

HRMS (EI (+), 70.0 eV): calculated for [M]*: 279.1254; found: 279.1252.

The experimental data are in agreement with those previously published. 209

5.8.2 Methyl (5)-3-((4-methoxybenzyl)oxy)-2-methylpropanoate
(262)

0 0
HO/YJ\O/ —_— PMBO/YJ\O/

248 262
Chemical Formula: C13H504
Exact Mass: 238.1205

CSA (816 mg, 3.51 mmol, 0.10 equiv.) was added to a solution of 2-((4-methoxybenzyl)oxy)-4-
methylquinoline (19.6g, 70.3 mmol, 2.00equiv.) and methyl (S)-3-hydroxy-2-
methylpropanoate (248, 4.15 g, 35.1 mmol, 1.00 equiv.) in DCM (70 mL) and the reaction
mixture was stirred for 72 h. The solvent was removed in vacuo and the residue was purified
by flash column chromatography over silica gel (CH/EA 9:1) to yield PMB ether 262 (7.15 g,

30.0 mmol, 85%) as a colourless oil.
Rs=0.18 (CH/EA 9:1).
[a]p 2° = +14.0 (DCM, c = 1.0).

1H NMR (CDCls, 400 MHz): § = 7.26 — 7.20 (m, 2H), 6.91 — 6.84 (m, 2H), 4.45 (d, 2H, J=1.5 Hz),
3.80 (s, 3H), 3.69 (s, 3H), 3.63 (dd, 1H, J=9.2, 7.2 Hz), 3.46 (dd, 1H, J=9.2, 5.9 Hz), 2.77 (pd, 1H,
J=7.1,5.9 Hz), 1.17 (d, 3H, J=7.1 Hz) ppm.
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13C NMR (CDCl3, 101 MHz): § = 175.5, 159.3, 130.4, 129.3, 113.9, 72.9, 71.8, 55.4, 51.8, 40.3,

14.1 ppm.
HRMS (EI (+), 70.0 eV): calculated for [M]*: 238.1200; found: 238.1200.

The experimental data are in agreement with those previously published.[201]

5.8.3 (S)-N-Methoxy-3-((4-methoxybenzyl)oxy)-N,2-
dimethylpropanamide (265)

0] O

0
PMBO/YkO/4’ PMBO/\‘)J\III ~

262 265
Chemical Formula: C14H,4NOy4

Exact Mass: 267.1471

Isopropylmagnesium chloride (2 m in THF, 38.4 mL, 76.8 mmol, 3.00 equiv.) was added over a
period of 20 min to a solution of ester 262 (6.10g, 25.6 mmol, 1.00 equiv.) and N-
methoxymethylamine hydrochloride (3.87 g, 39.7 mmol, 1.55 equiv.) in THF (50 mL) at —20 °C
and the solution was stirred for 40 min before it was allowed to warm to r.t. and stirred for an
additional 2 h. Aqg. sat. NH4Cl (200 mL) and H,O (100 mL) were added and the aqueous phase
extracted with EA (3x 100 mL). The combined organic layers were dried over MgSO4 and the
solvent removed in vacuo. Purification of the residue by flash column chromatography over

silica gel (CH/EA 2:1) yielded amide 265 (6.65 g, 24.9 mmol, 97%) as colourless oil.
Ry=0.15 (CH/EA 2:1).
[a]p 2° = +5.0 (DCM, c = 1.0).

1H NMR (CDCls, 400 MHz): & = 7.25 — 7.21 (m, 2H), 6.88 — 6.83 (m, 2H), 4.53 — 4.36 (m, 2H),
3.79 (s, 3H), 3.69 (s, 3H), 3.68 — 3.65 (m, 1H), 3.39 (dd, 1H, J=8.9, 5.9 Hz), 3.30 — 3.21 (m, 1H),
3.20 (s, 3H), 1.10 (d, 3H, J=6.9 Hz) ppm.

13C NMR (CDCl3, 101 MHz): & = 159.2, 130.6, 129.3, 113.8, 73.0, 72.5, 61.6, 55.4, 36.0, 14.4

ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 268.1543; found: 268.1539.

223



5 Experimental Procedures

The experimental data are in agreement with those previously published.20%

584 (S)-4-((4-Methoxybenzyl)oxy)-3-methylbutan-2-one (247)

0] 0]

0
PMBO/\‘)J\III N— PMBO/\HJ\

265 247
Chemical Formula: C43H4g03
Exact Mass: 222.1256

Methylmagnesium chloride (3 m in THF, 24.7 mL, 74.1 mmol, 3.00 equiv.) was added over a
period of 15 min to a solution of amide 265 (6.60 g, 24.7 mmol, 1.00 equiv.) in THF (120 mL)
at 0 °C and the reaction mixture was stirred for 30 min before it was allowed to warm to r.t.
and stirred for an additional 2 h. Aq. sat. NH4Cl (150 mL) was added, the aqueous phase
extracted with Et,0 (3x 100 mL) and the combined organic layers dried over MgS04. Removal
of the solvent in vacuo and purification of the residue by flash column chromatography over

silica gel (CH/EA 6:1) yielded ketone 247 (4.88 g, 22.0 mmol, 89%) as a colourless oil.
Ry=0.16 (CH/EA 6:1).
[alo 2° = +66.0 (DCM, c = 0.5).

1H NMR (CDCls, 400 MHz): & = 7.27 — 7.18 (m, 2H), 6.90 — 6.85 (m, 2H), 4.42 (d, 2H, J=1.9 Hz),
3.80 (s, 3H), 3.59 (dd, 1H, J=9.2, 7.5 Hz), 3.45 (dd, 1H, J=9.2, 5.5 Hz), 2.83 (td, 1H, J=7.2, 5.4
Hz), 2.17 (s, 3H), 1.08 (d, 3H, J=7.1 Hz) ppm.

13C NMR (CDCl3, 101 MHz): & = 211.3, 159.4, 130.3, 129.4, 113.9, 73.0, 71.9, 55.4, 47.4, 29.2,

13.6 ppm.
HRMS (EI (+), 70.0 eV): calculated for [M]*: 222.1256; found: 222.1256.

The experimental data are in agreement with those previously published.[20%]
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5.8.5 (5)-((4-((4-Methoxybenzyl)oxy)-3-methylbut-1-en-2-
yl)oxy)trimethylsilane (245)

0] OTMS

PMBO/YJ\ —— PMBO%

247 245
Chemical Formula: C4gH603Si
Exact Mass: 294.1651

NEts (8.04 mL, 58.0 mmol, 3.00 equiv.) was added to TMSCI (7.38 mL, 58.0 mmol, 3.00 equiv.)
and the mixture was transferred after 5 min to a solution of ketone 247 (4.30 g, 19.3 mmol,
1.00 equiv.) in THF (65 mL) at =78 °C. LHMDS (1 m in THF, 32.9 mmol, 32.9 mmol, 1.70 equiv.)
was added and the reaction mixture was stirred for 3 h before it was quenched by adding aq.
sat. NaHCOs (100 mL). The aqueous phase was extracted with pentane (2x 100 mL), the
combined organic layers were washed with aq. sat. CuSO4 (2x 100 mL), brine (50 mL) and dried
over NaSQs4. Removal of the solvent and impurities by using a short-path vacuum distillation

(70 °C, 100 mbar) yielded silyl enol ether 245 (5.70 g, 19.3 mmol, quant.) as a colourless liquid.
Rs = 0.55 (CH/EA 6:1).
[a]p 2° = +1.0 (DCM, c = 1.0).

1H NMR (CD2Cl,, 700 MHz): & = 7.26 — 7.22 (m, 2H), 6.89 — 6.84 (m, 2H), 4.40 (d, 2H, J=1.1 Hz),
4.08 (dd, 1H, J=1.2, 0.5 Hz), 4.04 (d, 1H, J=1.2 Hz), 3.79 (s, 3H), 3.50 (dd, 1H, J=9.1, 6.6 Hz), 3.27
(dd, 1H, J=9.1, 6.8 Hz), 2.40 (h, 1H, J=6.8 Hz), 1.03 (d, 3H, J=6.9 Hz), 0.19 (d, 9H, J=7.5 Hz) ppm.

13C NMR (CD2Cl;, 176 MHz): 6 = 161.3, 159.5, 131.4, 129.5, 114.0, 89.5, 73.3, 72.9, 55.6, 41.1,
15.8, 5.5, 0.2 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 295.1724; found: 295.1728.
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5.8.6

(R)-1-((tert-Butyldimethylsilyl)oxy)-5-(trimethylsilyl)pent-4-
yn-2-ol (249)

OTBS OTBS

() X
OH TMS
250 249
Chemical Formula: C44H3¢0,Si,

Exact Mass: 286.1784

t-Buli (1.7 m in pentane, 20.8 mL, 35.3 mmol, 1.40 equiv.) was added over a period of 5 min to

a stirring solution of ethynyltrimethylsilane (4.54 mL, 32.8 mmol, 1.30 equiv.) in THF (50 mL)

at =78 °C. The reaction mixture was stirred for 30 min before epoxide 250 (95%, 5.00 g,

25.2 mmol, 1.00 equiv.) and boron trifluoride etherate (6.55 mL, 32.8 mmol, 1.30 equiv.) were

added, the latter over a period of 15 min. The reaction mixture was allowed to warm to r.t.

and stirred for an additional 3 h. pH 7 Buffer (100 mL) was added and the aqueous phase

extracted with EA (3x 50 mL). The organic layers were combined and washed with brine

(20 mL), dried over MgSQ4 and the solvent was removed under reduced pressure. Purification

of the residue by flash column chromatography over silica gel (CH/EA 15:1) yielded alcohol

249 (6.59 g, 23.0 mmol, 91%) as a colourless oil.

Rf=0.21 (CH/EA 15:1).

[a]o 2° = -13.0 (DCM, ¢ = 1.0).

1H NMR (CDCls, 700 MHz): & = 3.79 (dtd, 1H, J=7.1, 5.7, 4.3 Hz), 3.72 (dd, 1H, J=10.0, 4.2 Hz),

3.64 (dd, 1H, J=10.0, 5.7 Hz), 2.51 — 2.40 (m, 3H), 0.91 (s, 10H), 0.15 (s, 9H), 0.09 (d, 6H, J=0.9

Hz) ppm.

13C NMR (CDCl3, 176 MHz): & = 103.0, 87.2, 70.3, 65.6, 26.0, 24.7, 18.5, 0.2, -5.2, -5.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 309.1677; found: 309.1674.

The experimental data are in agreement with those previously published. 203!
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5.8.7 (R)-tert-Butyl((2-methoxy-5-(trimethylsilyl)pent-4-yn-1-
yl)oxy)dimethylsilane (266)

OTBS OTBS
A A
OH TMS O\ TMS
249 266

Chemical Formula: C15H3,0,Si,
Exact Mass: 300.1941

Proton-sponge® (17.8 g, 83.8 mmol, 4.00 equiv.) was added to a solution of alcohol 249
(6.00g, 20.9 mmol, 1.00 equiv.) in DCM (40 mL) at 0°C. After 30 min of stirring,
trimethyloxonium tetrafluoroborate (9.29 g, 62.8 mmol, 3.00 equiv.) was added. The reaction
was allowed to warm to r.t. and stirred overnight (16 h). Ag. HCI (1 m, 100 mL) was added and
the aqueous phase was extracted with DCM (3x 50 mL), the combined organic layers were
washed with brine (50 mL) and dried over MgSQOa. Celite® (100 g) was added before the
mixture was concentrated under reduced pressure. Purification of the residue by flash column
chromatography over silica gel (Pentane/Et,0 20:1) yielded volatile methyl ether 266 (6.07 g,

20.2 mmol, 96%) as a colourless oil.
Rs=0.29 (Pentane/Et,0 20:1).
[a]p 2° = -10.0 (DCM, ¢ = 1.0).

1H NMR (CD2Cl2, 499 MHz): § = 3.69 (qd, 2H, J=10.6, 5.0 Hz), 3.40 (s, 3H), 3.34 (dq, 1H, J=6.3,
5.1 Hz), 2.49 — 2.38 (m, 2H), 0.90 (s, 9H), 0.13 (s, 9H), 0.07 (s, 6H) ppm.

13C NMR (CD;Cl, 126 MHz): 6 = 104.2, 86.2, 80.7, 64.1, 58.0, 26.1, 22.2, 18.6 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 323.1833; found: 323.1825.

The experimental data are in agreement with those previously published. 203!
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5.8.8 (R)-2-Methoxy-5-(trimethylsilyl)pent-4-yn-1-o0l (267)

OTBS OH

N KK\
O ™S O ™S
266 267

Chemical Formula: CgH4g0O,Si
Exact Mass: 186.1076

Ag. HCI (3 m, 2.00 mL, 5.99 mmol, 0.30 equiv.) was added to a solution of silyl ether 266
(6.00 g, 20.0 mmol, 1.00 equiv.) in methanol (40 mL) and the reaction was stirred for 45 min
at r.t. Ag. sat. NaHCOs (15 mL) was added, the aqueous phase extracted with Et,0 (3x 30 mL).
The combined organic layers were washed with brine (10 mL) and dried over MgSOa4. Removal
of the solvent under reduced pressure (130 mbar, 40 °C) and purification of the residue by
flash column chromatography over silica gel (Pentane/Et,0 2:1) yielded primary alcohol

267 (3.35 g, 18.0 mmol, 90%) as a colourless liquid.
Ry =0.31 (Pentane/Et,0 2:1).
[a]p 2° = -46.0 (DCM, c = 1.0).

1H NMR (CD2Cl,, 500 MHz): 6 = 3.73 (ddd, 1H, J=11.6, 7.0, 3.6 Hz), 3.57 (dt, 1H, J=11.6, 5.8 Hz),
3.42 (s, 3H), 3.42 — 3.38 (m, 1H), 2.51 (dd, 1H, J=17.0, 5.2 Hz), 2.38 (dd, 1H, J=17.0, 7.5 Hz),
1.89 (dd, 1H, J=7.0, 5.8 Hz), 0.14 (s, 9H) ppm.

13C NMR (CD.Cl;, 126 MHz): 6 = 103.4, 86.9, 80.4, 63.9, 57.8, 21.8, 0.1 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 209.0968; found: 209.0969.

The experimental data are in agreement with those previously published. 203!

5.8.9 (R)-2-Methoxy-5-(trimethylsilyl)pent-4-ynal (246)

OH ?
K(\ A
O ™S O ™S
267 246

Chemical Formula: CgH60,Si
Exact Mass: 184.0920
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H,O (11.2 pL, 644 umol, 1.20 equiv.) was added to a mixture of alcohol 267 (100 mg,
537 umol, 1.00 equiv.), pyridine (130 pL, 1.61 mmol, 3.00 equiv.) and DMP (455 mg,
1.07 mmol, 2.00 equiv.) in DCM (2 mL) at 0 °C. The reaction was stirred for 3 h before it was
allowed to warm to r.t. and stirred for an additional 3 h. Ag. sat. NaHCOs (5 mL) and agq. sat.
NaxS,03 (5 mL) were added to the solution and the aqueous phase was extracted with DCM
(2x 5 mL). The combined organic layers were washed with aq. sat. CuSOa4 (2x 4 mL), ag. sat.
NaHCOs (1x 4 mL), brine (1x 3 mL) and dried over NaSOs before the solvent was removed
under reduced pressure (40 °C, 900 mbar). Purification of the residue by flash column
chromatography over silica gel (Pentane/Et,O 3:1) yielded volatile aldehyde 246 (after

accounting for Et,0 as impurity, 69.9 mg, 379 pumol, 71%) as a colourless liquid.
Ry = 0.14 (Pentane/Et,0 3:1).
[a]o 2° = +3.0 (DCM, c = 1.0).

1H NMR (CD2Clz, 500 MHz): & = 9.67 (d, 1H, J=1.4 Hz), 3.71 (ddd, 1H, J=6.5, 6.0, 1.4 Hz), 3.50
(s, 3H), 2.61 (qd, 2H, J=17.2, 6.2 Hz), 0.14 (s, 9H) ppm.

13C NMR (CD,Cl, 126 MHz): 6 = 201.8, 101.5, 87.8, 83.7, 58.9, 21.8, -0.0 ppm.
HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 185.0992; found: 185.0993.

The experimental data are in agreement with those previously published. 203!

5.8.10 (2S5,5R,6R)-5-Hydroxy-6-methoxy-1-((4-methoxybenzyl)oxy)-
2-methyl-9-(trimethylsilyl)non-8-yn-3-one (268)

OTMS OI O OH
PMBO/Y& + K{\ PMBOM
O ™S O T™S
245 246 268

Chemical Formula: Cy,H3405Si
Exact Mass: 406.2176

Silyl enol ether 245 (5.40 g, 18.3 mmol, 3.00 equiv.) was added to a mixture of aldehyde
246 (1.13 g, 6.11 mmol, 1.00 equiv.) and magnesium bromide ethyl etherate (4.74g,
18.3 mmol, 3.00 equiv.) in DCM (15 mL) at —78 °C and the reaction was stirred for 3 h before

Et20 (20 mL) and ag. sat. NaHCO3 (40 mL) were added. Subsequently, the reaction mixture
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was allowed to warm to r.t. and stirred for 1 h. The aqueous phase was extracted with Et,0
(3x 50 mL), the combined organic layers were washed with aq. sat. NH4Cl (20 mL) and dried
over NaSQOs. Removal of the solvent in vacuo and purification of the residue by flash column
chromatography over silica gel (CH/EA 6:1 - 3:1) yielded coupling product 268 (2.29 g,
5.64 mmol, 92%) as a colourless oil and recovered methyl ketone 247 (2.68g, 12.1 mmol, 66%

of starting material).
Rf=0.13 (CH/EA 3:1).
[a]p 2° = +14.0 (DCM, ¢ = 1.0).

1H NMR (CD2Clz, 700 MHz): & = 7.22 (td, 2H, J=5.3, 2.0 Hz), 6.88 — 6.82 (m, 2H), 4.45 — 4.34 (m,
2H), 4.17 (ddt, 1H, J=7.6, 5.4, 3.8 Hz), 3.79 (d, 3H, J=1.5 Hz), 3.63 — 3.54 (m, 1H), 3.51 — 3.44
(m, 1H), 3.41 (d, 3H, J=1.4 Hz), 3.29 — 3.18 (m, 1H), 2.93 — 2.83 (m, 1H), 2.78 — 2.74 (m, 1H),
2.74 - 2.60 (m, 2H), 2.54 — 2.41 (m, 2H), 1.05 (dd, 3H, J=8.1, 3.2 Hz), 0.20 — 0.09 (m, 9H) ppm.

13C NMR (CDCl;, 176 MHz): 6 = 213.1, 159.7, 130.6, 129.7,114.1, 104.3, 86.7, 82.0, 73.3, 72.3,
68.7, 58.8,55.6,47.3,45.3, 21.4, 13.4, 0.1 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 407.2248; found: 407.2248.

5.8.11 (4R,5R,8S5)-4-Methoxy-9-((4-methoxybenzyl)oxy)-8-methyl-7-
0x0-1-(trimethylsilyl)non-1-yn-5-yl (5)-3,3,3-trifluoro-2-
methoxy-2-phenylpropanoate (274)

Ph  oMe
0:8\05
0 OH 0o 0
O ™S O ™S
268 274

Chemical Formula: C3,H,1F307Si
Exact Mass: 622.2574

(R)-(-)-MTPA-CI (18 pl, 98 umol, 4.0 equiv.) was added to a solution of alcohol 268 (10 mg,
25 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were

washed with brine (1 mL) and dried over MgS0a. The residue was purified by flash column
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chromatography over silica gel (CH/EA 6:1) to yield ester 274 (10 mg, 16 umol, 65%) as a

colourless oil.
Rs=0.20 (CH/EA 6:1).
[a]p 2° = -41.0 (DCM, ¢ = 1.0).

14 NMR (CD2Clz, 700 MHz): & = 7.52 — 7.48 (m, 2H), 7.43 — 7.38 (m, 3H), 7.23 — 7.18 (m, 2H),
6.87 — 6.83 (m, 2H), 5.69 (ddd, 1H, J=7.4, 5.3, 3.9 Hz), 4.39 (s, 2H), 3.78 (s, 3H), 3.57 - 3.52 (m,
2H), 3.50 (d, 3H, J=1.2 Hz), 3.46 (dd, 1H, J=9.2, 5.1 Hz), 3.33 (s, 3H), 3.03 (dd, 1H, J=18.0, 5.2
Hz), 2.86—2.79 (m, 2H), 2.26 (dd, 1H, J=17.0, 7.0 Hz), 2.04 (dd, 1H, J=17.0, 5.9 Hz), 1.03 (d, 3H,
J=7.0 Hz), 0.16 (s, 9H) ppm.

13C NMR (CD2Clz, 176 MHz): 6 = 209.5, 165.9, 159.7, 132.8, 130.6, 130.0, 129.7, 128.8, 127.7,
114.1,103.2,87.4,78.9,73.3,72.1,72.1, 59.0, 56.0, 55.6, 47.3, 41.3, 21.2, 13.3, 0.0 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 645.2466; found: 645.2463.

5.8.12 (4R,5R,8S5)-4-Methoxy-9-((4-methoxybenzyl)oxy)-8-methyl-7-
0x0-1-(trimethylsilyl)non-1-yn-5-yl (R)-3,3,3-trifluoro-2-
methoxy-2-phenylpropanoate (275)

Ph

OMe
o:glllCFii

O OH o O

0] TMS o T™MS

~
268 275
Chemical Formula: C35H,41F307Si
Exact Mass: 622.2574

(S)-(+)-MTPA-CI (17 pl, 89 umol, 4.0 equiv.) was added to a solution of alcohol 268 (9 mg,
22 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, aq. sat. NaHCO3 (1 mL) was
added, the agqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgS0Oa4. The residue was purified by flash column
chromatography over silica gel (CH/EA 6:1) to yield ester 275 (9 mg, 14 umol, 65%) as a

colourless oil.

Rf=0.24 (CH/EA 6:1).
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[a]o 2 = +6.0 (DCM, ¢ = 1.0).

1H NMR (CD1Cl,, 499 MHz): & = 7.53 — 7.48 (m, 2H), 7.41 (tdd, 3H, J=3.2, 2.1, 1.2 Hz), 7.24 -
7.18 (m, 2H), 6.90 — 6.84 (m, 2H), 5.71 (ddd, 1H, J=7.2, 5.5, 4.2 Hz), 4.43 — 4.33 (m, 2H), 3.78
(s, 3H), 3.59 (td, 1H, J=6.4, 4.2 Hz), 3.53 — 3.51 (m, 4H), 3.41 (dd, 1H, J=9.2, 5.2 Hz), 3.36 (s,
3H), 2.93 (dd, 1H, J=17.9, 5.5 Hz), 2.81 (dd, 1H, J=18.0, 7.2 Hz), 2.78 — 2.69 (m, 1H), 2.47 (dd,
1H, J=17.1, 6.6 Hz), 2.37 (dd, 1H, J=17.1, 6.2 Hz), 0.96 (d, 3H, J=7.0 Hz), 0.15 (s, 9H) ppm.

13C NMR (CDCl2, 126 MHz): & = 209.1, 166.0, 159.7, 132.6, 130.6, 130.0, 129.7, 128.8, 127.9,
114.1, 102.9, 87.7,79.2,73.3,72.5,72.0, 58.8, 55.8, 55.6, 47.2, 41.6, 21.6, 13.2, -0.0 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 645.2466; found: 645.2463.

5.8.13 (25,3S5,5R,6R)-6-Methoxy-1-((4-methoxybenzyl)oxy)-2-
methyl-9-(trimethylsilyl)non-8-yne-3,5-diol (276)

O OH OH OH

0] ™S @) T™S

~N ~N
268 276
Chemical Formula: Cy,H3¢05Si
Exact Mass: 408.2332

Diethyl(methoxy)borane (1 min THF, 10.8 mL, 10.8 mmol, 2.00 equiv.) was added to a solution
of alcohol 268 (2.20 g, 5.41 mmol, 1.00 equiv.) in THF/MeOH (4:1, 50 mL) at —78 °C. The
reaction was stirred for 15 min before NaBH4 (225 mg, 5.95 mmol, 1.10 equiv.) was added.
After 3 h of stirring, acetic acid (6 mL) and EA (30 mL) were added before the mixture was
washed with NaHCO3 (20 mL). The aqueous phase was extracted with EA (3x 20 mL), the
combined organic layers dried over MgSQO4and the solvent removed in vacuo. The residue was
azeotroped three times with methanol until hydrolysis of boronate was complete. The residue
was then purified by flash column chromatography over silica gel (CH/EA 2:1) to yield diol 276

(2.07 g, 5.06 mmol, 93%) as a colourless oil.
Rf=0.21 (CH/EA 2:1).

[a]o 2°=-10.0 (DCM, c = 0.5).
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1H NMR (CDzClz, 500 MHz): & = 7.27 — 7.22 (m, 2H), 6.91 — 6.85 (m, 2H), 4.45 — 4.38 (m, 2H),
4.01-3.94 (m, 1H), 3.89 (dtd, 1H, J=8.2, 4.7, 3.3 Hz), 3.79 (s, 3H), 3.53 — 3.46 (m, 2H), 3.45 (s,
3H), 3.40 (d, 1H, J=3.1 Hz), 3.29 (d, 1H, J=3.2 Hz), 3.21 (td, 1H, J=5.8, 4.7 Hz), 2.52 (dd, 1H,
J=17.2, 5.6 Hz), 2.41 (dd, 1H, J=17.2, 5.9 Hz), 1.87 (pdd, 1H, J=7.0, 5.1, 2.9 Hz), 1.59 — 1.56 (m,
2H), 0.92 (d, 3H, J=7.0 Hz), 0.14 (s, 9H) ppm.

13C NMR (CD2Clz, 126 MHz): § = 159.8, 130.9, 129.7, 114.2, 104.4, 86.6, 82.9, 74.5, 74.2, 73.7,
73.4,58.8,55.6, 39.1, 36.1, 21.3, 11.5, 0.1 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 409.2405; found: 409.2401.

5.8.14 ((R)-4-Methoxy-4-((4R,65)-6-((S)-1-((4-
methoxybenzyl)oxy)propan-2-yl)-2,2-dimethyl-1,3-dioxan-4-
yl)but-1-yn-1-yl)trimethylsilane (277)

OH OH O><O
O T™S O ™S
276 277

Chemical Formula: C5H4005Si
Exact Mass: 448.2645

2-Methoxypropen (4.7 uL, 49 umol, 2.0 equiv.) was added to a solution of alcohol 276 (10 mg,
24 umol, 1.00 equiv.) and PPTS (0.6 mg, 2.5 umol, 0.1 equiv.) in DCM (1 mL). The reaction was
stirred overnight (14 h) before H,0 (1 mL) was added. The aqueous phase was extracted with
DCM (3x1 mL) and the combined organic layers were dried over MgSO4. Removal of the
solvent in vacuo and purification of the residue by flash column chromatography over silica

gel (CH/EA 9:1) yielded acetonide 277 (7.2 mg, 16 umol, 66%) as a colourless oil.
Rf=0.25 (CH/EA 9:1).
[a]p 2° =-14.0 (DCM, c = 1.0).

1H NMR (CD2Cl,, 400 MHz): & = 7.28 — 7.21 (m, 2H), 6.90 — 6.83 (m, 2H), 4.39 (d, 2H, J=1.8 Hz),
4.05 (ddd, 1H, J=11.7, 3.9, 2.5 Hz), 3.89 (ddd, 1H, J=11.7, 5.1, 2.5 Hz), 3.79 (s, 3H), 3.46 — 3.42
(m, 1H), 3.40 (s, 3H), 3.31 (dd, 1H, J=9.1, 5.9 Hz), 3.21 (td, 1H, J=6.4, 3.9 Hz), 2.54 — 2.37 (m,
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2H), 1.81 — 1.68 (m, 1H), 1.51 — 1.41 (m, 1H), 1.41 — 1.38 (m, 3H), 1.32 (d, 3H, J=0.8 Hz), 1.28
(dt, 1H, J=12.6, 2.5 Hz), 0.94 (d, 3H, J=6.9 Hz), 0.14 (s, 9H) ppm.

13C NMR (CD2Clz, 101 MHz): 6 = 159.5, 131.3, 129.6, 114.0, 104.6, 99.0, 86.2, 82.1, 73.0, 72.2,
70.1,70.1, 58.9, 55.6, 39.1, 30.2, 29.8, 21.0, 19.7, 12.5, 0.1 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 471.2537; found: 471.2527.

5.8.15 (5R,7S5)-5-((R)-1-Methoxy-4-(trimethylsilyl)but-3-yn-1-yl)-7-
((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,2,3,3,9,9,10,10-
octamethyl-4,8-dioxa-3,9-disilaundecane (281)

OH OH TBSO OTBS

PMBO SN
o)

PMBO N

~ T™MS (ONQ TMS
276
Chemical Formula: C34Hg405Si3

Exact Mass: 636.4062

N,N-Dimethylpyridin-4-amine (26.4 mg, 216 umol, 0.05 equiv.) was added to a stirring
solution of alcohol 276 (1.76 g, 4.31 mmol, 1.00 equiv.), TBSCI (1.95 g, 12.9 mmol, 3.00 equiv.)
and imidazole (1.17 g, 17.3 mmol, 4.00 equiv.) in DMF/DCM (1:1, 16 mL). The reaction was
stirred overnight (14 h) at r.t. before it was quenched by adding aqg. sat. NH4Cl (20 mL). The
aqueous phase was extracted with DCM (3x 20 mL) and the combined organic layers were
dried over MgS0O4. Removal of the solvent in vacuo and purification of the residue by flash
column chromatography over silica gel (CH/EA 30:1) yielded silyl ether 281 (2.71 g, 4.26 mmol,

99%) as a colourless oil.
Ry =0.18 (CH/EA 30:1).
[a]p 2°=-2.0 (DCM, c = 1.0).

1H NMR (CD;Cl,, 500 MHz): & = 7.26 — 7.22 (m, 2H), 6.87 — 6.83 (m, 2H), 4.44 — 4.33 (m, 2H),
3.94 (ddd, 1H, J=8.0, 5.6, 2.3 Hz), 3.86 — 3.81 (m, 1H), 3.79 (s, 3H), 3.45 (dd, 1H, /=8.8, 6.4 Hz),
3.41 (s, 2H), 3.31 — 3.24 (m, 2H), 2.56 (dd, 1H, J=17.1, 4.6 Hz), 2.34 (dd, 1H, J=17.1, 7.1 Hz),
1.93 — 1.81 (m, 2H), 1.38 (ddd, 1H, J=13.8, 8.1, 5.6 Hz), 0.88 (d, 18H, J=0.9 Hz), 0.14 (s, 9H),
0.06 (t, 12H, J=14.2 Hz) ppm.
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13C NMR (CD2Clz, 126 MHz): 6 = 159.6, 131.6, 129.6, 114.0, 105.5, 85.9, 82.7, 73.3, 73.1, 70.0,
69.7, 58.6, 55.6, 38.0, 37.0, 26.2, 20.7, 18.4, 10.8, 0.2, -3.7, -4.2, -4.2, -4.5 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 637.4134; found: 637.4138.

5.8.16 (2S5,3S,5R,6R)-3,5-Bis((tert-butyldimethylsilyl)oxy)-6-
methoxy-2-methyl-9-(trimethylsilyl)non-8-yn-1-0l (282)

TBSO OTBS TBSO OTBS

PMBO N HO N

(ONG TMS (0] TMS

~
281 282
Chemical Formula: CogHs604Si3
Exact Mass: 516.3486

Magnesium bromide ethyl etherate (17.3 g, 67.1 mmol, 15.0 equiv.) was added to a solution
of PMB ether 281 (2.85 g, 4.47 mmol, 1.00 equiv.) and DMS (16.4 mL, 224 mmol, 50.0 equiv.)
in DCM (50 mL). The reaction vessel was sealed and stirred for 96 h. H,O (50 mL) was added
and the aqueous phase extracted with DCM (3x 50 mL). The organic layers were combined
and dried over MgS04. Removal of the solvent in vacuo and purification of the residue by flash
column chromatography over silica gel (CH/EA 9:1) yielded primary alcohol 282 (1.77 g,

3.42 mmol, 77%, 97% brsm) as a colourless oil.
Rs=0.08 (CH/EA 9:1).
[a]p 2° = -3.0 (DCM, c = 1.0).

1H NMR (CD2Clz, 500 MHz): & = 3.96 — 3.92 (m, 1H), 3.90 (ddd, 1H, J=7.1, 5.9, 4.0 Hz), 3.65
(ddd, 1H, J=10.4, 7.4, 4.3 Hz), 3.50 (dt, 1H, J=10.8, 5.7 Hz), 3.41 (s, 3H), 3.30 (ddd, 1H, J=6.7,
5.3, 4.0 Hz), 2.57 (dd, 1H, J=17.0, 5.3 Hz), 2.40 (dd, 1H, J=17.0, 6.7 Hz), 2.01 (t, 1H, J=5.2 Hz),
1.95 — 1.83 (m, 2H), 1.50 (dt, 1H, J=13.8, 6.9 Hz), 0.91 (s, 9H), 0.90 (s, 9H), 0.85 (d, 3H, J=6.9
Hz), 0.14 (s, 9H), 0.11 (d, 6H, J=5.3 Hz), 0.10 (d, 6H, J=1.5 Hz) ppm.

13C NMR (CD.Cl,, 126 MHz): 6 = 105.2, 86.2, 82.2, 71.9, 70.2, 66.2, 58.5, 39.9, 36.3, 26.2, 26.2,
20.7,18.4,18.3,11.3,0.2, -3.7, -4.1, -4.2, -4.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 517.3559; found: 517.3552.

235



5 Experimental Procedures

5.8.17 (2R,3S,5R,6R)-3,5-Bis((tert-butyldimethylsilyl)oxy)-6-
methoxy-2-methyl-9-(trimethylsilyl)non-8-ynal (239)

TBSO OTBS TBSO OTBS

=~
HO (@) %
(ONQ TMS (ONQ TMS
282 239
Chemical Formula: CygHg404Si3

Exact Mass: 514.3330

X

DIPEA (215 pL, 1.20 mmol, 4.00 equiv.) was added to a solution of alcohol 282 (155 mg,
300 umol, 1.00 equiv.) in DCM (2 mL) and DMSO (213 uL, 3.00 mmol, 10.0 equiv.) at 0 °C. After
stirring for 5 min, sulfur trioxide pyridine complex (286 mg, 1.80 mmol, 6.00 equiv.) was added
and the reaction was stirred for 1 h. The solvent was removed under reduced pressure and
the residue purified by flash column chromatography over silica gel (CH/EA 30:1) to vyield
aldehyde 239 (135 mg, 262 umol, 87%) as a colourless oil.

Rf=0.21 (CH/EA 30:1).
[alo 2° = -31.0 (DCM, ¢ = 1.0).

1H NMR (CDCl3, 500 MHz): 6 = 9.75 (d, 1H, J=0.8 Hz), 4.37 (ddd, 1H, J=8.3, 5.6, 2.8 Hz), 3.81
(dt, 1H, J=8.6, 4.4 Hz), 3.44 (s, 3H), 3.30 (dt, 1H, J=6.8, 4.6 Hz), 2.61 (dd, 1H, J=17.2, 4.6 Hz),
2.45 (dtd, 1H, J=7.7, 6.5, 2.7 Hz), 2.37 (dd, 1H, J=17.2, 6.8 Hz), 1.92 (ddd, 1H, J=13.8, 8.1,4.4
Hz), 1.52 — 1.48 (m, 1H), 1.09 (d, 3H, J=7.0 Hz), 0.91 (s, 9H), 0.85 (s, 9H), 0.14 (s, 9H), 0.10 (d,
6H, J/=11.7 Hz), 0.06 (d, 6H, J=23.3 Hz) ppm.

13C NMR (CDCl3, 126 MHz): 6 = 205.0, 104.5, 86.3, 82.3, 69.9, 68.8, 58.5, 50.6, 37.0, 26.1, 25.9,
20.4,18.3,18.1,7.1,0.2,-3.7,-4.1, -4.3, -4.5 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 515.3403; found: 515.3399.
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5.9 Experimental Details for Chapter 3.6.3: HWE and Grubbs
Coupling to olefin 292

O TBSO O TBSO OTBS

~N
/ /
(6] \\

O T™MS

~
292

5.9.1 Methyl (2E,4S5,55,8E,10S5,115,13R,14R)-5,11,13-tris((tert-
butyldimethylsilyl)oxy)-14-methoxy-4,10-dimethyl-7-0x0-17-
(trimethylsilyl)heptadeca-2,8-dien-16-ynoate (292)

Procedure a:

O TBSO O O

Il
~ P~
= \"OMe
o OMe
238 o] TBSO O TBSO OTBS
+ —_— \o = = %
TBSO OTBS O T™S
_ 292
o AN Chemical Formula: C4,Hg,07Si4
O T™S Exact Mass: 810.5138
239

NaHMDS (41.2 pL, 41.2 umol, 1.10 equiv.) was added to a solution of phosphonate 238
(19.0 mg, 45.0 umol, 1.20 equiv., dried with 3x Freeze-Pump-Thaw cycles) in THF (1.5 mL) at —
78 °C and the reaction was stirred for 20 min. Aldehyde 239 (19.3 mg, 37.5 umol, 1.00 equiv.)
was added and the reaction was allowed to warm to 0 °C overnight (13 h). Aqg. sat. NHaCl
(2 mL) was added and the aqueous phase was extracted with EA (3x 5 mL). The combined
organic layers were dried over MgS04 and concentrated in vacuo. Purification of the residue
by flash column chromatography over silica gel (CH/EA 20:1) yielded title compound 292
(6.3 mg, 7.8 umol, 18%, and 3% of 291 as impurity) as a colourless oil.
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Procedure b:

o} TBSO O TBSO OTBS

~N
= =
O TBSO O O © X
I N ™S
\OWP\B?AMG 292
€ Chemical Formula: C4,Hg,07Si,
238 Exact Mass: 810.5138
+ _— +
TBSO OTBS OTBS
= =
o~ AN 0 A
N T™S SN ™S
239 291

Chemical Formula: C,gH3303Si,
Exact Mass: 382.2359

Ba(OH); (11.1 mg, 65.1 umol, 1.10 equiv.) was added to a solution of phosphonate 238
(30.0 mg, 71.0 umol, 1.20 equiv.) in THF (1 mL) at r.t. and the reaction was stirred for 1 h.
Aldehyde 239 (30.5 mg, 59.2 umol, 1.00 equiv.) was added to the suspension together with
THF/H,0 (40:1, 0.6 mL) and the reaction was warmed to 40 °C and stirred overnight (21 h).
Ag. sat. NH4Cl (2 mL) was added and the aqueous phase was extracted with EA (3x 5 mL). The
combined organic layers were dried over MgS04 and concentrated in vacuo. Purification of
the residue by flash column chromatography over silica gel (CH/EA 20:1) and HPLC
(H20/MeOH 15:85 - 100% MeOH, KNAUER Eurospher Il 100-5 C8; 5 um, flow: 16 mL/min,
pressure 194-117 bar, retention time 25 min) yielded title compound 292 (5.7 mg, 7.0 umol,
12%) and elimination product 291 (14.6 mg, 38.2 umol, 65%, partially decomposed while HPLC

separation) both as a colourless oil.
Analytical data of 292:

Ry=0.21 (CH/EA 20:1).

[a]o 2° = -56.0 (DCM, ¢ = 1.0).

1H NMR (CDCls, 700 MHz): & = 7.05 (dd, 1H, J=15.9, 6.8 Hz), 6.91 (dd, 1H, J=16.2, 6.8 Hz), 6.05
(dd, 1H, J=16.2, 1.4 Hz), 5.82 (dd, 1H, J=15.9, 1.5 Hz), 4.32 (dt, 1H, J=7.4, 4.3 Hz), 3.87 (ddd,
1H, J=7.1, 5.8, 4.1 Hz), 3.83 (td, 1H, J=6.5, 3.1 Hz), 3.73 (s, 3H), 3.43 (s, 3H), 3.29 (ddd, 1H,
J=6.7, 5.3, 4.0 Hz), 2.71 (dd, 1H, J=16.1, 7.4 Hz), 2.58 (dd, 1H, J=17.0, 5.3 Hz), 2.54 — 2.46 (m,
3H), 2.40 (dd, 1H, J=17.0, 6.6 Hz), 1.86 (dt, 1H, J=13.9, 6.1 Hz), 1.39 (dt, 1H, J=13.8, 6.9 Hz),

238



5 Experimental Procedures

1.02 (dd, 6H, J=6.8, 1.1 Hz), 0.88 (d, 18H, J=3.7 Hz), 0.84 (s, 9H), 0.14 (s, 9H), 0.08 (d, 6H, J=20.0
Hz), 0.05 (d, 6H, J=0.9 Hz), -0.00 (d, 6H, J=43.7 Hz) ppm.

13C NMR (CDCl3, 176 MHz): 6 =198.7, 167.1,151.4, 150.7,130.9, 121.1, 104.6, 86.2, 81.8, 71.7,
71.5,69.8, 58.5, 51.6,43.9, 42.3, 41.3, 36.6, 26.1, 26.0, 26.0, 20.4, 18.2, 18.2, 18.1, 13.7, 12.9,
0.2,-3.8,-4.2,-4.3,-4.4,-4.6 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+NH4]*: 828.5476; found: 828.5460.
Analytical data of 291:

Ry=0.21 (CH/EA 20:1).

[alo 2° = +6.0 (DCM, ¢ = 1.0).

1H NMR (CDCls, 700 MHz): & = 9.42 (s, 1H), 6.57 (tq, 1H, J=7.5, 1.4 Hz), 4.01 (ddd, 1H, J=6.8,
5.6, 4.1 Hz), 3.42 (d, 3H, J=5.6 Hz), 3.25 (td, 1H, J=6.1, 4.1 Hz), 2.73 — 2.67 (m, 1H), 2.56 (ddd,
1H, J=17.0, 5.7, 2.1 Hz), 2.51 — 2.45 (m, 1H), 2.45 — 2.38 (m, 1H), 1.76 (q, 2H, J=1.0 Hz), 0.89 (d,
8H, J=1.5 Hz), 0.14 (s, 9H), 0.12 — 0.05 (m, 6H) ppm.

13C NMR (CDCl3, 176 MHz): § = 195.3, 151.2, 140.6, 104.1, 86.7, 82.4, 71.8, 58.6, 32.8, 26.0,
20.6,18.2,9.6,0.1, -4.4, -4.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 383.2432; found: 383.2429.

5.9.2 Methyl (2E4S,5S,8E)-5,10-bis((tert-butyldimethylsilyl)oxy)-4-
methyl-7-oxodeca-2,8-dienoate (293)

o TBSO O 9 0} TBSO O

K S

OoTBS

261 293
Chemical Formula: C4H4605Si,

Exact Mass: 470.2884

NaHMDS (1 m in THF, 6.7 uL, 6.7 umol, 1.1 equiv.) was added to a solution of phosphonate
261 (3.0 mg, 6.7 umol, 1.1 equiv., dried with 3x Freeze-Pump-Thaw cycles) in THF (1 mL) and
3 A ground molecular sieve at =78 °C and the reaction was stirred for 15 min. 2-((Tert-
butyldimethylsilyl)oxy)acetaldehyde (1.1 mg, 6.1 umol, 1.0 equiv.) was added and the

reaction was allowed to warm to r.t. and stir for 2 h. Aqg. sat. NH4Cl (2 mL) was added and the
239
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aqueous phase was extracted with EA (3x 5 mL). The combined organic layers were dried over
MgSO4 and concentrated in vacuo. Purification of the residue by flash column chromatography
over silica gel (CH/EA 15:1) yielded silyl ether 293 (1.5 mg, 3.2 umol, 53%, dr >20:1) as a

colourless oil.
Rf=0.23 (CH/EA 15:1).
[a]o 2° = -90.0 (DCM, ¢ = 0.2).

1H NMR (CDCls, 400 MHz): & = 7.06 (dd, 1H, J=15.9, 6.8 Hz), 6.84 (dt, 1H, J=15.8, 3.5 Hz), 6.36
(dt, 1H, J=15.7, 2.2 Hz), 5.83 (dd, 1H, J=15.9, 1.5 Hz), 4.36 (dd, 2H, J=3.5, 2.2 Hz), 4.29 (dt, 1H,
J=7.5,4.4 Hz), 3.74 (s, 3H), 2.72 (dd, 1H, J=15.7, 7.5 Hz), 2.56 — 2.47 (m, 2H), 1.04 (d, 3H, J=6.9
Hz), 0.92 (s, 9H), 0.85 (s, 9H), 0.08 (s, 6H), 0.02 (d, 6H, J=33.9 Hz) ppm.

13C NMR (101 MHz, CDCl5): 6 = 198.8, 168.9, 167.2, 151.2,128.7,121.3,90.1, 71.9, 62.4, 51.6,
44.6,42.5, 26.0, 26.0, 18.2, 14.0, -5.3.

HRMS (ESI (+), 6.0 eV): calculated for [M+NH4]*: 502.3379; found: 502.3373.

5.9.3 Methyl (4S,5S8,E)-5-((tert-butyldimethylsilyl)oxy)-4-methyl-7-
oxonona-2,8-dienoate (294)

0] TBSO IO o) TBSO O

~o %
240 294

Chemical Formula: C47H3004Si
Exact Mass: 326.1913

Vinylmagnesium bromide (125 mg, 949 umol, 1.50 equiv.) was added to a solution of
aldehyde 240 (190 mg, 632 umol, 1.00 equiv.) in THF (4 mL) at =78 °C and the reaction was
stirred for 1 h before it was warmed to —30 °C and stirred for further 45 min. Aq. sat.
NH4Cl (5 mL) was added and the aqueous phase extracted with EA (3x 5 mL). The combined
organic layers were dried over MgSO4 and concentrated in vacuo. The residue was solved in
DCM (4 mL) and DMP (804 mg, 1.90 mmol, 3.00 equiv.) was added at r.t. and the reaction was
stirred for 1 h. Ag. sat. Na2S,0s3 (5 mL) and aqg. sat. NaHCOs (5 mL) were added and the aqueous
phase was extracted with DCM (3x 5 mL). The combined organic layers were dried over MgSOa4

and the solvent removed under reduced pressure. Purification of the residue by flash column
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chromatography over silica gel (CH/EA 6:1) to yield vinyl ketone 294 (158 mg, 485 umol, 77%)

as a colourless oil.
Rs=0.24 (CH/EA 6:1).
[a]p 2°=-62.0 (DCM, c = 0.5).

1H NMR (CD:Cl2, 700 MHz): 6 = 7.02 (dd, 1H, J=15.8, 6.9 Hz), 6.33 (dd, 1H, J=17.7, 10.7 Hz),
6.18 (dd, 1H, J=17.7, 1.0 Hz), 5.85 — 5.81 (m, 2H), 4.29 (dt, 1H, J=7.4, 4.4 Hz), 3.70 (s, 3H), 3.70
(s, 1H), 2.74 (dd, 1H, J=15.9, 7.5 Hz), 2.56 (dd, 1H, J=16.0, 4.5 Hz), 2.54 (s, OH), 1.04 (d, 3H,
J=6.9 Hz), 0.91 - 0.86 (m, 2H), 0.86 (s, 10H), 0.07 (s, 3H), -0.02 (s, 3H) ppm.

13C NMR (CD2Clz, 176 MHz): § =199.2, 167.1, 151.2, 137.7,128.7,121.6, 72.1,51.7,44.2, 42.8,
26.0,18.4,14.2,-4.5, -4.6 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 327.1986; found: 327.1979.

5.9.4 (5S8,7R)-5-((S)-But-3-en-2-yl)-7-((R)-1-methoxy-4-
(trimethylsilyl)but-3-yn-1-y1)-2,2,3,3,9,9,10,10-octamethyl-
4,8-dioxa-3,9-disilaundecane (295)

TBSO OTBS TBSO OTBS

7 _—
o B ~ A
(ONg TMS 0]
239 295
Chemical Formula: Cy7H5¢03Si3
Exact Mass: 512.3537

- ™S

n-Buli (2 m in cyclohexane, 699 uL, 1.40 mmol, 1.20 equiv.) was added to a solution of
methyltriphenylphosphonium bromide (624 mg, 1.75 mmol, 1.50 equiv.) and 3 A ground
molecular sieve in THF (12 mL) at =78 °C. The reaction was stirred at this temperature for
30 min, then allowed to warm to r.t. and stirred for an additional 10 min. The mixture was
subsequently cooled back to =78 °C, and aldehyde 239 (600 mg, 1.17 mmol, 1.00 equiv.) was
added. The reaction was then allowed to warm to r.t. and stirred overnight (14 h). Ag. sat.
NH4Cl (10 mL) was added, the aqueous phase extracted with EA (3x 10 mL) and the combined

organic layers dried over MgS04. Removal of the solvent in vacuo and purification of the
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residue by flash column chromatography over silica gel (CH/EA 30:1) yielded alkene 295

(553 mg, 1.08 mmol, 93%) as a colourless oil.
R = 0.32 (CH/EA 30:1).
[a]p 2° = -34.0 (DCM, ¢ = 1.0).

1H NMR (CDCl3, 500 MHz): & = 5.99 — 5.89 (m, 1H), 5.03 (dd, 1H, J=1.4, 0.8 Hz), 5.00 (ddd, 1H,
J=8.8, 2.0, 1.4 Hz), 3.91 (td, 1H, J=6.6, 3.9 Hz), 3.74 (ddd, 1H, J=7.1, 5.7, 3.3 Hz), 3.40 (s, 3H),
3.30 (ddd, 1H, J=6.6, 5.6, 3.9 Hz), 2.55 (dd, 1H, J=16.9, 5.6 Hz), 2.41 (dd, 1H, J=16.9, 6.6 Hz),
2.35 (tddt, 1H, J=6.9, 5.5, 3.5, 1.5 Hz), 1.81 (ddd, 1H, J=13.9, 6.5, 5.7 Hz), 1.41 (dt, 1H, J=13.8,
6.8 Hz), 0.96 (d, 3H, J=6.9 Hz), 0.89 (s, 9H), 0.89 (s, 9H), 0.13 (s, 9H), 0.09 (d, 6H, J=11.5 Hz),
0.07 (d, 6H, J=9.2 Hz) ppm.

13C NMR (CDCl;, 126 MHz): 6 = 141.6, 114.1, 105.1, 86.0, 81.9, 72.7, 70.3, 58.5, 42.5, 36.6,
26.1, 26.1, 20.8, 18.4, 18.3, 13.7,0.1, -3.8, -4.2, -4.2, -4.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 513.3610; found: 513.3617.

5.9.5 (45,55)-5-((tert-Butyldimethylsilyl)oxy)-4-methylcyclohex-2-
en-1-one (296) and
Methyl (4S,5S,7R,8R,E)-5,7-bis((tert-butyldimethylsilyl)oxy)-
8-methoxy-4-methyl-11-(trimethylsilyl)undec-2-en-10-
ynoate (297)

TBSO OTBS

= X

O N TMS Q (0] TBSO OTBS
295 . . \OJV/M
" “0TBS N ™S

O TBSO O

Nor NF = 296 297
Chemical Formula: C43H,40,Si Chemical Formula: CogHs505Si3
294 Exact Mass: 240.1546 Exact Mass: 570.3592

Hoveyda-Grubbs-Il (1.9 mg, 3.1 umol, 0.1 equiv.) was added to a solution of alkene 295
(15.7 mg, 30.6 umol, 1.00 equiv.) and alkene 294 (10.0 mg, 30.6 umol, 1.00 equiv.) in toluene

(5 mL) and the reaction was refluxed (120 °C) overnight (20 h). Celite® (~2 g) was added to
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the mixture and the solvent was reduced under reduced pressure. Purification of the residue
by flash column chromatography over silica gel (CH/EA 30:1) yielded cyclisation product 296
(4.0 mg, 17 umol, 54%) and olefin 297 (2.8 mg, 4.9 umol, 16%) both as a colourless oil.

Analytical data of 296:
Rs=0.16 (CH/EA 30:1).
[a]p 2° = +87.1 (DCM, c = 0.7).

1H NMR (CDzCl,, 700 MHz): & = 6.71 (dd, 1H, J=10.0, 2.7 Hz), 5.93 (ddd, 1H, J=10.1, 2.5, 0.8
Hz), 3.79 (ddd, 1H, J=10.3, 7.4, 4.1 Hz), 2.64 (ddd, 1H, J=16.1, 4.1, 0.8 Hz), 2.46 (pt, 1H, J=7.3,
2.6 Hz), 2.41 (dd, 1H, J=16.1, 10.3 Hz), 1.19 (d, 3H, J=7.2 Hz), 0.90 (s, 9H), 0.08 (s, 6H) ppm.

13C NMR (CD:Cl3, 176 MHz): 6 = 198.7, 153.8, 129.1, 73.9, 47.4, 40.5, 25.9, 18.3, 17.5, -4.2, -
4.7 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 241.1618; found: 241.1616.
Analytical data of 297:

Rs=0.31 (CH/EA 30:1).

[a]o 2° = -20.0 (DCM, ¢ = 0.5).

1H NMR (CD:Cl3, 700 MHz): & = 7.03 (dd, 1H, J=15.9, 7.0 Hz), 5.81 (dd, 1H, J=15.9, 1.4 Hz), 3.89
(ddd, 1H, J=7.2, 5.7, 4.1 Hz), 3.84 (td, 1H, J=6.5, 3.3 Hz), 3.70 (s, 3H), 3.41 (s, 3H), 3.30 (ddd,
1H, J=6.6, 5.1, 4.1 Hz), 2.56 (dd, 1H, J=17.0, 5.2 Hz), 2.52 (tdd, 1H, J=6.9, 3.3, 1.5 Hz), 2.39 (dd,
1H, J=17.0, 6.7 Hz), 1.86 (dt, 1H, J=13.9, 6.1 Hz), 1.03 (d, 3H, J=6.9 Hz), 0.90 (d, 18H, J=1.4 Hz),
0.13 (s, 9H), 0.11 - 0.04 (m, 12H) ppm.

13C NMR (CDzCl, 176 MHz): 6 = 167.2, 152.4, 121.0, 105.1, 86.2, 82.2, 72.1, 70.2, 58.6, 51.6,
41.4,37.1,26.2,26.1,20.7, 18.4,18.4,13.0,0.1, -3.8, -4.2, -4.2, -4.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 593.3484; found: 593.3487.

243



5 Experimental Procedures

5.10 Experimental Details for Chapter 3.6.4: Synthesis of Authentic

Fragment 298 and 299
0 OH O~ OH OH
\OW and - =
O\
299 298
5.10.1 Methyl (4S8,58,7R,E)-5-((tert-butyldimethylsilyl)oxy)-7-

hydroxy-4-methylnona-2,8-dienoate (300)

O TBSO O o} TBSO OH

= ~

\O = - o % =

294 300
Chemical Formula: C47H3504Si
Exact Mass: 328.2070

BH3'THF (1 m in THF, 574 uL, 574 pumol, 1.50 equiv.) was added to a solution of vinyl ketone
294 (125 mg, 383 pmol, 1.00 equiv.) and (S)-2-methyl-CBS-oxazaborolidine (1 ™M in toluene,
421 pL, 421 pmol, 1.10 equiv.) in THF (2 mL) at —20 °C and the reaction was stirred for 2.5 h.
MeOH (3 mL) and ag. sat. NaHCOs (3 mL) were added and the agqueous phase was extracted
with EA (4x 5 mL). The combined organic layers were dried over MgSO4 and concentrated in
vacuo. Purification of the residue by flash column chromatography over silica gel (CH/EA 6:1)

to yield alcohol 300 (94 mg, 286 umol, 75%, dr = 19:1) as a colourless oil.
Ry =0.20 (CH/EA 6:1).
[a]p 2° = -42.0 (DCM, c = 0.5).

1H NMR (CDCl2, 400 MHz): & = 7.06 (dd, 1H, J=15.9, 6.5 Hz), 5.88 — 5.83 (m, 1H), 5.82 — 5.79
(m, 1H), 5.23 (dt, 1H, J=17.2, 1.6 Hz), 5.08 (dt, 1H, J=10.5, 1.5 Hz), 4.25 — 4.16 (m, 1H), 3.90 (dt,
1H, J=8.2, 4.5 Hz), 3.70 (s, 3H), 2.61 (pdd, 1H, J=6.9, 4.1, 1.6 Hz), 2.38 (d, 1H, J=2.7 Hz), 1.67 —
1.48 (m, 3H), 1.02 (d, 3H, J=6.9 Hz), 0.91 (s, 9H), 0.10 (d, 6H, J=5.9 Hz) ppm.

13C NMR (CD2Cl;, 126 MHz): 6 = 167.1, 151.1, 141.4, 121.5, 114.5, 74.8, 71.4, 51.6, 42.0, 40.2,
26.0, 18.3,14.2,-4.1, -4.5 ppm.
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HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 329.2143; found: 329.2141.

5.10.2 Methyl (4S,5S,7R,E)-5-((tert-butyldimethylsilyl) oxy)-4-
methyl-7-(((S)-3,3,3-trifluoro-2-methoxy-2-
phenylpropanoyl)oxy)nona-2,8-dienoate (309)

Ph ocH,
o “CF;
O TBSO OH 0O TBSO O
N o g _
300 309

Chemical Formula: Cy7H39F306Si
Exact Mass: 544.2468

(R)-(-)-MTPA-CI (4.6 ul, 25 umol, 2.0 equiv.) was added to a solution of alcohol 300 (4.0 mg,
12 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the agueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgS0Oa. The residue was purified by flash column
chromatography over silica gel (CH/EA 15:1) to yield ester 309 (4.6 mg, 8.5 umol, 69%) as a

colourless oil.
Ry=0.19 (CH/EA 15:1).
[a]o 2 = -47.0 (DCM, ¢ = 1.0).

1H NMR (CD2Cl2, 500 MHz): & = 7.50 — 7.37 (m, 5H), 6.96 (dd, 1H, J=15.9, 7.0 Hz), 5.79 (dd, 1H,
J=15.8, 1.5 Hz), 5.73 (ddd, 1H, J=17.4, 10.5, 7.2 Hz), 5.52 (qt, 1H, J=7.1, 0.9 Hz), 5.37 = 5.25 (m,
2H), 3.72 (dd, 1H, J=6.3, 4.0 Hz), 3.70 (s, 3H), 3.50 (q, 3H, J=1.2 Hz), 2.53 (pdd, 1H, J=6.8, 4.0,
1.5 Hz), 1.82 (dd, 2H, J=7.0, 6.3 Hz), 1.00 (d, 3H, J=6.8 Hz), 0.90 (s, 9H), 0.04 (d, 6H, J=12.3 Hz)

ppm.

13C NMR (CDCl2, 126 MHz): & = 167.1, 165.8, 151.3, 135.2, 132.5, 130.1, 128.8, 127.8, 125.0,
122.7,121.5,119.8,84.9 (d, J/=27.5 Hz), 75.3,71.9,55.7,51.7, 41.4, 38.6, 26.0, 18.3, 13.5, -4.3,

-4.4 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 567.2360; found: 567.2358.
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5.10.3 Methyl (4S8,58,7R,E)-5-((tert-butyldimethylsilyl)oxy)-4-
methyl-7-(((R)-3,3,3-trifluoro-2-methoxy-2-
phenylpropanoyl)oxy)nona-2,8-dienoate (310)

Ph

OCH,4
o "“CF4
0 TBSO OH 0 TBSO O
Nor NS Z T NS Z
300 310

Chemical Formula: Cy7H39F306Si
Exact Mass: 544.2468

(S)-(+)-MTPA-CI (4.6 ul, 25 umol, 2.0 equiv.) was added to a solution of alcohol 300 (4.0 mg,
12 umol, 1.0 equiv.) in pyridine (0.2 mL). After 2 h of stirring, ag. sat. NaHCOs (1 mL) was
added, the aqueous phase was extracted with EA (3x 1 mL), the combined organic layers were
washed with brine (1 mL) and dried over MgSQOa. The residue was purified by flash column
chromatography over silica gel (CH/EA 15:1) to yield ester 310 (4.0 mg, 7.3 umol, 60%) as a

colourless oil.
Rs=0.17 (CH/EA 15:1).
[a]p 2° = +37.5 (DCM, c = 0.8).

1H NMR (CD2Clz, 500 MHz): 6 = 7.52 — 7.48 (m, 2H), 7.44 — 7.37 (m, 3H), 6.86 (dd, 1H, J=15.8,
7.2 Hz), 5.83 (ddd, 1H, J=17.2, 10.4, 7.5 Hz), 5.77 (dd, 1H, J=15.8, 1.4 Hz), 5.58 — 5.49 (m, 1H),
5.44 — 5.33 (m, 2H), 3.71 (s, 3H), 3.59 — 3.55 (m, 1H), 3.55 (q, 3H, J=1.3 Hz), 2.37 (pdd, 1H,
J=6.7,4.0, 1.4 Hz), 1.77 (td, 2H, J=6.3, 0.9 Hz), 0.92 (d, 3H, J=6.8 Hz), 0.88 (s, 9H), -0.04 (d, 6H,
J=14.5 Hz) ppm.

13C NMR (CD2Cl;, 126 MHz): 6 = 167.1, 166.0, 151.6, 135.4, 132.8, 130.1, 128.8, 127.5, 125.0,
122.7, 121.3, 120.1, 84.8, 84.6, 75.2, 71.5, 55.9, 51.6, 41.1, 38.6, 25.9, 18.2, 13.3, -4.5, -4.5

ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 567.2360; found: 567.2360.
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5.10.4 Methyl (4S8,58,7R,E)-5-((tert-butyldimethylsilyl)oxy)-7-
methoxy-4-methylnona-2,8-dienoate (311)

O TBSO OH (0] ™SO 07

=

=z —

~o = ~o %

300 311
Chemical Formula: C1gH3404Si

Exact Mass: 342.2226

Proton-sponge® (243 mg, 1.13 mmol, 6.00 equiv.) was added to a solution of alcohol 300
(62 mg, 189 umol, 1.00 equiv., dried with 3x Freeze-Pump-Thaw cycles) in DCM (2 mL) at r.t.
After 30 min of stirring, trimethyloxonium tetrafluoroborate (112 mg, 755 umol, 4.00 equiv.)
was added and the reaction was stirred overnight (20 h). 1 m HCI (2 mL) was added and the
aqueous phase was extracted with DCM (3x 2 mL). The combined organic layers were dried
over MgS0O4 and celite® (2 g) was added before the mixture was concentrated under reduced
pressure. Purification of the residue by flash column chromatography over silica gel (CH/EA

6:1) yielded methyl ether 311 (52.0 mg, 152 umol, 80%) as a colourless oil.
Rf=0.42 (CH/EA 6:1).
[a]o 2°=-30.0 (DCM, c = 1.0).

14 NMR (CD2Cl2, 500 MHz): & = 7.02 (dd, 1H, J=15.9, 6.9 Hz), 5.80 (dd, 1H, J=15.9, 1.5 Hz), 5.61
(ddd, 1H, J=17.1, 10.5, 7.8 Hz), 5.24 — 5.17 (m, 2H), 3.77 (ddd, 1H, J=6.4, 5.8, 4.1 Hz), 3.69 (s,
3H), 3.60 (dddt, 1H, J=8.0, 7.1, 6.3, 0.9 Hz), 3.20 (s, 3H), 2.53 (pdd, 1H, J=6.9, 4.1, 1.5 Hz), 1.69
(ddd, 1H, J=13.7, 7.2, 6.4 Hz), 1.60 — 1.53 (m, 1H), 1.01 (d, 3H, J=6.9 Hz), 0.89 (s, 9H), 0.04 (d,
6H, J=6.3 Hz) ppm.

13C NMR (CD2Cl3, 126 MHz): 6 = 167.3, 152.4, 138.9, 121.0, 117.7, 80.3, 72.5, 56.1, 51.6, 41.7,
40.3, 26.0, 18.3, 13.6, -4.2, -4.3 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 343.2299; found: 343.2299.
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5.10.5 Methyl (4S,5S,7R,E)-5-hydroxy-7-methoxy-4-methylnona-2,8-

dienoate (299)
o TsO o o) OH 0~
\OW —_— \O)J\/\‘/'\/k%
311 299

Chemical Formula: C15H5¢04
Exact Mass: 228.1362

Procedure a:

TBAF (1 m in THF, 701 pL, 701 umol, 10.0 equiv.) was added to a solution of silyl ether 311
(24.0 mg, 70.1 umol, 1.00 equiv.) in THF (2 mL) at r.t. and the reaction was stirred for 2 h. H,0
(5 mL) was added and the aqueous phase was extracted with EA (3x 5 mL). The combined
organic layers were dried over MgS0O4 and the solvent was removed under reduced pressure.
Purification of the residue by flash column chromatography over silica gel (CH/EA 3:1) yielded

alcohol 299 (8.5 mg, 37 umol, 53%) as a colourless oil.
Procedure b:

CSA (8.1 mg, 35 umol, 1.50 equiv.) was added to a solution of silyl ether 311 (8.0 mg, 23 umol,
1.00 equiv.) in DCM (1 mL) and MeOH (1 mL) and the reaction was stirred overnight (18 h).
Ag. sat. NaHCOs3 (2 mL) was added, the aqueous phase extracted with DCM (3x 2 mL) and the
combined organic layers dried over MgS0Oa4. Removal of the solvent in vacuo and purification
of the residue by flash column chromatography over silica gel (CH/EA 3:1) yielded alcohol 299

(5.3 mg, 23 umol, quant.) as a colourless oil.
Ry=0.24 (CH/EA 3:1).

[a]p 2° = +19.0 (DCM, c = 1.0).

NMR measured in CDCls:

1H NMR (CDCls, 700 MHz): 6 = 6.97 (dd, 1H, J=15.8, 7.8 Hz), 5.85 (dd, 1H, J=15.8, 1.2 Hz), 5.66
—5.59 (m, 1H), 5.23 (ddd, 1H, J=6.6, 1.5, 0.8 Hz), 5.21 (d, 1H, J=0.8 Hz), 3.79 — 3.75 (m, 2H),
3.72 (d, 3H, J=0.8 Hz), 3.29 (d, 3H, J=0.8 Hz), 2.41 (dddd, 1H, J=8.0, 6.9, 5.8, 1.3 Hz), 1.61 (dt,
1H, J=14.6, 9.9 Hz), 1.56 (ddd, 1H, J=14.6, 3.7, 2.0 Hz), 1.09 (d, 3H, J=6.9 Hz) ppm.
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13C NMR (CDCl3, 176 MHz): & = 167.2, 151.3, 137.6, 121.2, 118.0, 84.3, 74.6, 56.2, 51.6, 42.9,
39.5, 14.7 ppm.

NMR measured in DCM:

1H NMR (CD1Cl,, 700 MHz): 6 = 6.93 (dd, 1H, J=15.8, 7.8 Hz), 5.83 (dd, 1H, J=15.8, 1.3 Hz), 5.68
~5.61 (m, 1H), 5.24 — 5.19 (m, 2H), 3.81 — 3.77 (m, 1H), 3.77 —3.72 (m, 1H), 3.69 (s, 3H), 3.62
(d, 1H, J=1.6 Hz), 3.28 (s, 3H), 2.38 (dddd, 1H, J=8.2, 7.0, 5.7, 1.3 Hz), 1.60 — 1.53 (m, 2H), 1.06
(d, 3H, J=6.8 Hz) ppm.

13C NMR (CD2Cl;, 176 MHz): 6 = 167.2, 151.7, 138.2, 121.3, 117.8, 84.4, 74.6, 56.3, 51.6, 43.1,
39.9, 14.6 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 229.1434; found: 229.1432.

5.10.6 (35,4S,6R,7R)-7-Methoxy-3-methyl-10-(trimethylsilyl)dec-1-
en-9-yne-4,6-diol (312)

TBSO OTBS OH OH

=
N = AN
(ONQ TMS (ONG TMS
295 312
Chemical Formula: C45H,503Si

Exact Mass: 284.1808

HF-Pyridine (70% HF, 481 uL, 5.34 mmol, 50.0 equiv.) was added to a solution of silyl ether
295 (55 mg, 107 umol, 1.00 equiv.) in THF (1 mL) and the reaction was stirred for 2 h. Pyridine
(5 mL) and ag. sat. CaCl; (5 mL) were added and the mixture was stirred for an additional 1 h
before the aqueous phase was extracted with EA (3x 5 mL) and the combined organic layers
dried over MgS04. Removal of the solvent and purification of the residue by flash column
chromatography over silica gel (CH/EA 3:1) yielded diol 312 (after accounting for H,O as

impuritie: 30.5 mg, 107 umol, quant.) as colourless oil.
Ry=0.17 (CH/EA 3:1).
[a]lo 2°=-20.0 (DCM, c = 0.3).

1H NMR (CD:Cl2, 500 MHz): & = 5.82 (ddd, 1H, J=17.2, 10.4, 7.5 Hz), 5.11 — 4.97 (m, 2H), 3.90
—3.83 (m, 1H), 3.75 — 3.66 (m, 1H), 3.45 (s, 3H), 3.24 (d, 1H, J=2.1 Hz), 3.17 (q, 1H, J=5.4 Hz),
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3.01 (d, 1H, J=4.0 Hz), 2.56 — 2.38 (m, 2H), 2.25 (dddt, 1H, J=7.9, 6.8, 5.6, 1.1 Hz), 1.70 (dt, 1H,
J=14.4, 2.3 Hz), 1.47 (dt, 1H, J=14.4, 10.2 Hz), 1.03 (d, 3H, J=6.8 Hz), 0.14 (s, 9H) ppm.

13C NMR (CD,Cl,, 126 MHz): 6 = 141.5, 115.0, 103.6, 86.9, 82.8, 75.6, 74.3, 58.6, 44.4, 36.4,
21.2,14.9, 0.0 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 307.1700; found: 307.1697.

5.10.7 (3S5,4S5,6R,7R)-7-Methoxy-3-methyldec-1-en-9-yne-4,6-diol
(313)

OH OH OH OH

=
X
TMS 0]
312 313
Chemical Formula: C1,H5003

Exact Mass: 212.1412

K2COs3 (80.2 mg, 580 umol, 10.0 equiv.) was added to a solution of alkyne 312 (16.5 mg,
58.0 umol, 1.00 equiv.) in MeOH (1 mL) and the reaction was stirred for 2 h. Removal of the
solvent in vacuo and purification of the residue by flash column chromatography over silica

gel (CH/EA 3:1) yielded alkyne 313 (9.3 mg, 44 umol, 76%) as a colourless oil.
Rs=0.20 (CH/EA 3:1).
[a]lo 2°=-20.0 (DCM, c = 0.5).

1H NMR (CD2Clz, 500 MHz): § = 5.81 (ddd, 1H, J=17.2, 10.5, 7.5 Hz), 5.10 — 5.02 (m, 2H), 3.91
(dddd, 1H, J=10.3, 5.1, 3.8, 2.6 Hz), 3.72 (ddt, 1H, J=9.9, 5.6, 2.0 Hz), 3.44 (s, 3H), 3.21 - 3.17
(m, 2H), 3.04 (d, 1H, J=3.9 Hz), 2.52 (ddd, 1H, J=17.2, 6.0, 2.7 Hz), 2.40 (ddd, 1H, J=17.2, 5.2,
2.7 Hz), 2.25 (dddt, 1H, J=7.8, 6.8, 5.6, 1.2 Hz), 2.03 (t, 1H, J=2.7 Hz), 1.69 (dt, 1H, J=14.4, 2.3
Hz), 1.48 (dt, 1H, J/=14.4, 10.2 Hz), 1.03 (d, 3H, J=6.9 Hz) ppm.

13C NMR (CD2Cl>, 126 MHz): 6 = 141.5, 115.1, 82.5, 81.0, 75.5, 73.8, 70.3, 58.5, 44.5, 36.4,
19.6, 14.9 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+H]*: 213.1485; found: 213.1485.
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5.10.8 (3S5,4S5,6R,7R)-7-Methoxy-3-methyldeca-1,9-diene-4,6-diol
(298)

OH OH OH OH

o<
313 298
Chemical Formula: C415,H»,03

Exact Mass: 214.1569

Lindlar catalyst (25 mg, Pd-50%) was added to a solution of alkyne 313 (100 mg, 471 umol,
1.00 equiv.) and quinoline (112 pL, 942 umol, 2.00 equiv.) in hexane (2 mL). The reaction
vessel was then filled with hydrogen. After stirring for 30 min, the suspension was filtered over
a plug of silica gel and washed with CH (200 mL) and subsequently rinsed with CH/EA
(1:1, 50 mL). The solvent was removed under reduced pressure and the residue was purified
by HPLC (H3CCN/H20 33:67, MACHEREY-NAGEL Nucleodur 100-5 Gravity C18; 5um, flow:
16 mL/min, pressure 224 bar, retention time 30 min) yielded title compound 298 (68.6 mg,

320 umol, 68%) as a colourless oil.
Ry = 0.20 (CH/EA 1:1).
[alo 2° = -21.0 (DCM, ¢ = 1.0).

1H NMR (CDCls, 700 MHz): & = 5.85 — 5.80 (m, 1H), 5.80 — 5.77 (m, 1H), 5.13 — 5.08 (m, 2H),
5.08 —5.04 (m, 2H), 3.77 (ddd, 1H, J=10.5, 5.8, 2.4 Hz), 3.72 (ddd, 1H, J=10.1, 5.8, 1.9 Hz), 3.42
(s, 3H), 3.09 (p, 3H, J=6.0 Hz), 2.42 (dddt, 1H, J=14.9, 6.8, 5.4, 1.4 Hz), 2.30 — 2.25 (m, 1H), 2.25
—2.21 (m, 1H), 1.68 (dt, 1H, J=14.3, 2.2 Hz), 1.46 (dt, 1H, J=14.4, 10.3 Hz), 1.05 (d, 3H, J=6.9

Hz) ppm.

13C NMR (CDCl3, 176 MHz): 6 = 141.0, 134.1, 117.7, 115.3, 83.7, 75.5, 73.9, 58.2, 44.1, 35.9,
34.0, 15.0 ppm.

HRMS (ESI (+), 6.0 eV): calculated for [M+Na]*: 237.1461; found: 237.1461.
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O Chemical Formula: C11H40,
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Chemical Formula: C41H40,
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Exact Mass: 310.1964
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oBn 0~

Chemical Formula: C1gH3,03Si

Exact Mass: 324.2121
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~
OH O ) .
OTBS Chemical Formula: C41Hy03Si
Exact Mass: 234.1651
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oTBS Chemical Formula: Cq4H403Si
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o
k/OTBS Chemical Formula: CgH1g0,Si

Exact Mass: 174.1076
118
I
2
a
s}
9oy o 1NN 0o o “og
© 09 bl NN g =9
d o o " <+ Sdo soSo
Solvent CD2CI2
Temperature 298.0
Spectrometer Frequency400.13
Nucleus 1H
r
|
A " .Jl
) 3 d 4
= - = I

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
13.5 13.0 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
chemical shift [ppm]

o
R
a
o s}
g g 2 5 g 3
| R Q L] 9o
[ I
Solvent CD2CI2
Temperature 298.0K
Spectrometer Frequency125.75
Nucleus 13C
- L
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

chemical shift [ppm]

265



6 Copies of NMR Spectra

OH

Chemical Formula: C14H»40,Si
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Chemical Formula: C4,H260,Si

OTBS

Exact Mass: 230.1702

S0°0
90°0
90°0

880
680
680
060

060

X
e
NN.L
€27
€27
YT
v2'T
Y27
ST'T ]
STT
sTT
sz
927
97|
tze
e
mmi
62T
0£'7 |
0€'T
0€'T
€T
1€
€T
€T
€T
€€
bE'T
SET
9T'e
e
we
8T'E
67'€
67°€
0€'E
e
95'€
(s'€
85°€
65°€
19°€
£
€9°€
bo'E
¥0°S
¥0'S
v0'S
v0'S
S0's
90's
90's
90's
90's
L0's
L0's
L0's
L0's
L0's
80'S
80'S
or's
s
s
s
s
s
08's
18’
8's
8's
£€8's
¥8'S
s8's
98's
98's

88'S
€100D 9T,

CDCI3

Solvent

)

298.0K
Spectrometer Frequency500.04

Temperature

[1s

=

1H

Nucleus

=69'S

=576

1T
0T

007
Fogz
Tver

13.5 13.0 125 12,0 11.5 11.0 10.5 10.0 9.5

40 35 30 25 20 15 10 05 0.0

4.5

85 80 75 70 65 6.0 55 5.0

9.0

chemical shift [ppm]

vT'S- v

0z's-

Sb'8T —

S0'9C —

L8 —

€645 —

€9'¥9 —

€Dad 9T LL —
0918 —

T0°LTT —

L6'PET —

CDcCI3
298.0K
Spectrometer Frequency125.75

Solvent
Nucleus

Temperature

13C

-10

70

110
chemical shift [ppm]

210

T
220

T
230

267



6 Copies of NMR Spectra

124
Chemical Formula: Cy4H31F304Si
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Chemical Formula: C45H3,03Si
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Exact Mass: 288.2121
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Chemical Formula: CysH39F305Si

Exact Mass: 504.2519
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Chemical Formula: Co5H3gF305Si

Exact Mass: 504.2519
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OH OH O~

Chemical Formula: C14H3,04Si
Exact Mass: 292.2070
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Chemical Formula: C47H3504Si

OTBS

Exact Mass: 332.2383
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oTBS Chemical Formula: C,1H4603Sis
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Chemical Formula: C47H3405Si

OH

Exact Mass: 346.2176
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6 Copies of NMR Spectra
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6 Copies of NMR Spectra

OTBS

OTBS Chemical Formula: C47H350,Si,

Exact Mass: 330.2410
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6 Copies of NMR Spectra

O OTBS
otes Chemical Formula: C16H3603Si;
Exact Mass: 332.2203
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6 Copies of NMR Spectra

Exact Mass: 388.2829
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Chemical Formula: C3gHs¢F305Si,
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6 Copies of NMR Spectra
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Chemical Formula: C3gHs51F305Sis

6 Copies of NMR Spectra
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6 Copies of NMR Spectra
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6 Copies of NMR Spectra

Chemical Formula: CogHgoO5Si3
Exact Mass: 560.3749
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6 Copies of NMR Spectra
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Exact Mass: 446.2884
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6 Copies of NMR Spectra

OH

o

Chemical Formula: C4gH3,05Si

OH

Exact Mass: 332.2019
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6 Copies of NMR Spectra
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6 Copies of NMR Spectra
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Chemical Formula: C4,H,7NO3Si
Exact Mass: 261.1760
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6 Copies of NMR Spectra

OH

Chemical Formula: C1oH240,Si

Exact Mass: 204.1546
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6 Copies of NMR Spectra
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Chemical Formula: C4oH2,0,Si
Exact Mass: 202.1389
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6 Copies of NMR Spectra
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Chemical Formula: C1gH4,0,Si,

Exact Mass: 358.2723
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Chemical Formula: C33H55F305Si,
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Chemical Formula: C33H55F305Si;

Exact Mass: 644.3540
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Exact Mass: 542.4007
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Chemical Formula: C,5H5504Si3
Exact Mass: 506.3643
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Exact Mass: 504.3486
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Exact Mass: 432.3091
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Chemical Formula: C,,H5005Sis
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Chemical Formula: CygHgy04Si3
Exact Mass: 558.3956
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Chemical Formula: C,3H;g04Sis
Exact Mass: 444.3091
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q Chemical Formula: CgH1404
O~ "OEt Exact Mass: 186.0892

199
)
]
5]
© TT T Ho@anNmooNn T vy ooanwn
N QR QD MAONNNNNA = cemmmagnNNNN
N 51515 15 FEFTFFFSF ST INYINJRE R g o |
Solvent CDCI3
Temperature 298.0
Spectrometer Frequency400.13
Nucleus 1H

SOE

2144
2.91—=
3.0
3.2

0.91=

T T T T
85 80 75 70 65 6.0 55 50 4.

T T T T T T T T T T
13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5 9.0
chemical shift [ppm]

321



6 Copies of NMR Spectra

o
% Chemical Formula: CyoHy{OP
PPhs Exact Mass: 332.1330
201
g
g
BBG@%SSE\E\%SSQSﬁﬁﬁEBE%R%%&EEEE%%S%@%‘%‘#$$$G???#3‘@@@@ 8 88
NRNRRNRNRRRNNRNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNRNN NN RSN NG N A
NN NN NN NSNS NENENENENENENENENENS NN (5SS V)
Solvent cD2cI2
Temperature 298.0K
Spectrometer Frequency500.18
Nucleus 1H / j
I
o
ESIGN 4 T
Tea @ °
NEEEN N @
T T T T T T T T T T T T T T T T T T T T T T T
13.5 13.0 12,5 12.0 11.5 11.0 105 100 95 9.0 85 80 75 70 65 6.0 55 5.0 30 25 20 15 1.0
chemical shift [ppm]
F N e
A2nAA8RGE D o
e NN DS s NS
b oo Js Ju o R AT R R

— 187.98

Solvent CD2CI2
Temperature 298.0 K
Spectrometer Frequency125.78
Nucleus 13C

_~25.03
~-23.58

<

T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
chemical shift [ppm]

322

T
-10



6 Copies of NMR Spectra

(0]
M O Chemical Formula: CyyHz003Si
o) Exact Mass: 228.1182
202

ful

9]

8

© © 0 g9 BOONNNG OB T @oOoRNONNNT T 0Ny

N n i i 0 MaNNNNNYNNNINNNS MNNSS89666995569[99

N ERERR FFFEFFFFEFFFECE S Nadrddddrddddddoolso

| - e e VY e
Solvent CDCI3
Temperature 298.0K
Spectrometer Frequency500.18
Nucleus 1H / /

C

A T A R

T T T T T T T T T T T T T T T T T T T T T T T T T T T
13,5 13.0 12,5 12.0 11,5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

chemical shift [ppm]

fuel
s}
=}
~ ~ ~ © o
Bl 3 8/ 2 © @ o o o o
S 0 =] © b N © w o= “®
IS 8 a ] IS o I N 4
5 2 2 B R 3 8 52 0
[ [ I
Solvent CDCI3
Temperature 298.0 K
Spectrometer Frequency125.78
Nucleus 13C
|
" 1
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

chemical shift [ppm]

323



6 Copies of NMR Spectra
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Exact Mass: 258.1287
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6 Copies of NMR Spectra

Chemical Formula: C3gH5,N403SSi,

Exact Mass: 604.3299
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6 Copies of NMR Spectra

Chemical Formula: C3gH5oN405SSis
Exact Mass: 636.3197
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6 Copies of NMR Spectra
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N S/\// Chemical Formula: C41H4gN4S
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Chemical Formula: C14HoN4S

Exact Mass: 230.0626
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TMS

Chemical Formula: C14HgN40,SSi
Exact Mass: 334.0920
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TMS

OTBS

Chemical Formula: C45H300Si,

4

Exact Mass: 282.1835
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OH OPMB
Chemical Formula: C41H4¢03
Exact Mass: 196.1099
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O OPMB .
Chemical Formula: C41H403
Exact Mass: 194.0943
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OH OPMB

Chemical Formula: C45H2,03

Exact Mass: 250.1569
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OCH,
CFs3

Chemical Formula: Cy5H29F 305

Exact Mass: 466.1967
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6 Copies of NMR Spectra

Chemical Formula: Cy5Hy9F305

Exact Mass: 466.1967
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6 Copies of NMR Spectra
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6 Copies of NMR Spectra
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Chemical Formula: C17H2604

Exact Mass: 294.1831
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6 Copies of NMR Spectra

OPMB
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Chemical Formula: Cy4H3503Si

Exact Mass: 364.2434
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6 Copies of NMR Spectra

TBSO OPMB
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Chemical Formula: C3H3505Si

Exact Mass: 422.2489
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Chemical Formula: C15H3904Si

Exact Mass: 302.1913
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6 Copies of NMR Spectra
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6 Copies of NMR Spectra

Chemical Formula: C4gH370,PSi
Exact Mass: 424.2046
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Chemical Formula: CogHy107PSi
Exact Mass: 452.2359
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Chemical Formula: C43H1g04
Exact Mass: 238.1205
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PMBO N/O\ Chemical Formula: Cy4H,{NOy4
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PMBO Chemical Formula: C43Hg03
Exact Mass: 222.1256
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OTMS

Chemical Formula: C4gHp603Si

PMBO

Exact Mass: 294.1651
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OTBS
\\ Chemical Formula: C44H300,Si,
OH ™S Exact Mass: 286.1784
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% Chemical Formula: C45H3,0,Si,
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OH
S Chemical Formula: CgH4g0,Si
s Exact Mass: 186.1076
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‘ Chemical Formula: CgH4¢0,Si
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OH

Chemical Formula: Co,H3405Si
Exact Mass: 406.2176
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6 Copies of NMR Spectra
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Chemical Formula: C3,H41F307Si
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Exact Mass: 622.2574
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Chemical Formula: C3,Hy4F307Si
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OH OH

Chemical Formula: C»,H305Si

Exact Mass: 408.2332

YA

PMBO

T™MS

276

0z'€ |
17
17°e
e
e ]
eze ]
8°e |
62°€
ov'e
ov'e ﬁ
Sb'e
sb'e
o'E
e
6b'€
0s°€
15°€
[
6L°€
6L°€
08'€
88'€
88'€
68'€
68'€
68°€
06'€
06'€
06'€
16°€
96'€
6
L6°€
16'€
86'€
86°€
86'€
66'€
Ty
4%
b
2zad Ze's
98'9
89
89
88'9
88'9
68'9
68'9
YL
VoL
YL
veL
st
st
sTL
sTL
9L
oTL
9L

cD2CI2
298.0 K

Spectrometer Frequency500.18

Solvent
Nucleus

Temperature

f//[/‘w s {

1H

R

I

=39'T
Fe6'0

F00'T
0T

0'T
6'0
=707
1T°e
LT
10T
F90'C

ET1T

E=1'e

0.5

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

0.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

9.0

chemical shift [ppm]

€T0—

9 IT —

621 —

0T°9€ —
16 —

5§9'SS
0885 —
8E'EL

YLEL W
Wyl

9L \“
¥6'78 —
09'98 —

LEPYOT —

9TPIT —

69°62T ~
T6'0€T

LL6ST —

CD2CI2
298.0K
Spectrometer Frequency125.78

Solvent
Nucleus

Temperature

13C

-10

40 30 20

70 50

110
chemical shift [ppm]

T
220 210

T
230

366
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Chemical Formula: C,5H4005Si

Exact Mass: 448.2645
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Chemical Formula: C34Hg405Si3
Exact Mass: 636.4062
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OTBS

TBSO

Chemical Formula: CygHs5404Si3

Exact Mass: 514.3330

X

TMS

239

CDCI3

Solvent

298.0K
Spectrometer Frequency500.18

Temperature
Nucleus

/////////

1H

E96°0

Eveo

0.5

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

0.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

9.0

chemical shift [ppm]

86'9€ —

£5°0S —

Sb'8S —

€889 ~
2669~

€000 91°LL
6778 ~
€698~

€SP0T —

86'¥0C —

CcDCI3

Solvent

298.0K
Spectrometer Frequency125.78

Temperature
Nucleus

13C

-10

40 30 20

70 50

110
chemical shift [ppm]

T
220 210

T
230

370



6 Copies of NMR Spectra

Chemical Formula: C4,Hg,07Si,
Exact Mass: 810.5138
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OTBS

Chemical Formula: CpgH3503Si,

Exact Mass: 382.2359
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