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Abstract

The research described herein concerns the eftmirds the synthesis of the natural
target Agariblazeispirol C1. Within the Kerr laboratory, a synthetic routeverds
this novel steroid had been proposed. At the dutgerk focused on this initially
envisaged preparative pathway, however, in duesepuan additional and more
convergent route was devised. Both proposed pathwar gaining access to
Agariblazeispirol C centre on the strategic emplegtrof metal-mediated cyclisation
chemistry, specifically, a novel intramolecular Keeaction and an intramolecular

Pauson-Khand cyclisation.

With regards to the construction of the main cdréhe molecule, the synthesis of a
late stage intermediate has been accomplishedoMamew strategies towards the
completion of the synthesis have been devised ank has been initiated to execute
these tactics. In addition to this, a series dinoigation studies on many of the
individual steps have led to enhancements witheesio the overall efficiency of the

route towards the natural product target.

In addition to the above, X-ray crystallography wagd to unambiguously determine

the relative stereochemistry of a key tetracyghatetic intermediate.
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Chapter 1

Thesis Overview



Thesis Overview

The following thesis contains an account of nowsdearch in the area of synthetic
organic chemistry, carried out in part fulfilmerittbe requirements of a Ph.D. degree at
the University of Strathclyde. Specifically, therk carried out centres on the strategic
application of metal-mediated cyclisation methodthiw the arena of natural product
synthesis. The novel target in question is Agaabispirol C, a natural steroidal-type

target, which was recently isolated from the celtlmycelia ofAgaricus blazet

The text begins with a chapter containing generdltoductory aspects. More
specifically, this section includes a short segmemtthe essence of natural product
synthesis, followed by a brief introduction of Ad@azeispirol C and our proposed
synthetic pathway to the preparation of this mdecuFollowing this, comprehensive
reviews on the specific metal-mediated cyclisatinathods used within this research
programme are detailed. In particular, these wewienclude a description of the
discovery and development of the specific key tieast together with a discussion of the
mechanistic features and the use of this reactiorthe total synthesis of complex

molecules.

The next chapter comprises the actual researcledaout during this Ph.D. programme,
along with strategy plans and discussions of tkealtg obtained. Following this, a brief
summary of the work carried out, as well as animeitbf some proposed extensions to

the described research programme, is detailed.

The final chapters consist of details of experimkemiethods utilised throughout this
research and the resultant analytical data recordid addition to this, the various
publications referenced throughout the whole thesmis described, along with an

appendix section, which contains specific strudtdasa information.
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2.1 The Essence of Total Synthesis

The art and science of natural product synthesss dagtured the attention of many
scientists for over a centufy.The ability to construct molecules that Natureduces

has, naturally, invoked sheer intellectual stimalat Becoming the flagship of organic
synthesis, natural product synthesis symbolisestieagth of preparative chemistry, in
addition to defining its scope and limitations. déed, any attempt to catalogue the
accomplishments within the broad history of natypabduct synthesis would be a
colossal task; therefore, these introductory paatgs simply exist to exemplify the

physical act of creation that is synthesis.

The birth of natural product synthesis involved fneparation of urea from ammonium
cyanate by Freidrich Wohler in 1838At this time, this synthesis served to expose the
concept that Nature exclusively created certainecuwes. These days, the field of
natural product synthesis continually attracts nesearchers and one should consider the
varied reasons for this interest. For example symghesis of a natural product can often
provide the only real proof of the assigned chehstacture. The extraction of organic
compounds from nature’s sources can prove costlyiarthe majority of cases, provides
molecules only in minute quantities. Thereforeg threparation of natural products
within a laboratory can, potentially, allow largguantities of the target molecules to be
accessed, which, allows more thorough examinatfochemical structure. Indeed, the
chemical literature is filled with adjustments dfet originally proposed structures of
natural products. In terms of biologically impartamolecules, countless natural
products, and their derivatives, demonstrate ining properties. As such, many total
synthesis research projects are striving to syrgbanolecules, which display enhanced
physiological properties, or completely novel modéaction within biology. In addition

to this, for some chemists, natural product synshissused to depict the real capacity of
their own developing methodology. Undoubtedly, thynthetic pathways towards
natural products represent an incredibly challemgdomain in which to sustain
efficiency, robustness, and selectivity of a pafac chemical transformation. Finally,

there are chemists who will proudly declare thaytembark upon the synthesis of



nature’s creations for the sheer intellectual @mge and indisputable excitement that it

will bestow.

In terms of recognition, the awarding of the NoBelze in Chemistry has commended
the field of natural product syntheéisAs early as 1902, E. Fischer was awarded this
prestigious recognition for his research into thgtlsesis of sugars and purine.
Following this, research into the constitution aydthesis of haemin delivered the prize
to H. Fischer in 1930; to R. Robinson in 1947 foe texamination of the biological
importance of alkaloids and, in 1965, to R. B. Wwadl for his exceptional advances in
organic synthesis. The most recent recognitiongvasted to E. J. Corey in 1990 for his

growth of the methodology and theory within thenaref organic synthesis.

Today, the interest in natural product synthesiexiseptionally high, enticing many of
this century’s talented chemists. This field conés to deliver outstanding science, and
acts as a channel for new discoveries within bgtithetic organic chemistry and the
biological sphere. With its history having been resvarding, the future of natural
product synthesis appears just as promising. Uptgdly, there is a vast amount of
Nature’s intriguing compounds still to be revealehd, when they are, they will
inevitably incite new pieces of chemical researthis will continue to deliver new tools
for the growth of molecular complexity, and divéysiwithin chemical synthesis and will

develop our knowledge and understanding of orgeiméenistry overall.



2.2 Agariblazeispirol C
2.2.1 Introduction

Agariblazeispirol C,1, was recently isolated from the cultured mycelfaAgaricus
blazeij® a precious fungus that produces many bioactivepoommds in its fruiting bodies
(Figure 1). As described in Hirotani's publication, the tcweéd mycelia ofAgaricus
blazei Murill were extracted with methanol at room tengiare. This extract was
reducedin vacuq diluted with water and partitioned with chloraforand ethyl acetate.
Purification of the chloroform extract by silicalg®lumn chromatography and reversed-
phase HPLC afforded Agariblazeispirol C.

Figure 1

As it turns out, Agaricus blazeiis an important fungus for producing bioactive
compounds. Indeed, molecules isolated from thigfis are known for their immuno-

stimulating, cytotoxic, antimutagenic, and baciet effects> Having stated this, the

biological activity of Agariblazeispirol C is preséy unreported.

Motifs of note within the relatively unfunctionaéid Agariblazeispirol C structure include
two synthetically challenging quaternary carbontes) forming the juncture between
rings C and D, as well as aB) (designated stereocenteto the enone carbonyl group.
The culmination of the four contiguous and inhdsedtfferent stereocentres within the

structure makel an extremely interesting and challenging target tigal synthesis.



Furthermore, of particular interest to our reseagioup is the presence of the
cyclopentenone moiety that is ring E. Over the ta® decades, a selection of the
research within our laboratories has centred orpthparation of such ring structuraa

the cobalt-mediated Pauson-Khand reaction (PKRgec#cally, the work conducted has
involved the extension of the scope of this proctss development of novel methods of

promoting this reaction, and also examined itsiappllity in the field of total synthesfs.

From a biological perspective, the core ring stitetof Agariblaziespirol C is an
interesting and unusual type of steroid. Indeedyentional steroids display a core ring
structure in the form of three six-membered ringd ane five-membered ring with the

connectivity as shown i (Figure 2).

Figure 2

As can be seen frofigure 2, the structural core of Agairblazeispirol C diffen two
ways to a customary steroid. Firstly, the A ripgesent within a typical steroidal
structure, is missing, and secondly, our natunaeiacontains an extra cyclopentenone
unit (ring E). In fact, compounds with the A rin§the conventional steroid absent have
previously been reported within the chemical litera and are referred to as des-A-
ergostanes. Shown iRigure 3 are compounds of the ty@ which were the first
sedimentary des-A-ergostanes to be discoveredtexbfrom a Cretaceous black shale in

ltaly.’



Figure 3

2.2.2 Biosynthesis

Within Hirotani’s publicatior, detailing the isolation and structure elucidatiof
Agariblazeispirol C, the authors suggest the foromabf our target natural product is
related to the further reactions of Blazeispirol 4A, Indeed, upon reaction df with
boron trifluoride diethyl etherate, AgariblazeigpiC was furnished. The authors explain

this interesting transformationa the mechanism shown 8cheme 1

Scheme 1



The biosynthetic origin of Agariblazeispirol C cha traced back further as the origin of
the precursor, Blazeispirol A, has been studiedamgreater detailia extensive*C-
labeling studies. For reasons of brevity, disaussif this biosynthetic pathway will not
be covered in this thesis. For a more detailg¢laeler is directed to the publications of

Hirotanf and references cited therein.

Having discussed the above, the combination of gbeential biological activity of

Agariblazeispirol C, and the opportunity to applgvdloping methodology from our
laboratories, have led us towards a programme ok wavgeting the first total synthesis
of this natural product. In addition to this, thnthesis of Agariblazeispirol C will also

serve to confirm the structure of this novel target

1C



2.2.3 Retrosynthetic Analysis

Our proposed pathway for gaining access to Agaréiirol C centres on the strategic
employment of metal-mediated cyclisation chemist8pecifically, the key steps are (i)
an intramolecular Pauson-Khand reaction (PKR), Wwiscused to construct the D/E ring
section, and (ii) a novel intramolecular Heck react which establishes the key all

carbon quaternary centre between the C and D (Bgjseme 2

O~__OH o) X OTBS o
OTBS
HECK /
—
P e—
- — Br
(@) ~N
0
9 ~o !
8
Scheme 2

Initial removal of the oxygenated side chain présien Agariblazeispirol C yields
polycyclic intermediaté. As mentioned, we envisaged that the 5,5-fusetigmoof the
molecule could be constructeth the employment of an intramolecular Pauson-Khand
reaction. This would allow the intricate tetracgaarbon skeleton to be constructed, in a
single step, from the relatively simple, bicyclicepursor6, which, in turn, could be
further simplified to bicyclé’. The synthesis of intermedialecould be achievedia a
novel intramolecular Heck reaction from compow)dvhose ultimate precursor is the

commercially available and relatively inexpensieeboxylic acido.

11



It is important to note at this stage, that in aegantioselective synthesis of
Agariblazeispirol C the stereocentre present is crucial, and must be controlled. We
envisage that application of an asymmetric Heclctrea will establish this key all
carbon quaternary stereocentre. In addition t& the believe that this stereocentre also

will serve to control the diastereoselectivity bétdownstream Pauson-Khand reaction.

The following section will detail comprehensive i@vs on the research development to

date of our two key metal-mediated cyclisation md#h

12



2.3 The Mizoroki-Heck Reaction9

2.3.1 Introduction

The basic purpose of synthetic organic chemistrythie construction of organic
molecules, and, as a result, the formation of gadaybon bonds is of paramount
importance. In particular, catalysis by transitroetal complexes to affect the synthesis
of organic molecules from simple building blocks latracted interest over the past four
decades? In relation to this, the Mizoroki-Heck reaction & prime example of a
transition metal-mediated process of considerambigortance and utility within organic
chemistry. In this respect, the 2010 Nobel Pnz€hemistry was awarded to Richard F.
Heck Ei-ichi Negishi, and Akira Suzuki for the developmesft palladium-catalyzed
cross coupling reactiort$ This incredible, and entirely deserved, recognigaemplifies
the fact that this chemical tool has vastly impebtiee possibilities for chemists to create

sophisticated molecules.

The Mizoroki-Heck reaction was first discoveredimdependent studies over 30 years
ago™ This transformation, which has come to be mordelyi known as the Heck
reaction, describes the Pd(0)-catalysed cross cwupktween an aryl or vinyl halide or
triflate and an alkeneSgcheme 3. Since its discovery, this reaction has evolved
become an invaluable tool for synthetic chemisis. addition to this, the now well-
established asymmetric variant of this reaction dragrged as a reliable method for the

enantioselective formation of carbon-carbon badids.

Pd°®
/\Rl B — R\/\Rl + H-X

Base

Scheme 3
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2.3.2 General Reaction Mechanism

The generally accepted mechanism for the Heck wmeads illustrated inScheme 4
Initial oxidative addition of the active Pd(0) dg&t generates Pd(ll) complexO.
Following this, coordination of the alkene and sdagent migratory insertion, known as
carbopalladation, results in species B-Hydride elimination furnishes the produi®,
as well as hydridopalladium speci#8, which undergoes reductive elimination, under

basic conditions, to complete the catalytic cycle.

Pd(0) or Pd(lI)
precatalyst

R-X
Base.HX '/-

Base
H—Pd—X R—Pd—X
13 10
R1 X
S L/ H Pd J‘\_\
R HHRl R1
R H
12 11
Scheme 4
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2.3.3 Classical Reaction Conditions

Typical conditions for the Heck reaction involveetitcombination of a Pd source, a
ligand, and a base. These reagents, in conjunetitin the reaction substrates, are

reacted in an appropriate solvent, generally atagdel temperatures.

Substrates

Through the development of Heck methodology, adargriety of substrates, namely
aryl iodides, bromides, chlorides, triflates, andylates have been coupled successfully.
In terms of order of reactivity for the oxidativddation step, and typically for the overall
reaction, the following decreasing order is follaw& = | > OTf > Br >> Cl|. This can
be attributed to the corresponding strengths of Gh€ bond. One example of such
chemoselectivity was revealed by Hegedus in 1984rghunder phosphine-free
conditions, Heck produdt4 was formed exclusivelyia the iodide moiety$cheme 5

CO,Me
Br | Pd(OAC)2 Br —
7 CoMe N
N EtsN, 100°C, 1 h N
Ts 81% Ts
14
Scheme 5

More recently, Guy and co-workers have demonstratesl efficient coupling of
componentd5 and16. Again, under phosphine free conditions, prodiitts prepared

exclusively in a deliberate and controlled manSsaheme &.°

15



OH , Br Pd(OAc), (3 mol%) OH Br
@[ Et,NCI, Cy,NMe, DMA O
| 12 h, 100°C —
CO,Et 829

15 16 17

CO,Et

Scheme 6

As described above, the general trend of reactbaétyveen the various organohalide, and
pseutalide, coupling partners shows iodide, triflatad éoromide reagents to exhibit
much greater reactivity than the correspondingratidosubstrates. Of course, in the light
of cost, and practical accessibility, chloride dtdies present as much more convenient
reaction precursors. In this regard, many resegrups have sought to develop
efficient reaction conditions for the use of chifarisubstrates within the Heck reacttén.
Having said this, many of the early reported caodg were limited in scope, as well as
requiring temperatures of greater than %@20to achieve efficiency. A major
breakthrough within this methodology was illustchte 2001 by Fu, whereby the use of
Pd/BusP, in the presence of CyNMepresented a mild and flexible system for the
coupling of aryl chlorides’ More specifically, Fu's protocol allowed couplido
proceed at room temperature and, additionally, emsed the substrate scope to
incorporate sterically demanding aryl chlorides, vesll as to include more heavily
substituted olefin partnersS¢heme J. Furthermore, Fu illustrated that this catalyst
system can be extended to incorporate electron-(iees reactive) aryl chloride
substrates; however, in these cases, elevated tetupes (70-1AC) are necessary.
This incredible enhancement in efficiency is atitdal to the judicious choice of both the

ligand and base used within this system.

Cl Pd,(dba); (1.5 mol%)
+ > P(Bu)s (3.0 mol%) J_ o
OH - >

_0 CyNMe,, dioxane

(e) r.t. HO (0) ~
90%

Scheme 7
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Having stated the above, in relation to the elg@ttilac partners within the Heck reaction
i.e. the organohalides, there is an emerging dovemploy non-halogenated substrates
within this overall process. Indeed, the abiltyactivate a specific ‘inert' C-H bond and
transform it to a more resourceful moiety is at theefront of research within organic
chemistry. In this respect, a direct aoglidative Heck reaction would evade the
requirement for pre-activated reaction partnerggoohalides) and lead to a more
efficient process overall. Towards this, Fujiweand Moritani have developed an
efficient coupling of arenes and alkenés an oxidative palladium(ll)-catalyzed process
and this transformation is now finding widespreae in synthesi¥ Despite the value
in this developing transformation, a review in threa will not be considered within this
thesis. Accordingly, the reader is directed toeeent review on the oxidative Heck

reaction®®

In terms of the olefin coupling partner, a divers@ge of electron-rich, -poor, and -
neutral species have been shown to undergo the k¢eckion very readily. Selectivity
issues as a consequence of such electronicallgreift olefins will be discussed in the

following sections.

Palladium source

Whilst there is a requirement for Pd(0) to initidkee catalytic cycle within the Heck
process, in light of cost and stability, Pd(ll) paé&alysts, such as Pd(OAchre often
used as alternatives. Therefore, the reductiddddf) is required and this can be carried
out in situ without the need to prepare and isolate the cporeding Pd(0) complex.

Reagents such as phosphines, amines, and alkeanbe caed to effect this reduction.

Ligands

The most widely used set of ligands described énliterature are tertiary-phosphines, for
example, triphenylphosphine, 2,2'-bis(diphenylptnisp)-1,1'-binaphthy(BINAP), and
1,2-bis(diphenylphosphino)ethane (dppe). Howeusg of many alternatives such as
nitrogen-2° sulfur-?*and carbene-derived ligarfd$iave also been divulged. Indeed, the

choice of ligand has a profound effect on the s¢efég of the reaction. Furthermore, for

17



the more reactive aryl iodide substrates the Heeaktron can be performed under ligand-
free conditions, as illustrated Bchemes 5and 6. Nonetheless, the use of palladium
stabilising ligands has brought advantages in teofmproviding increased reactivity,
selectivity, and stability to the catalyStin this regard, it has been postulated that
electron-donating alkyl phosphines can accelersexidative addition step and stabilise
the active Pd centre very effectively. Additiogallit has been noted that bulky
phosphines, such as titolylphosphine, promote the key elimination stepthin the

catalytic cycle.

Bases

The requirement of a base in the Heck reactioruestd the need to neutralise the acid
formed in the reduction elimination step of the raeprocess. Organic amine bases,
such as triethylamine, are very commonly used; lvewesxamples of inorganic bases,
such as potassium or caesium carbonate, have hereasingly noted in the literatute.

Solvents

A wide variety of solvents have been successfuitpleyed in the Heck reaction. Polar
aprotic solvents, such as THF, DMF, DMA or MeCNe aften used. More recently,
alcohol solvents have also been employed to addegasselectivity issuevide infra).**

2.3.4 Mechanistic Devel opments

Whilst the catalytic cycle shown iBcheme 4provides an excellent ‘textbook’ analysis
of the basic steps of the Heck reaction, more thgintomechanistic investigations have
illustrated that this routine cycle is somewhatofoversimplification. With differences
in reactivity and selectivity being observed in Keaeactions, alternative mechanistic

pathways have been postulated.

18



Cationic Pathway

The diphosphine-Pd(0)-mediated reaction betweesnalk and aryl triflates, or halides in
the presence of Ag(l) or TI(l) salts, was first ciitsed by Cabff and Hayashf and was
believed to proceeda a cationic pathwayScheme §.

Ph,P

_PPh,

P
©/ Ao

M

PhoP. PPy = PhoP. © PPh,

® ©/ Vs

© OTf

&

Ph,P._ PPh,

©/P "OTf

/ A\

Scheme 8

With diphosphines, the chelate effect disfavours tfissociation of a phosphine,
therefore, oxidative addition of the Pd(0) specsefllowed by halide abstraction (by the
inorganic salts), or triflate dissociation, to yied cationic Pd centre. This generates a
vacant coordination site for the olefin thus petimif subsequent migratory insertion and
elimination steps. The impact on the regiochenuadction of carbometallation within

such cationic intermediates will be discussed below

Neutral Pathway

In the absence of such halide scavengers, the Hackion is presumed to procead a
neutral pathway, as depicted Bcheme 9 Dissociation of a phosphine precedes
coordination of the olefin to form a neutral comglsterics dictate that the phenyl group
is then attached to the least substituted end efatkene during the carbometallation

process.

18



PhsR ! PhsP-Pd

O — O =T — O
HH

Anionic Pathway

Recent studies by Amatore and Jutand have broodlght a third, anionic, mechanism
for the Heck reactiof” As shown inScheme 10the authors suggest that utilising the
common mixture of palladium acetate and a phospligaad initiates a mechanism that
involves an anionic palladium centre. It is progmbghat the oxidation of the anionic
catalystl8 results in a pentacoordinate compl&®, in which the acetate and halide ions
remain complexed to the metal cerfite.Following the loss of the halide ion, the

coordination of the olefin precedes the migratargertion and3-hydride elimination

processes.
[Pd(OAC),(Ph3P),]
| X
[PA°(PhP),(OAT — X o [ArPAX(OAC)(PhsP)| — =  [APA(OAC)(PhsP),]
18 19
R
Ar

A NCAT « LyAcO)Pd
R

Scheme 10
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2.3.5 Selectivity in the Heck Reaction

Olefin geometry

The selectivity of the Mizoroki-Heck transformatiols dependent on the strict
requirements fosyrraddition of the first formed-arylpalladium(ll) complex across the
alkene, as well asynp-hydride elimination. As a result of this, termiralkenes
generally react to affor@-isomers, whilst 1,2-disubstitued alkenes give ts@roducts

with inversion of stereochemistr¢heme 1L

H PdX
Terminal olefins PdX R
PdX e
. R-Pd-X RS p R A RN
7/ R HN/_ T VR
b H \ H PdX
g% R —= R gt
H
1,2-Disubstituted olefins
PdX
N PdX PdX
/\Rz R-Pd—X R? R H R
1 - = H - . R2 — RZ — ~ Z "R?
A 1\
R Rl H Rl R
PdX
R PdX H PdX
1 R-Pd—X . —R2
R\/\R 5 RN R o -‘%RZ _— R2 —> R\/\RZ
L R R* Rt R
Scheme 11

Regiosel ectivity
With regards to the migratory insertion step (caditadation), there is the possibility to

form regioisomers, i.e. the formation of a lineaboanched producScheme 12
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X
/\R + © - . ©/\/R + @J\R

Linear Product Branched Product

Scheme 12

It is generally accepted that this regioselectiwetists due to the competing reaction
pathways in the Heck reactionide suprd. It has been shown that under classical
conditions electron-poor olefins promote excellmgioselectivity in favour of terminal
(B-) attack, leading predominantly to the linear pretd An early example from Heck
illustrates this: coupling of aryl bromid20 with methyl acrylate provides the linear
product exclusively in an almost quantitative yiéBtheme 132° Indeed, considering
Figure 4, the regioselectivity of this reaction is not upegted; steric, and electronic
effects work in combination to direct the regioséiaty towards the formation of phenol
21

Br Pd(OAC),, (o-tolyl)sP x_CO,Me
/©/ + ZCOMe EtN. MeCN
HO s, Me HO

20 75°C, 22 h 21
98%

Scheme 13

HO

electron-poor
and
sterically accessible

Figure 4
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In contrast to that discussed above, under cldsg@meatral) conditions, regiocontrol
tends to be poor for electron-rich olefins, wheegiss and electronics are in opposition.
Scheme 14llustrates an example from Xiao where the bradcied linear products are

obtained in an almost 1:1 rafi®.

Br Pd(OAc),, dppp . _OBU
+ Z0Bu > OBu +
Et3N, DMF
OHC OHC OHC
22a 22b

100°C, 25 h
100% conv.

Scheme 14

22al22b  22b E/Z
47/53 80/20

Table 1

Having stated this, research by various groupsléddo the development of effective
methods which address this regioselectivity issdeelectron-rich olefin§' As
mentioned previously, the addition of inorganidsak the application of organotriflates,
tosylates or mesylates, direct the Heck reactiopré@eedvia a cationic pathway. The
formation of a cationic palladium centre encourattesolefin to react so as to attach the
electron-rich end of the alkene to the positivededtre Scheme 1% Such cationic
conditions have been shown to deliver excellenbssgectivity with electron-rich olefins

in favour of the branched reaction products.

23



PhoP. PPh2 Ph,P. © PPh, om
® N OMe . e
o <\ OMe
ot 0.5y
electron-rich Ph,P PPh,
Scheme 15

Very recently, Xiao and co-workers have reporteteaner, more economical method for
the regioselective Heck reaction of electron-rid¢éfins via the use of alcohols as the
reaction solvert! The authors report the reaction of various sutegtravith a diverse

range of aryl halides, without the need for hakdavengersr triflates. It is proposed

that the hydrogen-bond donor ability of alcohols thie dissociation of a halide ion from
the palladium centre. This would thereby enhahesconcentration of an ionic centre
and, hence, promote the cationic pathway. Usirgsystem, quantitative conversion to
the a-branched olefin produc3a was observed, and, after acidification, an exnoelle

isolated yield of keton23b was obtained§cheme 1%

0
Br Pd(OAc),, dppe OBu HCI
Z>oBu t , > B
Et3N, PrOH 94%
OMe OMe  23a OMe 23b

115°C, 18 h

Scheme 16
2.3.6 Thelntramolecular Heck Reaction

The first example of an intramolecular Heck reacttieas reported by Mori and Ban in
1977% and, since this first application, the intramolacuHeck process has been
extensively used in modern organic synthesis. @dlgethe intramolecular version of
this reaction is more efficient compared to itseinmtolecular counterpart due to the

elimination of entropic considerations. With redmto regioselectivity, regiocontrol in
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the migratory insertion step is largely governedtmy size of the ring being formed. Up
until the late 1990’s attention had been focusetbat completely towards the formation
of five- and six-membered rings, and, examinatibthe literature revealed that, in the
majority of cases, products resulted fromexo mode of cyclisation (as opposed to an
endopathway) Indeed, the first example by Mori and Ban illustcha 5exocyclisation

to afford functionalised indol24 (after double-bond isomerisation) in, albeit, adeate
yield (Scheme 173 It is also important to bear in mind that the &lec-withdrawing
nature of the double bond will activate this sudtstrtowards a Bxo cyclisation as
opposed to the 6ndoalternative.

CO,Me MeO,C
©:Bf/% Pd(OAc),, PPhy §
N DMF, TMEDA N
Ac 125°C, 5 h Ac
43% 24
Scheme 17

A further example from Trauner demonstrates theafise unactivated, electron-neutral
olefin (Scheme 18 The authors describe a successful annulation rofl viiflate 25,

affording theexocyclisation produc®6 exclusively in a good vyield.

OTf /

‘ Pd(OAc),, dppe ’,
K,COs, THF
O e

25 26 OMe
OMe

Scheme 18
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Keeping with this theme, an example of the favousexko cyclisation over the &ndo
alternative is illustrated inScheme 19 Tietze demonstrates the regioselective
construction of a tertiary Spcarbon centre using an alkene component whichis a
allylsilane®* Through a 6xo mode of cyclisation, compoun@7 was prepared

exclusively in an excellent yield.

MeO

MeO
sz(dba)3, Pth
| Ag,0, DMF
65°C, 20 h H —
SiM93 80% 27 SiMe3
Scheme 19

Having stated all of this, there are exceptionshise typical observations. Examples
have been documented where the preferred modeatibatyon is 6endoover 5exa
However, this reaction selectivity is generally @emstered when theB3-hydride
elimination step is not possible under @ mode® On the other hand, an example
from Dankwardt describes the exclusive formation6endo products from substrates
which plausibly could cycliseia either reaction pathwayS¢theme 2*¢ The authors
suggest that this selectivity is due to the stiawolved to approach the-position of the
double bond in this instance. In addition to tltiss felt that the electronics of thg-

unsaturated amide may also assist in the formaifothe 6endo cyclisation product

Pd(OAc),, PhgP
N >~ N
EtsN, MeCN
Br (@]
6: 80°C, 10 h X .
\ 99%

Scheme 20

shown.
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Moving to the preparation of medium sized ringse @xample reported by TietZe
showed, again, the thermodynamically favouesd product being formed exclusively
(over the 8endo alternative) $cheme 2). This facilitated the construction of the

pharmacologically interesting 3-benzazepine skaleto

/O /O
NCOCFgPd(OAC)Z, PhsP, ACOK NCOCF,
~0 Pr,NBr, DMF ~o

I
/ 92%

Scheme 21

In general, arexo mode of cyclisation is less sterically demandimgl as, therefore,
favoured in the preparation of small rings, i.e.ab 6-membered cyclic species. In
contrast, arendomode of cyclisation requires the olefinic bondnove inside the loop

in the intermediate complex, hence, a much morabille tether between the alkene and
the Pd-bound aromatic ring is requir&tkeme 22 With regards to the preparation of
medium and large sized rings, the increased flktyilmf the substrate tether increases the
possibility of competing cyclisation modes, i.ee thubstrates are now able to adopt the
conformation required for aendocyclisation pathway. As such, there are now syste

which are fine-tunedsia electronics or otherwise, to give selective cytlmns.

-0
Pd”™ Pd

D — O —
p Pd

d

exo

endo

S

Scheme 22

In 1995 research by Gibson and co-workers reveatedfficient system which provided

access to the novel seven-, eight-, and nine-mesdbanalogues of phenylalanine
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derivatives $cheme 23 Whilst the yields of these cyclisations are motkerhis
system provided rare examples of 7- anen8eo Heck cyclisations, as well as the first
example of a ®ndocyclisation. The selectivity of these reactionsynhe explainedia

electronic considerations (with the electron-polefin reacting as expecteda a neutral

reaction pathway).

Ac
Pd(OAc
A N CO,Me ( )2 - NAC
T]/ NaHCO3, BusNCI —
[ MeCN, 95°C COsMe

Scheme 23

Yield
54%
60%
58%

w N k| S

Table 2

More recently, Madjumdar and Chattopadhyay have disveloped a set of reaction
conditions that enable the construction of 9-membetingsvia this unusual ®ndo
cyclisation mode (with double-bond ‘migratiof). Scheme 24illustrates the elegant
cyclisation of substrat@8 to afford heterocycl9 in an excellent yield. The authors
note that the use of tetrabutylammonium bromide ABB known as Jeffery's

conditions:® acts as a promoter within this reaction system.
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Pd(OAc),, KOAc

Bu,NBr, DMF
100°C, 2 h

94%

Y

Scheme 24

In addition to that discussed above, extended etutly Gibsoret al., described the
preparation of a, previously unreported, ten-memtbeing Scheme 2% by this type of
intramolecular Heck pathwdy.Again, via anendocyclisation mode, as opposed to the
9-exo alternative, the ten-membered ring was construetgdout incident and in an

excellent yield.

JL Pd(OAC),
@WE COMe  aHCO, BuNCI
oc 3 4
| MeCN, 95°C = NBoc
86% CO,Me
Scheme 25

Studies directed towards the preparation of evegetarings (i.e. 13-membered and
greater) reveal that the Heck cyclisation becomedo selective. This provides an
efficient macrocyclisation strategy, an elegantneglie of which was described by Harran
in 19982 The authors reported the formation of the 13-meetbering within
diazonamide30 (Scheme 2B the free phenol in this substrate may encouthgetwo
ends of the cycle to meeia ligation with the palladium catalyst. As suchisitstressed

that the ligand-free conditions employed are ciuni¢his instance.
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BocHN,,

BocHN,,

Pdy(dba)s, AgsPO, H

THF, reflux, 11 h
66%

Scheme 26

Tandem I ntramolecular Heck Reactions

The application of the intramolecular Heck reactiwithin the realm of preparative

organic chemistry continues to thrive and, in turffiers an efficient and reliable strategy

to prepare complex molecules. The true synthetweep of the Heck reaction is unlocked

by its potential to participate in tandem reactiofisthere are n-protons to eliminate

following an initial cyclisation, the intermediaéékyl palladium species can be involved

in sequential reactions, allowing for the rapid stomction of molecular complexity. An

example by Grigg and co-workers demonstrates thgd rdormation of various

spirocyclesvia sequential Heck reactionS¢heme 2y.*

Pd(OAc),, PhsP _ N/ N/

K,CO3, Et;NCI, MeCN 74%

60°C, 15 h PdX O
N N

Scheme 27
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Continuing with this theme, a very recent examptenf Ruck and co-workers further
showed the efficacy of the Heck transformation with report of a novel tandem Heck
reaction/C-H functionalisation proce$s. Aryl bromide 31 undergoes a Bxo Heck
cyclisation to afford intermediat82. With no [-hydrogens available, subsequent
functionalisation of an unactivated C-H bond afforspiro-fused indane-oxindol@3
(Scheme 28 This cyclisation proceeds with excellent effiig, generatin@3 in an

excellent isolated yield of 91%.

Br
(0]
@[ [Pd(Ph3P),Cl5]
N >

PMB Cs,CO3, DMF O
110°C, 24 h o N
91% N PMB
B PMB |
31 32 33
Scheme 28

The various examples shown to this stage illusttéiee generality and utility of
palladium-catalysed Heck reactions to accomplishategic carbon-carbon bond

formation in complex organic molecules.
2.3.7 The Asymmetric Heck Reaction

Undoubtedly, one of the most significant breaktigttaiin Heck methodology was the
development of an asymmetric variant of this preaga the use of chiral ligands.

Indeed, this was driven by the requirement for as&srto be able to construct tertiary
and quaternary stereocentres with elevated levielsnantiocontrol by carbon-carbon

bond formation.

The first examples of such an asymmetric Heck systere reported, independently, by
Shibasak® and Overmaffin the late 1980s. Shibasai al. reported the cyclisation of
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prochiral vinyl iodide 34, for the formation otis-decalin,35, in an appreciable yield and
moderate enantioselectivitg¢heme 29

Pd(OACc), (3 mol%
CO,Me ( )2 ( 0) CO,Me

(R)-BINAP (9 mol%) B
| cyclohexene (6 mol%) @
E 35

| Ag>CO3 (2 equiv.) H
34 NMP, 60°C
74% (46% ee)
Scheme 29

In a related enantioselective Heck process, ths¢ flirect asymmetric formation of a
quaternary stereocentre was revealed by Overmananwrkers $cheme 30*° In this
example, substrat86 undergoes two sequential Heck reactions vyieldipgosyclic

derivative37in an excellent yield and, again, moderate enargianexcess.

Pd(OACc), (10 mol%)

OTf
(R,R)-DIOP (10 mol%)
/ L o
EtsN, Benzene, r.t. 37
O 36 0
90% (45% ee)

Scheme 30

Whilst the enantioselectivities for these transfations are relatively low, they
demonstrated the synthetic power of the asymmigiik reaction for the construction of
such synthetically demanding centres. As sucleedine initial findings, this asymmetric
version of the transformation has received intensigsearch attention from many
synthetic chemistry groups worldwide, with someraghes being given in the following

section.
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2.3.8 Applicationsin Natural Product Synthesis

Due to the attractive and reliable nature of thiepprative method, the Heck reaction has
been employed as the central strategic step isyhtheses of a vast number of natural
products:® For example, an asymmetric Heck cyclisation wasiusy Shibasaki and co-
workers to construct (+)-vernolepis¢heme 31*’ An efficient cyclisation of prochiral
vinyl triflate 38 provided the core of the targeted molecule in acekent yield and

enantiomeric excess.

CO,Me Pd(OAc), (5 mol%)
(R)-BINAP (10 mol%)
K2COg3, KOAc, DCE, 60°C

TfO o 0
38 70%, 86% ee

(+)-vernolepin

Scheme 31

With regards to the intramolecular Heck reactiorthimi our approach towards the
synthesis of the targeted natural produaé infrg), we propose a 6xocyclisation onto

the electronically least favouraldeposition of am,3-unsaturated keton&¢heme 32

0
/O /O
| o
Br -
8 OTBS ! OTBS
Scheme 32

Upon examination of the literature for similar tsésrmations, an impressive example by
Overman and co-workers was revediedThe authors reported aeo cyclisation of 2-
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iodoanilide39, under PMP-promoted conditions, providirg)-@0 in excellent yield and

enantiomeric excesS§¢heme 33

% . OTBS
@' o OTBS  py,dbas.CHCI; (5 mol%) ‘
- 0
N)K%/ (R)-BINAP (12 mol%) N
PMP, DMA, 80°C \
39 40 80%, 92% ee

Scheme 33

This example illustrates that our desired modeyofigation could be viable in order to
establish the necessary quaternary carbon cenésemr in Agariblazeispriol C, and

potentially with some degree of asymmetric control.

In summary, the Heck reaction has clearly becomienaaluable tool to synthetic organic
chemists. In terms of utility, there can be nadreement that this reaction provides an
array of possibilities. Evidently, this has beaeraplified via the many applications of
this reaction within total synthesis programmeg] atso through the awarding of the
Nobel Prize in Chemistry this year. The furthewpo of the Heck reaction lies in its
asymmetric variant; there remains no other catgldgsymmetric, carbon-carbon bond
forming reaction, which can compete with the catyaaf this reaction in terms of scope,
functional group tolerance, and the ability to teeanultiple rings through tandem

processes.

Having stating the above, in terms of future endeay to improve the applicability of
the Heck reaction even further, chemists mustestiavprovide a deeper understanding of
the reaction mechanism(s), with the rational dgualent of a reaction relying heavily on

a thorough comprehension of reaction pathways.
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2.4 The Pauson-Khand Cyclisation*®
2.4.1 Introduction

The second key metal-mediated cyclisation procesprapose to make use of within our
approach towards the synthesis of Agariblazeisi@rdd the Pauson-Khand reaction. For
the synthesis of five-membered rings, there areaddew reactions that can compete in

terms of the construction of such functionalityoime step.

The Pauson-Khand reaction was first discoveretietdniversity of Strathclyde in 1971
by lhsan U. Khand and Peter L. Paudbdifhe reaction involves the cycloaddition of an
alkyne, present as its hexacarbonyldicobalt com@exalkene, and carbon monoxide, in
a formal [2+2+1] fashion, to furnish functionalisegclopentenones in a one-pot process
(Scheme 3% Examination of this diagram reveals that themeimportant regiochemical
aspects within the realm of the intermolecular tieacmanifold; discussion of these

issues will be presented in a following section.

R! o
R3
| RL R34
©C)Co—fl + || ——
R4
R2 R2 R3/4
41 42 43 where R1>R?
Scheme 34

Preparation of the crucial alkynehexacarbonyldittobamplexes4l, for the PKR is a
simple and well established procedtiréd solution of the appropriate alkynd4, is
stirred with octacarbonyldicobal5s, in an inert solvent such as petrol or DCM at room
temperature to deliver the desired cobalt complexi#ks high yields typically being

observed $cheme 3%
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R1 R:

-2CO
I+ Co2COl " 5 |—Co2(CO)g
R2 45 R2
44 41
Scheme 35

2.4.2 Reaction Mechanism

As yet, a definitive mechanism for the Pauson-Kheeattion has not been established.
Having stated this, a pathway was initially progbge 1985 by Magnust al. (Scheme
36).%2

R Rt
Co,(CO)g 2 -CO 2
RI——R2 —— R 7CO(CO)3 e R 7CO(CO)3
44 Co(CO)3 ?O(Co)z
41
D 3 [ ]:vacant
HR 42 site
R4
R? R?
R2 Alkene Insertion
—Co(CO); ¥ R2-4{-|—Co(CO)s
Co(CO),L Co(CO 47
RIR4 (CO)2 ) §° (CO),
4
34 I\
Rl co Insiy R°R R¥R*  R3R4
R? 2
R O
—Co(CO)
R3/R? / 3 £ 0,(CO),L 1 34
Co(CO)L, R3/RA R12( Jal2 R RYR
4>
$ma O
RIR R¥RY O RZ  R3R*
49 50

43 RB>R?

Scheme 36
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Following formation of the alkyne cobalt compleXl, the reaction proceeds with the
reversible loss of a carbon monoxide ligand yiegdincoordinatively unsaturated cobalt
species46. The alkene42, can then reversibly complex to the vacant sitsuich a way
that it is trans to the alkyne carbon bearing the larget $ubstituent. Next, the
irreversible insertion of the alkene occurs inte teast hindered cobalt-carbon bond
delivering intermediatd8. In addition to determining the regioselectivitiythe product,

it is this step that is thought to be the rate-aeteing step of the reacticli.A molecule

of carbon monoxide now inserts into the cobalt-carbbond yielding intermediaté9,
which subsequently undergoes two reductive elinonatsteps to furnish the

cyclopentenone product3.

In terms of experimental evidence for the proposgermediates, work carried out by
Gordon et al supported this pathway to some degree by idengfythe
pentacarbonyl(alkyne)dicobalt derivative$, by low temperature IR spectroscopy.
Additionally, independent work by Krafff, and Percias and Ri€rahas resulted in the
isolation of intermediates of typé6 whereby a sulfur atom occupies the vacant
coordination side on the cobalt metal centre. \Wétpards to compounds of tyg&, one
example has been detected by electrospray ionisafiectrometry® and, more recently,
Evans and McGlinchey have characterised, by X-rggtallography, compoundsla-e
as depicted irscheme 37’ It is interesting to note here that these latte¢hars go on to
explain a lack of reactivity of compoun84a-ewithin the PKR. In fact, intermediates
5la-e do not react at all to furnish the Pauson-Khandiopentenone adducts. The
authors describe these compounds as ‘arrested iR&ihemd intermediates’ and attribute

this occurrence to molecular strain.

37



Y

LD —oe

S THF, r.t. .
¢ OH \\

// OC—/CO\—

R oC” Co

(CO)3

5la-e

5la: R = Ph, 51b: R = TMS, 51c: R = p-CgH4CN,
51d: R = p-CgHy4F, 51e: R = p-CgH,CF3

Scheme 37

To further probe Evans and McGlinchey’s resultgjigohal research has been carried
out by Riera utilising phosphine-alkene ligandsreehanistic probes with in the Pauson-
Khand reactior®

Returning to the initially proposed pathwagcheme 3§ the latter steps in Magnus’
proposed mechanism are based on the stereo- andhegical outcomes of a variety of
examples of individual cyclisations. In a thearali sense, studies performed by
Nakamura® Gimbert®® and Peric® have further supported Magnus’ proposed
mechanism. In 2001, Nakamura explored the reaqiethway of the Pauson-Khand
annulation using Density Functional studigsFor the first time, valuable information on
the structure and energetics of various reactioarimediates was obtained-igure 5
illustrates the reaction pathway in terms of engiigig clear that the reaction pathway is,
overall, thermodynamically favourable; the loss cafrfbon monoxide and the alkene

insertion steps, as expected, have the most etbeatrgetic barriers to overcome.
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Figure 5: Courtesy of Nakamuret al>°

2.4.3 Regiochemical Aspects of the I ntermolecular Pauson-Khand Reaction

Alkyne Regioselectivity

As mentioned previously, the intermolecular Paukkband reaction presents some issues
over regiocontrol of both the alkyne and alkene gonents. With respect to the alkyne,
regiochemistry is most often based on sterics, a/lieat the alkene inserts into the least
hindered cobalt-carbon bond, as described abovhis Will ensure that the largest
substituent on the alkyne will ultimately reside$o the carbonyl group in the resulting
cyclopentenone product. In contrast, insertiontr@ alkene into the more hindered
cobalt-carbon bond would result in the less commoséen alkyne regioisomer.
Examination of the literature reveals a vast numloér examples where the
regioselectivity of the alkyne is compléfeOne such example is illustrated Stheme

38, where cyclopentenone prodi2is formed exclusively®
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ethylene Q
(o), PhMe 8seC  HiCs
Co,(CO)g !
120 atm, 36 h Ho C
11Ls
55% 52
Not Seen

Scheme 38

Having stated the above, this rule is general, @hete are examples in which the
substituents at the alkyne termini are similar izesand, consequently, cause
regiochemical issues relative to the alkyne witthie cyclopentenone producEcheme

39 illustrates one such example from Billington analugon where both regioisomers

were observed; the unexpected regioisomer wastésbédbeit in only 3% yiel&®

ethylene
== O
/ Cox(CO) PhMe, 110°C
35atm, 36 h

24% 3%

Scheme 39

Following on from this, there are some examplesthe literature in which the

regioselectivity of the alkyne component cannotelzplainedvia the use of this steric

hypothesis. In these cases, electronic considesatre required to more fully explain
the alkene insertion step of the reaction mechan&rd, hence, to support the
regiochemical outcome of some reactions. In thgard, it has been shown by Krafft
that in the case of alkynes bearing strongly ebectvithdrawing groups, complete
reversal of the expected regiochemistry occurs.orJpeaction of alkynoat&3 with

norbornene, unexpected regioisorBdmwas formed exclusivel\Scheme 4p%
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O NMO, PhMe
—_?—{ + @ £

(CO)sCO0s OEt 71°C, 2 h EtO
78%

53

Scheme 40

To rationalise the observed preference for selectowrmation of the 1,4-dicarbonyl
compound (as opposed to the 1,3-dicarbonyl compouKdafft postulates alkyne
polarisation. Scheme 4lillustrates that insertion into bond A would girestallocycle
55a which, ultimately leads to the observed prodat In contrast, insertion into bond
B would give metallocycle55b, subsequently affording produé&6 (which is not
observed). It is anticipated that the electrordiawing nature of the ester functionality
leads to an increase in the rate at which carbdmeoabond formation occursia
polarised bond A. It is important to note thatsmbsequent studies by Gimbert and
Green, reversal of the indicated polarisation witlihis alkyne is used to explain

regiochemical issues within the Pauson-Khand readtide infra).

CO,Et
o bond A CO,Et
H
_ C07C0(CO)3 A [
H ‘cd—Co(CO)s /(;c/ A H “co—Co(CO); 55a

55b  (CO)L bond B @ (CO).L

54

Exclusively

Scheme 41
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One further example by Krafft, which, again, shawis polarisation effect nicely, is
shown inScheme 42° The reaction of acetyler®, bearing two electronically different
(but sterically similar) substituents, leads to th&lusive formation of cyclopentenone

58, the alkene has inserted into the most electrdicidat terminus of the alkyne

complex.
O,
. . COLEt + @ _PhMe, 80°C _
650/
COz(CO)e ’
57

Scheme 42

With regards to the Pauson-Khand reaction mechantsis accepted that the loss of a
carbon monoxide ligand from the pre-requisite atkymbalt complex precedes the co-
ordination of the alkenevide suprd. In an attempt to probe the reaction furthemfEert
and Greene suggested that the electronic differeet@een the two acetylinic termini
may influence the position from which the carbonnmade is lost, and ultimately the
regiochemistry of the reaction. A theoretical gtwhs carried out to explore this theory,
and it was determined that this observed regiocieynis a result of dranseffect
exerted by the alkyn&° As shown inFigure 6 the weakening of a specific CO ligand
results in the insertion of the olefin so as thecwbn-poor alkyne substituent ultimately

resideq3 to the carbonyl group in the final cyclopentenpneduct.

most labile

\

OC CO
OC\

LCO "CO

oc CO
For example, A = Me; B = CO,Me

Figure 6
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Alkene Regioselectivity

With regards to the alkene, it is evident that thgiochemistry is much less easily
predictable. Indeed, with simple alkene substratas common to see 1:1 mixtures of
products*®®? One such example came from Pauson and Khand wigloriag the

reaction of oct-1-ene with the cobalt complex oépyiacetylene§cheme 43°%°

PhMe C<H
—_— NN 67113
Ph—==  + 7 Treflux, 261 ﬁ ﬁ

Co,CO 49%
2CO)e 0 oM

Scheme 43

Examination ofScheme 44can explain this commonly observed olefin regioisoc
distribution.  With equal probability of forming ther intermediate59a or 59b,
subsequent insertion and carbon-carbon bond foomatresults in mixtures of
cyclopentenone products.

ACO(CO):\; ACO(CO%

0(13 Yo o’ | Yo
RL - _
502 7 “R2 RS Rt s0p
0 o}
RL RZ RL Rl
RS = RS R2
Scheme 44
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Having stated all of the above, it was shown byfitaat the olefin regioselectivity was
somewhat dependent on the alkyne present withinrgéhetion Scheme 45°’ When
using a terminal alkyne, a mixture of products whserved. However, upon moving to
an internal alkyne, it was shown that thebranched regioisomer was essentially the

exclusive reaction product.

0] (@]

MOMO
__ , 0
COz(CO)G
MOMO ,
R R

60a 60b

Scheme 45

Entry R R’ 60a 60b  Yield

1 Bu H 3 2 41%
2 Ph Me 40 1 41%
Table 3

This observation can be explained by looking attéin@ possible rotomeric orientations
that the olefin can take when co-ordinating to¢bbalt centrecheme 4% In the case
for the terminal alkyne (R= H), there is little steric difference betweetarnersélaand
61b, hence this leads to a mixture of products. @natfer hand, the internal alkyne (R
= Ph; R’ = Me), brings about increased steric hande, causing rotamédla and, in

turn, cyclopentenon@0a, to be favoured almost exclusively.
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R
R'/éhco(m)3 R'/éhco(w)3

(|30(CO)2 (|30(CO)2
6la
N J/\ 61b
OMOM
\ MOMO
MOMO 2 o
X MOMO b
60a 60b
Scheme 46

The Directed Pauson-Khand Reaction

The drive to improve the regioselectivity of alkecmmponent insertion in the Pauson-
Khand reaction has led to what is now known adgtrexted Pauson-Khand reaction. In
the late eighties, Krafft considered that the uba deteroatom tethered to the olefin
would be able to control the regiochemical outcarh¢he reactiorvia chelation to the

cobalt atom $cheme 47.%®

(CO)z
OQ / . (@]
X—Co— R — X
| R
~

Scheme 47

Based on the above hypothesis, the use of softrddoms, such as sulfur and nitrogen,

were employed to great effect as directing ligaiolss improving the regioselectivity of
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such intermolecular Pauson-Khand reactions. Wioikstgen derived tethers failed to
exert any regiocontrol, a variety of functionalisgalopentenone products were accessed
with ease using homoallylic or bishomoallylic sdés or amine® In addition to this,
these tethered olefins also increased the rate ediiclency of previously sluggish

intermolecular reactions. Examples of this prot@re shown irScheme 48

b o PhMe reflux
| C0,(CO)g e
NM62
. PhMe reflux Me2N
:l_—Ph
C0,(CO)s T

MezN

Scheme 48

Interestingly, when carrying out these experimeltsfft made the observation that the
products obtained from such directed P-K reactiaith internal alkenes had almost
exclusively thetrans stereochemistryScheme 43 regardless of the geometry of the
starting olefin. This demonstrates that followmglisation, the cyclopentenone formed
epimerises to the most thermodynamically stablelyecb Therefore, this system not

only imparts an excellent level of regiocontrol bigo a high degree of stereocontrol.

46



\

S _S S
PhMe, reflux 7 e} - 7
- s . o)
= :_|._Ph Ph + e Ph
Co,(CO)s .
S/ 19 : 1
PhMe, reflux /57 _S
==—Ph W 7 Qo
= | N
COZ(CO)G Ph Ph
12 : 1
Scheme 49

Since this pioneering early work of Krafft, Kerr darco-workers have developed an
analogous system which utilises allyl phosphonatesder to control the regioselectivity
of an intermolecular Pauson-Khand reacfiduinder optimised conditions, reaction of
the cobalt complex of phenylacetylene and commigyciaavailable diethyl

allylphosphonate delivered cyclopentenofa and62b in an excellent yield and with

very good levels of regioselectivitg¢heme 5D

0 o)
OEt 0 H
Ph—z= b-OEt MeCN/DCM _ Ph ?oe P
| 829% P + o)
Co(CO)s o) 0 i .
62a 62b R
EtO OEt
11 : 1

Scheme 50

Following on from this success, Ketemonstrated the use of an extended class of slefin
possessing a tethered phosphonate ester Sefitefne 5L°° Under optimised reaction
conditions, and without the requirement for anyitgldal promoters or additives, these

phosphorus-possessing alkenes act as effective dyelsation partners and deliver
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functionalised cyclopentenones, of obvious furtkgnthetic utility, with high levels of

regiochemical control.

(0]
. (0]
@7_—: ¥ /\/OY\ P(OED), MeCN, reflux, 15 min_ .
Co,(CO)g O O 71% 63a

O

63b o “P(OE),

63a:63b 12:1 o
Scheme 51
2.4.4 Alkene Reactivity

In terms of reaction scope, the Pauson-Khand ationlhas always been limited by the
poor reactivity and selectivity of simple alkenesin reality, the most efficient
applications of this annulation process have in@dlstrained olefins such as norbornene
or made use of the thermodynamically more favourgdamolecular variant. An
interesting theoretical study by Milet, Gimbert,daso-workers explained that the
reactivity of the alkene partner within the Paugdrand reaction is correlated to the back
donation of electrons from the metal centre to tifeorbital (lowest unoccupied
molecular orbital (LUMO)) of the olefif’® In addition to this, the authors note that a
relationship exists between the C=C-C bond angtk tae energy of the LUMO; the
smaller the angle, the lower the LUMO energy. Téxplains nicely the experimental
observations of strained olefins. The results ftbim study are detailed iBcheme 52
Table 4™

48



H + Ph—=g Phﬁ'“
Co,(CO)e ,

Scheme 52
Entry Alkene Angle® LUMO ¢gord Conditions Yield
1 Norbornene 107 -0.087 eV Mesitylene, 60-7G, 4 h 59%
2 Cyclopentene 122 +0.203 eV Toluene, 16Q, 80 atm, 7 h 47%
3 Cyclohexene 128 +0.336 eV Toluene, reflux, 6 h 3%

#angle refers to the C=C-C angle.

P L UMO coorq refers to the calcluated energy of the olefin’sM@ when coordinated to the metal
centre.

Table 4

Conjugated Alkenes

Due to the presence of a conjugated alkene systethei Pauson-Khand cyclisation
substrate within our approach to build up the cskeleton of Agariblazeispirol C
(Scheme 53 this substrate class deserves special mention.

Scheme 53

Upon reviewing the chemical literature, it is evitléhat conjugated alkenes prove to be
more capricious coupling partnéfsThis statement is attributed to the tendency chsu
olefin partners to undergo alternative side reastio More specifically, a hydrogen

migration pathway competes with the insertion aboa monoxide, which would install
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the carbonyl moiety within the final cyclopentenon€his alternative process results in

the formation of a conjugated alkene product asvehia Scheme 54

B-hydride elimination

Co(CO);

RA ductive elimination
o~F + R—=g - Co(CO)s — TS SN
C0,(CO)q
/§

H

CO insertion
reductive elimination

0]

Rﬁ/\
Scheme 54

Indeed, Pauson himself provided an example ofcimspeting pathway in the reaction of
styrene with phenylacetylene cobalt compl&ci{eme 55 Upon heating in refluxing
toluene, the product from hydrogen migration don@da leading to the formation of

conjugated dien4in a 39% yield

64 Q
Ph—== + @_\ toluene, reflux e T Yl Ph\é/Ph
Cop(CO)g \
39% 12%

Scheme 55

Having discussed the above, the full potential ohjegated alkenes has now been
investigated by Wender and co-workétsA remarkable increase in selectivity for the
cyclopentenone product was observed when perforniveg Pauson-Khand reaction

under rhodium-catalysed conditions. As showSameme 56utilising a large excess of
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diene, in the presence of a carbon monoxide atnevsnd rhodium catalyst, resulted in
an excellent 87% yield of the desired cyclopentenoit is important to note at this stage
that a more detailed discussion of the use ofradtere metals within the Pauson-Khand

annulation will be discussed in an upcoming seatibthis thesis.

OTBS

o)
OTBS
CO (1 atm), 1,2-DCE OTBS
oTBS 60°C, 6 h TBSO OTBS
TBSO 10 eq. 87%

Scheme 56

2.4.5 The Intramolecular Pauson-Khand Reaction

Undoubtedly, within the realms of Pauson-Khand meétiogy, the establishment of the

intramolecular variant has brought a colossal arhotimalue to synthetic chemists. The

first example of an intramolecular Pauson-Khandisgtion was described by Schéte

in the early 1980’s, and, since this example, naré more procedures have emerged
displaying increasing effectiveness. Throughouat fibllowing sections, the success of

the intramolecular PKR, in terms of expansion disttate scope, as well as applicability

in catalytic and asymmetric protocols, should bie&mt.

2.4.6 Promotion of the Pauson-Khand Reaction*®

Classical Pauson-Khand cyclisations were genecaliyied out at undesirable, elevated
temperatures for long reaction times in solventhsas benzene or toluene. Moreover,
isolation and purification of the product could @éicult, based on the accompanying
plethora of organometallic by-products. Thus, opeintenone products were generally
afforded in poor yields. Based on this, there basn a considerable drive to develop

milder and more dependable reaction conditions.
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Mechanical Methods

Dry-State Absorption

A major advance in Pauson-Khand methodology wasrteg by Smit and Caple in 1986
and involved the adsorption of reagents onto sslidaces, such as silica or alumifia.
Utilising these techniques, the intramolecular isatlon of dicobalthexacarbonyl
complexes (DCHCC) of substituted allylpropargyl esth were dramatically improved.
An example of this technology with direct companido traditional thermal methods is
shown inScheme 57 The authors propose that donor centres on the sarface can
coordinate with the alkyne DCHCC and assist infits¢ step of the reaction mechanism,
i.e. decarbonylation, by promoting ligand exchangilst this protocol reveals efficient
annulations in terms of chemical yield and reactiore, the outcome of the cyclisations
is highly dependent on the reaction atmosphereiehpith an oxygen atmosphere
being required for optimum efficacy. In additiam this, this technique is found to be

most useful in intramolecular reactions of enynast@ining heteroatoms.

COz(CO)G

N L 0

O _—

M\ o

Conditions: Thermaliso-octane, CO, 6C, 24 h,29%’’
Dry State: Si@, O, 45°C, 30 min,75%"°®

Scheme 57

Ultrasound

Early research showed that the use of ultrasonicatan aid the removal of a carbonyl
ligand from a metal centr&Billington and Pauson applied this concept to thesen-
Khand reaction in order to promote the first digatien step of the reaction proceSs.

The use of low powered ultrasound, whilst havingeligeneral effect on the product
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yields, revealed a notable decrease in the requéa@ction time $cheme 58 In addition

to intramolecular cyclisations, this system illaséd the use of intermolecular examples.

O
Ph
Ph—==—H + @ - >
C0,(CO)s

Conditions: Thermal: Toluene, %0, 48 h,23%
Low Power ))): Toluene, 7€, 3 h,59%

Scheme 58

In efforts to improve this system, studies conddidig Kerret al. have shown that the
use of high intensity ultrasound, in combinationthadther promoters, can dramatically
improve the efficiency of Pauson-Khand cyclisati8han example using an ultrasound
probe in conjunction with trimethylamind-oxide is shown inScheme 59 with an
excellent yield of 95% being delivered after onix sninutes reaction time for this
intermolecular process. This methodology allowsl tapid reaction of strained olefins,
as well as less reactive substrates, providing iderable improvements over more
traditional methods. The authors suggest that thésenhanced pressures delivered by

higher-powered sonication that triggers fast metabonyl bond dissociation.

) TMANO
Ph—=|=—H + —_—
Co,(CO)g Toluene, 6 mins
95%
Scheme 59

Microwave Promotion
As an alternative to thermal heating, organic ti@msations are now being routinely

carried out using the application of microwavediation allowing dramatic reductions
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in reaction time&§! In 2002, Evanst al. utilised microwave technology to improve the
efficiency of a series of P-K cyclisatioffs.A variety of substrates were screened within
their system, affording the corresponding cyclopeahes in excellent yieldS¢heme
60). Evans also noted significant improvement instieeoselectivity with microwave

irradiation in comparison to the thermally-promopedces$?

[-coxcoys = @ S,

Conditions
Thermal: PhMe, 11T, 16 h,70%, exaendo80:20
Microwave: 1,2 DCE, 9, 20 min,89%, exaendo95:5

Scheme 60

Also in 2002, Groth and co-workers established eromvave-promoted catalytic protocol
for the Pauson-Khand annulatih.Their report demonstrated the use of sub-
stoichiometric amounts of dicobalt octacarbonyl, addition to cyclohexylamine,
furnishing a range of cyclopentenones in moderatgdod yields in as little as 10
minutes §cheme 61 Notably, no additional carbon monoxide is reediin this
system; all of the CO consumed in the reactioaken from the cobalt catalyst, since the
process is performed in sealed vessels. A morepaamensive discussion on the
development of the catalytic Pauson-Khand reactwdh be presented in a following
section.
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H O

Co,(CO :
— on s @ 2(CO)sg - @Eﬁfph
CyNH, 600 s, 100°C

microwave H
Diethylene glycol diethyl ether

Conditions: 1 — 10 mol% catalygt7%
2 — 20 mol% cataly58%
3 — 50 mol% catalygt,%

Scheme 61
Chemical Methods

Amine N-oxides

The use of aminéN-oxides has constituted one of the biggest breaiutiivs in the
promotion of the PKR to date. Amim¢oxides are known to remove carbon monoxide
ligands from transition metals by oxidation to aartdlioxide®* The addition of amin&l-
oxides in the PKR therefore renders the first stephe process, i.e. decarbonylation,
irreversible. This prevents re-association of daebon monoxide ligand, and hence

drives the reaction forward.

The first examples utilising amié-oxides as reaction promoters were reported in 1990
by Schreiber and co-worke?s. Their work established that tertiary amiNeoxides, for
example, N-methylmorpholine N-oxide (NMO), could be utilised to promote
intramolecular P-K cyclisations at room temperatdieeir studies incorporated a range

of intramolecular substrates, including ethers sitydl ethers Scheme 62
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Co,(CO
_|_2( Je TBSO
== NMO, DCM o
TBSO 12 h, r.t.
_ 87% H
Scheme 62

In their efforts towards the synthesis of (+)-epdieyymene, the same authors have also
shown that such cyclisations proceed with higheelkof selectivity compared to the use
of thermal conditions§cheme 63, Table 5>>°

\

65a 65b
Scheme 63
Conditions Yield Selectivity (65a:65b)
NMO, DCM, r.t. 68% 111
MeCN, 82C 75% 4:1

Table 5
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In a similar overall sense, Jeong and Chung higtedd the use of trimethylaming-
oxide (TMANO) as an efficient promoter for the Pamshand annulatiof® Their study
further widened the scope of the reaction, with eneifective intermolecular processes
being established, as well as allowing the useubSates possessing more sensitive
functional groups, such as a hydroxyl udtlieme 6% Low molecular weight alkynols

such a$6, were previously known to be very low yieldingRauson-Khand process®s.

Co,(CO)g o)
i TMANO, DCM H
+ __—(CH2)2 > HO
L 2 h, 0°C
66 OH 93%
H
Scheme 64

A further benefit of the use of amim¢oxide promoters was realised by Kerr and co-
workers in 1995, when a Pauson-Khand cyclisatiafisinly gaseous ethylene was
required to obtain a key intermediate towards tghgesis of the natural product target,
Taylorione®’ Kerr illustrated that the use of TMANO.26 as an additive, under a mild
autoclave pressure of ethylene (25-30 atm), redultean excellent yield of the desired
cyclopentenone produc6¢heme 65 Kerr went on to further widen the scope of this
protocol, showing that various alkyne substratestexl well with ethylene utilising such
a mild autoclave technique. Furthermore, Kerr destrated that an atmospheric
pressure of ethylene was proficient within this @leped system over a range of alkyne
substrate§’ When compared to the optimal thermal conditionporeed for the
cyclisation of these particular substrates, Keprscedure displayed an extremely mild
and convenient process, which delivered enhanceldsyof the desired cyclopentenone

products.
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Conditions
a-c

a. 25-30 atm ethylene, 40°C, TMANO.2H,0, 81%
b. ethylene balloon, r.t., TMANO.2H,0, 41%
c. 50 atm ethylene, 80-90°C, TMANO.2H,0, 38%

Scheme 65

As part of Kerr’'s ongoing endeavors to further depehe applicability and efficiency of
the Pauson-Khand annulation process, an even mactqally accessible set of reaction
conditions were developed with regards to the sgtion of ethylene. This new protocol
employed the use of vinyl esters as ethylene etpritg which eliminated the need for
the use of capricious gaseous reag&tsAs shown inScheme 66 vinyl benzoate

performed as an excellent ethylene surrogate, iantthe presence of an amihkoxide

promoter, provided the desired cyclopentenone prisdim good yields under extremely

mild conditions.

O

Ph—== oBz NMO.H,0O
= * f DCM, r.t. Ph

Scheme 66

Kerr et al extended the use of amiNeoxide promoters into the asymmetric domain. In
this regard, the first example of a direct enasliegtive Pauson-Khand cyclisation was
revealed in 1995 using a chirbl-oxide derived from brucin€. This promoter was

shown to achieve appreciable enantioselectivitiashprecedented low temperatures and

was applied to a variety of alkene and alkyne satet Scheme 6Y.
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H O

= - THF, -17°C, 1.5 h :
| on * . —> _
Co,(CO)g brucine N-oxide : OH

97%, 35:65 e.r. g

Scheme 67

More recently, Kerr and co-workers have optimiséeirt process, with levels of

selectivity up to 11:89 e.r. being achiev&tifeme 68*°

H O
_—_4&‘”‘ 1,2-dimethoxyethane : "
| on * i de "
brucine N-oxide f
Cox(COJs -60°C, 120 h : OH

63%, 11:89 e.r.

Scheme 68

Amines

In 1997, Sugihara and Yamaguchi proposed that isutieh of a carbon monoxide
ligand with an alkene could be facilitated usirgahds containing nitrogen or oxygen by
a coordination effect: Indeed, their results showed that the use of @ynamines and,
in particular, primary amines containing secondatlyl functionality significantly
increased the rate of various P-K annulations. s&hauthors report cyclohexylamine to
be the most efficient promoter within this classl &ave applied this amine to a number
of intra- and intermolecular exampleScheme 69 It should be noted here that, in
contrast to the very mild reaction temperaturesi wgigh amineN-oxides, more forcing
conditions are required in conjunction with amimemoters.
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C02(C0)5
MeOZC

:‘:—Ph
MeO,C cyclohexylamine _ Meo,C Ph
MeO,C \ 1,2 DCE, 83°C, 20 min
89% (@]
| 7
Bu=——H . @ cyclohexylamine . w”Bu
1,2 DCE, 83°C, 15 min
94% H

Scheme 69

Sulfides

Sugihara and Yamaguchi continued their efforts rtprove the efficiency of P-K

cyclisations, in turn, demonstrating that sulfidesild also act as reaction enhanc@rs.
After exhaustive optimisation they reported thdtyhimethyl sulfides were the most
efficient sulfide-based promoters, affording cydopenones in excellent yields in a
matter of minutes. The authors claimed that ammeghyl alkyl sulfides, those with

primary or secondary alkyl groups were more effecthan those with tertiary units. In

particular, they recommend utilisationmebutyl methyl sulfide.

Advantages of a sulfide-promoted system over thenespromoted Pauson-Khand
reaction are exemplified inScheme 70 On treatment of substrat&7 with
cyclohexylamine the authors observed cleavageeoftkyne cobalt complex. However,
in the presence ai-BuSMe no such problem was encountered and thesmrnding
cyclopenteneone was generated in an excellent.yfgidadditional advantage of this
system is that simple alkene substrates, such @shgptene, were applicable where

previously these reactions were reported to betisfsetory?
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C02(C0)6
/—_E Cyclohexylamine (3.5 eq)
p-Ts—N Y
7 1,2-DCE, 83°C, 30 min

- - =

67

n-BuSMe (3.5 e Te—
(3.5 e0) - p-Ts N/\:@:O 0%

1,2-DCE, 83°C, 30 min

Scheme 70

Despite the enhancement in reaction times and s/itdd Pauson-Khand annulations,
utilisation ofn-butyl methyl sulfide does present some issuesadttition to the elevated
temperatures which are, again, required, the mdjawbacks of this low-molecular
weight sulfide are the unpleasant smell and lachtgny effect it exposes. Moreover, it
is a fairly expensive reagent and cannot be redyaleder the PKR conditions. To
address these problems, Kat al. have developed an odourless, reusable polymer-
supported sulfide analogu®&8, which displays the same promoting effects as the
problematicn-BuSMe. Moreover, this supported sulfide can bedusffectively over a
number of cycles Scheme 71, Table ¥° Furthermore, the supported sulfide also
provides a practical benefit, with work-up and fication of reactions merely involving

filtration and minimal chromatography.

68
¥< @ @-cH,0(CH,),SMe
== . -

Co,(CO)g 1,2 DCE, 83°C
Scheme 71
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Run 1 2 3 4 5
Time/min 30 30 30 30 30
Yield (%) 89 92 87 86 88

Table 6

Kerr and co-workers continued to seek a more ecaransolution-phase protocol to
address the odour problem of sulfides. In thipeeg the application of inexpensive and
commercially availablen-dodecyl methyl sulfide (DodSMe) has been showrbé¢oa
highly effective promoter in the Pauson-Khand aatioh of both intra- and
intermolecular substrates, affording good to excgllyields of cyclopentenone products
(Scheme 7%

__ pPH 1,2-DCE, 40 min _
:|_‘ﬁ + >
Cor(CON 83°C, DodSMe

86%

y 1,2-DCE,
/ 83°C, 30 min

(@]
\—:|E DodSMe
COZ(CO)6 81%
Scheme 72

2.4.7 Catalytic Pauson-Khand Processes

Whilst the stoichiometric Pauson-Khand reaction hdisplayed great synthetic
significance, the drive towards a catalytic protpgoterms of the transition metal, is one
which provides a more practically efficient appriodc the synthesis of cyclopentenones.

As such, there have been many studies into devejapi effective catalytic systetn.
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An early attempt to establish a catalytic internoalar cyclisation was targeted by
Pauson, however, this protocol resulted in onlyrpeelds and demanded harsh reaction
conditions®® It was not until 20 years later that a somewhatemefficient catalytic
system was reported by Rautenstraucheme 73% The preparation of 2-
pentylcyclopent-2-en-1-one was achieved in a madey#ld, with a high turnover
number of 220 for dicobalt octacarbonyl being sEali. The authors noted that in
developing such a system the main hurdle to oveecaras the formation of metal
clusters or inactive cobalt carbonyl species, swash tetracobalt dodecacarbonyl,
Coy(CO),2. Despite the high turnover number in this examible scope of this catalytic
system was limited to the use of ethylene, andaddition to this, the extremely high

pressure of CO used was far from desirable.

0]

C0,(C0O)g (0.0022 eq.
HjCe——= + ~ 2(COJs ( q )= é/CSHll
CO (100 bar)

PhMe, 150°C, 16 h
49%

Scheme 73

In 1994 the first practically efficient catalyticaBson-Khand system was reported by
Jeong and co-workePS.Their findings demonstrate that the use of phosshiand
phosphates allow low levels of catalyst, as welteaiiced pressure of CO, to be used in
the cyclisation of various enynescheme 74llustrates the use of triphenyl phosphite,
under a reduced pressure of CO (3 atm), with onb rBol% of catalyst, affording

cyclopentenones in excellent yields.
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EtO,C

/ EtO,C
EtO,C 3 mol% Co,(CO)g 20 mol% P(OPh)
X CO (3 atm), DME, 120°C, 24 h o

82%

Ts—N">=— 5 mol% Co,(CO)g, 20 mol% P(OPh); Ts\N
CO (3 atm), DME, 120°C, 24 h - :z \Q
\ ( ) o

94%

Scheme 74

In addition to this, a variation of these protocdias recently been used in an
enantioselective version of the Pauson-Khand readiy employing chiral phosphines,
such as BINAP. The established asymmetric prodégslays outstanding levels of
enantiomeric excess in the catalytic cyclisatiorynes, albeit with moderate chemical
yields Gcheme 758 The substrate scope applicable with this set ofiitions is also

limited and the authors note that the best resanés obtained with monosubstituted

olefins and alkynes.

/ H
/_/ Co,(CO)g (0.2 eq.)
TsN > TsN (@]
L (S)-BINAP (0.2 eq.)
— 80°C, 1 atm CO
54%, 94% ee

Scheme 75

In 1996, Livinghouse described the photoinitiatgdlisation of enynes utilising catalytic
quantities of cobalt§cheme 75° The authors stressed that a highly purified cobalt
catalyst source was required in order to achieeeessful cyclisations. Nevertheless, in
this system a range of intramolecular cyclisatisese carried out under relatively mild
conditions. In relation to this system, a subsatueport from the same group explained

that, with careful control of the reaction temparat there is no need for the use of
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photolytic promotion® Following this work, Krafft and co-workers quashed
Livinghouse’s necessity for ultra high purity £60)s, noting that unpurified cobalt with

base-washed glassware in DME was sufficient toymedfficient cyclisation&*

EtO,C >d/ Coy(CO)g (5 mol%)  EtO,C ><:\;</"O
DME, 55°C, 12 h
— ! ! EtOZC
EtO,C —= hv, CO (1 atm)
91%

Scheme 76

Whilst the scope of the systems discussed to thig picluded a range of intramolecular
substrates, the use of catalytic quantities of sitmm metal in the intermolecular
counterpart proved to be more difficult to achiemeterms of delivering efficient
cyclisations. Having said this, Sugihara and Yamshgreported the use of ‘hard’ Lewis
bases, such as 1,2-dimethoxyethane (1,2-DME), dgia to promote the catalytic
PKR, and incorporated both intra- and intermolecugclisations within their study
(Scheme 77*%? With regards to the intermolecular reactionsyquérticularly active
alkenes performed well; norbornene, an extremebjrstd olefin, performed excellently
within this protocol. Despite the increased pressi CO required (7 atm), the excellent
yields produced by this system made this a valugtd®col with regards to the catalytic
PKR.
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Ph

TN —=—=—Ph Co(CO)g (2 mol%) 1:6:0
\_\ PhMe, DME p-TsN
H

N\ 7 atm CO

120°C, 10 h
85%

Co(CO)g (2 mol%)
+ =—Ph > Ph
PhMe, DME
7 atm CO H o

120°C, 10 h
98%

Scheme 77

Similarly, Hashimoto described a catalytic systetmereby addition of a monodentate
phosphine sulfide, in particular tributylphosphsédfide, allowed the P-K cyclisations to
take place utilising just 3 mol% of catalyst, adlas using a low pressure of C&.The
majority of examples shown in this study were imtodecular cyclisations. However, as
shown in Scheme 78 once again, this protocol was applicable to mtdecular

annulations when particularly reactive alkeneseanployed.

@]
H
L 3 mol% Co,(CO)g 18 mol% BusPS
CO (1 atm), Benzene, 70°C, 7 h .
92% H
Scheme 78

In an attempt to develop a more stable source lmdltgatalyst (CgCO)g is known to be
air-sensitive) Chung went on to use 4&0), as a pre-catalyst in a Pauson-Khand
reaction Scheme 79'%* Whilst this cobalt cluster had initially been ieged to be
detrimental to P-K cyclisatiorfS,it proved to be an excellent pre-catalyst in thectien
system developed by Chung. Both inter- and inttemdar cyclocarbonylations were
carried out with high efficiency. Having said thisgain, only highly strained (thus

reactive) olefins were employed within the interemllar processes. Additionally, the
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main drawback with this system was the use of fgyceaction conditions (180 and 10
atm of CO).

EtO,C — C04(C0O)12 (1 Mol%) Et02c><:|j>:0
EtO,C DCM, 10 atm CO g0,
\ 150°C, 90 min
97%

Scheme 79

In a similar fashion, Krafft demonstrated the udeaoprimary amine along with
Coy(CO), in the PKR, allowing much milder reaction condisoto be applied’
Despite the higher loadings of £60),, being required, reactions were now shown to
proceed under an atmospheric pressure of SChdme 8D It is thought that the
cyclohexylamine helps to break down the inactivbatbclusters and, in turn, stabilises

the reactive catalytic species.

C04(CO)15 (5 mol%)

p-TsN DME,1atmco  P'®

A\ 70°C, 14 h
88%

Scheme 80

The use of cobalt carbonyl clusters as a moreestailrce of catalytically active species
has also been investigated by Sugihara and YantadfiicTheir work demonstrated that
the replacement of a Co(CQ)nit within Ca(CO),, with a methylidine bridge resulted
in the development of an efficient catalySicfieme 8)L In a further publication the
authors reported that addition of a small amourdroine resulted in a further improved

catalytic system?®’
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(CO)3

Co
T o]
EtO,C (0C)3C0|>Co(CO)s /©;>:o
» EtO,C

EtO,C 120°C, 7 atm CO CO,Et

PhMe, 10 h
97%

Scheme 81

Having discussed all of the above, it is evideat thhe catalytic Pauson-Khand reaction
has come a long way since the early work of Paaswhco-workers. However, the use
of highly toxic carbon monoxide presents a majawdrack to these procedures. In
2000, Krafft and co-workers addressed this issuausipg 35 mol% of C4CO) in
DME, again with an amine additiv& Despite the relatively very high loading of Co,
this system allowed the reactions to be carrieduader an atmosphere op,Nlispensing
with the need for a CO blanket.

Hetereogeneous Cobalt Catalysis'®

Up until the last decade, studies towards the dgweént of a catalytic Pauson-Khand
protocol had focused on homogenous catalysis. ddfse, for industrial purposes it
would be more desirable to achieve heterogeneotalyss, which brings inherent
advantages such as stability, ease of operatiahyeursability of the catalyst. The first
example of such a system was described by Chungreamhe application of cobalt
adsorbed onto a mesoporous silica support resuitad efficient heterogeneous system
(Scheme 82'° The catalyst was prepared by decomposing(@d), in refluxing
toluene, on SCA-15, which, in turn, maintained\attiover four runs. Furthermore, no
metal leaching was observed upon analysis of thetice mixtures.
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/ .
Et0,C 9-10 wt% Co on silica SCA-lE EtO,C o
Et0,C L 20 atm CO, THF EtOZC‘. < I;
— 130°C, 6.5 h
95%

Scheme 82

In the same year, Chung developed another systeeneiwp Co(CO) decomposed in

THF at reflux in the presence of charcoal wasseii Scheme 83! This generated a

highly active species, which catalysed the cydlsat of enynes, affording

cyclopentenone products in excellent yields. Tihigre robust, system allowed the
catalyst to be recycled ten times without losing afficiency. This study also

incorporated intermolecular examples, albeit withised alkenes only.

/
EtO,C ___ 20atm CO, THF EtOZC; < I>
T 130°C, 7 h
91%

Scheme 83

Whilst both of Chung’s initial processes displaygghnificance in the development of a
heterogeneous system, the conditions demanded kansh; in particular, elevated
temperatures and pressures of 20 atm of CO wetrereelq This CO pressure issue was
alleviated by Chung when he used highly active tobanoparticles §cheme 842
The authors note that, due to the high surfacestome ratio of the nanoparticles, a large
fraction of the metal atoms are at the surface hedce, are available for catalysis. This
highly active system was demonstrated in severaingkes with consistently excellent

isolated yields of the desired cyclopentenone petsdu
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EtO,C i/ colloidal Co nanoparticles _ EtO,C o
EtO,C - 5atm CO, THF EtO,C
— 130°C, 12 h
97%

Scheme 84

Despite a positive development in the reaction tmws$, there still remained
inconveniences with the use and storage of collaidbalt nanoparticles. Once more,
Chung improved the system by utilising cobalt nambples on a charcoal support
(CNC); this combined the virtues of highly activanoparticles with conventional
heterogeneous cataly$is. The CNC catalyst system is extremely robust inaaill can

be stored for several months without losing agtivit
2.4.8 The Use of Other Metals

Alongside the development of this cobalt methodglogxamples in the literature of
Pauson-Khand reactions catalysed by other transitietals have emerged. Indeed, an
early example from Buchwald demonstrated the usgtariocene complexeS¢heme
85).1** Using just 5 mol% of a commercially available ¢gdg a range of enynes were
cyclised under low pressures of carbon monoxidehort/ following this work,
Buchwald developed an enantioselective version ho$ system utilising a chiral

titanocene; Pauson-Khand products were preparddexitellent enantioselectivity®
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EtO,C — (S,S)(EBTHI)TI(CO), (5 mol%)
> EtO,C
EtO,C 1.22 atm CO o)
A\ PhMe, 90°C, 12 h EtO,C
90%, 87% ee H

=

oc;Tliﬁ co = (S,S)EBTHNTI(CO),
< |

‘e

=

Scheme 85

Following on from the work of Buchwald, in 1997 Mif*® and Mitsudd'’
independently reported the use of;&0);» in the Pauson-Khand cyclisation of a range
of enynes. Whilst terminal alkynes have been regoras excellent substrates in the
cobalt-catalysed reaction, the authors noted theget substrates were not viable in this
ruthenium-mediated variant. More recently, Itamd & oshida have expanded the scope
of the intermolecular Pauson-Khand reaction, usingithenium-catalysed protocdf
Their strategy involves the use of olefins bearangyridisilyl group, which causes
complete regioselectivityia chelation of the pyridyl nitrogen with the metalVith the
ease of removal the pyridisilyl group, this leads & variety of substituted
cyclopentenonesScheme 8% Despite the rather wasteful (atom-uneconomicatyre

of the process, with the dimethylpyridylsilyl utitss, this overall process dispenses with

the need for ethylene, or strained olefins, forefficient catalytic intermolecular P-K

annulation.
(@]
' Ru3(CO);, (5 mol%) Ph
| + Ph—=—Ppnh 3 12 o
VSN 1 atm CO o
ez 120°C, xylenes
88%
h O
P
o | + ph—=—=—pn _RUs(CO)2(5mol%)
H9C4\2\Si NS T am CO .
ez 140°C, xylenes CaHo
48%
Scheme 86
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With increasing environmental awareness being dedethmvithin preparative processes,
the use of an external carbon monoxide source tierely undesirable, and, as such,
there have been attempts to eliminate the use ofirCthe Pauson-Khand cyclisation
(vide supra. One development in this area is the use ofrgidies as a source for CO. It
is known that transition metals can act as decailaton catalysts with carbonyl
compounds, and this has previously been used ag stdg in transition metal-catalysed
transformations?® In 2002, Shibataet al reported the first catalytic Pauson-Khand
reaction, which utilised cinnamaldehyde as an rétieve carbon monoxide source. This
rhodium-mediated protocol provided a clean, sokfee®#, process resulting in the
preparation of a range of bicyclic enones in gomdexcellent yields §cheme 8)*%°
Shibata went on to further extend this protocolhmitthe asymmetric domain. The
introduction of a chiral phosphine ligand allowddke tformation of cyclopentenone
products in an enantio-enriched fotfll. Despite the elimination for the requirement of
toxic carbon monoxide gas, one drawback of thicgse is the atom inefficiency; in

every reaction there is a waste of styrene by-produ
Q Rh(dppp),Cl R

/— R, H (5mol%)
Zz R | 120°C z ©
§ Ph

R 65-98%

Z= O, NTS, CH2, C(COzEt)Z
R = Me, Ar
R'=H, Me

Scheme 87

In the same year, Morimotet al reported a further example of a rhodium-mediated
PKR, which, this time, utilised pentafluorobenzélgde as an alternative source of

carbon monoxide Scheme 88'%

Various enynes (now including those containing
terminal alkynes) were cyclised, under an atmospbénitrogen, in excellent yields. A
major drawback with this protocol, however, is, iagathe waste of the

pentafluorobenzene by-product.
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[RhCI(COD)],, (5 mol%) R

/=R dppe, xylene, 130°C
Z - Z (@]
\_\ F o
F
\ H 74-97%
F F

Z= C(COzEt)z, O, NTs =
R = Ph, Alkyl, H

Scheme 88

More recently, Chung has applied3-unsaturated aldehydes to act as both the carbon
monoxide source as well as the olefin moiety witRimuson-Khand processgés.This
atom-economical system utilises Co/Rh heterobirhetalanoparticles, derived from
Co,Rm(CO)2, to catalyse the cyclisation of various alkynesl ahdehyde substrates
(Scheme 8% Indeed, this protocol has also markedly incedathe scope of the
intermolecular reaction; the requirement of strdjnkence reactive, olefins has been
circumvented by this process. Having stated tifis, protocol does demand that the
requisite unsaturated aldehyde substrate is aVmildy cyclisation, with the added

complexity that such aldehydes are known to berratsly sensitive in nature.

o) O
Co,Rh5 (2.9 mol%)
|, N A -
Ph THF, 130°C, 18 h
77%

Scheme 89

Having established successful cyclisations utigsinatalytic quantities of cobalt,
titanium, ruthenium, and rhodium complexes, it vilasvitable that studies would be
directed towards the use of iridium. Initial steglibby Shibata and Takagi demonstrated
the use of catalytic quantities of [IrCI(COBR)in the cyclisation of various enynes,
however, low conversions were observEtHaving stated this, the authors noted that the
use of phosphines as co-ligands significantly impbthe efficiency of the system.
With these results, Shibata and Takagi were prodnfateemploy chiral phosphines in an
attempt to induce asymmetry in the reaction. ighg using [IrCI(COD)}, in the
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presence of -toIBINAP, several 1,6-enynes were cyclised susftdly, with up to
excellent enantiomeric excess&lfeme 99*** Then again, the major limitation with
this system relates to the substrate scope; r@agtienynes containing a 1,2-disubstitued
olefin, a terminal alkyne, or a 1,7-enyne resultettace or no cyclocarbonylated product

being detected.

Ph

- [IrCI(COD)]5 (10 mol%)
d PR (S)-tolBINAP (20 mol%) 5 o
0.2 atm CO
PhMe , reflux, 72 h Me

86%, 93% ee

Scheme 90

Overall, the catalytic Pauson-Khand reaction hasiea long way since the initial
attempts in the early 1970s. The intramolecularawa of this reaction has been shown
within an array of exceptionally efficient cycligais, allowing the preparation of a
number of valuable organic structures. In contrdbe catalytic intermolecular
counterpart still fails to fully satisfy the modesynthetic chemist; however, new systems
are rapidly developing this technique. In termsth# transition metal, new emerging
protocols continue to offer advantages with resgecenvironmental considerations,

stability of the catalysts, scope of the substratrd overall efficiency of the cyclisations.
2.4.9 The Asymmetric Pauson-Khand Reaction*®

Over the last few decades there has been a varfetyethods developed to induce
asymmetry in the Pauson-Khand reaction. Theseudeclthe use of chiral alkyne
substrates, chiral auxiliary approaches, the useaothiral GCo, core, and the
employment of chiral additives, such as chiral ahoxides. Indeed, any review in
this area would be incredibly extensive, and, af sanly a few key examples have been

touched upon throughout this repaoride supra.
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2.4.10 Applicationsin Natural Product Synthesis

The cyclopentenone core is common to many naturadlycts. Subsequently, the
Pauson-Khand reaction has been utilised extensiteebonstruct such compounds and
there are a number of examples where this powegdtion is used strategically as one

of the central steps in the synthesis of targeemdes.

In 2003, Terashima and Furuya reported the syrghessi(-)-Tricycloillicinone, 69, a
potential drug target for Alzheimer's dised$e.This compound has a synthetically
challenging tetracyclic framework bearing two qua#ey carbons. The classical
thermally-promoted Pauson-Khand annulation was iegpl affording the key

cyclopentenone intermediate in an excellent yiSichéme 9L

o (0]
(@) @) o o
1. Co,(CO)g, Toluene steps ~
J Wos SR e
2. reflux, 3.5 h o
// 69

79%

(-)-tricycloillicinone

Scheme 91

Another application comes from our own researclugro the 2001 syntheses @f and
B-cedrené?® The key step in the route to these natural produets a very efficient
sulfide-promoted Pauson-Khand reaction in ordegeaerate the tricyclic core of the

molecule from the simple monocyclic 1,6-enyfyScheme 9
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(0]
{\/ n-BuSMe, 1,2-DCE_ Qe et ’a or ’e
83°C, 30 min
' H H
o o Coz(CO)s 95% 5
O

70 a-cedrene B-cedrene

Scheme 92

In a related synthesis, the Kerr group developedcaowave-assisted, catalytic protocol,
which delivered the core carbon skeleton of 2eepiedren-3-oneScheme 93 Using
only 20 mol% of cobalt catalyst, the desired cyelmjgnone was prepared, in just ten

minutes, without the need for an external sourceadbon monoxidé?’

85%

0] ~ O
. Coa(CO)g (20 mol%) Q ’
oo MWI, PhMe, 10 min 0 H
2-epi-a-cedren-3-one

Scheme 93

Another interesting recent example of a Pauson-Hhaytlisation is contained within
Hoshino and Ishizaki’s synthesis of Magelanine. da®m be seen ischeme 94the
Pauson-Khand cyclisation was elegantly used to toacts the angularly fused
cyclopentenon&1*?® Under mild amineN-oxide promoted conditions tricyclél was

prepared in just 2 h reaction time and in a godi yiEld.
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NHBoc NHBoc

H
H O XA OH
1. THF, r.t.
HO ~J.wOH Co2(CO), .t o
H 2. TMANO.2H,0, H
THF, 2 h, r.t.
70% 1
Scheme 94

In summary, the Pauson-Khand reaction has providest synthetic value to the
preparative chemistry community, and continues @¢oabpplied as a direct and highly
efficient method for the construction of many challing carbon skeletons. Since its
first disclosure in the early 1970’s there has bemormous progress in terms of practical
efficiency, which now presents the PKR as a mild #axible tool for the synthesis of
cyclopentenones and their derivatives. The intlamuar variant of the PKR is really
where the true practical potential of this discamiom is unlocked. Unaffected by the
regiochemical restrictions of the intermoleculariaat, the intramolecular reaction has
found prominence as the key step in a number afralproduct total syntheses. In
addition to this, the catalytic protocols now aahlE in the literature represent excellent
alternatives to the stoichiometric reaction typ&ath homogeneous and hetereogeneous
systems have been developed eliminating the easlylgms with metallic waste, as well
as product isolation. Further progress has bedmewsd by reactions using other
transition metal complexes as catalysts; the dewedémt of such systems has brought
advantages, such as the expansion of the reaatmpesas well as elimination of the

need for an external source of carbon monoxide.

Having stated all of the above, there are still s@moncerns regarding the Pauson-Khand
cyclisation. Firstly, with regards to reaction rhanism, whist the studies in the last
decade have advanced considerably in the compriehent the reaction mechanism,
continuing attempts to fully interpret the reactipathway will allow a more accurate
prediction of the outcome of the reaction. As veallthis, the scope of the intermolecular

version of the Pauson-Khand annulation is stilheatlimited. In particular, unstrained
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olefins still react rather sluggishly in catalypeotocols. Nevertheless, techniques such
as the directed Pauson-Khand reaction have minihtlse problem, allowing the use of

simpler olefins and, at the same time, avoidingoisgmeric product mixtures.
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Chapter 3

Efforts Towards the Synthesis of the Natural Target
Agariblazeispirol C
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3.1 Previous and Proposed Work

Progress towards the total synthesis of Agaribfgiel C was initiated during a previous short
and preliminary body of work carried out within tKerr group**® From this research, an initial

and unoptimised pathway towards the tetracycli@ adrour targeted natural product has been

formulated
(0] (@]
6 Steps (@]
-0 oH ——r -
_ - . |
Br OoTBS
9 8
20 mol% Pd(OAc), 5 mol% Pd(OAc),
80 mol% PPhs, EtzN . 20 mol% (o-tolyl)3P
PhMe, reflux, 48 h EtzN, MeCN
98% MW|, lOOOC, 20 min
95%
_O O i 4 Steps _0
-
(@]
OH 7 OTBS

3 Steps ll

(@]
~
L soeommm | Oy
2. DodSMe, 1,2-DCE, Q
6 reflux, 60 h .

\\ 60%

Scheme 95

As shown inScheme 95starting from the commercially available carbaxycid9, an efficient
process had been established for the preparatibteck precursoB. With regards to our first
metal-mediated cyclisation, initial conditions geated bicyclic intermediat&, using high
catalyst and ligand loadings, in an excellent yielter 48 h reaction time. On further
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optimisation, microwave conditions were developddciv produced a 95% vyield of the desired
compound 7, in 20 minutes using only 5 mol% palladium catafg$ Following the
implementation of this Heck technology, efforts evdocused on the synthesis of the Pauson-
Khand precursoB. Following seven synthetic steps this desirechersubstrate was synthesised
with moderate efficiency. Turning to the intranmmi&ar P-K reaction, initial results proved
somewhat promising. In this regard, after the arafion of the requisite cobalt complex,
cyclisation of alkyne6 delivered the tetracyclic core of Agariblazeispif® in a single step,
constructing three new C-C bonds and setting treorsk challenging all carbon bearing
quaternary stereocentre. Having stated this, atholfing some appreciable optimisatibfithe
yield of this cyclisation presently stands at a srate 60% after a rather prolonged 60 h reaction

time 130

With no reported synthesis of Agariblazeispirol @him the chemical literature, above all else,
the first total synthesis of this target was thg kém of this piece of research. In this regard,
upon initiation of this new and independent prograrof work, at the outset it was decided to

continue our focus on the originally envisaged prafive pathway described above.
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3.2 Results and Discussion

3.2.1 Towardsthe Preparation of Heck Precursor 8

As mentioned above, early work continued to focagh® initially devised preparative pathway
described irScheme 95%°**° Towards this goal, the synthetic sequence begtmpséparation
of benzyl alcohol72 via borane reduction of the commercially availableboaylic acid 9
(Scheme 9% Pleasingly, this transformation occurred withanucident yielding the desired
alcohol72in 100% vyield.

O

o ¢}
- OH BH3.SMe, THF. OH

100 %

Scheme 96

The next step in our synthetic sequence involvedittidation of primary alcohd2 to aldehyde
73 via standard Swern conditioh¥. Pleasingly, the desired aldehyde was isolated in

guantitative yield $cheme 9Y.

~ OH (cocl), bmso O
EtsN, DCM

0
72 100% 73

Scheme 97

Due to the sensitivity of aldehyd® this species was used almost immediately in theesguent
bromination step® Under relatively mild conditions, bromoaldehydé was delivered in an
excellent yield $cheme 98 It is important to note that this reaction aced with complete

regioselectivity; no other regioisomers were obsdy*H NMR spectroscopy.
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- H Bry - H
AcOH
93% Br

73 74

Scheme 98

With the required halogen now in place, attentioméd to extension of the carbon chaimthe
aldehyde moiety. In this regard, a standard Hevdadsworth-Emmons (HWE) reactbiwas
to be employed, requiring the synthesis of funcls®d phosphonate estés. Following a

literature protocot3*

this reagent was preparada reaction of chloroacetyl chloride and
Weinreb amine76, followed by introduction of triethylphosphite tthe reaction mixture

(Scheme 9% The overall yield for this reaction was 75%.

76
0 O O
0 HCI.NH(Me)(OMe) P(OEt)3 EtO. T
- a L _POEs_ EO
I . -
C\)kcl EtsN, DCM N 80°C EtO \)Lr}l
O 0
20 - 75 7
75% over 2 steps
Scheme 99

With good quantities of this functionalised phospaie in hand, olefination was attempted under
standard HWE conditions, furnishing tHe-a,B-unsaturated amid&7 exclusively, in an

excellent, quantitative, yield®S¢heme 100

o) o)
0 y  MBuLi,75 O NN
THF 0
Br 100% Br
74 77
Scheme 100
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It was now deemed necessary to remove the newlgllied double bond to create the desired
unsaturated Weinreb amid®. Previous work within this programme of studyskd that Pd-
based catalysts led to dehalogenation of the @mgl within substrat&7.*?° As such, iridium-
based catalys$l, known as Crabtree’s catalyst, was selected asdemalternative to achieve
the desired olefin reduction selectively. Althougbmmercially available, Crabtree’s catalyst
was preparediia a robust and high yielding literature prototdl. Reaction of chloro-1,5-
cyclooctadiene iridium(l) dimei79, with potassium hexafluorophospate, and an exocdss

pyridine, afforded bispyridine compl&0 in an excellent yield§cheme 101

PFg

Acetone/water

:/\
Py, KPFg Ir-PY
Ircoo)cl), — 26 o .
(r(COD)CIl, C\/ oy
79 93%

80

Scheme 101

Intermediate80 was subsequently reacted with tricyclohexylphasphio furnish Crabtree’s

catalyst in multi-gramme quantitieS¢heme 10

PF , PF

A 5 6 PCy; /\ _PCys 6
[« Ir; y § Ir,
7 Py MeOH / Py
' 97% :

80 81

Scheme 102
With catalyst81 in hand, hydrogenation of substrgtéwas carried out delivering an excellent

yield of the required Weinreb amid8dheme 108 The elevated efficiency of this process was

entirely reproducible in every case as part of phagramme.
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Py. .PCys |PFe
e ;

! 10mol% . N
Br > H,DCM O

r.t., 16 h
77 97% 78

Scheme 103

Next, attention turned to the preparation of HexdcprsorB, an intermediate which is key to this
approach to Agariblazeispirol C. Our particulathpeay towards this intermediate required the
preparation of vinyl bromid82. In this regard and in attempts to enhance tfextfeness of
previously established procedures, and this tgtathesis route overall, a retrosynthetic analysis

for this substrate is suggestedSicheme 104

Br Br 0 0
Rt e vl ¢4
Br 85
OH 84
83 “

OTBS
82
O O
Cii &——— Oij/
87 86

Scheme 104

Initial removal of the TBS protecting group presenB2 furnishes free alcoh@3, which we
envisaged could be constructdd a saponification, decarboxylative elimination seage. This
leads us to intermedia8&, which, in turn, could be further simplified ¢gB-unsaturated lactone
85. The synthesis @5 could be achieved from compouB@, whose ultimate precursor is the

commercially available lactor&y.
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As such, following a literature protoctf commercially available lactor@7 was alkylated at
the a-position to furnish substituted lacto6 (Scheme 10k Whilst the yield was modest, the
relatively inexpensive starting materials allowéeé teaction to be performed on a moderately

large scale, providing multi-gramme quantities e$ided compounéé.

o) o)
o LiCl, LDA, DMPU_ o
Mel, THF
0,
87 58% 86
Scheme 105

Attention now focused on the oxidation of this campd to generate,-unsaturated lactone
85. Unfortunately, after deprotonation 8 and subsequent quenching with diphenyldisulfide,
no product could be isolated from the reaction mixt@Scheme 105 Nevertheless, almost

guantitative recovery of the starting material \&abkieved.

o) o)
1. LDA, PhSSPh, THF
(@) > 0
2. H,0, |
86 85
Scheme 106

At this point, the approach to the desirag3-unsaturated lactone was modified by using

diphenyldiselenide as the reagent. However, ogegnaonly starting lacton86 was isolated
from the reaction§cheme 10Y.

o) 0
1. LDA, PhSeSePh, THF
(@] » O
2. H,0, |
86 85
Scheme 107
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Undeterred, a set of conditions previously sucesssithin our research groty for such a
transformation were considered. Originally develbpy Mukaiyama>® this method utilise\!-

t-butylbenzenesulfinimidoyl chlorid&8, as the oxidant. This material was readily prepara

a robust method, first requiring the preparatiomlichloroamine89, andS-phenyl thioacetaté0

(Scheme 108

Ca(oCl),
3 N HCI, DCM
'BUNH, » BUNCI,
100%
89
0
phsH _Acetylchioride J
EtsN, DCM
50% 90
Scheme 108

Following this, reaction of componer88 and90 under refluxing conditions afforded the desired

oxidant88in a quantitative yield§cheme 108

O
. N )J\ Benzene N cl
100%
89 90 88
Scheme 109

With this sulfur oxidant in hand, deprotonationladtone86, and quenching witB8, pleasingly,
yielded the desired-f3-unsaturated lactorgb (Scheme 11J) Unfortunately, purification of this
unsaturated lactone proved tricky, with sulfur desis proving difficult to remove even
following careful column chromatography, therefaditee yield of this reaction was estimated at
~59%.
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O (@]
(ij/ 1. LDA, LiCl, DMPU,THF= (ij/
cl
2. BuN=S
86 Ph 88 85
~59%
Scheme 110

Despite this purification issue, it was decidedctmtinue with our approach towards vinyl
bromide82, with the anticipation that purification would peps prove more straightforward at a
later stage in the synthetic pathway. As suchmimation of compoun@®5 was attempted, and,
whilst the desired product was obtained, very poelds were observedstheme 111, Table 7,
Entries 1 and 2. This lack of efficiency is attributed to thelfsm residues present in the
starting lactone. In an attempt to clean up thetisg material, distillation was carried out, and,
pleasingly, with this further purified starting reatl, as well the use of an increased quantity of

bromine, an increased yield of the desired prodiast obtainedTable 7, Entry 3).

(0] (0]
«Br
DCM Br
85 84
Scheme 111
Entry Eq. of Br, Yield
1 1 11%
2 1.4 22%
3? 2 52%

@ with purified85; distilled at 140-142C, 15 mbar

Table 7

With quantities of84 in hand, lithium hydroxide-mediated decarboxylatiglimination was
carried out. This provided desired alcolB8l(Scheme 112 However, once again, the yield
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obtained was somewhat disappointing. This couldttréuted to the use of DMF, which could
have rendered the extraction of the organic comgdtom the aqueous layer inefficient. It is
also important to note that the conditions emplogesie rise to thé&-isomer exclusively by
comparison with literature datd’ This was also confirmed by further analysis ldterthe

synthetic programme.

Br
0" o gr  LIOH.H,0, DMF/H,0 . |
Br rt.,16 h

45%

oH 83
84

Scheme 112

At this stage, the final step required to gain asde the necessary vinyl bromide unit, was TBS
protection of the free alcohoS¢heme 113 Initially, using one equivalent of base affaide
only 68% of the desired protected vinyl bromidethwthe mass balance made up by returned
starting material {able 8, Entry 1). In order to probe this reaction further, thaateon was
repeated using an excess of base (2.2 eq.), an@TB@.1 eq.). Pleasingly, this resulted in an

increase in yield of the desired protected alc@2ddeing obtainedTable 8, Entry 2).

Br TBSOTf  Br
—_—
| 2,6-lutidine
DCM, rt,1h

OH OTBS
83 82

Scheme 113

Entry  2,6-lutidine (eq.) TBSOTf (eq.)  Yield

1 1.0 1.0 68%
2 2.2 1.1 93%

Table 8

89



With both the Weinreb amide and vinyl bromide frants now prepared, attention turned to the
synthesis of Heck precurs8r Lithiation of vinyl bromide82, followed by transmetallation with
freshly prepared MgBIOEb,**® and subsequent introduction of the previously areg Weinreb
amide78, resulted in a good isolated yield of the deserdne §cheme 1131 To note, previous
conditions using solelfBuLi as the organometallic reagent resulted in aeting debromination

of the aryl ring followed by by-product formatiowig intramolecular cyclisation onto the

Weinreb amide unit)?®

Br .
1.'BuLi, Et,0, -78°C, 1 h o

Y
\

2. MgBr,.OEt,, Et,O/Benzene,
-780 i
OTBS 78 % 10 min

82 3'/06\/\)&( 8 OTBS
e <, E,0,0°C-rt,1h
78

73%

Br

Scheme 114

With precursoB in hand, it was now necessary to carry out tret key metal-mediated

cyclisation reaction in this approach towards drgeted natural product.

3.2.2 The I ntramolecular Heck Reaction: Preparation of Compound 7

In the initial attempts at this key Heck-type cgalion, the previously developed microwave
conditions were employed®**® To our delight, the desired bicycle was afforded in an
appreciable yield Scheme 11h Clearly, this intramolecular Heck cyclisatiotlows the
preparation of derivative/, with the desired quaternary stereocentre andiaddl functionality

in place.
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5 mol% Pd(OAc),

-0 | 20 mol 9% P(o-tolyl);, EtN A0
Br MeCN, MWI, 20 min, 100°C o 7
8 OTBS 75% OTBS
Scheme 115

Despite the successful results so far, it was densd that the developed route towards Heck
precursor8 was not as robust or efficient as deemed necedsamhe early stages of a total
synthesis programme. In particular, the prepamatibvinyl bromide82 was considered to be
undesirably lengthy, and low yielding, for such rmad molecule. It was at this stage an
alternative synthesis was devised and an entimglyue approach to the desired target embarked

upon.

3.2.3 Alternative Synthesis: Targeting Compound 91

As described above, given the difficulties encoredan the preparation of vinyl bromi@2, an
alternative route towards the target molecule wasyed. As part of this new approach towards
Agariblazeispirol C it was felt that it would be wh investigating the, perhaps, more reactive
enyne substrat®1 (Figure 7). In comparison to the original Pauson-Khand sabs 6,
molecule91 does not possess the additional (internal) pdininsaturation, conjugated to the
exocyclic (reacting) alkene; such olefin conjugatis known to hinder the formation of the

desired cyclopentenone products in P-K chemi€tfy.

O ~

Figure 7
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With this strategy, the double bond required in final natural product would be introduced at a
later stage, along with the oxygenated side ctaaméme 115

91 \\

Scheme 116

With the above points in mind, returning to thaasynthetic analysis of Agariblazeispirol C, a
potentially more direct and, perhaps, elegant whyaaxessing the requisite Pauson-Khand

precursor was also devised. This is illustrate8dheme 117

—1 p—
91 \\ 92 X 93 OH

(0] O
@) - 0] O
-
N —— - | R —
(0]
r ~ Br 0
95 94

B
78 OTBS OTBS

+ Br

g6 OTBS

Scheme 117
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As shown, we envisaged that Pauson-Khand prec@bsaould be prepared in a more direct
manner (i.e. in a single step) from intermedi@® possessing a suitable leaving unit (X).
Potentially, this could circumvent the presently@leped three-stage elaboration9gfto enyne

6, which is detailed irBcheme 118%°*%° Further simplification leads to compouf@, which,

in turn, could be prepared from enol etBdr At this stage we can apply intramolecular Heck
methodology to establish the first, all carbon, tquzary centre, which would lead us to
compound 95, a new, key, intermediate within this synthetioogmamme. The ultimate
precursors within this new route are the potemtiaiore accessible vinyl bromid@6, as

compared to the one carbon homologue compo88dand the, previously utilised, Weinreb

amide78.
ﬁéqi /qui
97 OH \ =0

O

AN \N

|

s

6

Scheme 118
3.2.4 Preparation of Vinyl Bromide 96

In order to pursue this revised route, vinyl broe®é would be required as a key intermediate.
Pleasingly, on searching the literature, this salstwas readily accessible, as exclusivelyghe

isomer, following a route used by Schlosser and iHamScheme 119
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BI’ BI’ Br
N"Sop /HAOH—> \Q—> \Q 96
Br
OH

OTBS

Scheme 119

Bromination of commercially available crotyl alcdhpresent as a mixture afis and trans
iIsomers (4:96), yielded compoun@8a and98b, in the corresponding ratio. A good overall
yield was achieved, allowing the preparation of irgdlamme quantities of the desired product
(Scheme 129

Br Br
wSN gy BzbeM )\lﬂ
Br

OH
0,
82% Br
98a 98b
96 : 4
Scheme 120

Following this, diastereomeB@8aand98b were treated with LDA, and, after distillation sited

alcohol93 was obtained in a good yiel8¢heme 12}, and as the singl€) isomer shown.

Br Br
)\ﬁ LDA, DMPU Br
: OH * OH —X——» |
Br Br THF 93
7%
98a 98b OH

Scheme 121

From this material, subsequent TBS protection giélthe requiredE)-vinyl bromide96 in an
excellent yield $cheme 12p Overall, this high yielding three-step pathwayprepare the
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requisite vinyl bromide unit is vastly more effiote and robust, than the previously developed
five step procedure to the one carbon homologuapoondd2.

Br Br
\Q 2,6-lutidine . \Q
TBSOTf, DCM
OH 98% OTBS
93 96

Scheme 122

With compound6 in hand, attention was turned to the additiorhedf species to Weinreb amide
78. In line with the previously utilised proceddfé*lithiation of the functionalised vinyl
bromide followed by transmetallation with magnesjuamd subsequent introduction of the

Weinreb amide was attempted. Pleasingly, this fimed the desired eno®® in an excellent
isolated yield $cheme 128

Br 1. t-BuLi, Et,0, -78°C, 1 h Q

| 2. MgBr,.OEt,, Et,O/Benzene, O

-78°C, 10 min - |

oTes ° ! i - Br
[e] -
ey

96 Br ~, Etzo, 0°C - I’.t., 1h 95

78 86%

Scheme 123

As mentioned previously, the geometry of this siatetis irrelevant in our racemic synthesis of
the targeted natural product. Nevertheless, tkenal geometry was confirmed to be exclusively
the E-isomer from NOESY correlation spectra. In additio this, it was interesting to observe
what looked like second order proton NMR spéétravith regards to the benzylic methylene
protons and adjacent methylene protons. A detalealysis of these second order spectra
revealed that this compound has a 70% preferenadd@nti-conformer, reflecting the bulk of
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the methyl and bromine substituents on the aryg (gee appendix and the experimental section
for further detail$.

3.2.5 Intramolecular Heck Reaction: Preparation of Compound 94

Given the success in our first Pd-catalysed Heckess, the optimised microwave conditions
were the first to be tried with the alternative swhite 95, as illustrated inScheme 124

Disappointingly, the yield obtained for this cyeli|on was somewhat more modest with only
61% of the desired enone being furnished. Interglst the compound obtained was a mixture

of E andZ isomers (1:0.6), an observation not met with ttevjpus Heck substrate.

o Pd(OAc), (10 mol%) _O
7~ >
| (o-tolyl)3P (40 mol%), EtzN
Br MeCN, MWI 20 min, 100°C _0
g5 OTBS 61% 01 5TBS
Scheme 124

At this juncture, it was decided that a number afiaus conditions should be screened to
optimise this reaction. Initial experiments invedv a solvent study. Upon studying the
literature, it was evident that polar solvents wsuecessful in many example¥ As such, a
range of such solvents were screened under thatmmsdshown inScheme 12%nd the results
are illustrated iffable 9. This short study revealed that no improvement @nréaction yield

was obtained. Somewhat surprisingly, DMA and THfevalmost completely ineffective.

O
o Pd(OAc), (10 mol%) _ 0O
| (o-tolyl)zP (40 mol%),
Br Et3N, solvent _0
H (o]
o OTBS MWI 20 min, 100°C 94 OTBS

Scheme 125
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Entry Solvent Yield

1 DMF 48%

2 DMA trace

3 THF trace
Table 9

Returning to the reaction in acetonitrile, it wasmsidered that perhaps the elevated temperature
used may be causing a detrimental effect on thetiogayield. In an attempt to gauge the
optimum temperature, the conditions showisaiheme 126vere attempted. Delightfully, with a
reaction time of 60 minutes at ®D) the reaction yield was improved to an excel89% (Table

10, Entry 1). To investigate this further, the reaction tenapere was lowered to 80,
however, after 2 h under microwave irradiation,yaakrace amount of product was observed by
'H NMR (Table 10, Entry 2).

Pd(OACc), (10 mol%) _0O
pe >
| (o-tolyl)3P (40 mol%),

Br EtzN, MeCN _0
95 OTBS Mwi o4 oTBS

Scheme 126

Entry Conditions Yield
1 80°C, 60 min 80%
2 60°C, 120 min trace

Table 10

Having described the above, it should be noted tiiat specific protocol sometimes proved
variable with many experiments failing to reprodtius yield Table 11, Entries 2-3. As such,
efforts continued towards the production of a hyiglding protocol, which, more importantly,

would be able to repeatedly deliver multi-grammargities of the requisite bicyclic ketofé.
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o Pd(OAc), (10mol%) O

| (o-tolyl)3P (40 mol%),
Br EtsN, MeCN _©

OTBS MWI, 80°C, 60 min 94 OoTBS

95

Scheme 127

Entry Yield
1 80%
2 74%
3 54%
4 63%

Table 11

Upon reviewing the experimental procedures within literature, it was noticed that the order of
addition of the reagents was rather particular.the majority of cases, the palladium catalyst
was allowed to stir in solution, with the phosphiigand, for a period of time before the addition
of the substrate and base. In our previous exgetisn however, the substrate was dissolved in
solution, to which, the remainder of the reagentsenaddedsee experimental section for more
detail). Indeed, when this alternative addition method wtempted, after 5 minutes a colour
change was observed; this presumably is attribtwedhe pre-formation of the obligatory
palladium(0) species. Pleasingly, the initial expent using this alternative mode of addition
produced the desired bicycle in 83% yielsckeme 128, Table 12 Entry )1 Nevertheless,
repetition of this reaction delivered the produtt again, varying yieldsT@ble 12, Entries 2
and 3).

O
o Pd(OACc), (10 mol%) _ /O
| (o-tolyl)sP (40 mol%),
Br EtsN, MeCN _0
Scheme 128
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Entry Yield

1 83%

2 49%

3 82%
Table 12

With the varying results being obtained, our thdsghrned to the isolation procedure. Whilst
substraté5 is very similar to the previous cyclisation presan8, differing in being reduced by
only one carbon attached to the olefin, the Heddpct obtained is different in that a sensitive
silyl enol ether functionality is now present. Trakthis into account, it was considered that the
reduced vyields could be attributed to the purifaatprocedure; perhaps the acidity of silica
column chromatography was causing hydrolysis oratigion of the sensitive silyl enol ether
product. Indeed, reconsidering the purificatiochteques used with individual processes,
experiments with the most elevated yields appetrdz those which had been columned most
quickly. To investigate this, the purification pealure was carried out at different rat€alfe

13). As anticipated, the faster the purification thigher the yield. Upon repetition of this
protocol, consistent yields are now achieved produthe product from our first metal-mediated

cyclisation process in multi-gramme quantities.

Entry Purification Yield
1 fast 83%
2 slow 59%
Table 13

With a sound grasp of what was required within@kperimental procedure, attention turned to
the catalyst loading. As shown Trable 14 using 5 mol% palladium catalyst resulted in 90%
conversion after 30 minutes. This was extremedagihg given the previous conditions used
double the amount of catalyst in double the reactime. In order to push this reaction to
completion 7.5 mol% catalyst was used, which, ptefg, delivered the desired bicycle in an

excellent 86% yield in only 20 minutes.
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10 @)
- | PAOAD), d
Br (o-tolyl)sP, EtzN 0
MeCN, MWI
95 OTBS OTBS
94
Scheme 129
Entry Pd(OAC), (o-tolyl) sP Conditions Yield
1 5 mol% 20 mol% 10, 30 min (90)82%
2 7.5% mol% 30 mol% 10C, 20 min 86%
%Conversion
Table 14

It is important to remember the restricted rotatiwithin compound95, which may have
rendered this Heck cyclisation extremely sluggiBtheasingly, our developed system delivers the

desired bicyclic ketone in an excellent yield amduch a short reaction time.

3.2.6 Towards the Pauson-Khand Precursor

With our first all carbon quaternary centre in @aattention turned to the preparation of the next
key Pauson-Khand precursor, compo@id Towards this goal, hydrogenation of the newly
formed silyl enol ether was required. Initial atfgs employed the use of traditional palladium
on carbon as the catalyssagheme 13D Disappointingly, upon carrying out the reactiona
methanol medium, only a 53% isolated yield was iolkth of the desired hydrogenated product
(Table 15, Entry 1). Nevertheless, upon moving to ethyl acetatehageaction solveniT@ble

15, Entry 2), gratifyingly, a near quantitative yield 89 was furnished.
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- O
H,, Pd/C d
) solvent )
OTBS OTBS
94 99
Scheme 130
Entry Solvent Yield
1 MeOH 53%
2 EtOAC 99%
Table 15

Whilst initially pleased with this outcome, uporakx up of this reaction it was not possible to
obtain reproducible results. In fact, in many sasee reaction failed to exceed 70% conversion
to the desired saturated product. At this junctitneas decided to return to the use of Crabtree’s
catalyst, which had proved consistently successdwlier in the synthetic program. As hoped,

this catalyst system reproducibly reduced the hiedielefin in an excellent yield on a variety of
scales $cheme 13}

_0 H; _0
Crabtree's catalyst (10 mol%)
0 DCM o
97%
OTBS OTBS
94
Scheme 131

The next step in the reaction sequence was thedunttion of the required alkene moiety. As
such, olefination of keton@9, under standard Wittig conditioh&; afforded desired compound
100in an excellent 98% yieldScheme 132 It is important to note the choice of base with
this system. An interesting publication from Sacisler and Christmarfit® described the
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beneficial effect of potassium as a counter-iontffierbase species within such Wittig olefination
processes. In fact, a previous piece of reseafed out within our laboratoty illustrated the
beneficial effect of potassiutert-butoxide as a base, in a simlar olefination reactiia a direct

comparison withBuLi. As such, our choice of base was based oof @liese observations.

~ (0]
MePhsPBr, KO'Bu
o) THF
98%
99 OTBS 100 OTBS
Scheme 132

Subsequently, the silyl protecting group was cldausing the fluoride source, TBAF. This
transformation yielded the desired free alco®®lin variable yields $cheme 133, Table 16

Upon carrying out this reaction at room temperat@emoderate 65% vyield was attained.
Pleasingly, an improvement in yield, and reprodilityh of this transformation was achieved

when the reaction mixture was cooled & @Table 16, Entry 2).

TBAF
E—
THF

100 93 OH
OTBS

Scheme 133

Entry Temperature Yield

1 RT 65%
2 o°c 98%
Table 16
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With the required alkene functionality in placeteation now focused on the introduction of the
requisite alkyne moiety. Towards this goal, it w@gsessary to activate the alcohol prese88in
to allow subsequent displacement with a propargyl. uAs such, it was decided to prepare

mesylatel01 Pleasingly, this intermediate was synthesisdatiout incident in an 84% vyield
(Scheme 13%

Y _O
MsCl, EtsN, DCM

84%

OH
93 101 OMs

Scheme 134

With this material in hand, introduction of the paogyl unit was attempteda the delivery of
propynylmagnesium bromide to the mesylate substrétsappointingly, after a 24 h reaction
time only starting material was observed by tlclggia. The reaction mixture was then warmed
to refluxing temperature and stirred for a furtBdrh. Unfortunately, after this time, none of the
desired product was observed by tictdrNMR analysis. Instead, a mixture of starting eniad
101, alcohol93, and bromidd.02was isolated§cheme 13p

——MgBr
95 101 +

y
+

THF
OMs OH Br
93 102

101

Scheme 135
Despite these outcomes, it was decided that thgatesfunctional group could be utilised as a

more potentially effective unit. To this end, caoupd 103 was prepared in a good yield and

subsequently reacted with propynylmagnesium bromktestratingly, although the tosyl&t63
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was completely consumed, none of the desired ptoslas isolated from the reaction mixture.
Instead, the sole product was bromid¥, which was isolated in a quantitative yielsicbeme
136).

@] e) ——MgBr
g TsCLEtN 7~ _0O
R — -
DCM THF
94% 100%
93 OH 103  OTs 102 g
Scheme 136

Despite the lack of success with this approach thyst was decided that an even more reactive
system was required to deliver our desired alkymoelyct. As such, the use of a more reactive
organometallic reagent, propynyllithium, was coes@di. Towards this goal, propyne amd
butyllithium were sought as the required startingtenials. To be confident of the formation of
the requiste alkynyl anion the preparation wasngtted via bubbling propyne gas through a
solution of "BuLi, TMEDA, and DMPU before quenching with a diggable electrophile
(benzaldehyde). Pleasingly, alcolO4 was isolated in quantitative yiel8¢heme 13Y.

o) Z OH

Z wpui

H - ™

TMEDA, DMPU S
THF 104
100%

Scheme 137

Turning to the specific target, it was decided tiiifturomethane sulfonate leaving group should
be employed to activate the system even furtldhéme 138 It was decided that this
intermediate would be prepared and used immedialedyto its probable sensitive nature. As

such, propynyllithium was prepared as before amdtesl with substraté05 resulting in an
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instantaneous colour change from pale yellow tpdee. Frustratingly, none of the desired
product, or triflate intermediate, was observed fakt, it was not possible to isolate any product
from the reaction mixture.

TfZO Py "BuLi -
TMEDA, DMPU
-78°C -1t

Scheme 138

At the same time, alternative conditions were aptexth in order to prepare the requisite
propynyl anion. A report by Suffert and ToussHillustrated the use of commercially
available Z/E)-1-bromopropene as a source of propynyllithiimreaction with"BulLi at -78C.
However, upon following this procedure, no success achieved in preparing the desired
precursor for this second metal-mediated cycligasiep Scheme 139

szo Py "BulLi, "%/\Br
TMEDA, DMPU
-78°C -r.t.

Scheme 139

In a further attempt to increase the reactivityhef nucleophilic reagent, commercially available

sodium acetylide was utilise&¢heme 1400 However, once, again, no product was observed.
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g Tt,0, Py - =Na
DCM TMEDA, DMPU
-78°C - r.t.
93 o 105  OTf THF 106

AN
Scheme 140

With the use of gaseous propyne proving capriciagsyell as the failure of sodium acetylide to
produce the desired product, it was thought thatetthylsilylacetylene as the propargylic unit
could serve as a more accessible reagent to delipeopargyl unit. In relation to this, removal
of the trimethylsilyl protecting group, and subsequmethylation would be required to provide
the requisite alkyne substrate for the Pauson-Khaadtion. Firstly, mesylate and tosylate
substrates were utilised in combination withsitu formation of TMS-acetylide, however, no
product was identified in either cas8cheme 141 Having said this, high recovery of both

mesylate and tosylate intermediates were achieved.

o NBulLi o)
~
=—TMs
TMEDA, DMPU
-78°C -r.t.
101 OMs THF 107 \\

T™S
o NBuLi o}
e ULl
= T™Ms
TMEDA, DMPU

-78°C -r.t.
103 OTs THF 107 \\

™S
Scheme 141

Undeterred, the triflate intermediate was prepaaad reacted immediately under the above

conditions. Gratifyingly, this time, the desireayae product was observed, albeit in a poor 31%
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yield (Scheme 142, Table 17, Entry)1 However, upon repetition of this reaction thesided
product was isolated in a, much improved, 72% yeldr the two steps. It is important to note
the varied yields withifTable 17. In relation to this, it is imperative that thédlic anhydride is

fresh, and the triflate intermediate is kept coul ased immediately.

0 0 NBuLi _0O
- Tf,0, Py - = TMS
DCM TMEDA, DMPU
-78°C - r.t.
93 OH 105 OTf THF 107 \
TMS
Scheme 142

Entry Yield
1 31%
2 45%
3 7296

@Used fresh bottle of 7O, and kept triflate cool where possible.
Table 17

Despite further manipulation being required towattie preparation of the desired P-K
precursor, an effective system has been develapgaih efficient access to intermedidi@?;

this was a truly pleasing outcome at this stagéh@nproject. The next step required was the
removal of the trimethylsilyl protecting group. i$lwas achievetia extremely mild conditions

to provide terminal alkyn&06in almost quantitative yieldScheme 148
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K,COs, MeOH O

—_—_—

99%

107\ 106 \

Scheme 143

Following this, treatment withBuLi and methyl iodide provided the requisite al&ym an
excellent yield §cheme 1441

0
- guLi, THE -~ °
_—

Mel
95%

106 \\ 91 \\

Scheme 144

In an attempt to prepare alkyi®d via a one-pot process, alkyd®7 was treated withBulLi
followed by methyl iodide, however, only startingaterial was recovered from this reaction
(Scheme 14p

o}
0
g NBuLi, THF -
Mel j
107 \\ 91 \\
T™MS
Scheme 145
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During the previous body of work towards the sysibeof Agariblazeispirol C, diené& was
utilised as the key cyclisation precursor. Howewewas felt that substrat®l may serve as a
more reactive enyne precursor. Based on the meparendeavours described to this stage and
the synthetic protocols that have been establishignin this programme of work, this new

substrate had been accessed, and the Pauson-kdsatidm beckoned.

3.2.7 The Pauson-Khand Reaction

As mentioned previously, dier@was the initial substrate for the key intramolacuPauson-

Khand reaction. The cobalt-mediated cyclisatioralfyne 6 delivered the tetracyclic core of
Agariblazeispirol C in a single step, constructthgee new C-C bonds and setting the second

challenging all carbon bearing quaternary stereimeenHowever, the yield of this cyclisation
130

presently stands a modest 60% after a prolongédré@ction time$%cheme 14§

o}
- O‘ 1. Co(CO)g, DCE, r.t.
2. DodSMe, DCE,
reflux, 60 h
6 60 %

Scheme 146

Towards the determination of the efficacy of engnbstrate9l in the Pauson-Khand reaction,

cobalt compleXtO8was prepared and isolated prior to cyclisati®oheme 14Y.
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- C0,(CO)g
Petrol
94%
Co,(CO
o1 \\ 108 \\< 2(CO)e
Scheme 147

With cobalt complext08in hand, cyclisation under sulfide-promoted coodi™ revealed the
tetracyclic core of Agarablazeispirol C, not ontya much improved 86% yield but after only 5
h reaction time $cheme 148 Clearly, and, as predicted, the removal ofdbejugated diene
system has a dramatic effect on the reactivityeffidiency of this cyclisation. It is important to
note that, despite the removal of the conjugatedalsystem, this transformation still posed as a
challenging annulation process. Notably, the ewtion required the formation of two
contiguous quaternary carbon centres from a subdtearing an internal alkyne. Based on the
observed efficiency of this P-K annulation, thisistituted an outstanding outcome at this stage
in the project.

DodSMe
- 1,2-DCE _

—_—
5 h, reflux
86%

COz(CO)G

X

108

Scheme 148

In order to confirm the structure of the produdt nalysis was obtained i.84, **C, IR, and
High Resolution Mass Spec). From these data it ewadent thatl09 had been successfully
prepared as a single diastereomer. However, thgresl syn arrangement at the two adjacent
stereogenic centres could not be established \eittaiaty. In an attempt to confirm the desired

relative configuration, colourless crystals werevgn by slow diffusion of light petroleum ether
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into a near saturated solution 9 in diethyl ether at room temperature. The resgltirystal

structure obtained is shown kiigure 8.

Figure 8

Given the proposed structure B®9, a number of features should be evident. Impdstathe
methylene carbon (C2)y to the newly installed carbonyl group, should c# to the methyl
group (C14) borne by quaternary carbon centre (QB8Yleed, this is the relative arrangement
depicted inFigure 8, confirming that the key Pauson-Khand annulatioocess provides the

stereochemistry required in the final natural pradt?

With the stochiometric Pauson-Khand protocol wogkextremely efficiently, an experiment
using catalytic quantities of cobalt dioctacarbomgds attempted. To our delight, under the
sulfide promoted protocol described above, therddstarbon skeleton of the target molecule
was delivered in a good 65% yield in, again, only Scheme 149
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_0O
C0,(CO)g (20 mol%)

DodSMe,
91 1,2-DCE, reflux, 5 h
\\ 65%

Scheme 149

In addition to this, the use of microwave-promotedditions, with sub-stoichiometric quantities

of Co(CO)s, established within our research griip**was attempted. Whilst we were pleased
to isolate the desired tetracycle in only 20 misutine yield of this reaction stood at a less
efficient 31% Scheme 15p

_0O
C0,(CO)g (20 mol%)
DodSMe (1.2 eq.)
91 PhMe, MWI

100°C, 20 min
\\ 31%

Scheme 150

Overall, the above results are extremely excitind demonstrate a positive step towards the
development of a high yielding catalytic annulatpyotocol, from which there are many avenues

which could be pursuedifle supra.

3.2.8 Towards the Completion of the Total Synthesis

With the main tetracyclic core of the natural prodset in place, efforts were driven towards the
completion of the synthesis. Towards this goalas necessary to introduce unsaturation at the

benzylic position within ring Ccheme 151 Following this, the final step in our synthesis

would be the introduction of the oxygenated sidws.ar
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Scheme 151

With the requisite double bond being situated imeazylic position, it was thought that simple
oxidation of the molecule would deliver the desipedduct. As such, the first port of call was to
make use of 2,3-dichloro-5,6-dicyanobenzoquinbhg a powerful oxidising agent used widely

145 Due to the variety of

throughout the literature for such transformatio8sheme 152
solvents used within the literature for similamséormations, it was decided that a short solvent
study would be carried oufTéble 18. This short study revealed that after 24 h cosives

were rather poor using benzene or 1,4-dioxane asrehction solvent, and that the use of
methanol was completely ineffective. In additianthis, it was frustrating to obtain substrate

109and produch as an inseparable mixture.

NC Cl 111
3eq.
NC Cl _
solvent, 24 h
reflux

Scheme 152

Entry Solvent Comment$

1 Benzene 80:20
2 1,4-Dioxane 81:19
3 MeOH SM only

& ratios are starting material:product.

Table 18
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Returning to the reaction in 1,4-dioxane, it wassidered that a longer reaction time may
increase the conversion of this reaction. Howeafter 5 days at reflux no diagnostic peaks for
the desired product were observed'HYNMR analysis $cheme 158 Despite repetition of this

reaction, the 20% conversion achieved previously, \gallingly, unattainable.
o]
NC a 1
3 eq.
NC cl

1,4-dioxane, 5d
reflux

Scheme 153

Regardless of these results, attention turned itayus greater excess of oxidacheme 154,
Table 19. Similarly to the previous set of experiments, aonversion to the desired product

was observed, despite a massive excess of 20 ézptivdeing employed.

ch¢[d 111

NC Cl

005

1,4-dioxane, 5d ’
reflux

Scheme 154
Entry Eq. DDQ Comments
1 5 SM only
2 20 SM only
Table 19

The final set of conditions to be investigated whese employing microwave irradiation
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(Scheme 15§ however, once again, this resulted in no conweer$o the desired oxidised

product.

(@]
NC Cl 111
3 eq.
NC Cl
2 A
1,4-dioxane, MWI "
110°C, 45 min

Scheme 155

Surprised by the outcome of the above reactiomsintegrity of the oxidant was questioned. It
was decided that, despite its commercial availgbil2,3-dichloro-5,6-dicyanobenzoquinone
would be freshly prepared before use. To this arierature procedure was follow&d which
involved the chlorination of compountil2 to furnish DDQ in an acceptable yiel@cheme
156).

OH 0

CN Hcl,HNO;  C CN

—_—
H,O

CN 65% Cl CN
OH o)
112 111

Scheme 156

With this in-house prepared oxidant in hand, thengformation, in 1,4-dioxane, was re-
attempted, along with repetition of the reactiossng DDQ obtained from Sigma-Aldrich and
Alfa Aesar suppliersScheme 157, Table 20 As can be seen from the results below, the
variation in suppliers of 2,3-dichloro-5,6-dicyammizoquinone resulted in no difference in the

reaction outcome; regrettably, still none of theidkl product5, was observed.
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NC Cl 111
3eq.
NC Cl .

O [—
1,4-dioxane, 24 h
reflux

Scheme 157

Entry Supplier Comments
1 In-house preparation SM only
2 Sigma-Aldrich SM only
3 Alfa Aesar SM only
Table 20

Disgruntled, yet not discouraged, by these resiiltsas decided to look an alternative oxidant.
Sticking with a benzoquinone derivative, 2,3,58aehlorobenzoquinone (Chloranil) was

investigated. However, as before, it was frugigtio observe no success with our particular

substrate§cheme 158

Chloranil

Benzene

Scheme 158

Our next tactic involved the deployment of hetermmis transition metal catalysté. We
considered the use of 10% palladium on carborenpresence of a hydrogen acceptor species,
to generate the desired dehydrogenated pro@atiefne 152 Our choice of hydrogen acceptor
was nitrobenzene, which would, presumably, actetmave the hydrogen stripped from our
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starting alkane. Again, various conditions wererapted including reactions under reduced

pressure, as well as microwave irradiatidakfle 21), none of which provided desired prodé&ct

10% Pd/C ~

PhNO,
Scheme 159
Entry Conditions Yield
1 178C, 16 h SM only
2 224C, 16 h SM only
3 168C, 135 mbar, 16 h SM only
4 175C, MWI, 10 min SM only
Table 21

With the above experiments making use of standemdeggpalladium on carbon, it came to our
attention that specific batches of catalysts mayelgiired to effect our specific transformation.
To this end, we acquired batches 487 and 87L, wivete the recommended dehydrogenation
catalysts by Johnson and Matth&clieme 160, Table 22*® When these were applied with

subtratel 09, exasperatingly, only starting material was obsgimezach case.

10% Pd/C
PhNO,

Scheme 160
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Entry Conditions Yield

1 Cat. 487, 21%, 16 h SM only
2 Cat. 87L,21%C,16 h  SMonly
Table 22

Undeterred by these frustrating results, attentioned to the use of a bromination/elimination
sequence to introduce the required unsaturatiée@asigly, upon reviewing the literature, a very
similar example was reported by Clive and Wang, rebyg N-bromosuccinimide and 1,8-
diazabicycloundec-7-ene (DBU) were used to effemthsa transformationScheme 161
The authors note that further manipulation of coumubl13 was required to separate unreacted

starting material 14

o~ o~ Br
NBS, CCl,
—_—
hv
H H
114 iPr iPr
Scheme 161

The initial set of conditions probed were thoseduseClive and Wang's publicatiorS¢heme
162.1*°  Upon irradiation with ultraviolet light on subate 109 in the presence oN-
bromosuccinimide, followed by addition of the hinglg tertiary amine base DBU, it was
pleasing to observe a 20% conversion to the degireduct Table 23, Entry 1). Considering
Clive and Wang’s reaction conditions, it was nali¢tkat the commonly used radical initiator,
azobisisobutyronitrile (AIBN), was not included @live and Wang’'s protocol. With this in
mind, it was wondered whether addition of suchramaitor would have a beneficial effect upon
the conversion. To probe this theory, the reactwas set up to include AIBN, and, pleasingly,

an increase in conversion from 20% to 31% was eokse(Table 23, Entry 2). With these

118



results in hand, it was decided that the reactioe should be investigated. Hence, a number of
reactions were carried out with increased time utige ultra-violet light source, and, pleasingly
after 7.5 h reaction timeTable 23, Entry 4) the conversion was increased to 63%. Whilst the
increasing conversion is illustrated withiiable 23 no mention of isolated yield is reported, in

fact, in each case the recovery of insepardlfle@ and5 was poor with less than 50% mass

balance being obtained.

1. hv, NBS, CCl,

2. DBU
Scheme 162
Entry Conditions Conversion
1 10C, 1 h, then DBU added at r.t. 20%
2 AIBN, 1C¢°C, 1 h, then DBU added at r.t. 31%
3 AIBN, 10°C, 4 h, then DBU added at r.t. 54%
4 AIBN, 10°C, 7.5 h, then DBU added at r.t. 63%
Table 23

In addition to the ultraviolet protocol describedoge, a thermal variation of this reaction was
also pursued. The initial set of thermal condicattempted mimicked Clive and Wang's
protocol, i.e. reacting substrat®9 with N-bromosuccinimide only, prior to the addition of DB
(Scheme 163, Table 24, Entry)1 This resulted in a moderate 45% conversion,dvar, as
before, poor mass recovery was achieved. The gobweas repeated to include radical initiator

AIBN, yet again, no improvement in conversion oewtical yield was observed gble 24,

Entry 2).
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1. NBS, reflux, CCl,

2. DBU
Scheme 163
Entry Conditions Comment
1 NBS, CCl, reflux, 16 h, then DBU added at r.t. 45% convarsi
2 NBS, AIBN, CCI, reflux, 16 h, then DBU added at r.t. 42% conv@rsi
Table 24

Dismayed by the outcome of the reactions descrddmuve, an alternative derivative of the
desired product was considered. It was envisdgaidketonel 15 could be manipulated to give

the required internal point of unsaturatida a Shapiro reactiolf° as shown irScheme 164

Scheme 164

Turning to the chemical literature, it was pleastogfind that there were many established
protocols already developed to effect the oxidativansformation of similar benzylic
substrate$> Whilst, the use of potassium permanganate as attefé oxidant in organic
chemistry has a long and extensive hist8fjnitial attempts to oxidis@09 (Scheme 165, Table
25) delivered none of the desired benzylic ketones iAdepicted imable 25 the outcome of
this screen either resulted in complete destructibrthe starting substrate or no reaction

whatsoever.
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Scheme 165
Entry Solvent Eg. KMnO, Conditions Comments
1 MeCN 2 r.t., 5 min 0% (no SM recovered)
2 MeCN 1 rt,6h SM only
3 MeCN 1 38C, 16 h SM only
4 MeCN 1 reflux, 16 h SM only
5 DCM 2 rt,16h SM only
Table 25

Despite the above, we were also keen to explomt afsconditions developed by Shaabahi
al.™3These authors described the accelerating effetianiganese dioxide in oxidation reactions
of alkyl arenes, sulfides, and allylic alcohols tfwpotassium permanganate) under solvent-free
and heterogeneous conditions. The oxidant wasapedpby grinding potassium permanganate
with manganese dioxide, using a pestle and mouati] a fine powder was obtainedefe
experimental section for more dejail In terms of practical benefits, if this reactiovas
successful, trivial purification would be requireaisolate the desired organic compound. As
shown inScheme 166 Table 26, Entries 1 and 2 application of both the solvent-free and
heterogeneous protocol described within Shaabpobdication to substratE09resulted in none

of the desired product being observed. In fachmete recovery of the starting material was
achieved. In an attempt to attain some level attieity from our substrate with this catalyst,
ultrasonication conditions were also applied (aletailed within Shaabani’s report), however,
neither the increased pressures nor temperatua¢shis method can provide resulted in any
product being formedTl@ble 26, Entry 3.
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KMnO4/MnO,

Scheme 166
Entry Conditions Comment
1 KMnQO/MnO,, r.t., 16 h SM only
2 KMnO,/MnO,, DCM, r.t., 16 h SM only
3 KMnO,/Mn0;,))), r.t., 3 h SM only
Table 26

Simultaneous to the above described experimentsnthm-based oxidation protocols were
investigated® However, once again, the attempts made wereldssitwith only starting

material being observed after reaction with chramiwioxide in acidic mediaScheme 167,
Table 27).

CrO3
ACOH, H,0
Scheme 167
Entry CrO 3 (eq.) Comment
1 1.3 SM only
2 5 SM only
Table 27

Attention now turned to the use of the known stromglant, ceric ammonium nitrate, to effect
the oxidative transformatiors¢heme 168>° A round of studies looked at the effect of reattio
time, solvent, and varying equivalents of oxidahalfle 28. Initially, only starting material

was observed after 20 min, when one equivalenix@famt was used in a methanol/acetonitrile
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co-solvent mixtureTable 28, Entry 1). However, altering the number of equivalentexitlant
(Entries 2 and 3, or reaction solvent systerkrftry 5), resulted in an array of unidentifiable
products being obtained.

CAN _
Scheme 168
Entry Eq. CAN Conditions Comments
1 1 MeOH:MeCN (2:1), 20 min r.t. SM only
2 2 MeOH:MeCN (2:1), 20 min r.t. 0%
3 4 MeOH:MeCN (2:1), 5 min r.t. 0%
4 2 MeCN, 20 min, r.t. 0%
Table 28

Continuing with ceric ammonium nitrate as the clmogxidant, consideration turned to a
protocol published by Ganin and Ant&f,which utilised this oxidant in catalytic quantities
along with bromate salts, to oxidise various alkgmatic compounds. Despite the authors being
unable to oxidise any substrates bearing a metfmxyitro) moiety, substrateE09 was subjected

to the described reaction conditior&chieme 162 Unfortunately, and as somewhat expected,
no oxidation product was observed. In fact, orlysis of the crudéH NMR, whilst a mixture

of products was evident, the spectrum was suggesfiva reaction occurring on the aromatic

ring with the disappearance of an aromatic proton.

KBrOg, cat. CAN

Dioxane/H,0O

Scheme 169
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The next set of conditions investigated lookedeact substrat&09 with t-butylhydroperoxide
(TBHP) under microwave-promoted conditiorBcheme 170 Table 29.2°" With a lack of
overall reactivity observed with compoudd9 it was felt that the more forcing microwave
irradiation conditions would effect the desirechsformation. Once again, however, no product

was observed, and a quantitative amount of staniatgrial was returned.

'‘BUOOH, H,0
— %

MWI
150°C, 30 min

Scheme 170

Entry Eq. '‘BUOOH Yield

1 1 0%
2 2 0%
Table 29

Another set of conditions, reported by Bolm and &hghil*® utilised inexpensive
iron(lll)chloride and catalytic TBHP to effect tloxidation of benzylic centres under mild and
convenient conditions. As shown 8theme 171however, this attempt to prepare ketdd®
was, frustratingly, unproductive.

F8C|3.6H20

TBHP, Py

Scheme 171
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Despite the above, a further literature searchaledeconditions published by Corey whereby
the palladium-catalysed allylic oxidation of varsoolefins was carried out successfully using
TBHP under slightly basic condition® At this stage, consideration was given to whethisr
protocol could be extended to benzylic substraied, as such, substrat®9was treated under
the conditions described in the Corey publicatiSnheme 172, Table 30, Entry)l With no
product being obtained under these conditionstahgerature of the reaction was increased in
an attempt to drive the reaction forwarBable 30, Entry 2. Regrettably, even at r.t., no

reaction of substrate09 occurred at all.

O @] o)
- O‘ Q Pd/C, TBHP
K,COs, DCM

Scheme 172
Entry Conditions Outcome
1 -78C, 24 h SM only
2 rt., 24 h SM only
Table 30

At this stage, attention returned to the use of DBQ@ final attempt to gain access to the desired
benzylic ketondl15 Within the literature, the reaction of alkyl aratic compounds with DDQ

in acetone to furnish benzylic carbonyls has begonted:®® Alternatively, it has been shown
that these reactions, when performed in acetic, @ad give rise to acetate derivatives such as
115a (Scheme 178'® Despite the target molecule being ketdr&, acetate compountil5a
would certainly be of use within this research paogme. As illustrated ifTable 31 various

reaction conditions were attempted, once more,auitsuccess.
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Scheme 173
Entry Conditions Expected product Comments
1 Acetone, 16 h, r.t. 115 SM only
2 AcOH, reflux, 16 h 115a SM only
3 AcOH,))), 5h 115a SM only
4 AcOH, MWI, 126C, 30 min 115a SM only
Table 31

With respect to this section of the research progna, despite the tenacity, we were unable to
embed the internal point of unsaturation from se®d counterparl09 Consequently, an

alternative preparative plan was constructed.
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3.2.9 Alternative Route Towards Compound 5: Allylic Oxidation Approach

At this point in the project, it was clear that tteactivity of substrat&é09 was extremely poor
with respect to the introduction of the requiredidative) internal point of unsaturation post-
Pauson-Khand cyclisation. It was decided that lgerrative route must be devised to embed
this moiety. It was envisaged that the substfdtenust be functionalised in a way so as to
provide a handle for the introduction of the dasieadocyclic olefin, however, at the same time,
sustaining the established favourability of the Reyclisation. Towards thisScheme 174
illustrates the proposal for an allylic oxidatiomhich would install a hydroxyl moiety, which,
could later be exploited as the desired maskedholef

Scheme 174

The initial set of conditions attempted to prepalilic alcohol 116 utilised stoichiometric
selenium dioxide in ethanol. However, after 1bne of the oxidised product was observed
(Scheme 175, Table 32, Entry)1 Additionally, performing the reaction in 1,4ediane also
resulted in none of the desired alcohol produchdpéormed Table 32, Entry 2). In fact, with
both protocols, there was no evidence of any ajgdskcreaction taking place; starting material

was recovered in both cases. Fortunately, uponingae a catalytic system (with respect to
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selenium dioxide) involving the use oért-butyl hydroperoxide as the oxidant the desired
product116 began to emerge, albeit in moderate yields. diti no success was achieved
utilising tert-butyl hydroperoxide as a 70% solution in wat€alfle 32, Entry 3, however,
moving to anhydrous systeniBaple 32, Entries 4 and » compoundlL16was obtained.

_0O _0O OH
91 \\ 116 \\
Scheme 175
Entry Eq. SeO, Conditions Yield
1 1 Ethanol, reflux, 16 h 0%
2 1 1,4-dioxane, reflux, 16 h 0%
3 0.5 tBuOOH (70% in HO), r.t. 16 h 0%
4 0.5 tBUOOH (3 M in DCM), r.t. 8 h 49%
5 0.5 tBUOOH (5.5 M in decane), r.t. 8 h 32%
Table 32

Pleased with these initial results, we sought tprowe the isolated yield of the desired alcohol
116. To this end, a further study set out to invesggthe optimal number of equivalents with
regards to selenium dioxid@dble 33. Somewhat surprisingly, no improvement in yields
observed when using stoichiometric selenium dioXickble 33, Entry 1). In addition to this,
moving to 0.25 equivalents of selenium, disappogii, provided the desired product in a much
reduced 26% vyieldTiable 33, Entry 2).
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Entry Eq. SeO, Conditions Yield

1 1 tBuOOH (3 M in DCM), r.t. 8h 41%
2 0.25 tBUOOH (3 M in DCM), r.t. 8h 26%
Table 33

Despite the optimal yield of the desired allylicatiol being moderat& éble 32, Entry 4), little
time was spent to optimise this further. In fagg were, indeed, appreciative of this isolated
yield given the presence of an alkyne functionalitthin the substrate. Indeed, one can imagine

the possibility of oxidation on either $parbon adjacent to the triple borigure 9).

/ possible

oxidation sites

AN

Figure 9

With oxygenated speciekl6 having been accessed, attention now turned tkelgePauson-
Khand cyclisation of this new enyne substrate. thVgood quantities 0116 in hand, it was
decided that the requisite dicobalt hexacarbonyhmlex would be prepared and isolated.
Therefore, under standard complex formation cooastidesired compourid 8was furnished in
an excellent 99% yieldScheme 17%
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_0O OH _0O OH
COZ(CO)g
Petrol
99%
116 118
\\ \\\/\ C0,(CO)e
Scheme 176

Employing the sulfide-promoted Pauson-Khand cood#f* previously successful within this
programme of work, it was hugely disappointing tmiain only 26% of the desired tetracyclic
product Gcheme 177, Table 34, Entry)l Even more frustrating, was the fact that ndagisg
complex (or decomplexed material) were recoverdus tpreviously optimal protocol,
unfortunately, seemed to favour decomposition efrdaction mixture. In an attempt to generate
117 under more mild conditions, the temperature ofrtwetion was reduced to D (Table 34,
Entry 2); however, this effort resulted in the slow decosipon of the starting material.
Further annoyance was encountered upon repetitrg 1; despite a 26% vyield of the desired

compound having been obtained, it was not postiblepeat this result.

0 OH,0
DodSMe - O‘
1.2-DCE Q
&

\\Co,(CO)s 117
Scheme 177
Entry Conditions Yield
1 reflux (83C), 16 h 26%
2 50C, 24 h 0%
Table 34
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Given the above failure, the next set of conditiongstigated utilised trimethyl amirié¢-oxide
dihydrate (TMANO.2HO) as an additiveScheme 178, Table 35 The use of such amiré
oxides have shown to be excellent promotors withien Pauson-Khand reactionide supra,
allowing cyclisations to occur incredibly efficiéy@at much lower temperatur3® As such, it
was hoped that these more mild conditions wouldathwthe decomposition issue encountered
with the sulfide-promoted protocols. Disappointingbnly trace amounts of the annulated
product117 were detected biH NMR analysis. Again, decomposition of the reactmixture

occurred and no reusable starting material waatisdlfrom this reaction.

0 OH,0
TMANO.2H,0 O‘
DCM Q
118 117 '

\-cos(co)e
Scheme 178
Entry Conditions Yield
1 rt,16h trace
2 40°C, 1 h trace
Table 35

Undaunted by these results, it was decided thafrésehydroxyl group should be protected to
prevent any possible ligation to the metal centteich may be hindering the cyclisation process.
As such, a variety of protected alcohols were pegpan order to assess their reactivity within
the Pauson-Khand procescheme 179, Table 36 The alcohol functionality was protected as
the acetate, ethoxymethyl acetal, aed-butyl dimethyl silylether group in 67%, 37%, and
100%, respectivelyTable 36, Entries 1, 2, and B

131



_0O OH _0 OR
Conditions
116 \\ 119a-c \\
Scheme 179
Entry R Conditions Yield
1 COCH; Ac,0, pyridine, DCM 119a 67%
2 CH,OFEt EtOCHCI, EtzN, DCM 119b 37%
3 TBS TBSCI, Imidazole, DCM 119c 100%

Table 36

With the above compounds in hand, we were keersdsess their reactivity within the Pauson-
Khand reaction. It was decided that the requiraohtt complex would be preparedsitu; the
substrate was allowed to react for 1 hour with biatboctacarbonyl at room temperature before

the addition of dodecylmethyl sulfide and warmiongeflux (Scheme 180, Table 37

_0O OR
1. Cox(CO)g, 1,2-DCE, rt, 1h O ORO
2. DodSMe, reflux, 24 h B I
119a-c \\ 120a-c
Scheme 180
Entry R Yield
1 COCH 120a 0%
2 CH,OEt 120hb 0%
3 TBS 120c 0%
Table 37
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Disappointly, and surprisingly, none of the progekcallylic alcoholsl19a-ccould be cyclised in
an efficient manner. Perhaps the OR functionadifyst too close to the reacting centre within
the Pauson-Khand reaction, hindering the cyclisatiothese particular substrates. Based on
these outcomes, another strategy towards the @tsgaof the final natural product would have

to be devised.

Nevertheless, with a small amount of tetracycliecnpound117 in hand, elimination of the
hydroxyl group was attempted to furnish the desimernal point of unsaturation present in the
final targeted natural product. The first set ohditions utilised tosic acid in toluen8dheme
181, Table 38. Unfortunately, no elimination product was détecby'H NMR analysis after

both thermal and microwave irradiation treatment.

TsOH, PhMe
— %>

Scheme 181
Entry Conditions Yield
1 reflux, 16 h 0%
2 MWI, 125°C, 10 min 0%
Table 38

At this juncture, it was decided to activate theo&bl, in the form of a mesylate, to facilitate the
elimination process. As sucim situ preparation of the mesylate intermediate (follovgdtic
analysis), and subsequent addition of DBU was edmut under, again, thermal and microwave
irradiation conditions§cheme, 182, Table 39, Entries 1 and.2Unfortunately, as before, only
starting material was observed from the reactioxtune, with none of the desired product being
formed.
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1. MsCl, EtzN

_0 OHO
PP
—%—

2.DBU

Scheme 182
Entry Conditions Yield
1 rt,2h 0%
2 MWI, 125°C, 10 min 0%
Table 39

In addition to the above set of conditions, follogZimesylate formation, potassiuert-butoxide
was added and the resulting mixture was heatedseaked tube to 200. Unsurprisingly, these

rather harsh conditions led to only decompositibthe starting materialScheme 183

o)
1. MsCl, EtzN, DCM

2. KO'Bu, 200°C

Scheme 183
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3.2.10 Final Strategy: Wittig Olefination Approach

Following the failures of the above described apphes, one last change of tact was pursued in
attempts to complete the synthesis of the targetgdral product. As mentioned previously,
compounds was prepared, albeit in more moderate yieid,a cobalt-mediated Pauson-Khand
reaction. Simultaneous to this programme of wefkorts towards taking this intermediate to
Agariblazeispriol C, i.e. introducing the oxygerth®de chain, were being investigated within
our laboratory. Despite many efforts howevereérsed that substratedisplayed an extreme
lack of reactivity and, as such, no success wagewaeth in taking this molecule forward in this

alkylation processYcheme 183*°

O‘.Q e

Scheme 184

HO

O‘.e

On revising the options, it was considered thatitftieoduction of the oxygenated side chain
earlier within the synthesis would provide an al&give, more convergent, pathway to the
targeted moleculeScheme 18h This would make the key Pauson-Khand annulatiep the

final transformation within this synthetic route@nstructing the entire final structure during this

ultimate cyclisation.
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123 o

122 124 \\*//

oTBS OTBS

Scheme 185

On closer inspection, this new synthetic sequemesgmted several challenging synthetic steps.
Firstly, in order to pursue this revised route, rmd22 and chiral phosphine sd3 would be
required as key intermediates. In addition to,thi® proposed Wittig olefination, utilising
enonel22 presented a difficult transformation in termshbafth steric and electronic factors.
Thirdly, and, perhaps, the most worrisome aspect tee newly proposed Pauson-Khand
cyclisation. Not only does the starting substeatetain an internal alkyne and diene system, the
olefin partner is now trisubstituted, which, of ¢se, adds to the steric strain of this annulation
process to build a quaternary carbon centre, aé ageketting up the remaining contiguous

stereocentres.
Despite the above reservations, the new synthetjuence was embarked upon. Pleasingly, on

searching the literature, phosphine s&R3 was readily accessiblé® starting from the

commercially available chiral est&26, as shown in SchenisSa
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OH

OH OH
|Ph3P/Y< p— I/Y< p— TSO/\‘/l<

123

0) OH
126 129
Scheme 186

Following the literature proceduté treatment of compoundl26 with excess methyl

magnesium chloride yielded the desired diol prodi2&in good yield, without prior protection
of the primary hydroxyl functionalityScheme 18). Following this, functionalisation of the
primary alcohol as its tosylate was achieved id% ¥ield, with, pleasingly, no tosylation being
observed at the tertiary alcohol. Subsequent aigtin was facile, providing iodid#27 in an

excellent 99% vyield.

o OH OH
HOYKOM MeMgCl, Et,O TsCl, Py Y<
e > H > TsO
2h,rt. OY< 16 h, 4°C 128
126 72% 129 74%
Lil, THF
2 h, reflux
99%

OH

'/\‘)< 127

Scheme 187
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With iodide 127 in hand, attention turned to the phosphoniumfsathation. The authors note
that this was the most challenging part of thisrshoeparative pathway due to the formation of
the dehydrated phosphonium salt. Neverthelessr afttimisation, the authors were able to
selectively form salfi23 using eight equivalents of triphenylphosphineefiuxing acetonitrile.
Indeed, repetition of this protocol resulted in tresired phosphine sdl23 being prepared in an

appreciable 75% yieldScheme 188

OH
oH Ph3P (8 eq.), MeCN -
I/\l)< 48 h, reflux } |Ph3P/Y<
75%
127 123
Scheme 188

In order to confirm that complete retention of stahemistry had been achieved throughout the
above described synthetic transformatiori266»123), the absolute stereochemistry of
compoundl23was ascertaineda X-ray crystallography. Suitable crystals werevgndoy slow
diffusion of diethyl ether into a near saturateduson of 123 in dichloromethane at room
temperature, and, as depicted kHigure 11, the stereochemistry at C2 represents the
configuration that was initially provided in chirslarting estei26. The presence of the heavy
lodine atom in compound23 allowed the absolute configuration of the compouadbe
determined by analysis of the anomalous dispersibinis was done by the method of Fld€k,
giving a refined Flack parameter of -0.024 +/- @.Qtvhere a value of O indicates the correct

absolute configuration has been modelled, andtltlleanverted structure has been modelled).
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Figure 10

Simultaneous to the above described experimeragegied phosphine sdlBOwas also targeted
as an alternative substrate for the planned Wialgfination. In this regard, tosylate8 was
reacted with benzylating ageh81, in an acidic media, to furnish the desired bemqrgtected
compoundl32in 86% yield. Following this, iodid&33was prepared in an excellent yield 97%
yield prior to the reaction with excess triphenyppine to prepare phosphine 80 (Scheme
189.

131
CClg
OH b0 NH OBn Lil, THF OBn
TSOY< — > TSO/Y< _2h, reflux
86% 97%
128 132

PhsP (8 eq.)
MeCN, reflux, 2 d
74%

,?

IPhsP

Scheme 189
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With regards to the coupling partner for the praabgVittig olefination, initial attempts looked
to use selenium-based chemistry to achieve theftranation of previously prepared ketod@

to enonel22 (Scheme 190 Unfortunately, deprotonation of keto@@ followed by (external)
guenching with phenylselenium chloride, affordeche@@f the desired product. Indeed, almost
guantitative recovery of the starting material vaakieved Table 40, Entry 1). Given that no
selenide intermediate was observed, the reactemsé¢o have failed due to lack of reactivity of
the enolate with the selenium-based electrophAs. such, the more reactive phenylselenium
bromide was employed. However, once again, ordytis material was observed from this
reaction Table 40, Entry 2).

0 1. LDA, EtOAc PhSex © O‘
2. H,0 -
o) 2-2 o)

99 122

OTBS OTBS
Scheme 190
Entry X Yield
1 Cl 0%
2 Br 0%
Table 40

Attention now turned to the use of 2-iodoxybenzaid (IBX) to perform this oxidative
transformation $cheme 191*** This material, fortunately, was available withiar laboratory
and so preparation of this reagent was not requitddwever, upon reacting IBX with ketone
99, none of the desired product was observed. I flais protocol led to a complex mixture of
products.
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0 IBX, DMSO/Tol 0 O‘
o) o)

99
OTBS 122 OTBS

Scheme 191

Following these results, attention focused on tlee wf a palladium-mediated Saegusa
oxidation®® to introduce the enone functionality. This wellokm transformation, firstly,
required the preparation of enol eti&d, which, was achieved without incident in an 81%i¢i
(Scheme 192

o)
Et;N, TMSOTf ~ ~ O‘
° DCM OTMS

84%
99 134
OTBS OTBS

Scheme 192

Enol etherl34 was then subjected palladium-mediated conditiorsnoothly afford enon&22
(Scheme 193

/O /O
Pd(OAc),, MeCN_ O‘
OTMS . (@]

40°C, 16 h
134 OTBS 86% 122 OTBS

Scheme 193

Initially, on a small scale, the above describedditions provided the desired compound in an

excellent 86% yield. However, in the light of coste felt that employing catalytic Saegusa
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conditions would be a more worthwhile pursuit. #isch, a set of conditions previously
successful within our research grétfifor such a transformation were consider®dheme 19%
Originally developed by Tsujf**“this method relies on the use of diallylcarbonate aeaction
additive, which acts as a shuttle for the palladitmoughout the process. However, on

application of these reaction conditions, onlyacéramount of the desired product was observed
in the crudéH NMR after 40 h.

diallylcarbonate, MeCN
134 OTBS trace

O Pd(OAc), (20 mol%) O
dppe (14 mol%)
OTMS > o)
122 OTBS

Scheme 194

With mainly starting silyl enol ether present afserch forcing conditions, the stability of this
compound was evident. Therefore, to probe thetimadurther, microwave irradiation was
attempted. However, after 30 minutes at®@@ mixture of products was observed'HyNMR

analysis $cheme 19k

0 Pd(OAc), (20 mol%) O
CO,, ot
OTMS = o)

diallylcarbonate, MeCN
134 OTBS MWI, 100°C, 30 min 122 OTBS

Scheme 195

With a vein to advancing research progress atdtage in the project, it was decided that the
stoichiometric Saegusa protocol would suffice umidire time could be spent on the optimisation
of this reaction. With both components for theuiegd Wittig olefination prepared, initial
attempts at this reaction began. Regrettablyiairattempts with protected sdlB0, utilising the
protocol successful for methylenation of ket@®did not deliver the desired exocyclic alkene

(Scheme 19§ It is important to note that a colour change wapected upon reaction of the
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base with the phosphonium salt, which would indicdhe formation of the requisite
phosphonium ylide. However, this expected obsewmadid not occur in this reaction; hence,
the outcome of this preliminary reaction was attidodl to the failure to deprotonate

phosphonium salt30.

OBn
o)
o ® 130 \ ‘\(?n
KO'Bu, THF,
122 OTBS it 24h 135 oTBS
Scheme 196

In a similar manner, phosphine sa23 was also reacted under various conditions utdisin
potassiumtert-butoxide as the bas&¢heme 19Y. Indeed, in this case, considering the free
hydroxyl unit, 2 equivalents of base relative te fthosphine salt may be required to form the
required ylide species.Table 41 details the results from this initial study. Onragain, the

expected colour change did, unfortunately, not pacwany of these reactions. As such, only

starting enone was observed by crideNMR analysis.

OH

o
~ O‘ o PY< _O ]
o s 123 N ’\@
KO'Bu
122 OTBS 124 OTBS
Scheme 197
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Entry Solvent Salt (eq.) Base (eq.) Conditions Yidl

1 THF 4 8 A 0%
2 EtO 4 8 A 0%
3 THF 4 8 B 0%
4 THF 4 4 B 0%

Conditions A: base added to a solutiorhefgalt, prior to the addition @22
Conditions B: base added to a solutionatifand122

Table 41

At this juncture, it was clear that a screen oéralative systems must be carried out. Imperative
to such deprotonations is finding the correct aggreon state of the key molecules within the
reaction. As such, we were sure that lithium abdewould play a key role; it has been well
documented in the literature that inorganic hakddts can be employed in order to disrupt
complex solution aggregates. In particular, lithichloride has been shown to be highly
effectivé®and has been used extensively as an additive imesagn-enolate chemistry within
our laboratory®’ With this in mind, the initial experiment carriedut made use of
bismesitylmagnesium and lithium chloride, in THFpratocol, which has been established as an
efficient and convenient system within deprotormatieaction¥’®° (Scheme 198, Table 42,
Entry 1). Unfortunately, in this case, the expected cotthange did not occur, and none of the
desired olefin product was observed'ByNMR analysis. Following this result, attentiamrted

to the use of methyllithiumT@ble 42, Entries 2-4. Reactions were carried both in the absence
of lithium chloride Entry 2) and with varying amounts of this inorganic addit{Entries 3 and

4). With regards tdentries 2 and 3 once again, the anticipated colour change didogotr,
however, upon moving to 0.4 wt% lithium chloridedrL.6 M methyllithium solutiofi? (Entry

4) a distinct colour change from white to red waseskied. Having said this, still none of the
desired product was observed after a 24 h reattiom at room temperature. Nevertheless, it
was incredibly pleasing to have achieved partiatess in fact that now, seemingly, the required

ylide species was being generated.
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OH

0
~ O‘ Ph P/\‘)< /O .
! OH
o s 123 ~ \%

:

conditions
122 OTBS 124 oTBS
Scheme 198
Entry Solvent Salt (eq.) Base (eq.) Additive Yield
1 THF 2.2 2.2 (MesMg) LiCl (8.8 eq.) 0%
2 EtZO 15 3 (MeLi) none 0%
3 EtO 15 3 (MelLi) LiCl (1.5 eq.) 0%
4 EtO 3 5.5 (MeLi) * 0%

* MeLi as a stock solution (1.6 M in £ with 0.4 wt.% LiCl)

Table 42

Despite the ylide formation now, seemingly, haviogen obtained, realising the conditions
needed to execute the olefination with enone part2@ would require further optimisation.
Indeed, in terms of olefination reactions, suGfB-unsaturated ketones are not the most reactive
substrate type. Unfortunately, this additionabyguired optimisation study could not be carried

out as part of this research programme.

The following sections detail a summary of, andcdss proposed extensions to the research

described throughout this chapter.
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Chapter 4

Summary and Future Work

4.1 Summary pg. 147
4.2 Future Work pg.149
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4.1 Summary

With regards to the originally proposed synthetiuite towards Agariblazeispirol C, good
guantities of Heck precurs@ were prepared. With this material, the first kegtal mediated
cyclisation was carried out under optimised coodsi establishing the first all carbon
guaternary centre present in the targeted compolNelertheless, with practical inefficiencies
arising in relation to the preparation of requixedyl bromide82, an alternative route towards
Agariblazeispirol C was proposed. As part of thesvnapproach towards Agariblazeispirol C,
alternative enyne substra@l was targeted. In comparison to the original Pat€loand
substrate6, molecule 91 did not possess the additional (internal) point usfsaturation,

conjugated to the exocyclic (reacting) alkene.

Regarding the newly developed synthetic pathwagekent progress has been made. A much
shorter and more robust pathway has been carriethéopreparation of vinyl bromid@2, as
compared to the five step procedure originally emetl to gain access to the one carbon
homologue, intermediat82. With this compound, and Weinreb amid@® in hand, the newly
targeted Heck reaction precur€i was preparediia an extremely efficient overall route. With
regards to our first metal-mediated cyclisationcties, extremely efficient microwave-assisted
Heck conditions have been established, which ge&ekrthe key bicyclic intermediat@4 in
excellent yield after only 20 minutes reaction timeollowing this, a series of established and
optimised transformations have allowed access ® grecursor for our cobalt-mediated,
intramolecular Pauson-Khand reaction in gramme tfissn With this material, the tetracyclic
core of Agariblazeispirol C has been synthesiset inoa much improved 86% vyield, as well as
a dramatically reduced reaction time. Clearly, seat of the conjugated diene system, present
in original precursoB, has a dramatic effect on the reactivity and &fficy of the cyclisation
towards this key carbon skeleton. In additionhig,ta catalytic protocol was also established,
delivering tetracylic compounti09in 65% yield using only 20 mol% of dicobalt octadbonyl.

At this stage in the research project, advancestimediatel 09 has been furnished in an overall

yield of 39% over 15 synthetic steps.

Following from this, numerous efforts were madetdke advanced intermediai®9 towards
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Agariblazeispirol C. Efforts included the attenmgpf@eparation of compoun&sand115 which
would have, potentially, allowed further manipubaitito the desired natural target. In addition to
this, an allylic oxidation/P-K sequence was attedpto potentially allow access to further
intermediates without compromising the efficiencf tbe key Pauson-Khand cyclisation.

Despite tenacious efforts, these endeavours weitéefs.

Due to the problems associated with the advancenfecdmpoundsl09, 116, and5, one last
change of tact was pursued with a view to compjetimve synthesis of the targeted natural
product. More specifically, it was envisioned tlmtmore convergent pathway towards the
natural target would involve the installment of theygenated side chain presentlimt an
earlier stage in this overall preparative pathwhythis regard, functionalised phosphine 4218
and enond.22were prepared and reacted under Wittig olefinationditions. Unfortunately, as
yet, the desired olefination product has not belet@ined. Having said this, initial problems
involving the formation of the requisite phosphaniwylide species have, seemingly, been

overcome.
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4.2 Future Work

Undoubtedly, the primary goal of this project wiokk to complete the first total synthesis of the
natural product, Agariblazeispirol C. In this redyafurther optimisation of the newly proposed
olefination of enonél22 should be investigated. If successful, it remamembed the alkyne
component of the molecule and attempt a novel Faldb@and reaction§cheme 199 In this
regard, transposition of already developed proeiwvithin the research programme should
generate compoundi25. Following this, the efficacy of compourk®5 within the Pauson-
Khand cyclistion reaction should be investigatdddeed, substraté25 presents itself as an
incredibly challenging Pauson-Khand precursor, witth an internal alkyne and a trisubstituted
alkene being present. Nevertheless, there are anamnuesyide suprg, which can be followed

in an attempt to execute this transformation.

122 oTBS 124 OTBS
' 1. T,0, THF
1 2. "BuLi, =-TMS,TMEDA
' 3. K,CO3, MeOH
y 4 "BuLi, Mel, THF
PKR
BB
Scheme 199

In addition to the above, an alternative pathwagdmpoundl37 is illustrated inScheme 200
An organometallic species, such 488 could be prepared from iodid&27 (previously
synthesised within this programme of work), whichturn, could be reacted with enoh22 to
furnish the 1,2-addition produc39 From this molecule, dehydration would provideess to

derivative 137. Indeed, the dehydration reaction should occuipravide, exclusively, the
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desired and thermodynamically more stabBlproduct, which would prevent the requirement to
separate the possible mixtureEfandZ-isomers that may occur from the proposed olefomati

reaction shown ilscheme 199

OH
I/\‘)< 127
v
YOR 138
/O M/\‘)< /O OR
---------------- -
O
OH 139 O
M: Li or Mg
122 OTBS OTBS
- - — - - ==
- - - — - =

140 OTBS

Scheme 200

On an alternative note, the synthetic chemistryesd within this thesis has been focused on
the preparation of Agariblazeispirol C in a racenfiashion. Indeed, the synthesis of
Agariblazeispirol C in an enantio-enriched senseilld/doe a natural extension to this piece of
research. As alluded to earlier, in any develogmanan enantioselective synthesis the
stereocentre present in compouddl is crucial and must be controlled. It has alrebdgn

shown within this thesis that this all-carbon, @uaary, stereocentre controls the
diasteroselectivtity of the downstream Pauson-Khayddisation. In this regard, an asymmetric

variant of the Heck reaction would, potentiallystall this key centre in an enantio-enriched
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form (Scheme 195 Of course, within the literature, and as ddsaiwithin section 2.3, there

are a vast number of examples of the Heck coujleigg applied in an asymmetric fashion.

Scheme 201

In addition to the above, a further piece of resleararried out within our laboratory has
delivered compoundl44 via a novel preparative pathway, which incorporate€laisen

188 More specifically,

rearrangement reaction as the key transformatiSohéme 20p
compoundl144 has been prepared in a good overall yield from dbmmercially available
naphthalend 41 It is envisaged that intermediatd4 could be further manipulated to deliver
compound125 and in doing so could, potentially, present a enconvergent pathway to the
previously targeted dienynE25. Furthermore, one can envisage expanding thit roto the
asymmetric domain, whereby the employment of aatleinvironment within the central Claisen

rearrangement reaction should deliver enbf#in an enantio-enriched form.
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Chapter 5

Experimental

5.1 General pg. 154
5.2 Synthetic Substrates and Intermediates pg. 156
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5.1 General

Reagents

All reagents were obtained from commercial suppliand used without further purification,

unless otherwise stated. All reactions were caroiet under an inert, dry nitrogen atmosphere,
unless otherwise stated. Purification was carreed according to standard laboratory
methods-*°

Tetrahydofuran, diethyl ether, toluene, and benzeee dried by heating to reflux over sodium
wire, using benzophenone ketyl as an indicaton tistilled under nitrogen. Dichloromethane,
1,2-dichloroethane, and acetonitrile were driedhegting to reflux over calcium hydride then
distilled under nitrogen.

Petrol refers to petroleum ether in the boilingyoeange of 40-61T.

"BuLi, 'BuLi, and MeLi were obtained as solutions in hexangentanes, or diethyl ether,

respectively, and standardised using salicylaldelpreenylhydrazon&?

(o-tolyl)sP and AIBN were recrystallised from ethanol befase.

N-Bromosuccinimide was recrystallised from watembefuse.

I nstrumentation and Data

Reactions performed under microwave irradiation evearried out in a CEM Discover

instrument using sealed glass tubes.

Reactions performed under ultrasonication wereiezhrout using a Kerry low powered

sonication bath.
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Thin layer chromatography was carried out using l@arsilica plates coated with fluorescent
indicator UVus4 and was analysed using a Mineralight UVGL-25 lamnpdeveloped using a

vanillin or potassium permanganate solution.

Flash column chromatography was carried out usiotaBo silica gel (230-400 mesh).

Melting points were obtained (uncorrected) on dé&a&lamp Griffin melting point apparatus.

IR spectra were obtained on a Perkin EImer Specfrumachine.

'H and**C NMR spectra were recorded on a Bruker DPX 40@tspeeter at 400 MHz and 100

MHz, respectively, or a Bruker DRX 500 spectrometeb00 MHz and 125 MHz, respectively.
3P NMR spectra were recorded on a Bruker DPX 40@tspmeter at 162 MHz. Chemical

shifts are reported in ppm. Coupling constantsreperted in Hz and refer f,. interections,

unless otherwise stated.

High resolution mass spectra were recorded on aigan MAT 90XLT instrument at the
EPSRC Mass Spectrometry facility at the UniversityVales, Swansea.

Elemental analyses were obtained using a Carlo Etd& CHN analyser.
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5.2 Synthetic Substrates and | ntermediates

Preparation of (3-methoxy-2-methylphenyl)methadfibl.

O
~ \©/\OH

72

Scheme 96

A solution of 3-methoxy-2-methylbenzoic ac®(50.9 g, 306.3 mmol), in dry THF (500 ml),
was cooled to T in a previously flame dried and nitrogen coolede8k round bottom flask,
fitted with a condenser. To the solution was addecane dimethylsulfide complex (43.5 ml,
459.5 mmol) slowly. Upon addition an exotherm vedsserved. The resulting slurry was
warmed to reflux and stirred for 16 h. After thime, the solution was cooled t6@ and
quenched, carefully, with MeOH (100 ml). Followittys, the solution was diluted with ether
and washed with water (x 2). The organic soluti@s dried over sodium sulfate, filtered, and
evaporated to give a pale brown oil. Purificatipnrecrystallisation from hexane (x 3) provided
72(46.6 g, 100% yield) as a white solid.

Melting Point: 60-63C.

IR (CH,Cl,): 3604 cn; *H NMR (400 MHz, CDC#): 1.50 (t,J = 5.8 Hz, 1H, OH), 2.24 (s, 3H,
ArCHzs), 3.85 (s, 3H, OCH), 4.71 (d,J = 4.4 Hz, 2H, benzylic C}), 6.84 (d,J = 8.2 Hz, 1H,
ArH), 6.99 (d,J = 7.4 Hz, 1H, ArH), 7.19 ppm (§,= 7.9 Hz, 1H, ArH);*C NMR §(100 MHz,
CDCly): 11.0, 55.6, 63.8, 109.9, 120.0, 124.8, 126.8,04157.8 ppm.
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Preparation of 3-methoxy-2-methylbenzaldeh{de

0
/obe
73
Scheme 97
A 3-neck round bottom flask was flame dried undszuum prior to cooling under nitrogen. The
cool, dry flask was charged with oxalyl chloride4(iml, 85.4 mmol) and dry DCM (180 ml).
The solution was cooled to -7@8 prior to the slow addition of DMSO (10.7 ml, 15Inmol)via
syringe. Stirring was continued at this temperator 10 min prior to the addition @ (10.0 g,
65.7 mmol) as a solution in dry DCM (35 ml). Stagiof the reaction mixture was continued for
15 min before addition of triethylamine (45.7 mR8%5 mmol). Upon complete addition, the
mixture was allowed to warm to room temperaturairifily the warming process, a pale yellow
slurry formed that was difficult to stir. Stirringecame easier after a time and the solution was
left at ambient temperature for 16 h. The reacta@as quenched with saturated ammonium
chloride solution, washed with watex Z), and brine. The organic solution was dried over

sodium sulfate, filtered, and evaporated to yi¥3d9.90 g 100% vyield) as a pale yellow oil.

IR (CH,Cl,): 1698 cn; *H NMR (400 MHz, CDCH): 2.55 (s, 3H, ArCH), 3.88 (s, 3H, OCH),
7.09 (d,J = 8.0 Hz, 1H, ArH), 7.32 (t) = 8.0 Hz, 1H, ArH), 7.44 (dd] = 7.7 Hz,*J = 0.9 Hz,
1H, ArH), 10.34 ppm (s, 1H, aldehydéJC NMR 5(100 MHz, CDC}): 10.4, 55.9, 115.3, 123.0,
126.5, 129.7, 135.1, 158.1, 192.7 ppm.
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Preparation of 6-bromo-3-methoxy-2-methylbenzaldeh

0]
0]
Br
74

Scheme 98

An oven dried 1 L flask was charged with aceticda¢k50 ml) and 3-methoxy-2-
methylbenzaldehydé3 (15.6 g, 103.9 mmol). To the stirred solution vaalsied bromine (5.85
ml, 106.8 mmol)via a syringe. The reaction mixture was stirred alnrdemperature for 24 h
prior to the addition of excess water. The resglale yellow slurry was extracted into DCM,
washed with water and concentrated to a pale yelgnlid. Purification by column

chromatography (eluent: hexane) yield@23.05 g, 93% vyield) as a pale yellow oil.
IR (CHxCl,): 1697 cni; *H NMR §(400 MHz, CDC}): 2.43 (s, 3H, ArCH), 3.85 (s, 3H, OCH),

6.89 (d,J = 8.7 Hz, 1H, ArH), 7.44 (d] = 8.7 Hz, 1H, ArH), 10.46 ppm (s, 1H, aldehydé&s;
NMR 3(100 MHz, CDC}): 12.0, 56.0, 115.4, 117.1, 131.1, 131.3, 1359,4, 194.9 ppm.

158



Preparation of diethyl (N-methoxy-N-methylcarbammgthylphosphonaté*

Et0\9 o
EtO’P\)LN/
I 0
Scheme 99
An oven dried 500 ml flask fitted with a stirrerrb@as charged with dry DCM (250 ml) ahd
methoxymethylamine hydrochloride (19.5 g, 200 mmdlp the stirred slurry was added
triethylamine (55.7 ml, 400 mmol) followed by chiaicetylchloride (16 ml, 200 mmol) in a
dropwise fashiorvia a syringe. The reaction mixture was stirred anraemperature for 1 h
prior to quenching with saturated sodium hydrogarbconate solution. The organics were then
washed sequentially with dilute hydrochloric aciddabrine solutions prior to drying over
sodium sulfate and filtering. Concentration of trganic solution yielded a brown oil. To this
was added neat triethylphosphite (24 ml, 140 mrant) this mixture was warmed to 80°C and
stirred for 24 h. After this time, excess triefhtybsphite was removed vacuoand the residue
distilled (Kugelrohr, bulb-to-bulb; 150°C @ 0.03 rHig) to yield 75 (35.9 g, 75% vyield) as a
colourless liquid.

IR (CH,Cl,): 1658 cni; *H NMR §(400 MHz, CDC}): 1.35 (t,J = 7.0 Hz, 6H, alkyl Ck), 3.14-
3.24 (m, 5H, NCHand PCH), 3.78 (s, 3H, OCH), 4.06-4.24 (m, 4H, OC#}; *C NMR §(100
MHz, CDCh): 16.3 (d,J = 6.1 Hz), 31.4 (d*J= 138.4 Hz), 32.1, 61.7, 62.5 (&l = 6.1 Hz),
166.1 ppm?'P NMR §(162 MHz, CDC#): 21.1 ppm.
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Preparation of (E)-3-(6-bromo-3-methoxy-2-methyipyiN-methoxy-N-methylacrylamid@

Scheme 100

A 500 ml 3-neck round bottom flask was flame drigdler vacuum prior to cooling under a
blanket of nitrogen. The vessel was charged whibsphonat&5 (20.84 g, 87.1 mmol) and dry
THF (450 ml) before being cooled t6@ The solution was treated witBuLi (43.6 ml, 2 M in
hexanes, 87.1 mmol) and allowed to stir for 10 miAsdehyde74 (18.16 g, 79.27 mmol) was
then slowly introduced as a solution in dry THF ¢&0. The reaction mixture was allowed to
warm to room temperature and stirred for 1 h, afteich time it was quenched with saturated
ammonium chloride. The mixture was diluted witlettyl ether, and washed with water and
brine. Drying over sodium sulfate followed by fdtion and evaporation yielded a pale yellow
oil. Purification by filtration through a plug ailica gel (eluent: 0-30% diethyl ether in petrol)
provided77(24.9 g, 100% yield) as a pale yellow oil.

IR (CH,Cl,): 1568, 1626, 1657 ¢ 'H NMR 5(400 MHz, CDCH4): 2.26 (s, 3H, ArCH), 3.33
(s, 3H, NCH), 3.74 (s, 3H, NOCB}J, 3.83 (s, 3H, ArOCHh), 6.69-6.73 (m, 2H, ArH and olefinic
CH), 7.41 (d,J = 8.8 Hz, 1H, ArH), 7.73 ppm (d, = 16.1 Hz, 1H, olefinic)**C NMR 5(100
MHz, CDCk): 14.0, 32.5, 55.8, 62.1, 111.2, 114.0, 123.7,.3,2730.3, 136.8, 141.8, 157.1,
166.2 ppm.
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Preparation of §*-1,5-cyclooctadiene)bis(pyridine)iridium(l) hexashophosphate®

PFe

7.

6/"‘%?

80

Scheme 101

An oven dried 250 ml flask, fitted with a stirrearb was charged with previously degassed
acetone/water (75 ml:75 ml) and pyridine (8.4 n#i42 mmol). To the stirred solution was

addedn®-cycloocta-1,5-dieneiridium(l) chloride dimer9 (5.0 g, 7.4 mmol), and potassium

hexafluorophosphate (4.15 g, 23.3 mmol). The tegppale yellow solution was stirred at room
temperature for 16 h during which time the solutiomed to a bright yellow slurry. The slurry

was concentrated under high vacuum and the yellseiptate was filtered, washed with

degassed water, and dried in a vacuum ovefiC(40 mbar) overnight yielding the desired

product80 (8.36 g, 93% yield) as yellow powder.

Melting point: decomposed at > 1°@D

IR (CH,Cl,): 838, 1448, 1606, 2983 ¢l'H NMR (400 MHz, CDC}): 1.81-1.87 (m, 4H, COD
CH), 2.48-2.51 (m, 4H, COD CH), 3.85 (M= 2.4 Hz, 4H, olefinic CH), 7.49 (@,= 7.2 Hz, 4H,

ArH), 7.75 (t,J = 7.7 Hz, 2H, ArH), 8.72 ppm (d,= 5.0 Hz, 4H, ArH)*)P NMR 5(162 MHz,

CDCl): -144.2 ppm (P§.
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Preparation of Crabtree’s Catalyst®

%<Ir/|:,Cy3 o
~/ py
81

Scheme 102
An oven dried 250 ml flask, fitted with a stirrearb was charged with previously degassed
methanol (175 ml) andn‘t-l,5-cyc|ooctadien®js(pyridine)iridium(l) hexafluorophosphat&0
(7.40 g, 12.2 mmol). To the stirred solution walsled tricyclohexylphosphine (4.13 g, 14.7
mmol), which resulted in an immediate colour chafigen yellow to bright orange. The orange
slurry was stirred for 1 h at room temperatureratftbich the solvent was reduced to ~30iml|
vacua The resulting mixture was diluted with diethyher and the precipitate filtered, washed
with diethyl ether, and dried in a vacuum oven°@l00 mbar) for 16 h yielding the desired
product81(9.51 g, 97% vyield) as an orange powder.

Melting point: decomposed > 185.

IR (CH,Cl,): 840, 1447, 2932 cif *H NMR (400 MHz, CDC4): 1.01-1.92 (m, 37H, Cy CH
and COD CH), 2.31-2.39 (m, 4H, COD CH), 4.02.1¢; 28.8 Hz, 4H, olefinic CH), 7.66 (,=
7.1 Hz, 2H, ArH), 7.90 (t) = 7.7 Hz, 1H, ArH), 8.78 ppm (d,= 5.1 Hz, 2H, ArH)*'P NMR
(162 MHz, CDC}): 10.2 (PCy), -144.2 ppm (P4.
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Preparation of 3-(6-bromo-3-methoxy-2-methylphefAnethoxy-N-methylpropanamitf@

Scheme 103

A 250 ml round bottom flask was flame dried undacwum prior to cooling under a blanket of
nitrogen. The vessel was charged with Crabtredayst81 (1.23 g, 1.53 mmol), dry DCM (50
ml) and77 (4.79 g, 15.3 mmol) before being cooled to°@8 The vessel was then evacuated
and back filled (x 3) with hydrogen ga& a three way tap attached to a vacuum manifoldaand
hydrogen balloon. Upon the final refill, the mixtuwas allowed to warm to room temperature
and stirred for 16 h. Removal of the reaction eotin vacuoyielded a crude orange oil.
Purification by column chromatography (eluent: @4bQiethyl ether in petrol) provideB (4.69

g, 97% yield) as a pale yellow oil.

IR (CHCly): 1569, 1653 cify, 'H NMR 3(400 MHz, CDC}): 2.26 (s, 3H, ArChH), 2.62 (t,J =
6.5 Hz, 2H, alkyl CH), 3.12-3.17 (m, 2H, alkyl C}), 3.22 (s, 3H, NCH), 3.67 (s, 3H, NOCH),
3.82 (s, 3H, ArOCH), 6.62 (d,J = 9.0 Hz, 1H, ArH), 7.36 ppm (d,= 9.0 Hz, 1H, ArH);"*C
NMR (100 MHz, CDCH): 12.3, 28.5, 30.9, 32.2, 55.7, 61.3, 109.9, 11627.1, 130.1, 139.5,
157.1, 173.8 ppm.
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Preparation of tetrahydro-3-methylpyran-2-ofi8.

o)
of
86

Scheme 105
A 3-neck round bottom flask, containing lithium chde (8.48 g, 200 mmol), was flame dried
under vacuum prior to cooling under a blanket dfogien. The vessel was charged with dry
THF (250 ml) and diso-propylamine (16.8 ml, 120 mmol) before coolingC. To the
solution was addetBulLi (44 ml, 2.5 M in hexanes, 110 mmol) slowly ahe resulting mixture
was stirred for 10 min before the addition of DME8J03 mmol, 50 mmol). Following this, the
reaction mixture was cooled to “t8and lacton&7 (9.28 ml, 100 mmol) was added. After 30
min, methyl iodide (8.09 ml, 130 mmol) was addedpavise and the reaction mixture stirred for
a further 30 min before being warmed to room temmfuee and stirred for 16 h. The reaction
mixture was quenched with saturated sodium bicateosolution and extracted with ether. The
ether extracts were combined, dried over sodiuatylfiltered, and concentratedvacuo The
crude product was purified by column chromatografgiyent. 0-20% diethyl ether in petrol) to
yield the desired produ86 (6.60 g, 58%) as a colourless liquid.

IR (CH.Cl,): 1727 cn; *H NMR 8(400 MHz, CDC}): 1.26 (d,J = 7.0 Hz, 3H, Ch)), 1.51-1.59
(m, 1H, ring CH), 1.87-1.94 (m, 2H, ring GKH2.06-2.14 (m, 1H, ring CH), 2.56-2.61 (m, 1H,
CHsCH), 4.30-4.34 ppm (m, 2H, OGH *C NMR 5(100 MHz, CDC}): 16.7, 22.0, 27.1, 34.7,
68.6, 174.5 ppm.
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Attempted preparations of 5,6-dihydro-3-methylpy2aone’’?

O

o

85

Scheme 106

A 3-neck round bottom flask was flame dried undecuum prior to cooling under a blanket of
nitrogen. The vessel was charged with dry THF (pand diiso-propylamine (0.18ml, 1.41
mmol) before cooling to . To the solution was addéBuLi (0.63 ml, 1.88 M in hexanes,
1.24 mmol) slowly and the resulting mixture wasret for 10 min. Following this, the reaction
mixture was cooled to -78 and lactone86 (0.134 g, 1.17 mmol) was added. After 30 min
PhSSPh (0.452 g, 1.98 mmol) was added and theigeastirred for a further 30 min before
being warmed to room temperature and stirred foh.16After this time, only starting material
was observed by tlc analysis. The reaction wasiddoeed and the starting material (0.126 g,

95% yield) recoveredia column chromatography (eluent: 0-20% diethyl ethgretrol).

Scheme 107

A 3-neck round bottom flask was flame dried undscuum prior to cooling under a blanket of
nitrogen. The vessel was charged with dry THF (band diiso-propylamine (0.18 ml, 1.41
mmol) before cooling to . To the solution was addéBuLi (0.63 ml, 1.88 M in hexanes,
1.24 mmol) slowly and the resulting mixture wasret for 10 min. Following this, the reaction
mixture was cooled to -78 and lactone86 (0.134 g, 1.17 mmol) was added. After 30 min
PhSeSePh (0.618 g, 1.98 mmol) was added and thioreatirred for a further 30 min before
being warmed to room temperature and stirred foh.16After this time, only starting material
was observed by tlc analysis. The reaction wasididrged and the starting material recovered
(0.123 g, 92% vyield) recovereda column chromatography (eluent: 0-20% diethyl etimer
petrol).
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Preparation of N,N-dichloro-2-methylpropan-2-amirie.

'BUNCI,
89

Scheme 108

A 1 L 3-neck flask was charged with DCM (400 mldasooled to 8C. Calcium hypochlorite
(175.15 g, 1.23 mol, tech. grade, 65% availablew@y added followed byutylamine (25.6 g,
350 mmol) as a solution in DCM (100 ml). 3 N HOGDQ ml) was added over a 1 h period and
the resulting pale yellow solution was stirred fofurther 3 h at @. The organic layer was
separated and the aqueous extracted with DCM (xT2)e organic extracts were dried over
sodium sulfate, filtered, and concentrated (175 amnko yield the desired product (49.72 g,
100%) as a pale yellow oail.

IR (CH.Cly): 1390, 1480, 2990 cfa *H NMR §(400 MHz, CDCH#): 1.39 ppm (s, 9H, 1Bu); °C
NMR (100 MHz, CDC}): 25.9, 72.6 ppm.
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Preparation of S-phenyl ethanethioafé

O
s

90

Scheme 108

To a stirred solution of triethylamine (51.2 ml, 73 mmol) in DCM (450 ml) was added
thiophenol (35.9 ml. 350 mmol). The resulting sioln was cooled to € and acetyl chloride
(26.1 ml, 367.5 mmol) was added dropwis syringe. A white precipitate formed immediately
and stirring was continued for a further 4 hoursoatm temperature. After this time, the white
precipitate was filtered and washed with DCM (x 3)he filtrate was collected, washed with
saturated sodium bicarbonate solution, dried oediusn sulfate, filtered, and concentrated to
give an orange liquid. The crude liquid was pedfby distillation (10 mbar, 160) to furnish
the desired product (26.63 g, 50% yield) as a ctédss liquid.

IR (CH.,Cl,): 1720, 3060 cif, *H NMR §(400 MHz, CDC4): 2.43 (s, 3H, Ch), 7.42 ppm (s,
5H, ArH); **C NMR 8(100 MHz, CDC4): 30.2, 127.9, 129.2, 129.5, 134.5, 194.1 ppm.
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Preparation of N-tert-butylbenzenesulfinimidoy! afde.**®

Cl
'BUN=S
Ph
88

Scheme 109

N,N-Dichloro-2-methylpropan-2-amin&9 (13.0 g, 91.5 mmol) was dissolved in freshly ¢esdi
benzene (100 ml) in a pre-weighed 250 ml singlekegcround-bottom flask with a water
condenser attached.S-Phenylthioacetat®0 (10.7 g, 70.4 mmol) was then added at room
temperature, before the solution was refluxed fdr. 1Upon cooling, an oven dried one-piece
distillation kit was fitted to the reaction vesseid the volatiles were removed by distillation
(~100°C), first at atmospheric and then under redymressure (~15 mmHg). The material was
then subjected to high vacuum (<0.1 mmHg) at roempterature for 1 hour. An orange semi-
solid was obtained which, upon standing, soliditiedjive the titte compoun88 (14.9 g, 100%
yield) as an oily orange solid. The product waptkender nitrogen and used without further

purification.
IR (CH.Cly): 1390, 1480, 2990 ¢ 'H NMR §(400 MHz, CDC4): 1.59 (s, 9H, MBu), 7.50-

7.63 (m, 3H, ArH), 8.13-8.15 ppm (m, 2H, ArHJiC NMR 3(100 MHz, CDC}): 29.8, 64.4,
126.2, 129.3, 133.4, 142.9 ppm.
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Preparation of 5,6-dihydro-3-methylpyran-2-oHeé.

0]

o

85

Scheme 110

A 3-neck round bottom flask, containing lithium atitle (5.68 g, 134 mmol), was flame dried
under vacuum prior to cooling under a blanket dfogien. The vessel was charged with dry
THF (350 ml) and diso-propylamine (11.3 ml, 80.4 mmol) before cooling@C. To the
solution was adde8BuLi (73.7 ml, 2.2 M in hexanes, 33.5 mmol) slovdnd the resulting
mixture was stirred for 10 min before the additafrDMPU (4.04 ml, 33.5 mmol). Following
this, the reaction mixture was cooled to °@8nd lactoneé6 (7.67 g, 66.0 mmol) was added.
After 30 minN-'butylbenzenesulfinimidoylchlorid88 (18.6 g, 87.1 mmol) was added dropwise
and the reaction warmed to room temperature. €hetion mixture was strirred for 30 min
before being quenched with saturated ammonium id@asolution and extracted with diethyl
ether. The ether extracts were combined, dried sedium sulfate, filtered, and concentrated
vacua The crude product was purified by column chragedphy (eluent: 0-20% diethyl ether
in petrol) to yield the desired prod&% (4.39 g) as a colourless liquid. This purificatimethod
delivered the desired product in an impure formthwulfur residues remaining. Therefore, the

yield of this reaction was estimated at 59%.
IR (CHxCly): 1719 cni; *H NMR (400 MHz, CDCH): 1.93 (s, 3H, Ch), 2.39-2.43 (m, 2H, ring

CH,), 4.38 (t,J = 6.3 Hz, 2H, OCh), 6.61-6.64 ppm (m, 1H, olefinic CH}’C NMR &(100
MHz, CDCh): 17.2, 24.3, 66.7, 128.8, 139.5, 165.5 ppm.
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Preparation of trans-3,4-dibromotetrahydro-3-mefiyian-2-one-"

o)
OiiﬁBr
Br
84
General Procedure
An oven-dried flask, containing a stirrer bar, veharged with dry DCM and lactoi®®. To the
resulting solution was added bromine and the mexgtirred for 3 h. The solvent was removed

in vacuoand the crude product was purified by column clatmgraphy (eluent: 0-10% ether in

petrol) to yield the desired produg# as a colourless liquid.

Following the General Procedure, data are reported as (a) volume of DCM, (b) arhain

lactone85, (c) amount of bromine, and (d) product yield.

Scheme 111, Table 7, Entry 1
(@) 10 ml, (b) 0.20 g, 1.8 mmol, (c) 0.1 ml, 1.8 oipand (d) 0.055 g, 11%.

Scheme 111, Table 7, Entry 2
(@) 5 ml, (b) 0.075 g, 0.7 mmol, (c) 0.05 ml, 1.6hal, and (d) 0.045 g, 22%.

The following entry used purifiegb (distilled at 140-142ZC, 15 mbar).
Scheme 111, Table 7, Entry 3
(&) 10 ml, (b) 0.315 g, 2.81 mmol, (c) 0.29 ml,Brémol, and (d) 0.395 g, 52%.

IR (CH,Cl): 1740 cnm; 'H NMR (400 MHz, CDCH): 2.12-2.19 (m, 4H, Ckland ring CH),
3.26-3.34 (m, 1H, ring C}), 4.61-4.64 (m, 1H, OCH, 4.75-4.77 (m, 1H, CHBr), 4.88-4.94
ppm (td,%) =11.8 Hz,J = 4.9 Hz, 1H, OCh); *C NMR 3(100 MHz, CDC}): 29.6, 29.9, 54.6,
55.5, 67.3, 166.9 ppm.
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Preparation of (E)-4-bromopent-3-en-1-6f

Br

OH
83

Scheme 112

To a stirred solution of lactor4 (1.31 g, 4.82 mmol) in DMF/water (16 ml:4 ml) wadded
lithium hydroxide monohydrate (1.00 g, 24.1 mmoaigldhe resulting mixture stirred for 16 h at
room temperature. After this time, the reactiomtome was diluted with brine and extracted five
times with DCM (x 5). The organic extracts weréedrover sodium sulfate, filtered, and
concentratedh vacuo Following this, column chromatography of theuking residue (eluent:
0-30% diethyl ether in petrol) yielded the desipedduct83 as a colourless liquid (0.36 g, 45%
yield).

IR (CH,Cl,): 1629, 3426 ci; '"H NMR (400 MHz, CDCH): 1.43 (s, 1H, OH), 2.26-2.33 (m,

5H, CH; and CH), 3.67 (t,J = 6.5 Hz, 2H, OCH), 5.87-5.90 ppm () = 7.7 Hz, 1H, olefinic
CH); 3C NMR &(100 MHz, CDCY): 23.9, 33.6, 62.1, 122.4, 128.7 ppm.
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Preparation of (E)-2-bromo-5-(tert-butyldimethytstyl)pent-2-ené®°

Br

OTBS
82

General Procedure

A 3-neck round bottom flask was flame dried undacuum prior to cooling under a blanket of
nitrogen. The vessel was charged with dry DCHE3, and 2,6-lutidine. Tert
butyldimethylsilyltriflate was added slowly and thesulting solution was stirred at room
temperature for 1 h. After this time, the reactioixture was quenched with saturated sodium
bicarbonate solution, the organic layer separateghed with brine, dried over sodium sulfate,
filtered, and concentrated vacuo The crude product was purified by column chrargedphy

(eluent: petrol) to yield the desired prod8g2tas a colourless liquid.

Following the General Procedure, data are reported as (a) volume of DCM, (b) arhain
alcohol83, (c) amount of 2,6-lutidine, (d) amount of TBSO#&hd (e) product yield.

Scheme 113, Table 8, Entry 1
(@) 10 ml, (b) 0.242 g, 1.47 mmol, (c) 0.17 ml,ZLmdmol, (d) 0.34 ml, 1.47 mmol, and (e) 0.279
g, 68%.

Scheme 113, Table 8, Entry 2
(&) 15 ml, (b) 0.992 g, 6.01 mmol, (c) 1.54 ml,2l8mol, (d) 1.52 ml, 6.61 mmol, and (e) 1.56
g, 93%.

IR (CH,Cl,): 1653 cni; *H NMR (400 MHz, CDC4): -0.06 (s, 6H, SiCh), 0.90 (s, 9H, $Bu),

2.24-2.25 (m, 5H, CHand CH), 3.63 (t,J = 6.7 Hz, 2H, OCH), 5.87 ppm (t,) = 6.7 Hz, 1H,
olefinic CH); **C NMR 8(100 MHz, CDC}): -5.1, 18.5, 23.6, 26.1, 33.1, 62.2, 121.1, 1290
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Preparation of  (E)-1-(6-bromo-3-methoxy-2-methylpyie 7-(tert-butyldimethylsiloxy)-4-
methylhept-4-en-3-oré’

Br

8 OTBS

Scheme 114

A 250 ml 3-neck round bottom flask was flame drietler vacuum prior to cooling under a
blanket of nitrogen. The vessel was charged witlyl\bromide 82 (0.640 g, 2.29 mmol) and
dry diethyl ether (10 ml) before being cooled t8°Q. The solution was then treated WBulLi

(3.3 ml, 1.4 M in pentane, 4.58 mmol) and allowedtir at this temperature for 1 h.

Simultaneously, a 100 ml 3-neck round bottom flagkd with a condenser was charged with
magnesium turnings (0.89 g, 36.8 mmol) and flameddunder vacuum. Following cooling
under a blanket of nitrogen, the vessel was chawgéd dry diethyl ether (26 ml) and dry
benzene (9 ml). To the stirred slurry was addédotinoethane (3.1 ml, 35 mmala syringe at
such a rate as to ensure the mixture refluxed gevithout external heating. Upon complete
addition, the reaction vessel was warmed to a geeflux (50°C) and held at this temperature
for 1 h. Stirring was then discontinued and thkitsan allowed to settle and cooled to r.t.,

providing an approximately 1 M solution of anhydsddgBr(OEL).

To the previously prepared vinyllithium species-a8°C, was added the freshly generated
anhydrous MgBi(OEt) solution (2.4 ml, 1 M in EO/benzene, 2.4 mmol). The mixture was
stirred at this temperature for 10 min prior to marg to 0°C. The colourless solution was
stirred at this temperature for 30 min prior to #dition of Weinreb amid@8 (0.542 g, 1.72

mmol) as a solution in dry diethyl ether (10 m§tirring was continued at 0°C for 30 min prior
to warming to r.t. for a further 30 min. The reantwas quenched by addition of saturated
ammonium chloride solution. The organics were \edshith water, dried with sodium sulfate,
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filtered, and concentrated to a crude yellow othjck was purified by column chromatography

(eluent: 0-3% diethyl ether in petrol) to provigl€0.570 g, 73% yield) as a colourless oil.

IR (CH.Cly): 1573, 1666 ci;, *H NMR (500 MHz, CDC}): 0.20 (s, 6H, SiCH), 0.90 (s, 9H,
Si'Bu), 1.83 (s, 3H, vinylic CH), 2.22 (s, 3H, ArCh), 2.45-2.49 (m, 2H, allylic C}), 2.83-2.87
(m, 2H, alkyl CH), 3.08-3.11 (m, 2H, alkyl C§), 3.70-3.73 (tJ = 6.5 Hz, 2H, OCH), 3.81 (s,
3H, OCH), 6.61 (d,J = 9.0 Hz, 1H, ArH), 6.67-6.71 (m, 1H, olefinic CH).37 ppm (dJ = 9.0
Hz, 1H, ArH); *C NMR (100 MHz, CDC4): -5.1, 11.6, 12.4, 18.3, 25.9, 28.6, 32.8, 36517,
61.7, 109.8, 115.9, 126.9, 130.1, 138.3, 139.4,8,3%7.1, 200.7 ppm.
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Preparation of 1-(3-((E)-tert-butyldimethylsilyloyyrop-1-enyl)-3,4-dihydro-6-methoxy-1,5-
dimethyl)naphthalen-2(1H)-oré’

OTBS

Scheme 115

To a microwave vial was adde®l (0.190 g, 0.42 mmol) as a solution in MeCN (0.4D. m
Palladium acetate (0.0047 g, 0.021 mmol),ottelylphosphine (0.025 g, 0.084 mmol), and
triethylamine (0.06 ml, 0.42 mmol) were subsequeatided and the resulting mixture was pre-
stirred for 60 seconds prior to being heated umdierowave irradiation (with cooling) for 20
minutes, at 10W. Following this, the solvent was removiedvacuoand the resulting residue
filtered through a pad of celite (eluent: ethyltate). The resulting solution was concentrated
vacuoand the residue purifieda careful column chromatography (eluent: 0-8% dikétlyer in

petrol) to provide the desired producf0.118 g, 75% yield) as a pale yellow oil.

IR (CH:Cly): 1586, 1666, 1713 cm'H NMR 3(500 MHz, CDC}): 0.03 (s, 6H, SiCh), 0.88 (s,
9H, SiBu), 1.54 (s, 3H, alkyl Ch), 2.20 (s, 3H, ArCh), 2.47-2.53 (m, 1H, ring CH), 2.76-2.82
(m, 1H, ring CH), 3.00-3.04 (m, 2H, ring GK13.84 (s, 3H, ArOCH), 4.12-4.14 (m, 2H, OC}),
5.35 (dt,J = 15.4 Hz and 5.0 Hz, 1H, olefinic CH), 5.68 (dt= 15.5 Hz,*J = 1.7 Hz, 1H,
olefinic CH), 6.80 (dJ) = 8.7 Hz, 1H, ArH), 7.08 ppm (d,= 8.6 Hz, 1H, ArH)}*C NMR 3(100
MHz, CDCk): -5.1, 11.7, 18.5, 23.7, 25.4, 26.1, 37.1, 585,7, 63.7, 109.3, 123.9, 125.9,
130.8, 133.3, 134.4, 136.3, 156.5, 211.5 ppm.
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Preparation of 2,3-dibromobutan-1-8{°

Br Br
)\E/\OH + )\l/\OH
Br Br

98a 98b

Scheme 120

A 3-necked round bottom flask was flame dried undegruum prior to cooling under a blanket
of nitrogen. The vessel was charged with dry DG®30( ml) and crotyl alcohol (4.27 ml, 50

mmol; transcis 96:4), before being cooled to I8 Following this, bromine (2.6 ml, 50 mmol)

was added in a dropwise fashion and stirred fom8tutes at this temperature. After this time,
the solution was allowed to warm to room tempegatand stirred for a further 2 h. The solvent
was removedh vacuoand the resulting red oil was purifigdh distillation (102-104C, 13 Torr)

to give a mixture of diastereome38a and98b (9.55 g, 82% vyield; ratio 96:4) as a pale brown
liquid.

Data for major diastereomed8a:

IR (CH:Cly): 1448, 1593, 3379 cm 'H NMR 5(400 MHz, CDC}): 1.91 (d,J = 6.8 Hz, 3H,
CHs), 2.06 (s, 1H, OH), 4.08-4.10 (m, 2H, OgH4.23-4.27 (m, 1H, CHBr), 4.35-4.42 ppm (m,
1H, CHBr);**C NMR &(100 MHz, CDC}): 25.6, 47.6, 62.4, 66.1 ppm.

Data for minor diastereome3gh:

Diagnostic peaks itH NMR 3(400 MHz, CDC}): 1.82 ppm (d,) = 6.8 Hz, CH)).
Diagnostic peaks iifC NMR 0(100 MHz, CDC}): 23.3, 48.9, 60.8, 65.1 ppm.
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Preparation of (E)-3-bromobut-2-en-1-8f

Br\g

|
OH
93

Scheme 121

A 3-necked round bottom flask was flame dried ungaruum prior to cooling under a blanket
of nitrogen. The vessel was charged with dry THB0(ml) and diso-propylamine (24.8 ml,
177.3 mmol) and the resulting solution cooled 6.0 To the solution was addéBuLi (67.9
ml, 2.5 M in hexanes, 169.9 mmol) slowly and thsuteng mixture was stirred for 10 min
before the addition of DMPU (4.45 ml, 36.9 mmoRollowing this, the reaction mixture was
cooled to -78C and a mixture (96:4) &8aand98b(17.14 g, 73.9 mmol) were added. After 30
minutes the reaction mixture was allowed to warnmotwm temperature and stirred for a further 3
h. After this time, the reaction was quenched wititer and extracted with diethyl ether (x 2).
The organic extracts were collected, dried oveiwsudulfate, filtered, and concentrated to give
a brown liquid. Purificatiorvia distillation (96-98C, 34 Torr) allowed the isolation of the

desired alcohdd3 (8.58 g, 77% yield) as a pale brown liquid.
IR (CH,Cly): 1527, 1629, 3426 cfp *H NMR 3(400 MHz, CDCH): 2.30 (t,*J = 0.5 Hz, 3H,

CHs), 4.11 (d,J = 7.1 Hz, 2H, OCH), 6.10-6.13 ppm (m, 1H, vinyl CH}*C NMR &(100 MHz,
CDCly): 23.6, 59.6, 124.2, 130.8 ppm.
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Preparation of (E)-(3-bromobut-2-enyloxy)(tert-bijtymethylsilane! "

Br

OTBS

96
Scheme 122
A 3-necked round bottom flask was flame dried ungeruum prior to cooling under a blanket
of nitrogen. The vessel was charged with dry DQA0( ml), alcohoB3 (5.33 g, 35.3 mmol),
and 2,6-lutidine (9.05 ml, 77.7 mmolYert-buyldimethylsilyl triflate (8.93 ml, 38.9 mmol) wa
added slowly and the resulting solution was sti@médoom temperature for 1 h. The reaction
mixture was quenched with saturated sodium bicatsorolution, the organic layer separated,
washed with brine, dried over sodium sulfate, amutcentratedn vacuo The crude product was
purified by column chromatography (eluent: pettolyield the desired produ®6 (9.18 g, 98%

yield) as a colourless liquid.
IR (CH:Cly): 1083, 1252, 1653 cm'H NMR (400 MHz, CDC}): 0.08 (s, 6H, SiCh), 0.91 (s,

9H, '‘BuCH), 2.27 (s, 3H, Ch), 4.14 (d,J = 5.9 Hz, 2H, OCH), 5.98-6.02 ppm (m, 1H, olefinic
CH); *C NMR &(100 MHz, CDCY): -5.2, 18.3, 23.7, 25.9, 60.4, 121.9, 131.7 ppm.
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Preparation of (E)-1-(6-bromo-3-methoxy-2-methylpjie 6-(tert-butyldimethysilyloxy)-4-
methylhex-4-ene-3-one

Br

OTBS
95

Scheme 123

A 250 ml 3-necked round bottom flask was flame @iveder vacuum prior to cooling under a
blanket of nitrogen. The vessel was charged wittylMoromide96 (9.46 g, 35.7 mmol) and dry
diethyl ether (150 ml) before being cooled to°@8The solution was treated witBuLi (44.7

ml, 1.6 M in pentane, 71.4 mmol) and allowed to atithis temperature for 1 h.

Simultaneously, a 100 ml 3-neck round bottom flagkd with a condenser was charged with
magnesium turnings (1.78 g, 73.6 mmol) and flameddunder vacuum. Following cooling
under a blanket of nitrogen, the vessel was chawgéd dry diethyl ether (52 ml) and dry
benzene (18 ml). To the stirred slurry was addbbdchoethane (6.2 ml, 70 mmalja syringe

at such a rate as to ensure the mixture refluxatlygeithout external heating. Upon complete
addition, the reaction vessel was warmed to a geaeflux (50°C) and held at this temperature
for 1 h. Stirring was then discontinued and thiutsmn allowed to settle and cooled to r.t.,

providing an approximately 1 M solution of anhydsddgBr,(OEL).

To the previously prepared vinyllithium species-a8°C was added the freshly generated
anhydrous MgBi(OEb) solution (37.49 ml, 1 M in ED/benzene, 37.49 mmol). The mixture
was stirred at this temperature for 10 min priowsrming to 0°C. The colourless solution was
stirred at this temperature for 30 min prior to #uklition of78 (7.9 g, 25.0 mmol) as a solution
in dry diethyl ether (20 ml). Stirring was contadiat 0°C for 30 min prior to warming to r.t. for
a further 30 min. The reaction was quenched byitiaddof saturated ammonium chloride
solution. The organics were washed with water, ddn@th sodium sulfate, filtered, and

concentrated to a crude yellow oil, which was pedfoy column chromatography (eluent 0-3%
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diethyl ether in petrol) to provides (9.48 g, 86% vyield) as a colourless oil.

IR (CH:Cl,): 1573, 1670 cif; *H NMR 3(400 MHz, CDC}): 0.09 (s, 6H, SiCh), 0.92 (s, 9H,
SiBu), 1.78 (s, 3H, vinylic Ch), 2.23 (s, 3H, ArCh), 2.85-2.90 (m, 2H, alkyl C}), 3.08-3.13
(m, 2H, alkyl CH), 3.81 (s, 3H, ArOCH), 4.41 (d,J = 5.2 Hz, 2H, OCH), 6.62 (d,J = 8.8 Hz,
1H, ArH), 6.67-6.70 (m, 1H, olefinic CH), 7.36 (d,= 8.8 Hz , 1H, ArH);**C 5(100 MHz,
CDChk): -5.3, 11.5, 12.4, 18.3, 25.9, 28.6, 35.9, 560.9, 109.8, 115.9, 126.9, 130.1, 135.5,
139.7, 142.5, 157.1, 200.3 ppm; HRMS/z (ESI) Calc. for GiHz/BrNOsSi (M"+NHy):
458.1721. Found: 458.1722; Elemental analysis. éatcC,1H33BrOsSi required C, 57.13%; H,
7.53%; O, 18.10%. Found: C, 57.18%; H, 7.82%; D71%.

See appendix for relevant NOSEY spectrum (pg. 265).

A correlation is evident between the methylene, @Ho the carbonyl group, and the olefinic

proton; this confirms th&-configuration.

O

|
Br(\H

OTBS

See appendix (pg. 266) for expansion in the aliphagion of the proton NMR spectrum.

Second order spectra are observed with vicinal looggonstants Lx= 11.8 Hz,Jax = 4.2 Hz)

indicating a 70% preference for thrti-conformer as measured by the Gandour metfibd.
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Preparation of 1-(2-(tert-butyldimethylsiloxy)ethy®a3,4-dihydro-6-methoxy-1,5-
dimethylnaphthalen-2(1H)-one.

94 OTBS

General Procedure A:

To a microwave vial was adde?b, palladium acetate,oftolyl)sP, solvent, and base. The
resulting mixture was pre-stirred for 60 secondgrpto being heated under microwave
irradiation (with cooling) for the allotted timet the stated temperature. Following this, the
solvent was removeith vacuoand the resulting residue filtered through a phdetite (eluent:
ethyl acetate). The resulting solution was corre¢edlin vacuoand the residue purifiedia
careful chromatography (eluent: 0-6% diethyl etihgoetrol) providing the desired product, as a

mixture of E/Z isomers.

General Procedure B:

To a microwave vial was added palladium acetabetplfyl)sP, and solvent. The resulting
mixture was stirred for 5 minutes at room tempegfurior to the addition 085 and, finally,
base. This mixture was heated under microwavediat@n for the allotted time, at the stated
temperature. Following this, the solvent was reeabu vacuoand the resulting residue filtered
through a pad of celite (eluent: ethyl acetatele Tesulting solution was concentratedracuo
and the residue purifiegia careful chromatography (eluent: 0-6% diethyl etherpetrol)

providing the desired product, as a mixtur&tt isomers.
Following General Procedure A or B, data are presented as (a) amount of subs®&tgp)

amount of Pd(OAg) (c) amount of g-tolyl)sP, (d) volume of solvent, (e) amount okt (f)

reaction time, (g) temperature, and (h) produdtyie
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Scheme 124

Following General Procedure A:

(a) 6.71 g, 15.19 mmol, (b) 0.340 g, 1.52 mmol, (&5 g, 6.08 mmol, (d) MeCN, 15.2 ml, (e)
4.23 ml, 30.4 mmol, (f) 20 min, (g) 180, and (h) 3.37 g. 61% vyield. TH&Z ratio was
determined to be 1:0.6 by thid NMR integration of signals &6.98 and6.13.

Scheme 125

Following General Procedure A:

Table9, Entry 1

(a) 0.116 g, 0.26 mmol, (b) 0.06 g, 0.026 mmol,0@32 g, 0.104 mmol, (d) DMF, 0.26 ml, (e)
0.07 ml, 0.52 mmol, (f) 20 min, (g) 180, and (h) 0.048 g. 48% yield.

Table 9, Entry 2
(a) 0.104 g, 0.236 mmol, (b) 0.005 g, 0.0236 mr@)I0.029 g, 0.094 mmol, (d) DMA, 0.24 ml,
(e) 0.07 ml, 0.47 mmol, (f) 20 min, (g) 1%@ and (h) trace.

Table9, Entry 3
(a) 0.04 g, 0.091 mmol, (b) 0.002 g, 0.009 mMmQgl,0©11 g, 0.036 mmol, (d) THF, 0.09 ml, (e)
0.025 ml, 0.18 mmol, (f) 20 min, (g) 18D, and (h) trace.

Scheme 126

Following General Procedure A:

Table 10, Entry 1

(a) 0.717 g, 1.62 mmol, (b) 0.036 g, 0.162 mmAgl,0(d98 g, 0.650 mmol, (d) MeCN, 1.62 ml,
(e) 0.45 ml, 3.24 mmol, (f) 60 min, (g) &, and (h) 0.467 g, 80% yield.

Table 10, Entry 2

(a) 0.099 g, 0.224 mmol, (b) 0.005 g, 0.0224 mr(w)|,0.027 g, 0.090 mmol, (d) MeCN, 0.224
ml, (e) 0.06 ml, 0.45 mmol, (f) 2 h, (g) &0, and (h) trace.
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Scheme 127

Following General Procedure A:

Table 11, Entry 1

(a) 0.717 g, 1.62 mmol, (b) 0.036 g, 0.162 mmal,0(d97 g, 0.648 mmol, (d) MeCN, 1.62 ml,
(e) 0.45 ml, 3.24 mmol, (f) 60 min, (g) &, and (h) 0.467 g, 80% yield.

Table 11, Entry 2
(a) 1.01 g, 2.26 mmol, (b) 0.038 g, 0.226 mmol, @75 g, 0.904 mmol, (d) MeCN, 2.26 ml, (e)
0.63 ml, 4.52 mmol, (f) 20 min, (g) 180, and (h) 0.599 g, 74% vyield.

Table 11, Entry 3
(@) 1.03 g, 2.32 mmol, (b) 0.052 g, 0.232 mmol,0@82 g, 0.928 mmol, (d) MeCN, 2.32 ml, (e)
0.65 ml, 4.64 mmol, (f) 20 min, (g) 18D, and (h) 0.45 g, 54% yield.

Table 11, Entry 4
(a) 3.67 g, 8.31 mmol, (b) 0.186 g, 0.831 mmol, (€)1 g, 3.32 mmol, (d) MeCN, 8.31 ml, (e)
2.3 ml, 16.6 mmol, (f) 20 min, (g) 180, and (h) 1.88 g, 63% yield.

Scheme 128

Following General Procedure B:

Table12, Entry 1

(a) 0.087 g, 0.197 mmol, (b) 0.004 g, 0.0197 mr®I0.024 g, 0.079 mmol, (d) MeCN, 0.2 ml,
(e) 0.05 ml, 0.394 mmol, (f) 60 min, (g) & and (h) 0.059 g, 83% yield.

Table 12, Entry 2
(@) 5.10 g, 11.71 mmol, (b) 0.263 g, 1.171 mmo),1(42 g, 4.680 mmol, (d) MeCN, 11.71 ml,

(e) 3.26 ml, 23.42 mmol, (f) 60 min, (g) &N and (h) 2.07 g, 49% vyield.

Table 12, Entry 3
(a) 0.20 g. 0.453 mmol, (b) 0.010 g, 0.045 mmAl,0©55 g, 0.181 mmol, (d) MeCN, 0.45 ml,
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(e) 0.13 ml, 0.906 mmol, (f) 60 min, (g) &M and (h) 0.134 g, 82% yield.

Table 13

Following General Procedure B:

Entry 1 (column chromatography performed at a fast rate)

(@) 0.1 g, 0.230 mmol, (b) 0.005 g, 0.023 mmol,qéR7 g, 0.092 mmol, (d) MeCN, 0.1 ml, (e)
0.06 ml, 0.460 mmol, (f) 60 min, (g) 8D, and (h) 0.067 g, 83% yield.

Entry 2 (column chromatography performed at a slow rate)
(a) 0.1 g, 0.230 mmol, (b) 0.005 g, 0.023 mmol,qéR7 g, 0.092 mmol, (d) MeCN, 0.1 ml, (e)
0.06 ml, 0.460 mmol, (f) 60 min, (g) 8D, and (h) 0.049 g, 59% yield.

Scheme 129

Following General Procedure B:

Table 14, Entry 1

(a) 0.1 g, 0.230 mmol, (b) 0.003 g, 0.012 mmol,qe14 g, 0.046 mmol, (d) MeCN, 0.1 ml, (e)
0.06 ml, 0.460 mmol, (f) 30 min, (g) 1, and (h) 0.068 g, 82% yield; the conversion @ th
reaction was calculated to be 90% from tHeNMR integration of signals &6.67-6.70,56.13,
anddb.98.

Table 14, Entry 2
(@) 0.1 g, 0.230 mmol, (b) 0.004 g, 0.017 mmol,q€21g, 0.069 mmol, (d) MeCN, 0.1 ml, (e)
0.06 ml, 0.460 mmol, (f) 20 min, (g) 1%0, and (h) 0.071 g, 86% yield.

IR (CH:Cly): 1102, 1273, 1646, 1712 &€m

E-isomer

'H NMR 5(500 MHz, CDC}): 0.08 (s, 6H, SiCh), 0.8 (s, 9H'BuSI), 1.51 (s, 3H, C}, 2.20 (s,
3H, ArCHg), 2.45-2.51 (m, 1H, ring Chl, 2.81-2.87 (m, 1H, ring ChH, 2.98-3.06 (m, 1H, ring
CHy), 3.08-3.12 (m, 1H, C}), 3.85 (s, 3H, ArOCh), 5.07 (d,J = 12.0 Hz, 1H, olefinic CH),
5.98 (d,J = 12.0 Hz, 1H, olefinic CH), 6.80 (d,= 8.5 Hz, 1H, ArH), 7.12 ppm (d,= 8.5 Hz,
1H, ArH); °C 3(125 MHz, CDC)): -5.6, 18.0, 24.7, 25.2, 25.4, 25.6, 36.8, 5687, 108.9,
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114.1, 123.2, 124.2, 135.8, 135.9, 139.0, 156.8,2ppm.

Z-isomer

'H NMR 3(500 MHz, CDC}): 0.06 (s, 6H, SiCh), 0.81 (s, 9H'Bu), 1.55 (s, 3H, Ch}, 2.19 (s,
3H, ArCHg), 2.48-2.54 (m, 1H, ring CHl, 2.82-2.89 (m, 1H, ring ChH, 2.98-3.04 (m, 1H, ring
CHy), 3.16-3.22 (m, 1H, C}J, 3.81 (s, 3H, ArOC#h), 4.46 (d,J = 6.0 Hz, 1H, olefinic CH), 6.13
(d, J = 6.0 Hz, 1H, olefinic CH), 6.75 (d,= 8.5 Hz, 1H, ArH), 7.13 ppm (d,= 8.5 Hz, 1H,
ArH).

HRMS m/z(ESI) Calc. for GiHz30sSi (M*+H): 361.2193. Found: 361.2191.
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Preparation of 1-(2-(tert-butyldimethylsiloxy)etjna, 4-dihydro-6-methoxy-1,5-
dimethylnaphthalen-2(1H)-one.

OTBS
99

General Procedure:
A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with enol etttst, solvent, and 10% palladium on carbon catalyst
before being cooled to -78. The vessel was then evacuated and back fike@) (with
hydrogen gasia a three way tap attached to a vacuum manifoldaahgdrogen balloon. Upon
the final refill, the mixture was allowed to warm toom temperature and stirred for 16 h.
Removal of the reaction solvemt vacuoyielded a crude oil. Direct purificatiovia column

chromatography (0-8% diethyl ether in petrol) pd®d99 as a clear oil.

Following the General Procedure, data are presented as (a) amoun®4f (b) solvent, (c)
amount of Pd/C, and (d) product yield.

Scheme 130, Table 15, Entry 1
(a) 0.396 g, 1.10 mmol, (b) MeOH, 15 ml, (c) 0.0&xd (d) 0.210 g, 53% vyield.

Scheme 130, Table 15, Entry 2
(a) 1.13 g, 3.14 mmol, (b) EtOAc, 30 ml, (c) 0.0&qgd (d) 1.14 g, 99% yield.
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Scheme 131

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with Crabtree’s cata8(0.096 g, 0.119 mmol), dry DCM (40 ml)
and enol etheB4 (0.429 g, 1.19 mmol) before being cooled to°€8 The vessel was then
evacuated and back filled (x 3) with hydrogen gasa three way tap attached to a vacuum
manifold and a hydrogen balloon. Upon the findillreghe mixture was allowed to warm to
room temperature and stirred for 16 h. Removahefreaction solvenh vacuoyielded a crude
oil. Direct purificationvia column chromatography (eluent: 0-8% diethyl ethrerpetrol)
provided99 (0.417 g, 97% vyield) as a clear oll.

IR (CH.Cl,): 1586, 1715 ci; *H NMR (400 MHz, CDC4): -0.04 (d,J = 2.2 Hz 6H, SiCh),
0.82 (s, 9H.BuSI), 1.42 (s, 3H, alkyl Ck), 1.87-1.93 (m, 1H, alkyl CH), 2.20 (s, 3H, ArgH
2.34-2.41 (m, 1H, alkyl CH), 2.59-2.73 (m, 2H, rifi,), 3.00-3.03 (tJ = 7.5 Hz, 2H, ring
CHy), 3.25-3.36 (m, 2H, OCH), 3.84 (s, 3H, ArOCH), 6.81 (dJ = 8.7 Hz, 1H, ArH), 7.11 ppm
(d,J = 8.7 Hz, 1H, ArH);**C 5(100 MHz, CDC}): -5.5, 11.5, 18.3, 25.3, 25.9, 27.9, 37.6, 43.8,
49.1, 55.6, 59.9, 109.1, 123.4, 124.5, 134.1, 135%8.7, 214.2 ppm; HRM&/z(ESI) Calc. for
Co1H3503Si (M*+H): 363.2350. Found: 363.2352.
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Preparation of tert-butyl-(2-(-1,2,3,4-tetrahydreréethoxy-1,5-dimethyl-2-
methylenenaphthalen-1-yl)ethoxy)dimethylsilane.

100 OTBS

Scheme 132

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with methyltriphenylphosphorbromide (1.50 g, 4.20 mmol), ketone
99 (0.244 g, 0.680 mmol), and dry THF (5 ml). To tmlution was added potassiuert-
butoxide solution in THF (5 ml, 0.82 M, 4.08 mmeslpwly via syringe and the resulting bright
yellow solution was stirred for 16 h. After thisne the reaction mixture was quenched with
saturated sodium bicarbonate solution and extraatéldl diethyl ether. The organics were
washed with brine, pooled, dried over sodium salféittered, and concentrated. The crude oil
was purified by column chromatography (eluent: O-8%éthyl ether in petrol) to yield the
product100(0.240 g, 98% yield) as a colourless oil.

IR (CH,Cl,): 1653 cnit; *H NMR (400 MHz, CDC}¥): -0.02 (s, 6H, SiCh), 0.85 (s, 9H, $Bu),
1.44 (s, 3H, alkyl Ch), 2.07-2.12 (m, 5H, alkyl CHand ArCHy), 2.46-2.50 (tJ) = 6.6 Hz, 2H,
ring CHy), 2.70 (t,J = 6.6 Hz, 2H, ring Ch), 3.17-3.22 (m, 1H, OCH), 3.52-3.62 (m, 1H, OCH),
3.82 (s, 3H, ArOCH), 4.95 (d,%J =1.1 Hz, 1H, olefinic CH), 5.17 (d) = 1.1 Hz, 1H, olefinic
CH), 6.78 (d,J = 8.8 Hz, 1H, ArCH), 7.21 ppm (d, = 8.7 Hz, 1H, ArH);**C 5100 MHz,
CDCl): -5.2, 11.4, 18.2, 25.9, 29.1, 30.4, 31.7, 44650, 55.6, 60.2, 107.5, 108.8, 123.3, 124.5,
136.7, 136.8, 152.5, 155.0 ppm; HRMSz (ESI) Calc. for GH3:0,Si (M*+H): 361.2557.
Found: 362.2556.
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Preparation of 2-(1,2,3,4-tetrahydro-6-methoxy-ljbrethyl-2-methylenenapthalen-1-
yl)ethanol

93 OH

General Procedure:

To a flame dried flask was added a solutioril®0 in THF and the mixture was taken to the
appropriate temperature. To this solution TBAF (MTHF) was added and the resulting
mixture stirred for 2 h. After this time, the réao was quenched with saturated sodium
bicarbonate solution and extracted with diethyleeth The organics were washed with brine,
pooled, dried over sodium sulfate, filtered, andcamtrated to give a pale yellow oil. The crude
oil was purified by column chromatography (elught00% diethyl ether in petrol) to yield the

desired product as colourless oll.

Following theGeneral Procedure, data are presented as (a) amouritGff (b) volume of THF,
(c) temperature, (d) volume of TBAF, and (e) prddueld.

Scheme 133, Table 16, Entry 1
(a) 0.82 mmol, 0.295 g, (b) 10 ml, (c) r.t., (d3. mmol, 1.65 ml, and (e) 0.133 g, 65% vyield.

Scheme 133, Table 16, Entry 2
(a)0.923 g, 2.56 mmol, (b) 15 ml, ()@ (d) 3.85 ml, 8.85 mmol, and (e) 0.616 g, 98%dyie

IR (CH,Cl,): 1643, 3568 ci;, *H NMR (400 MHz, CDC}): 1.40 (s, 1H, OH), 1.47 (s, 3H,
alkyl CHs), 2.13-2.19 (m, 5H, ArCkand alkyl CH), 2.51-2.54 (m, 2H, ring Ch, 2.73-2.75
(m, 2H, ring CH), 3.34-3.38 (m, 1H, OCH), 3.55-3.59 (m, 1H, OCB)82 (s, 3H, ArOCH),
4.95 (s, 1H, olefinic CH), 5.00 (s, 1H, olefinic §H.79 (d,J = 8.8 Hz, 1H, ArH), 7.20 (d] =
8.7 Hz, 1H, ArH):**C 5(100 MHz, CDC}): 11.4, 29.1, 30.6, 31.8, 41.8, 45.8, 55.6, 6007,.7,
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108.8, 123.5, 124.5, 136.3, 136.9, 153.3, 155.2 HRMS m/z (ESI) Calc. for GeH2NO>
(M™+NH,): 264.1958. Found: 264.1957; Elemental analysis. dor GeH2,0, required C,
78.01%; H, 9.00%. Found: C, 77.96%; H, 9.06%.
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Preparation of 2-(1,2,3,4-tetrahydro-6-methoxy-ljBethyl-2-methylenenaphthalen-1-yl)ethyl

methanesulfonate.

100 OMs

Scheme 134

To a solution of alcohdd3 (0.054 g, 0.22 mmol) in dry DCM (3 ml), was adde&dthylamine
(0.04 ml, 0.308 mmol). The resulting mixture wasled to -26C prior to the addition of mesyl
chloride (0.02 ml, 0.264 mmol). After stirring fdr h at this temperature the mixture was
quenched with saturated sodium bicarbonate soluiad extracted with ether. The organics
were washed with brine, dried over sodium sulfdikered, and concentrateth vacuo
Purification via column chromatography (eluent: 0-20% diethyl etimeipetrol) afforded the
desired product01(0.060 g, 84% yield) as a colourless oil.

IR (CH,Cl,): 1644 cni; '"H NMR 8(400 MHz, CDC}): 1.49 (s, 3H, alkyl Ch), 2.13 (s, 3H,
ArCHs), 2.30-2.41 (m, 2H, ring Cij, 2.46-2.55 (m, 2H, ring Cil 2.64-2.70 (m, 1H, alkyl CH),
2.76-2.82 (m, 1H, alkyl CH), 2.89 (s, 3H, SIMs), 3.75-3.80 (tdJ = 5.7 Hz,J = 9.7 Hz, 1H,
OCH), 3.82 (s, 3H, ArOCH), 4.14-4.19 (td) = 5.8 Hz,2J = 9.9 Hz, 1H, OCH), 4.96 (s, 1H,
olefinic CH), 5.03 (dJ = 0.9 Hz, 1H, olefinic CH), 6.80 (d,= 8.7 Hz, 1H, ArH), 7.20 ppm (d,
= 8.7 Hz , 1H, ArH)C 5(100 MHz, CDC}): 11.4, 19.4, 29.0, 31.4, 37.2, 41.3, 41.6, 56767,
108.3, 109.1, 123.7, 124.4, 134.8, 137.0, 151.6.4%pm; HRMSm/z (ESI) Calc. for
Ci/H2gNO4S (M*+NH,): 342.1734. Found: 342.1736.
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Attempted preparation of 1,2,3,4-tetrahydro-6-mathi,5-dimethyl-2-methylene-1-(pent-3-
ynyl)naphthalene.

91 \\

Scheme 135

A 3-necked round bottom flask was flame dried undegruum prior to cooling under a blanket
of nitrogen. The vessel was charged with mesylafig0.05 g, 0.15 mmol) as a solution in THF
(3 ml) and cooled toC. 1-Propynylmagnesium bromide (0.6 ml, 0.5 M WF 0.3 mmol) was
added and the solution was allowed to warm toAfter 24 h reaction time, tic analysis showed
only starting material present, therefore, the tieacmixture was warmed to reflux and stirred
for a further 24 h. After this time, the reactas quenched with saturated ammonium chloride
solution and extracted with ether. The organicsewsashed with brine, dried over sodium
sulfate, filtered, and concentrated. Purificatsva column chromatography (eluent: 0-100%
diethyl ether in petrol) afforded three differemngponents; starting materidlQ1, alcohol93,
and bromidel02
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1-(2-Bromoethyl)-1,2,3,4-tetrahydro-6-methoxy- liswethyl-2-methylenenaphthalene.

Br
102

IR (CH:Cl,): 1595, 1646, 2946 cfia*H NMR (400 MHz, CDC}): 1.45 (s, 3H, alkyl Ch), 2.13
(s, 3H, ArCH), 2.40-2.50 (m, 4H, alkyl protons), 2.61-2.69 (hl, alkyl proton), 2.73-2.88 (m,
2H, alkyl protons), 3.22-3.29 (m, 1H, alkyl protpr3.82 (s, 3H, ArOCBH), 4.91 (s, 1H, olefinic
CH), 5.01 (s, 1H, olefinic CH), 6.79 (d= 8.7 Hz, 1H, ArH), 7.17 (d] = 8.7 Hz , 1H, ArH)}*C
0(100 MHz, CDC4): 11.6, 29.1, 29.5, 31.2, 31.9, 44.3, 46.6, 55308.1, 109.2, 123.8, 124.5,
135.1, 137.4, 151.7, 155.5 ppm; HRMSz (ESI) Calc. for GeH-,BrO (M*+H): 309.0849.
Found: 309.0851.
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Preparation of 2-(1,2,3,4-tetrahydro-6-methoxy-ligiethyl-2-methylenenaphthalen-1-yl)ethyl
4-methylbenzenesulfonate.

OTs
103

Scheme 136

To a solution of alcohd®3 (0.050 g, 0.203 mmol) in dry DCM (2 ml), was addadthylamine
(0.11 ml, 0.810 mmol). The resulting mixture wamled to -26C prior to the addition of
tosylchloride (0.154 g, 0.810 mmol). After 16 hrratg at this temperature the mixture was
quenched with saturated sodium bicarbonate solwdimh extracted with ether. The organics
were washed with brine, dried over sodium sulfdikered, and concentrateth vacuo
Purification via column chromatography (eluent: 0-30% diethyl etherpetroleum ether)
afforded the desired produt®3(0.076 g, 94% vyield) as a colourless oil.

IR (CHCl): 1360, 1643 ci; *H NMR (400 MHz, CDCH): 1.27 (s, 3H, alkyl Ch), 2.09 (s,
3H, ArCHg), 2.16-2.29 (m, 2H, ring CH}, 2.33-2.40 (m, 2H, ring C#}, 2.43 (s, 3H, ArChH),
2.53-2.61 (m, 1H, chain CH), 2.67-2.65 (m, 1H, oh@H), 3.57-3.63 (m, 1H, OCH), 3.81 (s,
3H, ArOCHg), 3.96-4.02 (m, 1H, OCH), 4.77 (s, 1H, olefinic ;H¥.91 (s, 1H, olefinic CH),
6.73 (d,J = 8.8 Hz , 1H, ArH), 7.08 (d] = 8.7 Hz, 1H, ArH), 7.31 (d) = 8.3 Hz, 2H, ArH),
7.68 ppm (d,) = 8.3 Hz, 2H, ArH);**C 5(100 MHz, CDC}): 154.3, 150.4, 143.5, 135.8, 133.9,
132.2,128.7,126.9, 123.3, 122.5, 107.9, 107.®M,6&A.5, 40.5, 39.9, 30.4, 30.0, 27.9, 20.5, 10.3
ppm; HRMSm/z(ESI) Calc. for GeH3NO4S (M +NH,): 418.2047. Found: 418.2046.
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Attempted preparation of 1,2,3,4-tetrahydro-6-matht,5-dimethyl-2-methylene-1-(pent-3-ynyl

naphthalene.

91 \\

Scheme 136

A 3-necked round bottom flask was flame dried undegruum prior to cooling under a blanket
of nitrogen. The vessel was charged with tosyl@®(0.091 g, 0.24 mmol) as a solution in THF
(3 ml) and cooled t0o°C. 1-Propynylmagnesium bromide (0.96 ml, 0.5 M'HF, 0.48 mmol)
was added and the solution was allowed to warmttoAfter 16 h, tlc analysis indicated only
starting material present. The solution was hetiegdflux and stirred for a further 16 h. After
this time, tlc analysis indicated the formationaohew compound. The reaction was quenched
with saturated ammonium chloride solution and exté@ with ether. The organics were washed
with brine, dried over sodium sulfate, filtered,danoncentrated. Purificatiomia column
chromatography afforded none of the desired produstead, bromidd02 was isolated as a
colourless oil (0.081 g, 100% yield).

See page 193 for analysis of compow6a
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Preparation of 1-phenylbut-2-yn-1-8f

OH

S

104

Scheme 137

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.

The vessel was charged with THF (5 ml) and coaded®C. Propyne gas was bubbled through
the solution for 15 mins prior to the addition ®uLi (3 ml, 2.5 M in hexanes, 12.5 mmol).

After a further 10 minutes, TMEDA (1.13 ml, 7.5 min@and DMPU (0.9 ml, 7.5 mmol) were

added.

Simultaneously, a flame dried flask was chargedh WitiF (3 ml) and benzaldehyde (0.51 ml, 5
mmol) before being cooled to -Z8. To this solution was addeda cannula, the previously
prepared propynyl acetylide solution. The resgltmixture was stirred for 5 mins before being
warmed to room temperature. After a further 10utes reaction time, tlc analysis showed the
consumption of the starting material. The reactioixture was quenched with a saturated
solution of ammonium chloride and extracted witbtklyl ether. The organic layer was washed
with water, dried over sodium sulfate, filtered datoncentrated to give a pale yellow liquid.
Purificationvia column chromatography (eluent: 0-20% diethyl ethgvetrol) provided alcohol
104(0.735 g, 100% yield) as a colourless liquid.

IR (CH,Cl,): 2231, 3432 ciy 'H NMR (400 MHz, CDC}): 1.92 (d,>J = 2.2 Hz, 3H, Ch),
2.12 (s, 1H, OH), 5.44 (&) = 2.1 Hz, 1H, alkyl CH), 7.31-7.41 (m, 3H, ArH),53-7.56 ppm
(m, 2H, ArH); *C NMR 3(100 MHz, CDCH): 3.3, 64.1, 79.1, 82.5, 126.3, 127.7, 128.1,041.

ppm.
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Attempted preparation of 1,2,3,4-tetrahydro-6-mathi,5-dimethyl-2-methylene-1-(pent-3-
ynyl)naphthalene.

91 \\

Scheme 138

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with THF (5 ml) and coated®C. Propyne gas was bubbled through
the solution for 15 mins prior to the addition"&uLi (0.162 ml, 2.5 M in hexane, 0.406 mmol).
After a further 10 minutes, TMEDA (0.06 ml, 0.406nwol), and DMPU (0.059 ml, 0.406 mmol)
were added.

Simultaneously, a flame dried flask was chargedh\mCM (2 ml),93 (0.050 g, 0.203 mmaol),
and pyridine (0.05 ml, 0.609 mmol) before beingledao -78C. To this solution was added
triflic anhydride (0.1 ml, 0.609 mmol). The resog mixture was stirred for 5 minutes before
being warmed to room temperature. After a furtheninutes reaction time, tlc analysis showed
the consumption of the starting material. The tieacmixture was quenched with a saturated
solution of sodium hydrogen carbonate and extrasiddDCM. The organic layer washed with
1 M HCI (x 2) followed by brine before being driemver sodium sulfate, filtered and
concentrated to give a pale yellow oil. The resgloil was dissolved in dry THF (3 ml) and
cooled to -78C whilst under an inert atmosphere. To this sotutivas addedjia cannula, the
previously prepared propynyl acetylide solutionheTresulting mixture was stirred for 5 mins
before being warmed to room temperature. Afteurthér 5 minutes reaction time the solution
turned a deep red colour. Tlc analysis showedpm fr either triflate intermediat&05 or

starting alcoho93, therefore, the reaction was abandoned.
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Scheme 139

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with THF (4 ml) and cootee7&C prior to the addition ofZ/E)-1-
bromopropene (0.026 ml, 0.305 mmol) diguLi (0.27 ml, 2.5 M in hexanes, 0.671 mmol).
After a further 10 minutes, TMEDA (0.10 ml, 0.67Xnwol) and DMPU (0.08 ml, 0.671 mmol)

were added and the resulting solution was stiroe@ th.

Simultaneously, a flame dried flask was chargedh €M (2 ml),93 (0.050 g, 0.203 mmol),
and pyridine (0.05 ml, 0.609 mmol) before beingledao -78C. To this solution was added
triflic anhydride (0.1 ml, 0.609 mmol). The resng mixture was stirred for 5 mins before being
warmed to room temperature. After a further 5 esueaction time, tlc analysis showed the
consumption of the starting material. The reactioixture was quenched with a saturated
solution of sodium hydrogen carbonate and extrasiddDCM. The organic layer washed with
1 M HCI (x 2), followed by brine, before being dtieover sodium sulfate, filtered, and
concentrated to give a pale yellow oil. The resgloil was dissolved in dry THF (3 ml) and
cooled to -78C whilst under an inert atmosphere. To this sofutivas addedsia cannula, the
previously prepared propynyl acetylide solution.heTresulting mixture was stirred for an
additional 1 h at -7& before being warmed to room temperature. Tldyaisashowed no spot

for either triflate intermediat205, or starting alcohd3, therefore, the reaction was abandoned.
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Attempted preparation of 1-(but-3-ynyl)-1,2,3,4dbydro-6-methoxy-1,5-dimethyl-2-methylene
naphthalene.

106 \\

Scheme 140

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with THF (4 ml) and cooted78C prior to the addition of sodium
acetylide (0.24 ml, 18 wt.% slurry in xylene/ligmtineral oil, 0.813 mmol). After a further 10
minutes, TMEDA (0.05 ml, 0.407 mmol) and DMPU (0186 0.407 mmol) were added.

Simultaneously, a flame dried flask was chargeth Wi€M (6 ml),93 (0.10 g, 0.407 mmol), and
pyridine (0.1 ml, 1.22 mmol) before being cooled-7T&C. To this solution was added triflic
anhydride (0.2 ml, 1.22 mmol). The resulting mietuwas stirred for 5 mins before being
warmed to room temperature. After a further 5 resueaction time, tlc analysis showed the
consumption of the starting material. The reactioixture was quenched with a saturated
solution of sodium hydrogen carbonate and extrasiddDCM. The organic layer washed with
1 M HCI (x 2), followed by brine, before being dtieover sodium sulfate, filtered, and
concentrated to give a pale yellow oil. The resglil was dissolved in dry THF (3 ml) and
cooled to -78C whilst under an inert atmosphere. To this tmiuwas addedyia cannula, the
previously prepared solution. The resulting migtwas stirred for an additional 1 h at °Z8
before being warmed to room temperature. Tlc amlghowed no spot for either triflate

intermediatel05or starting alcohd®3, therefore, the reaction was abandoned.
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Attempted preparation of (4-(1,2,3,4-tetrahydro-6thoxy-1,5-dimethyl-2-
methylenenaphthalen-1-yl)but-1-ynyl)trimethylsilane

107

W\

TMS

Scheme 141 (OMsreaction)

A 3-necked round bottom flask was flame dried ungeruum prior to cooling under a blanket
of nitrogen. The vessel was charged with THF (3 amd trimethylsilylacetylene (0.07 ml,
0.492 mmol) before being cooled to %€8 To this solution was addéBuLi (0.22 mmol, 2.2 M

in hexane, 0.492 mmol). After a 10 minutes reactime, TMEDA (0.07 ml, 0.492 mmol) and
DMPU (0.06 ml, 0.492 mmol) were added. After ater 10 minutes mesylaté1 (0.053 g,
0.15 mmol) was added as a solution in THF (2 nmihe resulting mixture was stirred for 30
minutes before being warmed to r.t. After thisdjntic analysis showed only starting material
present, therefore, the reaction mixture was tefitir at ambient temperature for a further 16 h.
Tlc analysis, again, showed only starting matepralsent, therefore the reaction was quenched
with saturated ammonium chloride solution and exé@ with ether. The organics were washed
with brine, dried over sodium sulfate, filtered,danoncentrated. Purificatiomia column
chromatography (eluent: 0-20% diethyl ether in qgtafforded mesylatd01 (0.050 g, 94%

yield) as a colourless oil.
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Attempted preparation of (4-(1,2,3,4-tetrahydro-6thoxy-1,5-dimethyl-2-
methylenenaphthalen-1-yl)but-1-ynyl)trimethylsilane

107

W\

TMS

Scheme 141 (OTsreaction)

A 3-necked round bottom flask was flame dried ungeruum prior to cooling under a blanket
of nitrogen. The vessel was charged with THF (3ank trimethylsilylacetylene (0.08 ml, 0.570
mmol) before being cooled to -T8. To this solution was addé&uLi (0.26 ml, 2.2 M in
hexane, 0.570 mmol). After a 10 minutes reactioret TMEDA (0.09 ml, 0.570 mmol) and
DMPU (0.07 ml, 0.570 mmol) were added. After attier 10 minutes tosylate03 (0.076 g,
0.190 mmol) was added as a solution in THF (2 nilhe resulting mixture was stirred for 30
minutes before being warmed to r.t. After thisdjntic analysis showed only starting material
present, therefore, the reaction mixture was tefitir at ambient temperature for a further 16 h.
Tlc analysis, again, showed only starting matepralsent, therefore the reaction was quenched
with saturated ammonium chloride solution and exé@ with ether. The organics were washed
with brine, dried over sodium sulfate, filtered,danoncentrated. Purificatiomia column
chromatography (eluent: 0-20% diethyl ether in @gtafforded tosylatel03 (0.069 g, 91%

yield) as a colourless oil.
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Preparation of (4-(1,2,3,4-tetrahydro-6-methoxy-tljghethyl-2-methylenenaphthalen-1-yl)but-
1-ynyl)trimethylsilane.

107

\\
T™MS
General Procedure:
A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with THF and trimethylsilgtglene prior to being cooled to “T3
Following this,"BuLi was added to the solutiona syringe. After 10 minutes reaction time,
TMEDA and DMPU were added.

Simultaneously, a flame dried flask was chargech viliCM, 93, and pyridine before being
cooled to -78C. To this solution was added triflic anhydridedahe resulting mixture was
stirred for 5 mins before being warmed to room terapure. After a further 5 minutes reaction
time the mixture was quenched with a saturatedtisolwf sodium hydrogen carbonate and
extracted with DCM. The organic layer washed viitM HCI (x 2) followed by brine before
being dried over sodium sulfate, filtered and comeded to give a pale yellow oil. The
resulting oil was dissolved in dry THF, placed unde inert atmosphere, and cooled to°c78
To this solution was addedia cannula, the previously prepared trimethylsilytglide solution

at -78C. The resulting mixture was stirred for 5 minsfope being warmed to room
temperature. After a further 30 min reaction tith@ analysis showed the absence of the triflate
intermediatel05 and the presence of a new spot. The reaction wasched with saturated
ammonium chloride solution and extracted with die#ther. The organic layer was washed
with water, dried over sodium sulfate, filtered,daconcentrated to give a pale yellow oil.
Purificationvia column chromatography (eluent: 0-5% diethyl etinepetrol) provided desired

compoundl07 as a colourless oil.

Following the General Procedure, data are presented as (a) amount of THF, (b) amol
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trimethylsilylacetylene, (c) amount 8BuLi, (d) amount of TMEDA, (e) amount of DMPU, (f)
volume of DCM, (g) amount d®3, (h) amount of pyridine, (i) amount of triflic aptiride, (j)
volume of THF, and (k) product yield.

Scheme 142, Table 17, Entry 1

(@) 1 ml, (b) 0.08 ml, 0.609 mmol, (c) 0.24 ml, B15n hexanes, 0.609 mmol, (d) 0.09 ml, 0.609
mmol, (e) 0.07 ml, 0.609 mmol, (f) 3 ml, (g), 0.650.203 mmol, (h) 0.05 ml, 0.609 mmol, (i)
0.1 ml, 0.609 mmol, (j) 2 ml, and (k) 0.021 g, 3¥B&id.

Scheme 142, Table 17, Entry 2

(@ 2 ml, (b) 0.16 ml, 1.22 mmol, (c) 0.48 ml, Akin hexanes, 1.22 mmol, (d) 0.18 ml, 1.22
mmol, (e) 0.14 ml, 1.22 mmol, (f) 3 ml, (g), 0.1003406 mmol, (h) 0.1 ml, 1.22 mmol, (i) 0.2
ml, 1.22 mmol, (j) 4 ml, and (k) 0.06 g, 45% yield.

Scheme 142, Table 17, Entry 3 (Use of fresh Tf,0)

(@) 2 ml, (b) 0.30 ml, 2.22 mmol, (c) 0.85 ml, 2bin hexanes, 2.12 mmol, (d) 0.32 ml, 2.12
mmol, (e) 0.26 ml, 2.12 mmol, (f) 5 ml, (g), 0.1g40.707 mmol, (h) 0.17 ml, 2.12 mmol, (i)
0.36 ml, 2.12 mmol, (j) 5 ml, and (k) 0.167 g, 7928&ld.

IR (CH.Cl,): 1643, 2170 ciy *H NMR &(500 MHz, CDC}): 0.15 (s, 9H, SiMg, 1.42 (s, 3H,
alkyl CHg), 1.72-1.78 (m, 1H, alkyl CH), 2.04-2.11 (m, Gkkyl protons and ArCk), 2.47 (t,J

= 6.5 Hz, 2H, alkyl CH), 2.65-2.76 (m, 2H, alkyl C}), 3.82 (s, 3H, OC}J, 4.88 (s, 1H, olefinic
CH), 5.00 (s, 1H, olefinic CH), 6.78 (d,= 9.0 Hz, 1H, ArH), 7.16 ppm (d} = 9.0 Hz, 1H,
ArH); **C NMR (100 MHz, CDC#): 0.1, 11.4, 15.7, 29.0, 30.3, 31.7, 42.3, 4306583.8,
108.0, 108.1, 108.9, 123.4, 124.4, 135.9, 137.2,85155.2 ppm; HRM$n/z (ESI) Calc. for
C21H3:0Si (M™+H): 327.2143. Found: 327.21309.
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Preparation of 1-(but-3-ynyl)-1,2,3,4-tetrahydroatethoxy-1,5-dimethyl-2-

methylenenaphthalene.

106 \\

Scheme 143

A round bottomed flask was charged with alkyi® (0.152 g, 0.466 mmol) as a solution in
MeOH (5 ml). To this was added potassium carbo(@@64 g, 0.466 mmol) and the solution
was stirred at room temperature for 16 h. Aftes time, the reaction mixture was extracted
with ethyl acetate and the organic layer washetl water then brine. The organics were dried
over sodium sulfate, filtered, and concentratedit@ a pale yellow oil, which, on purification
via column chromatography (0-5% diethyl ether in petaéforded the desired product (0.118 g,
99% vyield) as a white solid.

Melting Point: 62-64C

IR (CH,Cl,): 1644, 2117 ci. *H NMR 5(400 MHz, CDC}): 1.42 (s, 3H, alkyl Ch), 1.65-1.72
(m, 1H, alkyl proton), 1.89 (fJ = 2.5 Hz, 1H, alkyne proton), 2.01-2.17 (m, 6Hkyhlprotons
and ArCH), 2.45-2.48 (m, 2H, alkyl CH, 2.62-2.79 (m, 2H, alkyl CH, 3.81 (s, 3H, OC}J,
4.87 (s, 1H, olefinic CH), 5.00 (s, 1H, olefinic .78 (d,J = 8.7 Hz 1H, ArH), 7.16 (dJ =

8.7 Hz, 1H, ArH);”*C NMR 3(100 MHz, CDC}): 11.4, 14.2, 29.0, 30.5, 31.6, 42.1, 43.0, 55.5,
67.6, 85.2, 107.9, 108.9, 123.2, 124.4, 135.8,3,3151.8, 155.1 ppm; HRMB\/z (ESI) Calc.
for CrgH200 (MY): 254.1663. Found: 254.1665.
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Preparation of 1,2,3,4-tetrahydro-6-methoxy-1,5-elihyl-2-methylene-1-(pent-3-ynyl)-

naphthalene.

91

Scheme 144

A 3-necked round bottom flask was flame dried underuum prior to cooling under a blanket
of nitrogen. The vessel was charged with alk¥A6 (0.356 g, 1.40 mmol) as a solution in dry
THF (30 ml). The resulting solution was cooled78°C before the addition dBuLi (1.27 ml,

2.2 M in hexanes, 2.80 mmol). The reaction mixtwas stirred for 30 minutes at this
temperature before the addition of methyl iodidd 70Oml, 2.80 mmol). The solution was then
warmed to ambient temperature before being quenetitdd saturated ammonium chloride
solution and extracted with diethyl ether. Theamigs were washed with water, then brine, and
dried over sodium sulfate. After filtering, andncentrating under reduced pressure, the
remaining residue was purifiega column chromatography (eluent: 0-5% diethyl ethgretrol)

to afford the desired produ@t (0.357 g, 95% yield) as a colourless oil.

IR (CHCly): 1643, 2115 cf;, *H NMR (400 MHz, CDC}): 1.41 (s, 3H, alkyl Ch), 1.61-1.69
(m, 1H, alkyl CH), 1.74 (s, 3H, alkynyl GH 1.92-2.09 (m, 3H, alkyl protons), 2.11 (s, 3H,
ArCHz), 2.46 (t, J = 6.9 Hz, 2H, alkyl G} 2.62-2.78 (m, 2H, alkyl C§), 3.81 (s, 3H, OCH,
4.86 (s, 1H, olefinic CH), 4.97 (s, 1H, olefinic .77 (d,J = 8.7 Hz, 1H, ArH), 7.16 ppm (d,
J = 8.7 Hz, 1H, ArH);13C NMR &(100 MHz, CDC}): 2.4, 10.4, 13.4, 28.0, 29.4, 30.7, 41.7,
42.0, 54.5, 73.9, 78.7, 106.7, 107.8, 122.3, 12834.9, 136.2, 150.9, 154.1 ppm; HRM8z
(ESI) Calc. for GoHos0 (M™+H): 269.1900. Found: 269.1907.
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Attempted preparation of 1,2,3,4-tetrahydro-6-methd)6-dimethyl-2-methylene-1-(pent-3-
ynyl)naphthalene.

91

Scheme 145

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with THF (15 ml) and alky®&(0.137 g, 0.420 mmol) prior to being

cooled to -78C. To this solution was addéBuLi (0.34 ml, 2.5 M in hexanes, 0.840 mmol) and
the resulting solution was stirred for 30 minuteé®mpto the addition of methyl iodide (0.05 ml,

0.84 mmol). After 15 minutes the reaction mixtwas allowed to warm to room temperature
before quenching with a saturated solution of anmomrchloride. The mixture was diluted with

ether and the organic layer separated, washedbuniite, dried over sodium sulfate, filtered, and
concentratedn vacuo Purificationvia column chromatography (eluent: 0-5% diethyl etimer

petrol) returned starting materitd7 (0.136 g, 100%) as the sole reaction component.
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Preparation of 1,2,3,4-tetrahydro-6-methoxy-1,5-dimyé 2-methylene-1-(pent-3-ynyl)
naphthalene dicobalthexacarbonyl complex.

\/COZ(CO)G

108
X

Scheme 147

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with petroleum ether (2atdyne91 (0.03 g, 0.11 mmol), and dicobalt
octacarbonyl (0.042 g, 0.12 mmol). The resultieg/brown solution was stirred at room
temperature for 2 h. After this time, tlc analysidicated the consumption of starting material
91. The reaction was directly purifiedh column chromatography (eluent: petrol) to prowiade
desired cobalt complek08(0.057 g, 94% yield) as a red oil.

IR (CH,Cl,): 1644, 2013, 2044, 2087 ¢m'H NMR 3(400 MHz, CDC}): 1.48 (s, 3H, alkyl
CHg), 2.09-2.29 (m, 6H, alkyl protons and Arg)H2.45-2.68 (m, 5H, alkyl protons and alkynyl
CHa), 2.70-2.85 (m, 3H, alkyl protons), 3.81 (s, 3H;i®), 4.89 (s, 1H, olefinic CH), 5.01 (s,
1H, olefinic CH), 6.79 (dJ = 8.4 Hz, 1H, ArH), 7.18 ppm (d,= 8.4 Hz, 1H, ArH);"*C NMR
0(100 MHz, CDC}): 11.7, 20.5, 28.6, 29.2, 32.0, 32.1, 43.3, 4588, 94.1, 101.0, 107.7,
109.3, 123.7, 124.4, 136.1, 137.5, 152.7, 155.8,£2ppm; HRMSm/z (ESI) Calc. for GsHas
CoNO; (M™+NH,): 572.0523. Found: 572.0524; Elemental analysis.dor GsH24C0,0;
required C, 54.17% and H, 4.36%. Found: C, 54.an%H, 4.69%.
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Preparation of 5,6,7,11b-tetrahydro-9-methoxy-318®:trimethyl-1H-pentaleno[a-
a]naphthalene-4(2H)-one.

Scheme 148

A round bottom flask, fitted with a condenser, vilasne dried under vacuum prior to cooling
under a blanket of nitrogen. The vessel was cloavgéh cobalt complexl08 (0.175 g, 0.316
mmol) as a solution in 1,2-dichloroethane (15 milo this solution was added dodecylmethyl
sulfide (0.29 ml, 1.106 mmol) and the resulting mie was refluxed for 5 h before filtering
through a plug of celite (eluent: EtOAc). Therélie was concentrated under reduced pressure,
and the resulting residue was purifieid column chromatography (eluent: 0-20% diethyl ether
in petrol) to afford the desired tetracydl@9 (0.08 g, 86% yield) as a white solid.

Scheme 149

A round bottom flask, fitted with a condenser, Wiiasne dried under vacuum prior to cooling
under a blanket of nitrogen. The vessel was cloavgth alkyne91 (0.10 g, 0.37 mmol) as a
solution in 1,2-dichloroethane (10 ml). To thidwmn was added dicobalt octacarbonyl (0.025
g, 0.074 mmol) followed by dodecylmethyl sulfide.d® ml, 0.44 mmol) and the resulting
mixture was refluxed for 5 h before filtering thghua plug of celite (eluent: EtOAc). The
filtrate was concentrated under reduced pressun@,tle resulting residue was purifieih
column chromatography (eluent: 0-20% diethyl etinepetrol) to afford the desired tetracycle
109(0.071 g, 65% yield) as a white solid.

Scheme 150

To a microwave vial was added enygte(0.091 g, 0.340 mmol), dicobalt octacarbonyl (3.02
0.068 mmol), dodecylmethyl sulfide (0.11 ml, 0.4thénol) and toluene (2.5 ml). This mixture
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was reacted in the microwave (with cooling) at°°@@r 20 min. Following this, the resulting
solution was purified directlyia column chromatography (eluent: 0-20% diethyl ethegvetrol)
to afford the desired tetracycl®9 (0.031 g, 31% vyield) as a white solid.

Melting Point: 148-15€C.

IR (CH,Cl,): 1664, 1701 cif; *H NMR 8(400 MHz, CDC}): 1.15 (s, 3H, alkyl Ch), 1.46 (ddd,

2 = 13.3 Hz,J = 5.1 Hz,J = 2.0 Hz, 1H, alkyl Ch), 1.75 (s, 3H, vinylic Ch), 1.98-2.08 (m,
2H, alkyl CH), 2.14 (s, 3H, ArCH), 2.26-2.42 (m, 3H, alkyl protons), 2.54-2.71 @H, alkyl
protons), 2.84 (dd(f,] =14.0 Hz,J = 5.1 Hz,J = 2.0 Hz, 1H, alkyl CH), 3.82 (s, 3H, OC}jJ,
6.77 (d,J = 8.6 Hz, 1H, ArH), 7.17 ppm (dl = 8.6 Hz, 1H, ArH);"*C NMR (100 MHz,
CDCly): 8.4, 11.3, 23.6, 23.6, 25.4, 31.2, 42.8, 43314453.7, 55.6, 108.6, 124.1, 124.6, 132.1,
134.0, 135.7, 155.4, 186.8, 210.9 ppm; HRM& (ESI) Calc. for GoH2s0, (M*+H): 297.1851.
Found: 297.1849.

See appendix for X-ray crystallography data fosttdmpound (pg. 267).
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Attempted  preparations of 5,11b-dihydro-9-methoy8y43 b-trimethyl-1H-pentaleno[1-
a]naphthalene-4(2H)-one.

General Procedure A:

A 10 ml round bottom flask, fitted with a condensems flame dried under vacuum, cooled
under nitrogen and charged wit9 and the appropriate solvent. To the solution adoed 2,3-
dichloro-5,6-dicyanobenzoquinongll, and the reaction mixture was refluxed for thettdd

time. The mixture was concentrated and analysetty via 'H NMR.

Following General Procedure A, data are presented as (a) amount of substr@®e(b) solvent,
(c) amount of 2,3-dichloro-5,6-dicyanobenzoquinob#], (d) reaction time, and (e) reaction

outcome.

NOTE —'H NMR analysis of the crude reaction mixture saeappearance of a doublét( 9.9
Hz) at85.58. Comparison with the previously acquired datab showed this to be in good
agreement with that structure, with tB8.58 signal being attributed to the olefinic protom
carbon 22?° In all of the following reactions regarding conopal 5 the ratio of starting material
to product was determined using this signad®68 and the signal @2.84 from the starting

material.
Scheme 152, Table 18, Entry 1

(a) 0.010 g, 0.034 mmol, (b) benzene, 1 ml, (c8.9, 0.102 mmol, (d) 24 h, and (e) 80:20
starting material:product by NMR.
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Scheme 152, Table 18, Entry 2
(a) 0.010 g, 0.034 mmol, (b) 1,4-dioxane, 1 ml,q®)23 g, 0.102 mmol, (d) 24 h, and (e) 81:19
starting material:product by NMR.

Scheme 152, Table 18, Entry 3
(a) 0.010 g, 0.034 mmol, (b) MeOH, 1 ml, (c) 0.0230.102 mmol, (d) 24 h, and (e) only
starting material observed byl NMR.

Scheme 153
(a) 0.010 g, 0.034 mmol, (b) 1,4-dioxane, 1 ml,{d)23 g, 0.102 mmol, (d) 5 d, and (e) only
starting material observed byl NMR.

Scheme 154, Table 19, Entry 1
(a) 0.010 g, 0.034 mmol, (b) 1,4-dioxane, 1 m),q®39 g, 0.17 mmol, (d) 5 d, and (e) only
starting material observed byl NMR.

Scheme 154, Table 19, Entry 2
(a) 0.010 g, 0.034 mmol, (b) 1,4-dioxane, 1 m),qd54 g, 0.68 mmol, (d) 5 d, and (e) only
starting material observed by NMR.

Scheme 155

To a microwave vial was added09 (0.010 g, 0.034 mmol), 2,3-dichloro-5,6-
dicyanobenzoquinonel1l, (0.023 g, 0.102 mmol) and 1,4-dioxane (1 ml). eTitesulting
mixture was heated in the microwave (with coolif) 45 min at 118C. After this time, the
reaction mixture was concentrated and analysedHo]N\MR. The NMR spectrum obtained

corresponded to starting materlfl9.
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Preparation of 2,3-dichloro-5,6-dicyanobenzoquindffet "

O
Cl CN
Cl CN
@)
111

Scheme 156

To a three-necked round bottom flask, fitted with tllermometer, was added 2,3-
dicyanohydroquinone (5.0 g, 31.0 mmol), water (3 and concentrated hydrochloric acid (35
ml). To this solution was added concentrated miaicid (9.4 ml, 70%, 150 mmol) dropwise,
keeping the solution temperature below’@5%y use of a water/ice bath. After complete
addition, the resulting yellow suspension was etirfor 1 h before being filtered, washed with
carbon tetrachloride, and dried in a vacuum ovéiQ40 mbar) to yield the product (4.6 g, 65%

yield) as a yellow solid.

Melting point: 210-212C. Lit melting point: 212-21% 1"
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Attempted  preparations of 5,11b-dihydro-9-methoy8/43 b-trimethyl-1H-pentaleno[1-
alnaphthalene-4(2H)-one.

Following General Procedure A (page 210):

Scheme 157, Table 20, Entry 1
(a) 0.010 g, 0.034 mmol, (b) 1,4-dioxane, 1 ml,Heg¢pared in-house, 0.023 g, 0.102 mmol, (d)
24 h, and (e) only starting material observedthyNMR.

Scheme 157, Table 20, Entry 2
(@) 0.010 g, 0.034 mmol, (b) 1,4-dioxane, 1 ml, &&yma-Aldrich supplier, 0.023 g, 0.102
mmol, (d) 24 h, and (e) only starting material aled by'H NMR.

Scheme 157, Table 20, Entry 3
(a) 0.010 g, 0.034 mmol, (b) 1,4-dioxane, 1 ml,Alfp Aesar supplier, 0.023 g, 0.102 mmol, (d)
24 h, and (e) only starting material observedthyNMR.

Scheme 158

A 10 ml round bottom flask, fitted with a condensemns flame dried under vacuum, cooled
under nitrogen and charged witf9 (0.01 g, 0.034 mmol) and benzene (1 ml). To tiet®n
was addeg-Chloranil (0.025 g, 0.102 mmol) and the reactioitore was refluxed for 16 h.
The mixture was concentrated and analysed direddy’H NMR, however, only starting

material was observed.
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General Procedure B:

10% palladium on carbon (0.005 g) was added tarr@dtsolution ofL09in nitrobenzene. The
resulting solution was placed under the desiredsume, heated to the appropriate temperature
(using a sand bath), and stirred for the allottegkt After this time, the reaction mixture was

concentrated and analysedhyNMR.

Following General Procedure B, data are presented as (a) amount of subsfr@®(b) amount

of nitrobenzene (c) pressure, (d) temperaturag@jtion time, and (f) reaction outcome.

Scheme 159, Table 21, Entry 1
(a) 0.010 g, 0.034 mmol, (b) 1 ml, (c) atmospheid},175C, (e) 16 h, and (f) starting material

only.

Scheme 159, Table 21, Entry 2
(a) 0.010 g, 0.034 mmol, (b) 1 ml, (c) atmospheid},224C, (e) 16 h, and (f) starting material

only.

Scheme 159, Table 21, Entry 3
(a) 0.015 g, 0.051 mmol, (b) 1 ml, (c) 135 mbaj, 188C, (e) 16 h, and (f) starting material

only.

Scheme 159, Table 21, Entry 4

To a microwave vial was addedD9 (0.010 g, 0.034 mmol), nitrobenzene (1 ml), and 10%
palladium on carbon (0.005 g). The resulting solutvas heated in the microwave at 4G %or

10 minutes. After this time, the reaction mixtuvas concentrated and analysed'ByNMR.

The NMR spectrum obtained corresponded to stantiatgrial109
Scheme 160, Table 22, Entry 1

Palladium on carbon, 487, (0.005 g) was addedstorad solution 0f.09(0.011 g, 0.037 mmol)

in nitrobenzene 1 ml. The resulting solution waatkd to 21% (using a sand bath), and stirred
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for the 16 h. After this time, the reaction mixtuvas concentrated and analysedtyNMR.

The NMR spectrum obtained corresponded to staniatgrial109

Scheme 160, Table 22, Entry 2

Palladium on carbon, 87L, (0.005 g) was added #iireed solution of109 (0.011 g, 0.037
mmol) in nitrobenzene (1 ml). The resulting solotivas heated to 216 (using a sand bath),
and stirred for the 16 h. After this time, theat®an mixture was concentrated and analysed by
'H NMR. The NMR spectrum obtained correspondedatting materialL09.

General Procedure C:

A 10 ml round bottom flask was flame dried undecwam, cooled under nitrogen and charged
with a solution ofL09in CClL. To the solution was added NBS and AIBN (when leygx) and
the reaction mixture was cooled to °20 The reaction mixture was irradiated with ultcdet
light for the allotted time, keeping the reacti@mperature below £Q. After this time, the
solution was warmed to room temperature and DBledddrhe resulting mixture was stirred at
room temperature for 16 h. The mixture was comeged filtered through a pad of silica
(eluent: 0-20% diethyl ether in petrol) and anatybg'H NMR.

Following General Procedure C, data are presented as (a) amount of substr@®(b) volume
of CCls, (c) amount of NBS, (d) amount of AIBN, (e) reactitime, (f) amount of DBU, and (g)
reaction outcome.

Scheme 162, Table 23, Entry 1
(a) 0.025 g, 0.084 mmol, (b) 0.5 ml, (c) 0.023 ¢,30mmol, (d) none, (e) 1 h, (f) 0.04 ml, 0.25

mmol, and (g) inseparable mixtureX@9and5 (12 mg), 20% conversion.
Scheme 162, Table 23, Entry 2

(a) 0.020 g, 0.068 mmol, (b) 0.5 ml, (c) 0.018 4,00mmol, (d) 0.001 g, 0.0068 mmol, (e) 1 h,
() 0.03 ml, 0.20 mmol, and (g) inseparable mixtaf&09 and5 (7 mg), 31% conversion.
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Scheme 162, Table 23, Entry 3
(a) 0.020 g, 0.068 mmol, (b) 0.5 ml, (c) 0.018 ¢,00mmol, (d) 0.001 g, 0.0068 mmol, (e) 4 h,
() 0.03 ml, 0.20 mmol, and (g) inseparable mixtaf&09and5 (6 mg), 54% conversion.

Scheme 162, Table 23, Entry 4
(a) 0.020 g, 0.068 mmol, (b) 0.5 ml, (c) 0.018 4,00mmol, (d) 0.001 g, 0.0068 mmol, (e) 7.5 h,
() 0.03 ml, 0.20 mmol, and (g) inseparable mixtof&09and5 (8 mg), 63% conversion.

Scheme 163, Table 24, Entry 1

A round bottom flask was flame dried under vacugoyled under nitrogen and charged with
NBS (0.018 g, 0.102 mmol},09 (0.02 g, 0.068 mmol), and CQL ml). The resulting mixture
was heated to reflux and stirred for 16 h. Aftes ttime, the reaction mixture was cooled to
room temperature, DBU (0.03 ml, 0.204 mmol) waseal@énd the resulting solution was stirred
for 3 h before being concentrated (6 mg) and aedlylsy'H NMR. The NMR spectrum
obtained showed a 45% conversion.

Scheme 163, Table 24, Entry 2

A round bottom flask was flame dried under vacugoyled under nitrogen and charged with
NBS (0.018 g, 0.102 mmol), AIBN (0.001 g, 0.0068 atyn30 (0.02 g, 0.068 mmol), and CLCI
(2 ml). The resulting mixture was heated to refand stirred for 16 h. After this time, the
reaction mixture was cooled to room temperatureJB.03 ml, 0.204 mmol) was added, and
the resulting solution was stirred for 3 h befoeéniy concentrated (7 mg) and analysed'Hy
NMR. The NMR spectrum obtained showed a 42% caiwer
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Attempted preparation of 6,11b-dihydro-9-methoxg8;43.b-trimethyl-1H-pentaleno[1,6a-
a]naphthalene-4,7(2H,5H)-dione.

General Procedure A:

A 10 ml round bottom flask was flame dried undecwan, cooled under nitrogen and charged
with 109 and the appropriate solvent. To the solution a@dded potassium permanganate and
the reaction mixture was stirred at the allocatrdperature for the allotted time. The mixture
was filtered through celite (eluent: DCM), conceted, and analysed directlia *H NMR.

Following General Procedure A, data are presented as (a) amount of substr@®e(b) solvent,
(c) amount of potassium permanganate, (d) readeomperature, (e) reaction time, and (f)

reaction outcome.

Scheme 165, Table 25, Entry 1
(a) 0.005 g, 0.017 mmol, (b) MeCN, 0.5 ml, (c) ®8®, 0.034 mmol, (d) r.t., () 5 min, and (f)

0% vyield (no starting material recovered).

Scheme 165, Table 25, Entry 2
(a) 0.005 g, 0.017 mmol, (b) MeCN, 0.5 ml, (c) @0d, 0.017 mmol, (d) r.t., (e) 6 h, and (f)
starting material only.

Scheme 165, Table 25, Entry 3
(a) 0.005 g, 0.017 mmol, (b) MeCN, 0.5 ml, (c) 2@, 0.017 mmol, (d) 3&, (e) 16 h, and (f)

starting material only.

Scheme 165, Table 25, Entry 4
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(a) 0.005 g, 0.017 mmol, (b) MeCN, 0.5 ml, (c) @2Q, 0.017 mmol, (d) reflux, (e) 16 h, and

(f) starting material only.

Scheme 165, Table 25, Entry 5
(a) 0.005 g, 0.017 mmol, (b) DCM, 0.5 ml, (c) 0.80% 0.034 mmol, (d) r.t., (e) 16 h, and (f)

starting material only.

Scheme 166

Preparation of the oxidant:

The oxidant was prepared by grinding potassium paganate (1.0 g, 6.3 mmol) and active
manganese dioxide (3.0 g, 34.5 mmol) in a mortdll anphomogeneous powder was obtained.
This reagent was used for all of the experimenseiged inTable 26

Scheme 166, Table 26, Entry 1

An oven-dried round bottom flask was charged witmpound109 (0.01 g, 0.034 mmol) and
oxidant (0.068 g). The resulting mixture was stirat room temperature for 16 h. After this
time, DCM (5 ml) was added and the mixture filteréthe filtrate was evaporatéd vacuoand

the residue (0.01 g) was analysed'HyNMR, showing only starting material.

Scheme 166, Table 26, Entry 2

An oven-dried round bottom flask was charged witmpound109 (0.01 g, 0.034 mmol),
oxidant (0.068 g), and DCM (5 ml). The resultirjusion was stirred at room temperature for
16 h. After this time, the reaction mixture wdtefied and the filtrate evaporatedvacuo The

resulting residue (0.01 g) was analysedBNMR and showed only starting material.

Scheme 166, Table 26, Entry 3

An oven-dried round bottom flask was charged witmpound109 (0.01 g, 0.034 mmol) and
oxidant (0.068 g). The resulting mixture was etireat room temperature for 5 min before being
irradiated in a sonication bath for 3 h. Afterstime, DCM (5 ml) was added and the mixture
filtered. The filtrate was evaporatedvacuoand the residue (0.01 g) was analysedrbNMR,

showing only starting material.
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General Procedure B:

To a stirred solution af09in glacial acetic acid at’ was added a solution of Cy@ glacial
acetic acid/water solution dropwise. The reactimrture was then allowed to warm to room
temperature and stirred for 24 h. After this tirttes reaction mixture was diluted with water,
neutralised with a solution of saturated sodiunationate, and extracted with diethyl ether (x
2). The organic layers were combined, dried oweliisn sulfate, filtered, and concentraied

vacua The crude residue was analysed\NMR.

Following General Procedure B, data are presented as (a) amount of subsir@®(b) volume
of acetic acid, (c) amount of CgO(d) volume of acetic acid, (e) volume of watend&(f)

reaction outcome.

Scheme 167, Table 27, Entry 1
(a) 0.006 g, 0.020 mmol, (b) 0.6 ml, (c) 0.003 26 mmol, (d) 0.16 ml, (e) 0.04 ml, and (f)
SM only.

Scheme 167, Table 27, Entry 2
(a) 0.005 g, 0.017 mmol, (b) 0.6 ml, (c) 0.008 80mmol, (d) 0.16 ml, (e) 0.04 ml, and (f) SM

only.

General Procedure C:

To a stirred solution oL09 in a MeOH/MeCN solution was added ceric ammoniutrate
(CAN) in one portion. After stirring at room tempéure for the allotted time the reaction
mixture was concentrated and the residue diluteédd M. The organic solution was washed
with water and then brine, dried over sodium selféittered, and concentrated. The resultant oil
was analysed usingd NMR.

Following General Procedure C, data are presented as (a) amount of subsi@®(b) volume

of MeOH, (c) volume of MeCN, (d) amount of CAN, (@gaction time, and (f) reaction outcome.
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Scheme 168, Table 28, Entry 1
(a) 0.005 g, 0.017 mmol, (b) 0.1 ml, (c) 0.05 rd), Q.01 g, 0.017 mmol, (e) 20 min, and (f) only
starting material was observed.

Scheme 168, Table 28, Entry 2
(a) 0.005 g, 0.017 mmol, (b) 0.1 ml, (c) 0.05 ml, 0.019 g, 0.034 mmol, (e) 20 min, and (f) a

complex mixture of products was observed.

Scheme 168, Table 28, Entry 3
(a) 0.005 g, 0.017 mmol, (b) 0.1 ml, (c) 0.05 mall) 0.037 g, 0.068 mmol, (e) 5 min, and (f) a

complex mixture of products was observed.

Scheme 168, Table 28, Entry 4
(a) 0.005 g, 0.017 mmol, (b) 0.15 ml, (c) none, @19 g, 0.034 mmol, (e) 20 min, and (f) a
complex mixture of products was observed.

Scheme 169

A 10 ml flask, fitted with a condenser, was chargeith 109 (0.01 g, 0.034 mmol), 1,4-dioxane
(0.75 ml), water (0.5 ml), potassium bromate (0.6§08.017 mmol), and CAN (0.001 g, 0.0017
mmol). The resulting mixture was heated td®@%nd stirred for 48 h. After this time, the
reaction mixture was diluted with diethyl ether () and washed with water. The organic
layer was separated, dried over sodium sulfaterditl, and concentrated. The resulting residue
was analysed usintH NMR, whereby no product or starting material vedserved. ThéH
NMR spectrum showed a disappearance of one of tbhmadic protons from the starting

materials (6.77 ppm), suggesting substitution enatomatic ring.

General ProcedureD:
To a microwave vial was adddd9, water, and TBHP. The resulting solution was &éeéat the
microwave at 15C for 30 minutes. After this time, the reactionxtare was diluted with

DCM, and the organic layer separated, dried oveiuso sulfate, filtered, and concentrated. The
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resulting residue was analysedByNMR.
Following General Procedure D, data are presented as (a) amount of substi@®(b) volume

of water, (c) volume of TBHP, and (d) reaction aute.

Scheme 170, Table 29, Entry 1
(a) 0.010 g, 0.034 mmol, (b) 1 ml, (c) 4.4 ul, 70241,0, 0.034 mmol, and (d) starting material
only (0.01 g, 100%)

Scheme 170, Table 29, Entry 2
(a) 0.010 g, 0.034 mmol, (b) 1 ml, (c) 8.8 ul, 7041,0, 0.068 mmol, and (d) starting material
only (0.08 g, 80%)

Scheme 171

Substratet 09 (0.02 g, 0.068 mmol) was added to a solutionaf(ill)chloride hexahydrate
(0.001 g, 0.004 mmol) in pyridine (1 ml). Followithe addition of TBHP (0.03 ml, 70%@,
0.204 mmol) the reaction mixture was heated f%82nd stirred for 24 h. After this time, the
reaction mixture was allowed to cool to room terapare, diluted with DCM, and poured into a
1 M solution of HCI (10 ml). The organic phase saparated, washed with brine, dried over
sodium sulfate, filtered, and concentrated. Tiselting residue was analyseid 'H NMR and

showed only starting substrat@9to be present (0.017 g, 85% yield).

General ProcedureE:

A 10 ml round bottom flask was flame dried undecwam, cooled under nitrogen and charged
with 109, DCM, TBHP, potassium carbonate, and palladiuncluarcoal catalyst. The resulting
solution was held at the appropriate temperatur@4oh. After this time, the reaction mixture

was concentrated to a residue and analysetH NMR.
Following General Procedure E, data are presented as (a) amount of substr@®(b) volume

of DCM, (c) volume of TBHP, (d) amount of potassiwarbonate, (e) amount of Pd/C, (f)

reaction temperature, and (g) reaction outcome.
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Scheme 172, Table 30, Entry 1
(a) 0.021 g, 0.071 mmol, (b) 0.6 ml, (c) 0.06 m§ B in decane, 0.355 mmol, (d) 0.0025 g,
0.018 mmol, (e) 0.002 g, 0.0018 mmol, (f) *Z8and (g) starting material only.

Scheme 172, Table 30, Entry 2
(a) 0.021 g, 0.071 mmol, (b) 0.6 ml, (c) 0.06 m§ B in decane, 0.355 mmol, (d) 0.0025 g,
0.018 mmol, (e) 0.002 g, 0.0018 mmol, (f) r.t., defstarting material only.

Scheme 173, Table 31 Entry 1

A 10 ml round bottom flask was flame dried undecwam, cooled under nitrogen and charged
with 109(0.005 g, 0.017 mmol) and acetone (1 ml). To tiet®n was added 2,3-dichloro-5,6-
dicyanobenzoquinone (0.006 g, 0.03 mmol) and thectien mixture was stirred at room
temperature for 16 h. After this time, the mixtwas concentrated and analysed diregidy*H

NMR, which showed only starting material to be préas

222



Attempted preparation of 2,4,5,6,7,11b-hexahydra€dhoxy-3,8,11b-trimethyl-4-oxo-1H-

pentaleno[1,6a-a]naphthalen-7-yl acetate

Scheme 173, Table 31, Entry 2

A 10 ml round bottom flask, fitted with a condensems flame dried under vacuum, cooled
under nitrogen and charged witB9 (0.005 g, 0.017 mmol) and dry acetic acid (1 nlp the
solution was added 2,3-dichloro-5,6-dicyanobenzogpe (0.006 g, 0.03 mmol) and the reaction
mixture was heated to reflux. After 16 h the mietwas diluted with DCM and washed with
water. The organic layer was washed with brinéeddiover sodium sulfate, filtered, and

concentrated. Analysiga'H NMR spectroscopy showed only starting materidig¢qresent.

Scheme 173, Table 31, Entry 3

A 10 ml round bottom flask was flame dried undecwam, cooled under nitrogen and charged
with 109 (0.006 g, 0.02 mmol) and dry acetic acid (1 ml)o fhe solution was added 2,3-
dichloro-5,6-dicyanobenzoquinone (0.006 g, 0.03 mimwod the reaction mixture was sonicated,
using a low power sonication bath, for 5 h. Aftes time, the mixture was diluted with DCM
and washed with water. The organic layer was wastith brine, dried over sodium sulfate,
filtered, and concentrated. Analysig *H NMR spectroscopy showed only starting material to
be present.

Scheme 173, Table 31, Entry 4

To a microwave vial was addedl09 (0.005 g, 0.017 mmol), 2,3-dichloro-5,6-
dicyanobenzoquinone (0.006 g, 0.03 mmol) and detia@acid (1 ml). The resulting mixture
was heated in the microwave (with cooling) for 31t 126C. After this time, the mixture was

diluted with DCM and washed with water. The orgdayer was washed with brine, dried over
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sodium sulfate, filtered, and concentrated. TheRN§pectrum obtained corresponded to starting

material109.
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Preparation of 1,2,3,4-tetrahydro-7-methoxy-4,8-¢lihyl-3-methylene-4-(pent-3-
ynyl)naphthalen-2-ol.

116 \\

Scheme 175, Table 32, Entry 1

A round bottom flask, fitted with a condenser, wksne dried under vacuum, cooled under
nitrogen and charged with a solution of en@ig0.012 g, 0.045 mmol) in ethanol (2 ml). To

this solution was added selenium dioxide (0.0030.§45 mmol) and the resultant mixture

refluxed for 16 h. After this time, tlc analysisdicated the presence of starting material only

and, therefore, the reaction was concentrated malysedvia ‘H NMR to confirm this.

Scheme 175, Table 32, Entry 2

A round bottom flask, fitted with a condenser, wksne dried under vacuum, cooled under
nitrogen and charged with a solution of en@ig(0.010 g, 0.037 mmol) in 1,4-dioxane (2 ml).

To this solution was added selenium dioxide (0.6049€.037 mmol) and the resultant mixture

refluxed for 16 h. After this time, tlc analysisdicated the presence of starting material only
and, therefore, the reaction was concentrated malysedvia ‘H NMR to confirm this.

Scheme 175, Table 32, Entry 3

A round bottom flask was flame dried under vacuwmoled under nitrogen, and charged
selenium dioxide (0.011 g, 0.0095 mmol), DCM (5,mahdtert-butyl hydroperoxide (1ml, 70%
in water). The resulting solution was stirred @am temperature for 15 minutes prior to the
addition of enyne91 (0.050 g, 0.019 mmol) in DCM (5 ml). After a foer 16 h at room
temperature, tlc analysis indicated the presencstarting material only and, therefore, the

reaction was subsequently terminated.
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NOTE: The crude mixtures froificheme 179, Table 32, Entries 1-3 were combined and the
starting material recovered (0.065 g, 90% yield column chromatography (eluent: 0-40%
diethyl ether in petrol).

Scheme 175, Table 32, Entry 4

Preparation of 3 M TBHP in DCHM®

In an oven-dried separating funnigdrt-butyl hydroperoxide (85 ml, 70%-8) was mixed with
DCM (140 ml). The resulting milky mixture was alled to stand until complete separation of

the phases had occurred. The organic layer wasaed and used without further drying.

A round bottom flask was flame dried under vacuoogled under nitrogen, and charged with
selenium dioxide (0.048 g, 0.44 mmol), DCM (2 nalydtert-butyl hydroperoxide (0.87 ml, 3 M
in DCM, 2.61 mmol). The resulting solution wagrstil at room temperature for 15 minutes
prior to the addition of enyn@l (0.234 g, 0.87 mmol) in DCM (2 ml). After a fueth8 h at
room temperature, tlc analysis indicated the comgiom of the starting material and, therefore,
the reaction mixture was concentrated and dirgailyfied via column chromatography (eluent:
0-40% diethyl ether in petrol) to yield the desiygdduct (0.121 g, 49% yield) as a colourless

oil.

Scheme 175, Table 32, Entry 5

A round bottom flask was flame dried under vacugogled under nitrogen, and charged with
selenium dioxide (0.006 g, 0.054 mmol), DCM (0.5,mandtert-butyl hydroperoxide (0.06 ml,
5.5 M in decane, 0.324 mmol). The resulting solutwas stirred at room temperature for 15
minutes prior to the addition of eny@é& (0.029 g, 0.11 mmol) in DCM (0.5 ml). After a fuer

8 h at room temperature, tlc analysis indicated desumption of the starting material and,
therefore, the reaction mixture was concentratedl afirectly purified via column
chromatography (eluent: 0-40% diethyl ether inqgtio yield the desired product (0.01 g, 32%

yield) as a colourless oil.

Table 33, Entry 1

A round bottom flask was flame dried under vacuoogled under nitrogen, and charged with
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selenium dioxide (0.021 g, 0.19 mmol), DCM (0.5 ,nalndtert-butyl hydroperoxide (0.19 ml, 3
M in DCM, 0.57 mmol). The resulting solution wasred at room temperature for 15 minutes
prior to the addition of enyn@1 (0.05 g, 0.19 mmol) in DCM (0.5 ml). After a fher 8 h at
room temperature, tlc analysis indicated the comdiom of the starting material and, therefore,
the reaction mixture was concentrated and dirgamilyfied via column chromatography (eluent:
0-40% diethyl ether in petrol) to yield the desig@duct (0.022 g, 41% yield) as a colourless

oil.

Table 33, Entry 2

A round bottom flask was flame dried under vacugogled under nitrogen, and charged with
selenium dioxide (0.005 g, 0.045 mmol), DCM (0.9,mahdtert-butyl hydroperoxide (0.19 ml,

3 M in DCM, 0.57 mmol). The resulting solution wstgred at room temperature for 15 minutes
prior to the addition of enyn@1 (0.05 g, 0.19 mmol) in DCM (0.5 ml). After a fher 8 h at
room temperature, tlc analysis indicated the comgiom of the starting material and, therefore,
the reaction mixture was concentrated and dirguilyfied via column chromatography (eluent:
0-40% diethyl ether in petrol) to yield the desimg@duct (0.014 g, 26% vyield) as a colourless
oil.

IR (CH,Cl): 1596, 3370 cit *H NMR (400 MHz, CDC}): 1.46 (s, 3H, Ch), 1.73-1.85 (m,
5H, alkyl protons and C¥)l, 1.96-2.01 (m, 2H, C), 2.14 (s, 3H, ArCH), 2.65 (dd,2J = 15.8
Hz,J = 9.2 Hz, 1H, benzylic C}), 3.12 (dd2J = 15.8 Hz,J = 5.2 Hz, 1H, benzylic C}), 3.81

(s, 3H, OCH), 4.51-4.56 (broad m, 1H, OCH), 5.06 (s, 1H, olefiCH), 5.36 (s, 1H, olefinic
CH), 6.79 (dJ = 8.7 Hz, 1H, ArH), 7.16 ppm (d,= 8.7 Hz, 1H, ArH)}*C 5(100 MHz, CDC}):

3.4, 115, 14.6, 29.3, 37.5, 43.5, 44.3, 55.6, 68533, 79.3, 106.7, 109.2, 124.0, 124.2, 133.5,
135.5, 154.1, 155.6 ppm; HRM8/z (ESI) Calc. for GoH2eNO, (M*+NH,): 302.2114. Found:
302.2119.
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Preparation of 1,2,3,4-tetrahydro-7-methoxy-4,8-¢lihyl-3-methylene-4-(pent-3-

ynyl)naphthalen-2-ol dicobalt hexacarbonyl complex.

118
\\\/\ Co,(CO)e

Scheme 176

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with petroleum ether (3 atkyne 116 (0.085 g, 0.30 mmol), and

dicobalt octacarbonyl (0.143 g, 0.42 mmol). Thsuléng red/brown solution was stirred at
room temperature for 2 h. After this time, tlc isa& indicated the consumption of starting
materiall16. The reaction was directly purifiada column chromatography (eluent: petrol) to
provide the desired cobalt compl&x8(0.169 g, 99% vyield) as a red oil.

IR (CH,Cly): 1644, 2013, 2044, 3352 &m'H NMR 5400 MHz, CDCH): 1.52 (s, 3H, Ch),
2.04-2.22 (m, 5H, alkyl CHand CH), 2.38-2.50 (m, 1H, alkyl CH), 2.53-2.79 (m, 5Hkyh
CH; and CH), 3.09-3.22 (m, 1H, alkyl CH), 3.82 (s, 3H, O§H4.48-4.61 (m, 1H, OCH), 5.12
(s, 1H, olefinic CH), 5.41 (s, 1H, olefinic CH),84. (d,J = 8.1 Hz, 1H, ArH), 7.18 ppm (d,=
8.1 Hz, 1H, ArH); HRMSm/z (ESI) Calc. for GsH2sCoNOg (M +NH,): 558.0473. Found:
588.0471.

3¢ analysis was not obtained for this molecule.
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Preparation of 5,6,7,11b-tetrahydro-6-hydroxy-9-noetjt3,8,11b-trimethyl-1H-pentaleno[1,6a-
a]naphthalen-4(2H)-one.

/ol OH,0
117 .

General Procedure A;

A round bottom flask, fitted with a condenser, Wiasne dried under vacuum prior to cooling
under a blanket of nitrogen. The vessel was cladavgth cobalt complexX 18 as a solution in
1,2-dichloroethane. To this solution was addededghinethyl sulfide and the resulting mixture
was heated to the appropriate temperature for libtdea time. Following this, the reaction
mixture was filtered through a plug of celite (eliteEtOAc). The filtrate was concentrated
under reduced pressure, and the resulting resichge purifiedvia column chromatography
(eluent: 0-100% diethyl ether in petrol).

Following General Procedure A, data are presented as (a) amount of cobalt cam(iievolume
of 1,2-DCE, (c) amount of DodSMe, (d) temperat@e¢ reaction time, and (f) reaction outcome.

Scheme 177, Table 34, Entry 1
(a) 0.028 g, 0.049 mmol, (b) 2 ml, (c) 0.05 ml,Drhmol, (d) 88C, (e) 16 h, and (f) 0.004 g,
26% vyield.

Scheme 177, Table 34, Entry 2
(a) 0.186 g, 0.33 mmol, (b) 13 ml, (c) 0.31 ml,5Lrimol, (d) 56C, (e) 24 h, and (f) 0% yield.

General Procedure B:

A round bottom flask was flame dried under vacuurorgo cooling under a blanket of nitrogen.
The vessel was charged with cobalt comdés as a solution in DCM. To this solution was
added TMANO.2HO in two portions and the resulting mixture wasret at the appropriate

temperature for the allotted time. Following thise reaction mixture was filtered through a
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plug of celite (eluent: EtOAc). The filtrate wasencentrated under reduced pressure, and the

resulting residue analyseéh 'H NMR spectrometry.

Following General Procedure B, data are presented as (a) amount of cobalt cam{fievolume
of DCM, (c) amount of TMANO.2kD, (d) temperature, (e) reaction time, and (f) tieac

outcome.

Scheme 178, Table 35, Entry 1
(a) 0.030 g, 0.053 mmol, (b) 2 ml, (c) 0.035 g,2008mol, (d) r.t., (e) 16 h, and (f) trace amounts

of desired product17were observed in the cruld NMR spectrum.

Scheme 178, Table 35, Entry 2
(a) 0.030 g, 0.053 mmol, (b) 2 ml, (c) 0.035 g,20rBmol, (d) 46C, (e) 1 h, and (f) trace

amounts of desired produtt7 were observed in the crulld NMR spectrum.

IR (CH,Cl,): 1670, 1704, 3369 cfin*H NMR (400 MHz, CDC}): 1.19 (s, 3H, alkyl Ch), 1.81
(s, 3H, vinylic CH), 2.07-2.16 (m, 5H, alkyl protons and ArgH2.30-2.39 (m, 1H, alkyl
proton), 2.50-2.71 (m, 4H, alkyl protons), 3.14 (d¢& 5.3 Hz,2J = 16.4 Hz, 1H, benzylic CH),
3.82 (s, 3H, OCH), 4.10-4.15 (m, 1H, OCH), 6.79 (d,= 8.7 Hz, 1H, ArH), 7.14 ppm (d,=
8.7 Hz, 1H, ArH); HRMSn/z(ESI) Calc. for GoH2503 (M*+H): 313.1798. Found: 313.1803.

Due to the small quantity of this material obtaingte’*C spectrum was very weak. Diagnostic
peaks include:

3¢ 0(125 MHz, CDC}): 8.8, 11.7, 23.6, 24.9, 33.7, 38.0, 43.1, 55(B6667.8, 109.3, 124.7,
132.6, 210.5 ppm.
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Preparation of 1,2,3,4-tetrahydro-7-methoxy-4,8-¢lihyl-3-methylene-4-(pent-3-
ynyl)naphthalen-2-yl acetate.

119a

Scheme 179, Table 36, Entry 1

A round bottom flask was flame dried under vacugogled under nitrogen, and charged with
alcohol 116 (0.074 g, 0.26 mmol) as a solution in DCM (2 midgpyridine (0.06 ml, 0.78
mmol). The resulting solution was cooled t&CObefore the dropwise addition of acetic
anhydride (0.075 ml, 0.78 mmol). After additiohetreaction was warmed to reflux and stirred
for 48 h. After this time, the reaction mixture svguenched with saturated sodium bicarbonate
solution, the organic layer separated, washed WhHCI (x 2) followed by brine. The organic
layer was then dried over sodium sulfate and canatdin vacuo The crude product was
purified by column chromatography (eluent: 0-10%tllyl ether in petrol) to yield the desired
productl19a(0.057 g, 67% yield) as a colourless liquid.

'H NMR 3(400 MHz, CDC}): 1.46 (s, 3H, Ch), 1.72-1.73 (m, 3H, alkyl protons), 1.84-1.90 (m,
1H, alkyl proton), 1.95-2.07 (m, 3H, alkyl proton&)11-2.12 (m, 6H, 2 x G} 2.77 (dd2J =
15.8 Hz,J = 9.2 Hz, 1H, benzylic C}), 3.10 (dd2) = 15.8 Hz,J = 5.2 Hz, 1H, benzylic CH,
3.82 (s, 3H, OCHh), 5.06 (s, 1H, olefinic CH), 5.24 (s, 1H, olefin@i#), 5.58-2.62 (broad m, 1H
OCH), 6.80 (d,J = 8.7 Hz, 1H, ArH), 7.16 ppm (dl = 8.7 Hz, 1H, ArH);**C 5100 MHz,
CDChk): 3.4, 11.5, 14.5, 21.3, 29.1, 34.5, 43.6, 4495571.7, 75.2, 79.2, 108.2, 109.3, 123.8,
1241, 132.9, 135.3, 149.1, 155.5, 170.1 ppm.

IR and accurate mass analyses were not obtainethi®compound.
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Preparation of 3-(ethoxymethoxy)-1,2,3,4-tetrahy@frmethoxy-1,5-dimethyl-2-methylene-1-
(pent-3-ynyl)naphthalene.

119b

Scheme 179, Table 36, Entry 2

A round bottom flask was flame dried under vacugogled under nitrogen, and charged with
alcohol 116 (0.018 g, 0.063 mmol) as a solution in DCM (2 mio this solution was added
triethylamine (0.03 ml, 0.21 mmol) followed by chdmethyl ethyl ether (0.02 ml, 0.19 mmol).
The resulting solution was stirred at room tempegafor 16 h. After this time, the reaction
mixture was quenched with water, the organic Isgparated, and washed with 1 M HCI (x 2)
followed by brine. The organic layer was then drever sodium sulfate and concentraied
vacua The crude product was purified by column chraygedphy (eluent: 0-50% diethyl ether
in petrol) to yield the desired produci9b(0.008 g, 37% yield) as a colourless liquid.

'H NMR (400 MHz, CDC}): 1.23 (t,J = 7.1 Hz, 3H, Ch), 1.45 (s, 3H, Ch), 1.64-1.74 (m,
4H, alkyl proton and alkyne G§ 1.91-2.10 (m, 3H, alkyl protons), 2.13 (s, 3H{4; 2.81 (dd,
2J = 15.8 Hz,J = 7.6 Hz, 1H, benzylic C}), 2.98 (dd2J = 15.8 Hz,J = 4.5 Hz, 1H, benzylic
CHy), 3.51-3.59 (m, 1H, OC#), 3.69-3.77 (m, 1H, OCH), 3.81 (s, 3H, OCEk), 4.45-4.49 (m,
1H, OCH), 4.73 (d2J = 15.5 Hz, 1H, OCkD), 4.75 (d2J = 15.5 Hz, 1H, OCHD), 5.11 (s, 1H,
olefinic CH), 5.32 (s, 1H, olefinic CH), 6.78 (d= 8.6 Hz, 1H, ArH), 7.14 ppm (d,= 8.6 Hz,
1H, ArH).

IR, *C, and accurate mass analyses were not obtainethi®molecule.
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Preparation of tert-butyl-1,2,3,4-tetrahydro((7-rheky-4,8-dimethyl-3-methylene-4-(pent-3-yn-
1-yl)naphthalen-2-yl)oxy)dimethylsilane.

@) OTBS

119c

W

Scheme 179, Table 36, Entry 3

A round bottom flask was flame dried under vacugogled under nitrogen, and charged with
alcohol 116 (0.01 g, 0.035 mmol) as a solution in DCM (1 mljo this solution was added
imidazole (0.006 g, 0.088 mmol) followed Igrt-butyldimethylsilyl chloride (0.008 g, 0.053
mmol). The resulting solution was stirred at rotemperature for 5 h. After this time, the
reaction mixture was quenched with saturated sodidgcarbonate solution, the organic layer
separated, washed with brine, dried over sodiufatgjland concentrated vacuo The crude
product was purified by column chromatography (etug@etrol) to yield the desired product
119¢(0.014 g, 100% vyield) as a colourless liquid.

IR (CH,Cl,): 1189, 1652, 2110 ch *H NMR 3(400 MHz, CDC#): 0.05 (s, 6H, SiCh), 0.97 (s
9H, 'BuSi), 1.41 (s, 3H, Ch), 1.41 (s, 3H, Ch), 1.92-2.01 (m, 4H, alkyl protons), 2.14 (s, 3H,
ArCHs), 2.53-2.61 (m, 1H, alkyl CH), 3.04-2.09 (m, 1kkya CH), 3.83 (s, 3H, ArOCh), 4.39-
4.43 (m, 1H, OCH), 5.00 (s, 1H, olefinic CH), 545 1H, olefinic CH), 6.80 (d] = 8.7 Hz, 1H,
ArH), 7.16 ppm (dJ = 8.7 Hz, 1H, ArH); HRMSm/z (ESI) Calc. for GsHzg0,Si (M*+H):
399.2714. Found: 399.2716.

13C analysis was not carried out on this compound.
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Attempted preparation of 2,4,5,6,7,11b-hexahydro€dhoxy-3,8,11b-trimethyl-4-oxo-1H-

pentaleno[1,6a-a]naphthalen-6-yl acetate.

Scheme 180, Table 37, Entry 1

A round bottom flask, fitted with a condenser, vilasne dried under vacuum prior to cooling
under a blanket of nitrogen. The vessel was cloangth alkynel19a(0.038 g, 0.12 mmol) as a
solution in 1,2-dichloroethane (1 ml). To thiswgain was added dicobalt octacarbonyl (0.048 g,
0.14 mmol) and the resulting red solution wasetifior 1 h. After this time, tlc analysis showed
consumption of the starting alkyne and a spot mtilie of the cobalt complex. Dodecylmethyl
sulfide (0.11 ml, 0.42 mmol) was added and the ltiegu mixture was heated to reflux.
Following this, the reaction mixture was filterdddugh a plug of celite (eluent: EtOAc). The
filtrate was concentrated under reduced pressun@,tle resulting residue was purifieth
column chromatography (eluent: 0-100% diethyl ethepetrol). None of the desired product

was isolated from this reaction; in fact, no ideakle product was obtained.
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Attempted preparation of 6-(ethoxymethoxy)-5,6 fF-tetrahydro-9-methoxy-3,8,11b-trimethyl-
1H-pentaleno[1,6a-a]naphthalen-4(2H)-one.

Scheme 180, Table 37, Entry 2

A round bottom flask, fitted with a condenser, vilasne dried under vacuum prior to cooling
under a blanket of nitrogen. The vessel was cliangth alkynel19b(0.007 g, 0.02 mmol) as a
solution in 1,2-dichloroethane (1 ml). To thiswgadn was added dicobalt octacarbonyl (0.011 g,
0.03 mmol) and the resulting red solution wasetifior 1 h. After this time, tlc analysis showed
consumption of the starting alkyne and a spot mtilie of the cobalt complex. Dodecylmethyl
sulfide (0.02 ml, 0.07 mmol) was added and the ltiegu mixture was heated to reflux.
Following this, the reaction mixture was filterdddugh a plug of celite (eluent: EtOAc). The
filtrate was concentrated under reduced pressacktte resulting residue was analysia *H
NMR. None of the desired product was observedhia spectrum; in fact, no identifiable

product was observed.
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Attempted preparation of 6-((tert-butyldimethylBibxy)-5,6,7,11b-tetrahydro-9-methoxy-
3,8,11b-trimethyl-1H-pentaleno[1,6a-a]naphthaler2dj-one.

Scheme 180, Table 37, Entry 3

A round bottom flask, fitted with a condenser, vilasne dried under vacuum prior to cooling
under a blanket of nitrogen. The vessel was claangth alkyne119¢(0.073 g, 0.18 mmol) as a
solution in 1,2-dichloroethane (9 ml). To thiswgain was added dicobalt octacarbonyl (0.086 g,
0.25 mmol) and the resulting red solution wasetifior 1 h. After this time, tlc analysis showed
consumption of the starting alkyne and a spot mtilie of the cobalt complex. Dodecylmethyl
sulfide (0.17 ml, 0.63 mmol) was added and the ltiegu mixture was heated to reflux.
Following this, the reaction mixture was filterdddugh a plug of celite (eluent: EtOAc). The
filtrate was concentrated under reduced pressackttee resulting residue was analyséal*H
NMR. None of the desired product was isolated fribnis reaction; in fact, no identifiable

product was isolated.
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Attempted  preparations of 5,11b-dihydro-9-methoy8y43 b-trimethyl-1H-pentaleno[1-
a]naphthalene-4(2H)-one.

Scheme 181, Table 38, Entry 1

A round bottom flask, fitted with a condenser, Wiiasne dried under vacuum prior to cooling
under a blanket of nitrogen. The vessel was cliangth 117(0.003 g, 0.01 mmol) as a solution
in toluene (1 ml). After the addition of tosic @qj0.001 g, 0.005 mmol) the reaction mixture
was headed to reflux and stirred for 16 h. Aftas time, tlc analysis indicated only starting
material to be present. The reaction mixture wascentrated under reduced pressure, diluted
with DCM, washed with water, dried and filtered. heT filtrate was evaporated to return
compoundl17(0.003 g, 100% vyield.)

Scheme 181, Table 38, Entry 2

A microwave vial was charged withl7 (0.003 g, 0.01 mmol), toluene (1 ml), and tosiadaci
(0.001 g, 0005 mmoal). The resulting mixture wasthd in the microwave (with cooling) at
125°C for 10 minutes. After this time, tlc analysis icated only starting material to be present.
The reaction mixture was concentrated under redpoeskure, diluted with DCM, washed with
water, dried and filtered. The filtrate was evaed to return compountil7 (0.003 g, 100%
yield.)

Scheme 182, Table 39, Entries1 and 2

A round bottom flask, was flame dried under vacuprnor to cooling under a blanket of
nitrogen. The vessel was charged wlifly (0.003 g, 0.01 mmol) as a solution in toluene (), ml
mesyl chloride (1.4ul, 0.018 mmol), and triethylami(2.5ul, 0.019 mmol). After 10 mins
stirring at room temperature, tlc analysis indidat® starting material to be present and a new
spot indicative of the mesylate derivative. DBUO(RI, 0.02 mmol) was added and the resulting

mixture was stirred at room temperature for 2 HterAthis time, tlc analysis indicated only the
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mesylate spot to be present, therefore, the renatigture was transferred to a microwave vial
and heated in the microwave (with cooling) at2%or 10 minutes. After this time, no change
was observed by tlc analysis. This crude reactanture was used in the following

experimental procedur&¢heme 178

Scheme 183

To the crude mixture obtained from the reactioncdbed above cheme 177, Table 39,
Entries 1 and 2) was added potassiutert-butoxide (0.006 g, 0.05 mmol) and the resulting
mixture was heated, under a sealed system, t6C2Qfsing a sand bath) for 16 h. After this
time, the reaction mixture was concentrated andysed directlyvia ‘H NMR. The spectrum
obtained showed no indication of the desired prgdirc fact no identifiable product was

observed.
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Preparation of (S)-2,3-dimethylbutan-1,3-dtét*"’

OH

Ho ™S

129

Scheme 187

A round bottom flask was flame dried under vacueogled under nitrogen and charged with
diethyl ether (2 ml) and methylmagnesium chloridgl$ ml, 3 M in THF, 22.35 mmol). To this
solution was added methy®)¢(+)-3-hydroxy-2-methylpropionaté26 (0.80 g, 6.77 mmol), in
diethyl ether (2 ml), dropwise, keeping the reactiemperature between 20°25(an ice bath
was necessary). The mixture was stirred at roonpégature for 2 hours before being quenched
with saturated ammonium chloride solution and eté@ thoroughly with diethyl ether (x 5).
The organics were washed with brine, dried ovefwodsulfate, and concentrated to yield the
desired diol129 (0.574 g, 72% vyield) as a colourless liquid. Thisiterial was used in

subsequent reactions without further purification.
IR (CH:Cly): 3346 cni; 'H NMR &(500 MHz, CDC#): 0.87 (d,J = 7.1 Hz, 3H, CH), 1.20 (s,

3H, CH), 1.28 (s, 3H, Ch), 1.79-1.86 (m, 1H, CH), 2.37 (bs, 2H, OH), 3.683pm (m, 2H,
OCH,); **C (100 MHz, CDCY): 13.3, 24.6, 30.1, 44.4, 66.6, 74.0 ppm.
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2,177

Preparation of (S)-3-hydroxy-2,3-dimethylbutyl-4thygbenzene sulfonat

OH

TsO/\‘)<

128

Scheme 187

An oven-dried round bottom flask was charged with @29(0.117 g, 0.99 mmol) and pyridine
(0.99 ml, 1 M). The resulting solution was cootedC and 4-toluenesulfonyl chloride (0.189
g, 0.99 mmol) was added before the flask was platedrefrigerator at% for 16 h. After this
time, the mixture was poured into iced water anmaexed with diethyl ether. The organics were
sequentially washed with water (x 2), 1 M HCI (x @nhd brine before being dried with sodium
sulfate and concentrated. The resulting cleadoesivas purifiedzia column chromatography
(eluent: 0-50% diethyl ether in petrol) to yieldytate128 (0.199 g, 74% yield) as a colourless
oil.

IR (CH.Cl,): 1176, 3546 ci, 'H NMR (500 MHz, CDC}): 0.97 (d,J = 7.0 Hz, 3H, CH),
1.13 (s, 3H, Ch), 1.20 (s, 3H, Ch), 1.82-1.90 (m, 1H, CH), 2.46 (s, 3H, ArgH3.94 (dd2J =
9.7, J= 7.5 Hz, 1H, OCH), 4.24 (dd) = 9.7,J = 7.5 Hz, 1H, OCH), 7.35 (d, = 8.1 Hz, 2H,
ArH), 7.80 ppm (d,J= 8.3 Hz, 2H, ArH);**C 5(100 MHz, CDC}): 12.9, 21.9, 26.3, 28.9, 43.6,
72.2,72.8,128.1, 130.1, 133.3, 145.0 ppm.
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Preparation of (R)-4-iodo-2,3-dimethylbutan-2281.

127

Scheme 187

A round bottom flask, fitted with a condenser, wksne dried under vacuum, cooled under
nitrogen, and charged with tosylat28 (0.197 g, 0.723 mmol) and THF (1.5 ml). Anhydrous
lithium iodide (0.116 g, 0.87 mmol) was added amel tesulting solution was refluxed for 2 h.
After this time, the solution was allowed to cooldadiethyl ether was added resulting in the
precipitation of a pale yellow solid. After filtian, the resulting filtrate was washed with
saturated ammonium chloride solution, dried ovetilso sulfate, and concentratéd vacuo
The resulting residue was purifieth column chromatography (eluent: 0-50% diethyl etiner

petrol) to deliver iodidd.27(0.177 g, 99% yield) as colourless oll.

IR (CHCl): 3360 cnt; *H NMR (500 MHz, CDC4): 1.12 (d,J = 6.9 Hz, 3H, Ch), 1.18 (s,
3H, CH), 1.27 (s, 3H, Ch), 1.83-1.90 (m, 1H, CH), 2.93 (df = 10.7 Hz J = 9.5 Hz , 1H,
CHal), 3.67-3.69 ppm (m, 1H, C#); **C 5(100 MHz, CDC4): 11.1, 16.3, 25.5, 28.8, 47.9, 73.4

ppm.
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Preparation of (R)-(3-hydroxy-2,3-dimethylbutylpinenylphosphonium iodid&?

OH

IPh3PY<

123

Scheme 188

An oven-dried round bottom flask, fitted with a demser, was charged with iodidi27 (0.433

g, 1.90 mmol), MeCN (13 ml), and triphenylphosphi{398 g, 15.2 mmol). The resulting
mixture was warmed to reflux and stirred for 48 After this time the solvent was removid
vacuoand the resulting residue was taken up in dietkiyér, which resulted in the precipitation
of a white solid. This mixture was stirred for in before filtration. The white solid obtained
was taken up in diethyl ether (30 ml) and stirredd further 20 min. After further filtration, the
white solid was dried under vacuum for 10 min telgiipurel23(0.699 g, 75% vyield). Note: the
addition of diethyl ether and filtration steps weepeated until no excess triphenyphosphine was

observed in théH NMR spectrum of the white solid.

Melting point: 165-167C

IR (CH:Cly): 3417 cnt; 'H NMR 3(400 MHz, CDC#): 0.55 (d,J = 6.9 Hz, 3H, Ch), 1.29 (s,
3H, CHg), 1.39 (s, 3H, Ch), 2.09-2.17 (m, 1H, CH), 2.83-2.93 (m, 1H, £Ph), 3.69 (s, 1H,
OH), 4.59 (t,J = 15.6 Hz, 1H, CHPPh), 7.69-7.73 (m, 6H, ArH), 7.78-7.81 (m, 3H, ArH),
7.95-8.00 ppm (m, 6H, ArH}C 5(100 MHz, CDC}): 17.2, 23.7, 25.7 (dJp.c= 51.4 Hz), 29.5,
39.8 (d,%Jp.c= 4.0 Hz), 73.7 (d*Jp.c= 12.0 Hz), 119.1 (d'Jp.c= 85.7 Hz), 130.6, (Jp.c=
12.4 Hz), 134.0 (£Jp.c= 9.9 Hz), 135.1 ppm (dJp.c= 3.0 Hz);*'P NMR 3(162 MHz, CDC}):
23.7 ppm; HRMSn/z(ESI) Calc. for GsH260OP (M*-1): 363.1872. Found: 363.1870.

See appendix for X-ray crystallography data fostbompound (pg. 277).
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Preparation of (S)-3-(benzyloxy)-2,3-dimethylbutyirethylbenzenefulfonate.

OBn

TSOY<

132

Scheme 189

A 3-necked round bottom flask was flame dried ungaruum prior to cooling under a blanket
of nitrogen. The vessel was charged with alcdigd (0.051 g, 0.19 mmol), DCM (0.25 ml),
and cyclohexene (0.50 ml). The resulting solutieas cooled to T prior to the dropwise
addition of benzyl-2,2,2-trichloroacetimidate (0.0¥, 0.22 mmol) and trifluoromethanesufonic
acid (1.7 pl, 0.019 mmol). The mixture was theloveéd to warm to room temperature and
stirred for 5 h. After this time, the reaction muse was diluted with DCM and washed with 1 M
NaOH solution. The organic layer was separatettddover sodium sulfate, filtered, and
concentratedn vacuo The crude residue was purified via column chromeaphy (eluent: O-
30% diethyl ether in petrol) to yield the desiredquct (0.056 g, 86% yield) as a colourless oil.

IR (CH:Cl,): 1360, 3031 ci; 'H NMR &(400 MHz, CDC#): 1.02 (d,J = 6.9 Hz, 3H, Ch),
1.15 (s, 3H, Ch), 1.23 (s, 3H, Ch), 2.06-2.13 (m, 1H, CH), 2.44, (s, 3H, ArgH3.92 (dd?J =

9.4 Hz,J = 8.6 Hz, 1H, Ch), 3.71 ppm (dd?J = 9.5 Hz,J = 3.8 Hz, 1H, Ch), 4.35 (s, 2H,
OCHy), 7.21-7.32 (m, 7H, ArH), 7.78 ppm (d,= 8.3 Hz, 2H, ArH):**C 5(100 MHz, CDC}):
12.8, 21.8, 22.2, 24.0, 41.7, 63.4, 72.8, 76.6,.2,2¥27.9, 128.1, 129.2, 129.9, 133.2, 139.5,
144.7 ppm; HRMSn/z(ESI) Calc. for GoHzoNO4S (M*+NH,): 380.1890. Found: 380.1888.
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Preparation of (R)-(((4-iodo-2,3-dimethylbutan-2egty)methyl)benzene.

OBn

e

133

Scheme 189

An oven-dried round bottom flask, fitted with a demser, was charged with tosyla&2 (0.050

g, 0.14 mmol), THF (1 ml), and anhydrous lithiundiake (0.028 g, 0.21 mmol). The resulting
mixture was warmed to reflux and stirred for 2 After this time, the reaction mixture was
allowed to cool to room temperature prior to thdiadn of diethyl ether (10 ml), which, resulted
in the formation of a pale yellow precipitate. dftfiltration of the solid, the filtrate was
evaporatedn vacuo The resulting residue was purifigéh column chromatography (eluent: O-

10% diethyl ether in petrol) to furnish iodid83(0.043 g, 97% yield) as a colourless oil.

IR (CH.Cl,): 1496, 2976, 3030 chm *H NMR 3(500 MHz, CDC}): 1.15 (d,J = 6.9 Hz, 3H,
CHs), 1.20 (s, 3H, Ch), 1.30 (s, 3H, CH), 2.12-2.19 (m, 1H, CH), 2.93 (dtl] = 11.0 Hz,J =

9.4 Hz, 1H, CH), 3.72-3.75 (m, 1H, Ch), 4.43 (s, 2H, OCH, 7.26-7.29 (m, 1H, ArH), 7.33-
7.37 ppm (m, 4H, ArH)**C 5(125 MHz, CDC}): 11.5, 16.0, 21.7, 24.0, 45.8, 63.7, 78.0, 127.5
(2xC), 128.6, 139.6 ppm; HRM®&/z (ESI) Calc. for GsH23INO (M*+NH,4): 336.0819. Found:
336.0820.
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Preparation of (R)-(3-(benzyloxy)-2,3-dimethylb)typhenylphosphonium iodide.

OBn

IPh3P/\‘)<

130

Scheme 189

An oven-dried round bottom flask, fitted with a demser, was charged with iodidi83 (0.089

g, 0.28 mmol), MeCN (2 ml), and triphenylphosphii@®e584 g, 2.23 mmol). The resulting
mixture was warmed to reflux and stirred for 48 After this time the solvent was removed
vacuoand the resulting reside was taken up in dietthgre which resulted in the precipitation of
a white solid. This mixture was stirred for 20 ntafore filtration. The white solid obtained
was taken up in diethyl ether (30 ml) and stirredd further 20 min. After further filtration, the
white solid was dried under vacuum for 10 min telgiipure130(0.115 g, 74% yield). Note: the
addition of diethyl ether and filtration steps weepeated until no excess triphenyphosphine was

observed in théH NMR spectrum of the white solid.

Melting point: 174-176C.

IR (CH:Cly): 1438, 2979, 3055cth 'H NMR 5(400 MHz, CDC}): 0.69 (d,J = 6.9 Hz, 3H,
CHs), 1.28 (s, 3H, Ch), 1.46 (s, 3H, Ch), 3.57-3.66 (m, 1H, CH), 3.80-3.88 (m, 1H, CH¥4.
(d, %) = 10.4 Hz, 1H, CH), 4.53 (d) = 10.4 Hz, 1H, CH), 7.51-7.56 (m, 7H, ArH), 7.6BF
(m, 13H, ArH);**C 5(100 MHz, CDC}): 16.6, 19.1, 23.7, 24.4 (Hp.c= 51.6 Hz), 39.4 (Jp.c

= 4.1 HZ), 64.6, 79.3, 118.9 (tlp.c= 85.5 Hz), 127.9, 128.8, 130.4, 130.5%@h.c= 12.5 Hz),
134.2 (d,Jp.c= 10.1 Hz), 135.0 (d'Jp.c= 3.0 Hz), 139.0 ppnt:P NMR (162 MHz, CDCY):

23.8 ppm; HRMSn/z(ESI) Calc. for GiH3,OP (M'™-I"): 453.2342. Found: 453.2338.
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Attempted preparations of 1-(2-(tert-butyldimethigbsy)ethyl)-6-methoxy-1,5-
dimethylnaphthalen-2(1H)-one.

CC
O

122 OTBS

General Procedure A:

A 3-necked round bottom flask was flame dried ungeruum prior to cooling under a blanket
of nitrogen. The vessel was charged with dry THHE diiso-propylamine before cooling to
0°C. To the solution was addéauLi slowly and the resulting mixture was stirreat L0 min.
Following this, the reaction mixture was cooled78°C and keton®9 was added. After 30 min
PhSeX was added and the reaction warmed to ré@m After a further 20 minutes the solution
was washed with 1 M HCI, water, and saturated sodiicarbonate. The organics were dried
with sodium sulfate and concentrated. Followinig,tthe crude oil was taken up in DCM and
the solution was cooled td®@ prior to addition of HO,. After 10 minutes at this temperature
the reaction was quenched with water and the ocgaseparated, dried, and concentrated to

afford a pale yellow oil.

Following General Procedure A, data are reported as (a) volume of THF, (b) va@whdiiso-
propylamine, (c) volume dBuLi, (d) amount of keton@9, (e) amount of PhSeX, (f) volume of
DCM, (g) volume of HO,, and (h) product yield.

Scheme 190, Table 40, Entry 1

(@ 5 ml, (b) 0.04 ml, 0.3 mmol, (c) 0.11 ml, 2.5iMhexanes, 0.275 mmol, (d) 0.091 g, 0.25
mmol, (e) PhSeCl, 0.058 g, 0.3 mmol, (f) 2 ml,@d)6 ml, 0.88 mmol, and (h) 0%.
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Scheme 190, Table 40, Entry 2
(@) 5 ml, (b) 0.06 ml, 0.4 mmol, (c) 0.14 ml, 2.5iiMhexanes, 0.35 ml, (d) 0.11 g, 0.3 mmol, (e)
PhSeBr, 0.078 g, 0.36 mmol, (f) 2 ml, (g) 0.07 in03 mmol, and (h) 0%.

Scheme 191

A 3-necked round bottom flask was flame dried ungeruum prior to cooling under a blanket
of nitrogen. The vessel was charged with keté8g0.10 g, 0.28 mmol), DMSO (0.9 ml),
toluene (1.7 ml), and IBX (0.157 g, 0.56 mmol). eTtesultant solution was heated t&Q@dor

16 h, after which, the reaction mixture was quedckéth a saturated solution of sodium
bicarbonate. The mixture was extracted with DCMshed with water, then brine, and the
organics separated. The organics were dried @Bus sulfate, filtered, concentratadvacuq
and analysed directlyia ‘H NMR. The spectrum obtained showed no indicatibthe desired

product; in fact no identifiable product was obsehat all.

247



Preparation of tert-butyl(2-(1,4-dihydro-6-methokyb-dimethyl-2-
((trimethylsilyl)oxy)naphthalen-1-yl)ethoxy)dimegilane.

0
OTMS

134
OTBS

Scheme 192

A 3-necked round bottom flask, was flame dried un@deuum prior to cooling under a blanket
of nitrogen. The vessel was charged with a satutibketone99 (0.606 g, 1.67 mmol) in dry
DCM (18 ml) and triethylamine (0.70 ml, 5.02 mmbRfore being cooled to °6. To this
solution was added TMSOTf (0.45 ml, 2.51 mmol) dvige and the resulting mixture was
stirred for 30 minutes. After this time, the sadat was quenched with saturated sodium
bicarbonate solution and extracted with DCM. Thgaaic extracts were combined, dried over
sodium sulfate, and concentratén vacuo The crude product was purified by column
chromatography (eluent: petroleum ether) to yiblkel desired produd34 (0.610 g, 84% yield)

as a colourless liquid.

IR (CH.CL,): 1687 cnl; '*H NMR 3400 MHz, CDC}): -0.05 (s, 6H, SiCh, 0.25 (s, 9H,
SiCHs), 0.82 (s, 9H, SBu), 1.35 (s, 3H, alkyl Ck), 1.85-1.91 (m, 1H, alkyl CH), 2.11 (s, 3H,
ArCHz), 2.19-2.26 (m, 1H, alkyl CH), 3.06-3.12 (m, 1HCB), 3.26 (t,J = 3.8 Hz, 2H, ring
CHy), 3.41-3.47 (m, 1H, OCH), 3.82 (s, 3H, ArOgH4.93 (t,J = 3.8 Hz, 1H, olefinic CH), 6.79
(d,J = 8.8 Hz, 1H, ArH), 7.19 ppm (d,= 8.7 Hz, 1H, ArH);*C 5(125 MHz, CDC}): -5.0, 0.6,
11.3, 18.5, 26.2, 28.2, 30.0, 40.5, 43.5, 55.81,848.8, 109.3, 123.0, 124.6, 133.1, 134.1, 152.1,
155.3 ppm.

Due to the sensitive nature of this compound, hggolution mass spectrometry data could not

be obtained.
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Preparation of 1-(2-(tert-butyldimethylsiloxy)etj¥d-methoxy-1,5-dimethylnaphthalen-2(1H)-

one.

T
@]

122 OTBS

Scheme 193

A 3-necked round bottom flask, was flame dried unadeuum prior to cooling under a blanket
of nitrogen. The vessel was charged a solutiorrafl etherl34 (0.610 g, 1.40 mmol) in
acetonitrile (6 ml) and palladium acetate (0.341.§4 mmol). The resulting mixture was gently
heated (4%C) for 16 h before being concentratid vacuoand purified directly by column
chromatography (eluent: 0-5% diethyl ether in geti furnish the desired enone (0.434 g, 86%
yield) as a colourless oil.

Scheme 194

A 3-necked round bottom flask, fitted with a consien was flame dried under vacuum prior to
cooling under a blanket of nitrogen. To the vessa$ added palladium acetate (0.01 g, 0.045
mmol) as a solution in acetonitrile (3 ml) and bj&¢diphenylphosphino)ethane (0.013 g, 0.032
mmol) prior to being heated to reflux. After 10nuies, diallylcarbonate (0.04 ml, 0.31 mmol)
was added slowly down the condenser followed hy sitol etherl34(0.097 g, 0.22 mmol) as a
solution in acetonitrile (1 ml). The resulting mixe was stirred for 40 h before being
concentratedn vacuoand analysed directlyia *H NMR spectroscopy. The spectrum obtained
showed only trace amounts of the desired eld@2e

Scheme 195
To a microwave vial was addeiB4 (0.087 g, 0.2 mmol), palladium acetate (0.009 @40.
mmol), 1,2-bis(diphenylphosphino)ethane (0.016 .940nmol), diallylcarbonate (0.09 ml, 0.6

mmol), and MeCN (1 ml). The resulting mixture wae-stirred for 60 seconds prior to being
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heated under microwave irradiation (with cooling) 80 minutes at 16C. After this time, the
resulting mixture was concentrated vacuoand analysed directlyia *H NMR spectroscopy.

The spectrum obtained showed a complex mixtureadycts.

IR (CH.Cly): 1573, 1661 cit, *H NMR 5(400 MHz, CDC}): -0.13 (s, 6H, SiCh), 0.76 (s, 9H,
Si'Bu), 1.39 (s, 3H, alkyl Cl), 2.04-2.09 (m, 1H, alkyl CH), 2.35 (s, 3H, ArgH2.52-2.58 (m,
1H, alkyl CH), 3.21-3.24 (m, 2H, OGH 3.85 (s, 3H, ArOCh), 6.17 (d,J = 10.3 Hz, 1H,
olefinic H), 6.92 (dJ = 8.6 Hz, 1H, ArH), 7.22 (d] = 8.6 Hz, 1H, ArH), 7.76 ppm (d,= 10.5
Hz, 1H, olefinic H);**C 5(125 MHz, CDC}): -5.3, 10.9, 18.4, 26.0, 29.9, 44.8, 49.1, 5699,
112.1, 124.7, 125.1, 125.4, 128.9, 138.1, 140.5,11503.8 ppm; HRM3n/z (ESI) Calc. for
C21H330:Si (M*+H): 361.2193. Found 361.2192.
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Attempted preparation of (2-(2-((S)-3-(benzyloxy-@imethylbutylidene)-1,2-dihydro-6-
methoxy-1,5-dimethylnaphthalen-1-yl)ethoxy)(tetyhdimethylsilane.

O
: OBn
ST

135 OTBS

Scheme 196

A round bottom flask was flame dried under vacuurargo cooling under a blanket of nitrogen.
The vessel was charged with phosphonium X2 (0.083 g, 0.15 mmol) and dry THF (2 ml).
To this solution was added potassitert-butoxide (0.016 g, 0.14 mmol) and the white soluti
was stirred for 2 h. After this time, enoh22 (0.018 g, 0.05 mmol) was added and the reaction
mixture was stirred at room temperature for 24 The reaction mixture was quenched with
saturated ammonium chloride solution and extractétl diethyl ether. The organics were
washed with brine, dried over sodium sulfate, fdte and concentrated. The resulting residue
was analysedia 'H NMR spectroscopy, which showed that none of tasirdd product had

been formed.
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Attempted preparations of (3S)-4-(1-(2-((tert-bdigiethylsilyl)oxy)ethyl)-6-methoxy-1,5-
dimethylnaphthalen-2(1H)-ylidene)-2,3-dimethylbugaol.

O
1 OH
N

General Procedure A

A round bottom flask was flame dried under vacuurorgo cooling under a blanket of nitrogen.

The vessel was charged with phosphoniumsz8tand the appropriate solvent. To this solution
was added base and the resulting mixture wasdtineappropriate time. After this time, enone
122 was added as a solution and the reaction mixta® stirred at room temperature for 24 h.
The reaction mixture was quenched with saturatech@mum chloride solution and extracted

with diethyl ether. The organics were washed wiihe, dried over sodium sulfate, filtered, and

concentrated. The resulting residue was analyisetH NMR spectroscopy.

Following General Procedure A, the data are presented as (a) amourit28f (b) solvent, (c)

base, (d) time, (e) amount B22in volume of solvent, and (f) reaction outcome.

Scheme 197, Table 41, Entry 1
(a) 0.10 g, 0.20 mmol, (b) THF, 1 ml, (c) KD, 0.046 g, 0.41 mmol, (d) 2 h, (e) 0.018 g, 0.051
mmol in 0.5 ml of THF, and (f) only starting matdrobserved.

Scheme 197, Table 41, Entry 2

(a) 0.10 g, 0.20 mmol, (b) £, 1 ml, (c) KOBu, 0.046 g, 0.41 mmol, (d) 2 h, (e) 0.018 g, 0.051

mmol in 0.5 ml of EO, and (f) only starting material observed.
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General Procedure B

A round bottom flask was flame dried under vacuuiargo cooling under a blanket of nitrogen.
The vessel was charged with phosphonium X2t enonel22 and the appropriate solvent. To
this solution was added base and the resultingumgxtvas stirred for 24 h. After this time the
reaction mixture was quenched with saturated amamorghloride solution and extracted with
diethyl ether. The organics were washed with broveed over sodium sulfate, filtered, and

concentrated. The resulting residue was analysetH NMR spectroscopy.

Following General Procedure B, the data are presented as (a) amourit2df (b) amount of

enonel22 (c) solvent, (d) base, and (e) reaction outcome.

Scheme 197, Table 41, Entry 3
(a) 0.10 g, 0.20 mmol, (b) 0.018 g, 0.051 mmol, TEF, 1 ml, (d) KCBu, 0.046 g, 0.41 mmol,

and (e) only starting material observed.

Scheme 197, Table 41, Entry 4
(a) 0.10 g, 0.20 mmol, (b) 0.018 g, 0.051 mmol, T, 1 ml, (d) KCBu, 0.023 g, 0.205 mmol,

and (e) only starting material observed.

General Procedure C

A round bottom flask, containing lithium chloridejas flame dried under vacuum prior to
cooling under a blanket of nitrogen. The vessel wla@rged with phosphonium sdle3 the
appropriate solvent, and held at the appropriatgpézature. To this solution was added base
and the resulting mixture was stirred for the appede time. After this time, enor22 was
added and the reaction mixture was kept at theogpjate temperature for 24 h. The reaction
mixture was quenched with saturated ammonium adosolution and extracted with diethyl
ether. The organics were washed with brine, dreer sodium sulfate, filtered, and

concentrated. The resulting residue was analyisetH NMR spectroscopy.

Following General Procedure C, the data are presented as (a) amount of LiClaghyunt of
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123 (c) solvent, (d) temperature, (e) base, (f) tifgg,amount ofLl22, (h) temperature, and (i)

reaction outcome.

Scheme 198, Table 42, Entry 1
(a) 0.026 g, 0.62 mmol, (b) 0.076 g, 0.15 mmol, Te)F, 1 ml, (d) 6C, (e) (Mes)Mg, 0.32 ml,
0.48 M in THF, 0.15 mmol, (f) 30 min, (g) 0.025@07 mmol, (h) AC (refrigerator), and (i)

only starting material observed.

Scheme 198, Table 42, Entry 2
(a) none, (b) 0.054 g, 0.11 mmol, (cy@&t 1 ml, (d) r.t., (e) MeLi, 0.14 ml, 1.6 M in &, 0.22
mmol, (f) 2 h, (g) 0.026 g, 0.072 mmol, (h) r.tad&(i) only starting material observed.

Scheme 198, Table 42, Entry 3
(a) 0.004 g, 0.09 mmol, (b) 0.045 g, 0.09 mmol Egp, 1 ml, (d) r.t., (e) MeLi, 0.11 ml, 1.6 M
in ELO, 0.18 mmol, (f) 2 h, (g) 0.022 g, 0.061 mmol, (t), and (i) only starting material

observed.

Scheme 198, Table 42, Entry 4

Preparation of the 1.6 M MeLi solution inJ&x containing 0.4 wt% LiCl

An oven-dried Schlenk tube was flame dried undeuuan prior to cooling under a blanket of
nitrogen. Lithium chloride (0.029 g, previouslarihe dried) and MeLi (10 ml, 1.6 M in J&x)
was added to the Schlenk tube. This solution wegst kinder an inert atmosphere and used

within the subsequent reaction.

A round bottom flask was flame dried under vacuurargo cooling under a blanket of nitrogen.
The vessel was charged with phosphoniumis28t(0.206 g, 0.42 mmol) and dry diethyl ether (2
ml). To this solution was added the previouslypared MeLi solution (0.48 ml, 1.6 M in £
(0.4 wt% LiCl), 0.77 mmol) and the resulting briglked solution was stirred for 15 mins. After
this time, enoné22(0.05 g, 0.14 mmol) was added and the reactionurextvas stirred at room
temperature for 24 h. The reaction mixture wasngbed with saturated ammonium chloride

solution and extracted with diethyl ether. Theamigs were washed with brine, dried over
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sodium sulfate, filtered, and concentrated. Thaulting residue was analyseda 'H NMR

spectroscopy, which showed none of the desireduystd@4.
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Appendix

1. NOSEY spectrum for compougid pg. 265
2."H NMR spectrum of compou88 (expansion of the aliphatic region) pg. 266
3. X-ray crystallography data for compouh@d9 pg. 267
4. X-ray crystallography data for compouh?3 pg 277
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1. NOSEY spectrum for compogid
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2."H NMR spectrum of compou®8 (expansion of the aliphatic region)
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3. X-ray crystallography data for compouh@d©

Table 1. Crystal data and structure refinemenbfor28jan09.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

bk_28jan09
C20 H24 02
296.39
123(2) K
0.71073 A
Monoclinic
R

a =10.4995(4) A 1= 90°.
b = 15.4913(5) A 1= 101.117(3)°.
c=9.8227(3) A 1 =90°.

1567.69(9) &
4
1.256 MgAm
0.079 mih
640
0.25 x 0.22 x 0.22 mfn
2.49 t0 29.77°.

-14<=h<=14, -21<=k<=18, -12<=I<=12

11038
3962 [R(int) = 0.0375]
99.6 %

Semi-empirical from equivaken
1.00000 and 0.99872
Full-matrix least-squares én F

3962 /0/203

0.933

R1 =0.0482, wR2 9925

R1 =0.0925, wR2 = 0.1022
0.298 and -0.257%.A



Table 2. Atomic coordinates ( x4Gnd equivalent isotropic displacement paramé#e?s 10%)

for bk_28jan09. U(eq) is defined as one thirdhef trace of the orthogonalized tnsor.

X y z U(eq)
0(1) 5066(1) -1171(1) 2829(1) 26(1)
0(2) 11925(1) 1740(1) -402(1) 20(1)
c(1) 5522(2) -455(1) 2730(1) 19(1)
C(2) 6840(2) -276(1) 2368(2) 19(1)
C(3) 6851(1) 707(1) 2153(1) 16(1)
C4) 5769(2) 1001(1) 2855(1) 16(1)
C(5) 4956(2) 371(1) 3061(1) 18(1)
C(6) 3738(2) 422(1) 3629(2) 24(1)
C(7) 5967(2) 1917(1) 3336(2) 21(1)
C(8) 7309(2) 2151(1) 3017(2) 21(1)
C(9) 8006(2) 1282(1) 2832(1) 16(1)
C(10) 9031(1) 1409(1) 1935(1) 15(1)
c(11) 8862(2) 1125(1) 551(1) 16(1)
C(12) 7611(2) 703(1) -136(1) 18(1)
C(13) 6499(1) 915(1) 595(1) 17(1)
C(14) 8631(2) 936(1) 4271(2) 24(1)
C(15) 10175(2) 1834(1) 2493(2) 20(1)
C(16) 11146(2) 1966(1) 1747(2) 20(1)
Cc(17) 10988(1) 1651(1) 407(2) 16(1)
C(18) 9853(2) 1231(1) -214(1) 16(1)
C(19) 9688(2) 906(1) -1685(1) 19(1)
C(20) 13107(2) 2147(1) 205(2) 29(1)
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Table 3. Bond lengths [A] and angles [°] for bBjah09.

0(1)-C(1)
0(2)-C(17)
0(2)-C(20)
C(1)-C(5)
C(1)-C(2)
C(2)-C(3)
C(2)-H(2A)
C(2)-H(2B)
C(3)-C(4)
C(3)-C(13)
C(3)-C(9)
C(4)-C(5)
C(4)-C(7)
C(5)-C(6)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(7)-C(8)
C(7)-H(7A)
C(7)-H(7B)
C(8)-C(9)
C(8)-H(8A)
C(8)-H(8B)
C(9)-C(10)
C(9)-C(14)
C(10)-C(15)
C(10)-C(11)
C(11)-C(18)
C(11)-C(12)
C(12)-C(13)
C(12)-H(12A)
C(12)-H(12B)
C(13)-H(13A)
C(13)-H(13B)
C(14)-H(14A)
C(14)-H(14B)

1.2203(17)
1.3855(16)
1.4170(18)
1.473(2)
1.519(2)
1.5377(19)
0.9900
0.9900
1.509(2)
1.5379(19)
1.548(2)
1.337(2)
1.498(2)
1.4928(19)
0.9800
0.9800
0.9800
1.544(2)
0.9900
0.9900
1.560(2)
0.9900
0.9900
1.5293(19)
1.536(2)
1.386(2)
1.407(2)
1.4060(19)
1.506(2)
1.5198(19)
0.9900
0.9900
0.9900
0.9900
0.9800
0.9800



C(14)-H(14C)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(18)-C(19)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)

C(17)-0(2)-C(20)
O(1)-C(1)-C(5)
O(1)-C(1)-C(2)
C(5)-C(1)-C(2)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2B)
C(3)-C(2)-H(2B)

H(2A)-C(2)-H(2B)

C(4)-C(3)-C(2)
C(4)-C(3)-C(13)
C(2)-C(3)-C(13)
C(4)-C(3)-C(9)
C(2)-C(3)-C(9)
C(13)-C(3)-C(9)
C(5)-C(4)-C(7)
C(5)-C(4)-C(3)
C(7)-C(4)-C(3)
C(4)-C(5)-C(2)
C(4)-C(5)-C(6)
C(1)-C(5)-C(6)
C(5)-C(6)-H(6A)
C(5)-C(6)-H(6B)

0.9800
1.3809(19)
0.9500
1.383(2)
0.9500
1.391(2)
1.5081(19)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

117.66(11)
126.21(14)
125.02(14)
108.56(12)
104.12(12)

110.9
110.9
110.9
110.9
109.0

102.11(11)
109.51(12)
109.65(11)
103.10(11)
122.47(12)
109.06(11)
134.26(13)
114.09(12)
111.00(12)
107.67(13)
129.49(14)
122.67(13)

109.5
109.5
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H(6A)-C(6)-H(6B)
C(5)-C(6)-H(6C)
H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
C(4)-C(7)-C(8)
C(4)-C(7)-H(7A)
C(8)-C(7)-H(7A)
C(4)-C(7)-H(7B)
C(8)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8A)
C(9)-C(8)-H(8A)
C(7)-C(8)-H(8B)
C(9)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(10)-C(9)-C(14)
C(10)-C(9)-C(3)
C(14)-C(9)-C(3)
C(10)-C(9)-C(8)
C(14)-C(9)-C(8)
C(3)-C(9)-C(8)
C(15)-C(10)-C(11)
C(15)-C(10)-C(9)
C(11)-C(10)-C(9)
C(18)-C(11)-C(10)
C(18)-C(11)-C(12)
C(10)-C(11)-C(12)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12A)
C(13)-C(12)-H(12A)
C(11)-C(12)-H(12B)
C(13)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(12)-C(13)-C(3)
C(12)-C(13)-H(13A)
C(3)-C(13)-H(13A)
C(12)-C(13)-H(13B)

109.5
109.5
109.5
109.5
103.60(11)
111.0
111.0
111.0
111.0
109.0
106.77(12)
110.4
110.4
110.4
110.4
108.6
110.61(12)
113.97(11)
110.82(12)
110.76(11)
108.71(12)
101.55(12)
117.96(13)
119.07(13)
122.96(13)
120.73(14)
118.88(12)
120.40(12)
112.19(11)
109.2
109.2
109.2
109.2
107.9
111.46(12)
109.3
109.3
109.3
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C(3)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
C(9)-C(14)-H(14A)
C(9)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(9)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
C(16)-C(15)-C(10)
C(16)-C(15)-H(15)
C(10)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
C(16)-C(17)-0(2)
C(16)-C(17)-C(18)
0(2)-C(17)-C(18)
C(17)-C(18)-C(11)
C(17)-C(18)-C(19)
C(11)-C(18)-C(19)
C(18)-C(19)-H(19A)
C(18)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(18)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
0(2)-C(20)-H(20A)
0(2)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
0(2)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)

109.3
108.0
109.5
109.5
109.5
109.5
109.5
109.5
122.19(14)
118.9
118.9
119.15(14)
120.4
120.4
122.84(14)
121.19(13)
115.96(12)
118.69(13)
120.46(12)
120.85(13)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate equitatems:
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Table 4. Anisotropic displacement parametefx (£0%)for bk_28jan09. The anisotropic

displacement factor exponent takes the form:3h2a*2Ull + ... + 2 h k a* b* U2]

U11 U22 U33 U23 Ul3 U12
o(1) 32(1) 17(1) 30(1) 1(1) 6(1) -7(1)
0(2) 14(1) 24(1) 23(1) 1(1) 5(1) -1(1)
c@) 23(1) 19(1) 14(1) 1(1) 0(1) -4(1)
c(2) 22(1) 14(1) 22(1) 0(1) 5(1) 2(1)
c@3) 16(1) 13(1) 18(1) 1(1) 4(1) -1(1)
C(4) 18(1) 17(1) 14(1) 1(1) 0(1) 3(1)
C(5) 19(1) 20(1) 15(1) 1(1) 2(1) 0(1)
C(6) 23(1) 28(1) 22(1) 1(1) 6(1) -3(1)
c(7) 23(1) 16(1) 26(1) -2(1) 6(1) 0(1)
C(8) 22(1) 16(1) 24(1) -6(1) 5(1) -3(1)
C(9) 15(1) 18(1) 16(1) -1(1) 2(1) -1(1)
C(10) 16(1) 13(1) 17(1) 1(1) 2(1) 2(1)
C(11) 17(1) 12(1) 17(1) 2(1) 1(1) 1(1)
C(12) 19(1) 18(1) 14(1) -1(1) 1(1) -3(1)
C(13) 16(1) 16(1) 18(1) -1(1) 1(1) -3(1)
C(14) 22(1) 33(1) 17(1) 2(1) 3(1) -3(1)
C(15) 20(1) 20(1) 17(1) -4(1) 2(1) -1(1)
C(16) 15(1) 21(1) 22(1) -2(1) 0(1) -2(1)
C(17) 15(1) 15(1) 20(1) 4(1) 5(1) 4(1)
C(18) 18(1) 13(1) 17(1) 2(1) 2(1) 3(1)
C(19) 17(1) 21(1) 19(1) -1(1) 4(1) 0(1)
C(20) 19(1) 39(1) 31(1) -1(1) 6(1) -9(1)
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Table 5. Hydrogen coordinates ( X$18nd isotropic displacement parameterd(A0%)

for bk_28jan09.

X y z U(eq)
H(2A) 6935 -585 1510 23
H(2B) 7550 -455 3132 23
H(6A) 3796 907 4278 36
H(6B) 3621 -117 4115 36
H(6C) 2996 508 2866 36
H(7A) 5968 1965 4341 26
H(7B) 5281 2297 2821 26
H(8A) 7819 2488 3790 25
H(8B) 7207 2500 2158 25
H(12A) 7735 69 -139 21
H(12B) 7383 898 -1113 21
H(13A) 5723 577 169 20
H(13B) 6281 1535 470 20
H(14A) 9122 410 4166 36
H(14B) 7951 804 4797 36
H(14C) 9218 1373 4768 36
H(15) 10294 2041 3419 23
H(16) 11914 2268 2149 24
H(19A) 10511 964 -2007 29
H(19B) 9017 1244 -2285 29
H(19C) 9430 297 -1717 29
H(20A) 12931 2740 462 44
H(20B) 13689 2155 -464 44
H(20C) 13517 1827 1035 44
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Table 6. Torsion angles [°] for bk_28jan09.

0(1)-C(1)-C(2)-C(3)
C(5)-C(1)-C(2)-C(3)
C(1)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(13)
C(1)-C(2)-C(3)-C(9)
C(2)-C(3)-C(4)-C(5)
C(13)-C(3)-C(4)-C(5)
C(9)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(7)
C(13)-C(3)-C(4)-C(7)
C(9)-C(3)-C(4)-C(7)
C(7)-C(4)-C(5)-C(1)
C(3)-C(4)-C(5)-C(1)
C(7)-C(4)-C(5)-C(6)
C(3)-C(4)-C(5)-C(6)
0(1)-C(1)-C(5)-C(4)
C(2)-C(1)-C(5)-C(4)
0(1)-C(1)-C(5)-C(6)
C(2)-C(1)-C(5)-C(6)
C(5)-C(4)-C(7)-C(8)
C(3)-C(4)-C(7)-C(8)
C(4)-C(7)-C(8)-C(9)
C(4)-C(3)-C(9)-C(10)
C(2)-C(3)-C(9)-C(10)
C(13)-C(3)-C(9)-C(10)
C(4)-C(3)-C(9)-C(14)
C(2)-C(3)-C(9)-C(14)
C(13)-C(3)-C(9)-C(14)
C(4)-C(3)-C(9)-C(8)
C(2)-C(3)-C(9)-C(8)
C(13)-C(3)-C(9)-C(8)
C(7)-C(8)-C(9)-C(10)
C(7)-C(8)-C(9)-C(14)
C(7)-C(8)-C(9)-C(3)
C(14)-C(9)-C(10)-C(15)
C(3)-C(9)-C(10)-C(15)

171.34(14)
-13.68(15)
17.60(14)
-98.46(13)
131.89(13)
-17.56(17)
98.60(15)

-145.41(13)

154.60(12)
-89.24(14)
26.74(15)

-160.44(16)

9.31(17)
14.8(3)

-175.46(14)

178.19(15)
3.29(16)
2.6(2)

-172.34(13)

164.75(17)
-5.23(16)
-18.48(15)

-155.24(12)

90.97(15)
-38.94(16)
79.22(14)
-34.57(17)
-164.48(12)
-36.11(13)

-149.90(12)

80.19(13)
155.68(12)
-82.59(15)
34.29(14)
-47.49(17)
-173.13(13)
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C(8)-C(9)-C(10)-C(15)
C(14)-C(9)-C(10)-C(11)
C(3)-C(9)-C(10)-C(11)
C(8)-C(9)-C(10)-C(11)
C(15)-C(10)-C(11)-C(18)
C(9)-C(10)-C(11)-C(18)
C(15)-C(10)-C(11)-C(12)
C(9)-C(10)-C(11)-C(12)
C(18)-C(11)-C(12)-C(13)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(3)
C(4)-C(3)-C(13)-C(12)
C(2)-C(3)-C(13)-C(12)
C(9)-C(3)-C(13)-C(12)
C(11)-C(10)-C(15)-C(16)
C(9)-C(10)-C(15)-C(16)
C(10)-C(15)-C(16)-C(17)
C(15)-C(16)-C(17)-0(2)
C(15)-C(16)-C(17)-C(18)
C(20)-0(2)-C(17)-C(16)
C(20)-0(2)-C(17)-C(18)
C(16)-C(17)-C(18)-C(11)
0(2)-C(17)-C(18)-C(11)
C(16)-C(17)-C(18)-C(19)
0(2)-C(17)-C(18)-C(19)
C(10)-C(11)-C(18)-C(17)
C(12)-C(11)-C(18)-C(17)
C(10)-C(11)-C(18)-C(19)
C(12)-C(11)-C(18)-C(19)

73.11(17)
133.51(15)
7.86(19)
-105.89(15)

3.2(2)
-177.79(13)
-176.70(13)
2.3(2)
-159.65(12)
20.24(18)
-53.27(16)
174.99(11)

-73.74(15)

62.85(14)
-1.5(2)
179.49(13)
-1.2(2)
-178.66(13)
2.1(2)

2.1(2)
-178.65(13)
-0.4(2)
-179.68(12)
179.01(14)
-0.25(19)
-2.3(2)
177.61(13)
178.28(13)
-1.8(2)

Symmetry transformations used to generate equivatems:



4. X-ray crystallography data for compouh?i3

OH

|Ph3P/Y<

123

Table 1. Crystal data and structure refinemenkéor_laurasept10.

Identification code kerr_laurasept10

Empirical formula C24 H2810P

Formula weight 490.33

Temperature 123(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group R2,2,

Unit cell dimensions a=10.0260(2) A a= 90w.
b =17.0325(3) A B= 90w.
c = 26.4796(5) A y = 90w.

Volume 4521.86(15) A

Z 8

Density (calculated) 1.441 Mghm

Absorption coefficient 1.498 mn

F(000) 1984

Crystal size 0.49 x 0.32 x 0.23 min

Theta range for data collection 3.07 to 29.20°.

Index ranges -13<=h<=13, -22<=k<=18, -25<=I<=35

Reflections collected 23202

Independent reflections 10885 [R(int) = 0.0317]

Completeness to theta = 27,00 99.8 %

Absorption correction Analytical

Max. and min. transmission 0.776 and 0.652

Refinement method Full-matrix least-squares &n F

Data / restraints / parameters 10885 /2 /501

Goodness-of-fit on 1.028

Final R indices [I>2sigma(l)] R1 =0.0372, wR2 9609

R indices (all data) R1 = 0.0480, wR2 = 0.0641

Absolute structure parameter -0.024(12)

Largest diff. peak and hole 0.741 and -0.378%.A



Table 2. Atomic coordinates ( x4Gnd equivalent isotropic displacement parametess 1)

for kerr_laurasept10. U(eq) is defined as onaltbfrthe trace of the orthogonalized teénsor.

X y z U(eq)
I(1) 7712(1) 2147(1) 1819(1) 28(1)
1(2) 16161(1) -874(1) 660(1) 29(1)
P(1) 10892(1) -724(1) -1604(1) 21(1)
P(1A) 10604(1) 156(1) 1083(1) 19(1)
0(1) 12179(3) 1341(2) -931(1) 30(1)
O(1A) 7848(3) 294(2) -204(1) 28(1)
C(1) 11554(3) -239(2) -1055(1) 23(1)
C(1A) 9246(3) 655(2) 778(1) 21(1)
C(2) 13007(3) 35(2) -1106(1) 24(1)
C(2A) 9548(3) 1013(2) 250(1) 22(1)
C(3) 13267(3) 815(2) -820(1) 25(1)
C(3A) 8248(4) 1072(2) -68(1) 25(1)
C(4) 13240(4) 698(2) -248(1) 35(1)
C(4A) 8514(4) 1488(2) -566(1) 33(1)
C(5) 14574(4) 1175(2) -986(2) 35(1)
C(5A) 7124(4) 1478(2) 214(1) 32(1)
C(6) 13980(4) -615(2) -937(2) 40(1)
C(6A) 10266(4) 1795(2) 291(2) 37(1)
C(7) 12042(3) -1467(2) -1797(1) 21(1)
C(7A) 11939(3) 838(2) 1211(1) 21(1)
C(8) 12010(3) -2204(2) -1552(1) 29(1)
C(8A) 11599(4) 1457(2) 1532(1) 28(1)
C(9) 13017(4) -2735(2) -1637(2) 39(2)
C(9A) 12532(4) 2028(2) 1650(1) 31(2)
C(10) 14055(4) -2547(2) -1954(2) 39(1)
C(10A) 13808(4) 1980(2) 1458(1) 29(1)
C(11) 14101(4) -1828(3) -2197(2) 34(1)
C(11A) 14136(4) 1371(2) 1147(1) 30(1)
C(12) 13080(4) -1289(2) -2121(1) 28(1)
C(12A) 13212(3) 798(2) 1014(1) 24(1)
C(13) 10660(3) -43(2) -2115(2) 21(1)
C(13A) 11088(3) -676(2) 704(1) 21(1)
C(14) 10684(4) 759(2) -2039(1) 29(1)

27¢



C(14A)
C(15)
C(15A)
C(16)
C(16A)
c(17)
C(17A)
C(18)
C(18A)
C(19)
C(19A)
C(20)
C(20A)
C(21)
C(21A)
C(22)
C(22A)
C(23)
C(23A)
C(24)
C(24A)

12345(4)
10420(4)
12659(4)
10086(4)
11734(4)
10054(4)
10496(4)
10347(4)
10157(4)
9313(3)
10065(3)
8769(4)
10996(4)
7545(4)
10644(4)
6878(4)
9376(4)
7409(4)
8445(4)
8633(3)
8777(4)

-1028(2)

1265(2)

-1678(2)

976(2)

-1986(2)

180(2)

-1652(2)

-334(2)
-998(2)

-1174(2)

-175(2)

-1719(2)

-540(2)

-2053(2)

-768(2)

-1859(2)

-623(2)

-1306(2)

-267(3)
-959(2)
-46(2)

750(2)

-2433(2)

456(2)

-2905(1)

130(2)

-2981(1)

92(1)

-2594(1)

370(1)

-1451(1)

1694(1)

-1782(2)

2011(1)

-1676(1)

2491(1)

-1239(1)

2666(2)
-910(1)
2358(1)

-1017(1)

1873(1)

33(1)
34(1)
38(1)
30(1)
33(1)
28(1)
32(1)
27(1)
26(1)
23(1)
21(1)
32(1)
25(1)
35(1)
31(1)
34(1)
37(1)
31(1)
38(1)
27(1)
29(1)




Table 3. Bond lengths] and anglesdp] for kerr_laurasept10.

P(1)-C(7)
P(1)-C(13)
P(1)-C(1)
P(1)-C(19)
P(1A)-C(1A)
P(1A)-C(19A)
P(1A)-C(13A)
P(1A)-C(7A)
0(1)-C(3)
O(1)-H(1H)
O(1A)-C(3A)
O(LA)-H(2H)
C(1)-C(2)
C(1)-H(1A)
C(1)-H(1B)
C(1A)-C(2A)
C(1A)-H(1A1)
C(1A)-H(1A2)
C(2)-C(6)
C(2)-C(3)
C(2)-H(2)
C(2A)-C(6A)
C(2A)-C(3A)
C(2A)-H(2A)
C(3)-C(5)
C(3)-C(4)
C(3A)-C(5A)
C(3A)-C(4A)
C(4)-H(4A)
C(4)-H(4B)
C(4)-H(4C)
C(4A)-H(4A1)
C(4A)-H(4A2)
C(4A)-H(4A3)
C(5)-H(5A)
C(5)-H(5B)

1.787(3)
1.798(3)
1.799(4)
1.804(4)
1.796(3)
1.799(4)
1.803(3)
1.805(3)
1.441(4)
0.828(18)
1.430(4)
0.837(18)
1.535(5)
0.9900
0.9900
1.554(5)
0.9900
0.9900
1.542(5)
1.552(5)
1.0000
1.518(5)
1.555(5)
1.0000
1.513(5)
1.526(5)
1.519(5)
1.521(5)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
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C(5)-H(5C)
C(5A)-H(5A1)
C(5A)-H(5A2)
C(5A)-H(5A3)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(6A)-H(6A1)
C(6A)-H(6A2)
C(6A)-H(6A3)
C(7)-C(12)
C(7)-C(8)
C(7A)-C(12A)
C(7A)-C(8A)
C(8)-C(9)
C(8)-H(8)
C(8A)-C(9A)
C(8A)-H(8A)
C(9)-C(10)
C(9)-H(9)
C(9A)-C(10A)
C(9A)-H(9A)
C(10)-C(11)
C(10)-H(10)
C(10A)-C(11A)
C(10A)-H(10A)
C(11)-C(12)
C(11)-H(11)
C(11A)-C(12A)
C(11A)-H(11A)
C(12)-H(12)
C(12A)-H(12A)
C(13)-C(14)
C(13)-C(18)
C(13A)-C(18A)
C(13A)-C(14A)
C(14)-C(15)
C(14)-H(14)

0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.382(5)
1.414(5)
1.380(5)
1.396(5)
1.374(5)
0.9500
1.385(5)
0.9500
1.374(6)
0.9500
1.379(5)
0.9500
1.384(6)
0.9500
1.364(5)
0.9500
1.389(5)
0.9500
1.392(5)
0.9500
0.9500
0.9500
1.382(5)
1.396(5)
1.398(5)
1.400(5)
1.379(5)
0.9500

281



C(14A)-C(15A)
C(14A)-H(14A)
C(15)-C(16)
C(15)-H(15)
C(15A)-C(16A)
C(15A)-H(15A)
C(16)-C(17)
C(16)-H(16)
C(16A)-C(17A)
C(16A)-H(16A)
C(17)-C(18)
C(17)-H(17)
C(17A)-C(18A)
C(17A)-H(17A)
C(18)-H(18)
C(18A)-H(18A)
C(19)-C(24)
C(19)-C(20)
C(19A)-C(24A)
C(19A)-C(20A)
C(20)-C(21)
C(20)-H(20)
C(20A)-C(21A)
C(20A)-H(20A)
C(21)-C(22)
C(21)-H(21)
C(21A)-C(22A)
C(21A)-H(21A)
C(22)-C(23)
C(22)-H(22)
C(22A)-C(23A)
C(22A)-H(22A)
C(23)-C(24)
C(23)-H(23)
C(23A)-C(24A)
C(23A)-H(23A)
C(24)-H(24)
C(24A)-H(24A)

1.390(5)
0.9500
1.385(5)
0.9500
1.372(5)
0.9500
1.370(5)
0.9500
1.369(5)
0.9500
1.380(5)
0.9500
1.378(5)
0.9500
0.9500
0.9500
1.384(5)
1.389(5)
1.392(5)
1.399(5)
1.381(5)
0.9500
1.376(5)
0.9500
1.378(5)
0.9500
1.375(5)
0.9500
1.389(5)
0.9500
1.380(5)
0.9500
1.392(5)
0.9500
1.377(5)
0.9500
0.9500
0.9500
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C(7)-P(1)-C(13)
C(7)-P(1)-C(1)
C(13)-P(1)-C(1)
C(7)-P(1)-C(19)
C(13)-P(1)-C(19)
C(1)-P(1)-C(19)
C(1A)-P(1A)-C(19A)
C(1A)-P(1A)-C(13A)
C(19A)-P(1A)-C(13A)
C(1A)-P(1A)-C(7A)
C(19A)-P(1A)-C(7A)
C(13A)-P(1A)-C(7A)
C(3)-O(1)-H(1H)
C(3A)-O(1A)-H(2H)
C(2)-C(1)-P(1)
C(2)-C(1)-H(1A)
P(1)-C(1)-H(1A)
C(2)-C(1)-H(1B)
P(1)-C(1)-H(1B)
H(1A)-C(1)-H(1B)
C(2A)-C(1A)-P(1A)
C(2A)-C(1A)-H(1A1)
P(1A)-C(1A)-H(1A1)
C(2A)-C(1A)-H(1A2)
P(1A)-C(1A)-H(1A2)
H(1A1)-C(1A)-H(1A2)
C(1)-C(2)-C(6)
C(1)-C(2)-C(3)
C(6)-C(2)-C(3)
C(1)-C(2)-H(2)
C(6)-C(2)-H(2)
C(3)-C(2)-H(2)
C(6A)-C(2A)-C(1A)
C(6A)-C(2A)-C(3A)
C(1A)-C(2A)-C(3A)
C(6A)-C(2A)-H(2A)
C(1A)-C(2A)-H(2A)

108.92(17)
108.61(16)
111.08(17)
109.26(16)
109.25(16)
109.69(16)
108.99(16)
109.04(16)
109.56(16)
110.06(16)
104.76(16)
114.27(16)
111(3)
116(3)
114.8(2)
108.6
108.6
108.6
108.6
107.5
116.2(2)
108.2
108.2
108.2
108.2
107.4
110.9(3)
112.1(3)
111.6(3)
107.3
107.3
107.3
111.9(3)
112.3(3)
110.4(3)
107.3
107.3
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C(3A)-C(2A)-H(2A)
0(1)-C(3)-C(5)
0(1)-C(3)-C(4)
C(5)-C(3)-C(4)
0(1)-C(3)-C(2)
C(5)-C(3)-C(2)
C(4)-C(3)-C(2)
O(1A)-C(3A)-C(5A)
O(1A)-C(3A)-C(4A)
C(5A)-C(3A)-C(4A)
O(1A)-C(3A)-C(2A)
C(5A)-C(3A)-C(2A)
C(4A)-C(3A)-C(2A)
C(3)-C(4)-H(4A)
C(3)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
C(3)-C(4)-H(4C)
H(4A)-C(4)-H(4C)
H(4B)-C(4)-H(4C)
C(3A)-C(4A)-H(4A1)
C(3A)-C(4A)-H(4A2)
H(4A1)-C(4A)-H(4A2)
C(3A)-C(4A)-H(4A3)
H(4A1)-C(4A)-H(4A3)
H(4A2)-C(4A)-H(4A3)
C(3)-C(5)-H(5A)
C(3)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(3)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
C(3A)-C(5A)-H(5A1)
C(3A)-C(5A)-H(5A2)
H(5A1)-C(5A)-H(5A2)
C(3A)-C(5A)-H(5A3)
H(5A1)-C(5A)-H(5A3)
H(5A2)-C(5A)-H(5A3)
C(2)-C(6)-H(6A)

107.3
110.1(3)
105.7(3)
111.0(3)
107.7(3)
110.5(3)
111.6(3)
109.7(3)
105.2(3)
110.2(3)
108.1(3)
112.7(3)
110.7(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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C(2)-C(6)-H(6B) 109.5

H(6A)-C(6)-H(6B) 109.5
C(2)-C(6)-H(6C) 109.5
H(6A)-C(6)-H(6C) 109.5
H(6B)-C(6)-H(6C) 109.5
C(2A)-C(6A)-H(6A1) 109.5
C(2A)-C(6A)-H(6A2) 109.5
H(6A1)-C(6A)-H(6A2) 109.5
C(2A)-C(6A)-H(6A3) 109.5
H(6A1)-C(6A)-H(6A3) 109.5
H(6A2)-C(6A)-H(6A3) 109.5
C(12)-C(7)-C(8) 119.8(3)
C(12)-C(7)-P(1) 120.6(3)
C(8)-C(7)-P(1) 118.8(3)
C(12A)-C(7A)-C(8A) 119.5(3)
C(12A)-C(7A)-P(1A) 125.6(3)
C(8A)-C(7A)-P(1A) 114.8(3)
C(9)-C(8)-C(7) 119.5(4)
C(9)-C(8)-H(8) 120.3
C(7)-C(8)-H(8) 120.3
C(9A)-C(8A)-C(7A) 120.2(3)
C(9A)-C(8A)-H(8A) 119.9
C(7A)-C(8A)-H(8A) 119.9
C(8)-C(9)-C(10) 120.3(4)
C(8)-C(9)-H(9) 119.9
C(10)-C(9)-H(9) 119.9
C(10A)-C(9A)-C(8A) 120.1(4)
C(10A)-C(9A)-H(9A) 119.9
C(8A)-C(9A)-H(9A) 119.9
C(9)-C(10)-C(11) 121.0(4)
C(9)-C(10)-H(10) 119.5
C(11)-C(10)-H(10) 119.5
C(11A)-C(10A)-C(9A) 119.4(4)
C(11A)-C(10A)-H(10A) 120.3
C(9A)-C(10A)-H(10A) 120.3
C(10)-C(11)-C(12) 119.5(4)
C(10)-C(11)-H(11) 120.2
C(12)-C(11)-H(11) 120.2
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C(10A)-C(11A)-C(12A)
C(10A)-C(11A)-H(11A)
C(12A)-C(11A)-H(11A)
C(7)-C(12)-C(11)
C(7)-C(12)-H(12)
C(11)-C(12)-H(12)
C(7A)-C(12A)-C(11A)
C(7A)-C(12A)-H(12A)
C(11A)-C(12A)-H(12A)
C(14)-C(13)-C(18)
C(14)-C(13)-P(1)
C(18)-C(13)-P(1)
C(18A)-C(13A)-C(14A)
C(18A)-C(13A)-P(1A)
C(14A)-C(13A)-P(1A)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(15A)-C(14A)-C(13A)
C(15A)-C(14A)-H(14A)
C(13A)-C(14A)-H(14A)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(16A)-C(15A)-C(14A)
C(16A)-C(15A)-H(15A)
C(14A)-C(15A)-H(15A)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(17A)-C(16A)-C(15A)
C(17A)-C(16A)-H(16A)
C(15A)-C(16A)-H(16A)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(16A)-C(17A)-C(18A)
C(16A)-C(17A)-H(17A)

121.7(3)
119.2
119.2
120.0(4)
120.0
120.0
119.0(3)
120.5
120.5
119.3(3)
121.7(3)
118.9(3)
119.2(3)
118.7(3)
122.1(3)
120.2(3)
119.9
119.9
119.8(4)
120.1
120.1
120.6(4)
119.7
119.7
120.2(4)
119.9
119.9
119.3(4)
120.4
120.4
120.0(4)
120.0
120.0
121.0(4)
119.5
119.5
121.4(4)
119.3
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C(18A)-C(17A)-H(17A)
C(17)-C(18)-C(13)
C(17)-C(18)-H(18)
C(13)-C(18)-H(18)
C(17A)-C(18A)-C(13A)
C(17A)-C(18A)-H(18A)
C(13A)-C(18A)-H(18A)
C(24)-C(19)-C(20)
C(24)-C(19)-P(1)
C(20)-C(19)-P(1)
C(24A)-C(19A)-C(20A)
C(24A)-C(19A)-P(1A)
C(20A)-C(19A)-P(1A)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(21A)-C(20A)-C(19A)
C(21A)-C(20A)-H(20A)
C(19A)-C(20A)-H(20A)
C(22)-C(21)-C(20)
C(22)-C(21)-H(21)
C(20)-C(21)-H(21)
C(22A)-C(21A)-C(20A)
C(22A)-C(21A)-H(21A)
C(20A)-C(21A)-H(21A)
C(21)-C(22)-C(23)
C(21)-C(22)-H(22)
C(23)-C(22)-H(22)
C(21A)-C(22A)-C(23A)
C(21A)-C(22A)-H(22A)
C(23A)-C(22A)-H(22A)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
C(24A)-C(23A)-C(22A)
C(24A)-C(23A)-H(23A)
C(22A)-C(23A)-H(23A)
C(19)-C(24)-C(23)

119.3
119.7(4)
120.1
120.1
119.4(3)
120.3
120.3
120.4(3)
120.4(3)
119.1(3)
119.0(3)
122.4(3)
118.5(3)
119.8(4)
120.1
120.1
120.5(4)
119.7
119.7
120.2(4)
119.9
119.9
119.8(4)
120.1
120.1
120.3(4)
119.9
119.9
120.4(4)
119.8
119.8
119.9(3)
120.1
120.1
120.4(4)
119.8
119.8
119.4(4)



C(19)-C(24)-H(24)
C(23)-C(24)-H(24)
C(23A)-C(24A)-C(19A)
C(23A)-C(24A)-H(24A)
C(19A)-C(24A)-H(24A)

120.3
120.3
119.8(4)
120.1
120.1

Symmetry transformations used to generate equivatems:
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Table 4. Anisotropic displacement parametetx (®)for kerr_lauraseptl0. The anisotropic

displacement factor exponent takes the formg[-B2a*2Ull + ... + 2 h k a* b* 2]

U11 U22 U33 U23 Ul3 U12
I(1) 27(1) 30(1) 26(1) -2(1) -1(1) 6(1)
1(2) 26(1) 30(1) 30(1) -2(1) 7(1) -3(1)
P(1) 23(1) 22(1) 18(1) -2(1) 1(1) 3(1)
P(1A) 18(1) 18(1) 22(1) -1(1) -4(1) 1(1)
o(1) 30(1) 29(2) 31(2) -1(1) -1(1) 3(1)
O(1A)  35(2) 26(2) 24(2) -2(1) 1(1) -5(1)
c@) 27(2) 22(2) 20(2) 1(2) 0(2) 5(1)
C1A)  17(2) 20(2) 26(2) 0(1) -2(1) 2(1)
c(2) 24(2) 28(2) 21(2) -2(2) -2(2) 2(2)
C2A)  20(2) 19(2) 28(2) 1(2) 2(2) 1(1)
c@3) 26(2) 25(2) 23(2) -6(2) -4(1) 2(2)
C(3A)  26(2) 25(2) 23(2) -1(2) -2(2) 2(2)
C(4) 38(2) 41(3) 25(2) -6(2) -2(2) 6(2)
C4A) 382 31(2) 29(2) 10(2) -2(2) 2(2)
C(5) 32(2) 39(3) 35(2) -10(2) 1(2) -2(2)
CGA)  30(2) 37(2) 30(2) 4(2) -6(2) 12(2)
C(6) 29(2) 43(3) 47(3) -8(2) -13(2) 10(2)
C6A)  37(2) 30(2) 44(3) 8(2) 7(2) -11(2)
c(7) 23(2) 20(2) 21(2) -6(2) -1(2) 2(1)
C(7A)  19(2) 20(2) 25(2) -3(2) -5(1) -1(2)
C(8) 25(2) 23(2) 40(2) 0(2) -3(2) -5(2)
C(BA)  21(2) 31(2) 31(2) -5(2) 4(2) -2(2)
C(9) 39(2) 15(2) 62(3) -2(2) -8(2) 1(2)
COA)  34(2) 31(2) 29(2) -4(2) -3(2) -5(2)
C(10) 31(2) 32(2) 53(3) -19(2) -5(2) 11(2)
C(10A)  26(2) 31(2) 29(2) 7(2) -7(2) -9(2)
c(11) 21(2) 51(3) 31(2) -8(2) 3(2) 7(2)
C(11A)  18(2) 38(3) 34(2) 10(2) 4(2) -2(2)
C(12) 29(2) 30(2) 24(2) -3(2) 1(2) 42)
C(12A)  26(2) 25(2) 20(2) 2(2) 0(1) 2(2)
C(13) 21(2) 21(2) 20(2) 2(1) 0(2) 0(1)
C(13A)  23(2) 15(2) 26(2) -1(1) 0(2) -1(1)

C(14) 33(2) 29(2) 24(2) -2(2) 7(2) -5(2)



C(14A)
C(15)
C(15A)
C(16)
C(16A)
c(17)
C(17A)
C(18)
C(18A)
C(19)
C(19A)
C(20)
C(20A)
C(21)
C(21A)
C(22)
C(22A)
C(23)
C(23A)
C(24)
C(24A)

32(2)
47(3)
27(2)
32(2)
43(2)
29(2)
38(2)
30(2)
26(2)
22(2)
25(2)
27(2)
24(2)
28(2)
32(2)
19(2)
42(2)
25(2)
31(2)
27(2)
26(2)

22(2)
23(2)
26(2)
30(2)
16(2)
36(2)
23(2)
26(2)
26(2)
30(2)
16(2)
39(2)
25(2)
45(3)
29(2)
46(3)
46(3)
46(3)
55(3)
31(2)
35(2)

46(2)
31(2)
59(3)
28(2)
40(2)
18(2)
35(2)
23(2)
28(2)
19(2)
22(2)
31(2)
27(2)
32(2)
32(2)
36(2)
21(2)
23(2)
27(2)
22(2)
27(2)

-4(2)
2(2)

-10(2)

9(2)
-8(2)
-3(2)
-3(2)
-5(2)
-1(2)
3(2)
1(1)

-10(2)

1(2)
-7(2)
10(2)
4(2)
7(2)
0(2)
7(2)
0(2)
4(2)

-7(2)
-9(2)
-1(2)
-7(2)

7(2)

-4(2)
-8(2)
-1(2)
-5(2)

1(2)

-6(1)

4(2)

-5(2)
4(2)
-15(2)
-2(2)
-4(2)

4(2)
4(2)

-3(2)
-1(2)

2(2)

-5(2)

9(2)
1(2)
4(2)
6(2)

-5(2)

8(2)
5(2)
2(2)

-1(1)

4(2)

-1(2)
-2(2)

-7(2)

-5(2)
-9(2)

7(2)
0(2)
5(2)
5(2)
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Table 5. Hydrogen coordinates ( x*Land isotropic displacement parametesx (L0°)

for kerr_laurasept10.

X y z U(eq)

H(1A) 10989 223 -979 28
H(1B) 11491 -602 -764 28
H(1A1) 8498 279 741 25
H(1A2) 8939 1082 1003 25
H(2) 13176 136 -1472 29
H(2A) 10160 642 71 27

H(4A) 13281 1209 -80 52
H(4B) 14009 379 -146 52
H(4C) 12415 428 -152 52
H(4A1) 9303 1258 =727 49
H(4A2) 8670 2047 -504 49
H(4A3) 7741 1425 -789 49
H(5A) 14529 1301 -1347 53
H(5B) 15300 801 -927 53
H(5C) 14740 1656 -794 53
H(5A1) 6339 1515 -5 48

H(5A2) 7408 2007 313 48
H(5A3) 6899 1175 517 48
H(6A) 13799 -755 -585 60

H(6B) 14899 -425 -968 60
H(6C) 13860 -1079 -1151 60
H(6A1) 10510 1979 -47 55
H(6A2) 11074 1731 495 55
H(6A3) 9677 2180 452 55
H(8) 11298 -2332 -1330 35
H(8A) 10725 1487 1669 33
H(9) 12997 -3233 -1476 46
H(9A) 12293 2453 1864 38
H(10) 14751 -2917 -2007 46
H(10A) 14453 2367 1542 34
H(11) 14827 -1704 -2413 41
H(11A) 15019 1338 1018 36
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H(12)
H(12A)
H(14)
H(14A)
H(15)
H(15A)
H(16)
H(16A)
H(17)
H(17A)
H(18)
H(18A)
H(20)
H(20A)
H(21)
H(21A)
H(22)
H(22A)
H(23)
H(23A)
H(24)
H(24A)
H(2H)
H(1H)

13096
13453
10883
12980
10468
13518
9881
11953
9827
9858
10335
9298
9238
11878
7163
11275
6051
9140
6937
7568
8999
8130
7340(30)
12430(40)

-799
385
963
-822
1816
-1911
1325
-2431
-20
-1875
-884
-769
-1862
-630
-2418
-1025
-2104
-768
-1166
-175
577
194

70(20)

1699(18)

-2292
791
-1713
981
-2380
482
-3174
-70
-3304
-131
-2653
336
-2080
1893
-1906
2702
-1162
3000
-612
2480
-795
1662

1(12)
-1120(12)

33
28

35

40

40

45

36

39

34

38

32

32

39

30

42

37

40

44

38

45

32

35
34(12)

36(13)
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Table 6. Torsion angleso] for kerr_laurasept10.

C(7)-P(1)-C(1)-C(2)
C(13)-P(1)-C(1)-C(2)
C(19)-P(1)-C(1)-C(2)
C(19A)-P(1A)-C(1A)-C(2A)
C(13A)-P(1A)-C(1A)-C(2A)
C(7A)-P(1A)-C(1A)-C(2A)
P(1)-C(1)-C(2)-C(6)
P(1)-C(1)-C(2)-C(3)
P(1A)-C(1A)-C(2A)-C(6A)
P(1A)-C(1A)-C(2A)-C(3A)
C(1)-C(2)-C(3)-0(1)
C(6)-C(2)-C(3)-0(1)
C(1)-C(2)-C(3)-C(5)
C(6)-C(2)-C(3)-C(5)
C(1)-C(2)-C(3)-C(4)
C(6)-C(2)-C(3)-C(4)
C(6A)-C(2A)-C(3A)-O(1A)
C(1A)-C(2A)-C(3A)-O(1A)
C(6A)-C(2A)-C(3A)-C(5A)
C(1A)-C(2A)-C(3A)-C(5A)
C(6A)-C(2A)-C(3A)-C(4A)
C(1A)-C(2A)-C(3A)-C(4A)
C(13)-P(1)-C(7)-C(12)
C(1)-P(1)-C(7)-C(12)
C(19)-P(1)-C(7)-C(12)
C(13)-P(1)-C(7)-C(8)
C(1)-P(1)-C(7)-C(8)
C(19)-P(1)-C(7)-C(8)
C(1A)-P(1A)-C(7A)-C(12A)
C(19A)-P(1A)-C(7A)-C(12A)
C(13A)-P(1A)-C(7A)-C(12A)
C(1A)-P(1A)-C(7A)-C(8A)
C(19A)-P(1A)-C(7A)-C(8A)
C(13A)-P(1A)-C(7A)-C(8A)
C(12)-C(7)-C(8)-C(9)
P(1)-C(7)-C(8)-C(9)

49.8(3)
-70.0(3)
169.1(3)
177.6(2)
-62.8(3)
63.3(3)
-89.2(3)
145.4(3)
-80.2(3)
154.0(2)
-44.8(4)
-169.9(3)
-165.1(3)
69.8(4)
70.9(4)
-54.2(4)
164.2(3)
-70.3(4)
-74.4(4)
51.1(4)
49.5(4)
175.0(3)
33.9(3)
-87.2(3)
153.2(3)
-156.5(3)
82.4(3)
-37.2(3)
-117.6(3)
125.3(3)
5.4(4)
61.1(3)
-56.0(3)
-175.9(3)
0.2(5)
-169.5(3)
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C(12A)-C(7A)-C(8A)-C(9A)
P(1A)-C(7A)-C(8A)-C(9A)
C(7)-C(8)-C(9)-C(10)
C(7A)-C(8A)-C(9A)-C(10A)
C(8)-C(9)-C(10)-C(11)
C(8A)-C(9A)-C(10A)-C(11A)
C(9)-C(10)-C(11)-C(12)
C(9A)-C(10A)-C(11A)-C(12A)
C(8)-C(7)-C(12)-C(11)
P(1)-C(7)-C(12)-C(11)
C(10)-C(11)-C(12)-C(7)
C(8A)-C(7A)-C(12A)-C(11A)
P(1A)-C(7A)-C(12A)-C(11A)
C(10A)-C(11A)-C(12A)-C(7A)
C(7)-P(1)-C(13)-C(14)
C(1)-P(1)-C(13)-C(14)
C(19)-P(1)-C(13)-C(14)
C(7)-P(1)-C(13)-C(18)
C(1)-P(1)-C(13)-C(18)
C(19)-P(1)-C(13)-C(18)
C(1A)-P(1A)-C(13A)-C(18A)
C(19A)-P(1A)-C(13A)-C(18A)
C(7A)-P(1A)-C(13A)-C(18A)
C(1A)-P(1A)-C(13A)-C(14A)
C(19A)-P(1A)-C(13A)-C(14A)
C(7A)-P(1A)-C(13A)-C(14A)
C(18)-C(13)-C(14)-C(15)
P(1)-C(13)-C(14)-C(15)
C(18A)-C(13A)-C(14A)-C(15A)
P(L1A)-C(13A)-C(14A)-C(15A)
C(13)-C(14)-C(15)-C(16)
C(13A)-C(14A)-C(15A)-C(16A)
C(14)-C(15)-C(16)-C(17)
C(14A)-C(15A)-C(16A)-C(17A)
C(15)-C(16)-C(17)-C(18)
C(15A)-C(16A)-C(17A)-C(18A)
C(16)-C(17)-C(18)-C(13)
C(14)-C(13)-C(18)-C(17)

0.1(6)
-178.7(3)
0.7(6)
-1.1(6)
-0.7(6)
0.7(6)
-0.4(6)
0.5(6)
-1.2(5)
168.3(3)
1.3(6)
1.1(5)
179.7(3)
-1.5(5)

-134.2(3)

-14.6(4)
106.5(3)
50.8(3)
170.4(3)
-68.5(3)
-23.3(3)
95.9(3)
-146.9(3)
159.4(3)
-81.4(3)
35.8(4)
-0.9(6)
-175.9(3)
1.4(6)
178.7(3)
2.1(6)
-1.3(6)
-1.7(6)
0.0(6)
0.1(6)
1.2(6)
1.0(6)
-0.6(5)
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P(1)-C(13)-C(18)-C(17)
C(16A)-C(17A)-C(18A)-C(13A)
C(14A)-C(13A)-C(18A)-C(17A)
P(1A)-C(13A)-C(18A)-C(17A)
C(7)-P(1)-C(19)-C(24)
C(13)-P(1)-C(19)-C(24)
C(1)-P(1)-C(19)-C(24)
C(7)-P(1)-C(19)-C(20)
C(13)-P(1)-C(19)-C(20)
C(1)-P(1)-C(19)-C(20)
C(1A)-P(1A)-C(19A)-C(24A)
C(13A)-P(1A)-C(19A)-C(24A)
C(7A)-P(1A)-C(19A)-C(24A)
C(1A)-P(1A)-C(19A)-C(20A)
C(13A)-P(1A)-C(19A)-C(20A)
C(7A)-P(1A)-C(19A)-C(20A)
C(24)-C(19)-C(20)-C(21)
P(1)-C(19)-C(20)-C(21)
C(24A)-C(19A)-C(20A)-C(21A)
P(L1A)-C(19A)-C(20A)-C(21A)
C(19)-C(20)-C(21)-C(22)
C(19A)-C(20A)-C(21A)-C(22A)
C(20)-C(21)-C(22)-C(23)
C(20A)-C(21A)-C(22A)-C(23A)
C(21)-C(22)-C(23)-C(24)
C(21A)-C(22A)-C(23A)-C(24A)
C(20)-C(19)-C(24)-C(23)
P(1)-C(19)-C(24)-C(23)
C(22)-C(23)-C(24)-C(19)
C(22A)-C(23A)-C(24A)-C(19A)
C(20A)-C(19A)-C(24A)-C(23A)
P(1A)-C(19A)-C(24A)-C(23A)

174.5(3)
-1.0(6)
-0.3(5)

-177.6(3)

135.0(3)

-105.9(3)
16.1(4)
-47.1(3)
72.0(3)

-166.0(3)

0.4(4)
-118.9(3)
118.1(3)
-176.2(3)

64.5(3)
-58.5(3)

-0.4(6)
-178.4(3)

0.1(5)
176.8(3)

-1.3(6)

-1.4(6)

2.2(6)

1.6(6)

-1.3(6)

-0.7(7)

1.3(5)
179.2(3)

-0.5(5)

-0.6(6)

0.8(5)
-175.8(3)

Symmetry transformations used to generate equitatems:
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