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ABSTRAKT / ABSTRACT:

98

The total synthesis of 8,9-dehydro-epothilone98) (s reported. Compoungd
has been prepared employing a convergent strategy is based on the
consecutive assembly of building blockg, 58, and 88 into diene 95 and
subsequent RCM-mediated macrocycle formation. Tldel aeaction between
aldehyde88 and ketonés8 delivered the requiredR5 7S diastereocisome89 with
moderate selectivity. RCM with dier8® was highlyE selective giving efficient

access to 8,9-dehydro epothiloned8)(

Innerhalb des Projekts gelang die Totalsynthese8y@tehydro-epothilon C. Die
im rahmen des Projekts synthesierte Verbindung kbimnaer natur nicht vor,
besitz jedoch auf Grund der Doppelbindung in 88 é¥orzugkonformation flr
tubulin, so dass von einer interesanten biologisaN@kung ausgegangen werden
kann. Fir die Synthese waren die Schlisselbaustéjrs3, und 88 erforderlich.
Die bildung eines einzigenR57S-Diastereoisomers bei der Aldol-kondensation
des Ethylketonéb8 mit dem Aldehyde88 erhalten wurden. Ringschlul3 durch
Olefin-Metathese fuihrten dann zu den 8,9-dehydwattelon C ©8).
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Abbreviations

Ar Aryl

Ac Acetyl

AIBN 2,2’-azobisisobutyronitrile

arom Aromatic

aq. Agueous

AcOH Ethyl Acetate

9-BBN borabicyclo[3.3.1]nonane

(R)-BINAP  (R)-(-)-2,2’-bis(diphenylphosphino)-1,binaphthaline
(S)-BINOL  (S)-(-)-1,1’-bi-2-naphtol

Bn Benzyl

Boc tert-butyloxycarbonyl

b.p. Boiling point

Bu Butyl

tBu tert-butyl

tBuOH tert-butyl alcohol

CAN Ceric ammonium nitrate

calcd. Calculate

Cbz Benzyloxycarbonyl

CH;CN Acetonitrile

COSsY Corelated spectroscopy

m-CPBA meta-chloroperoxybenzoic acid

CSA 10-camphorsulfonic acid

Cy Cyclohexyl

de Diastereomeric excess

DEPT Distortionless enhancement by polarizatiangfer
DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DHP Dihydropyran

DIBAL Diisobutylaluminium hydride



Abbreviations ii

DMAP
DMF
DMSO
EDCI
El

Eqv
ESI
Et,O
EtOH
FAB

MeOH
MOM
m.p.
MS
NBS
NIS
NMO

Dimethylaminopyridine
N,N-dimethylformamide

Dimethyl sulfoxide
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
Electron-impact

Equivalent

Electrospray ionization

Diethyl ether

Ethanol

Fast-atom bombardment
Field-desorption

Fourier transforms ion cyclotron resonance
Gass chromatography

Guanosine triphosphate

Heteronuclear multiple bond correlation
bis(trimethylsilyl)amide
Hexamethylphosphoric triamide

High performance liquid chromatography
High resolution mass spectrometry
Heteronuclear single quantum coherence
2-hydroxy-1,2,2-triphenylethyl acetate
Isopinocampheyl

Infrared

Lithium diisopropyl amide

Methyl

Methanol

Methoxymethyl

Melting point

Mass spectrometry

N-bromosuccinimide

N-iodosuccinimide

N-methylmorpholine N-oxide



Abbreviations

NMR Nuclear magnetic resonance

NOESY Nuclear Overhauser effect spectroskopy
OTf Trifluoromethanesulfonate

PCC Pyridinium chlorochromate

PG Protecting group

Ph Phenyl

Piv Pivaloyl

PMB Para-methoxybenzyl

PPTS Pyridinium-4-toluenesulfonate

i-Pr Isopropyl

Py Pyridine

RCM Ring closing metathesis

R¢ Retention factor

SAMP (S)-(-)-1-amino-2-(methoxymethyl)pyrolidine
TBAF tetra-n-butylammonium fluoride

TBDMS tert-butyldimethylsilyl

TBDPS tert-butyldiphenylsilyl

TBSOTf tert-butyldimethylsilyl trifluoromethanesulphonate
TEMPO 2,2,6,6-tetramethylpiperidine-1-oxyl

TFA Trifluoroacetic acid

THF Tetrahydrofuran

TIPS Triisopropylsilyl

TLC Thin layer chromatography

TOCSY Total corelation spectroscopy

TPAP tetra-n-propylammonium perruthenate
Troc 2,2,2-trichloroethyl oxycarbonyl

Ts para-toluenesulfonyl, “tosyl”

pTsOH para-toluenesulfonic acid

uv Ultraviolet
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Introduction 1

Chapter 1

Introduction

1.1. Background

At the beginning of the last century the word “caricwas not even
mentioned as a known disease in medicine, but tedager is a growing public
health problem, and in Europe and USA it is theosddeading cause of death,
after the cardiovascular dised8eAccording to studies from the American Cancer
Society (ACS) in 1997 in the USA alone around 560.people died of different
cancers: that is more than 1.500 people a dayagiwey approximately one death
per minuté? These fearful facts motivated many interdisciplnaesearch
groups around the world to investigate, and pcedirugs against these diseases.
More often the quantity of biologically active prexds obtained from natural
sources are insufficient, that's why the main tagkhe synthetic chemists is to
develop and to optimize convergent total synthegds maximum yields, high
stereoselectivity in the fewest possible reactieps

A major share of the anticancer drug market is camhed by the
complex diterpene taxd(paclitaxel), whose discovery from the Pacific Yé&ree
in 1971 and the culmination of years of resear¢t anbillion dollar drug today
represents a remarkable story. Developed and soRribtol-Myers Squibb in the
1990s, taxdl is currently available in more than 60 countriesis mainly used
for the treatment of a variety of solid tumors coomty encountered e.g ovarian
and breast cancers! The success story of taxol demonstrated once abain
wealth of mother nature in terms of bioladiig active molecules as cures for
diseasé>® These stories will certainly not be the last:Hie tate 1980s, a new tale
of cytotoxic natural products began to unfold. Bpethilones A and B (see figure
1) were discovered by Hofle, Reichenbach, and thmiworkers at the

Gesellschaft fiir Biotechnologische Forschung (GiBFyermany”’
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(0] OH O (0] OH (0]
1L R=H :Epothilone A 3.R=H :Epothilone C
2.R =Me : Epothilone B 4. R =Me : Epothilone D

S

HO \Nj\)/ﬁlu.

(0] OH O

H
M

: Epothilone E
e : Epothilone F

Figure 1. Structures of The Naturally Occurring thilones.

The structural modification and biological investiign of the epothilone
became a very interesting synthetic target for msaigntists all over the world
due to the fact that they extremely possess a higfivity against certain
cancertypes® as well as the advantages compared to the bifladlar anticancer
drug Taxof in terms of potency and effectiveness against -desgstant tumor
cells of the epothilone and their complexity innterof synthesis. Currently the
epothilones and their analogues appeared as ahe ofiost promising candidates
for cancer chemotherapy.

Several research group started efforts on the sytathesis of epothilones
which dominated with Danishefsky, Nicolau and Sebkin publishing their
synthesis a few weeks ap&HtAn improved route for the totalsynthesis of the
epothilones was further investigated by Schireteal.: the retrosynthetic analysis
showed that aldol reactions play an important nolthe stereoselective synthesis

of the epothilones.
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1.2. Epothilone and Their Biological Activity

The epothilones A and B (see figure 1) were discetvén the late 1980s,
by Hofle, Reichenbach, and their coworkers at thesdBschaft fir
Biotechnologische Forschung (GBF) in Braunschwe@ermany’ These
compounds were isolated from culture extracts of tellulose-degrading
myxobacterium Sorangium cellulosunfMyxococcales; strain So ce90), first
found in soil collected from the banks of the ZasiliRiver in South Africa (see
figure 2). Although the gross structures of épethilones were revealed in the
original German patent by Hoflet al in the early 19908 and by the Merck
group in 1995 it was not until July 1996 that the absolute estehemistry of
the epothilones A and B was reported by the GBEnsist. '™ The structural
assignments were made on the basis of spectroSédpicand X-ray
crystallographic dat&? and the compounds were named epothiloner afte
their structural subunits, epoxide, thiazole antbke.

The epothilone possess bathvitro andin vivo, a remarkable antifungal
effect against Oomyceten, e.g. Phytophtora infestdre causative agents of the
dreaded potato-blight disease. But the antifungdlvity was coupled with
substantial plant toxicity, so that further studmsre stopped. Soon it was
discovered that the compounds also had powerfuvites against mouse
fibroblast and leukemia cells and strong immunosesggive action as revealed by
their cytotoxicity against human T-cells. It wag natil 1995, when a team from
Merck in the USA reported their findings on the raat action of epothilone, that
interest in these compounds resurfaced again, time with much more
excitement and momentum. During a high-throughpereening program to
discover taxol-like tubulin polymerization agenise Merck group subjected tens

of thousands of compounds to biological assays.
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Further investigation of compounds showing homoltmthe epothilones,
such as the 16-mebered macrocyclic substances fikdophyllotoxine,
chalcomycin and vinblastine, revealed no active ponmds. The uniqueness of
the epothilones immedietly placed them in the salags as taxol, whose tubulin-
binding mechanism of action was discovered by Harwn 1979. The Merck
group compared the effects of the epothilones amblton tubulin and
microtubules and reported higher potencies for bepbthilones A and B as
tubulin polymerization agents (epothilone B > ejdotie A > taxol).

Most significantly, all three compounds were whoto compete for
the same binding site within their target prot&n® Furthermore, the
epothilones were found to exhibit similar kinetimstaxol in their induction of
tubulin polymerization, and gave rise to microscomictures of stabilized
microtubules and damaged célfd. Perhaps the most exciting property of the
epothilones is their superiority compared to t8xa$ a chemotherapeutic agent,
particularly MDR cell lines, including those resist to taxol. In some of the
cytotoxicity experiments, epothilone B demonstraaed000 + 5000-fold higher
potency than taxol, a striking enough observatorawaken and stimulate the
interest of many in the academic community andoteermaceutical industry.

(a) (b)
Figure 2. (a). Myxobacteriunsorangium cellulosurfEpothilone)
(b).Taxus BreviolgTaxof)
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1.3. Structure and Activity Relations of Epothilsne

1. Epoxide not essential
2. Cyano or triflouromethyl groups at (12
enhance the stability of the double bonjd
toward oxidation

3. E geometric at C12-C13 tolerated

N\ec

1. C9-C10 trans olefin highly active
2. C10-C11 trans olefin tolerated
3. C10 methyl inactive

1. C6-C8 Stereochemistivi
important

2.C8 desmethyl inactive
3.Cbalchol inactive

1. Nitrogen essential
2. Place of the nitrogen essential,
presumably for hydrogen bonding| 1. Inversion of the C3 stereochemistry not tolehre

3. Stereochemistry at C15 crucial 2. C4 diethyl or dihydroethyl not tolerated
3. C2-C3 trans olefin tolerated

Figure 3. Structure- Activity Retanship of The Epothilones

The structure-activity relationship (SAR) of theo#plones has been
extensively studied™>* Since the first synthesis of epothilone in 199fdreds
of analogues have been reported and te§d. Figure 3 represents epothilone,
divided in five regions A-E, in order to simplifgé SAR discussion.

Region A (C5-C8) is highly sensitive to any kind ofodification:
epimerization at C&Y or addition/removal of the methyl group at €8 will
considerably lower the cytotoxicity. Removal of @8 C7 substituents or
reduction of the ketone at C5 also leads to losdiofogical activity. The
sensitivity of region A suggests that it plays axportant role in the binding to the

active site??
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Region B (C9-C11) is also important as region Achkihis highly sensitive
to any kind of modification: the C10-methyl analegwas found to be inactive
231 "but hydroxyl** and fluoro® groups are tolerated at C11. Except in the case
of the 18-membered ring analogue of epothilone Ai¢lv led to significant
tubulin polymerizatiod®®), change in the ring size results in consider&ss of

biological activity.?®!

The C10-C11 olefin analogue, also known as elooig
490 (Figure 4), gives very promising resuftsvitro but has disappointing results
in vivo, due to the hydrolysis of the lactorf®! Recently, Danishefskgt al
reported a C9-Cl@ansanalogue of epothilone D, which was nearly threees
as active as the parent compound. This can bensddized by the impact of the

transdouble bond on the polypropionate region.

Ve

FigureEhothilone490

In contrast, changes in Region C (C12-C14) are wa#rated: both
epoxide and olefin analogues are acfife?®! However, epothilone A and B
(C12-C13 epoxide) are about four to 20 times metea than the corresponding
olefinic compounds (epothilone C and D). Howewicolaou et al reported a
variety of active cyclopropane (both cis and traar®) cyclobutane analogué$
31]

, proving that the hydrogen bond between the emoaitd the C3 hydroxyl is

not crucial for activity, thus the role of the epaexis mainly conformational.
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The side chain (Region D) is revealing less toleeathan region C
analogues. The direct attachment of the aromatietynat C15, or replacement of
the methyl group at C20 with bulkier substituentesults in the loss of
cytotoxicity. Furthermore, the replacement of tHe5@nethyl group with an ethyl
group, and replacement of the thiazole ring turoicko have negative effects. In
particular, a methylsulfanyl replacement for thetmgk group on the thiazole
moiety (Figure 5) enhances the potency compardeonatural epothiloné!>?!
Recently, Nicolaol®™ reported a 12,18is cyclopropane methylsulfanyl analogue
of epothilone B (Figure 6), that is six times martive than epoB against the 1A9
ovarian carcinoma cells. Finally, change of the Gtg&seochemistry leads to loss

of the biological activity!*?

s N

" & " %
sy g
£y

/\ p(=<

. \as\(

SMe

Figure 5. Side Chain Modifications with the Niteygat the Same Position as
The Natural Product

Region E (O16-C4) hardly tolerates any changesedddinversion of the
C3 stereochemistri?! or substitution of the gem dimethyl group at C4 &y
cyclopropanel® both resulted in significant loss of activity. Mower, the
presence of ark-olefin at C2-C3, which is believed to rigidify th€1-C3

backbone, considerably reduces the biological @gtiv
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It has been proposed that a hydrogen bond betwe=rC8 hydroxyl and C1

ketone plays an important role from a conformatiguuént of view.™!

Ve

Figure 6. 12,13eis Cyclopropane Methylsulfanyl EpoB

However, when the C3 hydroxyl is replaced by a oyamoup®®, the
analogues are active in both tubulin polymerizatod cytotoxicity assays. Thus,
the hydrogen bond, if present, is not crucial fgtotoxicity. Lactam analogues
usually have clearly inferior tubulin polymeriziagd cytotoxic potencies than the
corresponding lactone. One important exception5gS-aza-epoB (Figure 7),
which has comparable properties to T&xdah both assay®' and has been
launched to clinical trial§” In fall of 2007 the FDA (Food and Drug
Administration) released it to the market. BMS @l Meyer Squibb) is selling it
as Ixemprd against breast cancer and this is the first efpothion the market.
The lactam seems to be more stable than the latheraed metabolic cleavage.

Several other epothilones are in late clinicalsriat the moment. Novartis
has just finished phase Il clinical trials with atpilone B (Patupilori® and
Bayer Schering Pharma has placed ZK-Epo (Sagofijpre fully synthetic

epothilone, in phase Il clinical trials.
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Figure 7. 15-%)- aza-epoB.

1.4. Chemistry of the Epothilones

Soon after the recognition of the importance ofépethilones, a number
of groups around the world began to pursue stragefgir their total synthesis.
Only few months after the structure of thesacrolides was published the
research groups of S. J. Danishefé®yK. C. Nicolaou?® and D. Schinzé&f”
were able to present independently successful $gtaheses of epothilones A and
B. Thereafter many other research groups have ghddi contributions to the
existing synthetic strategies as well as new tsyatheses, and assa$s of the
biological role of epothilones. Within the scopetloé general introduction of this
thesis it is not possible to represent completgeoaf literature on this field.

Therefore only a short selection of the first tagahtheses is included.
1.4.1. The Danishefsky Strategies to Epothilones

The first total synthesis of both epothilones A &iahcluding the desoxy

precursors epothilones C and D respectively, warged out in the working
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group of S. J. Danishefsky, who made major contidms in the field of
epothilone research. In the published synthesigraber of interesting reactions
and synthetic sequences were used as a meandati fmsctionality and control
stereochemistry. For the construction of the maaies Danishefsky and co-
workers applied three main strategies, which inelual macroaldolization
reactioi’?, an olefin metathesis approach and a macrolacttoiz procedur&?

In their first published total synthesis of epathié A and later also of epothilone
B, two key-step reactions were employed, namelyesesspecific Suzuki-type
cross-coupling for combining two synthetically dbed fragments, and a

macrocyclization aldol reaction for the ring formoat (see Figure 8).

Olefin Metathesis—, J\ f Suzuki Couplmg

13 =N\
11
//,
// \\\\\\OH

~

Aldol Reaction

~L

I.
I
)

Macrolactonization— "
(@] \ OH (@]

Macroaldolization

Figure 8. Danishefskgt al. Strategic Bond Disconnections Applied in the Tota
Synthesis of The Epothilone A &d

The synthesis of fragment C3-C11 started with tbemétion of the
dihydropyran ringlO by a TiCl catalyzed stereoselective cyclocondensation of
an enantiomerically pure aldehy8evith the Danishefsky dier@(see Scheme
1). The chirality of aldehyde 8 determines the configuration of the new
stereocenters in the condensation produd. Thereafter followed a
stereoselective reduction of the keto group withidim aluminium hydride and
the double bound was converted via a Simmons-Sméhction to the
cyclopropane derivativél. The opening of the cyclopropane ring was perfarme
using iodomethyl N-iodosuccinimide (NIS) in methimwehich leads to
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intermediate 12. Compound 13 was obtained after subsequent radical
dehalogenation of iodid&2 to introduce the geminal methyl groups followed b
protection of the hydroxy moiety, and thioatetdion of the intermediary
formed aldehyde.

Additionally, 13 was a key building block, because it was alsablatfor
the alternativesynthetic routes to epothilone and its analoguggonted later
by Danishefskyet al. Further silyl protection of the new formed hydroxybup
in 13, followed by cleavage of the benzyl group, thereBwoxidation and Wittig
reaction transformed the key buildibdock 13 to the methoxyvinyl ethet4.
The product14 includes the centers C6 and C8, which Hmeeen set in the
correct configuration of the target molecule. Later thiswi ether was
hydrolysed with poluenesulfonic acid to the aldehyde which was teshevith
methlytriphenyl-phosphonium bromide and the acgéfalvas obtained through a
subsequent transacetalization. Compotsdepresents the C3-C11 fragment of
the desired carbon skeleton, which is one of the tmain building blocks
necessary for the synthesis of both epothilone A Bnas well. Sequential
formation and opening of the dihydropyran systems whe key tactic for
introduction of the stereochemistry into the finpkn-chain intermediatib.

The second building block C12-C15, employed inrecroaldolization
strategy ofDanishefskyet al, contains the side chain with the aromatic
moiety. Initially the desired stereochemistry of the C12-C15 fragnvess
established through the use of the enantiomeriqalise starting materialR)-
glycidol 16 as a starting material, where the primary hydraxglup was protected
with dihydropyran (see Scheme 2). Subsequent ogesfithe epoxide leads to a
secondary alcohol, which was protected as methotthyhether giving compound
17. Cleaving of the tetrahydropyran moiety, followbgl Swern oxidation and
subsequent Grignard reaction, yielded the methgteetl8 after a second
oxidation. This compound was reacted with the Emsnm@ageni9 and the silyl
group was exchanged with iodine using N-iodosucaide. Thereafter followed
hydroboration whereby theZ)-iodoalkene 20 was produced. Finally, the
methoxymethyl ether20 was cleaved, and the resulting compound was

acetylated t@ive the producgl.
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MeO

BnO
1. TiCl,
+ ——
2. CSA
OHC ’I////// /
8 9
OTMS
BnO
. NIS, MeOH  Me%
1. LIALH, :
2. EbZn,CH,Cl, o,
[
H OH
OH
11 12
BnO OMe N

1. TBDMSOTTf, 2,6 Lutidine
2.DbQ - TBSOy,

3. Swern Oxidation
4. Wittig Reaction

1. nBuSnH, AIBN cat
2. TIPSCI, Imidazole

3. HS(CH)3SH, TiCl,

1. pTsOH, dioxane/KO
2. H,C=PPh

3. PhI(QCCRy),
MeOH/THF

OMe

Scheme 1. Synthesis of The C3-C11 Key Fragrh®&nt



Introduction 13

OMOM

o 1 DHP, PPTS SiMez 1. PPTS, MeOH
HO. \/<J 2. Me;SICCLi, BROEt F 2. Swern Oxidation
3. MOM-CI, iPpNE 3. MeMgBr, TPAP, NMO
16 17
o) S S
o\ = |
OMOM . Ph,P. < B
SiMe; 1. ; \ |
19
4 > N //////I/
2. NIS, AGNO 2
3. Cy,BH, AcOH
0 OMOM
18 20
12
S /
1. PhSH, BEOES 13
2. AGO, Py, 4-DMAP \ | .
> N ///////,
15
21 OAc

Scheme 2. Synthesis of The C12-C15 Key Fragraent

Shortly afterwards the successful synthesis of leloote A,
Danishefsky et al also published also a convergent total synthe&sis
epothilone B, applying the same macroaldolizatiwategy for ring formation.
In this synthesis, the second buildiblpck C12-C15 was synthesized starting
from the aldehyd@2, which was enantioselectively allylated wéhyltributyltin
and subsequently acetylated to give the compoBBd(see Scheme 3).
Thereafter this compound was dihydroxylated ancerafflycol cleavage
transformed to the vinyl iodid24 by Wittig reaction The product24 was an
analogue to the above described compdindnd had an additional methyl group
at C12, necessary for the synthesis of epothilone B
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S 1. allytributyltin, s =
4< | (S)-(-)-Binol, Ti(QPr), 4( |
N F 2. A0 EtN, DMAP k P,

CHO
22 23
OAc
12

1. 0sQ, NMO s

2.Pb(OAc) f 185 ” |

3. PRPC()C \ |

RPC(1)CHs N ////”I/ 15 14
OAc
24

Scheme 3. Synthesis of Vinylolefig4d as an Intermediate for the Suzuki
Coupling

In assembling both fragments, a regiospecific Suzalpling allowed the
union of intermediate$5 and21 for epothilone A o5 and24 for epothilone B
to form after an acetal cleavage compo@&ar 26, respectively (see Scheme 4).
These intermediates underwent a stereoselective ring uckosthrough an
intramolecular aldol reaction to give the desiredcrocycles27 with yield of
51% (stereoselectivity ca. 6:1) a8 with yield of 64% (stereoselectivity ca.
3:2), respectively. Subsequent functional groupgfarmations led to the desoxy
precursor’s epothilone C and D, and finally afteErsoselective epoxidation the
epothilones A and B were obtained.
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R

+

12
/ S | 137" |
N / ///I’I/, 15 14 MeO

OAc

1. 9-BBN, [PdC}(dppf)],CsCO;, PhyAS
2.pTsOH

21, (R=H) 15
24, (R = Me)

O O  OTIPS O OH OTIPS

25, (R=H 27, (R=H)
26, ER = M)e) 28, (R = Me)

i S o— 0
1. Functional group )/
t f ti “y, - i
ransformation il\\lJ\)/// w - 35C Epothilone A
2. Oxidation . > Epothilone B
3. HF.Py

epothilone C
epothilone D

Scheme 4. Suzuki Coupling and Macroaldolizationd®ea for the Preparation
of Epothilone A and B.

The already mentioned olefin metathesis strategghtain epothilone B
starts also from the key building blo¢B (see Scheme 5). After removing of the
benzyl group the hydroxy moiety was oxidized toadbian aldehyde, which is the
starting materialfor the chain elongation. In this way aldehy@® was
synthesized in several steps. Couplin@®fvith aldehyde?9 via aldol addition
results in dien&0.
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After several modifications the ring was closed through daefin
metathesis reaction and theacrocycle3l obtained. For the olefin metathesis
the molybdenum-based Schrock catalyst was &dd.this case, however, the
C12-C13 double bond waformed as a mixture oZ:E isomers in an
approximately 1:1 ratio. After cleavage of the pading groups, epothilone D
was obtained and final stereoselective epoxiddédrio epothilone B.

13 7 steps . \\ S | / .
N / //////:,,

OAc
23

S X
LDA §\ |
_— N j\)//////, R \\OTBS

o] OH oTIPS

1. Functional group
transformation

_—
2.RCM

31

LHFPY | Epothilone B
2. Epoxidation

Scheme 5. Synthesis of Epothilone B through ani®Meétathesis Approach
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Due to the low stereoselectivity in the olefin nikeésis approach, as well
as the poor yields in the case of the macrocyatinadldol reaction, there was a
lot of pressure in establishing alternative methtor ring closuré" The third
route established by Danishefskly al was the macrolactonization strategy. For
that purpose compour8®2 was synthesized (see Scheme 6). The most remarkabl
part of this route was the subsequent regio- aeikaselective Noyori reduction
%81 of the keto moiety at C3 to obtain hydroxyl es38r This was carried out by
the use of a ruthenium-binaphtol-complex as a gsitainder a hydrogen pressure
of 85 atm. The stereoselectivity was higher thao95rom compoun@3, the
epothilones were prepared in several steps indudire macrolactonization

reaction.
S [RuCh {(R) BINAP}] ,
N H, (85 atm)
N P, w\OTroc -
‘ 2 MeOH, HCI, 7H

Aldol Reaction

32

6 steps .
WOTroc ___osteps _  Epothilone B

Aldol Reaction

33

Scheme 6. Regio and Stereoselective Noyori Reductio
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1.4.2. The Nicolaou Strategies to Epothilones

Olefin Methathesis R

N ®

ol - Y

/O

Aldol reaction

Ring Closing Target Molecule
Olefin-Metathesis Epothilone A R=H,X=gH =CH,
Macrolactonization Epothilone A R=H,X=RPW =0

Epothilone B R =Me, X =PRBhY =0

Figure 8. Strategic Bond Disconnections appliedh@ Total Synthesis of the

Epothilones

In the field of epothilone synthesis K. C. Nicolaaad co-workers
have doneemarkable work. The special merits of Nicolabal were to establish
different synthetic routes not only to the Vmo natural epothilones A-F, but
also to a large number of epothilone analogues.gfbep carried out experiments
on solid phase synthesis for the construction of epothiltihearies. "
Throughcombinatorial methods it was possible to synthesdiffierent single
fragments, whichwere used later for the formation of the macrocycléhe
synthesis of a large number of epothilone deriestiallowed the investigation
and understanding of the relationships betweerttstre and biological activity.
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Amongst many strategies, Nicolaai al considered the olefin
metathesispproac® for constructing the macrocycle and simwtausly
applied as well asecond strategy based on macrolactonizatiofi’. Both
methods were similar to tharesented in the work of Danishefsiy al. The
first total synthesidan Nicolaou's group led to epothilone A and its oeg
precursor epothilone C employing the olefin metsithstrategy (see Figure 8).

The retrosynthetic analysis divides the target itlicee key building
blocks, which were synthesized independently, valhg divergent synthetic
pathways to Danishefskgt al. The C7-C12 building bloci85 was obtained
starting from N-propionyl bornyl sulfonamide83, which was alkylated with
w-iodo-pentene and the resulting product was sulesgyureduced to alcoh@
by cleavage of the bornyl sulfonamide residee (Scheme 7). Further oxidation
with N-methylmorpholineN-oxide and tetra propylammoniumperruthenate led to
aldehyde 35. The synthesis of the C1-C6 fragmeB8 began with the
stereoselective allylation of thketo aldehyde36 using the Brown reagent
allylisopinocamphenylborane. The newiprmed hydroxy moiety was
protected with a silyl group and provid8d. An oxidative degradation of the
double bound to a carboxyl group gave the desimediyct 38. The thiazol-
fragment4l was synthesized starting from the carboxylic e8&rwhich was
reduced with diisobutylaluminium hydride to the mmponding aldehyde.
Subsequent Wittig olefination gave the aldehyde which was further
transformed through a allylatiif to the compound1.

The two fragments35 and 38 were combined through an aldol
condensation with lithiumdiisopropyl amide (LDA) form the acid42, which
through an esterification with the thiazol alcod8lgave the starting materidb
for the olefin metathesis reaction for the finaggs of macrocycle generation (see
Scheme 8). For the ring closing metathesis (RCNbpldouet al used the Grubbs
catalyst [RuGI(=CHPh)(PCy),].*”

Thereatfter, similar to the methods established Dmnishefsky et al,
the double bound of the desoxy precursor @jpoi C was stereoselectively

oxidized to the epoxide, giving the end producthis case epothilone A.
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A series of oxidants were tested: (3,3-dimethylolame), (3,3-methyl
(triflouromethyl)-dioxirane) and (m-chloroperbenzoacid) were used for the
stereoselective oxidation, yielding epothilone A%% (e 3:1), 75% (5:1) and 48%
(3:1) respectively.

1. NaHMDS, HMPA,

0 n-CeHl o N NN TPAP. NMO

—_—
—_—

2. LiAIH,

N 34
so,”
33
/\/\/\/
0 :
= 35
1. (+)-IpgB(allyl) _Z 1.0 PhP
_—
2. TBDMSOTf 2. NaCIQy, 2-methyl
2,6 Lutidine 2-butene, NagP Oy,
'BUOH : H,0
OH
S
1. DIBAL-H \ ‘
(0]
2. PP=C(CH;)CHO N O~

39 40

S
1. (+)-Ipe,B(allyl) \/ ‘ =
k / ////,//,'
41 OH

Scheme 7. Synthesis of the Key Fragment for thérOldetathesis Approach of

Nicolaoet al.
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LDA
H H -
= o] STBS o]
35 38
S
‘( | = EDC, 4-DMAP
\ + \\\\\\OH
N /////,h )
OH HOOC
OTBS o)
41 43
1. RCM
—_—
2. TFA
Epoxidati .
M Epothilone A

(6] OH (6]

Epothilone C

Scheme 8. The Preparation of Epothilones A via Aldeaction and

Metathesis

Olefin
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A short time after establishing the first stratégythe building of the
ring systemNicolaou and co-workers published their seconde;owhich applied
an Yamaguchmacrolactonization methdtf! for the ring formation. They used
this approach for the stereoselective synthesksotf epothilones A and B, the
schemes 10 depictBe synthesis of epothilone B. The constructiothefcarbon-
chain starts witlihe formation of the fragments C1-C&) and C7-C155%2),
which were assembled through an aldol reaction wid&\ to give the ring
closure precursds3. The firstbuilding block C1-C6 46 was synthesized starting
from compoundy7.

After ozonolysis of olefinr37 followed by reduction to the corresponding
alcohol, which was further protected, the key fraginC1-C646 was obtained.
The homoallylic alcoho#1 for the formation at the C7-C15 building block was
used as a starting material. In three steps, imguan oxidation of the olefin, 41
were transformed to the thiazol aldehytie(Scheme 9). Thereafter, followed a
Z-selective Wittig reaction with the ylidd8 which lead to the chain-
elongated productl9. The ester function was reductively removed after
a hydroboration of the terminal double bondg tprimary-formed hydroxy
function wageplaced by iodine to give0. Chain elongation with a stereo
controlled introduction of the C8-Methyl, epothimnnumbering, was
achieved using an Enders alkylation with the SAM@razone51.°2  After
oxidative cleavage of the chiral auxiliary groupdasubsequent reduction the
desired key building block2 was obtained.

The aldol reaction was utilized for formation ofhgeound53 establishing
the new stereocenters at C7 and C6 occurs wittr@osielectivity of approximately
3:1 (Scheme 10). Thereafter the ring closurecymsor53 was transformed in

several steps to the carboxylic a&dl
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The macrolactonization was carried out using thenaguchi procedure.
After cleavage of the silyl protecting groupsSithe desoxy precursor epothilone
D was isolated. The end-product, EPO B, was oldaumeng a stereoselective

epoxidation e 5:1).

COOMe

‘( 3 steps S / PPh3
////Il, //IIII
OTBS
COOMe
\/ X steps \/
///I/ ///I/I
OTBS oTBS

H
S
1. 7 OMe LDA %J\) a
- /
> N / I, "'/////

5 OHC
. MMPP, pH 7
3. DIBAL-H OTBS

52

Scheme 9. Preparation of The C7-C15 Fragré2mor Further Synthesis of
Epothilone B



Introduction o4

LDA
—_—
onc”
4 steps
—_—
OTBS OTBS O
53
Yamaguchi
Esterification
_—
54
S
‘( | 1. TFA or HF.Py
\ 2. Epoxidation .
N S, \otBs  —— Epothilone B

o OTBS O

55

Scheme 10. Ring Formation via Yamaguchi Macrolaztion
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1.4.2. The Schinzer Strategies to Epothilones

Ry Olefin Methathesis R,

{ )
//////I/ /O
Esterification \»

Z

2
Z
2

Aldol reaction

Ring Closing Target Molecule

Olefin Metathesis - Epoxidation] Epothilone ARH, R=H,X=HY=CHn=3
Epothilone BR=H, R=CH;, X=H,Y=CH n=3

Macrolactonization Epothilone BjR CH;, R, =H, X =LY =In=1

Figure 9. The Schinzest al Strategic Bond Disconections and Retrosynthetic

Analysis for the Preparation of Epothilone A

Another research group which made big contributionghe field of the
epothilone synthesis is that of D. Schinzer. Atllkginning of 1997, Schinzet al
published their independently developed olefin metathesis appro&ch
epothilones A and €% Their design required three key intermediaf8s 35
and 41, which were obtained byasymmetric synthesis (see figure 9).

Compounds35 and41 were also used in the total synthesis of Nicolaioal.
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The formation of the single 7S diastereomer in the aldol condensation
of the ethyl ketones8 with the aldehyde35 via a lithium enolate was most
impressive, and was attributed to the influencthefacetonide moiety. Attachment
of the side-chaidl (figure 9) by esterification, ring closure througtefin
metathesis, and epoxidation with 3,3-dimethyldiare, led to the desired
products epothilone C and A respectively. Likécdaou et al, the group of
Schinzer also applied the Grubbs catalyst [RECIHPh)(PCy),], for the ring
closing metathesis reaction.

In 1998, Schinzeet al. established another new synthetic rofitk to
epothilone Busing a macrolactonization strategy as a key readtep for the
ring formation The most innovative steps in this synthesis lesticcessfully
introduction of the correct chiralities at the sterenters C3, C6 and C7 via
stereoselective aldol reactions. The main key nmégliates were the C1-C6
fragments8 and the C7-C15 fragme6é.

1. Zn, pentane-3-one
2. P0qq
OEt

L
Y

3. LIAIH 4
4. Swern Oxidation

56

N
N
N
S
N
3

1. (S)- Hytra, LDA
2. LiAIH 4

3. Acetone, H
4. 0;, PPhy 0

Ol
@]

58

Scheme 11. Synthesis of C1-C6dng Block58
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The synthesis of the C1-C6 fragment started froenatibromoesters6,
which was combined with pentane-3-one through afReitsky reaction giving 3-
hydroxyester as intermediate (see Scheme Aftgr subsequent reduction and
oxidation the coupling product was transformednappropriate aldehyd®’.
Thereafter a stereoselective aldol reaction WBhHYTRA [(9-2-hydroxy-1,2,2-
triphenylethylacetate] followed according to thetioel of M. Braunet all®*
introducingthe correct chirality at C3. The condensation pobduas further
reduced, the resulting 1,3-diol moiety was protgéce an acetal and the double

bound was oxidized to give the ketds&

1. LIAIH,,
NaHMDS, .
o)J\N a||y||od|de )J\ M 2. TBDMSCI, imidazole

3. BH3. THF, ICI,
\ / MeOH, NaOAc
Z,

”/,

‘Bn 'Bn

69 65

Scheme 12. Synthesis of Compowid

The alkyl zinc compound5 contains the stereocenter C8 in the later
macrocycle (see Scheme 12). The synthesis 68 starts with the Evans
auxiliary 67, which allowed the introduction of the correctrality.®™ For that
purpose, the Evans auxiliaBf was alkylated in a stereoselective reaction with
allyl iodide obtaining compoun@8. The oxazolidinone group was cleaved by
reduction with lithiumaluminium hydride and afteropection of the resulting

hydroxy moiety, the terminal double bond was redueging a of borane-THF
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complex, and then oxidized with iodine chloride asodium acetate to the

corresponding alkyliodides9. Compound69 was coupled with zinc copper

mixture giving the alkyl zinc compouréb.

1. TBDMSCI, imidazole

o)
HO Q
. 1. BH;.SMe,, B(OMe), 2 Meli
f 2. pTsOH o 3. TBDMSCI, imidazole
O (0] H
59

Olln

H
60

s
[ )—
TBSO HO
1. (OEt),P. N/ . n-Buli S
62 [ p
N K
o 2.HF, MECN, glass
OTBS OTBS
61 63
1. TBso/\g/\/\zm
1. DESS-MARTIN s = 65
periodinane TN \ Pd-cat
2. PhP=CH, |, § /> 2. CSA.
N 3. DESS-MARTIN Periodinane
OTBS
64

OHC

OTBS

66

Scheme 13. Synthesis of C7-C15 Building Bl&ék
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The synthesis of the C7-C15 fragments begins v8hydroxy succinic
acid derivatives9, which after reduction and cleavage of the pratgagroup
was transformed to the hydroxy butyrolactof@ (see Scheme 13). After TBS
protection of the hydroxy moiety, ring opening wittethyl lithium to give the
lactol and subsequent protection of the resultipdréxyl group, the ketonél
was isolated. The thiazol-containing residue wasoduced by a Wadsworth-
Emmons reaction wite2, and after deprotection tiie chain-elongated product,
the compound3 was obtained. Dess-Martin oxidation and Wittigctemn gave
the vinyl iodide64 which was coupled with the alkyl zinc compoué8l in a
palladium-catalyzed coupling. The resulting prodweas deprotected and
oxidized to give the desired C7-C15 key fragmé®it The coupling reaction
presented by Schinzest al appeared as an alternative to the Suzuki-cross

coupling used by Danishefsley al.

Epothilone B

Scheme 14. Aldol Reaction and MacrolactonizatiarSgnthesis of Epothilone B
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The compound0 was formed via stereoselective Aldol reaction vidihA
of the C7-C15 fragmen66 with the C1-C6 fragmenB5 (see Scheme 14),
introducing the correct configurations at the &l C7 stereocenters. The high
stereoselectivityde 9:1) was reached via the strong chelating alslité the
C1-C6 fragment, reinforced ke acetal-protecting group. After cleavage of the
acetal group the synthesis of epothilone B proadesimilar to the synthesis

presented in the work of Nicolaet al.



Aims 31

Chapter 2
Aims

Since 1996 The Schinzer group has been workindientdtal synthesis of the
epothilones. Although the group has been workinghemerous epothilones and
their derivatives, there are still some novel epotte analogues to be
synthesized. It has been predicted that some eéthralogues show high activity
against tumor cells and a uniqgue mechanism of m@&# microtubule-stabilizing

agents. Nevertheless, the epothilone pose a coabldechallenge to the synthetic
chemist and, most importantly, offered opportusitior the discovery and

development of new synthetic technologies and egras. The variations of the
different functional groups in the natural molechkve made it possible to find

an analogue with higher activity and or an impropeatcess chemistry profile.

N s
OH Q

Metathesis—.,

41 1) X=CH, S
4la: (2) X=H, OTBS ‘< ‘
N = ",

Esterification

(6] OH (6]

3: Epothilone C
1: Epothilone A (C8 = CH)

Scheme 15. Retrosynthetic Analysis of 8,9 Deh¥jyothilone C
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The purpose of my project is the development ofea ranalogue of
epothilone C with a double bond between the C8 -atoéh carbon (see scheme
15). Loose of the methyl group at position C8 resiilin considerable loss of
biological activity, but still this compound is amteresting analogue for further
investigation and until today this compound wasnown. The conformation of
this analogue also fits very nicely in the pharnpdaoic model of the active
conformation of epothilone and tubulin. It couldeavincrease the fit. Also this
molecule posed new challenge for the synthetic austlideveloped by Schinzer

al. for the total synthesis of Epothilone A.

This is a convergent synthetic route which is gatecand flexible. Using
the previous Schinzeet al retrosynthetic methods for Epothilone A, the
following retron are required (see scheme 1H): 58 and 88. For the novel

olefinic aldehyde38, theE configuration is necessary.
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Chapter 3

Results and Discussion

3.1. Synthesis of§)- Ethyl Ketone Fragmen&8

The retrosynthetic analysis relies on the lateest@pnolysis to install the ketone
from an olefin and an aldol reaction to introdute tchirality. The olefinic

aldehyde was constructed using a Reformatsky wmgctlimination and an

oxidation adjustment sequence.

67

Scheme 16. Retrosynthetic &< Ethyl Ketone Fragmen&3

The construction of the stereocenter at C3 in thetiglone macrocycle was
achieved by a diastereoselective aldol reactioh wWie chiral acetate equivalent
(9-(-)-HYTRA (1,1,2- triphenyl-1,2-ethanediol acetpt66. (S-HYTRA was
synthesized starting fron®)(+)-Mandelic acid63 by the method of Brauet al
in three steps (see scheme &%)In the next steps th&((+)-Mandelic acid63
was further transformed using catalytic acid inmaebl to yield the esteég4 in
91% yields, which was reacted with PhMgBr to gite diol 65. The primary
alcohol 65, was then acylated to give the acetic anhyd@@en the presence of
catalytic amounts of scandium (lll) triflate in 78¢teld (Scheme 17%% This
method is differs from that of Brauet al. who used acetiyl chloride in the

presence of a pyridine catalyst.
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The reason behind this change in the protocol wastd the fact that the
aldol reaction between compouffl and57 failed. Our observation with Braun
methode has been proved which are from 10 batt¢heoéldol reaction only one
is succeeded. The procedure that we used is veplesiby direct filtration of the
reaction mixture avoiding the extensive drying rsseey when using Braun's

methode, also the yields are comparable.

Ph H
S PhMgBr
/k Meo—>H’HF e‘\\ _ =
ph” 5 Co,H 91% HO CO,Me 73%
HO
63 64
Ph H 9
OH cat. Sc(OTf)
— >
HO iy, CH4CN, 3 hr
Ph
65 66

Scheme 17. Synthesis @{HYTRA 66

Aldehyde 57 required for the aldol reaction was obtained usanBeformatsky
reaction between—bromo ester and 3-pentanone which furnighelalydroxyester
60 in 65% yield®>” Dehydration with FOo gave the olefinic ester (80%, only the
E isomer was detected by and **C NMR spectroscopy), which then was
converted to the aldehyde by a reduction with dithhi aluminium hydride and

subsequent Swern oxidation in 63% yields (schemeekpectively.
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Zn, THF/B(OMe}, Et

65%
P4O10,
Cyclohexad) LAH, THF
—_—
80%
(COCl),, DMSO,
-78'C ; NEg
63%

57

Scheme 18. Synthesis of Aldehysié

Addition of the dianion 066 to 57 with 2 eqv LDA in THF at -7&€
resulted in the formation of crystalline estaf in excellent diastereoselectivity
(96%de by HPLC) and good yield (75%). LiAHeduction allowed the auxiliary
to be removed nearly quantitatively and led to die 68 in 90% yield with the
recovery diol65. Finally, 68 was protected using acetone and Cyid(Qoresence
of TsOH and pyridine as catalyst yielding the ao&te69 in 90% vyield. Finally,
ozonolysis gave the desired (3-olefinic alden§@l& 85% yield (scheme 19).
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Ph

2 LDA THF
> H
78 C Phitin:
96% de Ph
67
O3 CH,Cl,,
Aceton, 3,272
78 C
CusqQ, ——
cat. TsOH/Py O O PPh
0% >< 85%
68 69

Scheme 19. Synthesis @){ Ethyl Ketone Fragmeri8

3.2. Synthesis of Thiazole Fragmdit

The Thiazole building blocKl is derived from two key fragments: Phosponate

70 and methyl keton&l by means of Horner-Emmons reaction (see scheme

below ).
OTBS
S V‘Vittig Reaction = ‘ ﬁ J
: ‘ : 7,
\N l‘L‘;L{fJ///’I,,' 2 \N P(OEtb + (0]
OTBS
41

OH 70 71

Scheme 20. Retrosynthetic Analysis of Thiazol Fragml.
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Results and Discussion

In the previous total synthesis of epothilon&® the stereocenter of the

metyl ketone71 had been established by a Sharpless resolutiochvgave7l in

80%ee(see scheme 13).

(6]
CyclohexanoneHO BF3;.SMe,,
BF3.H,0 o  THF/B(OMe)
95% o o 92%
73

TsOH (0.1 Eqv),
HO CHZCIZ
o 72%

over 2 steps

Ol
T

o} O g
OH
74 75 75
o TBSCI,
Imldazole MeLl THF \\\\\\ \\\\OH
93%
SH oTBS (_)TBS oTBS
75 76 77 78
OTBS

TBSCI,
Imidazole
—_— //,/,,

73% 0]
over 2 steps
OTBS
71

Scheme 21. Synthesis of Methyl Ketofie

In this sequenceSf-Malic acid was chosen as the source of chirality
cyclohexylidine ketal’3 % was selectively reduced with Bie,;S. The alcohol
product was cyclised into the known lactae®® by using 0.1 Eqv TsOH in
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dichloromethane. Protection of compoufitlusing a standard procedure afforded
silyl ether76 in 93% vyield. Addition of MeLi gave the lacto’® and 78 which
were protected without purification as the TBS-ethender standard conditions to
give enantiomerically pure ketofié (73% yield over 2 steps).

The phosphonat&0 which is required in the Horner-Emmons reactiorthwi
methyl ketone7l was synthesized over 2 steps using the commera@sabilable
compounds: 1,3-Dichloroacetor™® and thioacetamid&0 which were reacted
under Hantzsch condition affording the 4-chlororgeimethythiazole81. An

Arbuzov reaction then gave phosphonéédsee scheme 22).

e} S
EtOH, A —
Cl\)k/q ' )L \ j\/
CHy NH, 97%
79 80 81
S j\/
<\
82% P(OE),

Scheme 22. Synthesis of Phosphor7ate

Deprotonation of phosphona#) with n-Buli and subsequent reaction
with methyl ketone/1 under Horner-Emmons conditions (see scheme 2R)egle
the desired trisubstituted olefB2 as a single stereoisomer in good yield (79%).
Selective desilylation of the primary hydroxyy gpolutom 82 was achieved by the
action of aqueous HF in MeCNAgY, leading to hydroxyl compourB in 90%
yield. Dess-Martin oxidation then gave aldehygtein 84% yield, which was
converted to the required thiazole alcolby the action of the Wittig reagent
PhsP=CH, and subsequent desilylation with TBAF in 84% vyieler two steps.
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OTBS
S
Q n-Buli, THF,-78C
\ || + ////I
N POEY), g 82%
OTBS
70 71
OTBS OH
<\ HF, MeCN/E};O 4<\
///// ///,/
92%
OTBS OTBS

Dess Martin Penodmane <\ j\) 1. MePPh, NaNH,, THF>
/
CH,Cl, ", 2. TBAF, MS 4A, THF

82% 84%

OTBS

Scheme 23. Synthesis of The Thiazol Fragméhts

3.3. Synthesis of Aldehyde Fragmst

Aldehyde bulding block88 was prepared by again employing an Horner-
Wadsworth-Emmons reaction using methoxide in théhar®l as the base (see

scheme 24).
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o Wittig type homologation o o
y )k; P - )W — y )K/\
88 86

85

Scheme 24. Retrosynthetic Analysis Aldehg8e

Thus, ester 869 was obtained from 4-Pentenal85 and
carbomethoxymethyl diethyl phosphonate (stabilzbdsphonate). This reaction
proceeds in high stereoselectivity and deliversy dhke E isomer in 70%. The
transtion state of this reaction favours only thernfation of the
thermodynamically more stable intermediat&which leads to th&-alkene (see
scheme 25). The by-product dialkylphosphate sals weadily removed by
aqueous extraction. Treatment 8 with DIBAL-H afforded alcohol87%® in
80% vyield and via oxidation of compou®@ with Dess-Martin-Periodinane the

pure aldehyd@&8 with the desired configuration was isolated in 65% yield.

(Et0), P""CO,Me| H o R 4 o
o = = =,CO,Me
NaOM CO,Me < = 2 )I\/\/\/
e o R'/S./,/ e Ny o N G
: MeOH sovens | (ELO); (O)P " O~F (O, E configuration
ONa* 75%
85 - 1E - 86
(0]
M DIBAL oH Dess Martin Periodine
7 7 w g
MeO 00, 2 hrs 7 F 65%
86 80% 87

O
HW
88

Scheme 25. Synthesis of Aldehygie
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3.4. Total synthesis of 8,9-dehydro Epothilone C

The aldehyde38 and ethyl ketone fragmeB8 were reacted under aldol
condition to produce the C1-C12 building block &ifetnovel epothilone C
analogue. The optimum conditions for this couplingaction required the
generation of theynlithium enolate of ethyl ketong8 with 0.98 equivalents of
LDA in THF at -78C, followed by the addition of aldehy@&8 (see scheme 17).

\\\\\\ LDA, THF, \‘\\\\(2) )j\/\/\/
-78°C = H 83

60 % 19%

Scheme 26. Aldol reaction of Fragm&8tand58

The procedure of aldol reaction for this compouad been introduced by
Anja Limberd®¥. with aldehydes8 it proceeds with moderate diastereoselectivity
(3:1) in favor of the desiregyn(6R,7S) isomer89 in 60% yield (see scheme 26).
The diastereoselectivity of this reaction was dased compared to previous
publications from Schinzeet al, due to the use of the achiral aldehydg-(
unsaturated olefin). The result just reflects thigerent selectivity of the enolate
(scheme 26). The second chiral element in the gtteels missing and therefore

no double stereoselection can be obtained.
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The Aldol adducB9 was protected with TBSOTTf giving the silyletr@
in 80% vyield. Cleavage of acetonid® has been successful by modified
proceduré® using the lewis acid Ce€TH,0®® with water (2:0.5) in acetonitrile
under reflux instead of CSA in MeOH. The conditionslded diol91 in 78%
yield and no cyclization by-product was detecte@éfdBe we discovered this
combination of reagents, several methods were deste cleave acetonide
including using mixtures of HCI in MeOH, PPTS in ®ld, and p-TSOH in
CH,Cl, at -20C. All these methods failed to produce the desitechpound
leading only to decomposition (see table 1). Thiprobably due to the instability

of this compound in the presence of acids in methan

Reagent, Condition Results
PPTS in MeOH, CC, 24 Hr Decomposition
PPTS (0.2 Eqv) in MeOH, RT, 20 Hr Decomposition
p-TsOH (0.2 Eqv)in CECl,, -20°C, 4 hr Decomposition
1M HCI : MeOH (1:9), RT, 3 Hr Decomposition
HCl :THF:H,O (0.5:1:2), RT, 2 Hr Decomposition

Table 1. Methods Test Conditions for the Cleavagkoetonide85

Treating91 with excess TBSOTf and 2,6 lutidine gave trisisdther97
almost quantitatively (90%). Selective deprotectdrihe primary TBS etheB2,
was achieved by the action of mixture of HF compéd pyridine in THF
leading to mono alcohd@3 in 70% yield. Finally, aci®4 was obtained fron93
by oxidation with PDC in DMF in 69% vyield (see sofe27)>®
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CeCh.7H,0 : H,0

TBSOTF 1,5 eqv (2:05)

2,6 Lutidine 2,0 eqv

= MeCN, reflux
K e
78%
TBSOTF 4 eqv

2,6 Lutidine 6 eqv HF.Py, Py
> —_—

CHCly oTBS e
90% OTBS OTBS O 70%
o1 92
PDC, 11 eqv
—_— >
DMF, 24 hr
% %4
Scheme 27. Synthesis of Acigé
Reaction Conditions
(89:63: DCC/ EDCI: DMAP) Results
eqv
1:1:1.3:0.2 56 % + side product
1:1.2:1.3:0.2 57% + side Product
1:1: 1.3 (EDCI): 0.2 70% of estBb
1:1.2: 1.3 (EDCI): 0.2 78 — 80% of es8&r

Table 2. Optimization Esterification of Fragmentids94 and Thiazolell
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Initials attempts for the esterification of thiagdlagmen#l and acidd9
with DCC and DMAP gave the desired digdteonly in moderate yield (25-57%)
and were not regularly reproducible. A significamprovement in the efficiency
of the reaction could be realized, however, bymyyof starting material, the use
of EDCI instead of DCC and a 20% excess of thezthie fragmentdl. Thus
under optimized conditions (1.0 eqv aé& 1.2 eqv alcohotl, 1.3 eqv EDCI,

0.3 eqv DMAP) este®0 was consistently obtained in yields between 76 &8%
(see table 2).

With diene95 as metathesis precusor in hand, we successfulliedaout
the RCM olefin-metathesis reaction @ with Grubbs catalyst (first generation)
(see scheme 28). The reaction provided 2 mix@&end 97 which could be
separated under normal chromatography, the deSirétl;, 3= 15.5) isomer
being slightly favored with Z/E = 3:1, based on % of the yield). These
phenomena probably can be explained that the ddagdrid in C8 and C9 witk-
geometric promotes a favorable conformation for tbemation of E-isomer
during the RCM reaction or increases the final tieynamic stability of thé&-
isomer versus thé-isomer.

The conversion of the fully protected macrol@ieto our target structure
98 then required the selective removal of the TBStgmting groups. This
transformation could be achieved in moderate y&0%0) by treatment &7 with
excess amount of g.(HF); in acetonitrile in the presence of 10% v/v

triethylamine [¢®
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EDCI, DMAP
D —

CH,Cl,

s
‘< | 7 Grubs Catalyst 1st
6 mol %
N / ////n,,, ‘\\\\OTBS (]
CH,Cl,, RT, 24 hr

68%

(0] OTBS

excess BN.(HF);
10 % v/v EgN

(0] OH

8,9 dehydro Epothilone C

98

Scheme 28. Ring Closing Methatesis of 8,9-dehyqhatiilone C
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Chapter 4

Summary

The purpose of this project was the developmera olew analogue of
epothilone C with a double bond between the C8 —c&®on atom. Herein a
novel synthesis of 8,9-dehydro epothilone C wascrlesd (scheme 28). A
convergent synthetic route which was stereoselectivbust and quite flexible
was employed. The construction of the stereoceateC3 in the epothilone
macrocycle is achieved by a diastereoselectivel alglaction with the chiral
acetate equivalentS-(-)-HYTRA (1,1,2- triphenyl-1,2-ethanediol acetat66.
Due to the fact that the aldol reaction between mmumd66 and57 failed, we
were developed a new protocol by employing catalgthounts of scandium (l11)
triflate instead of acetiyl chloride in presenceagbyridine catalyst used by Braun
et al.

Aldehyde bulding blocl88 was obtained from 4-penter&d by employing
a Horner-Wadsworth-Emmons reaction using methoxidthe methanol as the

base. This reaction delivers only tBésomer in 75% yield (scheme 29).

1.(EtO), P~ ~CO,Me

(0] NaOMe, IV|EOH(soIvent)
2. DIBAL, O°C
H F >
85 3. Dess Martin Periodine

Scheme 29. Synthesis of Aldehygk:



Summary 47

The aldol reaction of aldehyd@8 and ethyl keton&8 (for building the C1-
C12 fragment of epothilone) are giving moderatestéigeoselectivity (3:1) in favor

of the desiregyn(6R,7S) isomer89 in 60% yield (scheme 30).

1. LDA,-78°C D ?
_THE S ®

2. Aldehyde 88 o) o) (o)

60 % 19%

Scheme 30. Aldol Reaction of Aldehy8@ and Keton&8

After protection of secondary alcolgf), subsequent cleavage of acetonide
with CeCk.7H,O the intermediat®2 as isolated. Deprotection of the primary
TBS group and oxidation of the alcohol with PDAINF to yield acid89 (69%)

(see scheme 31).

1.TBSOTF
2,6 Lutidine
CH,Cl,

\j

S
2. CeCh.7H,0 : H,O =
MeCN, reflux OTBS OTBS O OTBS

92

Scheme 31. Synthesis of Aci@g
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The esterification reaction of thiazole fragmdatwith acid89 has been

successfully in good yield by the use of EDCI iast®f DCC and a 20% excess
of the thiazole fragmer@é3.

N EDCI DMAP
HOW j\)/, _«

O OTB®D OTBS CH2C|2

89 41 95

Scheme 32. Synthesis of Die9e

At the end, we successfully carried out the RCMimlmetathesis reaction
of 95 with Grubbs catalyst (first generation) giving timéxture of macrolide96
and 97 which was separable under standard chromatogrégihglly, a global
deprotection of marolide6/97 proceeded by employing a much milder desylation
reagent, BN.(HF);. The desirede (98) isomer is being slightly favored.

1. Grubs Catalyst 1st
6 mol %
CH,Cl,, RT, 24 hr

s
68%
otss ———— — |
N 2. EtN. (HF); NJ\/’//,,

50%

Scheme 33. Ring Closing Metathesis of 8,9-dehyqhatiilone C.

In summary, the Schinzet al synthetic strategy offers the possibility to
synthesize a new epothilone analogue with goodath&electivity.
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Chapter 5

Experimental Part

5.1.1. Chemicals and Working Technique

All required fine chemicals were receivednfrahe firms ACROS, ALDRICH

, FLUKA and MERCK. 4-Pentenal that has been usedlidehydeB8 precursor was

purchased form Alfa Aesar in 97% purity. They wased directly without further

purification if nothing else was mentioned. All gehts were distilled and/or dried
before use. Anhydrous solvents were obtained dewisl THF, diethyl ether and
toluene by distillation from sodium and benzophenomlichloromethane and
chloroform. Unless mentioned, all the reactionsewvearried out under a nitrogen
atmosphere and the glass material was pre-dridthime drying under high vacuum
(oil pump RV 5, EDWARDS). All the chemicals, whigkere air or water sensitive,
were stored under inert atmosphere. Compounds hwhi@ not described in the

experimental part, were prepared accordingediteraturg:%>%%8
5.1.2 NMR-Spectroscopy

'H |, ¥c NMR and two-dimensional spectra (COSY, TOCSY, MSQiMBC,
NOESY) were measured on BRUKER DPX 400, AMX 200, AMI0O0 and
BRUKER AMX 600 (600 or 150 MHz, respectively). Aolgents was used
chloroform-d or benzene-d6. TM8 £ 0) was used as an internal standard. Data are

reported as follows: chemical shift [multiplicitg € singlet, d = doublet, t = triplet,
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m =multiplet, br = broadened), coupling constarg)(hhtegration, peakssignment].
For the'®C NMR spectra the signal multiplicity is determinedrbgans of the APT
or DEPT-135 technique: d for CH, q for gH for CH,, and s for C.

5.1.3. Mass Spectrometry

Mass spectra were recorded on a Finnigan SSQ 7000 tfrenFINNIGAN-MAT
(Bremen). Highresolution mass spectra were measured on an ktEgtnigan
MAT-95 massspectrometer from the same firm. The used mass spettrome
ionization methods were electron-impact (El) with 70eMzation potential, chemical
ionization (CI) with NH as gas reactant, fast-atom bombardment (FAB) or field-
desorption (FD). Significant fragments are reported alfovis: m/z (relative

intensity).
5.1.4. Infrared Spectroscopy

Infrared spectra (IR) were recorded on a FT-IR-2006t the firm PERKIN ELMER.

The percent transmittance (T%) of liquid or oily subsés was measured in film
between potassium bromide tablets. Salidbstances were pulverized with
potassium bromide and percent reflection (R%) wasasured. Absorption band

frequencies are reported in ¢m
5.1.5. Polarimetry

Optical rotations were measured on a Perkin-Elmearfrobter P-341. They are

]Temperatue
D

reported as foIIowsEa (concentration, solvent). The unit of ¢ is g/100 nd.aA

solvent was used anhydrous £CHp.
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5.1.6 Melting Points

Melting points were taken with a BUCHI B-540 point moiscope apparatus or

digital Electrothermal 1A 9100 from Kleinfeld firmand were not corrected.

5.1.7. Elemental Analysis

Elemental analyses were recorded with a LECO CHBIS-9

5.1.8 Chromatographic Methods

Analytical thin-layer chromatography (TLC) was perfedron pre-coated silica gel 60
Fos4 plates (MERCK) or POLYGRAM SIL G/UM4(MACHEREY-NAGEL), and pre-
coated aluminum oxide ALOX N/U¥, (MACHEREY-NAGEL). The compounds
were visualized by U, light and the chromatography plates were develapéa

a vanillin solution or agueous solution of potassiummaamganate (heating on a hot-
plate). For preparation of the vanillin solutiorere used 8.6 g vanillin dissolved
in 200 ml ethanol and put 2.5 mb$&0Oy. The potassium permanganate solution was
prepared from 2.5 g KMnfand 12.5 g N&GO; in 250 ml HO and 5 ml 5%NaCOH.
Flash column chromatography was performed using 8dsta gel 60 M (40-63 pum)
from the firm FLUKA.
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5.1.9. Synthesis oy-Ethyl Ketone Fragmen&3

(9-(-)-2-Hydroxy-1,2,2-triphenylethyl acetateS[(HYTRA] (66):

66

To a stirred solution ofgj-(-)-1,1,2-triphenyl-1,2-ethanediol 58 (35.0 g1®1 mol,
prepared by braun methode and acetic anhydridd (4L, 0.181 mol, 1.5 eq) in
anhydrous acetonitrile (500 mL, at room temperatuneler nitrogen is added a
solution of scandium (lll) trifluoromethanesulfoaafl.23 g, 2.5 mmol, 2 mol%) ;
The order of addition of the reagents has a sicpnifi effect on the yield of the
reaction. The optimal order of addition of reagestdescribed above i.e., addition of
Sc[lll](OTf) 3 slowly, last. Continual addition of the scandiult) (riflate during the
course of the reaction maintained the pace of tloegss. Bolus addition of the
catalyst resulted in a reaction that slowed dowrstopped part way, resulting in
lower yields; in anhydrous acetonitrile (125 mL)eoapproximately 35 min. After
about 8 min a white precipitate begins to appea,the resulting mixture is stirred at
room temperature under nitrogen for a total of 3Tte solid is filtered, washed with
acetonitrile (2 x 25 mL), and dried under vacuuM@fiC overnight to affords-(-)-
2-hydroxy-1,2,2-triphenylethyl aceta®6é (31.36 g, 78%) as a white solid.

General data: £Hx00s, MW: 332.39, mp 225-230°C (crude produf)]?’ = -196°

(pyridine, crude product; = 1); DC: R = 0.40 (Pentan/Et20 2:1), UV (+), vanillin:
yellow
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'H NMR (CDCk, 300 MHz)$: 1.98 (s, 3 H, CHCO,CH), 2.80 (s, 1 H, PXCOH),
6.66 (s, 1 H, PhB), 7.04-7.42 (m, 13 H, &bn), 7.55-7.57 (M, 2 H, kbr) ;

13C NMR (CDCE, 125 MHz)8: 21.1 (g,CHsCO,CH), 78.5 (d, PhCh), 80.3 (s, #1),
126.2 (d, Ph-2), 126.3 (d, Ph-3), 127.0 (d, Phi®)y.3 (d, Ph-4), 127.5 (d, Ph-2),
127.8 (d, Ph-3), 127.9 (d, Ph-4), 128.4 (d, Phi28.5 (d, Ph-3), 135.9 (s, Ph-1),
142.7 (s, Ph-1), 144.8 (s, Ph-1) , 169.710{dzCO,CH).

IR (CHCL) cmi: 3064, 3024, 1737, 1495, 1372, 1239, 1168, 779;

HRMS calcd for G;H190, ([M+H"]-H-0), m/z 315.1385,
found 315.1386

Ethyl 3-ethyl-3-hydroxy-2,2-dimethylpentanoa@®y:

60

A suspension of zinc dust (10.79 g, 0.165 mal) TTHF (40 mL) and B(OMe)
(40 mL) was activated with 1,2-dibromoethane i, 3.0 mmol) and TESOTf
(0.34 mL, 1.5 mmol). A mixture of 3-pentanone (1:8, 0.15 mmol) and ethyl 2-
bromo-2-methylpropanoate (23.4 mL, 0.165 mol) wddea slowly to the activated
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zinc suspension. The reaction mixture was heatatyg® a hot air stream until the
reaction started. The addition was performed ah sucate that the mixture gently
refluxed. After addition of the reactants, theixtore was refluxed for 2 h and
stirred at room temperature for 20 h. The reactvas quenched by addition of 25
% aqueous Nkisolution (45 mL) at @. Glycerine (45 mL) and ED (40 mL) were
added and the organic layer was separated. Theoasjuayer was extracted with
Et,O (3 mL). The combined organic layers were driedrddgSO4 and concentrated
in vacuo. Purification of the residue by vacuuntilliggion affordedp-hydroxy ester
60 (19.72 g, 65 %) as a colorless liquid.

General Data: GH2,03, MW: 209.29.: bp: 108-11Q (10 mbar); DC: R= 0.48
(Pentan/Et20 1:1), UV (-), Vanillin: dark blue

'H NMR (400 MHz, CDCJ): 6 = 4.17 (9,33 =7.1Hz, 2 H, CKCH,0OCO), 3.78 (s,
1 H, OH), 1.56 (m, 4 H, H-4), 1.29 {) = 7.1 Hz, 3 H, CHCH,OCO), 1.22
(s, 6 H, C2-CH), 0.93 (t,°J=7.5Hz, 6H, H-5);

¥C NMR (100 MHz, CDCI3):8 = 179.2 (s, C-1), 76.2 (s, C-3), 60.9 (t,
CHsCH,OCO), 50.3 (s, C-2), 28.2 (t, C-4, C-4), 21.6 @5, C-5), 14.1 (q,
CH3CH,0CO), 8.9 (g, C2-(CH)2);

MS (PCI, CH): m/z (%): 203.4 (100) [M+H] 185.4 (78) [M+H - HOJ" , 171.1 (11),
155.1 (23), 145.1 (24),111.1 (16) {18,05 (202.3):

HRMS calcd : C 65.31, H 10.96
found : C 65.09, H 11.35.
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Ethyl -(E)-3-ethyl-2,2-dimethyl-3-pentenoatél]):

61

Hydroxy ester60 (9.74 g, 48.1 mmol) was heated under reflux witagent (11.84
g) in cyclo-hexane (40 mL) for 20 min. The solvevas removed by distillation.
Vacuum distillation of the residue afforded es®dr (7.10 g, 80 %) as a colorles

liquid.

General Data: GH,,0, MW: 184.28; bp: 60-68 (3 mbar); DC: R= 0.75
(Pentan/BELO 2:1), UV (-), Vanillin: pale blue.

'H NMR (400 MHz, CDCY): 5= 5.41 (q3J = 6.8 Hz, 1 H, H-4), 4.11 (4J = 7.2 Hz,
2 H, CHCH,0CO), 2.06 (q%] = 7.6 Hz, 2 H, CHCH,C=C), 1.65 (d3J = 6.8 Hz, 3
H, H-5), 1.28(s,6 H, §CHs), 1.23 (1,31 =7.1 Hz, 3 H, CKECH,0CO), 0.97 (t,J
=7.5 Hz, 3 H, CH3CH2C=C) ;

13C NMR (100 MHz, CDGJ): 6 = 177.2 (s, C-1), 144.1 (s, C-3), 118.5 (d, C69).3
(t, CHsCH,OCO), 48.4 (s, C-2), 24.9 (q, C2-(@h), 21.7 (t, C-1"), 14.1, 13.9,13.5
(9, C-5,CHsCH,OCO, C-1) ;

MS (PCI, CH): m/z (%): 185.1 (69) [M+H] 169.1 (14), 157.1 (100), 153.0 (16),
139.0 (9), 124.9 (15), 111.0(30), 57.0 (38) ;
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HRMS (EI): calcd for GH200, 184.1463,
found 184.146.

(E)-3-Ethyl-2,2-dimethyl-3-pentenab?):

62

LAH (2.95 g, 77.6 mmol, 2.0 equiv) was added sohution of ester 7 (7.15 g, 38.8
mmol) in THF (40 mL). The mixture was refluxed @ih. After cooling to @, EtO
(30 mL) was added, and the mixture was quencheddimpwise addition of
water (2.95 mL), 15% aqueous NaOH (2.95 mL), antewgt.50 mL). Celite (400
mg) was added, and the mixture was stirred for 30n nat room
temperature. The precipitate was filtered off byctsmm and washed with
Et,O (4 x 40 mL). The filtrate and the washingsere combined and
concentrated in vacuo to furnish crud®-8-ethyl-2,2-dimethyl-3-penten-1-ol as a
colorless liquid, which was used for the preparatd aldehydes7 without further

purification. An analytical sample of the alcoha@swbtained by vacuum distillation.

General Data: §H;60, MW: 142.24; bp: 105-106 (30 mbar); DC: R= 0.40
(Pentan/Et20 5:1), UV (-), Vanillin : dark blue.
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'H NMR (400 MHz, CDCY): & = 5.43 (q.%J = 6.7 Hz, 1 H, H-4), 3.35 (s, 2 H, H-1),
2.07 (q,%] = 7.6 Hz, 2 H, CHCH,C=C), 1.67 (d%J = 6.7 Hz, 3 H, H-5), 1.34 (brs,1
H, OH), 1.04 (s, 6 H, C2-C§ 1.00 (t3J = 7.5 Hz, 3 H, CHCH,C=C) ;

13C NMR (100 MHz, CDCI3)5 = 145.2 (s. C-3), 120.5 (d, C-4), 69.7, 42.0 (2)C
24.0 (g, C2-CH), 20.0 (t, C-1), 14.2, 13.6 (g, C-5, C-2").

MS (70 eV, El): miz (%): 142.1 (7) [M], 125.1 (48), 111.0 (34), 96.2 (14), 83.0
(35), 71.1 (37), 69.1 (100), 57.0 (42), 55.0 (66).

(E)-3-Ethyl-2,2-dimethyl-3-pentenab():

57

DMSO (6.59 mL, 93.0 mmol, 2.0 equiv) in &M, (20 mL) was added
dropwise at -7& to a stirred solution of (COGI)(3.71 mL, 42.7 mmol, 1.1 equiv) in
CHxCl, (97 mL) within 5 min. The mixture was stirred f® min at -78C. The
crude E)-3-ethyl-2,2-dimethyl-3-penten-1-ol dissolved irH{Cl, (38 mL) was
added dropwise within 5 min. The mixture was thémexl for 1 h at -7&. The
reaction was quenched by dropwise addition ofsNNEZ mL, 194.0 mmol, 5.0 equiv).
The mixture was warmed to room temperature wittbnngin. Water (97 mL) was

added, and the mixture was stirred for 10 min. @tganic layer was separated and
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the aqueous layer was extracted with,CH (3x100 mL). The combined organic
extracts were dried over MgSO4 and concentratedaicuo. Purification of the
residue by vacuum distillation afforded aldehyde(3.43 g, 65 % over two steps) as

a colorless liquid.

General Data: @;60, MW: 140.22; bp: 85-86C (28 mbar); DC: R 0.75
(Penta/Et20 5:1), UV (-), Vanillin: dark blue.

'H NMR (400 MHz, CDCI3):3 =9.27 (s, 1 H, H-1), 5.41 (§) =6.8 Hz, 1 H, H-4),
2.02 (9,%) =7.6 Hz, 2 H, CECH,C=C), 1.69 (d3J = 6.9 Hz, 3 H, H-5), 1.17 (S, 6 H ;
C2-CHg), 0.96 (t,%J = 7.6 Hz, 3 H, CHCH,C=C) ;

13C NMR (100 MHz, CDGJ): & = 203.5 (s, C-1), 141.4 (s, C-3), 122.6 (d, C-4),
52.7 (s, C-2), 24.2 (t, C-1"), 14.1, 13.8 (q, G=52") ;

MS (PCI, CH4): miz (%): 141.0 (29) [M+H], 127.1 (98), 111.1 (100), 97.1 (2),
83.1(3);

HRMS (EI): calcd for GH1:0 140.1201,
found 140.116
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(19-2-Hydroxy-1,2,2-triphenylethyl G5E)-5-ethyl-3-hydroxy-4,4-di-methyl-5-
heptenoateq():

nBuLi (3.20 mL, 8.0 mmol, 2.5 m solution indames) was added at -@Bto a
solution of diisopropylamine (1.28 mL, 8.0 mmol)TiHF (10 mL) cooled to-78C.
This LDA solution was stirred for 30 min at 0 8Cdaadded dropwise to a solution of
(9-(-)-2-hydroxy-1,2,2-triphenyl acetaéé (1.330 g, 4.0 mmol) in THF (25 mL) at -
78C. The mixture was stirred for 1 h atCO The resulting orange-red solution
was cooled to 78C, and a solution of aldehydé7 (673 mg, 4.8 mmol,
1.2 equiv) in THF (5.0 mL) was added dropwise. Timexture was stirred
for 90 min. The reaction was quenched with satdraigueous NECI solution (30
mL). The organic layer was separated and the aguéyer was extracted with
CHyCI, (3 x 50 mL). The combined organic extracts weredlover MgSQ@ and
concentrated in vacuo. Purification of the residog flash chromatography
(pentane/EO 3:1) afforded-hydroxy este67 (1.41 g, 75 %, 94 %e) as a colorless

crystalline solids.

General Data: §Hz60s, MW: 472.62; bp: 144-145C; [a]? = - 252.5 ¢ = 1.0,
CHCly); DC: R = 0.43 (Pentan/ED 2:1), UV (+), Vanillin: green.
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'H NMR (400 MHz, CDGJ): & = 7.59 - 7.54 (m, 2H, Harom.), 7.38 - 7.02 (m,
13H, Harom.), 6.70 (s, 1 H, PhCH), 5.30 {4,= 6.8 Hz, 1H, H-6), 3.78 (ddd,
%) = 10.0 Hz,3) = 2.7 Hz,3) = 2.5 Hz, 1H, H-3), 2.86 (s, 1H, OH), 2.31
(dd, 23 = 15.7 Hz,%J = 2.2 Hz, 1H, H-2), 2.21 (ddJ = 15.7 Hz,3J = 10.0 Hz,

1 H, H-2), 2.03 (d,3J = 3.1 Hz, 1H, C3-OH), 1.98 (dq™J = 2.2 Hz, °J =
7.5 Hz, 2H, CHCH,C=C), 1.60 (d,3J = 6.8 Hz, 3H, H-7), 0.98, 0.91 (2 s, 2
3H, C2-CHy), 0.91 (t,°J = 7.6 Hz, 3H, CHCH,C=C) ;

13C NMR (100 MHz, CDGJ): § = 172.2 (s, C-1), 146.0, 144.7 (s, Ph-1), 142,&(s
5), 135.6 (s, Ph-1), 128.4, 128.3 (d, Ph-2, P1t38.0 (d, Ph-4), 127.8, 127.5 (d, Ph-
2, Ph-3), 127.3, 127.1 (d, Ph-4), 126.3, 126.P{2, Ph-3), 120.3 (d, C-6), 80.4 (s,
PhC), 78.9 (d, PBH), 72.3 (d, C-30), 44.0 (s, C-4), 37.4 (t, C-23,2(q, C4-CHj),
21.3 (g, C4-CH), 20.2 (t, C-1), 14.3, 13.6 (g, C-7, C-2) .

MS (70eV, EI: m/z (%) 4723 (<0.4) [M] 4552 (0.4), 290.3
(4), 273.1 (70), 256.1 (12), 195.1 (17), 183.1 (10067.2 (12), 112.0 (16),
105.0 (26), 69.2 (10) ;

HRMS (EI) : calcd C 78.78, H 7.68 ;
found C 78.87,H 7.73.
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(3S5E)-5-Ethyl-4,4-dimethyl-5-heptene-1,3-diol (68)

N\
S

\\\

68

LAH (1.325 g,35.0 mmol, 7.0 equiv) was added pontiise to a refluxing solution
of ester67 (2.364 g, 5.0 mmol) in ED (50 mL) within a period of 2 h.
Refluxing was continued for 30 min. After coolirg@C, the reaction was quenched
by dropwise addition of water (1.35 mL) and 15 %ewmus NaOH (1.35 mL). &
(40 mL) and water (1.35 mL) were added. The mixtwes stirred for 1 h at room
temperature until a white precipitate formed whigds filtered off by suction through
a small plug of celite. The precipitate was washéd Et,O (4x 40 mL). The
filtrate and washings were combined and concemtratesacuo. Purification of the
residue by flash chromatography (pentane/Et20) affbrded (S)-2,2,1-triphenyl-
ethane-1,2-diob5 (912 mg, 90 %) as a colorless crystalliodids and alcoho68

(836 mg, 90 %) as a colorless oil.

'H NMR (400 MHz, CDC)): & = 543 (g, °J = 68 Hz, 1 H ;
H-6), 3.86 - 3.76 (m, 2H, H-1), 3.68 (dt, = 10.3 Hz,2J = 2.1 Hz, 1H, H-3), 3.00
(brs, 1H, OH), 2.20 (br s, 1H, OH), 2.17 - 2.02 @h, CHCH,C=C),1.67 (d2J =
6.8 Hz, 3H, H-7), 1.71 - 1.52 (m, 2H, H-2), 1.0)1(2 s, 2x3H, C4-C}, 0.91 (1,
= 7.6 Hz, 3H, CHCH,C=C).

General Data: GH2,0,, MW: 186.29,[a]? = -30.7 ¢ = 1.0, CHCJ); DC: R = 0.3
(EO 2:1), UV (-), Vanillin: dark blue.
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3C NMR (100 MHz, CDCJ): § = 146.2 (s, C-5), 121.1 (d, C-6), 75.8 (d, C-D.66
(s, C-1), 44.4 (s, C-4), 32.7 (t, C-2), 22.8, 2(ql C4-(CH)y), 20.1 (t, C-1"), 14.3,
13.6 (g, C-7, C-2Y);

MS (70 eV, El): m/z (%): 186.0 (0.6) [M] 177.0 (1), 141.0 (3), 112.0 (100), 96.9
(19), 83.0 (75), 74.9 (13), 68.9 (60), 54.9 (34).

HRMS (El): calcd for ¢H»,0, 186.1620,
found 186.157.

(49-4-[(E)-2-Ethyl-1,1-dimethyl-2-butenyl]-2,2-dimethyl-1 Heoxane €9):

69

Anhydrous CuS®(478 mg, 3.0 mmol, 1.5 equiv), pTsOH ;®H(76 mg, 0.4 mmol,
0.2 equiv), and pyridine (24 mL, 0.3 mmol, 0.15 igjjuvas added to a solution of
diol 68 (372 mg, 2.0 mmol) in acetone (30 mL). The mixtwmas stirred for 24 h at
room temperature. Saturated aqueous Nap€slution (40 mL) was added and the
aqueous layer was extracted withh@t(4x60 mL). The combined organic extracts
were dried over MgS©and carefully concentrated in vacuo. Purificatminthe
residue by flash chromatography (pentang€)E40:1) gave acetonid@ (812 mg,
90%) as a colorless oll.
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General Data: GH602, MW: 226.36;[a]’ = +14.3 £ = 1.0, CHCJ); DC: R = 0.84
(EtO), UV (-), Vanillin: black

'H NMR (400 MHz, CDGJ): 6 =5.32 (q,°J = 6.8 Hz, 1H, H-3), 3.88 (dtJ=
11.8 Hz,3J = 2.9 Hz, 1H, H-6), 3.80 (ddd) = 11.6 Hz,3J=5.5 Hz, 3J = 2.0 Hz,
1H, H-6), 3.70 (dd3J = 11.6 Hz,3J = 2.5 Hz, 1H, H-4), 2.18 - 2.00 (m, 2H,
CHsCH,C=C), 1.62 (d,°J = 6.8 Hz, 3H, H-4), 159 - 146 (m, 1 H ;
H-5), 1.41, 1.35 (2 s, 23H, C2-GH1.18 (ddd?J = 13.1 Hz2) = 4.7 Hz,*J = 2.6 Hz,

1 H ; H-5), 1.03, 1.00 (2 s, 23H, C1-@H0.98 (1,3 = 7.5 Hz, 3H ; CHCH,C=C) ;

13C NMR (100 MHz, CDGJ): & = 146.1 (d, C-3), 119.2 (d, C-4), 98.3 (s, C-24.2
(d, C-4), 60.4 (t, C-6), 42.9 (s, C-1), 29.9 (®-CH), 26.1 (t, C-5), 24.2, 21.2, 19.1,
(q, C2-CH, C1'-CHs) 14.4, 13.6 (g, C-4', C-2).

2-[ (49-2,2-dimethyl-1,3-dioxan-4-yl]-2-methyl-3-pentare(®8):

X
S

5' R
2

4

(€]

A stream of ozone in oxygen was bubbled througllatisn of acetonidés9 (226
mg, 1.0 mmol) in CKCIl, (40 mL) at -78C until the blue color of the solution
persisted. PRh(262 mg, 1.2 equiv) was added at @8the mixture was allowed to
warm to room temperature within 4 h and conceetrah vacuo. Purification of the
residue by flash chromatography (pentang)Ei:1) furnished ethyl ketorts8 (182
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mg, 85 %) as colorless crystals, m.p. 3Z8identical, IR,'H NMR, **C NMR) with

substance obtained from the previously describedypborane protocdi? 4%

(9-3,5-Di-(tert-butyldimethylsilyloxy)-2-pentanon&X):

OTBS OTBS

71

A solution of hemiacetal7/78 (146 mg, 0.424 mmol); prepared by previous armin
bauer method¥; in CH,Cl, (70 mL) was cooled to -7&. A stream of ozone in
oxygen was bubbled through the solution until thaebcolor persisted, then the
excess of ozone was removed by bubblingtiNtough the solution. PRK333 mg,
1.27 mmol, 3.0 equiv) was added, and the mixture allowed to warm to room
temperature. Stirring was continued until TLC iraded conversion of the
intermediate product. The solvent was removed umdduced pressure, and the
residue was purified by flash chromatography (pestatO 19:1) to yield methyl
ketone71 (101 mg, 69 %) as a colorless oil.

General Data: GHagO3Sh, MW: 346.24;[a]2’= -11.8 € = 1.0, CHCY); DC: R =
0.24 (CHCIY/ELO), UV (-), Vanillin: first red then change intodalk.

1H NMR (400 MHz, CDCI3):8 = 4.15 (dd,*J = 6.8 Hz, 3J = 5.3 Hz, 1H,
H-3), 3.75 - 3.58 (m, 2H, H-1), 2.16 (s, 3H, H-5)88 - 1.70 (m, 2H, H-2), 0.92,
0.88 (2's, 2 x 9H, OSIC(GH), 0.06, 0.06, 0.04, 0.03 (4s, 4 x 3H,
OSi(CHg)2).
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3C NMR (100 MHz, CDGJ): 5 = 212.0 (s, C-4), 75.8 (d, C-3), 58.4 (t, C-1),837
(t, C-2), 25.9 , 25.7 (q, Bu), 25.4 (g, C-5), 18.3, 18.1 (SCHCHa)3), - 5.0, - 5.1,
- 5.4 (g, SiCH).

MS (PCI, NH): m/z (%): 347 (100) [M+H], 324 (17), 279 (93), 231 (4), 215 (7),
157 (8), 94 (11) ;

HRMS (EI): calcd for GH3503Si, 346.2360,
found 346.235.

5.2.0. Synthesis of Thiazole Fragmédt

(3S4E)-1,3-Di-(tert-butyldimethylsilyloxy)-4-methyl-5-2nethyl-1,3-thia-
zol-4-yl)-4-pentene (82):

S , 10 OTBS
L< 1
8\ ‘ 2
N 6 5/ //// .
3
OTBS

82

nBuLi (23.5 mL, 58.7 mmol, 1.2 equiv of a 2.5 mud@n in hexanes) was added
dropwise to a stirred solution of phosphorvit€14.64 g, 58.7 mmol, 1.2 equiv)
in THF (150 mL) cooled to -78. After the mixture was stirred at -78 for 1 h, a
solution of methyl keton&l (16.96 g, 48.9 mmol, 1.0 equiv) in THF (100 mL)swa
added dropwise at -7&. The mixture was allowed to warm to room tempegat
within 12 h. The reaction was quenched with satataiqueous NI solution (100
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mL). The organic layer was separated and the aguieger was extracted with J&x

(3x100 mL). The combined organic extracts wereddaeer MgSQ and concentrated

in vacuo. Flash chromatography (&b, then EfO) yielded unconverted methyl
ketone71 (3.22 g, 22 %) an& olefin 82 (17.07 g, 79 %) as colorless oils.

General Data: §HsNOSSh, MW: 441.82;[a]2 = -0.7 € = 1.0, CHCJ); DC: R =
0.18 (CHCIY/ELO 3:2), UV (+), Vanillin: dark green

'H NMR (400 MHz, CDC)): & = 6.91 (s, 1H, H-7), 6.47 (s, 1H,
H-5), 4.31 (dd?J=8.0 Hz,3J = 4.6 Hz, 1 H ; H-3), 3.71 - 3.58 (m, 2 H, H-1Y@ (s,
3 H; H-9), 1.99 (d¥J = 1.1 Hz, 3 H, H-10), 1.83 - 1.75 (m, 2 H, H-2)89, 0.88 (2 s,
2x 9 H, OSIC(CH)3), 0.06, 0.00 (2s, 2x3H, OSi(GH), 0.03 (s, 6H, OSIi(Ch))

13C NMR (100 MHz, CDGJ): § = 164.3 (s, C-8), 153.2 (s, C-6), 142.6 (s, C148.6
(d, C-5), 115.0 (d, C-7), 75.0 (d, C-3), 59.6 (£1)C 39.8 (t, C-2), 25.9, 25.8 (q,
SitBu), 19.2, 18.2 (s, 8(CHs)3), 13.8, - 4.6, - 5.1, - 5.3, - 5.4 (g, SigH

MS (70 eV, El): m/z (%): 441.2 (35) [N} 384.1 (89) [M - tBu], 356.1 (80), 309.1
(49), 282.1 (65) [@&H24NOSSI[ , 252.0 (70),178.0 (38), 147.0 (71), 73.1 (100) ;

HRMS (EI): calcd for GoH43NO,SSh 441.2553,
found 441.255
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(3S4E)-3-(tert-Butyldimethylsilyloxy)-4-methyl-5-(2-meti-thiazol-4-yl)-4-penten-
1-ol (83):

S 5 10 OH
L< ‘ 1
8 \ 2
NN,
3
OTBS
83

In a PE bottle, silyl etheB2 (13.255 g, 30.0 mmol) was dissolved in a mixtufe o
Et,O (120 mL) and MeCN (120 mL). Aqueous 40 % hytrafic acid (20 mL) and
finely ground splinters of glass (133 mg) were atlde0 8C to the vigorously stirred
mixture. The mixture was stirred for 2 h a€0Hydrofluoric acid (20 mL) was added
and stirring was continued for 1 h afCO The reaction was quenched by
carefully adding solid NaHC£(84.0 g, 1.0 mol) within 15 min at'©. After
the mixture was stirred for 30 min atQ) water was added until the solids
dissolved (the pH was adjusted to 6-8 by furtheditamh of NaHCQ, if
necessary). The mixture was extracted with,ClE (4 x200 mL). The combined
organic  extracts were washed with brine (100mL), ieddr over
MgSQ,, and concentrated in vacuo. Purification of thesidee by flash
chromatography (pentanefet 4:1) afforded alcohd83 (9.041 g, 92 %) as viscous

colorless oil.

General Data: GH,oNOSSp, MW: 327.56;[a]? = -32.0 ¢ = 1.0, CHC}); DC: R =
0.52 (E£O), UV (+), Vanillin: dark green.
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'H NMR (400 MHz, CDGJ): 5 (ppm): 6.92 (s, 1H, H-7), 6.52 (s, 1H, H-5), 4(a8,

3)=7.4 Hz,3) = 4.5 Hz, 1 H, H-3), 3.80-3.67 (m, 2H, H-1), 2(80 3 H, H-9), 2.40
(s, 1H, OH), 2.01 (d}J = 1.2 Hz, 3 H, H-10), 1.93-1.76 (m, 2 H, H-2), D&, 9 H
,OSIiC(CHy)3), 0.10, 0.03 (2s, 2x3 H, OSi(GH).

13C NMR (100 MHz, CDGJ): = 164.5 (s, C-8), 152 (s, C-6), 141.53 (s, C-48.71
(d, C-5), 115.35 (d, C-7), 77.42 (d, C-3), 60.35Q¢1), 38.12 (t, C-12), 25.77 (q,
SitBu), 19.16 (g, C-9), 18.08 (s,&CHs)s), 14.33 (g, C-10), -4.66, -5.26 (q, SiQH

MS (70 eV, EI): miz (%): 327 (18) [M] 282 (39), 270 (94), [M + tBii] 268 (29),
252 (12), 240 (14), 178 (41), 168 (100), 164 (23)105
(27), 75 (59), 73 (42) :

HRMS (EI): calcd for GsH290NO,SSi 327.1688,
found 327.168.

(3S4E)-3-(tert-Butyldimethylsilyloxy)-4-methyl-5-(2-me¥i1,3-thiazol-4-

yl)-4-pentenal §4)
S . 10 /0
9 \ ‘ 1
8 < 2
N 6 5/ :]/_//,I" 3

OTBS

84

Dess-Martin periodinane (478 mg, 2.91 mmol, 1.3\@qgwas added to a solution of
alcohol83 (732 mg, 2.24 mmol) in Cil, (10 mL). The mixture was stirred for 30

min at room temperature. The solvent was removeiémureduced pressure. Flash
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chromatography (pentane/Et20 4:1) yielded aldel841€¢614 mg, 84 %) as a pale
yellow oil.

General Data: GH2/NO,SSh, MW: 325.54;[a]? =-19.2 ¢ = 1.0, CHC}); DC: R =
0.68 (E£O), UV (+), Vanillin: dark green

'H NMR (400 MHz, CDGJ): & (ppm) = 9.79 (£ = 2.7 Hz, 1 H, H-1), 6.94 (s, 1 H,
H-7), 6.56 (s, 1 H, H-5), 4.69 (dt] = 8.2 Hz2) =4.0 Hz, 1 H ; H-3), 2.75 (ddd) =
15.5 Hz,3) = 7.7 Hz,3J = 2.9 Hz, 1 H, H-2), 2.70 (s, 3 H, H-9), 2.51 (dd#=15.5
Hz,3)=4.0 HzJ= 2.1 Hz, 1 H ; H-2), 2.04 (4) = 1.2 Hz, 3 H, H-10), 0.88 (s, 9 H,
OSiC(CHp)3), 0.08,0.03 (2 s, 2 x3H, OSIi(GH).

3C NMR (100 MHz, CDGJ): & (ppm) = 201.5 (d, C-1), 164.8 (s, C-8), 152.6(s,
6), 140.5 (s, C-4), 119.3 (d, C-5), 115.9 (d, C7B.9 (d, C-3), 50.1 (t, C-2), 25.7 (q,
SitBu), 19.2 (g, C-9), 18.1 (s, S(CHs)s), 14.1, - 4.6, - 5.2 (q, SiGH

MS (70 eV, El): m/z (%): 325 (6) [M], 282 (24), 268 (98) [M - tB(i], 250 (17),
194 (13), 176 (100), 164 (19), 135 (15)1 1@0), 75 (32), 73 (31);

HRMS (EI): calcd for GeH,7/NO,SSi 325.1532,
found 325.153
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(4S,6E)-4-(3-(tert-butyldimethylsilyloxy)-2-methylhexaB-dienyl)-2-methylthiazole

(84a):
1
10 \/S | 8 2/
Q\N;::L\\g77L%“4

OTBS

84a

A mixture of methyl triphenyl phosphoniumbratai (1.197 g, 3.35 mmol, 1.85
equiv), NaNH (131 mg, 3.35 mmol, 1.85 equiv), and THF (10 mias stirred for
30 min at room temperature. A solution of aldehd€589 mg, 1.81 mmol) in THF
(5 mL) was added dropwise over 10 min. The mixtumas stirred for 15 min at room
temperature, poured into saturated aqueous NaHC®Iution (60mL),
and extracted with ED. The combined organic layers were washed with
brine and dried over MgSO After removal of the solvents under reduced

pressure, flash chromatography (pentan@HBi9:1) of the residue afforded olefin

84a (498 mg, 85 %) as a pale yellow oil, identical ,(fR NMR, *C NMR) with
substance obtained from the previously describearinn bauer protoci®!.
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(1E,39)-3-(tert-Butyldimethylsilyloxy)-2-methyl-1-(2-meiit1,3-thiazol-4-yl)-1,5-
hexadiene41):

41

TBAF (4.0 mL, 1.0 M in THF, 4 mmol, 3 equiv) wasdadl at OC to freshly activate
molecular sieves’A in THF (16 mL). The mixture was stirred for 45nmat room
temperature. A solution of silyl eth8da (444 mg, 1.37 mmol) in THF (2 mL) was
added, and stirring was continued for 80 min ‘&. 0rhe mixture was poured into
saturated aqueous NEI solution (35 mL) and extracted with ;Bx (4X). The
combined organic layers were washed with brinedaretl over MgSQ@ Evaporation
of the solvent under reduced pressure, followedldsh filtration with EtO over a

short silica gel column afforded alcoll (283 mg, 99 %) as a colorless oil.

General Data: GH1sNOS, MW: 209.31;[a]?’ = -18.5 ¢ = 1.0, CHCY); DC: R =
0.42 (E£O), UV (+), Vanillin: dark blue.

'H NMR (400 MHz, CDCJY): 3(ppm) = 6.92 (s, 1 H, H-8), 6.46 (s, 1 H,
H-6), 5.83-5.72 (m, 1 H, H-2), 5.08-4.97 (m, 2 H;1§ 4.15 (%) = 6.4 Hz,
1 H, H-4), 2.70 (s, 3 H, H10-Gj{ 2.40 - 2.25 (m, 2 H, H-3), 2.00 (4) =
1.0 Hz, 3 H, H-11).
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13C NMR (100 MHz, CDCI3)8(ppm) = 164.4 (s,C-9), 153.1 (s, C-7), 142.0 (&)C
135.3 (d, C-2), 118.8 (d, C-6), 116.5 (t, C-1), 116, C-8), 78.5 (d, C-4), 41.4 (t, C-
3), 25.8 (g, C-13), 19.2 (g. C-10) , 13.9 (g, C-11)

MS (PCI, NH): m/z (%): 324 (100) [M+H], 308 (1) [M - CH3] , 282 (7), 266 (1)
[M-tBu]* , 192 (4), 94 (3) ;

HRMS (EI): calcd for GH,9gNOSSi 323.1739,
found 323.173.

5.2.1. Total Synthesis of 8,9-dehydro Epothilone C

Methyl trans-Hepta-2,6-dienoate36):

o)
/3 F !
MeO” 1
2 4 6
86

Based on Crandal procedud#d, sodium metal (1.09, 47.6 mmol) was dissolveddn 6
ml of anhydrous methanol while cooling in ice bathOC. A vigorous reaction
ensued and the temperature rose t@C4®@Vhen reaction mixture returned taCQ
methyl diethylphosphonoacetate (10.0 g, 47.64 mmays added. The reaction
mixture was stirred for 15 minutes at room tempertand was again cooled t&€0
4-Pentena85 (3.36 ml, 34.0 mmol) was added via syringe. Thetune was stirred at
room temperature for 1.5 h, after which 60 ml oftevavas added and the mixture
was extracted with ether (3x60 ml). The organicsghewvas washed with brine (60
ml), dried over MgSQ filtered and concentrated giving 3.35 g (70% djiedf the

titte compound as light yellow oil.



Experimental Part 73

General Data: g4100,, MW: 140.18; DC: R= 0.7 (Pentene/ED 1:1), UV (+),
Cerium: blue.

IR (film) V (cm): 2860 (m), 2750 (s), 1720 (s), 1680 (s), 1650 (s)

'H NMR (400 MHz, CDCJ): §(ppm) = 6.98 (dt3J = 16.0 Hz,3J = 6.5, 1H, H-3),
5.84 (d,%J = 16.0 Hz, 1H, H-2), 5.79 (ddi) = 16.5 Hz, 10.0 Hz, 6.5 Hz, 1H, H-6),
5.05 (dd,%) = 16.5 Hz, 2.0Hz, 1H, H-7), 5.00 (dil = 10.0 Hz, 2.0 Hz, 1H, H-7),
3.72 (s, 3H, Ch},2.31-2.29 (m, 2H, H-4), 2.24-2.21 (m, 3H, H-5).

13C-NMR (100 MHz, CDCJ): (ppm) = 167. 1 (s, C-1), 148.7 ( C-3, d), 1316
d), 121.4 (C-2, d), 115.7 ( C-7, 1), 51.5 (£H), 32.1 ( C-4, 1), 31.6 ( C-5, 1)

(E)-hepta-2,6-dien-1-047) 1% :

OH

87

A solution of MethyltransHepta-2,6-dienoat&6 (1.5 g, 10.8 mmol) in 36 ml
anhydrous THF was cooled to -Z8and DIBAL-H (1.0 M solution in Hexan
fraction, 28.06 ml, 28.06 mmol) was added slowllye Tnixture was stirred for 2 hr at
-78C. The mixture was chilled in ice bath and thennghed by sequential addition
of 1.2 ml 15% NAOH, 3.0 ml bD, and 1.2 ml ED. The mixture was stirred at room
temperature for 30 minutes and the dried over Mg&l filtered. After removal of
the solvents under reduced pressure, flash chrgmegtby (pentane/ED 15:1) of the
residue afforded alcoh@7 (0.96 g, 80 %) as a pale yellow oil and the spéctata
were consistent to the previous regdtt
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General Data: @20, MW: 112.17; DC: R= 0.21 (Pentene/ED 3:1), UV (-),
vanillin: black

'H NMR (400 MHz, CDCJ): & (ppm) = 5.71-5.85 (m, 1H, H-6), 5.21-4.75 (m, 2H,
H-2, H-3), 5.00-5.06(m, 1H, H-7), 4.81-4.90 (m, 1#7), 4.08(d, 3J = 4.8 Hz, 2H,

H-1), 2.10-2.15 (m, 4H, H-4, H-5),1.42 (br s, OH)

13C-NMR (100 MHz, CDCJ): §(ppm) = 138.90 (d, C-6), 129.8 (d, C-2), 128.0Qd,
3), 116.4 (t, C-7), 65.4 (t, C-1), 35.9 (t, C-53,8(t, C-4)

HRMS (El): calcd for @H,20 112.1701,
found 112.1702.

(E)- 2,6-Heptadienaldg):

o)
3 7
Hl/ 7
2 4 6
88

To a solution 087 (1.0315 gr, 9.2894 mmol) in dry G, (15 ml) was added Dess-
Martin periodinane reagent (4.334 g, 10.2183 mrab{jC in several portion, and the
reaction mixture was stirred at room temperaturelfécnr. The mixture was diluted
with Et,O and the former precipitate was filtered off ahd filtrate was concentrated
under reduced pressure without heat and the reswlas purified by flash
chromatography (pentenefEx10:1) to give88 (0.8915 g, 86%) as colorless liquid.
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General Data: ¢4,00, MW: 110.15; DC: R= 0.36 (Pentene/ED 4:1), UV (+),

vanillin: black.

IR (film) V (cm): 1700 (C=0) crit

IH NMR (400 MHz, CDCY): & (ppm) = 9.40 (d3J = 8Hz,1H, H-1), 6.80-6.91 (m,
1H, , H-3), 6.10-6.21 (m, 1H, H-2), 5.70-5.19 (m, H-6), 5.11-5.02 (m, 2H, H-7),

2.10-2.50 (m, 4H, H-4, H-5).

13C-NMR (100 MHz, CDCJ): 8(ppm) = 193.90 (d, C-1), 157.59 (d, C-3), 134.3 (d,
C-6), 133.1 (d, C-2), 115.94 (t, C-7), 31.82 (555531.77 (t, C-4).

MS (70 eV, El): m/z (%): 110 (4, [M], 109 (14), 95 (32), 81 (100), 79 (42), 41 (71).

HRMS (El): calcd for GH100 110.1701,
found 110.1702.
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(E)-(4R,554'S)-2-(-2,2-dimethyl-1,3-dioxan-4-yl)-5-hydroxy-2,4rdethylundeca-
6,10-dien-3-0neq9):

89

A solution of ethyl keton®&8 (1.55 g, 7.26 mmol) in THF (2.0 mL) was added to a
freshly prepared solution of LDA [n-BuLi (4.3 mL,6Lm solution in hexanes, 6.97
mmol, 0.96 equiv) was added to a solution of dirspglamine (0.977 mL, 6.97
mmol) in THF (11.0 mL) at €] dropwise at - 7&. The solution was stirred for 1 h
at - 78C. Aldehyde88 (800 mg, 7.2628 mmol, 1.0 equiv) was added dropisd
stirring was continued for 45 min at at “Z8 The reaction mixture was quenched by
dropwise addition of saturated aqueous 48H solution at -78. The
organic layer was separated and the aqueous lagsr extracted with ED.
The combined extracts were dried over MgSénd concentrated in vacuo.
Flash chromatography (pentane®t 10:1) of the residue afforded major
diastereoisome9 (0.92 g, 60%) as colorless oils.

General Data: ¢H3,04, MW: 324.45; DC: R= 0.2 (Pentene/ED 3:1), UV (-),

vanillin: black.
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IR (film) \7(cm'1): 3409 (w), 2956 (s), 2938 (s), 2876 (m), 1694 (8)67 (m),
1381(s), 1372 (w), 1255 (s), 1094 (m), 971(m), 88Pcm

'H NMR (400 MHz, CDC}): 5 (ppm): 5.77-5.84 (m, 1H, H-10), 5.67-5.76 (dt, 1H,
33=8 Hz,%J= 2.0 Hz, H-7), 5.37-5.43 (dd, 1 = 21.3,%J = 5.2, H-6), 4.92-5.31 (m,
2H, H-11), 4.23-4.28 (m, 1H, H-5), 4.02-4.01d, )= 11.9 Hz,*J= 2.5, 1H, H-4"),
3.94 (dt%J= 11.8 Hz2J= 2.7 Hz, 1H, H-6"), 3.85 (dddfJ= 11.2 Hz,3J= 4.1 Hz,*J=
1.5 Hz, H-6"), 3.39 (s, 1H, OH), 3.02-3.10 (d&+ 7.1 Hz,3J= 2.6 Hz, 1H, H-4),
2.11-2.14 (m, 4H, H-8, H-9), 1.6-1.69 (m, 2H, H;51)4 (s, 3H, C2'-CH), 1.31 (s,
3H, H-1), 1.2 (s, 3H, C2'-Cfj 1.1 (s, 3H, C2-ChJ, 1.03-1.07 ( dJ= 7.0 Hz, 3H,
C4-CHg).

13C-NMR (100 MHz, CDGJ): 8(ppm): 138,115 (d, C-10), 131.590 (d, C-6), 128 76
(d, C-7), 114.77 ( t, C-11), 98.468 (s, C-2°),784.(d, C-4"), 71.9 (d-C-5), 59.73 (t,
C-6"), 51.34 ( s, C-2), 45.5 (d, C-4), 33.31 (9531.7 (t, C-8), 29.71 (q, C2"-GH
25.03 (t, C-5), 21.24 (g, C-1), 19.00 (q, C24;H8.05 (q, C2-Chk), 10.094 (q, C4-
CHs).

MS (70 eV, El): m/z (%): 324 (1<, [M], 306 (26, [M-H,0], 266 (3), 248 (20),
198 (8), 169 (20), 167 (14), 143 (86), 132)(217 (38), 99 (82), 93 (63), 83 (28).

HRMS (EI): calcd for GH3,04 324.230,
found 324.241.
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(E)-(4R,554'S)-5-(tert-butyldimethylsilyloxy)-2—(2,2-dimethyl-8;dioxan-4-yl)-
2,4-dimethylundeca-6,10-dien-3-or&b:

90

2,6-Lutidine (0.515 ml, 3.7 mmol, 2.0 equiv) andSOTf (0.7644 mL, 3.69 mmol,
1.5 equiv) were slowly added at -'Z8to a solution of alcohol 84 (700 mg, 2.21
mmol) in CHCl, (20 ml). The mixture was stirred at 18 for 30 min and at’C for

1 h. Saturated aqueous NaHCsdlution was added and the mixture was extracted
with CH,Cl,. The combined extracts were dried over Mg2(@d concentrated in
vacuo. Silyl ether 85 (774 mg, 80%) was obtained aagolorless oil after
purification of the residue by flash chromatogragbgntane/E0 20:1).

General Data: &H4604s, MW: 438.72; DC: R= 0.62 (Pentene/ED 1:1), UV (-),

vanillin: black.

IR (film) Vv (cm): 2957 (s), 2931 (m), 2886 (W), 2858 (m), 16971)73(w) , 1256
(m), 1103 (m), 987 (w), 836 (s), 775 (S).

'H NMR (400 MHz, CDCJ): & (ppm): 5.79-5.87 (m, 1H, H-10), 5.70-5.76 (dg, 1H,
33=9 Hz,3J= 2.0 Hz, H-7), 5.37-5.43 (dd, 18] = 21.3,3) = 5.2, H-6), 5.02-5.31 (m,
2H, H-11), 4.29-4.38 (ddd) = 7.5,%3 =3.9,3%J= 3.6, 1H, H-5), 4.10-4.17 dd, %)=
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11.9 Hz,*J= 2.5, 1H, H-4"), 3.94 (dfJ= 11.8 Hz,2J= 2.7 Hz, 1H, H-6"), 3.85 ( ddd,
3J=11.2 HzJ= 4.1 Hz,%J= 1.5 Hz, H-6"), 3.12-3.20 (ddJ= 7.1 Hz,3J= 2.6 Hz, 1H,
H-4), 2.11-2.14 (m, 4H, H-8, H-9), 1.6-1.69 (m, HH5"), 1.4 (s, 3H, C2'-C#), 1.31
(s, 3H, H-1), 1.2 (s, 3H, C2-GMH 1.1 (s, 3H, C2-Ch}, 1.03-1.07 ( d3J= 7.0 Hz,
3H, C4-CH), 0.91 (s, 1x9H; OSIC(C#), 0.09, 0.1 ( 2s, 2x3H; OSi(GM).

13C-NMR (100 MHz, CDCJ): §(ppm): 215,84 (s, C-3), 138,99 (d, C-10), 133.590 (
C-6), 130. 763 (d, C-7), 114.34 (t, C-11), , B4(@, C-4’), 71.9 (s,C-5), 59.73 (t, C-
6), 51.34 (s, C-2), 45.5 (d, C-4), 33.31 (t, C-®).7 (t, C-8), 29.71 (q, C2"-GH
27.08 (g, OSiATHs)s, 25.03 (t, C-5'), 23.24 (g, C-1), 21.00 (q, C24;H0.05 (q,
C2-CH), 18.5, 18.4 (s, OS(CHs)3), 15.094 (q, C4-Ch), -4.9 , -4.0 (g, OSi(Ch)).

MS (70 eV, El): m/z (%): 324 (1<, [M], 306 (26, [M-H,0], 266 (3), 248 (20),
198 (8), 169 (20), 167 (14), 143 (86), 132)(217 (38), 99 (82), 93 (63), 83 (28).

HRMS (EI): calcd for GiH2304Si [M*-t-Bu] 380.9601
Found 380.9602
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(E)-(4R,553'9-5-(tert-butyldimethylsilyloxy)-1,3-dihydroxy-2,2,4-trimeftrideca-
6,10 -dien-3-oneql):

91

A solution of acetonide protected dig® (0.1660 gr, 0.3784 mmol) in GBN (6.3
ml) was added kO (0.903 ml) followed by Ce@lI7H,O (0.423 g, 1.1352 mmol) at
ambient temperature. The reaction was stirred fabxréemperature for 1.5 hr. After
completion as indicated by TLC, the reaction migtuwas diluted with EO,
guenched with NaHC{Xsaturated aq), and the aqueous layer was receedravith
Et,O (2X). The organic layer was dried over MgS€ltered, and concentrated under
reduced pressure. Flash chromatography (5:1, Peiigd) provided 0.1182 gr of
diol 91 in 78% yield as clear oil.

General Data: £H420,Si, MW: 398.65; DC: R= 0.62 (Pentene/ED 1:1), UV (-),

vanillin: black.

IR (film) Vv (cm®): 3425 (br s), 2958 (m), 2886 (w), 2858 (m), 18] 1473(w) ,
1256 (m), 1103 (m), 987 (w), 836 (s) , 775 (S).

'H NMR (400 MHz, CDCY): & (ppm): 5.83-5.87 (m, 1H, H-10), 5.79-5.66 (dq, 1H,
33=9 Hz,%J= 2.0 Hz, H-7), 5.47-5.40 (dd, 1] = 21.3,%J = 5.2, H-6), 5.02-5.31 (m,
2H, H-11), 4.29-4.38 (m, 1H, H-5), 4.10-4.4d, 1H, H-3"), 3.82-3.86 (m, 2H, H-1"),
3.39-3.40 (m, 1H, 3'-OH), 3.12-3.20 (dtj= 7.1 Hz,%J= 2.6 Hz, 1H, H-4), 2.69 (br s,
1H, 1'-OH), 2.10-2.13 (m, 4H, H-8, H-9), 1.62-1.6#, 2H, H-2"), 1.41 (s, 3H, H-1),
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1.2 (s, 3H, C2-Ch), 1.03-1.07 (d,%)= 7.0 Hz, 3H, C4-Ch), 0.91 (s, 1X9H;
OSiC(CHy)s), 0.09, 0.1 ( 2s, 2x3H; OSI(GH).

13C-NMR (100 MHz, CDGJ): 3(ppm): 138,115 (d, C-10), 131.590 (d, C-6), 12%8 76
(d, C-7), 114.77 (t, C-11), 76.73 (d, C-3"),945,C-5), 62.34 (t, C-1"), 52.34 (s, C-
2), 45.5 (d, C-4), 33.31 (t, C-9), 32.50 (t, C-2§.7 (t, C-8), 25.15(q, OSiCH3)s,
23.24 (g, C-1), 21.00 (g, C2-GH 20.05 (g, C2-Ch), 18.5, 18.4 (s, OS(CHs)s),
15.094 (g, C4-Ch), -4.9 , -4.0 (g, OSi(Ch).

MS (70 eV, El): miz (%): 397.1 (1<, [M), 339.43 [M- tBu], 282.20 (5), 265.43
(100) [M"- OTBS], 248 (20), 167 (14), 155.43 (22), 188), 105.43 (77), 75(79).

HRMS (El): calcd for GH4,0,Si: 398.290
Found: 398.302

(B)-(4R,553'9-(1,3,5-Tris-tert-butyldimethylsilyloxy)-2,2,4-trimethyltrideca-6,10
dien-3-one 92):

OTBS OTBS O
92

2,6-Lutidine (0.336 ml, 2.8 mmol, 8.0 equiv) anBSOTf (0.344 ml, 1.49 mmol,
4.1 equiv) were slowly added at -'@8to a solution of alcohd1 (380 mg, 0.36
mmol) in CHCI, (2 ml). The mixture was stirred at -8 for 30 min and at'C for

1 h. Saturated aqueous NaHgCsdlution was added and the mixture was extracted

with CH,Cl,. The combined extracts were dried over Mg&6d concentrated in
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vacuo. Silyl ether92 (0.2142 g, 90%) was obtained as a colorless dir af
purification of the residue by flash chromatogragbgntane/E0O 20:1).

General Data: §€H7004Sg, MW: 627.17; DC: R= 0.62 (Pentene/ED 1:1), UV (-),

vanillin: black.

IR (film) Vv (cm®): 2957 (s), 2931 (m), 2886 (w), 2858 (m), 1679 {&73(w), 1257
(s), 1099 (br s), 987 (w), 836 (s), 775 (S).

'H NMR (400 MHz, CDGJ): & (ppm): 5.83-5.87 (m, 1H, H-10), 5.70-5.66 (dt, 1H,
33=9 Hz,%J= 2.0 Hz, H-7), 5.47-5.40 (dd, 1] = 21.3,%J = 5.2, H-6), 5.02-5.31 (m,
2H, H-11), 4.29-4.38 (m, 1H, H-5), 4.10-4.4d, 1H, H-3"), 3.80-3.85 (m, 2H, H-1"),
3.10-3.219 (dt3J= 7.1 Hz,3J= 2.6 Hz, 1H, H-4), 2.69 (br s, 1H, 1-OH), 2.10:2.
(m, 4H, H-8, H-9), 1.62-1.67 (m, 2H, H-2), 1.41 84, H-1), 1.2 (s, 3H, C2-G)
1.03-1.07 ( d,%= 7.0 Hz, 3H, C4-Ch), 0.89 (s, 2x 9H, C3'-SiC(Chk, C5-
SiC(CHs)3), 0.87, (s, 9H, C1-SiC(Ch)s), 0.08, 0.05 (s, 2x3H, C5-0OSiC(G)}), 0.05
(s, 2x3H, C3-0OSiC(Ch),), 002,0.01 (s, 2x3H, C1’-OSiC(GH).

13C-NMR (100 MHz, CDGCJ): &(ppm): 218.25 (s, C-3), 138.115 (d, C-10), 131.590
(d, C-6), 129. 763 ( d, C-7), 114.77 ( t, C-11),78 (d, C-3°), 74.9 (s,C-5), 61.34 (t,
C-1%), 52.34 (s, C-2), 45.5 (d, C-4), 33.31 (t95-32.50 (t, C-2’), 26.7 (t, C-8),
26.22 (g, C5-0SiQIHs)s), 26.11 (g, C3™-OSiGH3)3), 25.96 (q, C1'-OSiGEH3)3),
24.52 (g, C2-Ch), 20.05 (g, C2-Ch), 18.52 (s, C5-OSI(CHz)s), 18.34 (s, C3'-
OSIC(CHz)s, 18.29 (s, C1-OSI(CHa)3), 15.094 (q, C4-Ch), -5.24, -5.27 (q, C1™-
OSi(CHg)y), -3.78, -3.97 (g, C3'-OSi(Chkh), -3.66, -3.69 (q, C5-OSi(C).

MS (70 eV, EI): miz (%): 624 (1<, [M], 566.03 [M- tBu], 546.40 (2) [C1 - CY,
434.27 (5), 394.27 (20), 304. 23 (100) [C1 - {,326.18 (71) [C5- CI1, 166 (17),
140 (21), 104 (58), 84.27 (44), 68 (44).
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HRMS (EI): calcd for G4H7004Sk: 624.460
Found: 624.468.

(E)-(4R,553'9-(3,7-Bis-tert-butyldimethylsilyloxy)-1-hydroxy-2,2,4
trimethyltrideca-6,10-dien-3-on&3):

OH OoTBS O
93

To a solution 0f92 (0.3486 g, 0.556 mmol) in THF (12 ml) was addedtacls
solution of HF.Py (this stock was prepared by addibf 1.0 ml HF.Py to 2.5 ml
pyridine in 5 ml THF) at @. The resulting reaction mixture was warmed t&C2%y
removing the ice-bath and allowed to stir at tlhperature until starting material
was gone. Saturated NaHg®olution was added to quench the reaction and two
layers were separated. The aqueous layer was @draith ethyl acetate (50ml x 3).
The combined organic extracts were dried over MgS&hd the solvents were
removed under reduced pressure. The crude prodateined was subjected to
column chromatography over silica gel with 10:1tpee:ether as eluent to yield the

desired primary alcohd&3 (0.195 g, 70%) as pale yellow oil.

General Data: §Hs604Si,, MW: 512.91; DC: R= 0.62 (Pentene/ED 1:1), UV (-),

vanillin: black.

IR (film) V (cm): 3460.47 (s), 2930 (s), 2886 (w), 2858 (M), 18% 1464(w),
1361.31 (s), 1094 (br s), 988 (W), 836 (s), 775 (S)
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'H NMR (400 MHz, CDCJ): 5 (ppm): 5.71-5.85 (m, 1H, H-10), 5.46-5.22 (dt, 1H,
33=9 Hz,%J= 2.0 Hz, H-7), 5.30-5.35 (dd, 1F] = 15.0,%J = 7.2, H-6), 4.92-5.08 (m,
2H, H-11), 4.10-4.15 (£J= 15.1, 1H, H-5), 4.00-4.06m, 1H, H-3"), 3.60-3.68 (m,
2H, H-1), 3.0-3.09 (dt?J= 7.1 Hz,3J= 2.6 Hz, 1H, H-4), 2.01-2.11 (m, 4H, H-8, H-
9), 1.83 (s, 1H, OH), 1.59-1.62 (m, 2H, H-2"), 1($93H, H-1), 1.05-1.12 (d)= 7.0
Hz, 3H, C4-CH) ,0.98 (s, 3H, C2-Ch, 0.89 (s, 2x 9H, C3'-SiC(Chk, C5-
SiC(CH)3), 0.87, (s, 9H, C1'-SiC(Chjs), 0.08, 0.05 (s, 2x3H, C5-OSiC(G)), 0.05
(s, 2x3H, C3-0OSiC(CHh),), 002,0.01 (s, 2x3H, C1’-OSiC(GH).

3C-NMR (100 MHz, CDG): 3(ppm): 218.73 (s, C-3), 138.28 (d, C-10), 132.19 (d
C-6), 129. 763 ( d, C-7), 114.67 (t, C-11), 75.8% C-3"), 72.9 (s,C-5), 60.34 (t, C-
1), 53 (s, C-2), 38.428 (d, C-4), 33.1 (t, C39,25 (1, C-2’), 31.5 (1, C-8), 28.98 (q,
C5-0SiCCHa)s), 28.88 (g, C3'-OSi@H3)s), 24.52 (g, C2-Ch), 21.05 (g, C2-Ch),
18.52 (s, C5-O%H(CHs)s), 18.34 (s, C3-OKH(CHs)s, 15.094 (q, C4-CH), -3.78, -
3.97 (g, C3-0Si(CH),), -3.66, -3.69 (q, C5-OSi(Ch).

MS (70 eV, EI): miz (%): 512.2 (1<, [V, 494.3[M- H,0], 341.1 (100), 333.1
(60), 225.1 [C7- C13, 189 (24), 173 (8), 148 (8), 131 (13).

HRMS (El): calcd for GgHs604Sip: 512.370
Found: 512.3714
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(E)-(3'S5R)-3,5-bis(tert-butyldimethylsilyloxy)-2,2,4-trimeyh 3-oxotrideca-6,10-

dienoic acid 94):

Y]

(@)
(@)
_|
vs)
(0]
(@)
Olln
_|
vs)
(0]

94

A solution of PDC (1.07 g, 2.60 mmol,11.0 equim) DMF (3 ml) was added to
a solution of alcoho®93 (123 mg, 0.273 mmol) in DMF (2 ml). The reaction
mixture was stirred for 36 h at room temperaturiech with brine (50 mL), diluted
with water, and extracted with GEl,. The combined extracts were dried over
MgSQO, and concentrated in vacuo. The residue was pdiijeflash chromatography
(pentane/BDO 2:1) to furnish aci®4 (85.3 mg, 69 %) as a viscous, colorless oil.

General Data: &Hs405Si,, MW: 526.9; DC: R= 0.62 (Pentene/ED 2:1), UV (-),

vanillin: black.

IR (film) Y, (cm™): 3084 (w), 2930 (s), 2858 (W), 1694 (s), 1472, (k40(s), 1409
(w), 1361.31 (s), 1094 (br s), 938 (w), 836 (sh 19).

'H NMR (400 MHz, CDC}): & (ppm): 5.71-5.82 (m, 1H, H-10), 5.46-5.22 (dt, 1H,
33=9 Hz,3J= 2.0 Hz, H-7), 5.30-5.35 (dd, 1R] = 15.0,3 = 7.2, H-6), 4.92-5.08 (m,
2H, H-11), 4.29-4.33(tJ= 15.1, 1H, H-5), 4.09-4.18n, 1H, H-3"), 3.01-3.09 (dt,
3J= 7.1 Hz,*J= 2.6 Hz, 1H, H-4), 2.46-2.53 (dd, 1B = 16.0,2] = 2.2, H-2"), 2.29-
2.34 (dd, 1H?J = 16.0,20= 6.6, H-2") 2.01-2.11 (m, 4H, H-8, H-9), 1.23#, H-1),
1.19-1.22 (d3J= 7.0 Hz, 3H, C4-Ch) ,1.01 (s, 3H, C2-Ch), 0.89 (s, 2x 9H, C3'-
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SiC(CH)s, C5-SiC(CHy)3), 0.87, (s, 9H, C1-SiC(Chs ), 0.08, 0.05 (s, 2x3H, C5-
OSIiC(CH),) 0.05 (s, 2x3H, C3-0SiC(Cb), 002,0.01 (s, 2x3H, C1-OSIC(GH).

13C-NMR (100 MHz, CDCJ): 5(ppm): 138.01 (d, C-10), 132.12 (d, C-6), 131. &B (
C-7), 114.82 (t, C-11), 75.87 (d, C-3), 73.4(8), 53.41 (t, C-1), 48.49 ( s, C-2),
39.693 (d, C-4), 33.1 (t, C-9), 31.5 (t, C-2'), Bt, C-8), 29.68 (g, C5-OSiCHa)s),
25.91 (g, C3-0SiQTHs)3), 23.52 (g, C2-Ch), 22.05 (g, C2-Ch), 18.52 (s, C5-
OSIC(CHa)s), 18.34 (s, C3-O%(CHs)s, 15.094 (g, C4-ClJ, -3.78, -3.97 (g, C3'-
OSi(CH)2), -3.66, -3.69 (g, C5-OSi(Ch).

MS (70 eV, El): m/z (%): 527.1 (1<, [M+H)], 491.2 (18), 469.2 [NBu], 333.1
(60), 225.1 [C5- C14, 189 (10), 173 (8), 73 (10).

HRMS (El): calcd GgHs405Si, for: 526.35
Found: 527.3598 [M+H]
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(3S6R))-((SE)-2-methyl-1-(2-methylthiazol-4-yl)hexa-1,5-dieny8-3,7-bis(tert-
butyldimethylsilyloxy)-4,4,6-trimethyl-5-oxotridee®,12-dienoateds):

95

A solution of EDCI (40 mg, 0.208 mmol) in 1 ml @El, was added dropwise to
solution of alcohoM1 (40.2 mg, 0.192 mmol), carboxylic actd (84.3 mg, 0.160
mmol) and DMAP (3.91 mg, 0.0302 mmol) in 1 ml &H at 0C for 15 minutes and
4 hr at rt. The reaction mixture was poured todarifhe organic layer were separated,
dried over MgS®@and concentrated under vacuo. The resulting resichs separated
by silica gel column (6:1 pentene/ether) to provd@mg (76%) of ested5 as pale
yellow oil.

General Data: gHe7NOsSSh, MW: 718.19; DC: R= 0.47 (Pentene/ED 4:1), UV
(+), vanillin: dark blue.

IR (film) V (cm™): 3081 (w), 2956 (s), 2930 (s), 2894 (s), 2857 1342 (s), 1698
(s), 1473(s), 1361.31 (m), 1303 (m), 1255 (s), 1Y, 1094 (vs), 992 (w), 836 (s),
775 (s).
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'H NMR (400 MHz, CDGJ): & (ppm): 6.952 (s, 1H, H-21), 6.498 (s, 1H, H-19Y,15
5.75 (m, 2H, H 15, H-12), 5.41-5.49 (dt, 1}315.0 Hz,3J= 7.2 Hz, H-9), 5.30-5.35
(dd, 1H,3J=9.1,31=2.0, H-8), 4.92-5.13 (m, 4H, H-13, H-14), 4.239(dd %)= 6.1,
3)= 3.1, 1H, H-17), 4.112-4.124 (Y= 7.1,1H, H-7), 4.06-4.08 ()= 8.0, 1H, H-3),
3.04-3.1 (m, 1H, H-6), 2.710 (s, 1H, H-23), 2.458(m, 3H, H-2, H-16), 2.23-2.29
(dd, 3J= 16.9,%J= 6.2,1H, H-16), 1.79-2.09 (m, 7H, H-10, H-11, H}24.25 (s, 3H,
H-25), 1.04-107 (d%J= 6.38, H6-CH) 0.96 (s, 3H, H-26), 0.88, 0.86 (s, 9H{ESi),
0.09, 0.03, 0.02, -0.08 (s, 3H, SigH

13C-NMR (100 MHz, CDG)): 8(ppm): 214.3 (s, C-5), 169.75 (s, C-1), 163.5 (s, C
20), 151.91 (s, C-18), 138.1 (d, C-16), 132.32Q8), 130.95 ( d, C-13), 130.18 (d,
C-12), 125.87 (d, C-9), 117.88 (d, C-19), 115.82 C-17), 78.81 (d, C-15), 72.56
(d, C-7), 64.8 (d, C-3), 52.54 (s, C-4), 47.60Qd6), 42.13 (t, C-2), 36.1 (t, C-10),
32.1 (t, C-11), 28.68 (t, C-14), 25.91 (qtB8i), 24.94 (g, SBu), 23.9 (g, C-21),
19.05 (s, SE(CHa)s), 18.24 (s, SE(CHa)s, 17.1 (g, C-24), 17.0 (g, C-25), 16.1 (g, C-
22), 14.25 (g, C-23) -4.92, -4.9 (q, SigH3.66, -3.69 (q, SiCH).

MS (70 eV, El): m/z (%): 717.2 (1<, §} 580.2 (4) [TBSO= C7-C22], 525.2 (4)
[HO*=C1-C13], 469.1 (41) [H&=C7-C22], 399 (100), 225.1 (80), 192.0 (100), 151
(50).

HRMS (El): calcd GgHs7NOsSi2S for: 717.3
Found: 717.4280
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(3S7R,9E, 13E,169)-4,8-bis(tert-butyldimethylsilyloxy)-5,5,7-trimeyh 16-((E)-1-(2-
methylthiazol-4-yl)prop-1-en-2-yl)oxacyclohexadexd3-diene-2,6-dione9y):

97

Grubbs catalyst first generation was added to atisol of diened5 (74,4 mg, 0.11
mmol) in CHCI, (53 mL, 0.002 m), and the reaction mixture wasest for 16 h at
room temperature. The solvent was removed iruwvaand the crude product was
purified by flash chromatography (pentangfEt20:1) to give a mixture of

diastereomer86 and97 (Z/E 1:4, 50 mg, 68%, colorless viscous oil).
Major isomer characteristic forans-Olefin (97):

General Data: §HesNOsSSE, MW: 690.14; DC: R= 0.37 (Pentene/&D 4:1), UV
(+), vanillin: black.

IR (film) V (cm): 2956 (s), 2930 (s), 2894 (s), 2857 (s), 17421898 (s), 1473(s),
1348 (m), 1303 (m), 1255 (s), 1361 (m), 1255 (&B3L(m), 1097 (vs), 992 (w), 836
(s)-



Experimental Part 90

'H NMR (400 MHz, CDGJ): & (ppm): 6.916 (s, 1H, H-19), 6.526 (s, 1H, H-174%
5.51 (m, 2H, H-8, H-9), 5.41-5.49, 5.24 (dd, 8= 15.5,°) = 7.9, H-12), 5.09-5.12
(dd, 1H,%J= 10,3%)= 2.8, H-13), 4.34-4.35 (ddJ= 6.9,3)= 2.7, 1H, H-15), 4.11-4.32
(t, %= 17.1,1H, H-7), 3.46-3.48 (})= 11.7, 1H, H-3), 2.93-2.97 (m, 1H, H-6), 2.69
(s, 1H, H-21), 2.45-2.49 (dd)= 16.9,%)= 7.1,2H, H-2), 2.39-2.43 ( di)= 7.7,%0=
2.6 ,2H, H-14), 2.1 (s, 4H, H-10, H-11), 1.15-1{16d, *J= 11, 3H, H-23), 1.13 (s,
3H, H-23), 1.110 (s, 3H, H-25), 0.9, 0.8 (s, 2x BitBu), 0.17, 0.09, 0.029, -0.001
(s, 2x3H, SiCH)).

3C-NMR (100 MHz, CDCJ): §(ppm): 214.13 (s, C-5), 171.20 (s, C-1), 164.70(s,
22), 152.31 (s, C-20), 138.1 (s, C-18), 133.32%d,5), 132.30 ( d, C-12), 131.35 (d,
C-8), 120.90 (d, C-9), 117.82 ( d, C-21), 116.3 @d19), 114.79 (t, C-13, C-14),
78.61 (d, C-17), 74.06 (d, C-3, C-7), 53.08 (s4)C48.99 ( d, C-6), 40.30 (t, C-2),
37.5 (t, C-6), 33.1 (t, C-10), 31.1 (t, C-11), BB(@, StBu), 25.91 (q, $BU), 22.9 (g,
C-23), 19.85 (g, C-25),18.52 (s,C3CHs)s), 18.34 (s, SL(CHa)s, 14.59 (g, C-24) -
4.93, -4.92 (q, SICH), -5.67, -5.89 (q, SiCH).

LC- MS: m/z (%): 691.4 (10) [M+H, 558.2 (5), 560.2 (10), 286,2 (15), 287.0 (5).



Experimental Part 91

(4S7R,8S9E,13E,169-4,8-dihydroxy-5,5,7-trimethyl-16-H)-1-(2-methylthiazol-4-
yl)prop-1-en-2-yl)oxacyclohexadeca-9,13-diene-Adid ©8):

To a solution 087 (20.9 mg, 0.0303 mmol) in GE&N (3 mL) was added (HEEGN
(1.2 ml, 7.36 mmol) and Bt (0.1 ml, 10% v/v) . The mixture was heated in5&4
oil bath for 20 hrs, after which it was cooled twom temperature and added to
EtOAc (40 ml). The mixture was washed with 5% @, (aq.) (2x30 ml) and the
combined aqueous layers extracted with EtOAc (4x20. The combined organic
extracts were washed with brine (2X), dried over3@g and concentrated. The
residue was purified by flash chromatography @iljel, EtO) to afford98 (7.1 mg,
50%) as colorless solid.

General Data: gH3sNOsS MW: 461.61; DC: R= 0.37 (E£O 4:1), UV (+), vanillin:
black.

IR (film) \}(cm'l): 3440 (br m), 2930 (s), 2894 (s), 2857 (s), 174R 1698 (s),
1473(s), 1348 (m), 1303 (m), 1260 (s), 1361 (mp5LEs), 1183 (m), 1097 (vs), 992
(w), 836 (s).



Experimental Part 92

'H NMR (400 MHz, CDCY): § (ppm): 6.916 (s, 1H, H-19), 6.526 (s, 1H, H-17§-5
5.7 (m, 2H, H-9), 5.5-5.6, 5.24 (dd, 18, = 15.5 Hz,3J = 7.4 Hz, H-8), 5.43-5.39
(ddd, 1H,3J= 17.1, 11.4, 6.3 Hz, H-12, H-13), 5.28 -5.32%¥ 20.1 Hz, 1H, H-15),
5.1 (s, OH), 4.21-4.22 ( d)= 4.1 Hz,1H, H-7), 3.10-3.14 (br s, OH), 2.8-2.831H,
H-21), 2.55-2.71 (df}J = 15.8, 7.0 Hz, 1H, H-6), 2.38 -2.47 (dd= 12.6, 6.4 Hz,2H,
H-2), 2.10-2.23 ( dd®J= 12.6, 6.4 , 2H, H-14, H-10), 2.01-2.09 (s, SH1#-H-10),
1.69 (s, 3H, H-23), 1.3 (s, 3H, H-25), 1.110 (4, BI-23).

3C-NMR (100 MHz, CDGJ): §(ppm): 214.13 (s, C-5), 171.13 (s, C-1), 170.70(s,
22), 152.31 (s, C-20), 138.1 (s, C-18), 133.3201,5), 132.80 ( d, C-12), 129.35 (d,
C-8), 125.90 (d, C-9), 115.82 ( d, C-21), 116.3 Qd19), 113.79 (t, C-13, C-14),
78.61 (d, C-17), 74.06 (d, C-3, C-7), 52.08 (s4)C49.9 ( d, C-6), 40.30 (t, C-2),
32.5 (1, C-6), 31.1 (t, C-10), 30.1 (t, C-11), 26c0 C-23),21.85 (q, C-25), 14.59 (q,
C-24)

MS (70 eV, El): miz (%): 461.0 (1<, M 443 (4) [M-H,0], 274 (34), 171 (38),
168.0 (100), 151 (20).

HRMS (EI): calcd GsH3sNOsSfor: 461.21
Found: 461.22
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