Studies towards the TotalSynthesis of
Samaderine C and Rlated Analogues

David James Burns

Thesis submitted in partial fulfilment of the requirements for
the Degree of Doctor of Philosophy

The University of York

Department of Chemistry

Jaruary2013



Abstract

The samaderines are quassinoids isolated fé@maderandica plants and have

been shown to possess a range of biological activity. Samaderine C is a cogent
antifeedent (55.3% feeding inhibition) and shows a good level of toxicity in pupal
mortality screens (54.1%). The aims of this project were to investgyaetic
appoaches to samaderine C andsynthesise analogues of samaderine C in order to
evaluatestructureactivity aspects
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There were three main approaches considered for the synthesis of samaderine C. The
first centred on a double ZaHdition strateg to an enone starting material.
Ultimately, model studies using organocuprate -adlitions highlighted
shortcomings in this approach but we did develop a novel route to bicyclic @hone
usingdesymmetrisatiochemistry.
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The second approach utilised the Wieldtigscher keton&9 as a scaffold for the
synthesis of thérans-allylic diol AB-ring structure of samaderine C. From di@®

an enonel66 was synthesised and the plan was then for a diastereoselective
reduction to give the transallylic diol motif. However, this approach was



unsuccessful. Using enod€0we were able to globally deprotect to access a dione
174which is a generalupssinoid ABring motif.
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The final approach to accesstransallylic diol AB-ring motif usedthe methw

WielandMiescher keton&0. Using this startig material arans-allylic diol AB-ring

analogue was achieved using 'amydroxylationreactionof enonel99 followed by
reduction to give thdransdiol arrangement. To the best of ourokriedge this
represents the first synthesis of a quassindidak-allylic diol AB-ring motif.
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Chapter 1. Introduction

1.1 Quassinods
1.1.1 Introduction to Quassinoids

The bitter principles derived from th&imaroubaceaefamily are known as
guassinoids. They are highly oxygenated terpenoids with either a wmtra
pentacyclic framework. Quassinoids are classed according to their basic skeleton and
there are five main groupsi4:Cio, Coo, Co2 and Gs. The basic quassirsbskeletons

can be seen in Figure 1.1. There are currently over 150 isolated and fully
characterised compounds and dozens do not fit into these five structural groups. One
such example is (#polyandrol (Figure 1.1)).
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Figure 1.1: Quassinoidal carbon skefons and miscellaneous structures

Quassin and neoquassin (Figure 1.2) were the first terpenoids of the class to be
isolated. They were discovered in the early 1930s by Elianin the bark ofQuassia
Amarabut full structures were not determined until 1961 by Valérfthis work
marked the birth of quassinoid chemistry and even today new quassinoids are being
isolated and characteris&d.



Quassin Neoquassin

Figure 1.2 The first quassinoids isolated

1.12 Biological Ativity of Quassinoids

The quassinoids represent a particularly biologically active group of compounds. The
range of activity in vivo and/or in vitro includes insecticidal/antifeedaht,
antiinflamatory? amoebicidal® and antiviral (including antHIV).®*° However,
interest in quassinoids has been intensified since the discovery of the significant
antilukemic properties possessed by brucéatifhere are numerous examples of
cytotoxic quassinoid¥*® and this is by far the most studied and promisirep of
activity for this family of compound¥. Shown below (Figure 1.3, Table 1.1) are
four of the most promising quassinoid members and their activity in screens as

antileukemic agents.

Bruceatinol

OH

Simalikalactone D Glaucarubinone

Figure 1.3 Cytotoxicity of four quassinoids compounds



Quassinoid Optimal Dose  T/C*®

(mg/kg) (%)

Bruceatin 0.50 220
Bruceatinol 1.00 238
Glaucarubinone 0.25 177
Simalikalactone D 1.00 198

#Oncostatic parameter (T/C): the increase ofdifan of drugreated animalsersuscontrols in BDF1 mice with
P-388 lymphocyctic leukaemia

Table 1.1 Cytotoxicity of four quassinoids compounds

Their mode of action is thought to be by inhibition of ribosomal peptidyl transferase
leading to termination of chain elongation during thenslation phase of protein
biosynthesid®?° Interestingly, this inhibition has been shown to occur only after one
round of protein transcription. It was initially postulated that the inhibition
mechanism may involve the action of theriAg as a biologal Michaetacceptor
(Figure 1.4F' The most cytotoxic quassinoids possess a hydemone Aring

motif. A hydroxyl group in either the-C or G3 positions is thought to modulate the
"-terminus of the enone for action as a Mickaateptor through a hyolgen bond
interaction to the adjacent enone carbonyl (Figure 1.4). This hypothesis was
supported by structwactivity studies?

T

Figure 1.4 Hydroxy ketone Aing acting as a biological Michaedcceptor



1.1.3Biosynthesis of Quassinoids

Thebiosynthesis of quassinoids has not been fully established. It is generally thought
they are derived from triterpenoid biogenetic pathwaysin particular, it has been
speculated that these compounds might be products of a pathway closely resembling
that of the limonoid terpené€yclic terpenes are synthesised in a number of phases
initiating from C5 subunits: sopentyl diphosphate (IPP) and dimethyl allyl
diphosphate (DMAPP) These subunits can be synthesised two separate
biosynthetic pathways, i the preferred route dependent on the orgafihirhe

most common pathway is that involving mevalonate (Scheme!1.1).

o Aldol
% and
SCoA Claisen o O Hydrolysis OHO
@) )I\/u\ HOZC\)\/U\
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: «— \>\/\ «— Ho,c X _4.
HO,C OH HO,C X0 2 L ‘SCoA
mevalonic acid mevaldic acid mevaldic acid
hemithioacetal
lZ " ATP
@~
HO-P-0O-ADP
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X ? )\/\ = )\/
e OPP OPP X Nopp
IPP DMAPP

Scheme 1.1Activation of mevalonic acid and its synthetic pathway to IPP and DMAPP

The first step in the mevalonate pathway is @& sentype reaction of two acetyl
coenzyme A (acetyCoA) units to give acetoacet@loA (Scheme 1.2). An aldol
reaction with an enzymic acetyl unit, after hydrolysis of the enzyme thiol ester, gives
HMA-CoA. Then, an enzymatic reduction (NADPH) followby collapse of the
hemithioacetal gives mevaldic acid. A second NADPH reduction gives mevalonic
acid. Fhosphorylation of the primary alcohol to the diphoshpate then sets up a
decarboxylative elimination to give IPP. The anticipated phosphorylation of the

tertiary alcohol to aid this elimination does not seem to occur but it has been



speculated that a third molecule of ATP may be invofVésomerase is then able to
convert IPP into DMAPP.

The second biological route to IPP and DMAPP uses pyruviedsived 1-deoxy
D-xylulose 5P. The daoxyxylulose pathway begins with a pinctype
rearrangement ofl-deoxyD-xylulose 5P followed by an NADPHmediated
reduction (Scheme 1.2). The rearrangement and reduction occurs in the same
biochemical step within a sitegenzyme without the release of any intermediates.
Formation of a CDP intermediate followed by phosphorylation of the tertiary alcohol
then sets up an intramolecular cyclisation to furnish a phosphoanhydride. Then, in a
series of steps not entirely charatsed, the phosphoanhyride is converted into IPP,

which through enzymatic isomerisation, allows access to DMAPP.

OH pincol-type
g rearrangement ;OH NADPH ;OH
- oP > op —> oP
(O OH O OH OH OH
+
H 2-C-methyl-D-erythritol 4-P (CDP)
1. CTP
2. ATP
v _OH
HO -
P~0 RN R
o 1 1\ _OH 0-P-0-P-0
s 0 - «— 1 1
R\ OH OH OH OH @)
(0] -
HO! N
OH OH _ : ,
Phosphoanhydride HO o7 ~N" TNH,

l Isomerase
—_— W
)\/\ < NS
OPP OPP

IPP DMAPP

Scheme 1.2Deoxyxylulose pathway to IPP and DMAPP



Polymerisation of the C5 units, IPP and DMAPP, can occur througthasesl
reactions giving a series of aliphatic terpene products (Schemg. EGrther
polymerisation builds up the carbon framework in units of five. These chains are
then able to undergo a number of different cyclisation events often triggered by
addition of an externalectrophile. Secondary modifications, such as migrations and
oxidations, as well as degradation reactions, lead to the variety inherent in cyclic

terpenes and steroids. An overview is presented in Scheme 1.4.

PPO‘)% |
E— OoPP
~ H() OoPP X

Scheme 1.3Enebased polymerisation mechanmexample
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Scheme 1.4Polymerisation of C5 units and proliferation into higher order terpenes



1.1.4 Total synthesis of Quassinoids

The quassinoids have not escaped significant synthetic focus with total syntheses of a
number of tecyclic and pentacyclic membeis)-amarolide’® (+)-klaineanong®
(+)-castelanolidg® (+)- and ¢)-chaparrinong>®? (+)- and ¢)-bruceantir?>3* (+)-
picrasane B° (+)-$2-picrasane B* (+)-shinjulactone CG° shinjulactone [F° ()-
holacanthae®” (+)- and ¢)-glaucarubolong *® (+)-simalikalactone [¥® (+)-
shinjudilactong”® (+)-quassimarif® (+)-glucaruinoné? (+)-samaderine B (#)-
samaderine Y2 (+)-quassiti®  (¥)-14",15'-dihydroxyklaineanong&*  (#)-
peninsurinond® and (+)}desd-chaparrinoné®

Grieco et al reported the first total symesis of a quassinoid. In 1980 they
communicated the racemic synthesis of neoquassin and dUassirone year later
they published a full paper on their effoftsheir route began from racérenones

which they previously used in the synthesis of ivangulin, a secoeudesmanolide
isolated fromEriophyllum lanatum* Enone 8 was accessed from the Wieland
Miescher ketonel in 11 steps (Scheme 1.5). Starting from racemic Wieland
Miescher ketond, the Grieco group used the reduction conditions of Bytoegive
alcohol 2 and then acetylation (to give aceta&p and isomerative ketalisation
procedures outlined previously by HeathcOaave ketald. Acetate deprotection
then gave alcohd. Alcohol 5 was submitted to a cyclopropanation reaction. Then,
treating the cyclopropane with perchloric acid removed the ketal protecting group
and opened the cyclopropane to give enénblethylation followed by Birckype
reduction gaverans-decalone/. Then, a regioselective bromination and subsequent
elimination gave -methyl enone.



HO OH

NaB H4 ACZO p-TSA
EtOH Pyr|d|ne PhH
, 24 h

92% 99%
Zn-Cu HO AcO
CH2|2 L|AIH4
1. NaH
Mel \)
2. HCIO,4
76% 90% 68%
MeO MeO
1. LDA Mel o 1. PhNMezBrg
EE———
2 Li, NH3 A o 2. LiBr, Li,CO3 2 o
: H DMF, 140 iC : H
7 8
71% 7% 93%

Scheme 1.5Synthesis of enon@starting material

In the first step of GriecoOs synthesis of neoquassin and quassin, reported in 1980,

the CGring was installedhrough a DielsAlder cycloaddition (Scheme 1.6). Using
substoichiometric AIC} a diene ester was annulated onto endne 62% vyield.
During the optimisation of this reaction it was found that higher quantities of the
Lewis acid resulted in polymerisatiof the diene. Chemoselective reduction of the
ketone in9 using NaBH resulted in spontaneous lactonisation to give lactihe
Then, methyl ether cleavage was accomplished wetmgnedithiol and BRI@EL, to

give alcoholll. Reduction of the lactone the corresponding lactol (DIBAH) and
methanolysis under acidic conditions furnished mixed ad@aHydroboration and
oxidation of12 gave diketond3in 71% yield. Then, diketon&3 was treated with
excess LDA and the resulting dienolate was oxidisesthg MoOPH to give a

diacyloin14in 35% yield.
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Scheme 1.6Conversion of known enor&to diacyloin14

In an interesting reaction, diacyloidl was oxidised to the bis(diosphenab using
excess sodium methoxide in DMSO (Scheme 1.7). This transformation was first
noticed as a sidproduct when isomerisation of thebridging position to the
transring junction using sodium methoxide in DMSO at rt was attempted. It was
subsequentlhyfound that heating diacyloii4 under the same general conditions
induced the desired isomerisation and also led to oxidation to give bis(diosgttenol)

in 50% vyield>* More classical conditions for this transformation involve treating an

acyloin with eitter bismuth(lll) oxidé***

or potassium carbonate/potassium
hydroxide in methanol/ethanol under an oxygen atmosphétéinder an oxygen
atmosphere, their reaction conditions resulted solely in decomposition. Methylation
of both diosphenol hydroxyl grospgave bismethyénolether 16 which on

hydrolysis then gave neoquassin. Finally, oxidation of the lactol to the lactone using



FetizonOs reagent gave quassin. The natural product quassin was therefore accessed
in 12 steps in 3% overall yield starting fraatemic enoné.

NaOMe

DMSO
— 3 HO
95 iC, 1h

OMe

ACOH:H,0

!
«— MeO

OH

Neoquassin
No Yield Given

lAgzcog, Celite”

PhH,!,2h
OMe

Quassin
7%

Scheme 1.7Synthesis of quassin and neoquassin



1.2 Samaderines
1.2.1 Introduction to Samaderines

The samaderines are a subclass of the quassinoids characterised by their original
isolation from Samadera ndica plants. However, the samaderines were later
discovered in a variety of other species includpgassia mdica To date, eight
samaderines have been identified (Figure 1.5). Like all quassinoids, the samaderines
are highly oxygenated terpenoids but they @istinguished as they contain a lactone

ring and a tetrahydrofuran ring. The tetrahydrofuran ring is present throughout all
samaderines and is fused between tf&and G13 atoms. However, the lactone can
have two forms. In samaderines A, B, C and Didic®one is &lactone incorporated

into the main carbon skeleton at thelZ and G14 positions. For samaderines E, X,

Y and Z the lactone is a-fBembered -lactone from the €4 anchor to the @

position.

Samaderine Y Samaderine Z

Figure 1.5 The samaderines
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1.22 Biological Activity

The samaderines, like most other quassinoids, are biologically significant in their
activity and showed promising activity in afwimour applications. Their
cytotoxicity was reported by Kobayasttial.in 1996 (Table 1.2). It was disvered

that samaderines B, C, E, X, Y and Z show toxicity towards KB cells with the results
for the B, E and X analogues being most pronounced with ‘@lues of 0.07
pg/mL, 0.04 pg/mL and 0.02 pg/mL respectively. In the same publication,
Kobayashi prove that these samaderines exhibit significant-anatiarial and ani
inflammatory attributes. A selection of the amtalarial results are shown in Table
1.2. Samaderine E (entry 3) shows the most promising activity withsgfl0.014

HM.

Entry  Samaderire Iglfﬂo)a Iglsﬂo)a
1 X 0.21 0.69
2 Z 0.056 0.093
3 E 0.014 0.069
4 B 0.071 0.19

°IC values for inhibition of the growth of the chloroquine resistant strains of Plasmodium falciparum K1, aMO0.1

concentration of samples

Table 1.2:Antimalarial properties of the samaderines

As well as their arkmalarial facets, samaderines B and X also show marked anti
inflammatory properties. In Spragimwley rats the exudate volume and the
number of leukocytes in the pleural cavity were measured four haftes a
carrageenan injection. Samaderines B and X were administedeathdt60 min after

a carrageema injection, at a dose of 1mg/kg. Samaderines B and X showed
inhibition of the exudates volume by 78% and 79% respectively and a reduction in
the numbepf leukocytes by 94% and 95% respectively.
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In addition, samaderines A, B and C have been established as cogent antifeedants.
Table 1,3 shows a collection of results highlighting the anitfeedant traits of these
samaderines. Experiments to determine tiosvth regulatory potential are shown in
Table 1.4.The results for azadirachtin A are included for comparison. Azadirachtin
is a classical, potent, ndoxic antifeedant and is referenced here as a comparative
standard. Samaderine B shows the most progasativity as an antifeedant (63.1%

at 5 ug/cm)(Table 1.3). However, samaderine C displays the highest pupal toxicity
with a mortality value of 54.1% (Table 1.4). Samaderine COs insectidical properties
are directly comparable with azadiracthin A. In conalbion with the antifeedant
activity shown by samaderine C, this samaderine analogue is probably the most
promising lead for a commercial agrochemical application of a samaderine

compound.

Concentration Samaderine Samaderine Samaderine Azadirachtin

(Hg/sz) Aa Ba Ca Aa
0.5 18.9 16.3 15.0 91.6
1.0 16.2 25.9 16.1 94.8
5.0 21.1 63.1 55.3 954

Antifeedant activity as percentage (area fed in treated / area fed in control) over &@astor leaf offered to Spodoptera

litura

Table 1.3:Antifeedant activity of the Samaderines with Azadirachtin A as a standard

Total Larval Pupal Pupal
Compound Duration®  Duration® Mortality ®
(days) (days) (%)
Control 14.5 8.4 7.1
Samaderine A 15.1 8.8 7.4
Samaderine B 15.6 9.3 375
Samaderine C 15.3 9.7 54.1
Azadirachtin A 16.1 9.3 62.5

3Growth regulation and mortality of 25 Spodoptera litura individuals fed on castor leaf for 24h sprayed wjitiy@h test

concentration

Table 1.4:Insectidical attributes of the samaderines



1.2.3Total Synthesesf Samaderines: Samaderine B

To date there have been numerous reported total syntheses of quassinoids. However,
in contrast, the samaderine class has been significantly understudied with only two
reported total synthese$he first reported synthesis of samaderine was that of
racemic samaderine B (Figure 1.6) by Grieco anavetkers in 1994! GriecoOs
contribution to the field of quassinoids has been significant and this paper is the
culmination of a very large synthetic effort on his groupOs past.liAear sequence

of 47 steps from enoriE/, the route is not concise but it does overcome a number of

synthetic difficulties.

Samaderine B

Figure 1.6. Samaderine B

GriecoOs efforts began from enénehich was used in the synthesis of quassin and
neoquassin desceld previously (see Scheme 1.5). As shown in Scheme 1.8 Birch
type reduction of the enone éfollowed by formylation and DDQ oxidation gave
enonel?. In their efforts towards quassin and neoquassin, ansAlalysed Diels
Alder annulation installed th&-ring system with subsequent epimerisation of the C
9 bridging position. In this case, LiCl@atalysed conditions, that had been
previously studied within their group, were adopted.

In 1990, the Grieco group reported that use of LiCi® diethyl ethe led to a
marked increase in reactivity as well as an increased tendenegdoselectivity®’

In [4+2] cycloaddition reactions, it had previously been established that aqueous
reaction medi® 3 and high pressure reactiof&*® produce increasedaetion rates

and improved stereoselectivity. The source of this reactivity is believed to be derived
from the conditions forcing the dienophile and diene together lowering the reaction
activation energy whilst driving a preference for the more structucalhdensed
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endoreaction transition state. GriecoOs Ligdonditions, whilst not under pressure
and in organic solvent, are thought to act in a similar fashion. Greico postulated the
formation of a Ohigh internal solvent pressureO whereby the peribisratnfined
solute movement preserving solvent ordering possibly by a micellar mechanism.
Overall, this produced a similar physical effect as that in aqueous reaction media or
under high physical pressure.

In the samaderine B synthesis, the Diglder cycloaddition of racemic dienophile
17 with a diene under the LiClOconditions gave theendeadduct18. Then,
reduction of the ketone and aldehyde carbonyls by NdBlkbwed by lactonisation
under acidic coaitions and silyl protection of the primary alcohol furnished silyl
ether 19. Conversion of the lactone into the corresponding mixed a26étalas
achieved by DIBALEH reduction followed by methanolysis.

1. Li, NH3 CO-H
MeO 5> NaH,  MeO //_\<_/ 2" MeO

HCO,Et N LiClO,
_ o3 DDQ - o 9h,rt

6 17 18
No Yield Given 72%

H

MeO MeO 1. NaBH,
TBDP OTBDPS
© S 1. DIBAL-H 2. HCl

«— < |

1 2. HCl 1 3. TBDPSCI
Thon9 M meon Y HTRHO

) 20 ) 19

100% 86%

Scheme 1.8Diels-Alder annulation chemistry and conversion to mixed acal



Next, hydroboration of the -@ing alkene followed by oxidation gave keto@&
(Scheme 1.9). In this contextpa@jor limitation of a DielsAlder annulation strategy

is the stereospectfi nature of the reaction. The result in this case wascite
orientation of the B to €ing junctions. This necessitated a9CGepimerisation as
required previously in GriecoOs synthesis of quassin and neoquassin. When accessing
guassin/neoquassin, thisIposition was enolic and so epimerisation was readily
achieved and also led to the discovery of the novel acyloin oxidation conditions. In
the samaderine B synthesis the oxygenation pattern is different and a synthetically
more laborious route was requdreUsing kinetic enolate forming conditions, the
trimethylsilyl enol ether oR1 was formed and Saegusa oxidation resulted in enone
22°" The desiredrans-deaclin BGring junction in ketone23 was achieved by a

Birch-type reduction of enon2.

MeO v 1. BZHG then
OTBDPS NaOH, H202
_—
e o OMe 2. PCC, NaOAc
i HOH
20 - 21
75%
1. LDAthen
TMSCI
2. Pd(OAc),
N32C03
O O
MeO MeO

OTBDPS Li, NH3
<7

2 0~ YOMe 2 0~ YOMe
I H H I H H

23 22

81% 86%

Scheme 19: Epimerisation of the @ to give a translecalin ring junction



The tetrahydrofuran #ing was then installed (Scheme 1.10). TBAF cleavage of the
TBDPS silyl ether revealed a primary alcohol. Fororabf the thermodynamic silyl
enol ethemusing MgSiCl and triethylamine gave disilyated add@dtin 90% vyield.
lodination of the silyl enol ether moiety usinglS then allowed spontaneous
etherification on treatment with TBAF to give theikg containing keton&5.

.SiMe
0 3
oteBbps 1. TBAF OSiMe;
2. MeSiCl
EtzN

OMe

25
84%

Scheme 1.10Hydofuryl Ering formation

Treating keton@5 with tosythydrazine and then methyllithium in a Shapiro reaction
gave alkene26 (Scheme 1.11%° A dihydroxylation reaction using stoichiometric
osmium tetroxide was then carried out to giigediol 27 where osmylation occurred
from the least hindered bottom facetrAns-diol moiety was required at this position
and necessitated inversion of configuration at th&1Chydroxyl. Grieco had
previously demonstrated on related picrasane skeletons thattBengdroxyl can
be regioselectively protected as the acefaféhese conditions were employed
giving acetat€8 which on oxidation using Deddartin periodinane (DMP) give an
acyloin intermediate. Stereoselective reduction of the acyloin by LiAibin the
least hindered bottom face gavans-diol 29. Then, hydrolysis of the mixed acetal
to the lactol followed by manganese dioxide oxidation gave la@0ne



TsNHNH, MeO 0s0,
then MelLi Py
e
NaHSO3
=z (e} e
OMe : H H

1. DMP
2. LiAlH,

29 30
No Yield Given No Yield Given

Scheme 1.11Transdiol installation

The centrepiece of this route was intended to be the fanmaf the G12/G-14 &
lactone using a copper(ifpediated ring contraction which had previously been
discovered by the Grieco grofibln this previous work, they had demonstrated the
ability to convert' -lactones such a81 into &lactones such a82 by bubbling
oxygen through a solution of thelactone in methanol in the presence of copper(ll)
acetate, HYnigOs base (DIPEA) and pyridine (Scheme 1.12).

(0] O “\\O

HO 3 o Cu(OAc), HO, “\\\\
@ . Py, DIPEA “‘»\‘\o
: SN
(o) a MeOH, O, o) e
</ 40 h </
O @)

31 32
85%

Scheme 1.12An exampled of the copper@dtptalysed ringcontraction
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Based on the isolation ohtermediates, the reaction mechanism is understood to
proceed as outlined in Scheme 1.13. Methanolysis of the lactone gives a hydroxy
ester intermediate. A basatalysed formation of a copper enol&8)(then occurs
where the €12 hydroxyl is coordinaté to the copper metal. This coordination is
believed to induce an electron transfer process givingradizal 34 which then
abstracts a hydrogen atom to give the lgttblised radicaB5. Oxidation of this
radical would give diketon86 which on decarbofiation shortens the sieghain by

one carbon to give est&7 which would then spontaneously lactonise under the
basic conditions to give the rirgpntracted lacton8s.

Base-catalysed

HO o
HO o copper enolate
H Methanolysis H formation
: —> 0 -
o 0 HOL__ome
</O (@) o
3

(0]
1
HO o
Electron
transfer H
O «<———— O o) oM
Hydride </ Me </O /X €
abstraction 0 Cu(ln \O
33
HO o

HO o
Oxidation H Decarbonylation
—> 0 HO
OMe </ OMe
e) @)
(@]
36
HO o HO _o
H Lactonisation H
N <— N
O ') O HO
</O (@) </O O OMe
38 37

Scheme 1.1:3Copper(ll)-catalysed ring contraction mechanism

Unfortunately, in the projected samaderine B synthesis, applicati@dtofthe ring
contraction conditions had no affect on the substrate with quantitative recovery of
starting material (Scheme 1.14). It was decided to attempt theamtgaction on the
isomeric pentacycli&lactone40. All attempts at directly converting0 into the
desired isomer40) by employing equilibrating conditions failed. The inability to

cause therandactonisation may give an insight into the reason for the unsuccessful
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copper(ll)-catalysed ringcontraction reaction. During the proposed reaction
mechanism, the first step requires the methanolic cleavage of the lactone. It is
conceivable that in this system there is a thermodynamic drive towards the formation
of the &lactone in its current position disfavouring both the Hogntraction
chemistry as well as thandactonisation. The authors do not comment on the
reason for the lack of reactivity.

Cu(OAc),
Py, DiPEA

MeOH, 02
40 h

Scheme 1.14Attempted coppetatalysed ring contraction &0

Due to this lack of success, the synthesis underwent its most synthetically laborious
sequence as the authors went back3@and attempted to construct the requigd
lactone40 from this point. This seemingly simple transformation added eight more
linear steps and the approach was not straightforward. The sequence used is
summarised in Scheme 1.15.

OMOM
MOMO, -

1. MOM protection
2. Hydrolysis

»
»

3. Oxidation
OMe

1. Saponification
2. Oxidation
3. Esterification

1. MOM
deprotection

A

2. Lactonisation

Scheme 1.15% Lactoneisomerisatiorprocedure



With the desired&lactone isomed0in hand, GriecoOs group reinvestigated the ring
contraction reaction. Heever, under the standard conditions (copper(ll) acetate,
pyridine, DIPEA and oxygen), no product was isolated. It was speculated that the
ketone at €7 was possibly causing Oconformational complications® which were not
justified further. Fortunately, redtion of ketone40 and reaction of the resultant
alcohol41 with copper(ll) acetate and oxygen gave the desired pr@&®uict 98%

yield (Scheme 1.16).

400
N Cu(OAc HO
\f ( )2 MeO

~ Py, DIPEA w0
5
MeOH, 02
OH 40 h 7 OH
: H
39
95% 98%

Scheme 1.16Copper(llymediated ringcontraction to a samaderine B precursag

The final synthetic efforts focused on the functionalisation of thing (Scheme
1.17). The Bring alcohol of 39 was acetylated to give aceta#®, which on
deprotection of the methyl ether using #8&CI and sodium iodide gave didB.

Swern oxidation othe least hindered -Aing alcohol gave ketoné4. A protecting
group switch from the acetate to the MOM ether then dave

1. NaOH
MeOH:THF
(1:1)

2. MOMCI
i-Pr,NEt

82%

Scheme 1.17Protecting group manipulations of#ng functionalisation

! &Y !



Treatment o#45 with LDA and trapping of the resulting-Ang enolate as the methyl
enol ether allowed a hydroboration/oxidation reaction on the opposite face to the
axial bridgehead methyl group to furnislans-diol 46 (Scheme 1.18 The free A

ring alcohol was oxidigk using PCC to give ketal7. Installation of the Aing
enone was achieved using enolate bromination and elimination to give48dree
B-ring ketone was installed by deprotection of the MOM ether using;AdGd
sodium iodide and then a Swern oxidatio give ketonel9 in 83% vyield. Finally,
methyl ether deprotection using BRyave the racemic natural product samaderine
B. This synthesis is long and was arranged to incorporate the coppatélysed
ring-contraction chemistry despite there beingneuous plausible methodologies for
the installation of a&lactone. However, this work was the first synthesis of a

samaderine, no mean task in itself.

\‘\\O
. LDA, HMPA S pCC
then Me,SO, =0 NaOAc
. BzHethen "
NaOH, H,0, OMOM

W0 MegSicl  MeQ
- % O
then NBS

Samaderine B
No Yield Given

Scheme 1.18A-ring functionalisation to furnish the natural product, samaderine B
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1.2.4Total Synthessof Samaderines: Samaderine Y

The second total synthesis of a samaderine was completed in 2005 by Shing and co
workers?*? The synthesis off)-samaderine Y (Figure 1.7) was completed in 21 steps
from the known enoné&0 (derived from a chiral pool starting material) and
represents a concise piece of modern synthesis. This samaderine analogue differs
from samaderine B only in the size and position of the lactone but the strategy used
is significantly different to GriecoOShingOs route starts in the-@igs and then

used a DielsAlder reaction to install the ABings. Grieco, in comparison, started the
synthesis in the ABings and then used cycloaddition chemistry to generate the CE
rings.

Samaderine Y

Figure 1.7. Samaderine Y

ShingOs synthesis started from a known eB0mehich was previously used in their
synthetic efforts the towards quassinoids simalikalactone D amdsimarir®
Enone50 is readily available fromS)-(+)-carvone through a double aldol reaction
with formaldelyde and ketalisation. Efforts towards samaderine Y proceedesl
relatively efficient sequence giving the @iBg structures in eight steps (Scheme
1.19). Allylic oxidation of enon&0 using chromium trioxide gave ketob&. Ketone

51 was stereoselectively reduced under Luche conditions and the resultant alcohol
wassilyl-protected to give ketore2. Epoxidation 052 occurredtransto the bulky
silyloxy group. This epoxide is important in effecting a chelatontrolled
reduction ofthe ketone to give epoxy alcohBB. The next step was aacid
catalysed epoxide openiigangketalisation to give the tetrahydrofurarrifg. After

silyl protection, ketab4 was obtained. Ketal deprotection and TPAP oxidation then
gave"-keto-aldehydeb5.



/L—‘( O

cro; _A 'N

(@] H
-

TBSO
1. NaBHy, CeCls
MeOH, 0 {C
> o)
oxo

0. .0 CH,Cly, ! O. .0 2. TBSOTf, EtzN
X K CH,Cl,, 1t
50 51 52
70% 87%
1. TBHP, NaOH
MeOH, 40 iC
2. NaBH,, CeClg
MeOH, 0 iC
TBSOL A L TFA peo. - i) Me,C(OMe),
: H,O : PTSA, 1t
«— < OH
O 2. TPAP O 2. TBSOTY, EzN
q NMO CH,Cl,, rt O ©
0 O)v 2Ll 7<
55 54 53

78% 73%

79%

Scheme 1.19Synthesis of GEing structures of samaderine Y.

From "-keto-aldehyde55, the A~ and Brings were formed A diene Grignard

addition to the aldehyde gave the undesired isomer, al&@h@cheme 1.20). The

desired diene isomer was fortunately accessible using antediated rearrangement

followed by acetate formatiofl.An intramolecular DielsAlder reaction then gave

two diastereoisomers, acetate® and 58, which proved to be insepailab Next,

inversion of the stereochemistry of the acetate-@&twas required. The mixture of

diastereomers, acetategand58, were saponified and converted to the triflate, Then

treatment with ammonium acetate caused tR€ B®wversion reaction. Due to

conformational affect$7 eliminated to gives0 whereass8 gave clean inversion to

give 59 (with the desired stereochemistry). The two prodd&snd 60 were now

separable and the desired inverted ac&t@teas isolated in 65% yield.



TBSO
TBSO 5 1. 4-methylbenzo[15]

MgBr TBSOL A o
: = N s R crown-5
TBSO /\(’m NaH, THF, rt
> 0
0O Et,0,0iC 2. Ac,0, Et;N, DMAP
\O OH CH2C|2, rt
!
56

78% v
TBSO TBSO
TBSO .. Methylene TBSO R

blue
_ «——
O Toluene o
Ac 180 iC OAc

1. NaOH, MeOH, rt

y

2. Tf,0, Py, DMAP, CH,ClI,, rt
3. nBuysNOAc, THF, rt

Scheme 1.20synthsis of ABring structures of samaderine Y

From keto acetat89, an intramolecular aldol condensation was used to form the D
ring (Scheme 1.21 The stereochemistry at thel@ centre was introducday 1,4
reduction ofthe enone double bon@nder theconditions further reduction gve a

lactol which was then convertadto the mixed ketabl using concentrated HCI in
methanol. The resulting structure now possessed all of the correct stereochemically

defined ring junctions.

TBSO TBSO NaBH, TBSO
% 1. LDA, THF TBSO A . NiClBH0 TBSO A .

178 iC MeOH, rt
—>
O 2. socl, py then
oA CH,Cl, HCl(conc) oM

c e

45iC MeOH
59 61
83% 78%

Scheme 1.21Synthesis ahe Dring of samaderine Y



As in GriecoOs synthesis, ShingOgjante strategy involved the functionalisation of
the samaderine -Ang (Scheme 1.22). Treating alken®l with catalytic
manganese(lll) acetate and a stoichiometric oxidant (TBHP), allylicabard to
enone 62 was achieved. Subsequehtketo acetoxylation using manganese(lll)
acetate in refluxing benzene gaveacetoxy enone63 in 78% vyield’? Direct
epimerisation of the @ position of! -acetoxy enoné3 to the desired diastereomer
under both acidic and basic conditions were unsuccessful. Instead, @témee
protocol was required: acetate cleavage, oxidation to the dione followed by-chemo
and stereoselective reduction to giwlydroxy enones4. Finally, establishing the
correct oxidation state of the-iilng was reached by ketal cleavage and oxidation to
give lactone65, after which acidic deprotection of the silyl protecting groups gave
the natural produt as a single enantiome#){samaderine Y. ShigOs approach was
more concise (21 steps) than GriecoOs, representing a modern example of total
synthesis.

Mn(OAc)3!2H,0 TBSO
(20 mol %) TBSO

TBHP Mn(OAc)3!2H,0
—3» 0
3+ MS PhH, "
OMe EtOAc, rt OMe

62
2%

1. K,COg3, MeOH, rt
2. DMP, CH,Cl,, rt

3. NaBH, MeOH, 0 iC

72%

i) HCl(conc), H,O, THF, 45 C
ii) Ag,CO3, Celite*, PhH, "

Samaderine Y
61%

Scheme 1.22A-ring functionalisation to furnish the natural product,)(samaderine Y
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1.3 Samaderine C: Project Outline

Samaderine QFigure 1.8)was first isolated by Polonsky in 1964 from the bark and
seed kernels of thBamadera indicglant found primarily irMadagascar and South
East Asid> As already highlightedjt displays a range of biological activity
including antifeedant and insecticidal properties as well as herbicidal activity.

\\\O
HO O HO N .“\\\
O A
(@] -
- o)

Samaderine C

Figure 1.8 Samaderine C

Structurally, samaderine C resembles samaderine B almost entirely with the
exception of the oxidation state at the2@entre. Synthetically, saderine C poses

a challenge with ten contiguous stereocentres of which three are quaternary.
However, it is only on examining the literature that the most challenging structural
motif is revealed. Despite its prevalence in the quassinoid fafrtig trans-allylic

diol A-ring motif has never previously been synthesised in a quassinoidal
structure’>®? In general, quasinoid diol -fings of all diastereomeric configurations

are prevalent and yet there has only been one reported total synthesis of aiquassino
containing a diol Aring.* From the outset, one of our main goals was achieving

structures containing the-Ang trans-diol oxygenation motif.

Biologically, samaderine C has been shown to posses promising activity as an
agrochemical (see Table 1.4)Iltiough studies have been devoted to investigating
the quassinoids mode of action as cytotoxic agents, no such work has been carried
out to ascertain the mechanism of the samaderineOs action as an agrochemical. The
aim of this project was therefore to depa synthetic route to samaderine C and
any analogues that may help build a struetgtvity profile for this compoundOs
action as an agrochemical. We particularly focused on the synthesis of structures
containing the previously unrealisgdns-allylic diol A-ring motif.



There have been two distinct approaches undertaken during the course of the studies
described in this thesis and an overview of the retrosynthetic analysis of each is
shown in Scheme 1.23. One route centred on a doubkd#ljton procedure to form

the guaternary C10 bridgehead between therihg and the Bings. A Bring
disconnection would allow a convergent strategy in which an enemggAstructure

66 would be appended to a CBg cluster67 via a 1,4conjugate addition of an
enolate derived fron®7. The G10 axial methyl group would be installed using a
second 1,4ddition of a methyl nucleophile (M@uLi or MeZn). The double 1,4
addition strategy offered a unique opportunity to probe the struatiingty
relationship of samaderine C as an agemical. The convergent nature of this route
would allow the rapid synthesis of analogues with the express purpose of under
pinning the structural requirements for activiby.a totally different approach, the
AB-ring system of samaderine C would be dedivirom either the Wieland
Miescher keton®9 or its methyl analogu@0. We envisaged that following GriecoOs
precedent in the synthesis of samaderine B and quassin, aARietsannulation
would introduce the €ing system onto a dieneophile sucl68s

Double 1,4-Addition
Strategy

Samaderine C

Wieland-Miescher 70
Ketone Strategy I

Scheme 1.23Retrosynthetic analysis of the two planned approaches to samaderine C



We proposed that a route to samaderine C from the doubleddidon approach
would take the form of that outlined in Scheme 1.24. The starting materials, enone
71 and silyl enol ethe74, would require synthesis. From enong iodination and
palladiummediated Suzuki coupling would install the propenyl metathesis handle to
give! -propenyl enon@3. Under Mukaiyamdl,4-additiontype conditions, silyl enol
ether 74 would undergo a 1;addition reaction with enon@&3 and, after enolate
oxidation, would give enonéb. This is the key convergent sté&pegeneration of the
cyclohexenone in ring A will bachieved ideally in the same procelssa second
1,4-addition step(Me,CulLi), the quaternary @0 methyibridgehead stereocentre
would be formed giving advanced intermedi@é We anticipated that protonation

of the resulting enolate would occur psewdial andtransto the methyl group.
This would become important ithe future for formation of the requirddans
decalin ABring junction.

/
Q
o= N0 MesSIO o
/ /\o 1. iodination /_\o ’
0., = O7~47 ... » O v 4
2. Suzuki o)
. o _y
coupling TIPSO W
o 1 O=7=N- 73 74
o=0- |
o’B\—/ 1. Mukaiyama
72 . 1,4-addition
52. [O]

Scheme 1.24Forward synthesis via the double 4addition approach: the convergent step

The endgame of this synthesis would involve methyl alkene formation andd
completion(Scheme 1.25). Methyl alkene formation would be achieved using cross
coupling of an enol triflate and MEuLi to give diener7. Silyl cleavage of the TIPS
ether, oxidation of theesultant alcohol ansilyl enol ether formation would gives.

The ringclosng metathesis (RCM) of silyl enol ether alkenes is preced&hiaf.
therefore proposed that the cardommework of samaderine C could be completed

using such a process to give theilBg containing compound which on reduction of
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the Cring ketone and gbal deprotection would give the natural product,

samaderine C.

. i) KHMDS
ii) PhNTf,

' 1. TBAF
2. [0]
3. LDAthen
: TBSCI
4
HO o
HO
HO O
H o %
Samaderine C 78

Scheme 1.25Forward synthesis via the double 4addition approach: the engame

Thus, enoné&’1 plays a pivotal role in this route. However, at the beginning of our
studies, no route to eno@é& in the desired enantiomeric series existed. However, a
synthesis of the antipodent71 was well established starting frort){quinic acid
(Scheme 1.26). &\ a result, the development of a route to the required enantiomer,
enone71, was a primary objective of this project. However, due to the ease of
preparation of muligram quantities ofent71, most of the methodology

development was carried out in tievrongO enantiomeric series for samaderine C

synthesis.
d i J
. = ! s OH
/o =0 5 /On- o) HOW_~_ «OH
O/,‘ E O . >
| .
! HO 'CO,H
o} ! 0
71 : ent-71 (1)-Quinic Acid

Scheme 1.26Enone71and its antipodent71 from ()-quinic acid



Our efforts on the double taHdition route towards samaderine C covered three
main areas of investigation. In chapter 2, theettgpment of a synthesis of enorik

in the required enantiomeric series and diastereoselective reacti@md 7df are
described. The reasons for selecting the butane diacetal protecting group are
discussed in chapter 2. Chapter 3 focused on the syntifésisubstituted enones

such asr9, their 1,4addion reactions to givé0 and attempted conversion into AB

ring analogues such ast81 (Scheme 1.27).

/ / /
(O O 2 Qs
/O“\)\Q 1,4-addition /O“\)\? 1,4-addition /O"\)\? R2
Oa A ~"=======- > 0 RL---eoooo- »" 0O SRl
Q (0]
@] @) O
ent-71 79 80
B-ring .
annulation v
v
HO
H
ent-81

Scheme 1.27Double 1,4addition strategy and &ing annulation chemistry investigated

During the course of our studies, an alternative strategy towards the total synthesis of
samaderine C was also investigated. This approach centred on the use of -Wieland
Miescher keton®9 and its methyl analogug0 as starting materials (Scheme 1.28).

In contrast to the original convergent route, trens-decalone ABring system of
samaderine C would be furnished early in the synthesis through the use of these
bicyclic starting materials. The Wielamdiescher ketone and its analogtielsave

been widelyusal in the synthesis of quassinoftfg333%147:49

and a range of other
compounds sharing similar carbon framewdk8. Thus, they were an attractive
starting point for our synthesisNe envisaged that a DieMdder, CDEring
disconnection in line with that previously outlined in GriecoOs synthesis of
samaderine B would make dieneophi@ an appropriate ABing target.
Dieneophile68 could be achieved from either Afhg structures82 or 83 which we

then envisaged accessing from the Wielbfidscher ketone69 of its methyl

! ‘% !



analogue70 (Scheme 1.28). The results with ketort&&sand 70 are described in

chapters 4 and 5 respectively.

P = protecting group
70

Scheme 1.28Approaches toward dienophi8 from theWielandMiescher ketone§9 and 70

Due to the lack of literature precedent, we prioritised the synthesis of fragments
containing thetrans-allylic diol A-ring motif. However, if time permitted, we also
planned to investigate the synthesis of GDig-type structures. In the convergent
1,4-addition strategy, disconnection across theing would give an!-propenyl
enone fragment3 and a CDEring structure74 (Scheme 1.29). We envisaged that
the CDEfragment could be disconnecteid a retreDiels-Alder reaction to dien84

and substituted maleic anhydrile. Some preliminary work was carried out on this
topic and is summarised in chapter 6.

Double 1,4-Addition
Strategy

Samaderine C

TIPSO
84 85

Scheme 1.29Convergent strategy to a CBiing cluster derived from a Dieldlder cycloaddition



Chapter 2: The Synthesisand Diastereoselective

Reactions of a Bicyclic Cyclohexenone

As outlined in section 1.3, bicyclic enoié& plays a pivotal role in our proposed
double 1,4addition strategy to the ABBngs of samaderine C. This chapter outlines
the character of the known enoeet71 and then discusses the synthesis of enone
ent71 and rac-71. The chemistry developed towardsoee 71 in the required
enantiomeric seriesvia a desymmetrisation route is also presented. Finally,
investigations of diastereoselective reactions of bicyclic cyclohexesrd with a
view to their use in samaderine C synthesis and the preparatidhesf simpler
natural product targets are described.

/
O O s

o “ o O'\)\Q
/ / :

O". OQ
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(@]
71 ent-71

Figure 2.1 Enones7land ent71

2.1 Synthesis of al()-Quinic Acid Derived Bicyclic Cyclohexenone and its
Enantiocomplementary Variant

2.1.1 Relevant Background Literature

The known enoneent71, is a bicyclic cyclohexenone with theans-diol group
protected as a diacetal. Diacetals are diequatbr2diol-specific protecting groups
that were first reported in 1938Since then, they have been used regularly but
particularly in carbohydratehemistry where the need for dgiequatorial protecting
groups is perhaps greatést® Ley et al®® are attributed to the development of the
butane diacetal (BDA) present in enar@71. There have been a range of diacetal
variants developed, such aspiroacetafy and cyclohexane diacetals (CDA)
(Figure 2.2).
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Figure 2.2 Examples of diacetal protecting groups

The usefulness of such diacetal protecting groups derives from their structural
rigidity. For enoneent7l (Figure 2.3), this inflexibility will result in a
conformational lock of the cyclohexenone ring. The diequatorial requirement for
protection locks the diol in thisansdecalintype arrangement and hence removes
the ability of the cyclohexenone to rifiljp completely from one chair conformer to

the other. In addition, there is a double anomeric effect present in the backbone of
the protecting group. This effect causes the methoxy groups to be placed in the
stabilised axiapositions. The diequatorial regement in combination with the
steroelectronic preference ensures the conformation of eeravd. It was hoped

that rigidity would make it easier to determine the stereoselectivity edddition
reactions as the product diastereomers could be adsigiieg coupling constant
values in théH NMR spectra. It was also hoped that the locking of the ring might
aid stereocontrol in any tgddition processes.
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Figure 2.3 Conformational analysis of enone ettt

Enone ent71 has been used in many previosgnthetic efforts (Scheme 2.1),
including studies by Maycock towards {epibatidine via a Stille coupling
approach® In addition, Enev and eworkers used enonent71 in studies toward



the core of branimyci while Whitehead®s group used eneme71 to synthesise
the antitumour lead COTCG

O  OBn
H H
: ﬁ
Cl
J. M _
s N = H 7O
N BnO
o-\)\o I -
/ o s (+)-Epibatidine Branimycin core
> OH
HO['. ~
> Cn o |
ent-71 HO"
@) o)

COTC

Scheme 2.1Previous synthesesilising enone en?1

As previously highlighted, there has been no reported synthegkinfthe desired
enantiomeric series. However, the synthesisr#71 was reported byaycock et

al. in 200F® and a route to the racemic enane-71 was described by the OOBrien
group in 2000 The procedure used hylaycocket al. (Scheme 2.2), developed
from a general route by BrYkn&f,uses a chiral pool starting teaal, {)-quinic
acid Their first step was the BDA protection of tinens-diol of (B)-quinic acidand
methyl ester formation to give est@8. Reduction of the ester group and periodate
cleavage of the subsequent diol gave hydroxy eB@nAn eliminaton reaction then
gave enonent/1

. / /
oK butanedione O A
C CH(OMe)s \)\ 1. DIBAL-H, THF \)\
HO WOH “csa om0 oic,i8h "1 ©
— >/ O UA_.OH >/ OO
. MeOH 2. NalOg, H,0
HG CO,H reRux, 12 h N r, 18 h
HO ‘CO,Me o)
(1)-Quinic acid 86 87

/0"\)\9 Ac,0, DIPEA

Ou_A DMAP
<
CH,Cl,
0iC,3h
o)

ent-71
95%

Scheme 2.2Route to enone el



The OOBrien groupOs route to emaod1 started from @ symmetric and racemic
epoxiderac-88 (derived from 1,4ylcohexadiene) (Scheme 2.3). These studies were
focused on the use of lithium amide bases for diastereoselective rearrangements of
epoxides. However, use of a racemic lithium amide lvas€89 gave a route to
racemic enongac-71. Treating racemic epoxideac-88 with a racemic lithium

amide baseac-89 resulted in allylic alcohalac-1,4-cis-90 that was then oxidised to

give enoneac-71

Lis

NMe ’D / /
Ph)\r Qs S s
AP ) o-\)\o o-\)\o
o\)\g rac-89 e PCC S

o i ———>» ' O~ —>' O
THF CH,Cl,
o ckihe
£ thenrt, 70 h H
OH @)

rac-88 rac-1,4-cis-90 rac-71
84% 100%

Scheme 2.300BrienOs route to enone intermediat& tac

Within this publication, the possibility of accessing the desired enone enan#éamer
was described/ia the use of an enantiopure lithium amide b88ein a kinetic
resolution process (Scheme 2.4). Treating racemic epoaci88 with a single
enantiomer blithium amide bas&9 gave enantioenriched allylic alcoh@0 (81:19

er). The starting epoxid&8 was also recovered enantioenriched (72:28 er). Although
allylic alcohol90 was not oxidised to the desired endiiethe precedent is evident
and so opens pu a possible synthetic route to enoi& with the required

configuration.

Hs\me
o s Ph/'\‘/th d d .
B (0.7eq = = \)\
[1D O - O [1D
/O Q 89 _/ 5 N /O Q
O > ’, o
THF
J 0iC,2h J
Tt thenrt, 70 h Tl
(0] OH O
rac-88 1,4-cis-90 88
32% 51%
(81:19 er) (72:28 er)

major enantiomer depicted

Scheme 2.400Brien0s kinetic resolution route to allylic alcohetis-80



The necessity for eobust and scalable route to the desired enantiomer of &iaose
restricted by the lack of (+quinic acid in natureMany synthetically or biologically
important compounds can be derived from chiral pool starting mat&riafsa
significant challenge for synthetic chemists is when the desired emanitcseriess
not availablefrom the chiral pool. As examples, proline and carvonedeal pool
starting materialshat areavailable in both enantiomeric series wiglgnic aad is
available in only onserieg(Figure 2.4)

: o) E 0
H : H ' "'/"/
(S)-proline (R)-proline (S)-Carvone (R)-Carvone
OH :
HOA_~_OH |
i "(+)-Quinic acid"
:  not available
HO,C OH !
(! )-Quinic Acid

Figure 2.4 Chiral pool starting materials and the availability béthenantiomers

We therefore needed to develop a route to erdndhe requirements for such a

route were as follows:

1. Concise as wih any synthetic route its brevityot only adds to the
elegance ofany procedure but also the economy. This is particularly
important for our purposes as enong is to form a craial starting
material in a convergent route to samaderine C.

2. Asymmetry introduced earlthis can be achieved most readily by the use
of a chral pool starting material which removes the need for an
enantiodetermining step. However, we identified early on that this was
not the most viable method for our purposes. We therefore needed our
enantiodetermining step to be as early in the route abieas order to
minimise waste of material and reagents in the preceding steps.

3. Gives a single enantiomerWhatever the chosen method of

enantioinduction, we wanted to synthesise a single enantiomer. A single



enantiomer could be achieved by usingeerystallisation step but this
would require solid material for successful results.

4. Scalable As enonérlis to be astarting materialve wanted to be able to
achieve multigram quantities.

5. Economical Chemistry is not immune to the global economic clamat
We therefore desired a route that would minimise the use of expensive
reagents or catalysts (and, where possible, they should be recoverable
and recyclable).

With these goals in mind we identified that the general route used by the OOBrien
group was asuitable backbone for our synthesis of end@idewith the requisite
configuration. However, we wished to move the enantiodetermining step earlier in
the synthesis. We therefore considered incorporating a desymmetrisation reaction
published by Jacobsest al in 1997:% The Jacobsen group reported takingse
epoxide91 and treating it with cobalt catalys§$-93 in the presence of benzoic

acid and DIPEA base under an oxygen atmosphere. This gave enantioenriched
hydroxy benzoat82in excellent yield (85:3 er) (Scheme 2.5).

( )
Co(Salen) (S,S)-93
o (5 mol%) OBz A
T DIPEA, BzOH C HOL =N_ /N_
© TBME, O, O £o
rt, 44 h ©c ©0
91 ent-92
95%
(85:15 er)
(S,9)-93

Scheme 2.5JacobsenOs desymmetrisation reaction to give hydroxy be@2oate

With JacobsenOs desymmetrisation chemistry in mind, Scheme 2.6 outlines a
proposed retrosynthetic approach to end@de Synthesis of eone 71 would be
achieved from epoxid@3 where the epoxide rearrangement reaction could be carried
out using LDA. Epoxidé8 would be generated frotmydroxy benzoat®2, which is

the product of thdacobsen desymmetriga of meseepoxide91 using benzoic acid

in the presencef a chiral Cesalen catalyst. Ultimately, this became our planned

route to enon&1lin the desired enantiomeric series.
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Scheme 2.6Retrosynthesis of enoifd incorporating the JacobsenOs desymmetrisation reaction

2.1.2 Synthesis oft ()-Quinic Acid Derived Bicyclic Cyclohexanone

The methodology development described in subsequent chapters was undertaken in
the OwrongO enantiomeric series ugihginic acidderived enonent71. Starting

from (B)-quinic acidmade the route synthetically and commercially attractive for the
purposes of our model studies. We therefore initiated our studies by preparing enone
ent71from (B)-quinic aid using MaycockOs rout&The BDA protecting group was
installed onto §)-quinic acid along with esterification in a single step using
trimethylorthoformate, butanedione and CSA in MeOH at reflux to give protected
diacetald6in 97% yield (Scheme 2.7).

/
OH butanedione \3:
H H(OM "
HOW A wOH © é%Ae)3 P o
(@) ~_OH
MeOH
N reux, 16 h
HO CO,H R
HO CO,Me
(1)-Quinic Acid 86

97%

Scheme 2.7Installation of the diacetal protecting group



Initial efforts trialled the use of DIBAIH as areducing agent for the conversioh

the hydroxy ester moiety into an alcohoBubsequent cleavage using sodium
periodate gave hydroxy ketor@’ (Scheme 2.8 It was found that an aqueous
guench of the redtion step resulted in a viscous gel containing aluminium salts.
This gel required further extraction with water and then diol cleavage gave hydroxy
ketone87 in 84% yieldover the two steps. Although the yield was high, it was felt
that on scalaip this exraction process would be laborious and potentially
problematic. RochelleOs salt is a widely employed method for breaking up
aluminiumbased emulsion$®> This salt was incorporated into the warg
procedure for the DIBAIH reduction step but, althoughet aluminiumbased gum

was dispersed, the extraction process was made more difficult because of the
formation of an emulsion between the organic and aqueous layers. Ultimately,
hydroxy ketone87 was isolatedn a disappointing 44% vyieldlhe elimination to

give enoneent71 was facile and proceeded with moderate yield using an acylation
elimination sequence (Scheme 2.8)jeatment of hydroxy keton87 with acetic
anhydride and base gave enem:71in 67% yield (Scheme 2.8). Enorat71 was
therefore accesed readily fromE)-quinic acid in four steps with 55% overall yield.
However, the DIBALH reduction was anticipated to be problematic on sgpland

an alternative reduction method was sought.

/ / /
(O 1. DIBAL-H, Et,O O s O 2

\)\ 178iC, 1 h .\)\ Ac,0, DIPEA .\)\
/O Q to 0 jC then H,O o o DMAP /O o

o) WOH O~ OH———— 7 O A
2. NalOg4, H,0 CH,Cl,
rt, 18 h 0iC,3h

o) o)

HO 'CO,Me
86 87 ent-71

Scheme 2.8Initial synthesis oénone en71.

Previous syntheses have shown that !tHeydroxy ester functionality ir86 was
sufficiently activated to be reduced using NaBf'°® Use of this reduction
methodology would avoid the problematic DIBALreduction as well as allowing a
more telescoped syhetic sequence. This type of pathway to enent71l was
previously published in 2004 by the OOBrien group with a 90% yield over the three
steps require®® Our initial effort using NaBHis shown in Scheme 2.9. Reduction



of hydroxy ester86 with NaBH; in MeOH at 0;C and subsequent diol cleavage

using sodium periodate and a telescoped elimination gave enérng& The overall

yield for the three steps (32%) was disappointing and fell short of the yield

previously published.

/ /
O =2 O s
\)'\ 1. NaBH,, MeOH \)\ Ac,0, DIPEA
G 0iC,18h P9 DMAP
O _A_wOH > [/ O\ _A_OH
2. Nalo, CH,Cl,
MeOH/H,0 0iC, 3h
< rt, 18 h
HO 'CO,Me o
86 87 -

Scheme 2.9Telescoped NBH, reduction process to enoeat71

Another method published at the same time as these studies attracted our aifention.

The method involved quenching the NaBkeduction and then evaporating the

mixed organic and aqueous solvents. Successive washes of the resultant solid gave a

crude diol on evaporation of washings. Cleavage of the crude diol using silica

supported sodium periodate gave crude hydroxy ke8dnehich, under modified

elimination conditions, gave an improved overall yield of enemig’l (67%) in a

more telescoped approach (Scheme 2.1I)is route proved to be the most

reproducible in our hands and was consequently scgleohd used to prepare riul

gram quantities of enorent71. For example, 3.13 g @nt71 was prepared in one

batch. Enoneent71 was ultimately used in most of our methodology development

studies as it was so easy to prepare.
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2.1.3 Synthesis of Raceriyclic Cyclohexenone

We then investigated the synthesis of enbhas a racemate using a route based on
that previously used by the OOBrien group during their chiral lithium amide base
studies'™* This route is essentially ¢hsame as that designed for the asymmetric
synthesis of enon&l but would access racemic diohc-71 instead of the
desymmetrised enantioenriched material. We felt that initially working in the
racemic sense would give experience of this chemistry winistg less precious
starting materials.

Epoxide 91 hasbeen synthesisegreviouslyby epoxidation of 14yclohexadiene
usinga peracid formedn situ from ethyl chloroformate and hydrogen peroxid&.
Our efforts to reproduce this method were inhibited by purification problems.
Epoxide91 can bedistilled at 36 jC and 15 mbar of pressure thig led to the ce
distillation of sideproducts. Pure epoxid¥l could only be achieved through careful
fractional distillation using a Vigreux columbut in a disappointing 14% vyield
(Scheme 2.11 A more recentreport for the synthesis of epoxid@l employed
MCPBA as the oxidarf® Crude epoxide from this reaction was distilled with
standard apparatad 46 jC ad under409 mbar of pressute givemeseepoxide9l

in adramatcally improved 66% yield (Scheme 2)11

o CICOOEt, H,0, mCPBA
Qn, NaHPO, © NaHCO; Q.
pra »
© CH2C|2, rt, 20 h CH2C|2, rt, 23 h ©
91 1,4-cyclohexadiene 91
14% 66%

Scheme 2.11Epoxidation of 1,&yclohexadiene to mespoxidedl

Isolation problems could also be easily remedied hglescopingthe epoxide
formation with the subsequentid-catalysed epoxide openinéfter epoxidation
using ethyl chloroformatend hydrogen peroxide, thude epoxidewas heated
under refluxin water and acetic acidContinuous extraction by refluxing GEl.
through he aqueous hydrolysis mixture using a heathanwater liquidliquid
extraction seup gave a40% yield of diol rac-94. Diol rac-94 was then BDA

! (& !



protected under standard conditions to furB&MA-protected cyclohexene dichc-
95in 65% yield (Scheme 2.)2

1. CICOOEt, H,0, butanedione /
NaHPOQ,, CH,Cl, OH CH(OMe);
© ft, 16 h  Ho _CsA ol\)\g
2. ACOH, H,0 O MeOH O~
I 16 h reBux, 15 h
1,4-cyclohexadiene rac-94 rac-95
40% 65%

Scheme 2.12Telescoped epoxidation/epoxide opening route to BDA protected cyclohexé®e rac

A major drawbackof this telescoped method was the need for a continuous
extraction. Thé necessity undoubtedly accounfedthe relatively low yield despite
the clean conversion of tHe4-cyclohexadiene intdiol rac-96 observed by analysis

of the '"H NMR spectrumof the crude product. It was hoped that avoiding a
continuous liquidiquid extractionmight improve the yield

Switching to thepreferredmCPBA epoxidatiorof 1,4-cyclohexadiendollowed by
hydrolysis using acetic acid/water produced an aqueous reaction mixiine.
solvent was removed under reduced pressure and the resulting colourless solid was
successively wshed withether After the organic solvent was remov&dm the
washings, diol rac-96 was obtained asa colourless solid. Without further
purification, diol rac-96 was BDA-protected to dliver ca. 10 g ofBDA-protected
cyclohexene diotac-95in 36% yieldover this sequence (Scheme 3.13

butanedione /
1. mCPBA, NaHCO; [ oH ] CH(OMe); Qs

@ CH,Cl,, 1t, 16 h I CSA /o-\)\c_)
~Z 2. AcOH, H,O O MeOH (@) .
1,16 h = reBux, 15h O

1,4-cyclohexadiene rac-94 rac-95
- - 36%

Scheme 2.13mCPBA/epoxide opening telescoped route to BDA protected cyclohexed® rac



Protected diolac-95 was then treated withCPBA to giveepoxiderac-88 (Scheme
2.14) Initial attempts at this transformatidollowed a biphasic procedur8tirring

rac-95andmCPBA in CHCI, with NaHCO;aq) gaveconsistently pooyields 60%).

However, #tering the conditions tase of solid NaHC®as asuspensioin CH,CI,

improvedthe yield t093%.

/ /
(OIS
Qs mCPBA B
' NaHCO O 0 L
O'\)\O 5./ \)\: Biphasic:  60%
/ T > : .
o) CH,Cl, O Suspension: 93%
O rt, 16 h )
rac-95 rac-88

Scheme 2.14Epoxidation of BDA protected diél?

The subsequent epoxide rearrangement reactioace88 was induced using LDA.
Reaction of epoxideac-88 with LDA in THF gave allylic alcohotac-1,4-cis-90 in
55% vyield (Scheme 2.)5 This reaction proceeded to giwvenly the depicted

diastereomer. The rearrangement of epoxides ugimgm amide bases has been

le—113 §14116

well-studie including the more recent use of chiral lithium amitfés
Rickborn first established that such processes are stereospeglifieliminations,
proceedingvia the mechanism included in Scheme 2Y¥5A six-membered
transition state is favoured in which theeudeaxial "-hydrogen that isynto the
epoxide oxygen is abstracted in a cyclic transition state. In our system, the
rearraigement of epoxideac-88 therefore affords the diastereomac-1,4-cis-90 as
a single product as the BDA group prevents a-fiipgto place the othet-hydrogen

in the requiregpseudeaxial arrangement.
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/5 —’ 0 p
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rt, 18 h = é \XOR
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rac-88 rac-1,4-cis-90
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Scheme 2.15sStereospecific rearrangementegoxide rae97



The final step in the sequence was oxidation of the allylic ala@twel,4-cis-90 to
the enonerac-71 (Scheme 2.16). Following bterature procedure, allylic alcohol
rac-1,4-cis-90 was oxidised usin@CCto give enonerac-71in 81%yield. Changing
to aSwernoxidation resulted in a lowe5% yield.Our bestoxidation conditions
proved to be manganese dioxide. Stirring allylic alcohat-1,4-cis90 and
manganese dioxide as a suspension ipGTHat rt gave enoneac-71in 98% vyield

/ /
O s O s

,0-\/\9 0] ,0-\)\9 PCC:  81%
(@) ~N ——> (o) . Swern: 65%
| I | I MnO,: 98%

OH 0

rac-1,4-cis-90 rac-71

Scheme 2.160xidation of allylic alcohol rael,4-cis-90to enoneent71

Using this approach, racemic enorae-71 was thus synthesised on a mugjtam
scale. The overall yield for the sequence was 18% over the four steps.

2.1.4 Synthesis &none71

The work in the racemic series then provided the perfect platform in order to access
enone7lin the desired enantiomeric seriés enantioselective synthesis of dig

would allow a route to enonél (see Scheme 2.6Diol 94 could be formedria the
degyymmetrisation ofmeseepoxide91, which itself could be readily obtained from
commercially available 1;8yclohexadien@s previously shown

The desymmetrisation aheseepoxide91 by a cobalt salecatalyst using benzoic
acid to give an enantioenrichedydnoxy-benzote is knowrm>* Following the
procedure outlined by the Jdisen group, cobalt salecatdyst (RR)-93 was
preactivated ¥ stirring under an oxygen atmosphemeescEpoxide 91 was then
stirred with the active catalyst in the presence of benzoic acid 84BEA. This
resulted inbenzoate92 (Scheme 2.1/ We have found this reaction toot only be

amenable to sde-up but also taemain a viable process even when lowering the



catalyst loadingsThe results of a&tudy on catalyst loading and reaction time are

shown in Table 2.1.

Ve )
o,  Co(Salen) (RR)-93 OBz N N=
O, DIPEA, BzOH , HO, :C0<
TBME, O, ©c ©
rt
91 92
(R,R)-93

Scheme 2.17Desymmetrisation of mesgpoxide9dl to give enantioenriched benzo&a

Mol% Time  Yield?

BNy RR94 ) (%) o

1 5 53 74 83:17
2 2.5 90 79 85:15
3 2 94 85 85:15
4 1 120 70 79:21
5 0 140 0 N/A

2Yijeld after puification by chromatographyEnantiomer ratio (er) determined by GEPLC on a Chiralpak AS coton;

major enantiomer isYS)-93.

Table 2.1 Desymmetrisation of mesgpoxide9d1 to give enantioenriched benzo&2

As shown in Table 2.1, lowering the loading of the cataliydtnot appear to impact
drastically on either thgield or the enantioselectivity. Loadings as low as 1 mol%
(entry 4) were toleratebut required extendedaetion timeg120 h) The flexibility

of this reaction appears to dae to the high catalyst turnover number anddhbk of
background reactivityThe lack of reactivity was proven as there was no reaction in
the absence of catalyst (entry BJe found the optimised reaction conditions to be a
catalyst loading of 2 mol% (entry 3). At this loading, the reaction proceeded to give
an 80% yield of hydroxy benzoa®2 in 85:15 er after 94 h.



From the outset, the goal was the synthesis of a singlgiemer of enon@l. We
anticipated that recrystallisation of hydroxy benz@®teould be possible and would
give highly enantioenriched hydroxy benzo8t& The recrystallisation of such an
early stage intermediate would ensure the maximum efficiencyuof route.
Fortunately, suitable conditions were found (Scheme 2.18). Recnrdtahisf 92
from hot CHCI, and heptane gaveydroxybenzoat®2 of 99:1 er by CSHHPLC in
32% overall yield fronmeseepoxide92. Accessing enantiopure material allothe
possibility of seeding futurgecrystalli@tion proceduresalthough this was not
attempted during the course of these studies

Co(Salen) (R,R)-93

o., (2 mol%) OBz
z DiPEA, BzOH N HO,,
TBME, O,
rt, 94 h
91 then 92
Recrsytallise 3204

CH,Cl,/Heptane (99:1 er)
Scheme 2.18Desymmetrisation of mespoxided1 and recrystallisation to give benzo&2

We had previously postulated that the lower isolated yields ofrae®6 were due

to the difficulty in its isolation due to its hydrophilicity. We experienced similar
problems on &ponification ofhydroxy benzoate92 to diol 94. Under hydroxide
cleavageconditions, only a 38% yield 034 was obtained even after continuous
extraction overnight (Scheme 2.19)

OBz

HO,, __P" L HO,
MeOH: HZO
(1:1)

92
rt,3h 38%

Scheme 2.19saponification of benzoa®? underhydroxideconditions

We found,in an optimised procedure, that use of the polysugporte reagent
Amberlyst A26 (OH) hydrolysethe benzoate and removed the iegument for an
aqueous workip (Scheme 2.20). Stirring hydroxy benzo@fwith the Amberlyst
beads in a MeOH/THF mixed solvent system cleaved the benzoate. The solvent was



removed undereduced pressure to give d@tin 87% yield. The free did4 was
then successfully protected to give BipRotected dioB5in 80% yield.

butandione /
OBz OH  CH(OMe); . C,
HO,,. Amberlyst A26 (OH)‘ HO,, CSA /O 3 o
MeOH:THF (2:1) MeOH 0.,
r,5h Z 1,16 h
92 94 95
87% 80%

Scheme 2.20saponification of benzoa@8 using Amberlyst A26 (OH) reagent

The saponification and BDArotectionreactiors were then telescoped to giBDA
protected dioB5in 95% vyield from hydroxypenzoate2 (Scheme 2.21)rom this
point, the route followed the procedures used in the synthesis of racemicracone
71. Epoxidation 0f95 usingmCPBA fumished epoxid&8in 88% yield. Epoxideé38
was converted regspedfically into allylic alcohol 1,4-cis-90 (89% yield) on
treatmentwith LDA. Finally, oxidation to the desired enoii@ was achieved using
themanganese dioxideonditions in 98% yield. Thexpected absolute configuration
was proven by comparison of its optical rotation valug,(72.0 € 1.0 in CHC}))
with that ofent71 prepared from#)-quinic acid ([ ]o +60.4 € 0.5 in CHC})).

1. Amberlyst A26 (OH) / O/
OBz  MeOH:THF (2:1) .2 mCPBA 5 2
HO rt, 5h o ~, o NaHCO; /O - (0]
> —>
2. butanedione / O.,, CH,Cl, O..
CH(OMe)3, BF3!OEt, ft, 16 h
MeOH, ", 16 h 0
92 95 88
95% 88%
LDA
THF, rt, 18 h
/ /
°] o]
/o—((o 0 =0
OI,‘ Mn02 OI,.
(—
CH,Cl,
o) rt, 12 h OH
71 1,4-cis-90
98% 89%

Scheme 2.21Application of developed chemistry to access effdne



In summary v, attained enoné&1l in six isolation stepsnd14% overall yield froma
commercial starting materiarhis is the firstroute to enon&1in this configuration

and has been publish&d.During the course of our route, we successfully addressed
the five main goals of this synthesis:

1. Concisethe route is only six isolation steps long.

2. Asymmetry introduced earlpur enantidetermining reaction is the second
step of the reaction.

3. Gives asingle enantiomera recrystallisation of an early intermediate
minimised waste whilst giving access to a single enantiomer.

4. Scalable enone71was achieved on a grascale but a larger scale synthesis
should also be possible.

5. Economical by telescoping aaumber of steps we minimised the need for
purification. The cobalt catalyst RR)-93 is recoverable from the
desymmetrisation reaction and the desymmetrisation was shown to be

reliable with catalyst loadings as low as 1 mol%.



2.2 Diastereoselective Reactions ®f(! )-Quinic Acid Derived Enone
2.2.1 Introduction to thg! )-Quinic Acid Derived Enone

The chiral pool provides a rich and diverse starting point for many synthetic
endeavoursAs discussed in section 2.lnaneent71 has proven an invaluable tool

in the synthesis of natural products and biologically active compokndseent71

has proved a versatile intermediate dua tange of possible reactividespite only
having a singlecyclohexane backbon@revious exampls hadshown the ability to
functionalise the enone in theposition®''°as well as formation of a Dielslder
adduct‘® Functionalisation of enonent71 using enolate chemistry also exists

the literature®*1°1?%we began our studies using er@nt71 by investigating the
expansion of its reactivity profile, with a loitgrm view towards théotal synthesis

of samaderine C using this enone (Figure.2.5)

1,2-Additions

Enone iYe) Enolate

Chemistry é\ .Chemistry
._~-) k’
|
Y 4
@)

1,4-Additions : /
(0] 10
%2
ent-71

Figure 2.5: Possible sites of reactivity of enoeet71

Enone 71 provides a structurally intriguing case studigr investigating the
stereoselective reactions of a conformationally locked systamfollowing section
discusses the stereoselective reactions of erahél and the synthesis of some
small cyclohexanoneatural products. Although a few examples were knowa, w
felt that 1,2additions to the ketone functionality enoneent71 deserved further
study. No examples of a 1;d4dditionto enoneent71 existand so we also set about
using enonent71in 1,4addiion chemistry****# Since we planned to use a double
1,4-addition strategy to access the ABgs of samaderine C, our initial efforts
focused on using organocuprates and copptalysed Grignard additions for 1,4
addition to enonent71



2.2.2 1,4Additions ofDiorganocuprates ta (! )-Quinic Acid Derived Enone

Organocopper chemistry has a long and successful H$téR3and 1,4additions of
organocuprates @&uLi) has been an invaluable tool to synthetic chem&t$’ The
chemoselectity of additions to enones by alkyl lithiums (dad8dition) in
comparison to organocuprates (additions) is often rationalised by a harersus

soft rationale. In reality, the mechanism of the-dddlition of an organocuprate to an
enone is much more iowed than a OsoftO alkyl nucleophile engaging the enone
moiety in a Michaehddition fashion. Since organocopper chemistry is key to our
projected samaderine C synthesis, some of the important factors are presented here.

The reactivity of organocupratean be dependent on the stoichiometry between the
organometallic reagent and the copper salt. For our purposes, we used the most
reactive cuprate species, diorganocuprateuRi%iX, formed from two equivalents

of alkyl lithium and a copper salt. The hompcate species RuLi%iX has a linear
C-Cu-C structure with a metal counter ion. Theoretical studies suggest that such
species exist as a bimetallic dinf# but higher order complexation is anticipated
(Scheme 2.22%%'*® This arrangement is supportedby several crystal

structureg341%

R S R-Cu-R
R-Cu-R +2S Cu i +2S SriLi
) 1 - oL, 1 -|| 'S
SllLIi ITII |S ~— |R S S ~— :S é
Aok s Siirs
9% R-Cu-R R-Cu-R

|-

! s
2[r-cu-R| ?[sulis
S
ssIP

Scheme 2.22cIP and SSIP structures observed
However, the solution structure of organocuprates has been difficult to establish. It is
thought that solvent molecules can break up the organometallic clusters into

fragments of various sizes and stoichiometry. The parent organometallic clusters are

often referred to as contact ion pairs (CIP) and are thought to be the most reactive

! )% !



form (Scheme 2.22°'% The solvated fragments are known as solvent separated
ion pairs (SSIP) and can have a range of reactivity and structural arrangements. In
the reactio system there is probably a dynamic equilibrium between CIPs and SSIPs
with the equilibrium dictated by a number of factors (additives, solvent, copper salt).

The range of reactivity and structural characteristics of so many organocuprate forms
has madat difficult to determine the mechanism of 4gdditions of organocuprates.

The overall mechanism has only recently become more rigorously established and
was the accumulation of a vast amount of both experimental and theoretical
investigations. The eadst kinetic studies showed a first order dependence on the
enone concentration but a more complex relationship to the cuprate'tfimater

kinetic experiments at low temperaturg6Q jC) and with an excess of cuprate
showed that there was also a fireler dependence on the cuprate speéfes.

The kinetic results also suggested the reversible formation of a cepaie
complex. The nature of this complexation is understood to(3& @omplex formed
through the interaction of the;&u" HOMO (3d,,) and the enone LUMO)f). This
theory is supported by the observed weakening of the enone C=C"bbfid.
Subsequently, rapid injection NMR spectroscopic studies of a substituted ®hone
revealed the existence two types(6f) -complext****’ These obseed complexes
are attributed to ah-face complexcis-98 and a"-face trans99 complex (Scheme
2.23). Interestingly, product analysis indicated the exclusive formation ef 1,4
addition productrans-100 arising from the'-face complexrans-99. This evidence
supports the reversibility of the ) -complexation.
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Scheme 2.23#Complexation in the reaction mechanism

The involvement of an (' "-cuprio(ll)enolate species had long been
speculated?®!*°Kinetic isotope experiments involvingC labellingof the"-enone
terminus and thel -carbon of a cuprate nucleophile indicated that the- rate
determining step was probably a reductive eliminatjgre process of aff® "-
cuprio(ll)enolate specieS? Its existence was recently established by NMR

1 n

spectroscpy by the observation of~ "-cuprio(lll)enolate specied01 (Figure

26) .145,147

OSiMes

CN
4
Culll
/ \M
Me €

101

Figure 2.6: The"-cuprio(lll)enolate specie$01observed by NMR spectroscopy

Based on all this previous work, the current understanding of the mechanism of 1,4
addition of cuprates to enones is shown in Scheme 2.34cdnplexationprocess
gives coppeenone(? )-complex102 Formation of a'-cuprio(lll)enolate species

103 then ocurs through an oxidative additidype process (two SET process had
been postulatéd™*® but this has since been refut¥d®". A reductive elimination

type procesgthe ratedetermining step)gives an enolatel04 that on workup
collapses to give the,4-addition producfiO5,
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Scheme 2.24pProposed cuprate 1;4ddition mechanism (solvation omitted for clarity)

We therefore began our ZIa#ldition studies with the reaction of simple
organocuprates @ulLi) with enoneent71. Our efforts were always focused on the
delivery of a methyl cuprate in @s-orientation to the adjacent CHO group as this
would give the desired axial-00 methyl substituent for the planned synthesis of
samaderine C. It was important to ascertain trestdreoselectivity of the 1,4
addition of cuprates to enoeat71 before the more challenging double-addition
strategy was explored.

The preferred solvent for cuprate reactiorEtgO over THF.Cuprate reactions in
THF causes the formation of less reactive SSIPs. However, eméiié was not
sufficiently soluble in BEO and so necessitated the use of THF. Therefore, the
cuprate species was preformed using 1.2 eq. of Cul and 2.4 eq. of MeLi in EHF at
78 iC. Enoneen-71 was then added as a THF solution. The result was an
inseparable 55:45 mixture of diastereomérsubstituted ketonesans-106 andcis-
106in 43% yield (Scheme 2.25). Compourigms-106andcis-106are named based

on the relative stereochemistrytbe methyl group and the adjacent alkoxy group.
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Scheme 2.25First methyl cuprate addition to enoeet71

Using the™ NMR spectrum of the products, the magnitude of theoupling
constant between -d and the adjacent CH proton-@) at the new stereogenic
centre was used to assign the stereochemistinaiod-106 andcis-106 (Figure 2.7).
This was facilitated by the conformatitwcking BDA protecting group. A largéd
value indicated thérans-diaxial arrangement of the protons as foundrams-106.

For trans-106, a 3J value of 9.5Hz was measured. Thaxialequatorial®J coupling
constant present inis-106 could not be measured because of overlapping of the
diagnostic signals.

/
O ‘ :\
9.5Hz 3
/Ol.. Q
o\g?/ \’ ;\7,\
(@]
trans-106 cis- 106

Figure 2.7: ObservedJ value and assignment of trafi$ and cis71

This reaction using a Culerived methyl cuprate was interesting but conditions were
sought to give higher yieldnd diastereoselectivity. In particular, we studied the use
of CuCN (including the mixing time for reacting the organolithium with CuCN) and
the use of the additive M8ICl. The reasons for selecting these variables are

summarised below.

Numerouspublished examples have shown that copper salt optimisation is ¢riicial.

In particular, the use of CUCN and the reactivity of cuprates derived from tHidsalt
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Lipshutz to postulate the existence of Ohigher orderO cuprafegGR)Li,)." >

Lipshutz hypothesised that higher order cuprates possess a tricoordinate copper(l)
centre in which the cyano ligand imparts a loweriny-atidity in order to facilitate

the unusual coordination stdt8.Later work disputed the structural attributes of
cuprates derived from CuCN®' However, structural studies have shown the
propensity of cyangilman cuprates to form higher aggregate structtfré¥1%

while theoretical studies have indicated that i2 &lkylation reactions of cyano
Gilman cuprates the nike ligand facilitates formation of bridged complexes which
have lower activation energies for displacent&htt has been suggested that the
increased reactivity of cyar@ilman cuprates in 1;ddditions could be derived from
similarly lowered energy tresition states®*!®® The marked distinction in the
reactivity and stereoselectivity observed for cy&ilonan cuprates is irrefutable and
highlights the importance of the copper salt counter ion. For this reason, we carried
out a number of cuprate addiis to enonent71 using diorganocuprates derived
from the CuCN salt.

In addition to the CuCN salt, we investigated the use of an additive to this reaction.
MesSiCl has been previously shown to be significant in not only improving the rates
and yields of cuprate additon reactioff§ but also affecting
diastereoselectivity?"*°® The mechanistic origin for this acceleration effect is not
yet fully understood?>****’> An experimental study revealed that the reaction
involved the silylation of the coppenone) -compleX* (such asl07) and kinetic
isotope studies have shown this silylation to be crdéidl* Recent NMR
spectroscopy studies have shown the existence of a sily(at@dallyl Cu(lll)
complex such as07when a silane is present in theaction™*’ This result may shed
some light on the mechanistic rationale behind the difference ¥siMlepromoted
1,4-additions of cuprates. A proposed mechanism is summarised in Scheme 2.26.
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Scheme 2.26Proposed mechanism involvié§#-allyl Cu(lll) complex107

The results for the addition of CuGderived methyl anah-butyl cuprates to enone
ent71are shown below in Scheme 2.27 and Table 2.2. The addition of both of these
cuprates in the presence of thesBi€l additive were alsmvestigated.

/ / /
O & Cu(l)salt(1.2 eq) (OIS (0] g

\)\ RLi (2.4 eq) \)\
P79 addive Q"7 9 S 9
O~ ———> O~ °
| THF
178 iC,1h
o)
ent-71 R=Me trans-106 R = Me CIS—106

(0]
R =n-Bu trans-108 R =n-Bu cis-108

Scheme 2.27Cuprate additions to enorent71

ey R CU0 addiive  Product Y(;g')s (trand;:ci ¥
1 Me Cul None 106 43 55:45
2 Me CuCN None 106 70 60:40
3 n-Bu  CuCN None 108 74 >00:1
4 Me CuCN  MesSiCF 106 96 >99:1
5 n-Bu CuCN MesSiCI 108 98 >99:1

2Yjeldof product after chromatograptiRatio oftrans- andcis-diastereomers b{H NMR spectroscopy after chromatography

“TBAF desilylation after m aqueous workip

Table 2.2:Cuprate additions to enorent71
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Both methyl cuprate ana-butyl cuprate addition to enormt71 were studied. We
found changing the salt fro@ul to CuCN in the methyl cuprate reaction caused an
increase in yield from 43% (entry 1) to 70% (entry 2). Using a CUCN demnipedy|
cuprate gave-butyl "-substituted ketongans-108 as a single diastereomer in 74%
yield (entry 3). As precedented in the literature, it was found that usingi®le
resulted in drastic improvements in yield for both methyl cuprate (96%, entnd4) a
n-butyl cuprate (98%, entry 5). Interestingly, the methyl cuprate addition in the
presence of M&ICI not only improved in yield but also the diastereoselectivity:
trans106was isolated as a single diastereomer (>99:1 dr).

The preferential formationfarans-106 and trans-108 as the major diastereomers
can be rationalised through a steric clash leading to a facial preference dufng the
complexation phas&®!’*'’® \We propose that enon&’10s lowest emrgy
conformation will be a flattened half chageometry as consistent with other
conformationally locked cyclohexenones (Figure 2’8)This conformation is the
only available geometry available to ena®71 The BDA-group infers a strong
trans-diequatorial diol requirement while the enohesystemwill be planar to
maximise) -orbital overlap. The sofa conformer resembles the envelope conformer
adopted by fivemembered rings and so has two distinct facial environments: a
convex face and a concave fagegComplexation to the convex faeell be prefered

on steric grounds and would subsequently lead tdr#ms-adductstrans-106 and
trans-108 as the major products. The difference in diastereoselectivity betmveen
butyl cuprate and methyl cuprate can therefore be explained be an increased facial
sekctivity for the sterically largem-butyl cuprate.

Convex face

¢ o~
70
FZTL

7
Concave face

Figure 2.8 Convex/concave faces of enamt71

Our explanation for the improved yield and diastereoselectivity in the presence of

MesSiCl is as follows. The M&ICl additive is known to be more than a simple trap



for the enolate formed poeatdition (see Scheme 2.26) and so can be involved in a
significant capacity to induce such a change in stereoselecfiVityis plausible that

the formation of the(® )-allyl Cu(lll) complex (see Scheme 2.26) on the least
hindered convex face acts as a kinetic trap preventing reversal of complexation and

recoordination on the concave face.

Thenegative #ectsof THF as a solvenh conjugate additions of cupratleas been
shown(CIPsversusSSIPs). Solvent separated ion pairs (SSIP) are thought to be less
reactive and more susceptible to breakdown. The breakdown of the cuprate was
investigated by using a varied mixing time for reacting MeLi with CuCN. After
addition of theorganolithium reagent to a solution of the copper salt, the resulting
mixture was allowed to stir during a mixing time. This period was generally 20 min
but, by altering the time, the breakdown of the cuprate could be monitored and
assessed through the igi®f product.

Reactions of enonent71 with dimethyl cuprate generated from CuCN (with
different mixing times) in the presence or absence oS were therefore
investigated. The results are shown in Scheme 2.28 and Table 2.3. A brief foray into
altering mixing times can be seen in entries 1, 2 and 3 of Table 2.3. These entries do
show a trend towards cuprate degradation but it is felt that at such low temperatures
degradation is slow and not appreciable to impact on the choice of THF as solvent in
terms of yield.
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Scheme 2.28Altering mixing time and temperature for methyl cuprate additions to el

Mixin i
Entry Tim:’ Temzecr;‘ture Additive \(((u)/eogg (trand; cig?
1 5 #78 MesSiCIF 96 >090:1
2 20 #78 MesSiCI 89 >00:1
3 60 #78 MesSiCI 85 >00:1
4 20 #40 None 90 27:73
5 20 #40 MesSiCI 97 >00:1
6 20 0 None 77 33:67
7 20 0 MesSiCIt 89 75:25

2Yjeld and dr of product after chromatograpfiRatio of trans and cis-diastereomers byH NMR spectroscopy after

chromatographyTBAFdesilylation after an aqueous wetp where required

Table 2.3:Altering mixing time and temperature for methyl cuprate additions to esnFigl

It was postulated that altering the temperature could increase complexation to the
less favoured concave facé the enone)-system. AtE40 jC, the reaction with
MesSiCl (entry 5) mirrored the result 88 jC (entry 2) i.e. both gaviFans-106in

>99:1 dr. However, aP40 iC, the reaction without M&ICl (entry 4) showed a
switch in stereoselectivity in favour @is-106 (73:27 dr). On raising the reaction
temperature to QC in the absence of M8ICl, cis-106 (67:33 dr) was preferentially
formed (entry 6). At raised temperatures even in the pres#rnde;SiCl (entry 7),

the diastereoselectivity was eroded from being almost totally selecti&?é8giC

(entry 2) to 75:25 drt{anscis) at 0jC.

There are two explanations for the erosion of stereoselectivity at higher temperatures.
The first is simplythe change in the energetics of the transition states making



concave complexation more favoured. The second is that the conformation of the
enone changes at higher temperatures, possibly through breaking of the planarity of
the enon@ -system. The reasdor the diastereoselectivity change remains unclear
but these results highlight the importance of temperature in these reactions.

Overall, the organocuprate 1adlditions studies have revealed several useful results
for the future synthesis of samaderi@ through the double taHdition strategy. We
discovered that the best conditions for-adtlitions to enonent71 were the use of
CuCN as a copper source in the presence of $5i@eadditive. The results showed

a trend towards thieans-addition prodicts in very good yields.

2.2.3 CoppeiCatalysed 1,4Addition of Grignard Reagents

In 1941, Kharasch and Tawney showed that the presence of just 1 mol% of CuCl
dramatically influenced the regioselectivity in the addition of MeMgBr to an
enone’®® A switch from 1,2addition to a completely selective daddition reaction

with the salt present was observaflith the desire for eis-selective addition
process in mind, reactions were carried out using a cagelysed Grignard
addition to compare the reactivity and stereoselectivity of this reaction to those of the
organocuprates already presented.

To investigate this 1;dddition method, a Grignard reagent was added to a
suspension of substoichiometric CuBr.S#&(20 mol%) and a solution of enone
ent71 (premixed with MgSICl where appropriate) was then added to give the
product. This reaction process was carried out for bdihtyl and methyl Grignard
reagents (Scheme 2.29 and Table 2.4).
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Scheme 2.29Coppetcatalysed Grignard additions to enoagt71

Entry (SRré%nard Additive  Product Y(i)elg dr. iQ°
gent (%)* (trans:cig
1 MeMgClI None 106 31 50:50
2 MeMgCl  MesSiCI 106 75 45:55
3 n-BuMgBr None 108 31 50:50
4 n-BuMgBr  MesSiCI 108 74 56:44

Yjeld and dr 6 product after chromatograph§Ratio of trans- and cis-diastereomers byH NMR spetroscopy after

chromatographyTBAF desilylation after anqueous work up where required.

Table 2.4:Coppercatalysed Grignard additions to enoapt71

Using MeMgCl, a 31% yield of -substituted enonesans106 and cis-106 was
achieved in a 50:50 dtranscis) in the absence of M8iCl (entry 1). In theoresence

of MesSiCl, the yield increased (75%) but the reaction was equally unselective
(45:55,transcis, entry 2). For the addition okbutyl Grignard, it might be expected

that addition of the bulkier reagent would lead to increased stereoselectiiitg i

with our previous cuprate results but this was not found to be the case. The reaction
in the absence of M8BICl| gave a 50:50 mixture dfans108 and cis-108in 31%

yield (entry 3). Use of a M8ICl additive withn-butyl cuprate (entry 4) showed an
increase in yield (74%) but with no significant diastereoselectivity observed (56:44
dr).

Overall, MeSiCl showed improvements in vyield but the influence on
stereoselectivity was less pronounced than had been seen with the cuprate results.
The increase ityield supports research by Nakamura and Kuwajuma who showed
the accelerative effects of N®Cl for coppercatalysed Grignard additions. The
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poor stereoselectivity we observed is also in line with previous Wbtk.a review

by Feringa, he describes theoppercatalysed Grignard additions to enones are
Osensitive to every parameter in the reaction profoegl stoichiometry, solvent,
counterion and various reacti@onditions, including the use of chiral or achiral
additives and Lewis acid€)*®” The exact reason for the low stereoselectivity is not
understood. However, previous studies have already shown the advantageous use of

Gilmanstyle cuprates over catalytic Grignard additidifs.

The coppercatalysed Grignard additions in Table 2.4 were reggkanany times in

an attempt to check for experimental error but the results always gave lower yields
and worse diastereoselectivity compared to these observed using the
diorganocuprates. For this reason, we identified the conditions previously developed
(CuCN, alkyllithium with MgSIiCl) as the preferred cuprate addition conditions in
the future development of the double-addition strategy towards the total synthesis

of samaderine C.

2.24 Nucleophilic Additions of Organeetallic Reagents to & )-Quinic Acid
Derived Enone

While not directly relevant to our proposed total synthesis of samaderine C, the high
yields and intriguing diastereoselectivity observed in our cuprate addition studies
prompted us to further explore the reactivity of enené71l. Due to the lack of
reported examples, we next investigated the diastereoselectivity-atidifibns to
enone ent7l. Our study included hydride sources (reduction), organolithium
reagents and Grignard reagents. The reduction of etvd was first irvestigated
where enoneent71 was reacted with a hydride source to give allylic alcohol
products (Scheme 2.30 and Table 2.5).
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Scheme 2.30Reductions of enone et

Entr Reagent Yield dr
y 9 (%)*  (1,4transl,4-cis)’
1 NaBH, 92 90:10
NaBH.s, !
2 CeChYBH,O 93 90:10
3 L-selectride 77 50:50

2Yjeld of product after chromatograptiRatio oftrans- andcis-diastereomers bjH NMR spectroscopy after chromatography

Table 2.5:Reductions of enone et

Reduction of the enone carbonyl wiast carried out by treatment of enorat71

with NaBH, (entry 1. This gave &0:10 mixture of diastereomey 1,4-cis-90 and
1,4trans90 in 93% vyield. These products are named based on the relative
orientation of the allylic substituents. The assignment efpgtoducts 14rans-90

and 1,4cis-90was achieved using tfi@ coupling constants of allylic proton-6iand

the adjacent Clprotons Hla and Hlb (Figure 2.9). The Ha proton in the major
product shows three large couplings (13, 12 and 10 Hz). Thessated to &J
geminal coupling to the b proton and twérans-diaxial °J couplings to protons H

6 and H2. The minor diastereomer showed two 13 Hz couplings corresponding to
the 2J geminal coupling and theans-diaxial >J coupling to H2. There was then a
smaller 5 Hz coupling attributed to the diequatofiatoupling to the allylic H6
proton. Based on this analysis, the major product was assignedtean,40 while

the minor product was attributed to 4;4-90.
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Figure 2.9: Assignment of reductigoroducts 1,4rrans-90 and 1,4cis-90

Enoneent71 was then reduced using NaBtihder Luche conditions (Cef@H,0)
(entry 2). This also gave a 90:10 mixture {irghs1,4-cis) of 90in 93% yield. We
speculate that preference for the-ttghsproduct is based orhé small hydride
nucleophile preferentially attackindpe carbonylbf enoneent71 on apseudeaxial
approach as would traditionally bexpected® Support for thishypothesis was
provided by the result using thmilky reducingagent, Lselectride (entry 3)This
hydride sourceesulted in a lowering of thetereselectiviy as a 50:50 mixture of
1,4-cis-90 and 1,4trans90 was isolatedin 77% vyield Smaller reducingagents
(NaBH,) are less impacted by idsaxial interactions and so preferpaeudeaxial
approach to place the alcohol group in an equatorial position. Larger nucleophiles
(L-selectride) are affected more by steric contributiand so are forcedto the

least hindered pathwapgeudeequatorial approach).

It is important to highlight the diastereomplementary synthesis of allylic alcohols
1,4trans90 and 1,4ciss90. We have shown a desymmetrisation and epoxide
rearrangement route to 1¢46-90 as a Bigle diastereomer (see Scheme 2.16). Now,
using a NaBH reduction, the complementary diastereomer;ttgds90, can be
accessed in high yield (93%) and dr (90:10).

Following on from these results, the addition of organometallics to esrH7d was
nextinvestigated (Scheme 2.31 and Table 2.6). Emmt&1 was used as a solution
in THF and reacted with an organometallic reagent at low temperature.
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Scheme 2.311,2-additions of organometallics to enone @it

Entry Reagent Tem?icér)ature Product \(((')/eol)g (1,4rtrar(1jsr1,4rcis)b
1 MelLi 0 109 90 66:34
2 MeMgBr #78 109 68 83:17
3 MeMgBr 0 109 93 75:25
4 PhLi 0 110 98 >99:1
5 Allyl MgCl 0 111 98 79:21

2Yjeldof product after chromatograptiRatio oftrans- andcis-diastereomers b{H NMRspectroscopy after chromatography

Table 2.6:1,2-additions of organometallics to enone @it

The addition of MeLito enoneent71 was known? In studies towards the natural
product neoaltuene, the Podlech group added MeLi to ezl at O jC in THF.

They obtained a 60% yield of a 60:40 mixture in which they assignedst]99 as

the major diastereomer through nQxperiments. We repeated this experiment
(entry ) and obtained a 68% yield of &3:17 mixture of inseparable diasterenm

On comparison of experimental data, our major product matched their major product
(1,4-cis-109). However, we sought to ratify the Podlech groupOs assignment. Using
our own nOe experiments (Figure 2.10), the allylic methyl group and the CHO signal
belonging to axial protons +2 showed a positive nOe leading us to assigrrads

109 as the major produc€onclusive evidence was achieved by recrystallisaiion

the 83:17mixture of products from ED. This gave the major product asiagle
diastereomewhich on Xray crystallographic analysis was unequivocally shdan

be 1,4trans-109 (Figure 2.11), indicating that PodlechOs assignment was incorrect.

! o !
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Figure 2.1Q nOe assignment of alcohbj4-trans-109

Figure 2.11 X-ray crystal structure of major diastereomer 4r&ns-109

Investigation of addition of MeMgBr also carried out. #At8 jC (entry 2), a 63%
yield of an 83:17 mixture (1;&ansl,4-cis) was obtainedRaising the reaain
temperature to 0 jC (entry) Bowerdal the diastereoselectivity to 75:25 but increased
the yield to 93%Theaddition of a phenyl group usindghBl gave a 98% yield of 1;4
trans-110 as a singlediastereomer (entry 4)The aldition of anallyl Grignard
reagent (entry ogaveproduct 1,4trans111in a high yield (98%) as an inseparable
79:21 mixture of diastereomergl,4-trans1,4-cis). The major allylic phenyl (14
trans-110) and allyl products (1;&rans111) were assigned using the analogous nOe
enhancementsised in the assignment the methyl addition producttras-109,
Finally, treatingenoneent71 with t-BuMgCl reaulted in 1,2addition products 1;4
trans112 and 1,4cis-112 (70:30 in 36% yield together withthe 1,4addition
productsrans-113andcis-113(60:40) in38% yield(Scheme 2.32).
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Scheme 2.32Addition of tbutyl Grignard reagent to enone ent

It is clear that for 1:Additions to enonent71, despite thesteric size of the
incoming nucleophileshe preferred orientation for attack the carbonyl grou
pseudeaxial. We tentatively suggestwo explanatios for the stereoselectivity of
these reactions. Equatoreddition would result in Felkitype torsional strain as the
transition state requires the carbonyl to eclipse thdjacent hydrogen.
Cyclohexenones only peess a single 1 @iaxial clash between the incoming
nucleophile and the corresponding CH which is normally detrimem@tial attack,
particularly withlarge nucleophiles. Fingl it is possible that a CieplaRH sigma
sigmadonation promotes axial additigfigure 2.12.'**'®¥ The enone double bond
may also facilitate the axial apprtaof the nucleophile ostereoelectronic grounds.

H o’
\3 /
IR =y
é ©
Incoming nucleophile ! *

Figure 2.12 Cieplak interaction to account for axial attack on enone®nt



2.2.5 Epoxidation of a ()-Quinic Acid Derived Enone

We wished to further explore the reactivity of enené71 and identified the double

bond as a target for further elaboration. Previously, the enone moiety had been used
in a DielsAlder reaction®® and a cyclopropanation reactifi. In contrast,
nucleophilic epoxidatiorremained unstudied

To that endenoneent71 was treatedvith hydrogen peroxidand Triton B base to
give a65:35 ratio ofcis-114trans-114 by analysis of théH NMR spectrunof the
crude product (Scheme 2)33solation by flash column chromatography gae

114 in 50% vyield while trans114 was obtained in 30%ield. The relative
stereochemistry was proved by obtaining awa)( crystal structure otis-114
(Figure 2.13) Interestingly, we found that changing the peroxide species to the more
sterically hindered-butyl hydrogen peroxide gaweans-114as a single diastereomer

in 81% yield.These epoxidation conditions allowed complementary access to either
diastereomecis-114or trans114as the major product.

/ / / J—
Q s 0 s Q0 s

~ ~ ~

N ROt A oo £\Z OH
(1D H (1D 1D
/ = Triton B / = / =

@) e @) + @)
THF "0 o
rt, 19 h :

0 o o Triton B
——
ent-71 .
R=H cis-114 50% trans-114 30%
R=t-Bu cis-114 0% trans-114 80%

Scheme 2.33Nucelophilic epoxidation of enone efit4

Figure 2.13 X-ray crystal structure of epoxide €l 4



2.2.6 Synthesisf Natural Products Wingthe(! )-Quinic Acid Derived Enonand

its Enantiomer

The reactivity of enonent71 spurred us on to investigate the synthesis of some
simple natural products using either of the available enone enantientéts and

71 To highlight our synthesis of enoiié via the novel desymmetrisation route, we
selected the synthesis of theobroxidtated natural products.

Theobroxiderelated natural product$;methyl enonel15andentl115as well ad -
methyl enonell6, were isolated from the mycelia @fasiodiplodia theobromae
OCS71 and are structurally related to theobroitigure 2.14)%"*#Compounds of
this class have been shown to stimulate tuber formation in poSdtanum
tuberosum while in morning glory(Pharbitis nil), they exhibit stimulaon of flower
bud formation. They also inhibit stem elongation through gibberélibsynthesis
suppressionSurprisingly,” -methyl enoned.15 andent115were present in nature
as a 7:9mixture.

)
OH OH OH OH
HO,,, HO A HO,,,
oy \Q/
OH (0] (@) (0]
Theobroxide 115 ent-115 116
—

Figure 2.14:Natural products isolated frorasiodiplodia theobroma®CS71

It was envisaged that both themethyl and"-methyl natural products could be
accessed from enore (Scheme 2.34). Starting froifl, an! -or "-methylation of

the enone double bond would give the methyl adduddig or 118 which on
deprotection of the BDA protecting group would furnish the relevant natural product.
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Scheme2.34: Methylation and deprotection to gitieeobroxiderelatednatural products

The synthesis of th&-methyl natural product$15 and ent115 were first studied.
Starting fromenone 71, addition of methyl cuprate, promoted by 48&l, and
subsequent Saegusa oxidation of the silyl enol ether intermediate gavendibyl
enonell7 in 92% vyield (Scheme 2.35)Butane diacetal deprotection d17 with
TFA gave the desirettmethyl natural product15in 74% yield The corresponding
enantiomerent115 was accessed using th&){quinic acid derived enonent71
(Scheme 2.36)Following the same methyl cupate/Saegusa oxidation proceture,
methyl enoe ent117 was synthesised in 96% yield. BDA deprotection using TFA
gave"-methyl natural producent115in 90% yield The spectroscopic data and

specific rotation for bothstereassomers matched those reported in the isolation

paper-®
o/ . Q,/
% 1. MeLi, CuCN, MesSiCl ;(‘(O TFA, H,0 OH
/0 o THF, 178 {C, 1 h 5 (10:1)  HO,,
0., > —
2. Pd(OAc,) (20 mol%), O, rt, 5 min
DMSO, 1t, 13 h o
O O
71 117 115
92% 74%

Scheme2.35: Conversion of enongl into " -methyl natural product15
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Scheme2.36: Conversion of enonent71into "-methyl natural producént115

Next, the synthesis of tHemethyl natural product16 was studied using palladium
coupling chemistry.The BDA protected! -methyl enone 119 is known in the
opposite enantiomeric seri€s. Using the literature conditionsenone 71 was
iodinatedusing iodine and DMAP to ge iodoenon€ll9 in 92% vyield (Scheme
2.37) The literature example then reported a 99#ld for a methyl coupling
reaction using M&Sn, PhAs, Cul, diethylamine and R@ba)y with iodoenonel19
as a solution in THF. This solution was then heated at 100 jC in a sealed tube.
However, in our hands these reactions conditions gawethyl enme 118in only
32% yield as the best yield after multiple attempts (Scheme 2tGever, ve
found that the use of NBS palladium precatalyis20 (previously developed by the
Taylor and Fairlamb group'$® gave BDA protected! -methyl enonel18in 79%
yield (Scheme 2.38). BDA deprotection!oimethyl enonel18thengave diol116in
84% vyield. The spectroepic data recorded matched thosported([! ]o +141.4 €
0.7 in MeOH) )(Lit.’*°+11.3 € 0.01 in MeOH))**’

/ / /
°) Q °)
% 2, : Me,Sn, Pd,(dba); % 3
/O O |, DMAP / O Cul, Et,NH, PhsAs /0‘((0
O.., _— > O.,, > O,
Py:CCl, THF
(2:1) 100 iC, 24 h
rt12 h '
0 @) 0
71 119 118
92% 32%

Scheme2.37: Synthesis of iodoenorid9and palladium coupling under literature conditions
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Scheme2.38: Conversion of iodoenorl 9to &methyl natural product16

In conclusion,a commercially available starting material we have developed a
convenient and scalable synthesis of a uselfilal intermediateand sing both
enone enantiomerse have synthesised therobroxrééatednatural products



Chapter 3. Efforts Towards the AB-Rings of
Samaderine C: the Double 1,4Addition
Approach

This chapter describes our efforts to develop a strategy for the synthesis of-the AB
rings of samaderine C (Scheme 3.1). The plan was to introduce the two substituents
at G10 in the Aring of samaderine ia a double 1,4ddition approach to a
suitable eaoneent71 (the synthesis of which was described in the previous chapter).
However, since enorent71 can be readily prepared frofi){quinic acid, all initial
synthetic work in this chapter was carried out in effectively the OwrongO
enantiomeric serie®r samaderine C synthesis. Specifically, efforts were focused on
the conversion of enonent71 into thetrans-decalirdiol 81, a compound that we

felt was a suitable model of the Alg system of samaderine C. This chapter

describes our efforts towartise synthesis of di@1.

Samaderine C ent-71 81

Scheme 3.1Synthesis of ABng model81 from enone erf1

3.1 Strategy Towards th&B-Ring Model Compound

Our initially proposed route for the synthesistrains-decalindiol 81 is summarised

in Scheme 3.2. The route would start with iodinationen¢71 in the ! -position
followed by a Suzuki crossoupling with MIDA-boronate72 to give ! -propenyl
enoneent73. In this approach, a butenyl cuprate will represent the-Gigecluser.

The 1,4addition of a butenyl group to enoapt73 would form an enolate which we
hoped to utilise to reform the enone oxidation state. This could be accomplished by
trapping the enolatm situ as the silyl enol ether, which on Saegusa oxidation would

! +( !



furnish " -butenyl enondl21 It was envisaged that the addition of a methyl cuprate
would then give'-disubstituted keton&22 The diastereoselectivity of this second
cuprate addition is a key amp of this route and the sense and degree of
stereoselectivity would need to be investigated. In particular, we anticipated that the
order of introducing the butenyl and methyl groups could be reversed in order to
access the desired diastereomer. Thend methyl alkene would then be formed.
Kinetic enolate formation and trapping as the enol triflate followed by-cagsling

with Me,CuLi would then give methyl alkert23 Completion of the Bing would

be achieved by RCM, selective hydrogenation aral deprotection to give the
trans-decalinrdiol 81.
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Scheme 3.2Proposed synthesis of Aig model81



3.2 1,4-Additions of Organocuprates tb-Substituted Enones

In order to investigate the diastereoselectivity of theatldition of cuprates tb-
substituted enones, a metmybiutyl model study was devised as shown in Schemes
3.3 and 3.4. The previous cuprate additions to unsubstituted enbriegavetrans
selective additions tfans to the adjacent alkoxy moiety) to give the cuprate
substituehin the equatorial position. If the same sense of induction occurred in the
addition of MeCulLi to n-butyl "-substituted enon&24 then" -disubstituted ketone
trans-125 should be the major product (Scheme 3.3) i.e;QMé&i addstransto the
adjacent oxyge. By ananlogy, addition af-Bu,CuLi to methyl"-substituted enone
ent117 should give the other diastereomeérdisubstituted ketoneis-125 as the
major product (Scheme 3.4).

124 trans-125

Scheme 3.3Methyl cuprate addition t8-substituted enon&24

ent-117 Ccis-125
Scheme 3.4n-Butyl cuprate addition t§-substituted enonent117

The methyl andh-butyl " -substituted enonemt117and124were synthesised using
a cuprate reaction in the presence osMEIl and the resulting silyl enol ether was
then oxidised using a Saegusaction to give the productS¢hemes 3.5 and Table
3.1)
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Scheme 3.5Synthesis of methyl and butysubstituted enones from encere:71

Entry R Pd(O,-Ac)z Product Yield®
Loading (%)
1 n-Bu 1.2 ed® 124 56
2 Me 1.2eq  entll? 61
3 n-Bu 0.2 eq’ 124 82
4 Me 0.2 eq’ entl117 96

2Yijeld after puification by chromatographyConditions: Pd(OAg)(1.2 eq.), under Ar, MeCN, rt, 20°Bonditions: Pd(OAg)
(0.2eq.), under @ DMSO, rt, 20 h

Table 3.1 Synthesis of methyl and butybubstitutedenones from enorent71

Thus n-butyl cuprae was reacted with enoeat71 and the resulting silyl enol ether

was submitted to the stoichiometi$aegusa oxideon. This gave"-n-butyl enone

124 in 56% vyield (entry 1) Using the same method with methyl cuprate gave
methyl enoneent117in 61% vyield (entry 2)The catalyticSaegusa reaction was also
screened. Thignethod involved bubbling oxygen gas through a solution of the
trimethylsilyl enol ether andPd(OAg) (0.1 eq.) for 30 min and then stirring at rt
under an oxygen atmosphere for 20 h. The catalytic method resulted in a consistently
higher yield(82%) of "-n-butyl enonel24 (entry 3).The catalytic oxidation also
proved successful after a methylpcate additiorto give methyl'-methyl enonent

117in an excellent 96% vyidl(entry 4)

With both "-substituted enonesnt117 and 124 in hand, the appropriateuprate
additions were undt&ken. In the absence of MBCI, the cuprateadditionsto both
"-substituted enoneentl117 and 124 resulted in none of the desirgoducts.



Instead, somé&,2-addition sideproducts were detectetdhese initial results showed
that cuprate additions tb-substituted enones aohallenging in line with previai
studies™®!9? Hence, reactions in the presence ofs®I€l were investigated with
more promising results-Butyl cuprate additiorio " -methyl enonel24 gave a 42%
yield of "-disubstituted ketonesis-125 and trans125 as an inseparable 85:15
mixture of diastereomergScheme 3.6)The cis-diastereomer wasbtained as the
major product in line with previous results suggesting the preferenctrafts
cuprate additions placing tmebutyl substituent in the equatorial position. The major
diastereomer wassaigned asis-125by nOe experiments (Figure 3.1). Irradiation of
the H2 probn showed a positive enhancemetth theaxial methyl group.
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ent- 117 cis-125 trans-125
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Scheme 3.6n-Butyl cuprate additiorio " -methyl enone efit17
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0 H

nOeU

cis-125
Figure 3.1 Assignment of ci¢25through nOe enhancement

It was therefore expected that addition of a methyl cupratertbutyl enonel24
should give the complementary diastereoisotrars-125as the major product with
equatorialtrans-addition of the methyl cuprate. Surprisinglyddéion of methyl
cuprate o "-n-butyl enonel24 gave the same major diastereonws;125in 69%
yield as an inseparable 62:38 mixture. Thigher yield for the addition of the
smaller methyl cuprate to the sterically hindefesubstituted enone was exped.
The reduced diastereoselectivity for methyl cupvaesusn-butyl cuprate additions
was similar to that observed in the -hdditions to enonent71. However, the same
major cis-diastereomer for both of these reactions was completedxpected.
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Scheme 3.7Methyl cuprate additiomo "-n-butyl enonel 24

The same major product regardless of the addition order suggests that additions to
substituted enones of this systéype are dependent on more than just the steric
hindrance duringhe ) -complexationphase of the reaction mechanidinwe make

the assumption that the reaction pathway is reversible until the final ecaboon
bond forming event then the reaction mechanism for a methyl cuprate addition to
n-butyl enonel 24will be as aitlined in Scheme 3.8°

We believe that the reaction pathway will follow that previously outlined (see
Scheme 2.26) with-complexation to give eithgr® ) -complexescis-126 or trans

127 (Scheme 3.8). Formation of ti§é ) -allyl Cu(lll) complexes ¢is-128 or trans-

129 is thought to occur spontaneously in the presence agSKgé Before the
irreversible reductive eliminatietype process to give the final products, bt -

allyl Cu(lll) complexes ¢is-128 or trans129, must pass through the' "-
cuprio(lllenolates ¢is-130or trans131) and it is here that we speculate a rationale

for the diastereoselectivity observed. Addition of cuprates t@trietrasubstituted
enones has been a significant challenge to synthetic chemists attributed &ithe st
congestion and the formation of a quaternary céntré?If the barrier (activation
energy) to the carbecarbon bondorming reductive elimination step is very high

and every step preceding it is reversible to some extent then a dynamic kinetic
process could be set up. The relative activation energies from(thé-
cuprio(lll)enolates¢is-1300r trans-131) to copper enolate product precursors would

be key. We suggest that the transition state which places the smallest group in the
axial position ad the largest group in the equatorial arrangement would be favoured.
Therefore, regardless of the order of addition in our doubladdédton sequence,



formation of cis-130 with an axial methyl and equatoriatbutyl group would be
favoured.

Me3SiO

cis-128 cis-130
N
/ /
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THE )
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/

Me3SiO Me3SiO
trans-127 trans-129 trans-131

Scheme 3.8Methyl cuprate addition to enori®4and associated mechanistic pathways

We suggest this mechanistic rationale but recognise the limitations of our analysis,
such as an assumption of reversibility between the intermediates of cuprate 1,4
additions in theresence of M&ICI. Our explanation here ignores the importance of

) -complexation shown by our previous results as well as the literafdfé!?®
Regardless of the mechanistic rationale for these results the synthetic opportunity
offered is promisig since either order of addition could be used to access the desired
diastereomer. Further studies towards samaderine C will have a choice of routes

available to suithe synthetic needs. The methyl group could be installed either



initially and carried thwugh as a methyl-substituted enone or added in a later step
as a methyl cuprate.

3.3 Studies Towards the Synthesis of the-Rihig Model Compound

The stereochemical outconué cuprate additions to our system may not be fully
understood but by achieving the desimgmethyl orientation, work could now
progress towards the miyesis of the ABing systemdiol 81. Our intention was to
use a ringclosing metathesis to furnisthe completed Bing structure after the
double 1,4addition approach. Based on the metmityl addition results, we
believed the double 1-dddition strategyshould deliver the desirediastereomer
regardless of the order of addition (Scheme 3.2). Eeon71 provides the Aring
with correctly defineddiol stereocentres and a cuprate addition process has been
shown to be a suitable methodology to install the methyl groupheatC-10
bridgehead positianThe challenge now became developing the kation process

to furnish the Bring.

3.31 Investigation of RingClosing Metathesig\nnulation Strategy

The annulationmethodologyfor constructing the ABingsinitially investigated was

RCM as its precedence for sixemberd ring formation is exceller®*'® For this
method, we required the installation of an alkene in the approprabsition of an
enone. The palladium couplings of iodoenones in similar scenarios have been shown
to be a robust coupling protocol forfunctionalisation of enone&:™%1971%we
therefore investigated the synthesis!epropenyl enoneent73 using palladium

chemistry to append the propenyl RCM handle.

cis-Propenyl MIDA boronate72 would be usé to functionalise iodoenon&19
through a SuzuEMiyaura coupling. MIDA leronates have beme synthetically
very useful The MIDA moiety derived fromN-methyliminodiacetic acid (MIDA)
stabilises otherwise aiand moisturesensitive boronic acids as the corresponding
esters which are bencistable Hydrolysis of the MIDA boronas in situ, then

! % !



provides a slow release of the boronic acid coupling partiePropenyl MIDA
boronate72 is commercially available buhis commercial material often comes as
an mixture ofcis- and transisomers.We therefore investigated the syntisesi
MIDA boronate72. A previous synthesis o072 exists'® Following this procedue,
vinyl bromide 132 underwent a halogelithium exchange to give vinyl lithium33
which was trapped using triisopropyl borate to give bordd4 Boroxin 134 then
formed the desiredis-propenyl MIDA boronaté’2 on reaction with MIDA under
DeanStark conditionscis-Propenyl MIDA boronat&2 wasthussynthesisedh 39%

yield over theliree required steps (Scheme 3.9).

L . B
Lith . B(Oi-Pr i
Br ithium Li ( )3 0”0
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140iC,1h 178 iC, 30 min J
132 133 then rt, 1h 134
(o] | o Ph:DMSO
HOJI\’N\)LOH l (9:1)
MIDA " 24 h
O=<ZB
0" \—/
72

39%
Scheme 3.9Synthesis of cipropenyl MDA boronate72

Treatment of enonent71 with iodine and DMAP gave iodoenoeat119in 93%
yield. The palladium catalystirans-bromo|N-succinimidytbis(triphenylphosphine)]
-palladium(Il) 120, developed by the Fairlamb and Taylor grotiisyas employed
to carry out the SuzukBMiyaura coupling The coupling step initially proved
capricious with an alkene isomerisation occurring somewheré¢hen reaction
pathway to give -vinyl enoneent73in 80% yield (Scheme 3.10). Howevérwas
found trat the rate of stirring influenced the formation of this gdeduct. It was
postulated that more vigorous stirring reduced the formation ofspbisO within the
reaction vessewhich are tentatively attributieto lead to the formation df-vinyl
enone 135 Stirring the reaction vigorously gavepropenyl enoneent73 (93%
yield) with no detectable presenceld5(Scheme 3.11).
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Scheme 3.11SuzukiMiyaura coupling process to form enoeet73

With one alkene for the RCM installed, efforts were then made to investigate cuprate
additions to! -propenyl enonent73 with a vision towards attaching a butenyl side
chain followed by okdation to give RCM precursdt2l Our planned approach is
shown inScheme 3.12
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Scheme 3.12Proposed route to RCM precursb21



The bromide precursor to the proposed butenykatepwas reasonably expensive

and the formation and use of a butenyl cuprate up to this point was unstudied.
Butyl cuprate was therefore used to initially investigate cuprate additiohs to
propenyl enoneent73. Treatment ofl -propenyl enonent73 with n-BuLi, CuCN

and MeSICl at B/8 iC in THF gave acomplex mixture d isomeric products
(Scheme 3.18 No singe product was able to be isolatgdre but analysis byH

NMR spectroscopy showed the presence of several ati@rtaining productsThe
definitive assignment of the products shown was never achieved as we were unable

to isolated any pure compounds.
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Scheme 3.1:3Possible mixture of alkene isomers on cuprate additi@ntd’3

The pssibke alkene isomers that may result fréms cuprate @dition are shown in
Scheme 3.13Cuprateadditions to a crossonjugated enoneush asent73 would

result n a timethylsilyl enol ether or enolate species which could queremore

than one pathway, either arexocyclic proton quenching pathway through a
conjugated diene side chain to give isomeric exocyclic enone produdts the
enolic ! -position in anpseudeaxial or equatorial fashion. Similarijixed results

were obtained on trying a Saegusa oxidation on the trimethylsilyl enol ether trapped
from then-butyl cuprate addition tent73. No single enone product was identifiable

from a complex mixture of isome products.



The limitation of cuprate additions to the g@®njugated -propenyl enonent73
severely hampershe RCM approachas a plausibleB-ring annulation method.
Continuing with this methodology would require masking the alkebsts$uent a

in enonel36 (Figure 3.2)in order to remove the problem of cross conjugation. At
this point it was deemed that synthetic efforts would be best spent in assessing other
annulation methods rather than investing time in masking an RCM handle.

/

OoP
136

Figure 3.2 Possible masked alkene analogue



3.32 Investigation of an AldeBased Bring Annulation Strategy

The RCMbased Bring annulationapproachwas ruled out in the sherérm.
Therefore, an alternative annulation method was soMybt next investigated an
aldokbased approach (Scheme 3.18yvas toped that synthesis of a butenyl adduct
138 by methyl cuprate 1;addition to"-pentenyl enond 37 would occur with the
stereochemistry predicted from our earlier studies. Then, hydtalborand
oxidation to keto aldehyd&39 would allow evaluation of amldol condensation
ring-closing approachWe envisaged that th#gans-decalin ring junction ofl41
would be formed by hydrogenation or a-tedluction of enond40 The methyl
alkene in81 would be installed using enol triflate formation and crosspling with
Me,CuLi.
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Scheme 3.14Aldol condensation route to ABng model compoun8é1

In order to investigate the aldbhsed annulation chemistry, most of our
investigations werevia mono "-substituted keto aldehydes (Scheme 3.15).
Shortening the route would allow more expedient investigation of the crucial aldol



condensation step as well as aiding in assignment of diastereasiagsthe
coupling constants present in thé NMR spectra Hence, the reaction of enoeat

71 with butenyl or propenyl cuprate would be expected to givetrtnes-addition
products,trans-142 or trans143 Oxidation of this pendant side chain (either by
hydroboratioroxidation oftrans-142or by ozonolysis ofrans143) would then give

a ketealdehydel44 which could be used to assess the aldol condensation annulation
approach to give bicyclic enodd5s.

Oa A~ --=-mm--- > O A or /0L
R = butenyl
or =
ropenyl
5 propeny 5 |

ent-71 trans-142 trans-143

oxidation
A 4

/
O O =

o -\)io aldol o-\)io
/ z |__| condensation / s

145 trans-144
Scheme 3.15aldol condensation route to enond5

The envisaged symésis of butenyl intermediateans142 involved addition of a
butenyl cuprate to enonent71. The kutenyl cuprate would be madeom a
butenylithium and CuCN under our standard cuprate conditions. However,
butenylithium is not commerciallyavailable and needed to be prepafesn 4
bromo1-butene. Several examplesf the use of butenyllithium have been
reportec?®®?°? Unfortunately in our handstitrations indicated that formation of the
lithiated species was not occurring. Several attempts at forming butenylli#mdm
adding its cuprée to enonent71 failed.



Our previous tidieshad shown thatoppetrcatalysed addition of Grignard reagents
to enoneent71 were successfublthoughthe diastereselectivity of these reactions
was poor. Neverthelesgshe correspating butenyl Grignard reagerit46 was
investigated as other options were not available. Grignard reagéntas formed

by reacting 4dbroma1-butene with magnesium turnings in THF at reflux. In the
presence of CuBr.SMeg20 mol%9, addition of butenyl Grigard reagentl46 to
enoneent71under standard condins was successful (Scheme 3.16 and Table 3.2

NMgBr

/ / /
O s 146 (O O::

CuBr!SMe, (20 mol%) &
/0"' o Me3SiCl /O'

Y0 /o--\)\o
o) O _A + O A
THF
"78iC,1h = o
O 0]

(0]
ent-71 trans-142 cis-142

Scheme 3.16Coppercatalysed butenyl Grigard addition to enone entl

Enir Scalé  Yield® dr
y (mmol) (%) (transcis)
1 0.41 92X 96:4
2 0.41 64° 56:44
3 8.26 49 55:45

33cale of enonent71 PYieldof product after chromatograptiRatio oftrans- andcis-diastereomers biH NMR
spectroscopy after chromatograpfyBAF desilylation after maqueous workip

Table 3.2 Coppetcatalysed butenyGrignard addition to enone efitl

The first reaction with 100 mg of enoeet71 (0.41 mmol)gave a 92% yield of a

96:4 mixture of buteyl "-substituted enonesans142 and cis-142 which were
tentatively assigned biH NMR (entry 1) However, epeating tfs experiment on

the same scale and under supposeétiytical conditions gavé4% yield but only

56:44 dr (entry 2)Scaling the redion up to 2.0 g of enonent71 (8.26 mmol) also

gave poor diastereoselectivity antbeer yield (49% entry 3. This experiment was
repeated further on a range of scales with the same overall molarity of solutions and
rates of additions with no discernable trend in diasgslectivityand yield.In line

with previous Gignard additions to enorent71, resultswerevariable both in terms

of yield and diastereoselectivity on a range of scales.



The oxidation of the pendant sidhain was then attempteding the 94:6 mixture
of butenyl "-substituted enonedrans142 and cis-142 (Scheme 3.17).A
hydroborationreactionwas siccessful and gavacoholtrans147in 88% yield as a
single diastereomeentatively assigned b§H NMR). Oxidation of alcoholtrans-
147using DMPgave aldehydé&rans-144in good yield (78%). The analogous Swern
oxidation oftrans-147 gave aldehyd&ans-144in only 42% yield.
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(96:4 dr) 88% DMP: 78%

Swern: 42%

Scheme 3.17Synthesis of aldehyde trafid4from a96:4 mixture otrans-142andcis-142

We next investigated the aldol condensation procgbsol cyclisations are well
precaelented and the Helquist annulatiam particular closely resembles the desired
syntheic route to model compoun8l.?®® In their studies intpalladiumcatalysed
arylatior#dehydroaromatisation eactiors, the Maier group used a Helquist
annulation to achieve enori®1 (Scheme 3.18°* The Helquist annulation is the
coppercatalysed 1ddition of an acetgirotected Grignard reagent (suchl&®)

to an enonel(48) to give an acteal addutb0 Subsequent deprotection under acidic
conditions gives an enon&1) or an aldol products/ga aldol cyclisation).

O
Bng\/\/k;>

149
Cul HCI
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THF, 1 78 iC 0" Yo THF
o} O \_y o}
150

",4h

151
85%

148

Scheme 3.18The Maier groupOs use of the Helquist annulation



Another example of a related aldol condensation reaction has been reported. In 2000,
the Tanaka group used an aldol condensation strategy in studies towards ()
scopadiin.?®® The reaction used by the Tanaka gras outlined in Scheme 3.19,
where acetal cleavage 0152 resulted in an aldol condensation under the acidic
conditions to give the bicyclic enod&3in 90% vyield.

1. HCI, MeOH, 65 jC

0" Yo 2. pTSA, PhH
o \_J L # 0

152 153
90%

Scheme 3.19The Tanaka groupOs synthesis of a methyl deal&@ne

With this encouragingrecedentthe first stepsn our aldol annulation route were
taken Following TanakaOs proceduteans-144 was stirredwith catalytic HCI in
MeOH at rt.?® The result wasliscernable aldol products but multiple isomers were
present (as shown in théH NMR spectrum of the crude product). No starting
material remainedbut the result was a complex mixture of products including some
aromatised compoundgy 'H NMR sectroscopy Unfortunately, it was not
possible to isolate angure compoundsfrom this experimentWe speculate that
milder cydisation conditions weraeeded to preserve the atadbile BDA protecting

group.

Our studies were limited by the amount of diastereamakly enriched ketealdehyde
trans-144available to us. Aldol reactions were attempted orc#t0:50 mixtures of
trans-144 and cis-144 (obtained from the poorly diastereoselective additions of the
butenyl Grignard) but the aldol step gave increased ity due to the
diastereomeric mixtures possible. We really ne¢dets-144in >90:10 dr. Thus, we
decided to investigate the previously more reliable alkyllithderived cuprate. The
use of pentenyllithium in a cuprate reaction would give pentenyicdd 3 which

on oxidative alkene cleavage would give the same keto alddiyde



As with butenyllithium, pentenyllithium is not commercially available and so
required synthesis from the correspondinrgrédmopentenesia a halogeHithium
exchange reaction. The halogé@hium exchange reaction to form pentenyllithium
154 was successful resulting in titrateable pentenyllithium as a solution,®. Et
Pentenyllithium was then used in a cuprate addition reaction with emdi7d. A
typical pentelyl cuprate reaction with enonent71 was carried out using the
following procedure. Pentenyllithiunwas freshly prepared by a halogéhium
exchangereaction between lithium wire and-Bromopentene. The ganolithium
was titratedusingN-benzylbenzamide three times and an average of the akes.t
Pentenyllithium (2.4 eq was then added to CuCN (1.2 eq.) in TEF78 jC. On
formation of the cupta species, a solution of enoeet71 in THF was added
dropwise. Productrans143 and cis-143 were isolated as inparable mixtures of
diasteremers for which the dr was determined by analysis otthMR spectra of
the isolated mixtures. Following this procedutiee results for four redmns are
presented in Table 3.3
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Scheme3.2Q Pentenyl cuprate additiorenone en?1

Entry Yield® dr®
(%) (transcis)
1 83 50:50
2 89 50:50
3 87" 93:7
4 91° 77:23

3Yield of product after chromatograptiRatio oftrans- andcis-diastereomers b NMR spectroscopy after
chromatographyTBAF desilylation after @ aqueous workip

Table 3.3 Pentenyl cuprate additiorenone enf71



All attempts showed good isolategelds of pentenyl adducts (B31%), but
diastereoseleatity varied from 93:7 otrans143 and cis-143 (entry 3) to a 50:50
mixture oftrans-143andcis-143(entry 1) Many reactions under seemingly identical
conditions were attempted with no reproducible diastereoselectivity established. For
all these reactions, @ solution of enoneent71 had been added dropwisga a
syringe and syringpump setup. The rate of addition was altered to investigate if
this was the source of the variation. Numerous repetitions at a range of addition rates
showed no trend in the resulting diastereoselectivity

Cooled solutions of enorent71 at#78 jC were cannul&ransferred in an attempt to
control the reaction temperature more effectively. These attempts were hindered by
the limited solubility of enoneent71 at #78 jC resulting in a blockage of the
cannuda. At decreased solution concentratidnieckage was prevented but reactions

did not follow any discernable pattern in diastereoselectivity. Several reactions were
attemptedn which the solution of enonent71 was added down the inside of the
reactionflask with the aim of controlling temperature without the need to decrease
the enone solution concentratidrhe dastereoselectivity of these reactions was also

variable.

We investigatedhe pentenyllithium formatiom more detail as we suspected that
this could be the source of the variabiliffhe halogedithium exchange would
result in a lithium bromide bproduct. In addition, quenching of pentenyllithium
would also result in lithium hydroxide as a si®duct. Salt additives have proven
importantin determiningthe diastereoseleetty of a number of reactions® To
investigate the importance of either of these salts in our pentenyl process, cuprate
reactions were doped with ten equivalents of both salts. Results initially indicated no
diastereodectivity for the reactions carried out in the presence of lithium hydroxide
or lithium bromide. However, on repeating these experiments, both reactions gave a
modest dr in favouof trans143



The diastereoselectivity for cugie reactions has been showncertain systemsp

vary with the stoichiometry of the cuprate species. Higher order cuprates
[R2Cu(CN)Li;] have been shown to proceed to give the expected kinetic cuprate
product while lower order species [RCu(CN)Li] are considered coordinatively
unsaturated and hence under chelation control can give products not normally
expected for a kineticalldetermined reaction. This process has been demonstrated
by a number of groups and an example from taw $roup is shown in Scheme
3.212%

\\\\
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: 0
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Scheme 3.21satoOs observed coordination of lower order cuprates

Whilst the existence of distinct higher order speciesdisputedihe results found in

the literature undeniably point to the importance of the stoichiometry used in
formation of tle cuprate. Due tohis precedentreactions were carried out using
altered stoichiometry d@uCNand organolithium. However, a reaction with a higher
pentenyllithium loading gave the same 99:1 diastereoselectivity as a reaction
containing a higher loading oEuCN These reetions were undertaken using
pentenyllithium from the same halogkthium exchange reaction. Using this same
pentenyllithium material, two reactions under standard stoichiometry were
undertaken sidby-side as controls. Both these reactions gave poaodsywith no
diastereoselectivity.

It is also worth considering the affect of the alkene present in the cuprate side chain.
A study by Yamamoto showed the importance of a secondarteraction with the



cuprate species (Figure 3.3). Thanteraction invesgated by Yamamoto was a
substratecontrolled interaction of an alkyne with dimethyl cuprate. The interaction
of the less Lewis acidic pentenyl alkene would be less pronounced than an alkyne.
Also, as part of the cuprate complex we do suggest that its a directed féect
causing diastereomeric complications. However, the ability of a diorganocuprate
complex to interact through multipleinteractions would suggest that a dipentenyl
cuprate species could have multiplkenteractions between the alkeneisties and

the copper centres. This would affect not only the aggregate state of the copper
clusters but also the ability of the copper complexes to undergo the necessary
complexation to enonent71. The structure of the cuprate complex has already bee
shown to be highly dependent on various factors (additives, solvent, salts)- Any
complexation may accentuate the variability in the structural characteristics of the
cuprate complex and hence the reactivity exhibited by these structures.

CO,R
A
CuMe,Li

N
Figure 3.3 ## Chelationcontrol of cuprate 1,4ddition

In a final attempt to produce reproducible diastereoselectivity, the halitigam
exchange reactiowas filtered prior to titration in order to remove the soluble salts.
A cuprate reaction under standard d@itions with this organolithium gave 24%
yield and 76:24 drtfans143cis-143. Two repetitions did give similar results
(75:25 dr)but not with the high diastereoselediy{93:7 dr) of the first reaction
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Scheme 3.22Filtered pentenyl cuprataddition result



At this point, further studies into the diastereoselectivity of pentenytateip
additions to enonent71 were halted. In the proposedute to bicyclic model
compound81, the pentenyl addition adduct would be oxidised, resulting in the
removal of the"-stereocentreWe therefore continued with the diasteromerically
enriched material to investigate the aldol condensation reactibrawiew towards
theassessing the aldol condensation reaction

3.3.3 Investigations into an AldéBased Bring Annulation Approach

Our previous attempts asin acidcatalysed aldol condensation hessulted ina
complex mixture of aldol products as well as some aromatised side protiugs. |
hopedthat through a screen ofaction conditions we could establish conditions that
would resolve the current limitation®xidative alkene cleavage tfans-143 was
first required. Fortunately, usingans143 (93:7 dr) ozonolysis afforded aldgyde
144in 78% yield(Scheme 3.23)Alternatively,under LemieukJohnson conditions
of osmium tetroxideand sodium periodaf8’ alkene trans-143 (93:7 dr) was
converted into keto aldehydeans144in 97% yield(Scheme 3.24). In both cases
the aldehyde producis-144from cis-143was not observed.
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Scheme 3.230zonolysis oxidative alkene cleavage of tran8
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Scheme 3.24LemieuxJohnson oxidative alkene cleavage of trdA8



Aldehydetrans-144 was stirred at rt ilMeOH in the presence of ICOs; to give a
complex mixtue of aldol products (Scheme 3)25The crude mixture was treated
with mesyl chloride to give a mixture of mesylated adducts with a trace né &né
present on analysis of théd NMR spectrum of the crude product. The crude
mesylated material and DBU wette2nheated ateflux in toluene over 5 hnd after
purification, a 13% yield of the desired enon&45 was obtained The harsh
elimination conditions could be responsible for the latkexzovered material as

enonel45was the only isolated compound.
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Scheng 3.25 Aldol condensation to give enofhé5

The reluctance of thaldol products taindergo a condensation reactisumggested

that the stereochemistry defined in the aldol reacti@y not have the required
antiperiplanar arrangement of the hydroxyl/mesylate and the adjacent-enolic
hydrogento facilitate an Ek or Ei ¢, elimination pathway Both acid and base
catalysed aldol condensation processes were investigated with numerous attempts
made. Results were complex and never yielded higher than the 13% ofleftone
Alternative aldol condensation reactions were sought and organocatalytic aldol
chemistry was therefore attempted.



Organocatalysis has become increasing prevalent in all avéasynthetic
chemistry?® and examples includproline-catalysed aldol process&s?!* It was
postulated that using a chiral organocatalyst the preferential formation of a single
aldol praduct could be achieved. Prolineediated aldol chemistry offeredan
attractivestarting point. If a chelatienontrolled aldol reaction did occur then the use
of either commercid} available proline enantiomeshould, fdlowing a Houktype
mechanisnt’? dictate he facial selectivity and therefore diasteselectiity of the
reaction (Figure 3.4).

Carboxylic acid directs

aldehyde to re-face
of enamine

\O ﬂ CHO \O CHO
¢oo . ﬁo
CO,H JCO,H
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Carboxylic acid directs

aldehyde to si-face
of enamine

Figure 3.4 Houktype mechanism for prolireatalysed intramolecular aldol condensation

Using R)- or (§-proling the aldol condensations were atteetp{Scheme 3.25 and
Table 3.4). In two reactions, aldehytlans-144 was treated with eitheR}- or (9-
proline in DMF. After 17 h, R)-proline gaveenonel45in 35% yield along with a
22% isolated yield of aldol producis-155 (tentatively assigned by NMR) (entry
1). (9-Proline gave enon&45 but in a lowerl9% yiell along with a 8% yield of
aldol productcis-155 (entry 2). Aldol adductis-155 was assigned by theHODH
proton. It is present as a triplet of doublets with two large 11trBias-diaxial

couplings and a smaller 4.5 Hz axejuatorial couplingFigure 3.4)

H 11 Hz

o 1 nAH H
RO J o,

(@]
cis-155

Figure 3.4 ®J couplings of cid55
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Scheme 3.25Proline-catalysed aldol condensation of keto aldehyde trbd

Proline Yield 145  Yield 155

Entry Enantiomer (%) (%)
1 R 35 22
2 S 19 46

Yield of product after chromatography

Table 3.4: Proline catalysed aldol condensation of keto aldehyales-144

We tentatively postulate that thR){proline-catalysed aldoleaction results in two
diasteremeric aldol products. The major aldol product undesgyanelimination
reaction resuing in enonel45 The minor aldol product isis-155 which does not
undergo an elimination process. The same two aldol diastereomers are formed in the
(9-proline reaction but in the opposite ratio leadingatgreaer formation of the
aldolcis-1550verenonel45s

In the proposd synthesis dfrans-decalindiol 81, the enone intermediate resulting
from an aldol condensation annulation would be required to undergo a
stereoselective reduction to givetrans-decalone81. Thus, enond45 was stirred
with pdladium on carbon under a hydrogeémasphere. This resulted in a%3ield

of adecalone that is tentatively assigned by analysis oHHeMR spectrumascis-
decalonel56 (Scheme3.26). Decalonel56 decomposed on standing overnighie
hydrogenation of bridgehead enones has a precedence for reductios-teealin

type structure based on the bestlape of the enone starting mateftaf™
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Scheme 3.26Hydrogenation of enoni45

34 Efforts Towards an ABring Compound from" -Disubstituted Ketones

Finally, we investigated the synthesis of-disubstituted ketone with the methyl and
pentenyl group with a view to the synthesis of the-iki§) model compound@l.
Previous reactions haiddicatedthat a methyl cuprateddition to a "-substituted
enone {57) should result in theame major diastereomeari£158 as the pentenyl
cuprde addition td'-methyl enonent-117 (Schemes.27)
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Scheme 2.27Methyl and pentenyl cuprate options towatddisubstituted ketone 58

Following the method previously developed,-methyl enoneent117 was reacted

with a pentenyl cuprate in the presencéMesSiCl (Scheme 3.28 After 2 h at#78

iC, the reaction showed no sign of product by TLC analysis. Warming to 0 jC and
stirring for 2h showed the formation of some produ@h purification, addudrans

158 was isolated ir20% yieldbut was assigned tentatively based'dnNMR. The
stereochemistry of this adduct svdetermined byH NMR nOe experiment$rom

the chromatography another fraction was isolated which contained an 86:14 mixture
of starting enonent117 andcis-158 The adducts isolated gatrans-158 and cis-

158in a ratio of 29:71These results are surprising as they give the opposite major
diastereomer tahat predicted based on thebutyl/methyl model study This



reaction was only carried out once and with the caqus nature of pentenyl cuprate
additions in our systems, the diastereoselectivibhgervedcannot be drawn as

definitive.
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Scheme 3.28pPentenyl cuprate addition towardsdisubstituted keton&58

If sufficient amounts ofcis-158 could be obtainedthen efforts could progress
towards a bicyclic model compound. In an effort to improve the yield of the process,
pentenyl cupra additions to"-methyl enoneent117 where carried out in the
presence of addites (Scheme 3.29, Table B&i#78 C. In the presence of HMPA
andMesSiCl, a 50:50 inseparable mixture wans158 and cis-158 wasisolated in

55% vyield (entry 1). The ineased yield demonstrates that HMPA leads to increased
reactivity of tle cupratd??!® Another effective additive in these reactioris
BFsDEL. 2> 218 the presence @FxOEbL, a 50:50 mixture ofrans-158andcis-
158were isolated in 65% yiel@entry 2) Both additives improve the yielaf product

but there was no diastereoselectivity. It is not clear if this is a result of a less
diastereoselective but more reactive cuprate species being formed in the presence of
the additive or the result ¢fie capricious nature of the pentenyl cuprate reactions in

general.
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/ = CuCN, additive _/ = : / =

(@) > + (@) XY
THF
178iC,2h
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ent-117 cis-158 trans-158

Scheme 3.29Pentenyl cuprate addition tomethyl enone eft17

: Starting
" b
Entry Additive Y|eI((3)I/158a dr material®
(%) (trans-158: cis-159 (%)
1 HMPA, Me&sSiCl 55° 50:50 32
2 BF3 OEL 65 50:50 14

3Yield of product after chromatograpfRatio oftrans- and cis-diastereomers b NMR spectroscopy after
chromatographyTBAF desilylation after an aqueous warg where required

Table 3.5 Pentenyl cuprate addition tomethyl enonent117

The addition of methykuprate to"-pentenyl enonel57 was investigated next.
Preparation of "-pentelyl enonel57 was required Thus, additionof a pentenyl
cuprate to enonent71 in the presence d¥lesSiCl and Saegusa oxidation of the
resulting silyl enbether gavé -pentenyl enon&57in 65% yield (Scheme 3.30

O/ MLi O/

N

\)\ 1. CuCN, MesSiCl \)\
O THFR!178iC,2h  O"T ©Q

©) O
| 2. Pd(OACZ) O,
DMSO, rt, 20 h |

(@] (@]
ent-71 157
65%

Scheme 3.30Formation of' -pentenyl enon&57

Enone 157 was then reacted with a methyl cupratinder standard conditions,
methyl cuprate waseacted with'-pentenyl enon&57 at#78 jC. Unfortunately, the
reactionproceeded slowlgnd gave a 58:42 mixture vhns-158andcis-158in only
10% yield (62% of starting enorfeb7 was recovered) (Scheme33). The use of

additives did not increase the overall yield in this case with no product isolated and
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complete recovery of starting material in the presence of HMP/ABFAQEL-
promoted reaction led to compete decomposition of starting material.

/ /
O 2 O s
o\)io MeLi, CuCN o\):\o
S Me3SiCl L
! oo e + 7/ ol J
THF
178iC,2h
o | L
157 trans-158

58:42
10%

Scheme3.31 Methyl cuprate addition tb-pentenyl enon&57

At this stage, we halted further study into the doubleatidition route to a model
compound. The route did allow access to ardghylatedbicyclic structurel45
However, wehave identified a numbeof limitations with our double conjugate
addition methdology. The yields from the second conjugate addition to"the
substituted enone were generally low or with poor diastereoselectivity. However, we
did discover some interesting diastereoselectivityairsimplified n-butyl/methyl
system. The RCM approach would need to be investigated further to overcome the
problem of 1,4additions to a cross conjugated enone. The aldol condensation
method suffered from poor yields of the desired enone while a sucaeethdd of
selective reduction to thieans-decalin still needed to be established. Due to these
limitations and the time remaining for these studiegher work into the synthesis

of AB-ring model compoun®1 via a double conjugate addition process wassed

while an alternative strategy wewestigated
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Chapter 4. Samaderine C ABRIing Synthesis: The

Wieland-Miescher Ketone Approach

At this point it was clear tht the double 1;&ddition strategy to an ABng model

of samaderine C may not prove fruitfillVe therefore turned our attention to an
approach from théwielandMiescher ketone69 (Scheme 4.1)Our alternative
approach to samaderine C hinged on the synthesis of angBtructure such as
dienophile68 and its ulimate reaction in a Diellder annulation.

69

Samaderine C

Scheme 4.1Retrosynthesis of samaderine C back to Wielsliescher ketoné9

4.1. Strategy to ABring Structures from the WielandMiescher Ketone

A retrosynthetic analysis of dienoph88is outlined in Scheme 4.2. We foresaw that

I -formyl enone68 would be accessed from ketoh& using the chemistry mirroring
GriecoOs approach in the synthesis of samaderine B (see Scheme 1.5). The biggest
challenge with this route was anticipated to Ihe diastereoselective reduction of a
protected -hydroxy enonel60. We recognised from the outset that reduction of the
enone carbonyl must occur on the same face as the axial bridgehead methyl group to
give the requiredrans-diol configuration. We hopethat the inherent steric substrate
control could be overturned using an asymmetric reductant. Eréhevould be

gained from a 1;8arbonyl transpositionia addition of a methyl nucleophile and
oxidation with PCC from known keton61?*° Following established chemistry,
ketonel61lwould be reached from the Wielaiwiescher keton&9.



T

68 159 160

69
Scheme 4.2Retrosynthesis of dienophi8 back to the Wieland/liescher ketoné9

Known ketonel6l was a key intermediate in Danishefsky@adus synthés of
baccatin Il and taxof*® Its synthesis shares chemistry used in GriecoOs synthesis of
neoquassin and quassin (see Scheme 1.5). As shown in Scheme 4.3, Danishefsky
started from the WielanMiescher ketone&9 and used the reduction/acetylation
chemisry developed by Boyc® and the isomerative ketalisation step outlined by
Heathcock to give alcohdl Silyl protection as the TBS ether then gave etiéer*
Oxygenation of the Aing was achieved using a hydroboration reaction, which on
oxidative workup, PDC oxidation and sodium methoxide mediated isomerisation
gave ketond 61 Further steps then gave baccatin Il and taxol in this historic piece

of organic synthesis.
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TBSOTf  1BSO
2 6-lutidine
CHZCIz 0
5

162
97%

1. BH3!ITHF, THF, 0 jCtort
then H202, NaOH, Hzo

2. PDC, CH,Cl,, 0 jCtort
3. NaOMe, MeOH

Baccatin Ill Taxol

Scheme 4.3DanishefskyOs route to ketdi6d, used to access Baccatin Il afidxol

4.2 Synthesis of a-Methyl Enoneand Investigation of its Rduction

Our efforts began with the synthesis of Wieldvitesscher ketone9 following a
literature procedur&® 2-Methyl-1,3-cyclohexanonel63 and methyl vinyl ketone
164 were stirred in water at 75 jC for 2 h in the presence of acetic acid and
hydroquinone (Schemé.4). The resultingMichael product was then treated with
(R)-proline in DMSO at 40 jC to furnish ketor®® in 88% yield and 87:1&r by
CSRHPLC. Both yield ad enantioselectivity were commensurate with that
previously reported®® The WielandMiescher ketone69 (20.0 g) wasthen
recrystallisedbncefrom hot Et,O to give69 (10.3 g) as a single enantiome®9:1 er

by CSRHPLC) in 51% vyield over the HajeBarishreaction and recrystallisation
procedure.
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O

<A

164
0 AcOH o) O | (R)-proline 0
iI\A( hydroquinone (20 mol%)
water DMSO

o 70iC,2h 0 rt, 85 h (0]

163 69
88% (87:13 er)

then

51% (>99:1 er)
after recrystallisation

Schemet.4: Hajos-Parish reaction to giv&VielandMiescher ketoné9

With ca. 10 g of Wieland Miescher ketor®® in hand, work could ne begin on the
synthesis of dienophil@8. Following a method developed by Boyce and Whitehurst,
ketone69 was reduced with 0.25 egf NaBH, to alcohol2 in excellent yield (9%)

and with complete diastereoselectivity foretlequatorial alcohol (Scheme %8
Figure 4.1 depictshe source of g@recselectivity in this reation. It can be
rationalised bypreferential attack of the borohydride reagemtthe ketone carbonyl

in a pseudeaxial manner, a@pproach that would minimisgericinteractionswith

the adjaent axial methyl groupAlcohol 2 was protected as the acetate by treatment
with acetic anhydride in pyridine, giving acetatm 74% yield>* A better procedure
involved protecting the crude alcohbls the aetate. This telescoped methgave
acetate8 in 96% yield, over the two stefSchemes.5).

NaBH,
(0 25 eq) ACZO
EtOH
o 0iC, 15 min 0] rt20h
99% 74%
1. NaBH, T
2. ACzO
96%

Schemed.5: Reduction and acetylation to acet&®e



disfavoured

reduction
;@
favoured o
reduction

Figure 4.1: Axial bridgehead methydirected reduction of WielarMliescher ketoné9

Next, the isomerative ketalisation reaction of acegate ketal4 was investigated
(Scheme 4.6). However, this step proved synthetically inconvenient as the reaction
did not proceed to completion. Instead, a 77:23 mixture of 4etatl starting acetate

3 was obtained. Separation of the desired kéfabm the startingacetate3 proved
difficult. An improved procedure involved telescoping the crude mixture from the
isomerative ketalisation reaction into a deprotection step using LiAlHiis
procedure provided alcohBlin 68% yield over both steps (Scheme 4'6).

OH AcO

pTSASHgO
PR #
16 h

77 23
/N
HO  OH
1. pTSA$,0
2. LiAlH,
Et20, rt 16 h

HO
0]

o/

5
68%

Sceme4.6: Isomerative ketalisation and telescoped procedure to alé®hol
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Alcohol 5 was silylated using TBSOTf ang,6-lutidine to give TBS ethel62 in
nearquantitative yield (98%) Then, bllowing DanishefskyOs proceddt® the
alkenein 162 was hydroborateavith BH3;9%HF and subsequermixidative workup
gave a crude alcohol product (Schef@. This crude alcohol was oxidised using
PDC and then epimerised ttans-decalonel61in 71% isolated yield over the three

steps.
HO TBSOTf  1BSO BHyITHF  TBSO
2,6-lutidine THF, t, 15 h
_ O CH,Cl, _ O then \O)
O\) rt, 4 h O\) NaOH, H202 H (@]
HO
5 162 i, 3 PDC
98%
4+ MS
CH,Cl,
rt, 10 h
TBSO TBSO

NaOMe
(@)

o<
0 MeOH
H \) rt, 18 h H o\)
O © ]
161
71%

Schemed.7: Hydroborationoxidationepimerisation procedure to ketofié1

The firstnovel step in our approach to the AlBgs of samaderine @quired an
oxidation of ketonel61to enonel66 (Scheme 4.8)Oxidation of silyl enol ethers
usingPd(OAc) had previoushproven successful within the projest this approach

was examined firstThe formation of the kinetic enolatbom ketone161 and
trapping wth MesSiCl would give asilyl enol etherwhich on treatment with
Pd(OAc) would oxidise to the desired enoh&6 Therefore, enon&61was treated

with LDA at #78 jC and trapped with M8ICl to give silyl enol ethel65 This
crude intermediate was then submitted to a catalytic Saegusa oxidation resulting in
formation of enond 66in 44% yield. Since analysis of thid NMR spectrum of the
crude silyl enol ethet65showed complete conversion, the oxidation step appears to
be the cause of the low yield. As a result, other methods for this functional group

interconversion were explored.



TBSO LDA, THF TBSO TBSO
Pd(OAc),

178iC,1h
o T — > o —>
2 \) then, Me3SiCl \) DMSO, O,
5 H o) rt, 30 min MesSiO H O rt, 16 h o

161 165 166
44%

Scheme 4.8Saegusa oxidatiortenonel 66

A brominatiorrelimination route to enon&66 was also investigated (Scheme 4.9).
Using the same kinetic enolate forming conditions, silyl enol etB&mwas formed.
Bromination using recrystalised NBS gave a bromide of undetermined
diastereoraric composition. This crude bromide was then eliminated usi@©Cki

and LiBr in DMF at high temperature to give endi®6 in a disappointing 32%

yield. A higher yielding method into convert ketofé1 to enonel66 was still
required.

TBSO B
TBSO LDA, THF 1. NBS, THE ' °OF

178iC,1h 0iC,1h

—> —_—>

> Jthen MesSiCl \) 2. Li,COg, LiBr
t, 30 1 H O

5 H O r min Me,SiO DMF 140 iC

161 165

Scheme4.9: Bromide formation and elimination to enoh@&6

The formation ofketo selenides and-elimination of the corresponding selenoxides
is an alternative methodology for theonversion of ketones into enorfés
Therefore ketonel61 was deprotonated usingHIMDS at£r8 jC and reacted with
phenylselenyl chloride to form a 50:®8lastereomeric mixture of selenid&§7 in
84% isolated yieldtentatively assigned b{H NMR) (Scheme4.10). Oxidation of
the mixture of selenids 167 using hydrogen peroxide gawappaently complete
conversion to enon&66 (by analysis of théH NMR spectrum of the crude matejial
but enonel66 was isolated in a low 40%eld. A better yield was obtained if the
mixture of selenides was not isolatecetBnel61 was deprotonated using LHMDS
and quenched with phenylselenium chloride to givectiuele mixture of selenides
167. This crude mixture was then oxidisading hydrogen peroxid® give enone
166in 80% yieldover the two steps (Scheme 4.10)



TBSO TBSO TBSO

LHMDS, THF
178iC,1h H,0,

—>

0 R then, PhSeCl 0 CH,Cl,

b (3\;> t1h NS i 0-/0iC.3h

o) ’ o) I~ o)
161 167 166
84% 40%
1. LHMDS, PhSeCl T

2. H,0,
80%

Schemed.10: Selenide formation and oxidation to endrés

We were now set to address the keydgBonyl transposition process. It was hoped
that the methyl group could be installed at the same time to diveaethyl enone.

The reaction envisaged was a Dauben diad&? of the tertiary alcohol, formed
from a 1,2addition of MeLi with ketonel66 To that affect,MeLi was added to
enonel66in THF at 0 jC to giveertiary alcoholl68 as a single diastereomer on
analysis of théH NMR spectrum of the crude prody&cheme 4.1)1 Alcohol 168

was isolated in 71% yield. The allylic stereochemistry could be assumed based on
literature precedent in structurally similar syst&h&‘and a 1,3iaxial clash of the
incoming methyl nucleophile and the axial bridgeheadhgtegroup. However,
further evidence of this product was obtained through nOe experiments. Irradiation
of the allylic methyl group showed interactions only with the adjacent vinylic and
bridgehead hydrogens (Scheme 4.11).

TBSO TBSO
MeL| I;|O\
o
o
: BT J H \)
: \) LAk H O
o H (@] 0 iC, 30 min ud = 0] nOe
166 168

71%

Schemed.11:Isolation of allylc alcohol168
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The formation of tertiary alcohdl68 was sufficiently clean to allow the use of the
crude tertiary alcohol material in the Dauben oxidatistep (Scheme 4.12).
Methyllithium was added to enor#66 and, wthout purification, alcoholl68 was
submitted tothe Dauberoxidation reaction FCC in CHCI, at rt for 22 h). The
reaction proeededto completion and, to our delight, afforded ar¥B%ield of "-
methyl enond 60,

TBSO

—>
CH,Cl,

160
81%

Schemed.12: MeLi addition to enond66and Dauben oxidation t&-mettyl enonel60

As discussedreviously, it was hoped that tleereoselective reductichrmethyl
enonel60would give aransallylic diol A-ring as present it59. With this in mind,

a series ofreductiors of "-methyl enonel60 wasattemptedScheme 4.13 and Table
4.1). These reactions were carried out on a 10 mg scale (0.03 mmol), with the crude
mixtures analysetH NMR spectroscopy. Assignmenttoéns-diol products andis-

diol products was relatively straightforward. A largea.(9 Hz) °J transdiaxial
coupling was expected for thans-diol 169 product while thecis-diol product170
should show a smalléd diequatorial couplingoa. 5 Hz).
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TBSO TBSO

H O,,.
0
0/

trans-169 + cis-170
TBSO

reductant

171

Schemed.13: Reduction of -methyl enond 60

Entr Reduction _ 1,4Reduction  Starting
y trans169  cis-170 _
Method Product 171  Material

1 NaBH,? ! " ! !
NaBH,
CeCk9%H,0?
DIBAL -H" ! " ! !
LiAIH 4 ! " ! !
L-Selectrid8 ! " " !
BH3 THF® ! " ! !
Smk’ ! ! ! "
Al(Oi-Pr,
i-PrOH,*
9 Lit-BuOsAIH" ! ! ! "

N

~N o o~ W

3Conditions: MeOH 0 jC°Conditions: THF, 0 {C

Table 4.1 Reduction of -methyl enond 60

Unfortunately, none of the reduction methods attempted showed any evidence of
reduction to diotrans-169. Standard reducing agents such as NaBtBH,/CeCE,
DIBAL -H and LiAlH4 (entries 14) showed complete conversion with ditd-170as

the major product. Interestingly, addition of the GdGt the Luche reduction (entry

2) altered the selectivity towards a -tetluction. The 14eduction product was

identified usng a doublet of 3H integration (QWe) but we were unable to
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determine the configuration. -¢electride also showed substantial amounts of 1,4
reduction (entry 5).

We had originally foreseen the difficulty in reduction totrans-diol product.
However, we had hoped that use of an asymmetric reductant would overcome the
inherent substrate control. Disappointingly, both €Bfid alpineboranbased
methods resulted in only starting material. Figure 4.2 highlights the difficultyein th
attempted diastereoselective reduction to thahs169 In a similar way to enone
ent71, "-methyl enond60will sit in a flattened half chaiconformation. The ring is
puckered at the methyl bridgehead position placing the methyl group over tleeldesir
reduction face of the enone carbonyl.

reduction to trans-169

R/
e

H H O
Figure 4.2: Reduction of -methyl enon€0to diol trans169

We briefly investigated the possibility of converting did-170into the desired diol
trans-169as shown in Scheme 4.14. Analysis of tHeNMR spectrurmof the crude
material in the reduction study showed that the DIBALreduction was the
OcleanestO. Enoh60 was therefore reduced with DIBAH at #78 iC in THF.
Disappointingly, this resulted in only 7% vyield of dicls-170. The product was
assgned acis-diol due to the CHO/CHQ®J axialequatorial coupling of 5.5 Hz. We
have no explanation for the very low yield obtained from this reaction, other than the
possible instability of the product on silica, as theNMR spectra of the crude
material showed clean conversion to aist170. Diol cis-170was then subjected to
a Mitsunobu inversion reactidf> However, this reaction resulted in complete
recovery of the starting diol. It is conceivable that the foromabf the required
Mitsunobu intermediate (oxyphosphonium ion) was disfavoured bydid3al
interactions between the allylic hydroxyl and the bridgehead methyl group.
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TBSO DIAD, PhsP TBSO

DIBAL-H HO AcOH AcO,,,
o —X—>
THF > THF
178iC,3h H OJ rt, 48 h
cis-170 172

7%
Schemet.14: DIBAL-H reduction Mitsunobu approach totens-diol 172

Ultimately, we were unable to utilise a diastereoselective reductichnoéthyl
enonel60to achieve the desirgdans-diol motif. This chemistry was not, however,
fruitless. We have developed an efficient routé-taethyl enonel60 using Dauben
oxidation conditions. Furthermore, it was hoped that alkyl lithium addition to enone
166 and subsequent Dauben rearrangement would provide a general rdute to
substituted quassinoidaling structures.

4.3 Synthesis of éneralQuassinoid ABring Motif and Analogues

Before exploring alternative routes to the requirads-diol present in the ABings

of samaderine C, we briefly explored the synthesis of other quassinciinéB
analogues. This is becausemethyl enonel60 can be regarded as a general
quassinal AB-ring structure (Figure 4.3). Structuaetivity studies had shown the
importance of the hydroxy enonerfg motif as a biological Michaglcceptor in
their action as cytotoxic agents (see Figure 1.4).

guassinoids
with ! -methyl
enone A-rings

Samaderine B Eurycomanone

Figure 4.3:"-Methyl enond60as a general quassinoid Afhg structure
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We identified that our 1;8arbonyl transposition chemistry opened a novel route to
guassinoidal hydroxy enone-Wngs where the substitution of the endnterminus

could be altered by varying the organometatkagent added in a 1fashion to
enone 166 prior to Duaben oxidation (Scheme 4.15). Variation of the erene
terminus could modulate this motifOs activity as a biological Mictaelptor.
Studies thus turned to finding a deprotection method to allonsadoedione AB

ring models. Once this was established, we planned to investigate altering the
organometallic reagent used in the-&zBbonyl transposition chemistry.

TBSO TBSO

Schemed.15: Use of the Duaben oxidation to quassinoid-#®) analogues

A sequential dprotection strategy was initiated, starting wigmoval of the ketal

from 166 (Scheme 4.16). The ketal was readily cleaved tbyirgy ketal 166 in
acetone with 3 M HGJy to give dionel73in 71% yield. Unfortunately, we were
then unable to deprotect the TBS ether. Deprotection using TBAF at rt over 1 h led
to complete decomposition of starting material

TBSO TBSO HO
0 3 M HCI TBAF ©)
Acetone THF A o
o\) r,6h rt,1h i
166 173 174

71%

Schemed.16: Sequential deprotection strategy towards quassinoidia@modell74

A global deprotection method was then investigatextaKL66 was stirred irMeCN

at rt in the presence ¢fFq over 8 h (Scheme 4.L7Under these conditionbpth
the TBS and the ketal protecting groups were removed todjoree 174 in 7%
yield. An X-ray crystal structure of dionk74 (Figure 4.4) proves the connectivity
and relative stereochemistry. Hydroxy diahi&4 represents a general quassionoidal
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AB-ring ring structure and opens up the possibility of the synthesis of future
guassinoids witlthis hydroxy enone Aing motif via a 1,3transposition procedure.

HO

174
79%

Schemed.17: Global deprotection strategy towards quassinoidi® modell174

Figure 4.4: Crystal structure of quassinoid Afhg model174

The success of Hi for global deprotection then allowed variation of the
organometallic reagent used prior to the Dauben oxidation to be investigated as
shown in Scheme 4.18. Thus, endit® was reacted with PhMgBr to give a single
diastereomer of tertiary allylic alcoh@68 (relative stereochemistry assumed to be

as shown). The crude tertiary allylic alcoHdl5 was then submitted to the PCC
oxidative transposition reaction and resulted'iphenyl enonel76 The crude’-

phenyl enonel76 was then globally deprotected usiHgr.q) to give the"-phenyl

guassinoidal ABing analoguel77in 39% yield over the three steps from enone
166
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HF(aq), MeCN
rt, 8 h

HO

0)

z O
H
Ph
177
39%

Schemet.18: 1,3 Transposition procedure towards phemylassinoid ABing model177

Building on this success, a more complex organometallic reagent was investigated.
Lithiation of smallN-Boc-protected nitrogen heterocycles has proven an invaluable
tool for the asymmetric synthesis of chiral building blocks and has beestwaiéd

in our group®®®??’We therefore trialled the addition of lithiatdBoc pyrrolidine

178 to enonel66 in an attempt in introduce a potentially biologically significant

nucleophile to our 1;&ansposition procedure.

N-Boc pyrrolidine was lithiated in ED at#78 jC usings-BuLi and §)-sparteine to
produce a chiral organolithiui78 according to BeakOs original procedure (Scheme
4.19)#®To this species, enori®6in EtO was added and the reaction was stirred at
#78 iC for 6 h. Analysis of thtH NMR spectrum of the crude product showed only
one discernable product. Purification by flash column chromatography @ave
product that was tentatively assigned'ByNMR asamino alcoholl 79 (66% vyield.

The stereochemistry of the alcohol stereocentre is asstntedthat from @seude

axial delivery of the nucleophile on the carbonyl face opposite to the bridgehead
methyl group. The pyrrolidine stereocentre depicted is that expected from the
lithiation in the presence oft)-sparteine. Unfortunately, subjectiohamino alcohol

179 to the PCC transposition reaction resulted in cleavage of the -hewigd
carboncarbon bond to give enor66 in 42% yield and no other products were
isolated.This reaction may be considered to proceed in glycol cleaypgefashion
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after deprotection of the Boc protecting group under the reaction conditions. There is
literature precedent for the glyetyipe cleavage of 1-8mino alcohols with PCE’
while 1,2amino alcohol cleavage is known when using sodium periGtfte.

\[ > TBSO
Li N
c

178

\) EtzO
o/178ic,6h HO

166 179 166
66% 42%

TBSO

v

Schemet.19: Synthesis of amino alcohb79and attempted 1;8ansposition

Despite this setback, with two successful examples, we felt that the transposition
deprotection procedure was viable route to quassinoidatsubsituted hydroxy
enone Arings. Therefore, we returned to the unresolved synthetic challenge, the
synthesis of @&rans-allylic diol A-ring motif.

4.4 Chelation Controlled Reduction route to a trasisiol Motif

Our success in the synthesis of general quassinoidalmyBstructures spurred us on

to study the conversion of a hydroxy enone suci@sinto a transallylic diol
compound (Scheme 4.20). It was envisaged that the adjacent hydroxyl group could
facilitate a directed or chelatiezontrolled reduction onto the desired carbonyl face

on the enone. We recognised that reduction of the ketone carbonyl was almost
certainly unavoidable. However, the resulting triol could potentially be protected and
selectively oidised.

Chelating

HO Reducing
O Agent

OH

Schemet.20: Directed reduction of dion&74to give triol 180
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There is significant historical precedence for chelationtrolled reductions using
zinc borohyride and the ability of this reagent to drastically change the
stereochemical outcoméd mactions-'®%*??3Djone 174 was therefore reacted with
zinc borohydride, which was freshly prepared from NaBiAd dry zinc chloride
(Scheme 4.21). The result indicated formationcisttriol 180 but there was no
evidence for production theans-diol. Purification by flash column chromatography
then gave trioll80in 40% yield.The product is tentatively assigned as t@0las it
decomposed in the NMR solvent on standing overnight preventing further
characterisatioriThe configuration ofis-triol 180was assigned using the 5.5 iz
equatorialaxial coupling between the twoHDH protons (Figure 4.5). The third
alcohol stereocentre was assigned by the evidence for an ax@H Qroton. It
appears as a triplet of triplets with 11 Hz and 5 Hz aogp! This splitting pattern
can be rationalised by twdJ axiataxial couplings (11 Hz) and twdJ) axiat
equatorial couplings (5 Hz).

HO HO
o) Zn(BH,), HO
—>
! THF !
v O o0ic,1h v OH
174 180

40%
Schemed.21: Chelationcontrolled reduction of-methyl enond74using zinc borohydride
11 Hz
HO HO| 4 H §
H :9
1
H 5Hz
5.5 Hz\—yH ®_yH
5Hz
Figure 4.5: Assignment of triol 80

Finally, the precedented chelatioantrolled reduction of a hydroxy enone using
borane was investigatédf. Dione 174 was treated with BR¥GHF to give cis-triol
1801in 22% yield (Scheme 4.22). No chelatioontrolled reduction pragtt trans
diol) was indicated in th&H NMR spectrum of the crude material. Once again, the

yield was disappointing based on the cleanness of the reaction.
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HO HO

O BH5!THF  HO
 E—
! THF !
i O 0ic,2h o OH
174 180

22%
Schemed.22: Chelation controlled reduction dtmethyl enond 74 using borane

We therefore abandoned the uSechethyl enonel60as an intermediate toteans
diol-type compound. Instead, previous intermediates in this route were studied as a

way of accessing the desiredns-diol configuration.

4.5 1,3-Allylic Rearrangement ta trans-Diol Motif

Tertiary alcoholl68was an intermediate used in the Dauben oxidativedrBonyl
transposition to givé-methyl enonél60(see Scheme 4.12). We proposed thata 1,3
allylic alcohol transposition of alcohd68 could result in atrans-diol product
(Scheme 4.23). Reaction processes that were syoistereospecific in their
mechanism but morey8@ike were investigated. Aynstereospecific 1;allylic
rearrangements would result in the undesaiedliol. It was hoped that the addition
would occur on the allylic face opposite the axial bridgehead methyl group to give
trans-diol 181

TBSO 1.3-alylic TBSO

rearrangement  XO,,

Schemed.23: Proposed 1,3llylic rearrangement to a trandiol motif

The first conditions undertaken for the -BIBylic transposition were the precedented
acid-catalysed rearrangement of an allylic acetate (Scheme A>3%)Acetic acid
and acetic anhydride were added to alcdité@and catalytigppTSA. It was envisaged
that alcoholl68 would form an allylic acetate on reaction with the acetic anhydride
and subsequent substitution in ag2® fashion would form a &nsposed product.

However, using allylic alcohdl68 only exocyclic methylene compound82 and
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183 were isolated as a 67:33 (69% yield). It seems that under the strongly acidic
conditions @mination of allylic alcohol or the intermediate allylic acetate occurs
with formation of a conjugated exocyclic double bond. Some of the ketal group was

also removed under the acidic conditions to give kel@ze

TBSO TBSO TBSO
pTSA'HZO
+
J AcOH Ac,0 3 o
HO "a @) (2 1) I_-|
168 0iC, 30 min 182 67:33

69%

Schemed.24: Acid-catalysed 1,3earrangement to exocyclic methylene compour@®and 183

It was unclear whether the elimination experienced by alcb®®under the acidic
conditions was directly from the allylic alcohol/acetate (tertiary form) or if the 1,3
transpogion reaction occurred and then, under the acidic conditions, the transposed
product was unstable and eliminated to the exocyclic products. Therefore,
alternative, stepwise conditions were sought. It was predicted that if the allylic
alcohol could be actated as a leaving group it would allow a sequentjg@(s
process or a Tsujirost reaction to give &ransdiol product (Scheme 4.25). The
Tsuji-Trost reaction would require an inrgwhere reaction process to achieve the

trans-diol product®’

TBSO TBSO 52 TBSO
activation reaction RO,
ez T 1 A ---- oo
Tsuji-Trost
reaction

Schemed.25:5.20 or Tsujirost approaches to a trardiol compound

We briefly investigated these routes with the initial formation of allylic acé@de
Treating alcohol168 with acetic anhydride in pyridine at rt for 48 h showed no
evidence of the acetategaluct with only starting material observed. In more forcing
conditions, allylic acetat&84 was deprotonated using KHMDS base. The resulting
alkoxide was then acetylated using acetyl chloride. These conditions resulted in
exocyclic methylené83being isdated as the sole product in 75% yiédsigned by

'"H NMR only) (Scheme 4.26). Further efforts to activate allylic alcatés were
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made with the attempted formation of a carbonate, xanthate, mesylate or tosylate. All
gave either decomposition or the formation of exocyclic methylene comdd@d
Alternative approaches were therefore sought.

TBSO KHMDS, THE TBSO

178 iC, 30 min

then AcCl
rt, 1 h

H

183
75%

Y

Schemed.26: Attempted acetylation of albol 168

An interesting allylietransposed bromination reaction was reported by Kim in
20097% Specifically Kim used the 1;8ansposed bromination of a tertiary alcohol
to access the natural product-MK7606 which had been isolated from cultures of
Curwlaria eragrostidis D2452 The allylictransposed bromination is a known
proces&*?*and in KimOs case they used the allyiosposed bromination reaction
of tertiary alcoholl84to give bromidel85 Subsequent hydrolysis of bromid85
gave atransdiol product186 (Scheme 4.27). It was hoped that the same reaction
sequence on tertiary alcoh@b8 would result in the formation of &ransdiol

product.
AcO OAc OAc
l oH
AcO > PBr3 AcO AngO3 AcO
e —>
CH,Cl, 5% H,0
AcO™ Y 0iC,1h AcCO" Y "Br jngtoH AcO™ Y "OH
AcO AcO I, 2 days AcO
184 185 186
98% 80%

Schemet.27: KimOs allyligransposed bromination route!{e)-MK7607

Thus, allylic alcoholl68 was stirred with PBrat 0 jC for 30 min (Scheme 4.28).
Unfortunately, no brominated products were observed. No new products were seen
on TLC analysis or in théH NMR spectrum of the crude product which showed
only decomposition. In case the bromide wastalole, the reaction was repeated and
the crude product was taken directly to the hydrolysis step. Howevéramsediol
products were observed.
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Schemed.28: Attempted allylitransposed bromination 468

In a final attempt to achieve the daBylic transposition, an allylic Mitsunobu
reaction was attempted. This type of reaction is ymeltedented*>** Allylic
alcohol 168 was treated under standard Mitsunobu conditions (Scheme 4.29).
However, this resulted in complete recovery of the startingemaht Presumably,
1,3-diaxial interactions disfavour the formation of the Mitsunobu intermediate.

TBSO DIAD, PhsP TBSO
AcOH  AcO,,,
—x—>
THF
rt, 20 h

Schemet.29: Attempted Mitsunobu allylic substitution reactiorl86

A 1,3transposition of the allylic alcohdl86 to give atrans-diol motif ultimately
proved unsuccessful. These results have shown the favourable formation of the
undesired exocyclic methylene motiFherefore, at this stage transpositimsed

routes were abandoned.

4.6 EpoxideOpening Route to a tran®iol Motif

With little success so far, an epoxidpening route was devised and is summarised
in Scheme 4.30. Starting from endl®@6, diastereoselective epoxidation should give
epoxy ketonel87. A reductive epoxid@pening reaction would then givet@ans

diol aldol product188 Subsequent protection and methyl alkene formation, would
give the transallylic diol 189 Studies began with investigation of the
diastereoselective epoxidation of endieé.
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TBSO Enoxid TBSO
poxide HO,,

Openmg

Epoxidation
--------- >» O,

(@)
H o\)

(@)

188

1. Protection '
2. Methyl Alkene .
Formation :
v
TBSO
TBSO,,,

189

Schemed.30: Proposed epoxidepening route to protected tramtol 189

There are a number of methods for diastereo enantioselective nucleophilic
epoxidation$*>?*’ Our previous results had shown the importance of the axial
bridgehead methyl group on the steric hindrance of then@\top face. Based on
literature precedent/®?°? we therefore identified the nucleophilic epoxidation of
enone 166 using the bulky reagentert-butyl hydrogen peroxide (TBHP) as a
possible route to keto epoxidé87. Thus, enonel66 was treated with TBHP and
Triton B base to give a single epoxy ketd& in 75% yield (Scheme 4.31). The
product stereochemistry was assumed based on the preferential epoxidation of enone
1660shottom face as the top should be blocked by the axial Wrédge methyl

group.

TBSO TBSO
TBHP

Trlton B

T
iC, 14 h

187
75%

Schemet.31:Epoxidation of enon&66

With epoxy keton€l87 in hand, a number of reducthepoxide opening reactions
were attempted. First, the phenylselenide anion was explored. This reaction was first
developed by the Yoshikoshi group as a synthetic alternative to stereoselective aldol
reactions>® Since thenthe phenylselenide anion has been widely used for the
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reductive opening of epoxidé¥-%>® The anion itself is generally generatadsitu by
reduction of diphenyl diselenide with NaBHTherefore, diphenyl diselenide in
EtOH was reduced by NaBHo give a solution of the selenide anion. To this
mixture, epoxy ketonel87 was added (Scheme 4.32). After 6 h at 0 jC, only
guantitative recovery of the starting material was observed. The reaction was
attempted numerous times with different batches of diphenyl diselenide with only
starting material recovered. It is possibletthlae axial methyl group may be
preventing the necessaryZtype opening of the epoxide group by blocking the top
face of keto epoxid&87.

TBSO PhSeSePh TBSO
NaBH,, ACOH HO,,

O X >
: \) EtOH
H O 0iC,6h

Schemet.32: Attempted reductive epoxidgening ofLl87 using phenyl selenide anion

If steric congestion was thmain issue, a smaller reductant may be beneficial and,
therefore, single electron reduction was explored using lithium naphthalenide.
Following a literature procedufd’ lithium naphthalenide was prepared by
dissolving lithium metal in a naphthalene/THélution and epoxy keton&87 was
added (Scheme 4.33). The result was a very complex mixture of products from

which no compound could be isolated.

TBSO lithium TBSO
] naphthalenide HO.,
O, o —X—> o)
0 st 0
H O ] i i
o 178 {C, 15 min OH @)
187 188

Schemed.33: Attempted reductive epoxidgening ofL66 using lithium naphthalenide

The next strategy empley was hydrogenation of epoxy ketoh®87. There are
examples of the hydrogenation of,"-epoxy ketones to give aldoipe

products’>®?**However, stirring epoxy ketonE87 with platinum(ll) oxide under a
hydrogen atmosphere gave an unidentifiable proddnith on standing overnight

decomposed (Scheme 4.34).
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TBSO

Pt,0, H, HO,,
(@] X—> (@]
EtOAC : \)
H
rt, 1 h o O
188

Schemet.34: Attempted reductive epoxidgening ofLl87 using hydrogenation

The final reductive epoxidepening technique investigated used dimethyl cuprate,
which had reported shown to induce tHesired reactiof®®?®? Formation of
dimethyl cuprate was achieved using MeLi (2.4 eq.) and Cul (1.2 eq.). To this
cuprate solution was added epoxy kethB& The result was the formation of epoxy
alcohol190as a single diastereomer in 90% vyield (Schér8).

TBSO TBSO
MelLi, Cul
—> O
Et,O

190
90%

Schemed.35: Attempted reductive epoxiagening ofL87 using dimethylcuprate

It was clear that the reductive opening of epoxy ket@w#to give the desirettans
diol product was not straightforward. However, the formation of epoxy alddtbl
inspired our next approach to the desiraths-diol A-ring motif.

4.7 Payne Rearrangement Approach to a trabsol Motif

On inspection of the structure of epoxy alcol8l0, we realised that it had the
appropriate alcohol and epoxide arrangemefadditate a Payne rearrangeméfit.

255 The Payne reaction is known to be an equilibrium between the starting epoxy
alcohol and the resulting product epoxy alcohol. The equilibrium position, and hence
the major product, is the result of the thermodynarsiability of the two
compound$® It has been demonstrated that the equilibrium of a Payne
rearrangement of cyclic epoxy alcohols will result in the product with an equatorial
alcohol?®® We therefore proposed a route to protedreshis-diol 192 based ora
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Payne rearrangement reaction (Scheme 4.36). From epoxy alteba Payne
rearrangement would give epoxy alcoiéil which we hoped would be favoured as
the alcohol group is equatorial. Epoxy alcoi80 would then be subjected to an
epoxide cleavage aetion to give protectelans-diol 192

TBSO Payne TBSO

reaction HO.,,

epoxide TBSO
cleavage HO.,

192

Schemel.36:Proposed Payne rearrangement approach

To this end, epoxy ketorf87was treated with MeLi at 0 jC and then allowed to stir

at rt overnight (Scheme 4.37). This resulted in epoxy alch®®in 11% yield where

a silyl transfer reaction had occurred from the neopentyl alcohol to the-fawigd
equatorial alcohol. We also isolated a 68% yield of an inseparable 77:23 mixture of
the Payne rearranged produk?l and the epoxy alcohdl90. The spntaneous
nature of the Payne rearrangement was a pleasing result. However, the non
rearranged epoxy alcoh@BO0 could be obtained as the sole product in high yield
(92%) if the reaction was halted after 30 min at O jC. The assignment of the TBS
regioisomes 191 and193is tentative. These products differ only in theirand the
chemical shifts of the IO signals. Assignment is based on a 2.5 Hz coupling shown
in 193 by the GHOH to the alcohol proton. Thegansdiol configuration of both
regioisomers91 and 193was confirmed in the axialxial 2 coupling of the GOH
protons (8.0 Hz fol91 and 8.5 Hz for193). Consequently, this helps confirm the
configuration of epoxy keton&87 as atransrelationship between the epoxide and
the axial bridgehead methyhroup. Nevertheless, the spontaneity of the

rearrangement reaction was a welcomed shortening of the proposed route.
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TBSO TBSO
HO/,‘

TBSQ MelLi, THF

0iC, 30 min
E——

(@]
0 then
H o\) rt, 12 h

A\
oy

193
11%

Schemed.37:Payne rearrangement to epoxide®l and 193

In order to prepare substrates for epoxide removal, the free hydroxyl groups of
regioisomersl91 and 193 were protected as TBS ethers. Initially, TBS protection of
both regioisomers using TBSCI| and DMAP showed no product after 24 h. Changing
to more forcig TBSOTf conditions gave thdiTBS adductl94 from both epoxy
alcohol starting materials. The TBS protection of epoxy alcd®dlgave diTBS
adduct194in 9% vyield (Scheme 4.38) while epoxy alcoli@3 gave a 27% yield
diTBS adductl94 (Scheme 4.39). No beér products were isolated in both cases.

TBSO TBSOT TBSO
HO,,,

2,6-lutidine TBSO,,,
191

0] >
CH,Cl, 3
OJ rt, 1 h o%:
(77:33)

(product:SM)

i H

Scheme4.38:TBS protection of91to disilyl ether194

HO TBSOTf TBSO
TBSO,,, 2,6-lutidine  TBSO,,
—>
0": H O rt,1h O": H O

193 194
27%

Scheme4.39:TBS protection 0f93to disilyl ether194
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There have been a number of conditions published for the removal of epoxides to

267288 7inc and sodium iodid&®2"°

give alkenesThese include the use of W&il,
lithium,?"* and titanocene chloridé? The MeSil conditions, first developed in
1981%%" were widelyused and were amongst the mildest conditions available. The
attempted removal ofhe epoxide from the diTBS protected compoursdl was
therefore attempted under sgeconditions (Scheme 4.39). lodotrimethylsilaves
preparedn situ from MesSiCl and sodium iodide. Addition of epoxid®4 to this
solution resulted in complete decompiasitof the starting material with no product
present by TLC analysis or in thd NMR spectrum of the crude materi@hanging

to the zinc and sodium iodide reaction conditions gave only decomposition (Scheme

4.40).

TBSO TBSO

TBSO,, MesSiCl, Nal  TBSO,,
O X ) (@
A J MeCN A J
O"i H O rt, 30 min O"i H O
194 195

Schemet.40: Attempted epoxide removal frar@4 using MeSil

TBSO ZinC, Nal TBSO
TBSO,, AcONa, AcOH TBSO,,
0] O
D eE T batD
O: H O 1, 1h O: H O
194 195

Schemet.41: Attempted epoxide removal frdr@4 using zinc/sodium iodide

At this point, the use of a Payne rearrangement approach ti@tisadiol motif was
halted. The success of this route in achievirgtrans-diol motif was promising but
subsequent removal of the epoxide to give thensallylic diol 195 was
unsuccessfulWith time pressures mounting and, as of yet, no structure possessing
the desiredrans-allylic diol A-ring motif being obtained, we drew a line under the

approach using the WielarMiescher keton&9 for now.
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In summary, our studies towards a compound withrdmes-diol A-ring motif using

the WielandMiescher keton®&9 as a starting matel has been ktepth and varied.
Unfortunately, we were unable to achieve the desnads-allylic diol configuration

using the diastereoselective reduction”ahethyl enonel66. Efforts using a 1;3

allylic alcohol transposition were also fruitless doefavourableformation of an
exocyclicmethylene motif as well as detrimental -tliaxial influences. The
epoxideopening approach was also unsuccessful. The Payne rearrangement
approach did give th&ansdiol configuration but epoxide removal could r
achieved. Our attention now turned a related approach using the Ma#tghd
Miescher keton&0 which was designed to utilise the axial bridgehead methyl group

to direct the formation of theeans-allylic diol motif.



Chapter 5. Samaderne C AB-Ring Synthesis: The
Methyl-Wieland-Miescher Ketone
Approach

The lack of success using the Wielavitgescher keton&0 to access th&ansdiol

motif present in the ABings of samaderine C was disappointing. However, through
this study much was learned about the synthesis of the samaderinegi@g8BThe
steric hindrance of the -Aing top face by the axial bridgehead methyl group was
evident. We sought a new approach to the-Aiy dienophile68 that utilised the
strereadirecting ability of the bridgehead methyl group to our advantage in setting
up the trans-diol motif. An alternative Wielandiescher ketone approach was
therefore devisedand centred on the use of methylelandMiescher ketone
analoguer0 (Scheme 5.1).

o)

\‘\\
HO <X D»\\

R RS\ (@)

70
Samaderine C

Scheme 5.1Retrosynthesis of samaderine C to meikfjélandMiescher keton&0

5.1. Strategy to ABring Structures from theMethyl-Wieland-Miescher Ketone

The plan was to access dienopl@8 in which the Aring would now be constructed
from the WielaneMiescher enone ring and therlig would be formed from the
ketone ring. This is in complete contrast to the ring pattern in the Witlagesther
ketone appmach described in Chapter 4. Scheme 5.2 highlights the proposed
synthesis a diolrans196 from the methy\WielandMiescher keton&0. Using the
bridgehead methyl group to direct reduction to the bottom facetrditd- 196 would

be achieved from hydroxketone197. The hydroxy ketond97 would itself be
realised by thd -hydroxylation of an extended enolai®8 where the oxidising
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agent would be directed to therg bottom face by the bridgehead methyl group.
Enolate 198 would be formed by&deprotonabn of enonel99 A 1,3-carbonyl
transposition would be employed on en@®® The knowA’® enone200would be

reached from methylVielandMiescher ketone analogé.

O! OR
HO
ﬁirk{ 6R

/
Oc, HO O/\l reduction from
bottom face
\_ /. HO,,

196 - . N 197

'EO! OR
ﬁH (I)R

hydroxylation from
bottom face

199 198

N

o

S Tn
T
III

70

Scheme 5.2Retrosynthesis of dienophié®to methylWielandMiescher keton&0

! %'& !



Known enone200 was an intermediate in SamadiOs synthesig)efifiaquinone
(Scheme 5.3)"® Starting from methyWielandMiescher ketone analogu@O,
chemoselective ketalisation gave két@llL Thetrans-decalin ring junction was then
established by Boh-type reduction of enon201to give ketone202 Ketone202
was submitted to kinetic enolate formation and quenching MéiSiCl thengave a
silyl enol ether which on Saegusa oxidation delivered e@60eSeven further steps
including a benzylialkylation and two Wittig olefinations gave the natural product

(#)-ilimaquinone.

HO/_\ H O/\cl) Li, NH3 o/\l

% 0
PTSA H,0 O
— —
PhH THF |
© '.1h O 178iC, 1h 07 Y i
70 P

201 202
91% 90%
1. LDA, THF, ! 78 {C, 1h
then Me3SIiCl, 0 jC

2. Pd(OAc),, MeCN, ", 1 h

o

0]
<‘
(0) B

0 0 -

200
OMe 95%

(1)-llimanquinone

Scheme 5.3samadiOs route to end?@d, an intermediate in the synthesis bj<limaquinone
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The envisaged -hydroxylation method was based on chemistry previoussd by
Grieco in his work towards (#laineanone (Scheme 5#)Grieco treated latstage
intermediate enon203 with HMDS, triethylamine and M&il to give an extended
silyl enol ether204. Silyl enol ether204 was then used in a Rubotteype
reaction’’* Treating the exdéndedsilyl enol ether204 with mCPBA epoxidised the
more electrosrich double bongwhich on workup gave! -silyloxy ketone205. This
intermediate was cleaved using TBAF to give hydroxy kegfigan 50% yield from
enone203 ! -Hydroxy ketone was then used inl &etol isomerisation to givé-
methyl enone207. We felt that intercepting an appropriatehydroxy enone
intermediate wuld allow reduction to give the desiré@dns-diol motif and eforts

commenced to that end.

HMDS, Et3N
MesSil (10 eq.)

>

DCE, !23iC
thert 13 h

mCPBA, NaHCO,
CH,ClI,, 1 23 {C, 45 min

TBAF Me;SiO,,
(—
THF, 1 23 |C

o

207
75%

Scheme 5.4Extendecenolate formation and Rubottom oxidation to hydroxy keffite
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5.2 Synthesis of the trarBiol Motif in the AB-Rings of Samaderine C

Efforts began towards the ditthns-196 from the methylwWielandMiescher ketone

70. The first goal was the repetition of SamadiOs route to @@n&@he methy
WielandMiescher keton&0 was synthesied in racemic form and all the synthetic
work described in this chapter was carried out wihemic compound<? The
starting material 2nethyl1,3-cyclohexadionel63 was reacted withethyl vinyl
ketone208 in the presence of DABCO base to form the Michael adduct (Scheme
5.5). This Michael adduct was then cyclised to complete the Robinson amulat
78% vyield from the dione starting material0. Heating 70 under DearStark
conditions in the presence pTSA and ethylene glycol gueetal 201in 81%yield
where the ketone carbonyl has been protected in preference to the enone carbonyl

1. SN
O DABCO, DME T OH O/\(IJ
r, 20 h pTSA
> e
j:i 2. BzOH, Et3N o PhH
o) xylene ,"#,2h O

163 L,"#,24h 70 201
78% 81%

Schemeb.5: Synthesiof ketal201

Thetransring junction was then established using a Bretiuction Enone201was
reacted with lithium in ammonia. The reaction was quenched with ammonium
chloride to giveketone202 in 61% yield with an overeduction produgtalcohol

209 isolatedin 3% yield (Scheme 5.6)Fortunately, to aid in the progress of
material, &cohol 209 could be cleanly converted baakto ketone202 by IBX
oxidation in 87% yieldScheme 5.7)

o/\(l) Li, NH3 J J

H,0 O o)
— +
THF | |
o) 178iC,1h 07 Y : HO :

i H i H
201 202 209
61% 30%

Scheme 5.6Synthesi®f ketone202and overreduction product alcohd09
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o @

O IBx O
>
| DMSO |
HO :

é ol rt, 12 h o E b
209 202
91%

Scheme 5.70xidationof alcohol209to ketone202

The final step of SamadiOs route was the stiochiometric Saegusa oxidation of ketone
202to enone200. Thekinetic enolate oR02 was formed using KHMDS as base at

#78 iC. Theresulting enolate was trappadth MesSiCl and the silyl enol ether was
treatedwith Pd(OAg) in DMF at 80 jC over 1 h to givenone200in 82% yield
(Scheme 5.8)

1. KHMDS, THF
o I imic1n o/\(l)
then Me3SiCl
2. Pd(OAc),
07\ DMF, 80 C 07 Y2
i H h I H
202 200
82%

Scheme 5.8Saegusaxidation of keton@02to enone200

We envisaged at thointthata Wharton rearrangement woudktilitate the desired
1,3transpositior(Scheme 5.9)"° Nucleophilic epoxidation of enorg0would give
epoxy ketone210 The Wharton reaction involves treating an epoxy ketone with
hydrazine to give a 1;8ansmsed allylic alcohol product. In this case, the resulting
alcohol intermediate would be oxidized to give en@@8. Thus, over these three
steps, enon200has undergone a formal igarbonyl transposition.

O/\| nucleophilic O/\| Wharton o O/\IO

@]
O epoxidation O reaction
----------- > et
then
) 2 @) i B
= H H H [O] H

200 210 199

Scheme 5.9Proposedsynthesis of epoxy ketoR@0and subsequent Wharteeaction
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Before the Wharton reaction could be attempted, epoxy ke&tb@aeeded to be
synthesised. To that end, enoR80 was submitted to the Weichefferstyle
nucleophilic epoxidation reaction as shown in Scheme %/1Biirring enone200

with hydrogen peroxide and Triton B base resulted in complete recovery of starting
material with no epoxy keton210 detected. The base was altered in subsequent
attempts but with no success. The difficulty of nucleophilic epoxidatiomeofdring

enone is speculated to be due to steric encumbrance of the"etern@nus by the
adjacent quaternary centre as well as the ketal group, which is also in close
proximity. The lack of reactivity of an enone of this type is in line with an example
from the Ling groug.”®

o @

o H,0,, Triton B o) o)
Y —— 11
/\ »
o ; THF o ;

I H 0iC,1h i H
= thenrt, 72 h =
210

200

Scheme 5.10Attemptechucleophilic epoxidation of enor2©0

An electrophilic epoxidation procedure was therefore used to overcome this lack of
reactivity. The plan was to reduce end@0 to allylic alcohol211 This allylic
alcohol would then be treated with an electrophilic epoxidation reag€IiRBA) to

give an epoxy alcohd12 which, on oxidation, would furnish the required epoxy
ketone210(Scheme 5.11).

O/\(!) electrophilic

e .
O reduction epoxidation O
————————— > EEREEEEEEEEE 2
@) 2 HO 2 HO "2

i H I H I H

200 211 212
[0]:

T ™

jo\//x\l)kjo
o) H

i H

210

Scheme 5.1Electrophilicepoxidation approach to epoxy ket
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Enone200 was therefore reduced with LiAlHat #40 jC to give an 87:13 mixture
(from theH NMR spectrum of the crude material) of allylic alcohois211 and
trans211 (Scheme 5.12). The stereochemical labels refer to the relative orientation
of the alcohol group to the axibtidgehead methyl group. Purification by flash
column chromatography gawes-211in 88% vyield while diasterecisomaans211

was obtained in 8%ield.

;0

d I
0o LiAIH, o)
> +
| THF ] . |
o7 | 140 iC, 30 min HO™ ; HO' H

I H
200 cis-211 trans-211
88% 8%

Scheme 5.12LiAlH,reduction of enon&00

For comparison, enon200 was then reduced with NaBldnder Luche conditions
(Scheme 5.13). Reacting eno2@0 with NaBH, in the presence of Ce@H,O at
#78 iC gave a 94:6 mixture of allylic alcohais-211andtrans-211 Purification by
flash column chromatography gave onig-211in 89% yield.

O/\I NaBH,4 o/\l

O cCeCly"7H,0 o
>
| EtOH:THF |
0”7 Y (2:1) HO :

I H 178iC,15h I H

200 cis-211
89%

Scheme 5.13NaBH, reduction of enon&00

The electrophilic epoxidation reaction was then examined using allylic alc@hol

211 Reaction of allylic alcohatis-211with mCPBA gave epoxy alcohotsans-212

and cis-212 in 79% vyield as an 88:12 mixture of diastereomers, which were
inseparable by column chromatography (Scheme 5.14). The diastereomer depicted
(trans-212) is the assuntk major product. The assignment is based only on the
previously observed predominance of the axial bridgehead methyl group to direct
reactions onto the bottom face of theriAg. We recognise the ability of the
equatorial alcohol irtis-211 to facilitate ahydrogen bondinglirected epoxidation



event and we propose that such an effect is responsible for formation of the minor
diastereomet’® In the interests of achieving theans-diol motif in the ABring
compoundtrans-196, the stereochemistry igltimately unimportant ida infra).
Hence, epoxy alcohol#rans212 andcis-212 (88:12 dr) were oxidised using DMP

to give the epoxy ketondsans-210andcis-210in 70% yield with retention of the
diastereomeric mixture (88:12 dr).

o/\l mCPBA o/ﬁ o/\l

O NaHCO3 ?O'“ O DMP ?O". O
— —
! CH,Cl, 1 CH,Cl, 1
HO = HO = O =

I H rt,3h i H rt,3h I H
cis-211 trans-212 trans-210
79% 70%
(88:12 dr) (88:12 dr)
Major isomer Major isomer
depicted depicted

Scheme 5.14Electrophilic epoxidation and oxidation to epoxy ketdi#9

We found that this threstep reductiorepoxidatioroxidation route could be
telescoped to save on purification (Scheme 5.15). E2@@ewas reduced using
NaBH;. The resulting crude allylic alcohols were epoxidised usn@PBA and
subsequently oxidised using DMP to give epoxy ketosmes-210in 73% yield from
enone200and as an 85:15 mixture of inseparable diastereomers.

o/\l 1. NaBHy,, CeCl, o (0]
O 2. mcPBA O

»
»

) 3. DMP
O Y = O vz
: H : H
200 210
73%
(85:15 dr)
Major isomer
depicted

Scheme 5.15Telescopeelectrophilicepoxidation approach to epoxy ketone tr@19

Epoxy ketone mixturerans210 and cis-210 (85:15 dr) was then used in the
Wharton reaction. In the presence of acetic acid, epoxy ketones mixaune210
andcis-210, were treated with hydrazine monohydrate at O jC. After 1 h, the reaction

was quenched to give a mixture of allylic alcohols in a 96:4 ratio by analysis of the
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'H NMR spectrum of the crude material. Purification gave only allylic alcwhos-
213(74% yidd). The stereochemical label is the relative arrangement of the alcohol
group and the adjacent bridgehead methyl grdljylic alcohol trans-213 was
identical to the major diastereomer observed in'thé&MR spectrum of the crude
material. The assignmertf the stereochemistry itrans213 is based on nOe
studies,which showed an nOe enhancemeftthe equatorial hydrogen to the
adjacent vinylic hydrogen and the axial methyl group (Scheme 5.16). The
diastereomeric enrichment observed (85:15 dr startingrrahto 94:6 dr product)

was unexpected. There are two plausible explanations. The first involves the
isomerisation of allylic alcohol products under the acidic reaction conditions and the
second rationale is based on the selective decomposition ofirtbe dastereomer
under the reaction conditiongo complete the 1;8ansposition pathway, allylic
alcoholtrans213was oxidised (Scheme 5.16). The oxidation was carried out using
DMP to give enon&99in 87% vyield.

nOe
o, O/\(|) NH,NH,!H,0  HO o/\(l) H
: ACOH (:Ej W
| MeOH _ o O
/

or Y : 0iC, 15 min -2 0
: H thenrt, 1 h : H
trans-210 trans-213
(85:15 dr) 74%
Major isomer DMP
depicted CH,Cl,
rt, 1 h

Oo/ﬁ

" 199
87%

Scheme 5.16Whatonreaction of epoxy ketone tra40and oxidation to give ketori99

We discovered that the {Bansposition route was amenable to a telescoped
procedure (Scheme 5.17). Epoxy kettraes-210was treated with hydrazine in the
Wharton reaction and the rdisong crude mixture of allylic alcohols was oxidised
using DMP. This furnished enori®9 in 60% yield from epoxy ketontans210
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without the need for purification of the intermediate allylic alcohols. We were now
ready to investigate the kéyhydroxylaton of enonel 99,

o/\l 1. NH,NH,H,0 O o/\lO

0,
T O AcOH R
_ 2. DMP _
0 : :

i H P H
trans-210 199
(85:15 dr) 60%
Major isomer

depicted

Schemeb.17: TelescopedVharton reaction and DMP oxidation to enab@9

We followed GriecoOs general approach for! thgdroxylation (see Scheme 5.4),
using modified conditions to effect thehydroxylation of enond99(Scheme 5.18)

The extended silyl enol eth2d4 was formed by treating enod®9with MesSiOTf

to form an oxonium species which, in the presence triethylamine, was deprotonated
in the &position. The resulting extended silyl enol etBéd was then reacted with
purified mCPBA at 0 jC to give the Rubottetgpe adduc®15 which on workup

was expected to collapse tosiloxy ketone 2162°*?™* The epoxidation was
diastereoselective with only oresiloxy ketone216 compound observed in tHel

NMR spectrum of the crude material. The axial bridgehead methyl group is expected
to direct thenCPBA reagent onto the bottom face of the most electron rich silyl enol
ether double bond of extended silyl enol etBéd. Therefore, the stereospecific
collapse of epoxy silyl ethe2l5 gives a single diastereomersiloxy ketone216,

which was isolated in 59% yield. This compound was not fully characterised and was
assigned byH NMR only. Using TBAF, the silyl protecting group was removed to
give hydroxy letonel97in a pleasing 70% yieldrhe stereochemistry in-hydroxy
ketonel97was proved subsequentlyida infra).
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0 o’ ) MesSioTF Mezsio o
0

EtsN O mcpPBA
— —
_ CH,Cl, | CH,Cl,
" 199 214 - 215
Work-upl
o g
HO,, TBAF  MegSio,,
«—
CH,Cl,
rt, 10 min
197 216
70% 55%

Scheme 5.18Extendedcenolate formation/oxidation and cleavage to givydroxy ketond97

Achieving hydroxy enond 97 was an excellent result considering the poor yields
obtained by Grieco, the number of steps and the sensitivity of the intermediates used.
However, we were surprised at the stability of th&loxy ketone216. Ultimately,

all of the steps were telescopethonel99was reacted under the same conditions to
give crude! -siloxy ketone216 which was then used in the TBAF deprotection step

to give hydroxy keton&97in 70% yield from enon&99

With hydroxy ketone 197 in hand, studies progressed to invedtiga its
diastereoselective reduction to give didns-196 (Scheme 5.19). Hydroxy enone
197 was reduced using NaBhh MeOH at 0 jC to give an 82:18 mixture wéns

196 and cis-196. These diastereomers were separated by flash column
chromatography to giveans196in 80% yield anctis-196in 13% vyield. Initially,
these products were not readily identifiable. There was expected to be adasge
diaxial J coupling €a 9 Hz) of tte two CHO protons in tht#H NMR spectrum of
thetrans-196. A smaller®J coupling axialequatorial coupling was expected the same
signals incis-196. Comparison of these coupling constants should have made
characterisation straightforward. However, in bgttoducts, the relevant CHO
protons where obscured by the broad ketal multiplets.
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HO o/\l
o}

NaBH;  HO,
e ' +
MeOH )
0iC,1h I-l
trans-196 cis-196
80% 13%

Scheme 5.20NaBH, reduction of hydroxy ketorfe7

Ultimately, confirmation of the structure of the diastereomers was obtaineerdy X
crystallography of a crystal grown from the major product. This confirmed the major
product to berans-196 (Figure 5.1). As expected, reduction of hydroxy ketb@ié

by NaBH,; was directed primarily onto the bottom face of the carbonyl group to give
the desiredtrans-allylic diol producttrans196 (Figure 5.2). Finally, after much
effort, we had successfully synthesised a compound which containécrbkeliol

motif in theAB-rings of samaderine C.

Figure 5.1 Crystal structure of transliol trans196

Disfavoured
Reduction

X ) OR A
HOJT/= {OR

0]
Favoured

Reduction
Figure 5.2 Facial selectivity on reduction ofydroxy ketond 97

We were slightly surprised, that the axial bridgehead methyl group did not cause
complete diastereoselectivity in favour of tn@ns-allylic diol producttrans196. A
completely diastereoselective reduction of hydroxy kett®ewas ideally desired.

We speculated that a larger reducing agent would suffer from increased steric clash
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with the axial bridgehead methyl group and so would be more selective for reduction
on the bottom face of the ketone carbonyl group. To this end, hydroxy Ke2@ne
was reducedvith DIBAL -H. Under these conditions, the sole product observed was
cis-allylic diol cis-196, obtained in 73% yield after purification. A crystal structure of
cis-196was obtained using this material (Figure 5.3). The stereochemical outcome of
this reactio is discussed later with other related reduction results.

0 o/\l HO o/\l
O DIBAL-H Ho, A o

—
THF

178iC,3h

197 cis-196
73%

HO[,.

Scheme 5.21DIBAL-H reduction of hydroxy ketor97

Figure 5.3 Crystal structure of cigllylic diol cis-196

To our knowledgethis constitutes the first synthesis of a quassindidais-allylic
diol motif. We anticipate thah ketone(obtained by ketal deprotectiom)ill allow
elaboration towards the totsyrthesis of samaderine C usiBiels-Alder chemistry

5.3. #-Hydroxylation Approach Using th&Vieland-Miescher ketones9

With development of a successful strategy for forming theriAB trans-diol motif
now in place, wavere intrigued to see if the kéyhydroxylation methoaould also
be employedstarting from WielanéMiescher ketone69 (Scheme 5.22) We
anticipated thathte route from WielandMiescher keton&9 could be intercepted at
ketone 161 Formation of the methyl alkene would then give alkezfes.
Deprotection and oxidation of alke@&7would give keton®218 We hoped that the
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I -hydroxylation procedursvould then gve hydroxy ketone219, which would be
reduced to give didrans-220.

TBSO
methyl alkene TBSO

formation

161

HO,,,

trans-220 219

Scheme 5.22& Hydroxyation approach fronketonel61

Diols trans-196 andtrans-220are regioisomeric compounds which are different only
by the position of their ketal groups (Scheme 5.23). However, it was hoped that
conversion otrans-220into dienophile68 may be more straightforward as the ketal
oxygenation is already in the correct position. In contrast, achieving dien@ghile
from trans-196would require another 1-8xygentation transposition.

HO o/\l
o}

HO,,

H
trans-196 trans-220

Scheme 5.23Dieneophile68 from either trans196 or trans-220

An organometallic approach to the methyl alkene was plaw@etthe formation of

an enol triflate and coppeatalysed cross coupling with dimethyl cuprate (Scheme
5.24). Ketonel61 was deprotonated using KHMDS#18 C to furnish the kinetic
enolate which was trapped using Corefbreagent221 to give enol triflate222 in

92% vyield. Dimethyl cuprate was formed from MeLi and Cul and was then reacted
with enol triflate222to successfully give methyl alke247 as a single regioisomer

in 89% vyield.
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TBSO TBSO TBSO

KHMDS, THF
178 iC, 30 min MeLi, Cul
o) » _— >
0 J then 221 : O THF,
H 'e) rt 30 min H OJ 0iC, 15 min
O g | TfO
161 R F 222
F 92%
Cl \ N‘ .0
N .S
O N—F
FF
L 221 )

Scheme 5.24Methyl alkene formation from ketogé7

To achieve the desired ketoR&8 the TBS group needed to be removed to facilitate
oxidation to keton@18 Initial attempts to deprotect TBS etl#&7 with TBAF at rt

over 72 h resulted in only a 17%eid of the deprotected alcoh@R3 with the
starting material recovered in 56% yield (Scheme 5.25). From here, various TBS
deprotection conditions were trialled with no success. Efforts included TBAF and
AcOH 22 HF in pyridine®*® refluxing in LiAIH4,2%" TFA in dry CHCl,,%* NIS 2%
MesSiOTf/MeOH?®* refluxing in NaOH®? and silicasupported polymolybdic
acid®® All efforts resulted in either no deprotection with complete recovery of
starting material or deprotection of both the TBS ether and thiegketap.

TBSO

223
17%

Scheme 5.25Room temperature TBS cleavage using TBAF

Fortunately, we returned to the TBAfased conditions. It was found that heating
TBAF and TBS etheR17at 50 iC for 13 h gave alcoh@R3in 87% yield (Scheme
5.26). xidation of this alcohol gave86% vyield of ketone218 under DMP

conditions.

! %o (* !



TBSO HO

TBAF DMP
O, THF O\ cH,Cl,
o\) 50 iC, 13 h R o\) it 1h
217 223

87%

Scheme 5.26TBS cleavage and oxidation to ket@1s8

The ! -hydroxylation method with keton218 could now be assessed. Keta2i8

was treated with M&SIOTT to give the extended silyl enol ett#t4 (Scheme 5.27).
This step showed complete conversion by analysis ofHHEMR spectrum of the
crude material with only the desired extended silyl enol ether present as a single
product. Treating the extended silyl enol ether with purifi€ePBA gave complete
conversion into the epoxy silyl eth@25 which then collapsed on wieup to! -
siloxy ketone226, as a single product on analysis of theNMR spectrum of the
crude material. Unfortunately, in this case, deprotection using TBAF resulted in
spontaneous formation of a bright purple solution which on wprland purification
gave hydroxy keton219in only 7% yield.Full characterisation of hydroxy ketone
219was not possible due to decomposition in the NMR tube overnight.

Me,SiOTf MesSiO Me%S.iO
Et;N mCPBA =
CH,Cl, O, cH,Cl, O
rt, 1 h o) 0iC,1h \)
224 - 225

HO,,, TBAF MesSio,,
o ¢
+ CH,Cl,
H O\) rt, 10 min
219 226

7%

Scheme 5.27&Hydroxylation approach from ketor4.8

The reaction process proceeded cleanly until the silyl deprotection step-Bitony
ketone 226, The '"H NMR spectrum of the crude material pd®AF cleavage
showed producl19 but also may other unidentifiable products some of which
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appeared to be arotma We explored the use of cold (0 jC) 1 M Kl for
deprotection but this resulted in complete decomposition with no product observed.

There was literature precedent for the use of bulkier silyl groups in Rubottom
oxidation procedures, where the nevidymed hydroxyl group retains the silyl group
rather than being completely remov&8?’ We hoped that the TBS$-silyoxy
ketone would prove more stable towards decomposition in our system. Using
TBSOTf, the same process was undertaken as shown in Séh2éeEach step
proceeded with full conversion by analysis of ti NMR spectra of the crude
intermediates until TBS -siloxy ketone227. Unfortunately, once again, TBAF
cleavage of the -siloxy ketone227 resulted mostly decomposition with the TBS
protected hydroxy keton227recovered in only 10% vyield.

TBSOTf TBSO TBSO
mCPBA
CH,CI,
o) 0iC,1h
Work-upl
TBAF TBSO,,
CH,Cl,
rt, 10 min

Scheme 5.28TBS mediated-hydroxylation approach with ketor2d.8

At this point, we have no clear explanation as to why YtHeydroxylation
methodology works for enorf99 but not for ketond61 There was sufficient TBS
protected hydroxy keton227 remaining to attempt a NaBHeduction.! -Siloxy
ketone227 was therefore treated with NaBkh an attempt to achieve the desired
trans-diol motif. However, using TBS protectéehydroxy ketone227, reaction with
NaBH, resulted in the formation of theis-diol product as a single diastereomer
(Scheme 5.29). Due to limitations on the quantity of material, the cigdol was
globally deprotected using ki to give diol228in 79% yield over the twasteps.
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The relative stereochemistry afis-228 arrangement was confirmed by-r&y
crystallography (Figure 5.4).

1. NaBH,
MeOH
0iC,1h HO,

(0]
2. HF 4
MeCN
rt, 8 h

Ccis-228
79%

Scheme 5.29Reduction and global deprotection to diol-828

Figure 5.4 X-ray structure of diol ci®228

Therefore, including the reduction just presented in Scheme 5.29, we have
investigated the reduction of three similafunctionalised ketone compounds. The
reduction of! -hydroxy ketonel97 with NaBH, (Scheme 5.30) proceeded to give
primarily the trans-diol product,trans196. Conversely, the other two attempted
reductions resulted inis-diol motifs, the NaBH reduction of TBS -siloxy ketone

227 (see Scheme 5.29) and the DIBM:-mediated reduction df-hydroxy ketone

197 (Scheme 5.31 We tentativelysuggesta plausible reason for the observed
diastereoselectivity.

O o/\l HO o/\cl) HQ o/\lO

HO,,, O NaBH; HO,, HO,,,
—> +
MeOH |
0iC,1h R
197 trans-196 cis-196
80% 13%

Scheme 5.30NaBH, reduction of hydroxy ketorfe7
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THF
178iC,3h

197 Cis-196
73%

Scheme 5.31DIBAL-H reduction of hydroxy ketor97

Reduction of the -hydroxy ketonel97 will initially result in the formation of arh-
alkoxy ketone as the reducing agent abstracts the alcohol proton to form an alkoxide
species. A second equivalent of theueing agent would then perforthe ketone
reduction. In the case of NaBHthe ! -alkoxy ketone formed will be a sodium
alkoxide, while DIBAL-H reduction will result in a tso-butyl aluminium alkoxide.

We suggest that the DIBAH reduction results in an alkoxy species that resembles
the TBS! -siloxy ketone227 i.e. a bulky alkoxy substituent. Both the DIBAL
reduction and the NaBHeduction of TBS! -siloxy ketone227 result in cis-diol
products. 1 is plausible thathese bulkier alkoxy species adaptconformation
placing thebulky alkoxy group in a positionthat blocks the Aing carbonylOs
bottom faceforcing reduction to occur on thep faceto give acis-diol. However,

the smaller corresponding sodium alkoxide formed ftbenNaBH reductiondoes

not facilitate the same alkoxyediated inhibition of thé-ring bottom bottonface
(Figure 5.5.

Favoured
Reduction

Hﬂ.)f

X o %Dsfavoured
Reduction

Figure 5.5 Reversal in the reduction selectivity leading tedisl products

While we could not achieve @ansallylic diol compound using the Wieland
Miescher ketoneé9 as the starting material, use of the meWklandMiescher
ketone70 has provided a route twansallylic diol trans-196 To the best of our
knowledge this it thdirst synthesis of aransallylic diol quassinoidalAB-ring
compound. Furthermoretrans196 is, in principle, suitable for use in #otal

synthesis of samaderine C.
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Chapter 6: Samaderine C CDERIing Synthesis:
Diels-Alder Approach

Studies up to this point had focused solely on the synthesis of the samaderine C AB
ring motif. Work now turned to the synthesis of the Gidig cluster of samaderine

C. The proposed double l1adidition strategy used a CBlag cluster74 which

would be caoverted into an enolate and then added in afesdion to enon&3
(Scheme 6.1). This chapter describes our preliminary efforts towards a synthesis of
ketone74.

Samaderine C 73 74

Scheme 6.1Disconnection of samaderine C disconnected in efdshion to a CDEing

compand74

6.1 Strategy to CDERIing Structures

It was envisaged that CDithg system74 could be accessed using a Diglsler
strategy. The proposed forward synthesis of the @B structure74 is shown in
Scheme 6.2. Arendaselective DielsAlder cycloaddition reaction of dierg4 and
maleic anhydrid@5 would furnish adduc229. Silyl cleavage would then give a diol
intermediate which would then undergo a directed epoxidation to give e@80de
We predict that treatment afpoxide 230 with mesyl chloride will selectively
mesylate the primary alcohol and, on hydroxigeening of the anhydride, will allow
an intramolecular epoxidepening cascade to give hydroxy a@8l Subsequent
manipulation of the pendant carboxylic aedd the ring alcohol would ultimately
lead to the desired CDEng compound/4.
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1. TBAF
2. mCPBA

' 1. MeMgBr (1 eq.)
v 2- TIPSCI

\‘\\O
.

Os~ \\

?“\‘\\\O
OTIPS

74

Scheme 6.2Proposed route to CDEng compoundd4 via an epoxidepening cascade

However, before exploring this approach we simplified the €& structure
further andinvestigated an alternatiwrategy. By removing the pentecarboxylic
acid we decided to attempt the synthesis of @@gment232 (Scheme 6.3). We
anticipated that this tricyclic fragment could be formed from er&33awhich itself
would be accesseddim a DielsAlder cycloaddition. A dienol ethdype diene such
as 234 would undergo a [4+2] cycloaddition with commercially available diethyl
fumerate235, that on elimination would give the ena2&3

Samaderine C 232 233

XO
234 235

Scheme 6.3simplified CDEring structure232
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From enone233 we imagined two possible routes to the Cltdgment232 The

first route incorporates an oMylichael reaction to form the-Eng tetrahydrofuran
(Scheme 6.4). Complete reduction of en@38 would give triol236. It was hoped
that preferenal oxidation of the activated allylic alcohol using manganese dioxide
would form an enone which, dependent on the diol conformation, would undergo an
oxy-Michael reaction to give ketor#Z87. An oxidation would then give ac@B8 In
1990, Moriarty publised a convenient hypervalent iodine method for coupling
carboxylic acids onto enolic positioff?° Following these conditionse(g.
PhI(OH)OTs, or use of modern variants), we envisaged accessing R3@nEhe
regioselectively for this process is nasared. We speculate that the desired enolic
position will be more acidic since the axial enolic hydrogen is antiperiplanar te the
etheryl oxygen. Finally, a chemoselective reduction of ke8fwould give the
desired CDEing compound®32

o HO
1 O w
., OEt . HAHa ., on M2 gy
" -, ~OH
o!
Et0” N0 H
237

: O]
A 4
W \\O 0 o
HO R “\\\ NaBH,4 o o ‘\\\\ PhI(OH)OTs
: €------- : L EELEEEELEEEE «,, OH
S0 0 i
(0]
232 239 238

Scheme 61: Oxy-Michael route to CDEing analogue232

The second route also uses end88 but would proceedvia an alternative
etherification reaction to form the-thg (Scheme 6.5). Global reduction of enone
233to triol 236 would allow a nucleophilic substiion-type etherification. Gold has
been reported to be an effective catalyst in such intramolecular etherification
events’?*%%* However, no examples of intramolecular goktalysed processes, to
give a bicyclic motif, have been described. A related study that produces a fused
[5.5.0] system is knowff° We envisaged that application of tri@B6 to these
conditions would give atihol 240 Oxidation of alcohoR40 to the methyl ester
should be feasible and epoxidation usm@PBA should then give epoxy es&tl
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We hoped that treatment of epoxy es2dd with hydroxide would result in either
saponification of the methyl ester on &poxideopening reactiont(ans-diaxiat
opening). In either case the resulting intermediate should cyclise to give the CDE

ring fragmen232
o) HO
., OEt HAHa , JOH PaPAUCT |
Ic])/ ., ~OH
Et0” Y0 HO
233 236 240
. 1. [0]
! 2. mCPBA
v
o
wQ NaOH *
HO .
RSN ., ~OMe
"
o)
232 241

Scheme 6.5Gold-catalysed etherification route to CBiihg analogue232

6.2 Investigation of an OxyMichael Approach to a CDEring Compound

We began this section of our studies by attempting the synthesis of 23®using
Diels-Alder chemistry. First, the synthesis of an appropriate diene -Bidéy
partner242was requiredlts synthesis is outlined in Scheme 6.6. Acetylacetone was
used in abis-silylation reaction using 2 eq. of M&OTTf following the conditions
described by Demarkt al*®® The diene242 was obtained as a 50:50 mixture of
geometrical isomerg}-242 and E)-242in 94% vyield after buldo-bulb distillation.

Megs|OTf

0O 0O E&N  MesSio osnv|e3+ J\/OQM%
—

)I\/U\ E,O M MesSio” X
t1h (2)-242 (2)-242

50:50
94%

Scheme 6.6Bis-silylation of acetylacetone to give dienes-22Rand (E)242

Diene242 had previously been used in Digdder cycloaddition processé¥.>® It

was therefore known that the reaction of di@d@ typically required the use of a

! %)( !



Lewis acid or high temperatures to induce the desired [4+2] reaction. The Diels
Alder reaction between the diene mixtu?d2 and diethyl fumerate235 was
therefore screeed with Lewis acid additives. Dien@42 were stirred with diethyl
fumerate235in toluene at 0 jC for 9 h in the presence of a Lewis acid (Scheme 6.7
and Table 6.1). The reactions were analysed for either the Alads adduct243 or

the eliminated pragct”-methyl enon@33

Me38IO OSiMes,
’,\s S

5%450 Me,Sio OSiMe3
Etj\/\(o additive \?‘ OEt Of ?i]/OEt
o OEt toluene | l)
0iC,9h EtO” ~O
235 243 233

Scheme 6.7Diels-Alder reactions of dien242with diethylfumerat@35

Yield?

Entry  Additive Result (%)

1 None SM N/A
2 ZnCl, SM N/A
3 TiCly SM N/A
4 BFzOEbL Decomp. N/A
5 AICl 3 Decomp. N/A
6 AlMe3/AIBr 3 233 70%

Yield after puification by chromatography.

Table 6.1 Diels-Alder reactions of dien242with diethylfumerat@35

In the absence of a Lewis acid catalyst, the cycloaddition reaction was found not to
occur, returning only starting material (entry 1). Similathe use of ZnGl(entry 2)

and TiCl (entry 3) proved ineffective with only starting material observed. With
BFs OE® (entry 4) or AIC} (entry 5), the reaction did proceed with consumption of
both starting materials. However, no enone pro@33or the DielsAlder adduct

243 were isolated. Fortunately, the use of a mixed aluminium catalyst
(AlMe3/AlBr3)*®* did give the desired-methyl enone233in 70% vyield with no
intermediate DielsAlder adduc243observed (entry 6).
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The mixed AlMeg/AIBr3; conditions indicated that the DieKlder reaction of these

two partners was possible. We sought to find a higher yielding process and one that
would hopefully remove the need for toxic Lewis acid catalysts. Therefore, the
thermal DielsAlder process was attemptetihe mixture of diene42 was heated

with diethyl fumerate235in toluene in a sealed tube at 150 jC to give a mixture of
Diels-Alder adducts243 (Scheme 6.8). This Dielslder mixture was then treated

with TFA in CH,Cl,-MeOH (10:1) to give'-methyl enme 233in 93% yield over

both the cycloaddition and elimination steps.

ME3SiO OSIMe3
J\” N

242  MegSio OSiMes 0
EtO O 5050 TEA
W — , OBt ——— > .., OEt
o Oft _toluene Il CH,Cl:MeOH g/
150 iC, 20 h o 10 1)
Sealed tube Et0” ~O Can Et0” SO

235 243 233

93%
Scheme 6.8Sealed tube Dieldlder reaction of diene®42with diethylfumerat@35

Triol 236was a proposed intermediate in both the-bhghael (see Scheme 6.4) and
etherification (see Scheme 6.5) routes to @ compound®32 Global reduction

of both esters and the enone carbonyl should give the desired236olUsing

LiAIH 4, "-methyl enoe 233 was reduced. The reaction mixture was carefully
quenched using GlauberOs salt8@aki.0) in order to avoid an aqueous warg.

This procedure gave a mixture of triol diastereomers (Scheme 6.9). A 90:10 mixture
of triols 1,4trans236 and 1,4cis-236 was isolated in 51% vyield. Other
unidentifiable products were also obtained.

(@) HO, HO,,,
LiAIH,
v, OEt " 5 v, OH 4 v, ~OH
OI/ Et,0
Et0” YO 178iC,1h  Ho HO
233 1,4-trans-236 1,4-cis-236
90:10

51%

Scheme 6.9Reduction of enon233to triol products
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The assignment of relative stereochemistry was achieved using the coupling
constants present in thel NMR spectrum othe product mixture. The axial proton

of 1,4trans-236, highlighted in Figure 6.1, shows three characteristic couplings. The
largest coupling is the 12.5 H coupling to the geminal proton. There are also two
large couplings, 10 Hz and 8 Hz, which copesd to twatrans-diaxial >J couplings.

The corresponding signals in the minor diastereomerci&;236, show the largéJ
geminal coupling (13 Hz), a largd trans-diaxial coupling (8 Hz) and a small&t
axialequatorial coupling (4 Hz).

10 Hz
or 4 Hz
8 Hz
8 Hz 2.5 Hz\ 10 Hz 13 Hz
H or H
H H
HO == OH  J8Hz | |0 =% H
HO : HO o
H H
1,4-trans-236 1,4-cis-236
. /U J

~

Figure 6.1: Diagnostic coupling constants for assignment oftlafis-236and 1,4cis-236

The oxyMichael approach was the first to be investigated using2&él We hoped
that selective oxidation of the allylic alcohol would give di#4, which could
undergo the esired oxyMichael reaction to give ketoriz37 based on a literature
example (Scheme 6.18% Following the literature conditions, triols ¢ans-236

and 1,4cis-236 (90:10 dr) were submitted to manganese dioxide oxidation.
Unfortunately, none of the desired products, ket@8ieor enone244, were formed.
The result was a mixture of products which, surprisingly, contained mainly
aldehydes suggesting that oxidatiortte# primary alcohol(s) had occurred.

HO 0)
MnO, o)
"’//OH +> "’//OH or @
acetone -, ~OH
0 r, 12 h o
244 237

H H
1,4-trans-236
(90:10 dr)

Scheme 6.10attempted allylic oxidation/Michael addition 287
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In an effort to obtain dioR44 or ketone237, we investigated using the DieAdder
adduct243 as a synthetic intermediate (Scheme 6.The plan waghat the silyl
enol ether ik43would act as a suitable ketone protecting group. Treatmezntf
with LIAIH 4 should reduce only the ester groups to give i and on elimination
of the" -silyl ether using TFA, enori&44or ketone237 could be formed

MesSiO OSiMes MesSiO OSiMes
o LiAIH, o
7Pt oy
i
o}
Et0” YO HO
243 245
' TFA
v
o}
o)
l,/OH or @
"'//OH
HO
244 237

Scheme 6.11Proposed use of a silyl enol ether as a ketone protecting group

Following the DielsAlder conditions previously used, diethyl fumer&a5 was
reacted with the mixture of dien@42in a sealed tube at 150 jC to give the Diels
Alder adduct®243 (Scheme 6.12). This crude material was then used in a reduction
reaction with LiAlH, and workeeup using GlauberOs salt. This crude reduction
mixture was then submitted to the TFA eliminatamnditions. However, analysis of
the ™M NMR spectrum of the crude material showed a very complex mixture that, on
isolation, produced the previously obtained triols-tizdhs236 and 1,4cis-236
(88:12 dr) in 12% yield.
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MesSiIO  OSiMes

RS .
oa2 | MesSio OSiMes
EtO @) 50:50
W — ..., -OEt
0 OEt toluene |]/
150 iC, 20 h (@]
sealed tube EtO 0
235 243
1. LiAIH,
2. TFA
HO HO,,,
W, OH 4+ v, ~OH
HO HO
1,4-trans-236 1,4-cis-236
88:12

12%
Scheme 6.12Attempted use of ald enol ether protected intermedia?d5

It appears that, under the LiAJHleduction conditions used, the trimethylsilyl enol
ether moiety was cleaved and subsequent reduction of the enone carbonyl was
inevitable. We hoped that the use of a more rohlystesiol ether €.g TBS) would
facilitate our planned route. The synthesis of a TBS enol ether equivalent was
therefore attempted and is outlined in Scheme 6.13.-mMBthoxy diene247 is

known but no synthetic details have been descrtied*we adapted a method that

was reported for the corresponding trimethylsilyl methoxy etRerThus,
acetylacetone was stirred neat in trimethylorthoformate with catalytic sulfuric acid to
give methoxy enol etheR46 as a single geometric isomer in 83% diadfter
distillation. The second enol ether was formed using TBSOTf. Dighewas
obtained, but, after three successive distillations, we were unable to separate the
diene from TB&elated impurities. The crude TBS dieP47 was therefore used in

furtherreactions.

TBSOTf
O o H,SO, o) EtzN OTBS
CH(OMe); MeO E,O  MeO
rt, 24 h 246 r, L h 247
83% Impure

Scheme 6.13synthesis of TBBiethoxy dieng&47
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Using TBS diene247 in the planned procedure tomethyl enone233 would
establish the applicability of the diene in the Diglder process. Therefore, TBS
diene247was reacted with diethyl fuenate235in toluene in a sealed tube at 150 ;C
(Scheme 6.14). The reaction was successful with TBS -Bider adduct248
observed, which on TFA cleavage gaveethyl enon€33in 38% vyield. The yield
was lower than we hoped but may be due to the usmmire diene247. Two
equivalents of TBS dien247 were used but the purity of the diene could have been
even less than 50%. Analysis of the crude TBS PAddier adduct248by 'H NMR
spectroscopy indicated the presence of unreacted diethyl fun2@ateit no TBS
diene247remained.

OTBS
MeO \ TBSO
EtO O
/ l, 'I
0 OEt tquene CHZCIZ MeOH
150 iC, 20 h (10: 1) £t
sealed tube t 1h
235 r 233

38%
Scheme 6.14Sealed tube DielAlder reactions of TBS dierg7with diethylfumerat@35

The successful synthesis ‘timethyl enone233 proved the ability of dien@47 to

react in the cycloaddition reaction. We therefore returned to the tandem Diels
Alder/in situ ketone protection/reduction process. The cycloaddition reaction using
diene 247 and diethyl fumerat35 gave TBS DielsAlder adduct248 (Scheme
6.15). Subsent LiAIH,4 reduction and GlauberOs salt wopkpresumably gave a
diol TBS enol ether which was then eliminated using TFA. R#l was formed in
22% yield as the only isolated product. We feel the impurity of di&itemay be
responsible for the low yield

OTBS

MeO \ TBSO O
EtO 0 1. LiAlIH,
7 K'e OEt ———> ", ,~OH
0 OEt toluene 2. TFA
150 iC, 20 h HO

235 sealed tube 244

22%

Scheme 6.15Synthesis of oxilichael precursoR44



Since diol244 was isolated, the oxiflichael reaction was not spontaneous as first
hoped. Conditions to induce this ekjichael reaction were therefore investigated
(Scheme 6.16 and Table 6.2). Use of NaOMe (entry 1),6CK(entry 2) in MeOH
gave no conversion withnty starting material present. Use of DRentry 3) and
NaOH (entry 4) also gave starting material. We were concerned th&4diohay

not be able to rindlip into the conformatiomequiredfor cyclisation. Therefore244
was heated in MeOH at reflux thiNaOMe (entry 5). However, this resulted in only
starting material. Under acidic conditions, HCI in&t(entry 6), the result was
decomposition of the starting material to methylenataining products.

O oxy-Michael
reaction o
w OH —
rt, 12 h *w, ~OH
HO
244 237

OH
0 OH
o ST,
O
OH
244

Scheme 6.16Attempted at an oxMlichael reactio with diol244

Entry Conditions Result

1 NaOMe, MeOH, it  SM
2 K2COs, MeOH, 1t SM
3 DBU, CHxCl, rt SM
4 NaOH, HO, rt SM
5 NaOMe, MeOH} SM
6 HCl in EtO, rt Decomp.

Table 6.2 Attempted oxjMichael reaction with dioR44
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6.3 Investigation ofNucleophilic-Substitution Etherificadion Approach to a CDE
Ring Compound

With the time for these studies running out, we abandoned thMmkael approach

and investigated the etherification route. The formation of thende ether was
proposed using gold chemistry (see Scheme 6.5). The triol mixtuteahsi236
1,4-cis-236 (90:10 dr) was therefore reacted with a gold triphenylphosphine chloride
catalyst at rt in the presence of silver triflate and molecular sieves (Scheme 6.17).

Disgppointingly, stirring at rt for 24 h resulted only in starting material being

recovered.
PhsPAuCI
HO (20 mol%)
AgOTf, 4 MS
"’I/OH X >
THF, rt, 24 h “, ~OH
HO
1,4-trans-236 240
(90:10 dr)

Scheme 6.17Attempted goldtatalysed etherification to eth@a0

However, we were able to effect the desired etherification reaction by using the same
reagents ateflux for 4 h (Scheme 6.18). An inseparable mixture of two ether
products 240 and 249 were formed in 65% yieldProducts240 and 249 were
tentatively assigned bjH NMR only. Fortunately, the major product (90:10 ratio
240and249) was our desired eth2d40. The characterisation of the two regioisomers

is based on the number of alkene signals present for each product i.e. pefluct
shows two alkene signals while etl2di9 possesses only one.

PhsPAUCI
HO (10 mol%)
THF, !, 4h e, ~OH e, ~OH
HO
1,4-trans-236 240 249
(90:10 dr) 90:10

65%

Scheme 6.18Heated golecatalysed etherification of trid®36
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The requirement for this reaction to be heated caused us to question the gold
catalysed aspect of this process. We speculated that trace amounts of triflic acid may
form under these conditions and the resulting etherification event could proaeed
Bronsted acigoromoted §2Gtype reaction. To test this theory, we reacted a 90:10
mixture of triols 1,4trans236 and 1,4-cis-236 (90:10 dr) under acidic conditions

(HCI in E&O) at rt (Scheme 6.19). Under these conditions, a 72:28 mixtu2éQof
and249was obtained in 78% vyield. Although this reaction was carried out only once
and on a smafcale, it suggests that the ether formation does not necessarily require
the presence of the gold catalyst.

HO 2 M HCl in Et,0O
OH 4 MS a\‘
s > +
THF, 1t, 1 h ., ~OH , ~OH
HO
1,4-trans-236 240 249
(90:10 dr) 72:28

78%
Scheme 6.19Acid-catalysed etherification of tri®236

Following the proposed route (see Scheme 6.5), oxidation of the primary alcohol to
the carboxylic acid was attempted. Direct conversion of alcah@(90:10 mixture

with 249 into acid250using Jones oxidation conditions was unsuccessful, resulting
in decomposition of the starting material (Scheme 6.20). The Jones oxidation
conditions are harsh, with sulfuric acid present and it was not surprising that alcohol
240was sensitive under thesenditions.

CI’Og o
“\\ H2804 )
——> v, ~OH
, ~OH Acetone n/
rt, 1 h o
240 250

(90:10 mixture with 249)

Scheme 6.20Attempted Jones oxidation of alcol2gl0

A milder route to convert alcoh@40into acid250was briefly explored. Corey had
developed conditions for the direct oxidation of primary alcohols to acids using PDC
in wet DMF3% Application of alcohol240 (90:10 mixture with249 to these
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conditions did not give the desired a@80 but resulted in decomposition of the
starting alcohol (Scheme 6.21).

PDC
@ —x—> (., o
"",/OH DMF Ic])/

rt, 1 h
240 250

(90:10 mixture with 249)

Scheme 6.21Attempted PDC oxidation of alcoh®#0to acid250

A sequential gidation route to carboxylic aci#@50 should be possible. With this in
mind, oxidation of alcoha?40to the aldehyde would then allow subsequent Pinnick
oxidation to give the carboxylic acb0. To that end, alcohol mixtur@40and249
(72:28) were oxised using DMP to give a mixture of aldehydes. Purification by
flash column chromatography gave two aldehydes. Aldefdewas obtained in
34% vyield and isomeric aldehy@&2was isolated in 18% yield (Scheme 6.22).

—
e, ~OH . OH  CH,Cl, o 20 o, 20
240 249 t.2h 251 252
72:28 34% 18%

Scheme 6.22DMP oxidation of alcohol€40and249

At this point, further studies were not possible due to material and time restrictions.
However, this route does look promising for access to -@bg: analogues of
samaderine C. The etherification reaction does foerhiidrofuran Eing and, with
further development, the synthesis of the lactorenD is conceivable from this
point.
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Chapter 7: Conclusions and Future Work

Over the course of these studies, we have investigated two main approaches for the
total g/nthesis of samaderine C (Scheme 7.1). The first route hinged around a double
1,4-addition strategy, combining the enolate of GiMg fragmen®67 with an Aring
enone66. The second approach utilised the Wieldfidscher ketone9 and its

methyl analogu&0in an attempt to reach a Diefdder dienophiles8.

Double 1,4-Addition
/ Strategy

Samaderine C

or

Wieland-Miescher 70
Ketone Strategy

Scheme 7.1Retrosynthetic analysis of the two planned approaches

In chapter 2the synthesis of diol enonél was described. This enone is the
enantiomer of known enorent71 which can be synthesised from the chiral pool
starting material,#)-quinic acid. With no €)-quinic acid available from nature we
utilised the desymmetrisation chemistry shown in Scheme 7.2 to access hydroxy
benzoate92. After a recrystallisation, hydrgxbenzoated2 was obtained in 32%
yield as a single enantiomer. In a further four isolation steps, erbneas
synthesised. The overall yield was 14% from a commercial starting material (1,4

cyclohexadiene).
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/
Q.

CoSalen (S,5)-93 4 Isolation z
O, (2 mol% Steps ~ >0
: DiPEA, BzOH , HO,, ) / o
TBME, O, “
rt, 94 h
91 then
Recrsytallise 32% @]
CH,Cl,/Heptane (99:1 er) 71
14%
overall yield

Scheme 7.2Synthesis of enorél

Chapter 3 highlighted our attempts at using the doubleadd#tion procedure to
access the ABIng structure of samaderine C. Unfortunately, a suitablend
annulation method could not be found. However, during the course of our cuprate
addition studiedo "-substituted adducts derived from ename71, we observed
interesting diastereoselectivity (Scheme 7.3 and Scheme 7.4). We found that addition
of methylh-butyl cuprates to the complementansubstituted enones surprisingly

resulted in the same noajdiastereomeris-125

/ / /
O B (O O s
n-BuLi, CuCN s s
O Q Me3SiCl 0'\)\9 ) O'\)\Q
/ o) _ / (@) NG + / @) e
THF
178iC,2h j
(0] 0]
ent- 117 cis-125 trans-125
85:15
42%

Scheme 7.3n-Butyl cuprate additiorio " -methyl enone efit17

/ / /
O s O s (OIS
\); MeLi, CuCN \)\ \)\
,0--0 0 Me;SiCl /o'-o 0. . /o--o o
THF
-78°C,2h j
) 0] 0]
124 cis-125 trans-125
62:38
69%

Scheme 7.4Methyl cuprate additiomo "-n-butyl enonel 24
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With no success with the double Zgddition approach, we then turned our attention
to the use of the Wielarliescher keton&9 to access the samaderindr@ns-diol
A-ring motif (Chapter 4). In the main result of this chapter, we utilised the addition
of MeLi to enonel66to form a tertiary alcohol, which was subsequently rearranged
in a Dauben oxidation to givemethyl enonel60 (Scheme 7.5). The original plan
was to diastereoselectively reducenethyl enonel60to give thetrans-diol motif.
Unfortunately, all efforts to achieve this reduction were unsuccessful as the axial
bridgehead methyl group directed reduction to formdisediol adduct. We were,
however, able to globally deprotettmethyl enonel60 using Hkag) to give 174,
which represents the ABng structure of a large number of quassinoid natural
products (e.g. samaderines B, D, E, X, Y and Z).

TBSO TBSO HO
1. Meli O HF@g) O
0]
MeCN A ()
o\) rt, 8 h H
160 174
81% 79%

Scheme 7.5"-Methyl enond 60synthesis and global deprotection to didrvet

Chapter 5 centred on the use of the meWiglandMiescher ketone analogu®

with the specific goal of using the axial bridgehead methyl group to direct the
stereoselective formation of thieans-diol motif. From this starting point, we were
able to syrttese enond 99 (Scheme 7.6 Enonel99 was then used to form an
extended enolatefrom which !-hydroxylation gave hydroxy ketonel97.
Diastereoselective reduction of hydroxy ketd®& then gave diotrans196. To the

best of our knowledge, this represetiis first approach to give the quassinoahs

diol A-ring motif.

0 ¢ ) 1 MesSiOTS

HO o/\l
o)

Et3N HOI,. HO/,.
o 2. mCPBA )
! 3. TBAF |-_|
199 197 trans-196
70% 80%

Scheme 7.6Synthesis of diol tran96
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We then briefly studied the synthesis of a Cirify analogue as described in
Chapter 6. DielAlder cycloaddition of diethylfumerat235 and diene242 gave
Diels-Alder adducts243 which were then eliminated using TFA to girenethyl
enone233 (Scheme 7.7). Global reduction using LiAligave triols 1,4rans236
and 1,4trans236 (90:10 dr). An etherification reactionunder gold catalyse
conditions then gavalcohol240 representing the GEngs of samaderine C.

Me3SiO OSIMe3

MR .
242 Me3SiO OSIMe3 0
W " y OBt ——— > ., OFEt
o OFt 1580'Uce”;0 ) Ic])/ CH,Cl,:MeOH Ic])/
i (10: 1)
sealed tube EtO" "0 C1h EtO” SO
235 243 ) 233

93%

LiAIH,
Et,O
| .
PhgPAUCI 78iC, 1h

(10 mol%)  HO

- AgOTf, 4 MS
*,, ~OH “,, ~OH THF, ", 4h

HO
240 249 1,4-trans-236
90:10 (90:10 dr)
65% 51%

Scheme 7.7CE-ring analogue240synthesis

In future, efforts should continue on the synthesis of the -@ij: analogue232
Scheme 7.8 shows the steps remaining. Alc@d@lstill needs to be oxidised to a
methyl ester, where upon, epoxidation would then give epoxy 24ferTreating
epoxy este41 with hydroxide will hopefully result in the formation of the CDE
ring analogue alcoh@32



1. [O]

2. ester 0) o
.‘\\ formation @‘ NaOH HO < \\\
—) —) o
«, -OH 2. mCPBA """/OMe \@,‘o\‘\o
(@]
240 241 232

Scheme 7.8Conversion of alohol 240into CDEring analogue232

In addition to the CDEing analogue we feel the precedent of quassinoidal-GiyE
structures from a Dielélder annulation strategy is strong. Therefore, from the diol
trans-196 we would endeavour to complete the total synthesis of samaderine C.
Appropriate protection of thérans-diol moiety would be followed by a ketal
deprotection, a 1;8arbonyl transposition andformylation and enone formation to
give the dienophilé8 (Scheme 7.9). We envisage a Didlkler strategy followed

by further elaboration would give the CBihgs of samaderine C. We also recognise
the possibility of reordering the synthesis of samaderine I6Gitial CDE-ring
functionalission would then allow theuse of our!-hydroxylation/reduction
methodology to give the Aing trans-diol motif as the end game strategy.

HO.,,,

trans-196 68 Samaderine C

Scheme 7.9Total synthesis ofssnaderine C from tran$96
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Chapter 8. Experimental

8.1 General

Except where specified, all reagemisre purchased from commercial sources and
were used without further purification. All procedures were carried out in an
atmosphere of argon. Where necessary, solvents were dried on an MBraun SPS
solvent purification system. Anhydrous tetrahydrofuran (ThEs obtained by
distillation over sodium benzophenone. Petroleum ether (petrol) refers to light
petroleum ether, bp 880 jC. Flash column chromatography was performed using
Fluka silica gel 60 at a low positive pressure, unless otherwise stated. Aaldhjtic

layer chromatography was performed on aluminium sheetsqgated with Merck

silica gel 60 F254 and visualised with ultraviolet light (254 nm), aqueous potassium
permanganate or anisaldehyde solutiohena appropriate. All melting points were
taken on a Gallenkamp apparatus. Proton magnetic resonddcBINIR) spectra

were recorded at 400 MHz on a JEOL ECX 400 spectrometer or at 270 MHz on a
JEOL ECX 270 spectrometer and are reported as follows: chemical qlpiftm)
(multiplicity, coupling constanJ (Hz), number of protons, assignment). The
coupling constants are quoted to the nearest 0.5 Hz (s = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet, br. = broad) and are reported as measured splitting
of each individual resonance. The desil protic solvent CHGI(' 4 = 7.26 ppm) was

used as an internal referenghile in CD;0D the corresponding reference € 3.34

ppm) was used>C NMR spectra were recorded at 100 MHz on a JEOL ECX 400
spectrometer. The central reference of GPCt = 77.0 ppm) was used as an
internal referencefor NMR experiments in CDGl while in CD;OD the
corresponding referenceq(= 49.9 ppm) was used’C spectra were assigneding

DEPT experiments kere necessary. Chemical shifts are reported in parts gemmil
(ppm) to the nearest 0.01 ppm fii and the nearest 0.1 ppm fbiC. Infrared
spectra were carried out on a ThermoNicolet IR100 spectrometaremecorded as

a thin film or Nujol© mull betweernNaCl disks. Absorption maxima are reported in
wavenumlers (cm') and only selected absorbances are reported. Mass spectra and

accurate mass measurements were recorded on a Micromass Autospec spectrometer.
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General procedureA: Co-salen desymmetrisation nfeseepoxide91

A solution of RR)-Co-salen93 (1Eb mol%) and benzoic acid (140 mg, 1.15 mmol,

1.1 eq.) in TBME (1 mL) were stirred under, @r 1 h. The solvent was then
evaporated under reduced pressure to give the oxidised catalyst as a red slurry. To
the catalyst slurryDIPEA (199 pL, 1.15 mmol, 1.1 eg TBME (1 mL) andmese
epoxide91 (100 mg, 1.05 mmol, .0 eq.) were added. The resulting solution was
stirred at rt under gor 530120 h. Then, EO (10 mL) and 3 M HGlg (10 mL)

were added and the layessparated and the aqueous layer was extracted with Et

(5 + 10 mL). The combined organic extracts were washed with saturated
NaHCQyaq, dried (MgSQ) and evaporated under reduced pressure to give the crude
product.

General procedure B Addition of cupate to enone in the absence ofaofiditive
e.g MesSiCl

Organolithium reagent (0.99 mmol, 2.4 eq.) was added dropwise over 15 min to a
vigorously stirred suspension of Cul or CUCN (0.50 mmol, 1.2 eq.) in THF (5 mL) at
Pr8 jC under Ar. The resultingplution was stirred @78 jC, &40 C or 0C for 20

min. Then, a solution of an eno(@413 mmol, 1.0 eqin THF (6 mL) was added
dropwise over 10nin to give a yellowsolution. After stirringat78 jC, £40{C or 0

iC for 1 h, saturated NEClaq (20 mL) was added and the mixture was extracted
with CH,ClI, (3 + 20 mL). The combined organic extracts were dried (MgSQd
evaporated under reduced pressure to give the crude product.

General procedureC: Addition of cuprate to enone in the presencedditivee.g
MesSiCl

Organolithium reagent (0.99 mmol, 2.4 eq.) was added dropwise over 15 min to a
vigorously stirred suspension of CUCN (0.50 mmol, 1.2 eq.) in THF (5 mBj&at

iC under Ar. The resulting solution wasrredatbr8 jC, &40 {C or 0iC for 20 min.

Then, a premixed solution of an endi®41 mmol, 1.0 eq.) and M®ICl (105 pL,

0.83 mmol, 2.0 eqin THF (6 mL) was added dropwise over tin to give a yellow
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solution. After stirringatB78 {C, £40{C or 0{C for 1 h saturated NEClg) (20 mL)

was added and the mixture was extracted with@H3 + 20 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressure to give
the crude silyl enol ether. TBAF (1.0 M solution in THF, 0.45 mmol, 1.1 eq.) was
added drpwise to a stirred solution of crude silyl enol ether in,Clki(10 mL) at O

iC under Ar. After stirring for 30 min, saturated Mg (20 mL) was added and

the mixture was extracted with GEl, (3 + 20 mL). The combined organic extracts
were dried (MgSG) and evaporated under reduced pressure to give the crude
product.

General procedure D Coppercatalysed addition of Grignareéagents to enone in
the absence of M8ICl

Grignard reagent (0.99 mmol, 2.4 eq.) was added dropwise over 15 min to a
vigorously stirred suspension of CuMe, or CuCN (0.08 mmol, 0.2 eq.) in THF

(5 mL) atbr8 jC under Ar. The resulting solution was stirredbég jC for 20 min.
Then, a solution of an enon@®.41 mmol, 1.0 eq.)n THF (6 mL) was added
dropwise over 30 min to giva yellow solution. After stirring for 1 hsaturated
NH4Cl(ag) (20 mL) was added and the mixture was extracted withQGH3 + 20

mL). The combined organic extracts were dried (MgSé&nd evaporated under
reduced pressure to give the crude product.

General procedure E Coppercatalysed addition of Grignar@agents to enone in
the presence of M8ICl

Grignard reagent (0.99 mmol, 2.4 eq.) was added dropwise over 15 min to a
vigorousy stirred suspension of CuBiMe, or CuCN (0.08 mmol, 0.2 eq.) in THF

(5 mL) atBr8 jC under Ar. The resulting solution was stirredbég jC for 20 min.
Then, a premixed solution of an enofte4l mmol, 1.0 eq.) and M®ICl (0.83
mmol, 2.0 eq. or 0.41 mmol, 1.0 ein) THF 6 mL) was added dropwise over 15
min to give a yellowsolution. After stirring for 1 hsaturated NEClaq) (20 mL) was
added and the mixture was extracted with,Chll (3 + 20 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressure to give
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the crude silyl enol ether. TBAR.Q M solution in THF, 0.45 mmol, 1.1 eq.) was
added dropwise to a stirred solution of crude silyl enol ether WCGKILO mL) at O

iC under Ar. After stirring for30 min, saturated NE&Clag) (20 mL) was added and

the mixture was extracted with GEl, (3 + 20 mL). The combined organic extracts
were dried (MgSG) and evaporated under reduced pressure to give the crude
product.

General procedure E Preparation of Grignard reagent

Alkyl halide (0.20 mmol, 1.0 eq.) was added drogavto a stirred suspensi of
magnesium turnings (0.30 mmol, 1.5 eq.) in TE® mL) under Ar. Theresulting
mixture was sonicated (to initiate Grignard formatianyl therstirred and heated at
reflux for 30 min. Tha the mixturevas cooled to O jC.

General procedure G Prepar#ion of alkylithium reagent

Alkyl halide (1.0 mmol,1.0 eq.) was added dropwise to a stirred suspension of
lithium granulesZ.2 mmol,2.2 eq.) in EO (10 mL) at rtunder Ar.The resulting
mixture was sonicated (to initiate organolithium formatianglthen stirred at 0 jC
for 1 h. The molarity was determined by titration wittbenzylbenzamid&’’
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(4aR,5R)-5-Hydroxy -4a-methyl-4,4a,5,6,7,&hexahydronaphthalen2(3H)-one 2

HO

I,

A solution of NaBH (32 mg, 0.84 mmol) in EtOH (8 mL) was added dropwise to a
stirred solution of keton&9 (500 mg, 2.81 mmol) in EtOH (4 mL) at O jC under Ar
over 1 h.The resulting mixturevas stirrecat0 jC for 15 min.Then, acetic acid (803
ML, 14.0mmol) was added anthe mixture was allowed to warm to rt. The solvent
was evaporated under reduced pressure to give the crude product. Purification by
flash column chromatography on silica with peE®DAc (2:3) as eluent gave
alcohol2 (501 mg, 99%) as a white solig (2:3 petrotEtOAc) 0.29;'H NMR (400
MHz, CDCk) ': 5.58 (d,J = 1.5 Hz, 1H, C=CH), 3.44 (dd, = 11.5, 4.3 Hz, 1H,
CHOH), 2.6%2.23 (n, 5H), 2.1B1.66 (m, 5H), 1.581.46 (m, 1H), 1.23 (s, 3H,
Me); MS (ESI) 181 [(M + H), 100], 163 (41). Spectroscopic data aonsistent with
those reported in the literatut®.

Lab book reference: djbl/6

(1R,8aR)-8a-Methyl-6-0x0-1,2,3,4,6,7,8,8@ctahydronaphthalen-1-yl acetate 3

AcO

I,

A solution of NaBH (582 mg, 15.4nmol) in EtOH (135 mL) was added dropwise to
a stirred solution of keton@ (9.14 g, 51.9mmol) in EtOH (65 mL) at O jC under
Ar over 1 h.The resulting mixturevas stirredat 0 jC for 15 min. Tlen, acetic acid
(14.7 mL, 256.4nmol) was added and the rhixe was allowed to warm to rt. The
solvent was evaporated under reduced pressure to give the crude alcAbetic
anhydride (20.9 mL, 205.thmol) was added dropwise to a stirred solution of the
crude alcohol2 in pyridine (35 mL) at rt under Aflheresulting mixturewas stirred

at rt for 20 h. Then, 10% 430u(aq) (50 mL) and CHCI, (50 mL) were addeénd the
layerswere separated. The aqueous layer was extracted wigB@I£E + 50 mL).
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The combined organics were washed with saturated Na@{E00 mL). The
agueous layer was extracted with L (3 + 300 mL). The combined organic
extracts were dried (MgS{P and evaporated under reduced pressure to pee t
crude productPurification by flash column chromatography on silica with petrol
EtOAc (2:3)as eluent gave aceta®g11.0 g, 96%) as a whitsolid, mp 8283 iC
(lit.** 63064 iC); [ ]o #113.1 (€ 1.0 in CHCh)(lit.,** #111.7 € 1.54 in CHCY)); Re
(2:3 petrolEtOACc) 0.59; IR Thin Film) 2947, 1730(C=0sste), 1678 (C=Oketong,
1620(C=C), 1372, 1037, 864 ciit ‘*H NMR (400 MHz, CDC)) ': 5.78 (d,J= 1.5
Hz, 1H, =CHCO), 4.62 (dd] = 11.5, 4.0 Hz, 1H, CHO), 2.82.30 (m, 3H), 2.2B
2.21 (m 1H), 2.05 (s, 3H, MeCO), 1.86.67 (m, 5H), 1.581.40 (m, 1H), 1.26 (s,
3H, Me); *C NMR (100.6 MHz; CLZls) ': 199.0 (C=0), 170.5(C=0), 166.9
(C=CHCO), 125.9 (€£HCO), 79.3 (CHO), 40.50Me), 34.0 (CH), 33.6 (CH), 31.8
(CHy), 26.9 (CH), 23.0 MeCO) 21.2 (CH), 16.7 (Me); MS (ESI) 245 [(M + N&)
49], 223 [(M + HY, 100], 163 (19); HRMS (ESIn/zcalcd br CiaH1505 (M + Na)*
245.1148 found 245.1148 (0.1 ppm erram/z calcd for GsHigO0s (M + H)*
223.1329 found 223.1333Z.1 ppm error). Spectroscopic data are consistent with
those reported in the literatut€.

Lab book reference: djbl/83 djbi77/1

Acetic anhydride (1.06 mL, 11.22 mmol) was added dropwise to a stirred solution of
alcohol 2 (501 mg, 2.80 mmol) in pyridine (2 mL) at rt under Arhe resulting
mixturewas stirred at rt for 20 h. Then, 10%S®0yaq) (10 mL) and CHCI, (10 mL)

were addecdand the layersvere separated. The aqueous layer was extracted with
CHCl, (3 + 10 mL). The combined organics were washed with saturated
NaHCQsaq) (100 mL). The aqueous layer was extracted with@H(3 + 50 mL).

The combined organic extracts were dr{®tgSQO,) and evaporated under reduced
pressure to givehe crude productPurification by flash column chromatography on
silica with petrotEtOAc (2:3) as eluent gave aceta@€460 mg, 74%) as a white
solid.

Lab book reference: djbl/6
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(4a'R,5'R)-4a'-Methyl-3',4',4a',5',6',7'-hexahydro-1'H-spiro[[1,3]dioxolane-2,2'-
naphthalene}5'-yl acetate 4

AcO

Ly

O

Ethylene glycol (2.44 mL, 43.99mol) was added to a stirred solution of acegate
(976 mg, 4.39mmol) andpTSAH,O (8 mg, 0.04 mmol) in benzene (hfL) at rt
under Ar.The resulting mixturevas stirred and heated at reflux under a soxhlet
extractor filled with 4 « molecular siees (50 g) and a condenser fd&@ Q. Then,
saturated NaHC§q) (20 mL) and CHCI; (20 mL) were addednd the layersvere
sefrated. The aqueous layer was extracted withGGH5 + 10 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressure to give
the crude productPurification by flash column chromatography on silica with
petrobEtOAC (2:3)as eluent gavéby 'H NMR spectroscopyh 77:23 mixture of
ketal4 and starting aceta®(847mg, 55% of keta¥d) as a yellow 0ilRs (2:3 petrot
EtOAc) 0.56;data for keta 'H NMR (400 MHz, CDCJ) ': 5.3F5.29 (m, 1H,
CH=C), 4.79 (ddJ = 11.5, 4.5 Hz, 1H, CHO), 4.18.86 (m, 4H, OCKCH,0), 2.50
(ddd,J = 14.0, 5.5, 3.0 Hz, 1H), 2.28.16 (m, 2H), 2.181.99 (m 1H), 2.05 (s, 3H,
MeCO), 1.8B1.61 (m, 5H), 1.501.40 (m, 1H), 1.13 (s, 3H, Me); MS (El) 266
[(M)**, 72], 99 (100). Spectroscapiata are consistent with those reported in the

literature®

Lab book reference: djbl/96

(4aR,5R)-5-Hydroxy -4a-methyl-4,4a,5,6,7,8hexahydronaphthalen2(3H)-one5
HO

oo

o/

Ethylene glycol (2.50 mL, 45.02 mmol) was added to a stirred solution of a8etate
(2 g, 4.50 mmol) angTSAH,0 (9 mg, 0.05 mmol) in benzene (22 mL) at rt under
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Ar. The resulting mixturavas stirred and heated at reflux under a soxhlet extractor
filled with 4 « molecular sieves (250) and a condenser for 26 h. Then, saturated
NaHCQGy(aq) (50 mL) and CBKCl, (50 mL) were addedand the layerswere
separated. The aqueous layer was extracted witlClzkb + 50 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressure to give
(by *H NMR spectroscopy) a 723 mixture of ketalt and starting aceta® LiAlH 4

(171 mg, 4.50 mmol) was added to a stirred solution of the crude mixturglir{3&x

mL) at rt under Ar.The resulting mixturavas stirredat rt for 16 h. Thenl Mg
NaOH (50 mL) and CkCl, (50 mL) were addeand the layersvere separated. The
agueous layer was extracted with £L (3 + 50 mL). The combined organics were
dried (MgSQ) and evaporated under reduced pressure to give the crude mixture as a
yellow solid. Purification by flash column chramography on silica witlpetrob
EtOAc (1:1) as eluent gave alcotn{687 mg, 68%) as a colourless oilp 77-79 iC
(lit.,>* 84E85 C); [ ]o +71.9 (€ 1.1 in CHCh)(lit.,** +62.9 € 1.0 in CHC})); Re

(1:1 petroFEtOAc) 0.36; IR Thin Film) 3297(0OH), 2937, 1102, 801 cift 'H NMR

(400 MHz, CDC§) ': 5.31 (dt,J = 5.0, 3.0Hz, 1H, HC=), 4.0¥8.89 (m, 4H
OCH,CH,0), 3.59 (td,J = 8.0, 5.5 Hz, 1HCHOH), 2.52 (dqJ = 14.0, 3.0 Hz, 1H),
2.2462.14 (m, 2H), 2.082.00 (m, 1H), 1.95 (ddd] = 13.0, 4.0, 3.0 Hz, 1H), 1.80
(td,J= 13.5, 4.0 Hz, 1H)].74P1.68 (m, 3H) 1.45 (tdJ = 13.5, 4.5 Hz, 1H), 1.38 (d,
J=5.5 Hz, 1H), 1.08 (s, 3HMe); *C NMR (100.6 MHz; CDG)) ' : 138.9 (CH<),
121.9 CH=C), 109.5 (OCO), 77.7 (COH), 64.6 (©H64.4(CH,), 41.3 (CH), 39.2

(C), 35.3 (CH), 30.9 (CH), 27.3 (CH), 24.9 (CH), 16.8 (Me); MS (ESI) 247 [(M +
Na)’, 76], 225 [(M + HJ, 100], 207 (32); HRMS (ESin/zcalcd for GsHz0s (M +

Na)" 247.1305 found 247.130&1.2 ppm error)m/zcalcd for GsHz003 (M + H)*
225.1485 found 225.148%1.6 ppm error). Spectroscopic data are consistent with
those reported in the literatut¥.

Lab book reference: djbl/23
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(R)-8a-Methyl-3,4,8,8atetrahydronaphthalene-1,6(2H,7H)-dione 69
0 0 0 0
o da
o o o
Methyl vinyl ketonel64 (66.0 mL, 0.79 mol) was added to a stirred solution of 2
methyt1,3-cyclohexadionel63 (50.0 g, 0.40mol), acetic acid (916 pL, 16.0 mmol)
and hydroquinone (440 mg, 4.00 mmol) in water (120 mL) at rt under Ar. The
resulting mixture was stirred and heated 2§ for 2 h.Then, saturatedrime (200
mL) was added and the mixture was extracted with EtOAe @00 mL). The
combined organic extracts were dried (Mgp@nd evaporated under reduced
pressure to give the crude Michael prodiRi,(2:3 petrolEtOAc) 045; 'H NMR
(400 MHz, CDC}) ': 2.7%2.58 (m, 4H, CHCO), 2.34 (t,J = 7.5 Hz, 2H,
CH,COMe), 2.10 (s, 3H, Me), 2.80.84 (m, 4H), 1.24 (s, 3H, Me); MS (EI) 196
[(M)**, 8], 111 (67), 55 (100)R)-Proline (2.3 g, 20.0 mmol) was added to a stirred
solution of the crude Michael product in DMSO (390 mL) at rt under Ane
resulting mixturewas stirred at rt for 85 h. Then, water (500 mL) and EtOAc (500
mL) were adde@nd the layersvere separated. The aqueous layer was extracted with
EtOAc (5 + 500 mL). The combined organic extracts were dried (MygSod
evaporated under reduced presdrgive the crude producRurification by flash
column chromatography on silica with petEtOAc (2:3) as eluent gave Wieland
Miescher keton€9 (62.4 g, 88%, 87:13 er by CS#HPLC) as a yellow solidnp 43D
44 iC (lit.,**2 49860 iC); [ ]o #80.7 (€ 1.3 in CHCh)(lit.,***#104 (c 1.0 in CHC})
for 69 of 91:9 e}; Re (2:3 petrolEtOAc) 0.45; IR Thin Film) 2952, 1711(C=0),
1668 (C=0), 1236, 940 cfit; *H NMR (400 MHz, CDCJ) ' : 5.85 (d,J = 2.0 Hz,
1H, =CH), 2.762.66 (m, 2H), 2.582.40 (m, 4H), 2.182.06 (m, 3H), 1.7B1.64 (m,
1H), 1.42 (s, 3HCMe); *C NMR (100.6 MHz; CDGJ)) ': 211.3 (C=0),198.5
(C=0), 166.0 C=CHCO), 126.0 (CEHCO), 50.8 CMe), 37.8 (CH), 33.8 (CH),
31.9 (CH), 29.8 (CH), 23.5 CMe), 23.1 (CH); MS (ESI) 179 [(M + HJ, 100], 201
(26); HRMS (ESIm/zcalcd for GiH1402 (M + H)* 179.1067 found 179.107@Z.2
ppm error); C8-HPLC: ChiralcelOD (5:1iso-HexanelPA, 0.5 mL mif®) (9-69

19.1 min, R)-69 20.1 min. Spectroscopic data are consistent with those reported in
the literature®?
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WielandMiescher keton&9 (20.0 g) was recrystallised fromEx to give69 (10.3
g, 51%, >99:1 er by CSHAPLC) as white needlesp 48049 iC (lit.,*? 49E60 {C);
[l 1o #111.8 (€ 1.1 in CHCH)(lit.**2#104 (c 1.0 in CHC}) for 69 of 91:9 er); CSP
HPLC: ChiralcelOD (5:1iso-HexanelPA, 0.5 mL mifi*) (R)-6921.1 min.

Lab book reference: djbl/71

(RS)-5,8aDimethyl-3,4,8,8atetrahydronaphthalene-1,6(2H,7H)-dione 70

DABCO (4.93 g, 581 mmol) and ethyl vinyl keton208 (3.65 mL, 443 mmol) were
added in one portion to a stirred suspension-ofethyt1,3-cyclohexanediond63
(5.04 g, 400 mmol) inDME (50 mL) at rt. The resultingixture was stirred at rt for
20 h. The mixture was cooled to 0 jC. Then, 3 M &I50 mL) was added and the
mixture was stirred at 0 jC for 10 min. The mixture was extracted with &+ 50
mL). The combined organic extracts were dried (MgSé&nd evaporated under
reduced pressure to give the crude Michael adaisi@ colourless oitH NMR (400
MHz, CDCk) ' : 2.7%R.53 (m, 4H), 2.382.23 (m, 4H), 2.0B1.78 (m, 4H), 1.21 (s,
3H, Me), 0.99 (t,J = 7.5 Hz, 3H CH;Me). E&N (4.46 mL, 320 mmol) and benzoic
acid (5.37 g, 49 mmol) were added to a stirred solutioiithe crude Michael adduct

in xylene (75 mL) at rt. The resulting solution was stirred and heated at reflux for 24
h using a Deatstarktrap. The reaction mixture was allowed to cool to rt and then
saturated NaHC#%q) (50 mL) was addednd the layersiere separated. The aqueous
layer was extracted with £ (3 + 50 mL). The combined organics were dried
(MgSQy) and evaporated under reducedessure to give the crude product.
Purification by flash column chromatography on silica with pEEtDAC (1:1) as
eluent gave enongé0 (5.97 g, 78%) as a colourless d¢#; (2:3 petrobEtOAc) 0.41;

IR (Thin Film) 2952, 2873, 1711 (C=0), 1663 (C=0), 06(C=C) 1449, 1422,
1357, 1329, 1310, 1241, 1201, 1162, 1112, 1094, 1010, 742 ¥mNMR (400
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MHz, CDCh) ' : 2.85 (dt,J = 16.0, 5.0 Hz, 1H), 2.66 (ddd,= 16.0, 11.0, 6.0 Hz,
1H), 2.532.33 (m, 4H), 2.1#1.99 (m,3H), 1.79 (s, 3H, MeC=), 1.FL.67 (m,1H),
1.40 (s, 3H, Me); MS (ESI) 215 [(M + N3) HRMS (ESI)m/zcalcd for G2H160-
(M + Na)" 215.1043 found 215.10471.9 ppm error). Spectroscopic daiee
consistent with those reported in the literattire.

Lab book reference: djb4/32

(2S,3S,4aR,8aR)-2,3-Dimethoxy-2,3-dimethyl-2,3,4a,5tetrahydrobenzo
[b][1,4]dioxin-6(8aH)-oneent71

NaBH, (2.57 g, 67.8 mmol) was added portionwise to a stirred solution of bis acetal
86(3.07 g, 9.42 mmol) in MeOH (40 mL) at O jC under Ar. When the effervescence
ceaed, theresulting mixturewas allowed to warm to rt and stirredl rt for 18 h.
Then, water (40 mL) anNalO, (11.08 g, 51.8 mmol) were added and the resulting
suspension was stirred at rt for 18 h. SaturatedOWkd)(30 mL) was added and the
mixture was extracted with CECl, (10 + 50 mL). The combined organic extracts
were dried (MgS@ and evaporated under reduced pressure to give the crude
hydroxy ketone DMAP (58 mg, 0.47 mmol)DIPEA (3.45 mL, 19.78 mmol) and
acetic anhydride (1.06 mL, 11.30 mihelere added to a stirred solution of the crude
hydroxy ketone in CkCl; (30 mL) at O {C under Ar. Theesultingmixture was
stirred at 0 jC for 3 h. Then, saturated JM.q) (30 mL) was added and the layers
were separated. The aqueous layer was extractbdCH,CIl, (5 + 20 mL). The
combined organic extracts were dried (Mgp@nd evaporated under reduced
pressure to give the ata product Purification by flash column chromatography on
silica with petrolEtOAc (4:1) as eluent gave enomet71 (729 mg, 2%) as a white
solid, mp 188183 iC (lit.”® 1826184 iC):; | ]o +60.4 € 0.5 in CHCL,) (lit.,*® +64.4,

(c 0.39 in CHCIy)); Re (1:1 petrolEtOAc) 0.24;IR (Thin Film) 1675 (C=0) 1377,

! %,. !



1248, 1127, 1070, 1033, 883, 848, 78%F¢rtH NMR (400 MHz, CDCJ) ': 6.87
(dd,J=10.5, 1.5 Hz, 1H, =CH), 6.01 (ddi= 10.5, 2.5 Hz, 1H, =CH), 4.51 (ddiiz

9.0, 2.5, 1.5 Hz, 1H, CHO), 4.05 (ddbs 13.5, 9.0, 5.0 Hz, 1H, CHO), 3.33 (s, 3H,
OMe), 3.27 (s, 3H, OMe), 2.74 (dd,= 16.5, 5.0 Hz, 1H, BaHg), 2.49 (dd,J =
16.5, 13.5 Hz, 1H, CkHg), 1.37 (s, 3H, Me), 1.34 (s, 3H, MéJC NMR (100.6
MHz; CDChk) ': 196.6 (C=0), 148.4 (=CH), 129.9 (=CH), 100.6 (OCO), 99.5
(OCO), 69.1 (CHO), 67.9 (CHO), 48.0 (OMe), 47.9 (OMe), 41.8 (CH2), 17.6 (Me),
17.5 (Me); MS (ESI) 26%(M + Na)+, 100], 211 (61); HRMS (ESt/zcalcd for
CioHig0s (M + Na)' 265.1046 found 251051 §#0.4 ppm error); CSPPLC:
CHIRALPAK™ AS column (95:5so-HexaneEtOAc, 0.5 mL mif') (RR)-71 4.1
min. Spectroscopic data are consistent with those reportae literature’®

Lab book reference: djb1/14

NaBH, (6.84 g, 180.0 mmol) was added portionwise to a stirred solution of bis
acetal86 (8.27 g, 25.8 mmol) in MeOH (60 mL) at 0 jC under Ar. When the
effervescence ceased, ttesulting mixturewas alloved to warm to rt and stirreat

rt for 18 h. Saturated Ni€l.q)(30 mL) was added and the resulting mixture was
stirredat rt for 15 min Then the solvent was evaporated under reduseessure to
give the crude producEtOAc (30 mL) was added and thesganded solid was
removed by filtration. This process was repeated+ (80 mL of EtOAc). The
combined organic filtrates were evaporated under reduced pressure tioegovade
triol. NalO; (11.1 g, 5.19 mmol) was dissolved in water (50 mL) with gentle
waming. To the resulting solution, silica gel (30 g) was added with vigorous stirring.
The solvent was evaporated under reducedsure to give silicaupported Nal®as

a freeflowing solid which was then added to a stirred solution of the crude triol in
CH.Cl, (50 mL) at rt. After stirring for 2 h the solids were removed from the
heterogeneous mixture by filtration. The filtrate was dried (MQ%@d evaporated
under reduced pressure to give the crude hydroxy ketone (5.033¢,rhimol) To a
stirred solubn of the crude hydroxy ketone in @El; (50 mL) at O jC under Ar was
added mesyl chloride (1.65 mL, 21.3 mmol) angNE{8.10 mL, 58.08 mmol). The
resultingmixture was stirred at 0 jC for 1 h. Then, saturated®li,) (30 mL) was

added and the layers were separated. The aqueous layer was extracted,@ith CH
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(5 + 20 mL). The combined organic extracts were dried (Mg<@d evaporated
under reduced pressure to give thede product Purification by flash column
chromaography on silica with petrdéttOAc (4:1) as eluent gave enoeret71 (3.13
g, 67%) as a white solid.

Lab book reference: djb2/50

DMAP (36 mg, 0.29 mmol)DIPEA (2.14 mL, 12.26 mmol) and acetic anhydride
(660 pL, 7.01 mmol) were added to a stirred solution of hydroxy ke3@ri¢.52 g,
5.84 mmol) in CHCI; (20 mL) at O jC under ArThe resulting solution was stirred

at 0 iC for 3 h. Thensaturated NkClaq) (30 mL) was added and the layers were
separated. The aqueous layer was extracted witlClzkb + 20 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressure to give
the crude product. Purification by flash column chromagagyaon silica with
petrotEtOAC (4:1) as eluent gave enaere71 (943 mg, 67%) as a white solid.

Lab book reference: djb1/7

(2RS,3RS,4aSR,8aSR)-2,3-Dimethoxy-2,3-dimethyl-2,3,4a,5tetrahydrobenzo
[b][1,4]dioxin-6(8aH)-onerac-71

PCC (880 mg, 3.99 mmol) was added to a stirred solution of allylic alcat:dl, 4
cis-90 (570 mg, 2.66 mmol) in CiI, (10 mL) at rt under Ar. The resulting orange
suspension was stirred at rt for 5 h. Then, Celite” (1 g) andELO mL) were
added andhe solids were removed by filtration through a Celpad. The Celite
pad was washed with £ (5+ 20 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to gamerac-71 (518 mg,
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81%) as an offvhite solid mp 18@183;C (lit.,°® 1826184 C) Spectroscopic data
are consistent with thoseported in the literatur&.

Lab book reference: djb3/8

MnO- (3.98 g, 38.91 mmol) was added to a stirred solution of allylic alaaleel 4

cis-90 (1.90 g, 7.78 mmol) in C¥l, (110 mL) at rt under Ar. The resulting
suspension was stirred at rt for 7 h. TLC analysis showed starting material remained
and therefore more Mn{3.98 g, 38.91 mmol) was added. The resulting suspension
was stirred at rt for 7 h. Then, Bx (10 mL)was added and the mixture filtered
through a Celite” pad. The Celite” pad was washed with@&t(5+ 100 mL). The
combined organic extracts were dried (Mgp@nd evaporated under reduced
pressure to givenonerac-71(1.69 g, 98%) as an effhite solid.

Lab book reference: djli3/23

DMSO (45, L, 0.63 mmol) was added dropwise to a stirred solution of oxalyl
chloride (27, L, 0.32 mmol) in CHCI, (2 mL) atbr8 jC under Ar. After stirring for

30 min, a solution of allylic alcohwhc-1,4-cis-90 (58 mg, 0.24 mmol) in C¥Cl, (5

mL) was added dropwisand the solution was stirred for 30 min. ThersNE(166

, L, 1.19 mmol) was added and the solution was stirred for 15 min. Then, the
solution was allowed to warm to rt and stirred at rt for ThHen,saturated brin€10

mL) was added and the layers were separated. The aqueous layer was extracted with
CH.Cl; (5 + 10 mL). The combined organic extracts were dried (MgSénd
evaporated under reduced pressure to tiieecrude productPurification by flah
column chromatography on silica wigletrolEtOAc (4:1) as eluent gavenonerac-
71(37 mg, 65%) as an effhite solid.

Lab book reference: djb3/27



(2R,3R,4aS,8aS)-2,3-Dimethoxy-2,3-dimethyl-2,3,4a,5
tetrahydrobenzolb][1,4]dioxin-6(8aH)-one 71

Q
oél/(o
/

O..,

@)

MnO- (1.64 g, 18.84 mmol) was added to a stirred solution of allylic alchHdalis-

90 (920 mg, 3.77 mmol) in Cil, (17 mL) at rt under Ar. The resulting suspension
was stirred at rt for 12 h. Then, Bt (10 mL) was added and the solids were
removed byfiltration through a @lite” pad. The Celite” pad was washed with &

(5 + 100 mL). The combined organics were dried (MgSénd evaporated under
reduced pressure to give the crude product. Purification by flash column
chromatography on silica with petrBtOAc (4:1) as eluent gave enone (898 mg,
98%, 99:1 er by CSPIPLC) asa white solid,mp 18@®183 C (lit.21826184 C);
[!]o 72.0 € 1.0 in CHCH)(Lit.,? +64.4 € 0.39 in CHC}) for ent71); Anal. Calcd.
for Ci2H180s: C, 59.49; H, 7.49. Found: C, 59.46; H, 7.40. @8R.C: Chiral Pak
As column (95:5s0-HexaneEtOAc, 0.5 mL mifiY) (RR)-71 4.4 min, §9)-717.2
min. Spectroscopic data are consistent with those reported in the lit&fature.

Lab book reference djbl/26

(2)-Prop-1-enyl MIDA boronic ester 72

(2)-Propenylbromidel32 (3.45 mL, 40.09 mmol) was added dropwise to a stirred
suspension of lithium granules (715 mg, 120.27 mmol) 3§40 mL) atP40 iC
under Ar. The reaction was initiated with sonication argh ttirred a®40 jC for 1
h. The solids were removed by canula filtration to g&epfopenyl lithium133as a
colourless solution(Z)-Propeny! lithium133 was added dropwise over 10 min to a
stirred solution of triisopropyl boronate (4.49 mL, 41.6 mnadtE78 jC under Ar.

! %, ( !



The resulting solution was stirredt8 jC for 30 min and then allowed to warm to
rt and stirred for 1 h. Then, ¥ HClq) (100 mL) was added and the layers were
separated. The aqueous layer was extracted witlClzkb + 10 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressugvio

the crude (2)-propenyl boroxin 134 (1.06 g, 5.17 mmol) as a yellow oil.
Methyliminodiacetic acid (MIDA) (2.74 g, 18.61 mmol) was added to a stirred
solution of crude 4)-propenyl boroxin134 (1.06 g, 5.17 mmol) in benzene and
DMSO (9:1, 300 mL) at rt under AThe resulting mixturevasstirred andheated at
reflux under DeasStark conditions for 24 hThen, saturated brin€B00 mL) and
EtOAc (200 mL) were addeaind the layersvere separated. The aqueous layer was
extracted with EtOAc (8 200 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to give a DMSO solution of crude
(2)-propenyl MIDA boronic ester. The crude product was absorbed onto silica and
purified by flash column chromatography on silica with EteMeCN (9:1) as
eluent to give Z)-propenyl MIDA boronic ester72 (3.06 g, 39%) as a white solid,
mp 116112 iC (lit.}**99B110 iC); Re (9:1 EtOAcMeCN) 0.47; IR Thin Film)
1737 (C=0), 1637 (C=C), 1376, 1131, 855™; 'H NMR (400 MHz,CDsCN) ':

6.31 (br s, 1H, =CHB 5.29 (dqg,J = 14.0, 2.0Hz, 1H, =GHMe), 3.94 (d,J = 17.0

Hz, 2H, GHaHg), 3.78 (d,J = 17.0 Hz, 2H, ElaHg), 2.80 (s, 3H, NMe), 1.77 (dd=

7.0, 2.0 Hz, 3H, =CMle); *C NMR (100.6 MHz; CRCN)(=CHB resonance not
reslved)' :170.0 (C=0), 143.1 (MéH=), 62.5 (CH), 47.4 (NMe), 17.Q=CHMe).
Spectroscopic data are consistent with those reported in the litérature.

Lab book reference: djb1/67, djb1/72, djb1/74
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(2S,3S,4aR,8aR)-2,3-Dimethoxy-2,3-dimethyl-7-((Z)-prop-1-enyl)-2,3,4a,5
tetrahydrobenzop][1,4]dioxin-6(8aH)-oneent73

(2)-Propenyl MIDA boronic ester2 (118 mg, 0.60 mmol)palladium catalyst20
(22 mg, 0.03 mmol) and4RO, (1.4 mL of a 3 M solution in water, 4.20mol) were
added sequentially to a viguusly stirred solution of iodmoneent119 (200 mg,
0.54 mmol) in THF (15mL) at rt under Ar. Theesultingmixture was stirred and
heated at reflux for 4h. Then, water (10 mL) and G&l, (10 mL) were addednd
the layerswere separated. The aqueous layer was extracted witRICE + 10
mL). The combined omnic extracts were dried (MgQOand evaporated under
reduced pressure to @vthe crude productPurification by flash column
chromatography on silica with GBI,-Et,O (99:1) as eluent gavaropenylenone
ent73 (2.82 g, 93%) as a yellow o0iR (99:1 CHCl,-E,0) 0.52;'H NMR (400
MHz, CDCk) ' : 6.70 (br s, 1H, =CH 6.06 (dq,J = 12.0, 2.0 Hz, 1HHC=CHMe),
5.83 (dg,J = 12.0, 7.0 Hz, #, HC=CHMe), 4.48 (br d,J = 9.0 Hz, 1H, CHQ 4.01
(ddd,J = 13.5, 9.0, 5.0 Hz, 1H, CH(3.30 (s, 3H, OMe), 3.26 (s, 3H, OMe), 2.77
(dd,J = 16.5, 5.0 Hz, 1HCHaHg), 2.48 (ddJ = 16.5, 13.5 Hz, 1H, BaHg), 1.75
(dd,J = 7.0, 2.0, 3H=CHMe), 1.35 (s, 3H, Me), 1.31 (s, 3H, M&fC NMR (100.6
MHz; CDCk) ' : 195.9 (C=0), 144.3 (=CH), 135(8C), 129.9 (=CH), 122.1=CH),
100.7 (OCO), 99.6 (OCO), 69.3 (CHO), 67.7 (CHO), 48.1 (OMe), 47.9 (OMe), 41.9
(CHp), 17.7 (Me), 17.6 (Me), 14.9 (MeMS (ESI) 305[(M + Na)", 100} HRMS
(ESI)m/zcalcd for GsH2,0s (M + Na)* 305.1359, found 305.1358 (20pm error).

Lab book reference: djb1/65



(2S,3S,4aR,6S,8R,8aR)-M ethyl 6,8-dihydroxy-2,3-dimethoxy-2,3-
dimethyloctahydrobenzol][1,4]dioxine-6-carboxylate 86

HO 'CO,Me

2,3-Butanedione (2.55 mL, 29.06 mmol), trimethylorthoformate Q9&., 86.72
mmol) andCSA (688 mg, 2.98 mmol) were added to a stirred solutioef(inic
acid (5.06 g, 26.31 mmol) in MeOH (50 mL) at rt under Ar. Tésultingmixture
wasstirred andheated at reflux for 16 h. Thresulting mixturewas allowed to cool
to rt and EIN (0.5 mL,6.86 mmo) was addedThe solvent was evaporated under
reduced pressure to give the crude product. Purification by flash column
chromatography on silica witbetrotEtOAc (1:1) as eluent gave becetal86 (8.07

g, 97%) as a pale yellow solid, mp £882;C (lit.,**®139.89140.2;C); [! ]o +118.1

(c 1.0 in CHCLy) (lit.,**® [!]p +116.3(c 1.06 in CHCI,)); Re (1:1 petroFEtOAC)
0.26]IR (Thin Film): 3444 (OH), 3330 (OH), 299@955, ®29, 2894, 2844, 2820,
1730 (C=0);"H NMR (400 MHz; CDC}) ' : 4.30(ddd,J = 12.5, 10.0, 4.5z, 1H,
CHO), 4.18 (q J = 3.0Hz, 1H,CHOH), 3.78 (s, OMe), 3.59 (dd = 10.0, 3.0Hz,
1H, CHO), 3.26 (s 3H, OMe), 3.25 (s, 3H, OMe), 2.18 (df = 12.5 3.0Hz, 1H,
CHaHg), 2.10(ddd,J = 12.5, 4.5, 3.(Hz, 1H, CHaHg), 2.04 (dd J = 15.0, 3.0Hz,
1H, CHaHg), 1.92 (t J = 12.5Hz, 1H, CHaHg), 1.31 (s, 3H, OMe), 1.27 (s, 3H,
OMe); *C NMR (100.6MHz; CDCL) ' : 174.3 (C=0), 100.3 (OCO), 99.7 (OCO),
75.8 (COH), 72.7 (CHO), 69.2 (CHO), 62.4 (CHO), 528)4Me), 47.9 (OMe),
47.8 (OMe), 38.6CH,), 37.3 (CH), 17.8 (Me), 17.6 (Me); MS (ESI) 343M +
Na)*, 100], 289 (32);HRMS (ESI)m/z calcd for G4H240s (M + Na) 343.1363
found 343.1363 (0.Qopm error). Spectroscopic data are consistent with those
reported in the literatur&®

Lab book reference djb1/3
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(2S,3S,4aR,8R,8aR)-8-Hydroxy-2,3-dimethoxy-2,3-dimethylhexahydrobenzo
[b][1,4]dioxin-6(7H)-one87

O\Q"\OH

O

DIBAL -H (7.80 mL of a 1.0M solution inhexane, 7.80 mmol) was added dropwise
to a stirred solution of bis ace®®® (500 mg, 1.56 mmol) in &D (50 mL) atb/8 |C
under Ar. The resulting mixture was stirredE&B jC for 1 h and then allowed to
warm to 0 jC. Water (30 mL) was added and the solid was removed from the
gelatinous mixture by filtration. Water (100 mL) waddad to the solid and the
resulting suspension was stirred at rt for 1 h. The solids were removed by filtration
and washed with water (20 mL.). The combined filtrates were extracted with EtOAc
(5+ 50 mL). The combined organic extracts were evaporated vedaced pressure

to give crude triol. The triol and Nald601 mg, 2.81 mmol) were dissolved in
MeOH (30 mL) and water (20 mL) and stirred at rt for 18Then, saturated
NH.Clag) (30 mL) was added and the layers were separated. The aqueous layer was
extracted with CECl, (5 + 20 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure tohyigexy ketone87 (341 mg,

84%) as a white solidmp 470151 iC (lit.,%*® 163165 C); [! ]o +134.8 € 0.6 in
CH.Cly) (lit.,*® [! ]o +159.8(c 0.59 in CHCL,)); Re (95:5 CH,Cl-MeOH) 0.3 IR

(Thin Film) 3477 (OH), 1722 (C=0), 1108, 999, 844%mH NMR (400 MHz,
CDCl) ' : 4.2004.14 (m, 2H, CHO + BOH), 3.78(dd,J = 10.Q 2.5 Hz, 1H, CHQ,

3.20 (s, 3H, OMe), 3.13 (s, 3H, OMe), 2B&5 (m, 4H, 2 x Ch), 1.25 (s, 3H, Me),

1.20 (s, 3H, Me)}*C NMR (100.6MHz; CDCk) ' : 205.7 (C=0), 100.2 (OCO), 99.2
(0OCO), 72.3 (CHO), 67.5 (CHO), 63.3 (CHO), 48.1 (OMe), 47.9 (OMe), 46.4)(CH
44.7 (CH), 17.7 (Me), 17.5 (Me); MS (ESI) 288\ + Na)*, 100], 229 (32)HRMS

(ESI) m/zcalcd for GoH2006 (M + Na)* 283.1152 found 283.1154@.7 ppm error).
Spectroscopic datre consistent with thoseported in the literatur&.

Lab book reference: djb1/5
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(1aR,2aR,4RS,5RS,6aR, 7aRS)-4,5-Dimethoxy-4,5
dimethyloctahydrooxireno [2',3":4,5]benzo[1,2b][1,4]dioxine rac-88

mCPBA (10.18 g, 41.30 mmol) was added in 2 g portions over 45 min to a stirred
suspension of alkerrac-95 (4.71 g, 20.65 mmol) and NaHG@.93 g 82.60 mmol)

in CHyCl, (62 mL) at 0jC. The resulting mixture was stirred af@for 1 h and then

at rt for 16 h. Saturated M&Osnq) (20 mL) was added and the bisphasic mixture
was stirred at QC for 1 h. Then,saturatedNaHCGO;5q) (100 mL) was added and the
layers were separated. The aqueous layer was extracted wi@i, @5+ 100 mL).
The combined organic extracts were dried (MgS&hd evaporated under reduced
pressure toige the crude producPurification by flash column chromatography on
silica with petrotEtOAc (4:1) as eluent gavepoxiderac-88 (4.68 g, 93%) as a
coloutess oil,R- (1:1 petroiEtOACc) 0.43; IR Thin Film) 2991, 1441, 1124, 1037,
911, 846 crif; '"H NMR (400 MHz, CDCY) ' : 3.67 (td,J = 10.5, 5.5 Hz, 1H, CHO),
3.55 (td,J = 10.5, 7.0 Hz, 1H, CHO), 3.25 (s, 3H, OMe), 3.23 (s, 3H, OMe) £8.23
3.19 (m, 1H, CHQhoxiad, 3.148.10 (M, 1H, CHGhoxiad, 2.42 (dddd,) = 14.5, 5.5,
2.0, 1.0 Hz, 1H, CH), 2.25 (dddJ = 15.0, 7.0, 5.5 Hz, 1H, G, 1.96 (ddJ = 14.5
10.5 Hz, 1H CH), 1.81 (dddJ = 15.0, 10.5, 2.0 Hz, 1H, GY, 1.27 (s, 6H, 2+
Me); *C NMR (1006 MHz; CDC}) ' : 99.2 (OCO), 99.0 (OCO), 67.3 (CHO), 65.3
(CHO), 53.2 (CHGpoxigd, 50.6 (CHQpoxidd, 47.94 (OMe), 47@(OMe), 29.4 (CH),
29.1 (CH), 17.77 (Me) 17.75 (Me) MS (ESI) 267[(M + Na)", 100], 213 (79;
HRMS (ESI)m/zcalcd for GoH200s (M + Na)™ 267.1203 found 267.119@.6 ppm

error).

Lab book reference: djb3/20



mMCPBA (2.81 g, 11.40 mmol) was added to a stirred solution of alieer@8 (1.30

g, 5.70 mmol) in CKCI, (7 mL) and saturated NaHG@, (5 mL) at 0;C. The
resulting mixture was stirred at {@€ for 1 h and then at rt for 16 h. Saturated
N&S;033q) (20 mL) was added and the bisphasic mixture was stirregGf@r 1 h.
Then,saturatedNaHCQyaq) (100 mL) was added and the layarsre separated. The
agleous layer was extracted with ¢F, (5 + 100 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressureivie the
crude productPurification by flash column chromatography on silica va#trot
EtOAc(4:1) as eluent gaepoxiderac-88 (835 mg, 6006) as acolourless oil.

Lab book reference: djb3/5

(1aR,2aS,4R,5R,6aS,7aS)-4,5-Dimethoxy-4,5-dimethyloctahydrooxireno
[2',3":4,5]benzo[1,2b][1,4]dioxine 88

mCPBA (189 mg, 0.66nmol) was added to a stirred suspensioalkéne95 (100

mg, 0.44 mmol) and NaHCG74 mg, 0.88 mmol) in C¥Cl, (2 mL) at O jC under

Ar. Theresulting mixturevas stirred at 0 jC for 1 h and then at rt for 16 h. Saturated
NaxS,033q) (10 mL) was added and the biphasic mixture was stirred atforiC h.
Then, saturated NaHGgy;) (10 mL) was addednd the layersvere separated. The
agueous layer was extracted with L8 (5 + 10 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to give the
crude productPurification by flash column chromatography on silica with petrol
EtOAc (4:1) as eluent gave epoxid@(94.3 mg, 88%) as a white solid, mp P134

iC; [']oBL70.5 €1.0 in CHCH).

Lab book reference djbl2/59



(2SR 3SR 4aRS6RS 8aR9)-2,3-Dimethoxy-2,3-dimethyl-2,3,4a,5,6,8a
hexahydrobenzop][1,4]dioxin-6-ol rac-1,4-cis-90

n-BuLi (11.47 mL of a 2.5 M solution in hexanes, 28.67 mmol) was added dropwise
over 10 min to a stirred solution BIPA (4.25 mL, 30.11 mmol) in THE60 mL) at

0 jC under ArAfter stirring atO jC for 30 min,asolution of epoxideac-88(3.50 g,
14.34 mmol) in THF (60 mL) waadded dropwise by means of a cannéiéter
stirring for 1 h, the solutionwas allowed to warm to &nd stirred at rt fot8 h. Then,
saturatedNH4Cl(aq) (100 mL) was addednd the layersvere separated. The aqueous
layer was extracted with GBI, (5 + 100 mL). The combined organic extracts were
dried (MgSQ) and evaporated under reduced pressure to thwerude product
Purification ly flash column chromatography on silica with petEdDAc (4:1) as
eluent gave allylic alchalac-1,4-cis-90 (1.91 g, 55%)as a white solid, mp ¥87

iC; mp 99100 C; [ ], E213.7 € 1.0 in CHC}); Rr (1:1 petrolEtOAc) 0.23; IR
(NaCl) 3610 (OH), 3016, 2931, 1375, 1237, 1200, 1048:citd NMR (400 MHz,
CDCl) ' : 5.77 (br s, 2H, & =CH), 4.37 (br s, 1H, CHB), 4.13 (d,J = 9.0 Hz, 1H,
CHO), 3.9 (ddd,J = 13.0, 9.0, 3.5 Hz1H, CHQ, 3.28 (s, 3H, OMe)3.27 (s, 3H,
OMe), 2.01 (br ddJ = 13.0, 3.5 Hz, 1HCHAHz), 1.84 (tdJ = 13.0, 5.0 Hz, 1H, H
CHaHg), 1.34 (s, 3H, Me), 1.33 (s, 3H, MéJC NMR (100.6 MHz; CDG) ' : 130.2
(=CH), 129.1 (=CH), 100.4 (OCO), 100.0 (OCO), 69.7 (CHO), 65.5 (CHO), 64.9
(CHO), 47.96 (OMe), 47.90 (OMe), 34.6 (G 17.9 (Me), 17.8 (Me)MS (ESI)

267 [(M + NaJ, 100], 213 (64); HRMS (ESIn/z calcd for GoH200s (M + Na)'
267.1203 found 267.1200.9 ppm error).

Lab book reference: djb3/22
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(2R,3R,4aS,6S,8a5)-2,3-Dimethoxy-2,3-dimethyl-2,3,4a,5,6,8e&hexahydrobenzo
[b][1,4]dioxin-6-0l 1,4-cis-90

OH

n-BuLi (1.98 mL of a 1.6 M solution in hexanes, 3.17 mmol) was added dropwise
over 10 min to a stirred solution BAPA (560, L, 3.28 mmol) in THF (5 mL) at O

iC under Ar. After stirringat 0 jC for 30 min, a solution of epoxi@8 (250 mg, 1.02
mmol) in THF (5 mL) was added dropwise by means of a cannula. gtiteng for

1 h, the solution was allowed to warm to rt and stiaed for 18 h. Then, saturated
NH4Clag) (50 mL) was addednd the layersvere separated. The aqueous layer was
extracted with CECl, (5 + 50 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to give the crude product.
Purification by flash column chmatography on silica with petr&tOAc (4:1) as
eluent gave allylic alcohdl,4-cis-90 (242 mg, 89%pas a white solid, mp €200 C;

[!]o E213.7 €1.0 in CHCY).

Lab book reference djbl2/61
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(2S,3S,4aR,6S,8aR)-and (2S,3S,4aR,6R,8aR)-2,3-Dimethoxy-2,3-dimethyl-
2,3,4a,5,6,8ahexahydrobenzop][1,4]dioxin-6-0l 1,4trans90and 1,4-cis-90

/ /
o s Qs
o-\)\g o-\)\g
/ O4 ;’ / O. ;‘
H OH H OH
1,4-trans 1,4-cis

Table 2.5, entry 1

NaBH; (312 mg, 8.26 mmol) was added to a stirred solution of eanggél (1.0 g,
0.413 mmol) in MeOH (30 mL) at 0 jC under Ar. The resulting solution was stirred
at 0 jC for 1 h. The solvent was evaporated under reduced pressure. Then, saturated
NH4Clg) (30 mL) and CHCI, (30 mL) were added and the layers were separated.
The aqueous layer was extracted with,CH (3 + 50 mL). The combined organic
extracts were dried (MgSand evaporated under reduced pressure to giveHby
NMR spectroscopy) the cruggoduct as an 90:10 mixture of alcohols-ttghs90

and 1,4cis-90. Purification by flash column chromatography on silica with petrol
EtOAc (1:1) as eluent gave (B4 NMR spectroscopy) an 90:10 mixture of alcohols
1,4trans90 and 1,4cis-90 (931 mg, 92% as a white solid, mp 18849 C; | ]p
+137.8 € 1.0 in CHC}); Rr (2:1 petrolEtOAc) 0.19; IR Thin Film) 3478 (OH)
2938, 1459, 1130, 1034 895 %mH NMR (400 MHz, CDCJ) ' : 5.7456.70 (m, 1H
=CH), 5.676.61 (m, 1H =CH), 4.4%4.44 (m, 0.9H, CHQ4yany), 4.384.30 (m,
0.1H, CHOH1 4cis), 4.294.24 (m, 0.8, CHO 44rang), 4.124.07 (m, 0.H, CHO. 4

cis), 3.87 (dddJ = 13.0, 9.0, 3.0 Hz, OH, CHOy 4.is), 3.68 (dddJ = 13.0, 9.0, 3.0

Hz, 0.9H, CHO, 44rang), 3.25 (s, 0.Bl, OMe; 4cis), 3.25 (s, Z7H, OMe 44rang), 3.25 (S,
2.™H, OMey 4trang), 3.23 (5,0.3H, OMey 4ci), 2.3¥2.25 (m,0.9H, (HaHg), 2.0D
1.96 (m, 0.H, CHaHg), 2.01.92 (br s, H, OH), 1.81 (tdJ = 13.0, 5.0 Hz, 0H,
CHaHg, 1.4¢i¢), 1.63 (dddJ = 13.0, 12.0, 10.0Hz, 0.9H, (HaHg 14tand, 1.31 (5,

2. M, Meyatans), 1.30 (s, 0.B, Meyscis), 1.29 (s, 0.Bl, Meyacis), 1.29 (s, 2.4,

Me1 atang); °C NMR (100.6 MHz; CDGQ) ' : 132.0(=CHy 4trang), 130.3 (=CH 4.is),
129.3 (=CH 4cis), 128.3(=CHi 4trans), 100.6 (OCQ 4cis), 100.4 (OCQ@a4trang), 100.2
(OCO14cis), 100.0 (OCQairang), 69.9 (CHQ 4cis), 69.3(CHOx 4trang), 68.2(CHO1 4
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trans), 67.6(CHOL 4trans), 65.6 (CHQ 4cis), 65.0 (CHQ 4.is), 48.1 (2+ OMey 4cis, 48.0
(2 + OMey strang), 36.7(CH2, 1 4trang), 34.8(CH2,1.4cis), 18.00(Me1 acis), 17.96(Mey 4
wans + Me14cis), 17.93(Mey arrand); MS (ESI) 267 [(M + Na), 100], 213 (28), 101
(70); HRMS (ESI)m/zcalcd for GoH200s (M + Na)" 267.1203, found 267.1195 (3.1
ppm error).

Lab book reference: djb3/87/1

Table 2.5, entry 2

NaBH; (312 mg, 8.26 mmol) was added to a stirred solution of eantgél (1.0 g,
0.413 mmol) in MeOH (30 mL) at O jC under Ar. The resulting solution was stirred
at 0 jC for 1 h. The solvent was evaporated unddmaed pressure. Then, saturated
NH4Clg) (30 mL) and CHCI, (30 mL) were added and the layers were separated.
The aqueous layer was extracted with,CH (3 + 50 mL). The combined organic
extracts were dried (MgSand evaporated under reduced pressure to giveHby
NMR spectroscopy) the crude product as an 90:10 mixture of alcohetisadis®0

and 1,4cis-90. Purification by flash column chromatography on silica with petrol
EtOAc (1:1) as eluent gave (b4 NMR spectroscopy) an 90:10 mixture of alcohols
1,4trans90and 1,4cis-90 (933 mg, 9%6) as a white solid

Lab book reference djb3/88/1

Table 2.5, entry 3

L-Selectride (826 pL of a 1.0 M solution in THF, 0.83 mmol) was added dropwise
over 15 min to a stirredolution of enoneent71 (100 mg, 0.41 mmol) in THF (3

mL) atB78 jC under Ar. The resulting solution was stirred&8 jC for 2 h. Then,
saturated NEClaq (5 mL) was added and the layers were separated. The aqueous
layer was extracted with GBI, (5 + 5 mL). The combined organic extracts were
dried (MgSQ) and evaporated under reducedsptge to give the crude product
Purification by flash column chromatography on silica with pdit@Ac (1:1) as
eluent gave (byH NMR spectroscopy) an 50:50 xtire of alcohols 14rans-90

and 1,4cis-90 (77 mg, 77%) as a white solid

Lab book reference: djb4/11
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(1R,6S)-7-Oxabicyclo[4.1.0]hept3-ene9l

O..,

e

mCPBA (43.3 g, 0.25 mol) was added in 1 g portions over 45 min to a stirred
biphasicsolution of 1,4cyclohexadiene (25 mL, 0.26 mol) and NaHC@3.3 g,

0.40 mol) in CHCI, (330 mL) and water (198 mL) at O jC under Ar. The resulting
suspension was allowed to warm to rt and stiated for 23 h. Saturated N&Os(aq)

(100 mL) was addednd the mixture was stirred at rt for 1 h. The two layers were
separated and the aqueous layer was extracted witlCICE8 + 300 mL). The
combined organic extracts were washed with saturated Ng&{300 mL), dried
(MgSQy) and evaporated under reduced pressure (> 400 mbar and < 40 C) to give
thecrude epoxide. Purification by vacuum distillation gaveseepoxide91 (16.9 g,

66%) as a colourless liquid, bp 46 jC/469 mbar {l43P45 jC/14 mmHg)R- (1:1
petrotEtOAC) 057;*H NMR (400 MHz; CDCJ) ' : 5.425.44 (m, 2H, =CH), 3.5

3.23 (m, 2H, CHO), 2.57 (br d,= 18.0 Hz, 2HCHaHz), 2.44 (br dJ = 18.0 Hz,

2H, CHaHg); *C NMR (100.6 MHz; CDGJ)) ': 121.5 (=CH), 60.0 (CHO), 24.9
(CHy); MS (ESI) 135 (100). Spectroscomlata are consistent with those reported in
the literature®®

Lab book reference: djbl/3

(1S,69)-6-Hydroxycyclohex3-enyl benzoate 92

OBz

HO,,, ©

Using general procedurd, (RR)-93 (2.1 g, 3.40mmol, 2.0 mol%), benzoic acid
(23.3 g, 0.19 mol), TBME (50 mLPIPEA (33.3 mL, 0.19 mol) andheseepoxide
91 (16.7 g, 0.17 mol) for 94 h gave the crude product. Purification by flash column

Table 2.1, entry 3

chromatography on silica with petrBIOAc (1:1)as eluent gave hydroxy benzoate
92(32.4 g, 85%, 85:15 er by CS#PLC) as a brown solid. The solid was dissolved
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in the minimum amount of hot GBI, and heptae was added. The resulting -off
white crystals were collected by filtration. The same recrys#itin procedure was
repeatednce mordo give hydroxybenzoat®2 (12.07 g, 32%, 98.5:1.5 er by CSP
HPLC) as yellow needlesmp 5&69 iC; [']p +138.6 (¢ 1.0 in CHG); Rs (1:1
petol-EtOAc) 0.46; IR Thin Film) 3455 (OH) 3033,1715 (C=0) 1316, 1118,
1069, 1027, 975, 671 ¢t 'H NMR (400 MHz; CDC}) ' : 8.0F7.99 (m, 2H o-Ph),
7.5%7.49 (m, 1Hp-Ph), 7.487.36 (m, 2Hm-Ph), 5.685.08 (m, 2H, =CH), 5.15
5.08 (m, 1H, CHO), 4.03 (td,= 8.5, 6.0 Hz, 1H, CHO), 2.98 (br s, 1H, OH), D72
2.49 (m, 2H, CH)2.262.12 (m, 2H, CH)**C NMR (100.6 MHz; CDGJ) ' : 166.5
(C=0), 133.1 (Ph CH), 130.1 (Ph C), 129.6 (Ph CH), 128.3 (Ph CH), 124.3 (=CH),
123.7 (=CH), 74.7 (CHO), 68.9 (CHO), 32.9 (§80.1 (CH); MS (ESI) 241 [(M +
Na)+, 100], 219 [(M + H)+, 17]; HRMSESI) m/zcalcd for GoH2004 (M + Na)
241.0835 found 241.0825 (4.1 ppm error); @8PLC:Chiral Pak AS column (95:5
iso-hexaneEtOAc, 0.5 mL mifi') (S9-923.1 min, RR)-925.3 min.

Lab book reference: djbl2/22

Table 2.1, entry 1

Using general procedurd, (RR)-93 (31 mg, 0.05 mmol, .5 mol%), benzoic acid
(240 mg, 1.15 mmol), TBME (1 mL)DIPEA (199 pL, 1.15 mmol) andne®-
epoxide91 (100 mg, 1.05 mmol) for 53 h gave the crude product. Purification by
flash column chrontagraphy on silica with petrdttOAc (1:1) as eluent gave
hydroxybenzoat®2 (167 mg, 74%, 83:17 er by CS#PLC) as a brown solid.

Lab book reference: djb2/93

Table 2.1, entry 2

Using general procedurd, (R,R)-93 (880 mg, 1.46 mmol, 2.5 mol%), benzoic acid
(7.83 g, 64.13 mmol), TBME (10 mLRPIPEA (11.1 mL, 64.13 mmol), anchese
epoxide91 (5.60 g, 58.30 mmol) for 90 h gave the crude product. Purification by
flash column chromatography on silica with peE®DAc (1:1) as eluent gave
hydroxybenzoat®2 (9.99 g, 79%, 85:15 er) as a brown solid.

Lab book reference: djb3/1
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Table 2.1, entry 4

Using general procedure ARR)-93 (6 mg, 0.01 mmol, .D mol%), benzoic acid
(140 mg, 1.15 mmol), TBME (1 mL)DIPEA (199 pL, 1.15 mmol) andnese
epoxide91 (100 mg, 1.05 mmol) for 120 h gave the crude product. Purification by
flash column chromatography on silica with peE®DAc (1:1) as eluent gave
hydroxy benzoat82 (158 mg, 70%, 79:21 er by CS#PLC) as a browndid.

Lab book reference: djb2/98

(1SR 2SR)-Cyclohex4-ene1,2-diol rac-94

OH

HO©
A solution of ethyl chloroformate (2.54 mL, 26.63 mmol) and-cydlohexadiene
(2.36 mL, 24.21 mmol) in C¥l, (15 mL) was added to a stirred solution of
NaHPQ (10.31 g, 72.63 mmol) in hydrogen peroxide (24.7 mL of a 30% wl/v
solution in water, 217.89 mmol) at rt under Ar. The resulting mixture was stirred at rt
for 20 h. The two layers were separated and the aqueous layer was extracted with
EtO (3 + 20 mL). The combined organic extractsere evaporated under reduced
pressure t@a. 25% of the original volume. Acetic acid (1.38 mL, 24.21 mmol) and
water (30 mL) were added to the solution at rt. The resulting mixture was stirred and
heated at reflux for 16 h. Thresulting mixture was cooled to rt ahN&hHCG; (2.24
g, 26.63 mmol) was added portionwise. The two layers were separated and the
aqueous layer was continuously extracted with,@gifor 24 h. The combined
organic extracts were drigtMgSQO,) and evaporated under reduced pressure to give
diol rac-94 (1.10 g, 40 %) as a white solid, mpE98 C (lit. 2*°95 iC); Re (1:1
petrotEtOAc) 0.17;IR (Thin Film) 3326 (OH) 1268, 1052, 995, 924, 782, 675, 599
cm™; 'H NMR (400 MHz; CDC}) ' : 5.4356.40(m, 2H, =CH), 4.66 (br s2H, OH),
3.6(EB.55(m, 2H, CHQ, 2.3F2.23(m, 2H, CH), 1.921.80 (m 2H, CH); **C NMR
(100.6 MHz; CDCYJ) ' : 124.2 (=CH), 70.2 (CHO), 31.7 (GH MS (ESI) 137[(M +
Na)", 100], 191 (38 241 (37); HRMS (ESIm/z calcd for GH100, (M + Na)
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137.0573 found 137.0570 (1.9 ppm err@pectroscopic data are consistent with
those reported in the literatut®.

Lab book reference djb2/83

(1S,25)-Cyclohex-4-ene1,2-diol 94

OH

Amberlyst A26 OH resin (600 mg) was added to a stirred solution of hydroxy
benzoated2 (99:1 er) (240 mg, 1.10 mmol) MeOH (2mL) and THF (1 mL) att.

The resulting mixture was stirred at rt for 5 h. Then, the polymer was removed by
filtration and washe with CH.CI, (5 + 20 mL). The combined organics were dried
(MgSQy) and evaporated under reduced pressure todioéé®4 (109 mg, 87%) as a
white solid,mp 9193 iC (lit. 2*°95 ;C); [! ]o +86.05 ¢ 1.15 in MeOH) (lit3*°[! o
+43.9 (c 0.60in MeOH)). Spectroscopic data are consistent with those reported in
the literature®®®

Lab book reference: djb3/4

KOH (1.53 mL of a IM solution inMeOH and water (1:1), 1.53 mmol) was added
to a stirred solution of benzo&®@ (190 mg, 0.88 mmol) in MeOH (2 mL) at rt. The
resulting mixture was stirred at rt for 3 h. Then, satur&edClaq) (10 mL). The
aqueous mixture was continuously extracted with,@H(20 mL) for 18 h.The
combined organic extracts were dried (Mgp@nd evaporated under reduced
pressure to give di®4 (33 mg, 38%) as a white solid.

Lab book reference: djb2/96



(2SR 3SR 4aRS8aRS)-2,3-Dimethoxy-2,3-dimethyl-2,3,4a,5,8,8a
hexahydrobenzo[b][1,4]dioxine rac-95

2,3-Butanedione (0.85 mL, 9.73 mmolyimethyl orthoformate (2.97 mL, 26.55
mmol) andCSA (206 mg, 0.89 mmol) were added to a stirred solution ofrdmb4

(2.01 g, 8.85 mmol) in MeOH (50 mL) at rt under Ar. Tiesulting mixture was
stirred andheated at reflux for 15 h. Thesulting mixtire was allowed to cool to rt

and EtN (0.5 mL, 6.86 mmol) was added. The solvent was evaporated under
reduced pressure to give the crude product. Purification by flash column
chromatography on silica with petrBtOAc (4:1) as eluent gave BDA protected!di
rac-95 (1.31 g, 65%) as a pale yellow solid, mpb60@ ;C; R- (1:1 petrotEtOAC)

0.71; IR {Thin Film) 2931, 1446, 1139, 1079, 977, 899%mH NMR (400 MHz,
CDCl) ': 5.5856.54 (m, 2H,CH=CH), 3.88.77 (m, 2H2 + CHO), 3.28 (s, 6H, 2

+ OMe), 2.3%8.25 (m, 2H,2 + CH), 2.2&2.10 (m, 2H,2 + CH), 1.58 (s, 6H, 2+
OMe); **C NMR (100.6 MHz; CDGJ) ' : 124.5 (C=@, 99.2 ¢ + OCO), 68.4 @ +
CHO), 47.9 (2+ OMe), 30.5 @ + CHy), 17.9 @ + Me); MS (ESI) 251 [(M + Na)

100], 101 (77); HRMS (ESIn/z calcd for CioH004 (M + Na)' 251.1254found
251.1252 (0.7 ppm errorMS (ESI) 251 [(M + Na), 100], 101 (7% HRMS (ESI)
m/zcalcd for GoH2004 (M + Na)' 251.12540und 251.1250 (0.Bpm error).

Lab book reference djb2/86

mCPBA 30.76 g, 124.80 mmplwas added in 1 g portions over 45 miratstirred
biphasic solution of 14yclohexadiene1(1.81 mL, 124.80 mmpland NaHCQ@
(20.97 g, 249.60 mmpin CH,Cl, (156 mL) and water 100 mL) at O jC under Ar.
The resulting suspension was allowedwarm to rt and stirrect rt for 23 h.
Saturated\N&S,03a9 (50 mL) wasadded and the mixture was stirradrt for 1 h.
Thetwo layers wereeparated and the aqueous layer was extracted wiGI£(3 +

100 mb). The combined organic extracts wevahed with saturated NaHG,)
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(100 mL), driedMgSQy) and evaporated under reduced presgud00 mbar and <

40 jC) to ca 25% of the original volume. Acetic acid (7.14 mL, 124.80 mmol) and
water (50 mL) were added to the solution at rt. The resultinguneixvas stirred and
heated at reflux for 16 h. The resulting mixture was cooled to rNafrCC; (11.53

g, 137.28 mmol) was added portionwise. The solventevaporated under reduced
pressure to giva white solid. BEIO (100 mL) was added and the sol@idue was
removed by filtration. This process was repeated a further 7 times. The combined
filtrates were driedMgSQy) and evaporated under reduced pressurgive crude

diol. 2,3-Butanedione 12 mL, 137.28 mmg¢)| trimethylorthoformate 41.8 mL,
374.39mmol) andCSA (2.9 g, 12.48 mmolwere added to a stirred solutiontbé

crude diolrac-95 in MeOH (100 mL) at rt under Ar. Thaesulting mixture was
stirred andheated ateflux for 15h. Theresulting mixturenvas allowed to cool to rt

and EtN (2 mL, 27.44 mmol) was added he solvent was evaporated under reduced
pressure to give the crude product. Purification by flash column chromatography on
silica with petrotEtOACc (4:1) as eluent gavBDA protected diolrac-95 (10.13 g,
36%)as a pale yellow solid.

Lab book reference djb3/13

(2R,3R,4aS,8aS)-2,3-Dimethoxy-2,3-dimethyl-2,3,4a,5,8,8a
hexahydrobenzop][1,4]dioxine 95

o
0 i((o

Amberlyst A26 (OH form) resin (10 g) was added to aeddiisolution of benzoa®2
(99:1 er) (5.0 g, 22.91 mmolp MeOH (57 mL) and THF (28 mL) at rt. The
resulting mixture was stirred at rt for 5 hChen, he polymer wa removed by
filtration andwashed with CKCl, (5 + 100 mL). The combined organics were dried
(MgSQy) and evaporated under reduced pressure totgeerude diol as a white
solid. 2,3Butanedione (2.20 mL, 25.20 mmol), trimethyl orthoformate (7.57 mL,
68.73 mmol) and BFOE®L (369 uL, 2.29 mmol) were added to a stirred solution of



the crude diol in MeOH (50 mL) at rt under Ar. Tiesultingmixture was stirred at

rt for 16 h.Then, the mixture was evaporatadder reduced pressui@ca. 25 mL.

Then, saturatedNaHCO;(aq) (500 mL) and CH.Cl, (100 mL) were addednd the
layers were separate@ihe aqueous layer was extracted with,CH (3 + 100 mL).

The combined organic extracts were dried (MgS&hd evaporated under reduced
pressure to give the crude product. Purification by flash column chromatography on
silica with petrolEtOAc (3:2) aseluent gave BDAprotected dioB5 (4.96 g, 95%)

as a vhite solid,mp 7&79 C; [! ]po B139.9 € 1.0 in CHCY).

Lab book reference djbl/49

2,3-Butanedione (2.71 mL, 31.03 mmol), trimettoithoformate (9.45 mL, 84.63
mmol) andCSA (655 mg, 2.82 mmol) were added to a stirred solution of @4ol
(99:1 er) (3.22 g, 28.21 mmol) in MeOH (6@L) at rt under Ar. The resulting
mixture was stirred and heated at reflux for 15 h. fHsellting mixturewvas allowed

to cool to rt and BN (0.5 mL, 6.86 mmol) was added. The solvent was evaporated
under reduced pssure to give the crude produd®urification by flash column
chromatography on silica with petrBtOAc (41) as eluent gavBDA protected diol
95(5.149, 80%) as a pale yellow solid

Lab book reference djb3/10
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(2S,35,48R,8S,8aR)-and (2S,3S,48R,8R,8aR)-2,3-Dimethoxy-2,3,8
trimethylhexahydrobenzo(b][1,4]dioxin-6(7H)-onetrans- 106 and cis-106

Table2.2 entryl

Using general procedui® at £78 jC, MeLi (1.24mL of a 1.55 M solution in EO,
1.98 mmol), Cul (189 mg, 0.99 mmol) in THF (L) and enonent71 (200 mg,
0.82 mmol) in THF (7 mL) gave the crude product. Purification by flash column
chromatography on silica witpetrotEtOAc (4:1) as eluent gav (by '"H NMR
spectroscopyp 55:45 mixture of'-substituted ketorsetrans106 and cis-106 (92
mg, 43% as a white solidRr (4:1 petrotEtOAc) 0.31;IR (Thin Film) 2956, 2913,
1720 (C=0), 1378, 1213, 850 &m'H NMR (400 MHz, CDCJ) ' : 3.9608.92 (m,
0.9H, CHQis and CHQy), 3.75(ddd, J = 12.5, 9.5, 6.Hz, 0.55H, CHOyang), 3.48 (t
J=9.5Hz,0.55H, CHOyang), 3.26 (s, 1.65H, OMgny), 3.26 (s, 1.35H, OMg), 3.21

(s, 1.65H, OMgang, 3.19 (s, 1.35H, OMg), 2.5%R.43 (m,2.45H), 2.39 (dddJ =
15.0, 4.5, 2.(Hz, 0.55H, CHaHs, rang), 2.3F2.26 (m, 0.9H), 2.06 (tJ = 15.0 Hz,
0.558H, CHaHg trang), 1.84 (ddqgld = 12.5, 9.5, 6.5, 4.51z, 0.55H, CHaHB, rang), 1.31

(s, 1.35H, Mesy), 1.28 (s, 3.3H, & Méyany), 1.26 (s,1.35H, Me;s), 1.07 (dJ =6.5
Hz, 1.65H, CHMeyang), 0.94 (d J = 6.5Hz, 1.3%H, CHMey;s); “*C NMR (100.6MHz;
CDCly) ": 207.6 (C=Q;g), 206.3 (C=Qang, 99.8 (OCQs), 99.6 (OCQany), 99.5
(OCOQyang), 99.2 (OCQy), 74.8 (CHO), 71.4 (CHO), 68.3 (CH()4.2 (CHO), 48.1
(OMe), 48.03 (OMe), 48.00 (OMe), 47.9 (OMe), 47.8 (LHI6.9 (CH), 45.2
(CHy), 45.1 (CH), 31.9 (CH), 29.7 (CH), 17.8 (Me), 17.8 (Me), 17.74 (Me), 17.72
(Me), 17.1 (Me), 13.5 (Me); MS (ESI) 281M + Na)*, 100], 227 (48), 101 (62);
HRMS (ESI) m/zcalcd for GsH220s (M + Na)* 281.1359, found 281.1351 (2.9 ppm

error).

Lab book ref: djb1/18



Table2.2 entry2

Using general procedure &#78 jC,MeLi (0.62 mL of a 1.55 M solution in gD,
0.99 mmol) and CuCN (44 mg, 0.50 mmol) in THF (5 mL), and erort&1 (100
mg, 0.41 mmol)n THF (4 mL) gave the crude product. Purification by flash column
chromatography on silica with petrBIOAc (4:1) as eluent gave (b4 NMR
spectroscopy) a 604mixture of"-substituted ketonesans106 and cis-106 (94
mg, 70%) as a white solid

Lab book ref: djb1/19

Table2.2, entry4

Using general procedure &#78 jC,MeLi (0.62 mL of a 1.55 M solution in gD,
0.99 mmol) and CuCN (44 mg, 0.50 mmol) in THF (5 mL), and a premixed solution
of enoneent71 (100 mg, 0.41 mmoland MeSiCl (105 pL, 0.83 mmoljn THF (4
mL), followed by TBAF (454 pL of a 1.0 M solution in THF, 0.45 mmol) in CH

(10 mL) gave therade product. Purification by flash column chromatography on
silica with petrolEtOAc (4:1) as eluent gave (bfH NMR spectroscopy)'-
substituted keton&#ans-106 (102 mg, 96%) as a white solid, mp 230 iC; | ]p
+191.5 € 0.5 in CHCIy), Re (4:1 petrolEtOAc) 0.31; IR Thin Film) 2956, 2913,
1720(C=0), 1378, 1213, 850 c?h *H NMR (400 MHz, CDCJ) ': 3.73 (dddJ =
12.5, 9.5, 6.0 Hz, 1H, CHO), 3.47 Jt= 9.5 Hz, 1H, CHO), 3.26 (s, 3H, OMe), 3.21
(s, 3H, OMe), 2.582.45 (m, 2H,CHaHg and CHaHg), 2.38 (dddJ = 15.0, 4.5, 2.5
Hz, 1H,CHaHg), 2.05 (t,J = 12.5 Hz, 1HCHaHg), 1.891.77 (m, 1H, EMe), 1.30

(s, 3H, Me), 1.27 (s, 3H, Me), 1.06 (@= 6.5 Hz, 3H, CHe); °C NMR (100.6
MHz; CDCk) ': 206.2 (C=0), 99.5 (OCO), 99.4 (OCO), 740HO), 68.2 (CHO),
47.9 (OMe), 47.8 (OMe), 47.7 (GH 45.0 (CH), 31.8 (CH), 17.7 (Me), 17.6 (Me),
17.0 (Me); MS (ESI) 281 [(M + N&) 100], 227 (98), 101 (78); HRMS (ESh/z
calcd for GsH2,0s (M + Na)" 281.1359, found 281.1354 (2.1 ppm error).

Lab book ref: djb2/32



Table2.3, entry4

Using general procedure & #40 jC, MeLi (0.62 mL of a 1.55 M solution in gD,
0.99 mmol) and CuCN (44 mg, 0.50 mmol) in THF (5 mL), and erort&1 (100
mg, 0.41 mmol)n THF (4 mL) gave the crude product. Purification by flash column
chromatography on silica with petrBIOAc (4:1) as eluent gave (b4 NMR
spectroscopy) a 27:73 mixture ofsubstituted ketonesans106 and cis-106 (94
mg, 70%) as a white solid.

Lab book ref: djb2/37

Table2.3, entry5

Using general procedure & #40 jC, MeLi (0.62 mL of a 1.55 M solution in gD,

0.99 mmol) and CuCN (44 mg, 0.50 mmol) in THF (5 mL), and a premixed solution
of enoneent71 (100 mg, 0.41 mmoland MeSiCl (105 pL, 0.83nmol)in THF (4

mL), followed by TBAF (454 pL of a 1.0 M solution in THF, 0.45 mmol) in CH

(10 mL) gave the crude product. Purification by flash column chromatography on
silica with petrolEtOAc (4:1) as eluent gavesubstituted ketonérans-106 (104

mg, 97%) as a white solid.

Lab book ref: djb2/36

Table2.3, entry6

Using general procedure & 0 jC,MeLi (0.62 mL of a 1.55 M solution in gD,
0.99 mmol) and CuCN (44 mg, 0.50 mmol) in THF (5 mL), and emort&1 (100
mg, 0.41 mmol)n THF (4 mL) gave the crude product. Purification by flash column
chromatography on silica with petrBIOAc (4:1) as eluent gave (b4 NMR
spectroscopy) a 33:67 mixture ofsubstituted ketonesans106 and cis-106 (71
mg, 77%) as a white solid.

Lab book ref: djb2/39



Table2.3 entry7

Using general procedure & 0 jC,MeLi (0.62 mL of a 1.55 M solution in gD,

0.99 mmol) and CuCN (44 mg, 0.50 mmol) in THF (5 mL), and a premixed solution
of enoneent71 (100 mg, 0.41 mmoland MeSiCl (105 pL, 0.83nmol)in THF (4

mL), followed by TBAF (454 pL of a 1.0 M solution in THF, 0.45 mmol) in CH

(10 mL) gave the crude product. Purification by flash column chromatography on
silica with petrolEtOAc (4:1) as eluent gave (B NMR spectroscopy) a 75:25
mixture of "-substituted ketonesans106 and cis-106 (95 mg, 89%) as a white
solid.

Lab book ref: djb2/38

Table2.4, entryl

Using general procedure, MeMgCl (166 pyL of a 2.98 M dation in THF, 1.98
mmol), CuBrSMe, (20 mg, 0.05 mmol) in THF (5 mLand a premixed solution of
and enoneent71 (100 mg, 0.41 mmol)n THF (4 mL) gave the crude product.
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gave (byH NMR spectroscopy) &0:50 mixture of "-substituted ketones
trans-106andcis-106 (33 mg, 3%) as a white solid.

Lab book ref: djb1/97

Table2.4, entry2

Using general procedure, MeMgCl (166 pL of a 2.98 M dotion in THF, 1.98
mmol), CuBrSMe, (20 mg, 0.05 mmol) in THF (5 mLand a premixed solution of
and enonent71 (100 mg, 0.41 mmol) anilesSiCl (55 pL, 0.41 mmol)n THF (4
mL) followed by TBAF (454 pL of a 1.0 M solution in THF, 0.45 mmol) in &
(10 mL) gave the crude product. Puwé#tion by flash column chromatography on
silica with petrolEtOAc (4:1) as eluent gave (B NMR spectroscopy) a 55:45
mixture of "-substituted ketonesans106 and cis-106 (79 mg, 75%) as a white
solid.

Lab book ref: djb1/97



(2S,35,48R,8S,8aR)-and (2S,3S,48R,8R,8aR)-8-Butyl-2,3-dimethoxy-2,3-
dimethylhexahydrobenzop][1,4]dioxin-6(7H)-onetrans-108 andcis-108

trans cis
Table2.2 entry3

Using general procedure & #78 iC, n-BuLi (1.28 mL of a 1.53 M solution in
hexanes, 1.98 mmol), and CuCN (89 mg, 0.99 mmol) in THF (10 mL), and enone
ent71 (200 mg, 0.83 mmolin THF (7 mL) gave the crude product. Purification by
flash column chromatography on silica with pefEdOAC (4:1) as eluent gave
substituted ketongans-108(181 mg, 74%) as eolourless oil, []p +172.2 € 1.8 in
CH.Cly); R (4:1 petrolEtOAc) 0.33; IR Thin Film) 2954, 172XC=0), 1462, 1376,
1264, 1214, 1121, 1050, 963, 934%mH NMR (400 MHz,CDCls) ' : 3.69 (ddd,
=125, 9.5, 6.0 Hz, 1H, CHO), 3.51 Jt= 9.5 Hz, 1H, CHO), 3.22 (s, 3H, OMe),
3.15 (s, 3H, OMe), 2.582.41 (n, 3H), 1.93 (t,J = 15.0 Hz, 1HCHaHs), 1.8%F1.82

(m, 1H), 1.781.63 (m, 1H), 1.381.16 (m, 3H), 1.26 (s, 3H, Me), 1.8, 3H, Me),
1.1591.01 (m, 2H), 0.820.78 (m, 3H, ChMe); **C NMR (100.6 MHz; CDG) (CH;
resonanceot resolved) : 206.3 (C=0), 99.3 (OCO), 99.2 (OCO), 73.3 (CHO), 68.2
(CHO), 47.8 (OMe), 44.7 (CH, 36.5 (OMe), 30.4 (Ch), 28.1 (CH), 22.6 (CH),
17.6 Me), 17.4 (Me), 13.8 (CkHMe); MS (ESI) 323 [(M + N&), 100], 269 (35);
HRMS (ESI)m/zcalcd for GeH2s0s (M + Na)* 323.1829, found 323.1817 (3.6 ppm

error).

Lab book ref: djb1/26

Table2.2, entry5

Using general procedure & #78 iC, n-BuLi (1.28 mL of a 1.53 M solution in
hexanes, 1.98 mmol) and CuCN (89 mg, 0.99 mmol) in THF (10 mL), and a
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premixed solution of enonent71 (200 mg, 0.83 mmol) and M8iCl (105 pl, 0.83
mmol) in THF (7 mL), followed by TBAF (454 pL, of a 1.0 M solutionTHF, 0.45
mmol) in CHCl, (10 mL) gave the crude product. Purification by flash column
chromatography on silica with petrBtOAc (4:1) as eluent gavé-substituted
ketonetrans-108(243 mg, 98%) as eolourless oil.

Lab book ref: djb1/55

Table2.4, entry3

Using general procedure B;BuMgBr (2.86 mL of a 0.43 M solution in THF, 1.23
mmol) [prepared from bromobudtane (466 pL, 4.30nmol), magnesium turngs
(156 mg, 6.44 mmol) in THF Q. mL) accordig to general procedure F], and
CuBrSMe; (10 mg, 0.05 mmol) in THF (5 mL) aralsolution ofenoneent71 (100
mg, 0.41 mmoljn THF (4 mL)gave the crude product. Purification by flash column
chromatography on silica with petrBIOAc (4:1) as eluent gave (b4 NMR
spectroscopy) &0:50 mixtureof "-substituted ketonesans108 and cis-108 (38
mg, 3P%) as a colourless oifH NMR (400 MHz, CDCJ) Diagnostic signals focis-
108" : 3.978.90 (m, 1H, CHQs and CHQj).

Lab book ref: djb2/1

Table2.4, entry4

Using general procedure B;BuMgBr (2.86 mL of a 0.43 M solution in THF, 1.23
mmol) [prepared from bromobudtane (466 pL, 4.30nmol), magnesium turngs
(156 mg, 6.44 mmol) in THF Q. mL) accordig to general procedure F], and
CuBrSMe, (10 mg, 0.05 mmol) in THF (5 mL) ara premixed solubn of enone
ent71 (100 mg, 0.41 mmol) with M&ICl (78 pL, 0.62 mmol) in THF (4 mL),
followed by TBAF (454 pL, 0.45 mmol) in CkCl, (10 mL) gave the crude product.
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gave (byH NMR spectroscopy) &6:44 mixture of'-substituted ketones
trans-108andcis-108(92 mg, 74%hps a colourless oil

Lab book ref: djb2/16



(2S,3S,4aR,6R,8aR)- and (2S,3S,4aR,6S,8aR)-2,3-Dimethoxy-2,3,6trimethyl -
2,3,4a,5,6,8ahexahydrobenzopp][1,4]dioxin-6-0l 1,4trans109 andl,4-cis-109

QA QS 1,4-trans o/'w
o-\)\o o-\)\o
/ P : Ho\|w\O
1
H

O~ O~
Q \Q R_AnOe
< oH OH enhancement

X-ray crystal structure of 1,4rans-109

Table 2.6, entry 2

MeMgBr (275 pL of a 3 M solution in D, 0.825 mmolwas added dropwise over
15 min to a stirred solution @noneent71 (100 mg, 0.413 mmol) in THF (6 mlat
Pr8 jCunder Ar.gave the crude product. The resulting solution was stirr&d8atC
for 2 h. Then, saturated NBIq) (5 mL) was added and the layers were separated.
The aqueous layer was extracted with,CH (5 + 5 mL). The combined organic
extracts were dried (MgSPp and evaporated under reducedsptee to give the
crude productPurification by flash column chromatography on silica with petrol
EtOAc (1:1) as eluent gave (B NMR spectroscpy) a 83:17 mixture of alcohols
1,4trans109and1,4-cis-109 (72 mg, 68%)as a white solidR: (1:1 petrolEtOAC)
0.52; IR {Thin Film) 3355 (OH) 2905, 1437, 1116, 968 &m'H NMR (400 MHz,
CDCl) ': 5.595.45 (m, 2H, HC=C} 4.18 (dd,J = 9.0, 1.0 Hz, 0.83H, CHQ.
trang), 4.05 (dd,J = 9.0, 1.0 Hz, 0.17H, CHQ.is), 3.84 (dddJ = 13.0, 9.0, 3.5 Hz,
0.17H, CHQ 4cis), 3.65 (dddJ = 13.0, 9.0, 3.5 Hz, 0.83H, CHQtang), 3.223.20
(m, 6H, 2+ OMe), 2.09 (br s, 1H, OH), 2.00 (ddd= 13.0, 3.5, 1.5 Hz, 0.83H,
CHaHg. 1.4trang), 1.93 (dddJ = 13.0, 3.5, 1.5 Hz, 0.17H,HGH5, 1 4cis), 1.81 (t,J =
13.0 Hz, 0.83H, CkHg, 1 4trang), 1.61 (t,J = 13.0 Hz, 0.17H, CkHg, 1.4cis) 1.31 (s,
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2.49H, M@ 4yany, 1.271.25 (m, 6.51H, Mgscis, 2 + Me); **C NMR (100.6 MHz;
CDCls)(Mes 4trans resonance not resolved) 135.6 (=CH; 4cis), 134.2(=CHjy 4trans),
127.8 (=CHy 4trang), 126.2 (=CHi4cig), 100.5, (OCO: 4trang, 100.4 (OCQacis),
100.04 (OCQatrang), 100.01 (OCQ4cis), 72.1(COHMeE, 4is), 70.5(COHMEY 41rang),
69.8 (CHO 4trang 1-4-cis), 68.1 (CHO 4cis), 66.4 (CHO 4trans), 48.0 (OME 4trang),
47.9 (OMe strans 1,4cis), 47.89(OMey 4cis), 42.4(CHa, 1.4¢is), 40.6(CHz, 1 4trang), 30.0
(COHMey 4trang), 29.5 (COHMeY 4¢i), 17.93 (Me14tany, 17.90 (Me1sqs), 17.88
(Me14ci); MS (ESI) 281 [(M + Na), 100]; ESIMS m/zcalcd for GsH2:05 (M +
Na)" 281.1359, found 281.1354.3 ppm error) Spectroscopic data are consistent
with those that reported in the literatdfé.

Crystal structure determination of alcohol 1,4-trans-109

Ci13H2205, M = 258.31, monoclinica = 13.3877(9)p = 6.7900(5) ¢ = 15.7945(13)
o, " =103.153,U = 1398.10(19) ¢, T = 110(10) K, space group2, Z = 4, y(Mo-
K!) = 0.096mm™*, 8616 reflections measured, 5081 uniq&g; = 0.0461) which
were used in calculations. The final R1 was 0.0478-()>&d wR2 was 0.1337 (all
data).

Lab book ref: djb1/21

Table 2.6, entry 3

MeMgBr (275 pL of a 3 M solution in ED, 0.825 mmol) was added dropwise over
15 min to a stirred solutioof enoneent71 (100 mg, 0.413 mmol) inHF (6 mL) at

0 jC under Ar The resuing solution was stirred at C for 2 h. Then, saturated
NH4Clag) (5 mL) was added and the layers were separated. The aqueous layer was
extracted with CkKCl, (5 + 5 mL). The ombined organic extracts were dried
(MgSQy) and evaporated under reduced sptge to give the crude product
Purification by flash column chromatography on silica with pdit@Ac (1:1) as
eluent gavgby *H NMR spectroscopy) a 75:25 mixture of alcohjd-trans-109
and 1,4-cis-109 (100 mg, 93%) as a colourless dihe 75:25 mixture of alcohols
1,4trans109 and 1,4-cis-109 was recrystallised from hot heptane twice to give
alcohol 1,4trans-109,

Lab book ref: djb1/24



Table 2.6, entry 1

MeLi (388 pL of al.6 M solution in EO, 0.825 mmol) was added dropwise over 15
min to a stirred solution agdnoneent71 (100 mg, 0.413 mmol) in THF (6 mlat 0

iC. The resuing solution was stirred at € for 2 h. Then, saturated N8l q) (5

mL) was added and the lagewere separated. The aqueous layer was extracted with
CHCl; (5 + 5 mL). The combined organic extracts were dried (MgSand
evaporated under reduced gsare to give the crude produ&urification by flash
column chromatography on silica with petfiOAc (1:1) as eluent gave (bW

NMR spectroscopy) a 66:34 mixture of alcohd|4-trans109 and 1,4-cis-109 (96

mg, 90%) as a colourless oll.

Lab book ref: djb1/22

(2S,3S,4aR,6S,8aR)-2,3-Dimethoxy-2,3-dimethyl-6-phenyl-2,3,4a,5,6,8a
hexahydrobenzop][1,4]dioxin-6-0l 1,4trans110

/
Qs ﬂ
/O"\)\(?) HO O
@) !
F}' nOe
Ph: OH 1 enhancement

Table 2.6, entry 4

PhMgCI (413 pL of a 2 M solution in ED, 0.826 mmol) was added dropwise over

15 min to a stirred solution @noneent71 (100 mg, 0.413 mmol) in THF (6 mL) at

0 jC under Ar The resuing solution was stirred at C for 2 h. Then, saturated
NH4Clag) (5 mL) was added and the layers were separated. The aqueous layer was
extracted with CRKCl, (5 + 5 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced sgree to give the crude product
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gave (byH NMR spectroscopy) alcohdl,4-trans110 (130 mg, 98%) as a
white solid, mp 11#120 jC; [ ]p +1708 (c 1.15 in CHC}), Rr (4:1 petrotEtOAC)

0.12; IR {Thin Film) 3457 (OH) 2950, 1450, 1036, 936 €m'H NMR (400 MHz,
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CDCl) ' : 7.53 (dd,J = 7.0, 1.5 Hz, 2Hp-Ph), 7.53 (tJ = 7.0 Hz, 2Hm-Ph), 7.53
(tt, J= 7.0, 1.5 Hz, 1Hp-Ph), 5.90 (ddJ = 10.0, 1.5 Hz1H, =CH, 5.70 (dddJ =
10.0, 2.5, 1.5 Hz, 1H, =CH4.35 (dddJ = 9.0, 2.5, 1.5 Hz, 1H, CHQ3.65 (ddd,J

= 13.0, 9.0, 3.0 Hz, 1H, CHP3.30 (s, 3H, OMe), 2.99 (s, 3H, OMe), 2.30 (dild,
13.0, 3.0, 1.5 Hz, 1H, ig:Hg), 2.14 (t,J = 13.0 Hz, 1H,CHaHg), 2.05 (br s, 1H,
OH), 1.33 (s, 3H, Me), 1.25 (s, 3H, MéYC NMR (100.6 MHz; CDGJ) (COH
resonance not resolved) 146.0 {-Ph), 133.2 (=CH 128.2 (n-Ph), 128.0 (=CH,
127.4 ¢-Ph), 125.6 ¢-Ph), 100.2 (OCO), 99.7 (OCO), 69.8 (CHO), 66.4 (CHO),
47.8 OMe), 47.5 (OMe), 43.0 (), 17.7 (Me), 17.6 (Me); MS (ESI) 343 [(M +
Na)’, 100]; HRMS (ESI)m/z calcd for GgH»40s (M + Na) 343.1516, found
343.1392 (B ppm error).

The relative stereochemistry wassigned by the nOe enhancemedicated.

Lab book ref: djb1/24

(2S5,3S,4aR,6S,8aR)-and (2S,3S,4aR,6R,8aR)-6-Allyl -2,3-dimethoxy-2,3
dimethyl-2,3,4a,5,6,8ehexahydrobenzop][1,4]dioxin-6-0l 4-trans-111and 1,4
cis111

/ /

O A5 1,4-anti n
o' O o

= O
/ o / o HO !
nOe
\ \ | enhancement
4trans 14-CIS

Table 2.6, entry 5

AllyIMgCl (826 pL of a 10 M solution in EtO, 0.826 mmol) was added dropwise
over 15 min to a stirred solution ehoneent71 (100 mg, 0.413 mmol) in THF (6

mL) at O jC under Ar The resuing solution was stirred at {C for 2 h. Then,
saturated NEClaq (5 mL) was added and the layers were separated. The aqueous
layer was extracted with GBI, (5 + 5 mL). The combined organic extracts were
dried (MgSQ) and evaporated under reducedsptee to give the crude product

Purification by flash column chmeatography on silica with petr@tOAc (4:1) as
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eluent gave (byH NMR spectroscopy)ra80:20 mixture of allyl alcohols 1;#ans

111and1,4-cis-111 (114 mg, 98%) as a colourless d#% (1:1 petrolEtOAc) 0.40;
IR (Thin Film) 3434 (OH) 2992 1455 1036 F4cni’’; 'H NMR (400 MHz, CDCJ)

' 5.926.81 (M, 0.8, CH=CH;, 1 4trans), 5.8@56.72 (M,CH=CHy, 1 4cis), 5.69 (ddJ =

10.0, 1.5Hz, 0.2H, =CH 4cis), 5.64 (dd,J = 10.0, 1.5Hz, 0.8H, =CH 4ang, 5.56
(ddd,J = 10.0, 2.5, 2.0 Hz, 0.2H, =GH.is), 5.51 (dddJ = 10.0, 2.5, 2.0 Hz, Ot8

=CHj 4trang, 5.1%6.07 (m, 2H CH=CH,), 4.25 (ddd,J = 9.0, 2.5, 1.5Hz, 0.8H,

CHO:1 4trang), 4.09 (ddd,J = 9.0, 2.5, 1.5Hz, 0.2H, CHO1 4¢is), 3.91 (ddd,J = 12.5,
9.0, 4.0Hz, 0.2H, CHQ 4is), 3.72 (dddJ = 13.0, 9.0, 3.5 Hz, O CHO; 4trans),

3.26 (s, 3HOMe), 3.24 (s, d, OMe), 2.432.30 (m, 2H CH,CH=CH,), 2.13 (ddd,]

= 125, 4.0, 1.5 Hz, O CHaHg, 1.4trangy, 1.89 (ddd,J = 13.0, 4.0, 2.(Hz, 0.2H,

CHaHs, 14¢is), 1.8101.72 (m, H, CHaHg), 1.32 (s, 0.6H, Mescis), 1.32 (s, 2.4H,
Mex1 4tang), 1.30 (s, 0.6H, Mescis), 1.30 (S, 2.4H, Mgsyang; °C NMR (100.6 MHz;
CDCl) ': 134.1, 132.8(=CHjs 4trang), 132.6 (=CHy 4cis), 132.5 (=CHjy 4¢is), 128.9
(=CHu 4cis), 127.4 (=CH 4trans), 119.5 (=CHz, 1.4trans), 119.4(=CHy, 1 4trans), 100.4
(OCOy4¢is), 100.3 (OCQuatrang, 99.9 (OCOiscis), 99.8 (OCOispany, 73.1
(Allyl COHy 44rang), 72.1 (Allyl COHy 4cis), 69.6 (CHQ 4cis), 69.5 (CHQ 4trang), 67.4
(CHO: 44rang), 66.2 (CHOL 4cis), 48.08 (OMg4cis), 48.02 (OM@ 4cis 1.4trany), 47.86
(OMey 4trang), 47.0 CH2.CH=CH;, 1 4cis), 46.4 (CH2,CH=CH,, 1 4trans), 39.6 (CHz, 1.4

trans), 38.4 (CHy, 1,4trans), 17.83(Mey 4cis), 17.80(Mey 4trans 1,4cis), 17.7 (M@ atrans);

MS (ESI) 307 [(M + Na), 86], 135 (100); HRMS (ESkn/zcalcd for GsH240s (M +

Na)" 307.1506, found 307.1516 (3.3 ppm error).

The relative stereochemistry wassigned by the nOe enhancemedicated.

Lab book reference: djb1/40
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(2S,3S,4aR,6S,8aR)- and (2S,3S,4aR,6R,8aR)-6-(tert-butyl) -2,3-dimethoxy-2,3
dimethyl-2,3,4a,5,6,8éhexahydrobenzop][1,4]dioxin-6-0l 1,4trans112 andl,4
ciss112and (2S,3S,4aR,8S,8aR)- and (2S,3S,4aR,8R,8aR)-8-Tert-Butyl-2,3
dimethoxy-2,3-dimethylhexahydrobenzop][1,4]dioxin-6(7H)-onetrans-113and
cis-113

/ /
O/ S O s (0] s
(_) |\)\ On- Q Ol-. 9
Q / O\Q/I—Bu / O\Q“\I-BU
t- Bu; OH t-Bu OH o) o)
1,4trans112 1,4cis-112 1,4trans113 1,4-cis-113

t-BuMgCl (413 pL of a 2 M solution in D, 0.826 mmol) was added dropwise over
15 min to a stirred solution @noneent71 (100 mg, 0.413 mmol) in THF (6 mlat

0 jC under Ar The resuing solution was stirred at C for 2 h. Then, saturated
NH.Clag) (5 mL) was added and the layers were separated. The aqueous layer was
extractedwith CH,Cl, (5 + 5 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced sptge to give the crude product
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gave (byH NMR spectroscopy)a 60:40mixture of "-substituted ketones
trans-112andcis-112 (47 mg, 38%) as a colourless d#; (1:1 petrolEtOACc) 0.58;

IR (Thin Film) 2952, 1720 (C=Q)1374 1119, 852 cth 'H NMR (400 MHz,
CDCl) ' : 4.34 (td,J = 11.0, 6.0 Hz, 04, CHQ.), 4.11(dd,J = 110, 5.0 Hz, 0.4,
CHQqis), 3.94 (t,J = 10.0 Hz, 0.6l, CHGQyang), 3.82 (ddd,J = 12.0, 10.0, 6.0 Hz,
0.6H, CHGyang), 3.38 (s, 1.B,, OMeayang), 3.26 (s, 1.2H, OMg), 3.23 (s, 1.2H,
OMeg), 3.22 (s, 1.8H OMgny), 2.682.60 (m, 0.6H),2.582.34 (m, 28H), 2.11
(dd,J = 15.0, 12.0 Hz, 0.6H, l@aHguany), 2.06 (ddd,J) = 7.0, 5.5, 2.5 Hz, 0.3H, K-
Bugis), 1.70 (dddJ = 16.0, 10.0, 5.0 Hz, 0.6H,HE-BUtrang), 1.31 (s, 1.8H, Many),
1.28 (s, 1.8H, Mgny), 1.276 (s, 1.2H, M), 1.271(s, 1.2H, Mgs), 1.00 (s, 5.4Ht-
BUyang), 0.99 (s, 3.6Hf-Bucs); °C NMR (100.6 MHz; CDG)) ' : 209.1 (C=0s),
208.2 (C=0Okang), 99.8 (OCOQrang, 99.6 (OCQ:is), 99.2, (OCOyang), 99.0 (OCQyiy),
74.0(CHQGis), 72.3(CHOkans), 68.4 (CHOyrans), 64.5(CHOis), 49.5(OMérrans), 48.2
(OMeyans), 48.1 (OMess), 48.0 (OMgis), 45.4 (CHt-Buyans), 45.1 (CGHt-Bugis), 45.0
(CHg, cis), 44.6 (CHz, trans), 43.4 (CHg, cis), 42.1 (CHz, trans), 34.8 (CMeéscis), 33.4
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(CMeéstrans), 30.6 (CMescis), 28.5 (CMeatans), 18.0 (Meyany), 17.9 (M&ans), 17.8
(Megie), 17.7 (Meie); MS (ESI) 323 [(M + Na), 100], 269 (51); HRMS (ESln/z
calcd for GeH280s5 (M + Na)* 323.1829, found 323.183@&.3 ppm error) and gave
(by *H NMR spectroscopy) a 70:30 mixture sbutyl alcoholsl,4trans-113 and
1,4-cis-113 (44 mg, 36%) as a colourless d#¥; (1:1 petrolEtOAc) 0.50; IR Thin
Film) 3509 (OH) 2954, 1466 1127 949 & 'H NMR (400 MHz, CDCJ) ' : 5.81D
5.71 (m, 2HHC=CH), 4.23 (ddd,J = 9.0, 2.5, 1.0 Hz, 0.7HCHO, 4trang), 4.07 (ddJ
= 8.5, 1.0 Hz, 0.3HCHO, 4is), 3.89 (dd,J = 17.0, 8.5 Hz, 0.3HCHO; 4is), 3.73
(ddd,J = 13.5, 9.0, 4.5 Hz, 0.7HCHO, 4trang), 3-27 (S, 4,2H), 3.24 (s, H3, 2.46
(ddd,J = 13.5, 4.5, 1.0 Hz, 0.7HCHaHs, 1.41rang), 1.85 (d J = 9.0 Hz, 0.3HCHAHg,
14cis), 1.60 (t ,J = 13.5 Hz, 0.7HCHaHz 1.4trang, 1.53 (br s, 0.3HOH; 4cis), 1.44
(br s, 0.7H OHystang, 1.33 (s, 0.9H, Mesce), 1.32 (s, 0.9H, Mgy, 1.31 (s,
2.1H, M@ 4tang 1.30 (s, 2.1H, Mg4rang), 0.99(s, 6.3, t-Bus 4trang), 0.93 (s, 2.7Ht-
BU14ci¢); **C NMR (100.6 MHz; CDG)) ' : 131.0 (=CHy 41:an9), 130.5(=CHh 4¢is),
129.8 (=CHa 4trang), 129.5(=CHj 4is), 100.3(OCO, 4cis), 100.1(OCO, 4trans), 99.9
(OCOy 4¢is), 99.7 (OCOy 4trang), 77.2 (HOCt-Buy 4cis), 77.1 (HOCt-Buy 4trans), 69.5
(CHOy,4cis), 69.2(CHOy 41rang), 68.5 (CHO1 atrans), 67.1 (CHOy 4cis), 48.0 (OMey 4
cis), 47.9(OMe 4ci), 47.8(OMer 4trang), 47.7 (OMEr 4trang), 38.4(CHa, 1 41rang), 37.4
(CH2, 1 4cis), 37.1(CMe3, 1 4trans), 34.5(CMe3, 1 4cis), 25.5(CMe3 1 41rans), 24.7(CMe;,
1.4trans), 17.9(Me€1 4cis), 17.8 (M@ 4cis, 1 4trang), 17.7 (M@ 4trang); MS (ESI) 323 [(M +
Na)", 87], 283 (58) 269 (100); HRMS (ESi)/z calcd for GeH2605 (M + Na)*
323.1829, found 323.1824 (1.6 ppm error).

Lab book ref: djb1/39
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(1aS, 3aR,5S,6S,7aS,7bS) and (1&R, 3aR,5S,6S,7aS,7bR)-5,6-Dimethoxy-5,6-
dimethyl-hexahydro-1,4, *trioxa-cyclopropala]napthalen-2-onecis-114and
trans-114

/ /
Qs Qs
S S
Of -~ Of _~

O
o m O

cis trans X-ray crystal structure of cisl14

Hydrogen peroxide (750 pL of a 30% w/v solution in water, 6.61 mmol) and Triton
B (29 pL of a 40% w/w solution MeOH, 0.05 mmol) were added to a stirred solution
of enoneent71 (200 mg, 0.83 mmol) in THF (2 mL) at O jC under Ar. The resulting
mixture wasallowed towarmto rt and stirred for 19 h. Then, saturatedsSklq (5

mL) was added and the layers were separated. The aqueous layer was extracted with
CHCl, (5 + 5 mL). The combined organic extracts were dried (MgSand
evaporated under reduced pressto give the cre producivhich contained a 65:35
mixture of epoxidesis-114 andtrans-114 (by 'H NMR spectroscopy). Purification

by flash column chromatography on silica with pe#tDAc (1:1) as eluent gave
epoxidetrans-114 (64 mg, 30%) as a whisolid, mp 13@132 iC; [ ]p +180.3 € 1.0

in CHCL); Re (1:1 petrolEtOAc) 0.65; IR Thin Film) 2951, 1720 (C=0), 1377,
1143, 1113, 888m™; 'H NMR (400 MHz; CDC}) ' : 4.06 (dd,J = 9.5, 1.0 Hz, 1H,
CHO), 3.81 (ddd,J = 14.5, 9.5, 3.5 Hz, 1H, CHD3.48 (d,J = 3.0 Hz, 1H,
CHOcpoxidd, 3-36 (s, OMe), 3.28 (dfl = 3.0, 1.0 Hz, 1H, CHQoxidd, 3.23 (s, 3H,
OMe), 2.59 (t,J = 14.5 Hz, 1H,CHaHg), 2.40 (ddd,J = 14.5, 3.5, 1.0 Hz, 1H,
CHaHg), 1.36 (s, 3H, Me), 1.30 (s, 3H, MéJC NMR (100.6 MHz; ©Cls) ' : 202.5
(C=0), 100.5 (OCO), 99.9 (OCO), 68.8 (CHO), 67.7 (CHO), 57.1 (CHO), 54.7
(CHO), 48.3 (OMe), 48.2 (OMe), 38.9 (@K 17.6 (Me), 17.5 (Me); MS (ESI) 281
[(M + Na)", 14], 259 [(M + HJ, 14], 227 (100); HRMS (ESt/zcalcd for G2H1g0s

(M + H)" 259.1176, found 259.1171 (1.8 ppm error) and epogisi¢14 (106 mg,
50%) as a white solid, mp 18244 ;C; [ ]p +87.4 € 1.0 in CHC}); Re (1:1 petrot
EtOAc) 0.55; IR Thin Film) 2950, 1722 (C=0), 1379, 1135, 866""; 'H NMR
(400 MHz; CDC}) ' : 4.30 (dd, J = 11.5, 9.5, 6.5 Hz, 1H, CHQ4.06 (d,J = 9.5
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Hz, 1H, CHQ, 3.61 (d,J = 4.0 Hz, 1H, CHQoxiad, 3.39 (d.J = 4.0 Hz, 1H,
CHO¢gpoxidd, 3.32 (s, OMe), 3.26 (s, 3H, OMe), 2.72 (dd7 19.0, 6.5 Hz, 1H,
CHaHg), 2.31 (dd,J = 19.0, 11.5 Hz, 1H, BaHg), 1.39 (s, 3H, Me), 1.29 (s, 3H,
Me); **C NMR (100.6 MHz; CDG) ': 201.5 (C=0), 100.3 (OCO), 99.4 (OCO),
68.2 (CHO), 60.5 (CHO), 55.8 (CHO), 55.1 (CHO), 48.2 (OMe), 48.0 (OMe), 40.7
(CHy), 17.7 (Me), 17.6 (Me); MS (ESI) 281 [(M + Na)14], 227 (100); HRIS
(ESI)m/zcalcd for GoH1g0s (M + Na)* 281.0996, found 281.0995 (0.2 ppm error).

Crystal structure determination of epoxidecis-114

CioH180s, M = 258.26, monoclinic,a = 6.84156(13),b = 7.72334(13),c =
12.3930(2) »," = 93.6531;,U = 653.51(2) «*, T = 110(10) K, space group2;, Z =
4, u(Mo-K!) = 0.096mmi*, 8114 reflections measured, 3594 unigBg; € 0.0251)
which were used in calculations. The final R1 was 0.0390- (J>&d wR2 was
0.0993 (all data).

Lab Book Ref: djb2/79

tert-Butyl hydrogen peroxide (12 pL of a 6.0 M solution in decane, 2.07 mmol) and
Triton B (12 pL of a 40% w/w solution MeOH, 0.03 mmol) were added to a stirred
solution of enonent71 (100 mg, 0.41 mmol) in THF (2 mL) at O jC under Ar. The
resulting mixturewas allowed to warm to rt and stirred for 19 h. Then, saturated
NH.Clag) (5 mL) was added and the layers were separated. The aqueous layer was
extracted with CRCl, (5 + 5 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reducedessure to give the crude product.
Purification by flash column chromatography on silica with pdit@Ac (1:1) as
eluent gave epoxidieans-114(86 mg, 806) as a white solid.

Lab book reference: djb4/8
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(4S,55)-4,5-Dihydroxy-3-methylcyclohex2-enonell5

OH
HO[,.

O

A solution of"-methyl enonell7 (89 mg, 0.35 mmol) in TFA (2 mL) and water
(200 pL) was stirred at rt for 15 min. The solvent was evaporated under reduced
pressure to givéhe crude productPurification by flash column chromatography on
silica with EtOAc as eluent gave ditll5 (36 mg, 74%) as a colourless oil)]4
+107.0 € 1.0 in MeOH) )((Lit.?> +11.3 € 0.01 in MeOH) for a ~60:40 mixture of
(§9-115and RR)-115isolated fromLasiodiplodia theobromgeR: (EtOAc) 0.19;

IR (Thin Film) 3324 (OH), 1631 (C=0), 1266, 1053 cffi; '"H NMR (400 MHz,
CD;OD) ' : 5.8666.83 (m, 1H, =CH), 4.09 (dl = 7.0 Hz, 1H, CHO), 3.90 (ddd,=
10.0, 7.0, 4.5 Hz, 1H, CHO), 2.68 (dt= 16.5, 4.5 Hz, 1HCHAHg), 2.40 (ddJ =
16.5, 10.0 Hz, 1H, CkHg), 2.05 (s, 3H, Me)*C NMR (100.6 MHz; CROD) ' :
198.4 (C=0), 163.5 EMe), 126.0 (=CH), 73.5 (CHO), 71.4 (CHO), 43.3 (H
19.5 (Me); MS (ESI) 279 [(M + N&) 75], 257 [(M + HJ, 100], 225 (71), 193 (55);
HRMS (ESI)m/zcalcd for GH1¢0s (M + H)* 143.0703, found 143.070&@.3 ppm
error), calcd for €H;00s (M + Na)* 165.0521, found 165.0522 (0.7 ppm error).
Spectroscopic data are consistent with those reported in the litefature.

Lab book reference: djbl3/37

(4R,5R)-4,5-Dihydroxy -3-methylcyclohex2-enoneent115

OH

HOL ; ~
o)
A solution of"-methyl enoneent117 (30 mg, 0.12 mmol) in TFA (2 mL) and water
(200 pL) was stirred at rt for 15 min. The solvent was evaporated under reduced

pressure to give the crude product. Purification by flash column chromatography on
silica with EtOAc as eluent gave dieht115 (15 mg, 90%) as a colourless oil]4
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#166.8 € 0.5 in MeOH]J(Lit.,** +11.3 € 0.01 in MeOH) for a ~60:40 mixture of
(§9-115and RR)-115isolated fromLasiodiplodia theobromgeRr (EtOAc) 0.19

Lab book reference: djbl3/22

(4S,55)-4,5-Dihydroxy -2-methylcyclohex2-enonell6

OH
HO,,,

O

A solution of! -methyl enonell8 (15 mg, 0.06 mmol) in TFA (1 mL) and water
(100 pL) was stirred at rt for 15 min. The solvent was evaporated under reduced
pressure to give thcrude productPurification by flash column chromatography on
silica with EtOAc as eluent gave di@ll6 (7 mg, 84%) as a colourless oil,]§
+141.4 € 0.7 in MeOH)(Lit.,**® +11.3 € 0.01 in MeOH));R- (EtOAc) 0.16 IR
(Thin Film) 3327(0OH), 1642(C=0), 1051, 883 cf; *H NMR (400 MHz,CDs0OD)
':6.62 (dgJ = 2.5, 1.5 Hz, 1H, =CH), 4.#4.17 (m, 1H, CHO), 3.79 (ddd,= 11.5,
7.5, 4.5 Hz, 1H, CHO), 2.69 (dd,= 16.0, 4.5 Hz, 1H, BaHz), 2.39 (dd,J = 16.0,
11.5 Hz, 1H, CHHg), 1.73 (dd,J = 2.0, 1.5 Hz, 3H, Me)**C NMR (100.6 MHz;
CD;OD) ': 198.5 (C=0), 146.8 (=CH), 135.4QMe), 72.3 (CHO), 72.1 (CHO),
44.1 (CH), 13.9 (Me); MS (ESI) 296 (34), 200 (63), 143 [(M +"H)00]; HRMS
(ESI) m/z caled for GH10s (M + H)" 143.0703, found 143.0698 (3.6 ppm error).
Spectroscopic data are corsig with those reported in the literatdre.

Lab book reference: djbl3/40
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(2R,3R,4aS,8aS)-2,3-Dimethoxy-2,3,8trimethyl -2,3,4a,5
tetrahydrobenzolb][1,4]dioxin-6(8aH)-one 117
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MeLi (620 pL of a 1.6 M solution in hexanes, 0.99 mmol) was added dropwise over
15 min to a vigorously stirred suspension of CuCN (44 mg, 0.50 mmol) in THF (2
mL) at ©78 jC under Ar. The resulting solution was stirredda8 jC for 20 min.
Then, a premixedolution of enon&l (100 mg, 0.41 mmoland MeSiCl (63 pL,

0.50 mmol)in THF (5 mL) was added dropwise over 30 min to give a yellow
solution. After stirring for 1 hsaturated NaHCg) (10 mL) was added and the
mixture was extracted with GBI, (3 + 20 mL). The combined organic extracts
were dried (MgSG) and evaporated under reduced pressure to give the crude silyl
enol ether. Pd(OAg)X9 mg, 0.08 mmol) was added to a stirred solution of the crude
silyl enol ether in DMSO (2 mL) and the resagfimixture was stirred at rt undeg O

for 20 h. Then, saturated NElxq) (L0 mL) and CHCI; (10 mL) were adde@nd the
layerswere separated. The aqueous layer was extracted wig@ICE + 10 mL).

The combined organic extracts were dried (MgS&hd evaorated under reduced
pressure tgive the crudgroduct. Purification by flash column chromatography on
silica with petrolEtOAc (4:1) as eluent gavesubstituted enon&l7 (97 mg, 92%)

as a white solid, mp 18032 C; []p #121.1 € 1.0 in CHC}); Re (4:1 petrol
EtOAc) 0.22; IR Thin Film) 2946, 2846, 2809, 164Z=0), 1359, 1108, 1065 ¢t

'H NMR (400 MHz, CDC)) ' : 5.85 (dgJ = 2.5, 1.0 Hz, 1H, =CH), 4.39 (ddd =

9.0, 2.5, 1.0 Hz, 1H, CHO), 4.05 (ddtk 13.5, 9.0, 5.0 Hz, 1H, CHO), 3.31 (s, 3H,
OMe), 3.26 (s, 3H, OMe), 2.70 (dd#l= 16.0, 5.0, 1.0 Hz, 1H,\Hg), 2.48 (ddJ
=16.0, 13.5 Hz, 1H, CkHg), 2.05 (tJ = 1.0 Hz, 3H, Me), 1.37 (s, 3H, Me), 1.33 (s,
3H, Me);**C NMR (100.6 MHz; CDGJ) ': 1960 (C=0), 160.4 (EMe), 127.5
(=CH), 100.7 (OCO), 99.7 (OCO), 71.0 (CHO), 67.8 (CHO), 48.19 (OMe), 48.16
(OMe), 42.2 (CH), 18.1 (Me), 17.8 (2 Me); MS (ESI) 279 [(M + N4&) 75], 257

[(M + H)*, 100], 225 (71), 193 (55); HRMS (ESt)/zcalcd for GsH200s (M + H)*
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257.1384, found 257.1383 (0.3 ppm error).

Lab book reference: djbl3/36

(2S,3S,4aR,8aR)-2,3-Dimethoxy-2,3,8trimethyl -2,3,4a,5
tetrahydrobenzolb][1,4]dioxin-6(8aH)-oneent117

MeLi (3.18 mL of a 1.53 M solution in hexanes, 4.96 mmol) was added dropwise
over 15 min to a vigorously stirred suspension of CuCN (222 mg, 2.48 mmol) in
THF (25 mL) atbr8 jC under Ar. The resulting solution was stirred# jC for 20

min. Then, a preired solution of enonent71 (500 mg, 2.07 mmoland MeSiCl

(314 pL, 2.48 mmoljn THF (17 mL) was added dropwise over 30 min to give a
yellow soltion. After stirring for 1 ha mixture of saturated NaHG& and EtN
(30:1, 50 mL) was added and thexture was extracted with GBI, (3 + 20 mL).

The combined organic extracts were dried (MgS&hd evaporated under reduced
pressure to give the crude silyl enol ether. Pd(@A&3 mg, 0.41 mmol) was added

to a stirred solution of the crude silyl enochet in DMSO (20 mL)at rt under Q

The resulting mixture was stirred at rt for 20 h under Then, saturated Ni€leg)

(50 mL) and CHCI, (30 mL) were addedand the layersvere separated. The
agqueous layer was extracted with L8 (5 + 20 mL). The comlmned organic
extracts were dried (MgSPp and evaporated under reduced pressurgite the
crude productPurification by flash column chromatography on silica with petrol
EtOAcC (4:1) as eluent gavesubstituted enonent117 (507 mg, 96%) as a white
solid, mp 13@®132 iC; [ ]p +116.2 €0.9 in CHCl,); R- (4:1 petrolEtOAC) 0.22.

Lab book reference: djb2/49



MeLi (744 pL of a 1.6 M solution in hexanes, 1.48nol) was added dropwise over
15 min to a vigorously stirred suspens@inCuCN (44 mg, 0.50 mmolh THF 6
mL) at ©78 jC under Ar. The resulting solution was stirredda8 jC for 20 min.
Then, a premixed solution of enoaet71 (100 mg, 0.4Immol) and MeSiCl (108
pL, 0.99mmol) in THF (5 mL) was added dropwise over 30 min to give a yellow
solution.After stirring for 30 min, a mixture of saturated NaH{z@and EtN (30:1,

20 mL) was added and the mixture was extracted withGGH3 + 20 mL). The
combined organic extracts were dried (Mgp@nd evaporated under reduced
pressure to give the cruddyl enol ether. Pd(OAg)X111 mg, 0.56nmol) was added

to a stirred solution of the crude silyl enol etmeMeCN (5 mL) at rt under ArThe
resulting mixture was stirred at rt for 20 h. Then, saturatedON4d) (20 mL) and
CHCl; (20 ml) were addednd the layerswvere separated. The aqueous layer was
extracted with CECl, (5 + 20 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressuregite the crude product
Purification by flash column chromatography on silicdhwpetrotlEtOAc (4:1) as
eluent gaveé -substituted enonent117 (64 mg, 61%) as a colourless oil.

Lab book reference: djb2/90

(2R,3R,4aS,8a5)-2,3-Dimethoxy-2,3, #trimethyl -2,3,4a,5
tetrahydrobenzolb][1,4]dioxin-6(8aH)-one 118
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Palladium catalystl20 (20 mg, 0.03 mmol) was added to a stirred solution of
iodoenonel19(90 mg, 0.25 mmol) anfles;Sn (136 pL, 0.98 mmol) in THF (5 mL)

at rt under Ar in a sealed tubEhe resulting mixturevas heated at 100 iC for 24 h.
After cooling to rt, saturated N&Oz;,q) (10 mL) was added. The mixture was
extracted with EO (3+ 10 mL) and the combined organics were extracted with 10%
KF g (30 mL), dried (MgS@ and evaporated under reduced pressure to give the



crude product. Purification by flash column chromaapiwy on silica with petrel
EtOAc (4:1) as eluent gavemethyl enonel18 (50 mg, 79%) as a white solid, mp
193 iC; [ ]o #30.1 € 0.5 in CHC}); Re (4:1 petrolEtOACc) 0.38; IR Thin Film)
1648(C=0), 1131, 1019, 880 cfy 'H NMR (400 MHz, CDC)) ': 6.61 (9,.J= 1.5
Hz, 1H, =CH), 4.44 (dJ = 9.0, 2.0 Hz, 1H, CHO), 3.98 (dddi= 13.5, 9.0, 5.0 Hz,
1H, CHO), 3.30 (s, 3H, OMe), 3.24 (s, 3H, OMe), 2.74 (Hd,16.5, 5.0 Hz, 1H,
CHaHg), 2.46 (dd,J = 16.5, 13.5 Hz, 1H, CkHg), 1.77 (ddJ = 2.0, 15 Hz, 1H,
=CMe), 1.35 (s, 3H, Me), 1.32 (s, 3H, MEC NMR (100.6 MHz; CDCI3) : 196.9
(C=0), 143.5 (=CH), 136.9 GMe), 100.7 (OCO), 99.8 (OCO), 69.3 (CHO), 68.3
(CHO), 48.21 (OMe), 48.14 (OMe), 41.9 (QH17.9 (Me), 17.8 (Me), 15.4 (Me);
MS (ESI) 320(25), 279 [(M + Na), 18], 266 (100), 257 (51); HRMS (ESt)/zcalcd
for CiH2005 (M + H)" 257.1384, found 257.1377 (2.4 ppm error), calcd for
Ci3H2005 (M + Na)* 279.1203, found 279.12081.9 ppm error).

Lab book reference: djbl3/45

PhsAs (18 mg, 0.06 mmol), B¢dba) (26 mg, 0.03 mmol), Cul (20 mg, 0.11 mmaol)
and ELNH (84 pL, 0.81 mmol) weraddel to a stirred solution of ioémonell9

(100 mg, 0.27 mmol) in THF (5 mL), atuhder Arin a sealed tube. After stirring

for 10 min,Me,Sn (150 pL, 1.08 mmol) was addedand the resulting mixture was
stirred and heated at 100 {C for 72 h. After cooling, 10%SRg.q (10 mL) and
Et,O (10 mL) were added and the layers were separated. The aqueous layer was
extracted with EO (3+ 10 mL) and theombined organics were extracted with 10%
KF g (30 mL), dried (MgS@ and evaporated under reduced pressure to give the
crude product. Purification by flash column chromatography on silica with petrol
EtOAc (4:1) as eluent gavemethyl enonel18 (22 mg 32%) as a white solidnd
enone’/1 (17 mg, 17%).

Lab book reference: djbl3/38
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(2R,3R,4aS,8aS)-7-lodo-2,3-dimethoxy-2,3-dimethyl-2,3,4a,5
tetrahydrobenzolb][1,4]dioxin-6(8aH)-one 119
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lodine (419 mg, 1.65 mmojnd DMAP (1 crystal) weradded to a stirred solution
of enone71 (200 mg, 0.83 mmol) in pyridine and GQJl:1, 5 mL) at rt. The
resulting mixture was stirred at rt for 2 h. Then, saturatebi8,q) (20 mL) and
Et,O (20 mL) were addednd the layersvere separated. The aquedager was
extracted with CECl, (3 + 20 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to give thde gouoduct
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gavaodoenonell9 (278 mg, 92%) as a white solid, mp £880 iC; [ ]p
#55.9 € 1.0 in CHC}); Re (4:1 petroiEtOAc) 0.70; IR Thin Film) 1654 (C=0),
1125, 881, 786 cffry 'H NMR (400 MHz, CDCJ) ' : 7.63 (d,J = 2.0 Hz, 1H, =CH),
4.48 (dd,J = 9.0, 2.0 Hz, 1HCHO), 4.06 (ddd, = 13.5, 9.0, 5.0 Hz, 1H, CHO),
3.31 (s, 3H, OMe), 3.26 (s, 3H, OMe), 2.98 (dd&; 16.5, 5.0 Hz, 1H, BaHg), 2.62
(dd,J = 16.5, 13.5 Hz, 1H, CkHg), 1.36 (s, 3H, Me), 1.33 (s, 3H, MéfC NMR
(100.6 MHz; CDC)) ' : 189.7 (C=0), 156.6 EGH), 103.6 (=Cl), 100.8 (OCO), 99.6
(OCO), 71.0 (CHO), 67.4 (CHO), 48.14 (OMe), 48.04 (OMe), 39.7,JCH.49
(Me), 17.42 (Me); MS (ESI) 390 [(M + N§)22], 369 [(M + HJ, 25], 432 (100);
HRMS (ESI)m/z calcd for G,H170s (M + H)" 369.0193, found 369.0202/%.4
ppm error). Spectroscopic data are consistent with those reported in the litéfature.

Lab book reference: djbl3/35



(2S,3S,4aR,8aR)-7-lodo-2,3-dimethoxy-2,3-dimethyl-2,3,4a,5
tetrahydrobenzop][1,4]dioxin-6(8aH)-oneent119

lodine (4.D g, 16.52 mmolland DMAP (1 crystal) weradded to a stirred solution
of enoneent71 (2.0 g, 4.26mmol) in pyridine and CGI(1:1, 20 mL) at rt. The
resultingmixture was stirred at rt for 2 h.hén, saturated N&Oz(aq) (30 mL) and
Et,O (30 mL) were addednd the layersvere separated. The aqueous layer was
extracted with CECl, (5 + 20 mL). The combined organic extracts were dried
(MgSQy) and evaporate under reduced pressure to gatee crue@ product.
Purification by flash column chmeatography on silica with petr@tOAc (4:1) as
eluent gavéodoenoneent119(2.82 g, 93%) as a white solid, mp £880 ;C (lit.>®
1900192 iC); | ]o +62.4 € 0.5 in CHCl,) (lit.,*® +64.4, € 0.39 in CHCL,)); MS
(ESI) 390 [(M + Naj, 22], 369 [(M + HJ, 25], 432 (100); HRMS (ESkn/zcalcd

for CioH1710s5 (M + H)* 369.0193, found 369.0202Z.4 ppm error)Spectroscopic
data are consistent with those reported in the liter&fure.

Lab book reference: djb1/47
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(2S,3S,4aR,8aR)-8-Butyl-2,3-dimethoxy-2,3-dimethyl-2,3,4a,5tetrahydrobenzo
[b][1,4]dioxin-6(8aH)-one 124

Table 3.1, entry 3

n-BuLi (3.24 mL of a 1.53 M solution in hexanes, 4.96 mmol) was added dropwise
over 15 min to a vigorously stirred suspension of CuCN (222 mg, 2.48 mmol) in
THF (25 mL) atbr8 jC under Ar. The resulting solution was stirred# jC for 20
min. Then, a pmaixed solution of enonent71 (500 mg, 2.07 mmoland MeSiCl

(314 pL, 2.48 mmoln THF (17 mL) was added dropwise over 30 min to give a
yellow solution. After stirring for 30 min, a mixture of saturated NaHgand
EtN (30:1, 50 mL) was added arige mixture was extracted with GEl, (3 + 20
mL). The combined organic extracts were dried (MgSé&nd evaporated under
reduced pressure to give the crude silyl enol ether. Pdgd88)mg, 0.41 mmol)
was added to a stirred solution of the crude silyl etlog in DMSO (20 mL) at rt
under Q. The resulting mixture was stirred at rt for 20 h undgrTen, saturated
NH4Clg) (50 mL) and CHCI, (30 mL) were addedind the layersvere separated.
The aqueous layer was extracted with,CH (5 + 20 mL). Thecombined organic
extracts were dried (MgSPp and evaporated under reduced pressurgive the
crude productPurification by flash column chromatography on silica with petrol
EtOAc (4:1) as eluent gavesubstituted enon&24 (507 mg, 82%) as a colourless
oil, [']o +98.1 € 0.9 in CHCl,); Re (4:1 petrolEtOAc) 0.41; IR Thin Film) 2956,
1677(C=0), 1378, 1270, 1082, 886 €m'H NMR (400 MHz, CDCJ) ' : 5.83 (dq,J

= 2.5, 1.0 Hz, 1H, =CH), 4.45 (ddi,= 9.0, 2.5, 1.0 Hz, 1H, CHO), 4.04 (ddds
13.5, 9.0, 5.0 Hz, 1H, CHO), 3.33 (s, 3H, OMe), 3.26 (s, 3H, OMe), 2.69 Jddd,
16.0, 5.0, 1.0 Hz, 1H, IxHg), 2.4%2.31 (m, 2H), 2.47 (ddl = 16.0, 13.5 Hz, 1H,
CHaHg), 1.581.28 (m, 4H), 1.37 (s, 3H, Me), 1.33 (s, 3H, Me), 0.93 &,7.0 Hz,

3H, CH,Me); *C NMR (100.6 MHz; CDG) ': 196.1 (C=0), 164.3 (=C), 125.9
(=CH), 100.5 (OCO), 99.4 (OCO), 70.2 (CHO), 67.8 (CHO), 48.3 (OMe), 48.0
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(OMe), 42.0 CH,CO), 30.7 (CH), 29.1 (CH), 22.4 (CH), 17.7 (Me), 17.6 (Me),
13.8 (CHMe); MS (ESI) 321 [(M +Na)’, 58], 299 [(M + HJ, 100], 267 (32), 235
(50); HRMS (ESI)m/zcalcd for GeH260s (M + H)™ 299.1853, found 299.1852 (0.5
ppm error).

Lab book reference: djb1/43

Table 6.1, entry 1

n-BuLi (744 pL of a 1.6 M solution in hexanes, 1.d8nol) was added dpwise
over 15 min to a vigorously stirred suspensidiCuCN (44 mg, 0.50 mmol) in THF
(5 mL) atbr8 jC under Ar. The resulting solution was stirredbég jC for 20 min.
Then, a premixed solution of enoaet71 (100 mg, 0.4Immol) and MeSiCl (108
pL, 0.99 mmol) in THF (5 mL) was added dropwise over 30 min to give a yellow
solution. After stirring for 30 min, a mixture of saturated NaHgdgand EtN (30:1,

20 mL) was added and the mixture was extracted withGGH3 + 20 mL). The
combined organic epdcts were dried (MgS) and evaporated under reduced
pressure to give the crude silyl enol ether. Pd(@A)1 mg, 0.56nmol) was added

to a stirred solution of the crude silyl enol etmeMeCN (5 mL) at rt under ArThe
resulting mixture was stirred a for 20 h. Then, saturated NElq) (20 mL) and
CHCI; (20 ml) were added@dnd the layersvere separated. The aqueous layer was
extracted with CECl, (5 + 20 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressuregite the crude product
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gavé -substituted enon&24 (69 mg, 56%) as a colourless oil.

Lab book reference: djb1/38
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(25,35,4aR,8R,8aR)- and (2S,3S,4aR,8S,8aR)-8-Butyl -2,3-dimethoxy-2,3,8
trimethylhexahydrobenzo([b][1,4]dioxin-6(7H)-onecis-125and trans125

/ / cis
0 s Q s O/W
ol-\)\o o-\)\o @)
7 OUAS AP B i
: “\j o) H
C}nOe
o enhancement
cis trans

Using general procedure & #78 iC, n-BuLi (2.07 mL of a2.5 M solution in
hexanes, 5.18nmol) and CuCN (233 mg, 2.60 mmol) in THF (26 mL), and a
premixed solution of enorent117 (555 mg, 2.17 mmoland MegSiCl (550pL, 4.33
mmol) in THF (19 mL)followed by TBAF (2.4 mL of a 1.0 M solution in THF, 2.4
mmol) in CHCl, (10 mL) gave the crude product. Purification by flash column
chromatography on silica with petrBIOAc (4:1) as eluent gave (b NMR
spectroscopy) an 85:15 mixture ®fdisubstituted ketonesis-125 and trans-125
(287 mg, 42%) as eolourless o0ilRr (4:1 petrolEtOACc) 0.43; IR Thin Film) 2955,
1720 (C=0), 1461, 1378, 1212, 1121, 1048, 888 cthl NMR (400 MHz, CDCJ)

': 4.01 (dddJ = 12.0, 10.0, 6.0 Hz, 0.15H, CHLJ), 3.98 (ddd,) = 12.0, 10.0, 6.0
Hz, 0.85H, CHQs), 3.77 (d,J = 10.0 Hz, 0.85H, CH®), 3.71 (d,J = 10.0 Hz,
0.15H, CHQang), 3.29 (s, 2.55H, OMg), 3.28 (s, 0.45H, OMany), 3.22 (s, 0.45H,
OMeyang), 3.21 (s, 2.55H, OMg), 2.6E2.09 (m, 4H), 1.680.83 (m, 18H):**C
NMR (100.6 MHz; CD{) (OMeyans,3 + Me and 2+ CH, resonances not resolved)
': 207.5 (C=Qs), 207.1 (C=Q@any), 99.9 (OCQy), 99.8 (OCQany, 99.5 (OCQy),
99.4 (OCQany), 74.7 (CHQs), 77.3 (CHQang), 65.6 (CHQs), 65.2 (CHQans), 51.3
(CHgcis), 48.1 (OM@is), 47.9 (OM@is), 47.8 (OMeyans), 45.2 (CHis), 39.4 (Gis), 38.1
(Cirang), 37.9 (CHkis), 32.0 (CHuang), 25.7 (CHiran), 25.4 (CHis), 24.1 (Chrang),
23.4 (CHyis), 18.6 (Mgis), 17.8 (M&is), 17.7 (M@ang), 14.2 (M&ang, 14.1 (Mejs);
MS (ESI) 337 [(M + Na), 100], 283 (44); HRMS (ESkn/zcalcd for G/H300s (M +
Na)" 337.1985, found 37.199%3.3 ppm error).

The relative stereochemistry wassigned by the nOe enhancemedicated

Lab book ref: djb2/51/2
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Using general procedure & #78 iC, MeLi (2.7 mL of a 1.5 M solution in ¥,
4.05 mmol) and CuCN (182 mg, 2.03 mmol) in THF (20)m&and a premixed
solution ofenonel24 (200 mg, 1.69 mmoland MeSiCl (429 pL, 3.38 mmol) in
THF (15 mL) followed by TBAF (1.9 mL of a 1.0 M solati in THF, 1.9 mmol)in
CHCl, (10 mL) gave the crude product. Purification by flash column
chromatography on silica with petrBLOAc (4:1) as eluent gave (byd NMR
spectroscopy) a 62:38 mixture ‘oidisubstituted ketoness-125andtrans125 (364

mg, 69%) as aolourless oll

Lab book ref: djb2/52

(2S,3S,48R,8aR)-2,3-Dimethoxy-2,3-dimethyl-7-(prop-1-en-2-yl)-2,3,4a,5
tetrahydrobenzolb][1,4]dioxin-6(8aH)-one 135

(2)-Propenyl MIDA boronic ester2 (42 mg, 0.22nmol), palladium catalysi20 (8
mg, 0.0lmmol) and KPO, (504 pL of a 3 M solution in water, 1.5fmol) were
added sequentially to a stirred solution of iedoneent199 (72 mg, 0.20 mmol) in
THF (7mL) at rt under Ar. Theesultingmixture was stirred and heated at reflux for
52 h. Then, water (10 mL) and GBI, (10 mL) were adde@nd the layersvere
separated. The aqueous layer was extracted witlClzkb + 10 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressure ® giv
the crude productPurification by flash column chromatography on silica with
CH.Cl>-Et,0 (99:1) as eluent gaygopenylenonel35(44 mg, 80%) as a yellow all,
Rr (4:1 petroEtOACc) 0.33 'H NMR (400 MHz, CDGJ) ' : 6.72 (d,J = 2.0Hz, 1H,
CH=CCO, 5.21 (s, 1H=CHaHg), 5.09 (t,J = 2.0Hz, 1H, =CHaHg), 4.49 (ddJ =
9.0, 2.0Hz, 1H, CHO), 4.02 (ddd,J = 13.5, 9.0, 5.(Hz, 1H, CHO), 3.33 (s, 3H
OMe), 3.27 (s, 3HOMe), 2.79 (dd,J = 16.5, 5.0 Hz, 1HCHAHg), 2.50 (dd,J =
16.5, 135 Hz, 1H, CHaHg), 1.89 br s 3H, =CMe), 1.37 (s, 3H, Me), 1.33 (s, 3H,
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Me); °C NMR (100.6 MHz;CDCly) ' : 195.6 (C=0), 143.3GH=CCO), 142.0 (=C),
139.8 (=C), 117.1 (=CH), 100.2 (OCO), 99.6 (OCO), 69.2 (CHO), 67.6 (CHO), 48.2
(OMe), 48.1 (OMe), 42.5 (CB} 22.2 (=CMe), 17.7 (Me), 17.6 (MeylS (ESI) 305
[(M + Na)", 100], 322 (1§ HRMS (ESI) m/z calcd for GsH».0s (M + Na)
305.1359, found 305.1355 (1pdm error).

Lab book reference: djb154

(2S,3S,4aR,8S,8aR)- and (2S,3S,4aR,8R,8aR)-8-(But-3-enyl)-2,3-dimethoxy-2,3
dimethylhexahydrobenzop][1,4]dioxin-6(7H)-onetrans-142and cis-142

/ /
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/O,\/\Q /o,\/\g
@) - @) - o
) U
) )
trans cis

Table 3.2, entry 1

Using general procedure, Butenyl magnesium bromidet6 (12 mL of a 0.08V
solution in THF, 0.99 mmol) [prepared from brobutl-ene (101 pL, 0.99 mmol)
andmagnesium turnings (36 mg, 1.49 mmol) in THF (12 ratgording to general
procedure F] and CuBBMe, (17 mg, 0.08 mmol) imMHF (5 mL), anda premixed
solution ofenoneent71 (100 mg,0.41 mmol) andMesSiCl (57 pL, 0.45 mmol)n
THF (4 mL), followed by TBAF (454 pL of a 1.0 M solution in THF, 0.45 mmol) in
CHCl, (10 mL) gave the crude product. Purification by flash column
chromatography on silica with petr@tOAc (4:1) as eluent gave (b NMR
spectroscopy) a 96:4 mixture Ofsubstituted ketonesans-142 and cis-142 (113
mg, 92%) as a colourless d#% (4:1 petrolEtOAc) 0.31; data forrans-142'H NMR
(400 MHz, CDC}) ' : 5.74 (ddtJ = 17.0, 10.0, 6.0 Hz, 1H,K=CH,), 4.98 (ddd,] =
17.0, 3.0, 1.5 Hz, 1H, =@xHz), 4.73 (br d,J = 10.0 Hz, 1H, =Cl{Hg), 3.74 (ddd)
=12.5, 10.0, 6.0 Hz, 1H, CHO), 3.57 Jt= 10.0 Hz, 1H, CHO), 3.27 (s, 3H, OMe),
3.20 (s, 3H, OMe), 2882.37 (m, 3H), 2.1#1.88 (m, 4H), 1.881.72 (m, 1H), 1.3
1.16 (m, 7H).

Lab book reference: djb2/9



Table 3.2, entry 2

Using general procedure, Butenyl magesium bromidel46 (12 mL of a 0.08V
solution in THF, 0.99 mmol) [prepared from brobutl-ene (1Q pL, 0.99 mmol)
andmagnesium turnings (36 mg, 1.49 mmol) in THF (12 ratgording to general
procedure F] an@€uCN (8 mg, 0.08 mmol) in THF (5 mLanda premixed solution
of enoneent71 (100 mg, 0.41 mmol) aniesSiCl (57 pL, 0.45 mmol)n THF (4
mL), followed by TBAF (454 pL of a 1.0 M solution in THF, 0.45 mmol) in &
(10 mL) gave the crude product. Purification by flash column chromatography on
silica with petrolEtOAc (4:1) as eluent gave (B NMR spectroscopy) a 56:44
mixture of"-substitued ketonesrans-142andcis-142 (78 mg, 64%) as a colourless
oil, Re (4:1 petrolEtOAc) 0.31;Re (4:1 petrolEtOAc) 0.31;'H NMR (400 MHz,
CDCl) ' : 5.7%¥5.08 (m, 1H, E1=CH,), 5.014.94 (m, 1H, =EisHz), 4.94%4.90 (m,
1H, =CHaHg), 3.988.88 (m, 0.88 H2 + CHOjs), 3.74 (dddJ = 12.5, 10.0, 6.0 Hz,
0.56H, CHOvang), 3.57 (t,J = 10.0 Hz, 0.56H, CHQns), 3.27 (S, 1.68H, OMgns),
3.26 (s, 1.32H, OMg), 3.20 (s, 1.68H, OMans), 3.18 (s, 1.32H, OMg), 2.582.37
(m, 3H), 2.1P1.88 (m, 4H), 1.881.72 fm, 1H), 1.381.16 (m, 1H),1.31 (s,1.68H,
Merang), 1.28 (s, 1.68H, Mgny), 1.27 (s, 1.32H, M@), 1.26 (s, 1.32H, M@).

Lab book reference: djb2/8

Table 3.2, entry 3

Using general procedure, Butenyl magnesium bromidet6 (60 mL of a 0.17 M
solution in THF, 9.91 mmol) [prepared from brobutl-ene (1.34 mL, 9.91 mmol)
and magnesium turnings (361 mg, 14.86 mmol) in THF (60 mlLjoeding to
general procedure F] and Cu8Me; (340 mg, 1.65 mmol) in THF (100 mlLanda
premixel solution ofenoneent71 (2.0 g, 8.26 mmol) and M&ICI (1.15 mL, 9.09
mmol) in THF (66 mL) followed by TBAF (9.91 mL of a 1.0 M solution in THF,
9.91 mmol) in CHCI, (50 mL) gave the crude product. Purification by flash column
chromatography on silicavith petrolEtOAc (4:1) as eluent gave (b NMR
spectroscopy) &5:45 mixture of'-substituted ketonesans-142 andcis-142 (1.21

g, 49%) as a colourless oil.

Lab book reference: djb2/18



(25,35,4aR,8S,8aR)- and (2S,3S,4aR,8R,8aR)-2,3-Dimethoxy-2,3-dimethyl-8-
(pent-4-enyl)hexahydrobenzobp][1,4]dioxin-6(7H)-onetrans-143and cis-143

/ /
As A5
RS JRu
O O
trans cis

Table3.3 entryl

Using general procedure&@br8 jC, pentenylithium (13.6 mL of a 0.73 M solution
in ELO, 9.91 mmol) [prepared from bromopdnrene (1.19 mL, 10.06 mmol) and
lithium granules (132 mg, 22.14 mmol) in,@t (15 mL) according to general
procedure G and CuCN (444 mg, 48 mmol) in THF (50mL), anda premixed
solution ofenoneent71 (1.0 g, 4.13 mmol) an¥e;SiCl (1.05 mL, 8.26 mmolin
THF (33 mL), followed byTBAF (4.54 mL of a 1.0 M solution in THF, 4.53 mmol)
in CHXCI, (20 mL) gave the crude product. Purification by flash column
chromaography on silica with petrdftOAc (4:1) as eluent gave (b NMR
spectroscopy) &0:50 mixture of'-substituted ketonesans-143 andcis-143 (1.01
g, 83%) as a colourless di; (4:1 petrolEtOAc) 0.47; IR Thin Film) 2945, 1721
(C=0), 1650(C=C), 1458, 1121, 1050, 912 ém'H NMR (400 MHz, CDCJ) ' :
5.8%5.73 (m, 1H, G=CH,), 5.084.91 (m, 2H, CH=El,), 4.088.90 (m, 1H,
CHOs and CHQ;e), 3.77 (ddd,J = 12.5, 9.5, 6.0 Hz, 0.5H, CH@\), 3.59 (tJ=9.5
Hz, 0.5H, CHQang), 3.30 (s, 1.5H, OMe}8.29 (s, 1.5H, OMe), 3.24 (s, 1.5H, OMe),
3.22 (s, 1.5H, OMe), 2.62.41 (m, 3.5H), 2.181.90 (m, 3.5H), 1.881.73 (m, 1H),
1.5%91.36 (m, 1H), 1.361.11 (m, 7.5H), 0.980.88 (m, 0.5H)*C NMR (100.6
MHz; CDCkL) (OMe resonance not resolved) 207.4 (C=Qis), 206.3 (C=Qany),
138.4 CH=CHyis), 138.3 CH=CHatrans), 114.5 (CHEHztrans), 114.4 (CHEH i),
99.6 (OCQis), 99.5 (OCQang), 99.3 (OCQany), 98.9 (OCQs), 73.3 (CHQany), 71.7
(CHOis), 68.3 (CHQans), 64.5 (CHQs), 47.88 (OMe), 47.85 (OMe}7.79 (OMe),
44.84 (CH), 44.82 (CH), 44.79 (CH), 43.9 (CH), 36.7 (CHi), 36.4 (CHuany), 33.7
(CHy), 33.5 (CH), 30.4 (CH), 27.0 (CH), 26.4 (CH), 25.4 (CH), 17.64 (Me),
17.59 (Me), 17.57 (Me), 17.52 (Me); MS (ESI) 335 [(M + N&36], 281 (100);
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HRMS (ESl)m/zcalcd for G/H2s0s (M + Na)* 335.1829, found 335.1826 (0.9 ppm

error).

Lab book reference: djb2/46, djb2/47

Table3.3, entry 2

Using general procedure Ci#d8 jC, pentenyllithium(7.00 mL of a 0.70 M solution

in ELO, 4.90mmol) [prepared from bromeptl-ene (1.19 mL, 10.06 mmol) and
lithium granules (132 mg, 22.14 mmol) in,@t (15 mL) according to general
procedure G and CuCN (219 mg, 2.4%5nmol) in THF (25 mL),anda premixed
solution ofenoneent71 (494 mg, 2.04 mmplandMesSiCl (519 pL, 4.08 mmoljn
THF (16 mL) followed by TBAF (2.25 mL of a 1.0 M solution in THF, 2.25 mmol)
in CHXCI, (40 mL) gave the crude product. Purification by flash column
chromatography on silica with petrBIOAc (4:1) as eluent gave (b NMR
spectroscopy) &80:50 mixture of'-substituted ketonesans143 and cis-143 (571
mg, 89%) as a colourlesd.

Lab book reference: djb2/62, djb2/61

Table 3.3, entry 3

Using general procedure&@br8 jC, pentenyllithium(8.75 mL of a 0.62 M solution

in ELO, 5.46 mmol) [prepared from bromopdnene (1.19 mL, 10.06hmol) and
lithium granules (132 mg, 22.14 mmol) in,@t (15 mL) according to general
procedure G and CuCN (244 mg, 23 mmol) in THF (27 mL),anda premixed
solution ofenoneent71 (551 mg, 2.28 mmol) anllesSiCl (577 pL, 4.55 mmoljn
THF (18 mL), followed byTBAF (2.50 mL of a 1.0 M solution in THF, 2.50 mmol)
in CHXCI, (40 mL) gave the crude product. Purification by flash column
chromatography on silicaith petrolEtOAc (4:1) as eluent gave (b NMR
spectroscopy) 83:7 mixture of'-substituted ketonesans-26 andcis-26 (617 mg,
87%) as a colourless oil.

Lab book reference: djb2/69, djb2/70



Table 3.3, entry 4

Using general procedure & B78 jC pentenyllithium(10.0 mL of a 0.84 M solution

in ELO, 8.40 mmol) [prepared from bromopdnene (1.19 rh, 10.06 mmol) and
lithium granules (132 mg, 22.14 mmol) in,@t (15 mL) according to general
procedure G] andCuCN (376 mg, 4.20 mmol) in THF (42 mlLand a premixed
solution ofenoneent71 (847 mg, 3.50 mmol) anillesSiCl (888 pL, 7.00 mmoljn
THF (28 mL), followed byTBAF (3.85 mL of a 10 M solution in THF, 3.85 mmol)

in CHXCI, (40 mL) gave the crude product. Purification by flash column
chromatograpy on silica with petroEtOAc (4:1) as eluent gave (b NMR
spectroscopy) &7:23 mixture of'-substituted ketonesans143 andcis-143 (993
mg, 91%) as a colourless oll.

Lab book reference: djb2/71 djb2/72

4-((2S,3S,4aR,5S,8aR)- and 4-((2S,3S,4aR,5R,8aR)-2,3-Dimethoxy-2,3-dimethyl-
7-oxooctahydrobenzop][1,4]dioxin-5-yl)butanal trans-144and cis-144

\/\ \/\
CRSL

trans cis

OsQ (101 pL of a 0.0984M solution int-BuOH, 0.01 mmol) andNalO, (274 mg,

1.28 mmol) wereaddedto a stirred solution of a 93:mixture of pentenyl”-
substituted ketondsans-143andcis-143(100 mg, 0.32 mmol) idioxane and water
(3:1,2.36 ni) at rt under Ar. The resulting suspensieas stirred for 1 h at r.hen,

3 M HCl(aq) (20 mL) and CHCI, (20 mL) were added and the mixture was extracted
with CH,ClI, (3 + 20 mL). The combined organic extracts were dried (MgSQd
evaporated under reduced pressure to give the crude product. Purification by flash
column cromatography on silica with petrBtOAc (4:1) as eluent gawadehyde
trans-144 (390 mg, 9%) as a colourless oRr (1:1 petrotEtOAc) 0.37; IR Thin

Film) 1722 (C=0) 1377, 1212, 1122, 1049 &m'H NMR (400 MHz, CDCJ) '
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9.6%0.67 (m, 1H, CHO), 3.93 (dd,= 10.0, 4.5 Hz, 0.07H, CH%), 3.85 (dddJ =
11.5, 10.0, 5.5 Hz, 0.07H, CHg), 3.70 (dddJ = 12.0, 10.0, 6 Hz, 0.93H, CH®R\),
3.53 (t,J = 9.5 Hz, 0.93H, CH@ng, 3.22 (s, 3H, OMgns and OMegi), 3.17 (s,
2.7H, OMeyang), 3.15 (s, 0.2H, OMe;s) 2.552.31 (m, 5H), 2.061.89 (m, 2H),
1.861.67 (m, 2H), 1.5B1.43 (m, 1H), 1.2B1.22 (s, 6H, 2+ Me), 0.980.81 (m,
1H); **C NMR (100.6 MHz; CDGJ) (OMe resoance not resolved): 207.1 (C=0),
205.9 (C=0), 202.1 (CHO), 20 (CHO, 99.8 (OCO), 99.6 (OCO), 99.4 (OCO),
99.1 (OCO), 73.4 (CHO), 71.6 (CHO), 68.3 (CHO), 64.6 (CHO), 48.0 (OMe), 47.9
(OMe), 47.9 (OMe), 44.9 (ChH 44.9 (CH), 44.8 (CH), 43.9 (CH), 43.8 (CH),
43.75 (CH), 36.8 (@), 36.5 (CH, 30.6 (CH), 26.6(CH,), 20.2 (CH), 18.8 (CH),
17.74 (Me), 17.72 (Me), 17.63 (Me), 17.60 (Me); MS (ESI) 315 [(M ¥ H}], 283
(100); HRMS (ESI)m/z calcd for GeH260s (M + H)" 315.1802, found 315.1806
(#1.3 ppm error).

Lab book reference: djb2/63

Ozone gas was buldd through a solution of a 93:hixture of pentenyl”-
substituted ketonesans-143andcis-143(1.01 g, 3.23 mmol) in C¥l, (50 mL) at

br8 iC (the exhaust gas waguenched in a Drechsel Bottle containing saturated
Kl (g solution). Ozone gas was bubbldgtirough the solution until a t¢ colour
persisted. Then, Qwvas bubbled through the solution until the blue colour subsided.
Then,SMe, (15 mL, 210.16 mmol) was added and the mixture was then allowed to
warm to rt The resulting solution wastirred at rt for 18 h. The solvent was
evaporated under reduced pressure to gldehydetrans-144 (788 mg, 78%) as a

colourless ail.

Lab book reference: djb2/53

DMP (64 mg, 0.15 mmol) was added to a stirred solutionf -stibstituted keto
alcoholtrans147 (41 mg, 013 mmol) in CHCI; (3 mL) at rtunder Ar. The resutig
solution was stirred at rt for 2 fihen, saturated NaHG&,) (5 mL) and saturated
NaS;03(aq) (5 ML) were added and the resulting biphasic mixture was stirred at rt for
1 h. Then, CECIl; (10 mL) wasaddedand the layers were separatdthe aqueous
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layer was extracted wit@H,Cl, (3 + 10 mL). The combined organic extracts were
dried (MgSQ) and evaporatednder reduced pressito gve the crude product.
Purification by flash column chrortegraphy on silica with EtOAc as eluent gave
keto aldehyddrans-144 (31 mg, 78%) as a colourless &% (EtOAc) 0.62; *H
NMR (400 MHz, CDC}) ' : 9.75 (t,J = 1.5 Hz, 1H, CHO), 3.76 (ddd,= 12.5, 9.5,
5.5 Hz, 1H, CHQ, 3.59 (t,J = 9.5 Hz, 1H, CHQ, 328 (s, 3H, OMe), 3.23 (s, 3H,
OMe), 2.5%2.31 (m, 5H), 2.061.89 (m, 2H), 1.8R1.67 (m, 2H), 1.581.43 (m,
1H), 1.32 (s, 3H, Me), 1.30 (s, 3H, Me), 0EB181 (m, 1H).

Lab book reference: djb2/30

DMSO (508 pL, 7.16 mmol) was added dropwise to a stig@dtion of oxalyl
chloride (303 pL, 3.58 mmol) in Gigl, (14 mL) atbr8 jC under ArAfter stirring

for 30 min, a solution of a 96:#ixture of keto alcoholrans-147 andcis-147(1.03

g, 3.26 mmol) in CKCI; (10 mL) was added dropwisand the solution as stirred
for 30 min. ThenEBN (2.27 mL 16.28 mmol) was added and the solutwas
stirred for 15 minThen the reaction was allowed to warnm rt and stirred for 1 h.
Then, saturated brin@0 mL) was addednd the layers were separated. The aqueous
layer wasextracted with CEHCl, (3 + 20 mL). The combined organic extracts were
dried (MgSQ) and evaporated under reduced pressure to give'byWMR
spectroscopy) a 50:50 mixture of keto aldehyttaas144 and cis-144 (433 mg,
42%) as a colourless oil.

Lab book reference: djb2/40



(2S,35,4aR,8S,8aR)- and (2S,3S,4aR,8R,8aR)-8-(4-Hydroxybutyl) -2,3
dimethoxy-2,3-dimethylhexahydrobenzop][1,4]dioxin-6(7H)-onetrans-147and
cis-147

/ /
AS Qs
/O,\/\Q /O,\)\Q
O\Q/; O\Qg
O OH O OH
trans cis

BHz THF (180 pL of a 1.0 M solution in THE,.18 mmol) was added dropsei to a
stirred solution of a 96:fixture of"-substituted ketonesans-142 andcis-142 (44

mg, 0.15 mmol) in THF (3 mL) at rt under Afhe resulting solution was stirred at rt
for 1 h. Then, NaOH (74 pL of a 3 M solution in water, 0.22 mmol) was added
dropwise followed by BD, (77 pL of a 30% w/v solution in water, 0.66 mmol).
After stirring for 30min, saturated brine (10 mL) and & (10 mL) were added
and the mixture was extracted with &Hp (3 + 10 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to give the
crude product. Purification by flash colanthromatography on silica with petrol
EtOAc (1:1) as eluent gave (B NMR spectroscop alcoholtrans147 (41 mg,
88%) as a colourless ol (1:1 petrotEtOAc) 0.34;H NMR (400 MHz, CDC)) ':
3.78.67 (m, 1H, CHQ) 3.62 (t,J = 6.5 Hz, 2H, ®,0H), 3.53 (ddd,) = 12.0, 9.5,

4.0 Hz, 1H, CH(, 3.24 (s, 3H, OMe), 3.23 (s, 3H, OMe), 136 (m, 2H), 1.9

0.98 (m, 16H).

Lab book reference: djb/28

BH3 THF (4.83 mL of a 1.0 M solution in THE,83 mmol) was added dropwise to a
stirred solution of a 55:4&ixture of "-substituted ketonesans 142 and cis-142
(2.2 g, 4.83 mmol) in THF (20 mL) at rt under Aihe resulting solution was stirred
at rt for 1 h Then,NaOH (6.04 mLof a 3 M solution in water, 18.thmol) was
added dropwise followed by.B,(2.05 mL of a 30% w/v solution in water, 18.11
mmol). After stirring for 30 min, saturated brine (50 mL) and,Clr(50 mL) were
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added and the mixture was extracted with,Cll (3 + 50 mL). The combined
organic extracts were dried (Mg®@nd evaporated der reduced pressure to give
the crude product. Purification by flash column chromatography on silica with
petrobEtOAc (1:1) as eluent gave (B NMR spectroscopy) a 55:45 mixture 'of
substituted keto alcohotsans-147 andcis-147 (1.03g, 81%) as a dourless oil,R-

(1:1 petrolEtOAc) 0.34 'H NMR (400 MHz, CDCJ) ': 4.2%4.11 (m, 0.45H,
CHOys), 3.9%8.91 (m, 0.45H, CHQ), 3.748.67 (m, 0.55H, CHQy), 3.648.60

(m, 2H, GH,0H), 3.6@8.54 (m, 0.55H, CHQny, 3.31 (s, 1.35H, OMg), 3.29 (s,
1.35H, OMgjs), 3.24 (s, 1.6H, OMé@rang), 3.23 (s, 1.6H, OM@yans), 2.131.96 (M,
2H), 1.980.98 (m, 16H).

Lab book reference: djb/31

(2S,3S,4aR,10&S,10bR)-2,3-Dimethoxy-2,3-dimethyl-2,3,4a,5,8,9,10,10a
octahydronaphtho[1,2b][1,4]dioxin-6(10bH)-one 145and
(2S,3S,4aR,6aR, 7R,10aS,10bR)-7-Hydroxy-2,3-dimethoxy-2,3
dimethyldecahydronaphtho[1,2b][1,4]dioxin-6(10bH)-onecis-155

/ /
@) B @) s
JSC S
@) NG O NG

VG

o) O ' OH

145 Cis-155
K2COs (409 mg, 2.96 mmol) was added to a stirred solutiotranfs-144 (932 mg,
2.96 mmol) in MeOH (50 mL) at rt under AFfhe resulting mixturavas stirred at
room temperature for 20 hen, saturated brin®0 mL)and CHCI, (50 mL) were
added and the layergere separated. The aqueous layer was extracted wigBI£H
(3 + 50 mL). The combined organic extracts were dried (Mg<@d evaporated
under reduced pssure to give the crude produ@02 mg), which contained a
mixture of diastereomeric aldol prods¢by 'H NMR spectroscopy).

Mesyl chloride (237 pL, 3.06 mmol) arit;N (1.07 mL, 7.65 mmol) were added to
a stirred solution othe crude aldol product (802 mg, 2.55 mmiol)CH,CI, (10 mL)
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at 0 jC.The resulting mixture was then allowed to waomt andstirredat rtfor 2 h.
Then, saturated NaHGgy) (20 mL) was added and the layers were separated. The
agueous layer was extracted with L (3 + 50 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to give the
crude product which contained a mixture of diastereommesylatesand a trace
amount of an enon@®y ‘*H NMR spectroscopy).

DBU (381 pL, 2.55 mmol) was added to a stirred solutiothefcrude mesylates
benzene (100 mL) at under Ar.The resultingmixture was stirred and heated at
reflux for 5 h. Then, saturatedrine (20 mL) was added and the layers were
separated. The aqueous layer was extracted witlClzk8 + 50 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduqeessure to give
the crudeproduct. Purification by flash column chromatography on silica with
petrotEtOAcC (4:1) as eluent gave enohé5 (110 mg, 13%) as a colourless foam,
[']o +133.2 € 0.9 in CHCI,); Re (1:1 petrolEtOAc) 0.48; IR Thin Film) 1692
(C=0), 1617 (C=Cpm™; 'H NMR (400 MHz; CDC}) ' : 6.8556.83 (m, 1H, C=CH),
3.89 (dddJ = 12.5, 10.0, 5.0 Hz, 1H, CHO), 3.43 (dids 11.0, 10.0 Hz, 1H, CHO),
3.24 (s, 3H, OMe), 3.23 (s, 3H, OMe), 2.73 (dd&; 17.0, 5.0 Hz, 1H, BaHg), 2.42
(dd,J = 17.0, 12.5 Hz, 1H, CkHg), 2.412.11 (m, 4H), 1.881.78 (m, 1H), 1.5
1.37 (m, 1H), 1.31 (s, 3H, Me), 1.28 (s, 3H, Me), BR06 (M, 1H);"*C NMR
(100.6 MHz; CDCJ) ': 196.6 (C=0), 139.5 (G3H), 135.9 C=CH), 99.1 (OCO),
98.9 (OCO), 73.2 (CHO), 66.3 HD), 47.9 (OMe), 47.7 (OMe), 43.2 (GKI 37.4
(CH), 25.7 (CH), 25.2 (CH), 20.4 (CH), 17.6 (Me), 17.5 (Me); MS (ESI) 297 [(M

+ H)", 23], 265 (100); HRMS (ESIn/z calcd for GeH240s (M + H)" 297.1697,
found 297.101 #1.7 ppm error).

Lab book reference:djb2/66

(R)-Proline (17 mg, 0.02 mmol) was added to a stirred solutidraot-144 (96 mg,

0.31 mmol) in DMF (2 mL) at rt under AThe resulting mixture was stirred at rt for
17 h. Then, saturatedibe (10 mL)and CHCI, (10 mL) wereadded and the layers
were separated. The aqueous layer was extracted witICE + 10 mL). The
combined organic extracts were dried (Mgp@nd evaporated under reduced
pressure to give the crude enone product. Purification by flash column
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chromatograpy on silica with petreEtOAc (4:1) as eluent gave enoi#5 (32 mg,
35%) as a colourless foam and gave ati®ll55 (21 mg, 22%) as a colourless oill,
R (EtO) 0.30;'H NMR (400 MHz; CDC}) ': 4.00 (dd,J = 11.0, 9.5 Hz, 1H,
CHO), 3.89 (tdJ = 11.0, 45 Hz, 1H, CHOH), 3.69 (ddd), = 13.5, 9.5, 5.0 Hz, 1H,
CHO), 3.28 (s, 3H, OMe), 3.20 (s, 3H, OMe), 2.76 (dds 14.5, 13.5 Hz, 1H,
CHaHsCO), 2.55 (ddd,) = 14.5, 5.0, 1.0 Hz, 1H, GHHsCO), 2.31 (ddd,) = 10.5,
5.5, 1.0 Hz, 1H), 2.201.81 (m, 4H), 1.7R21.30 (m, 3H), 1.5R1.22 (m, 7H).

Lab book reference: djb3/36

(9-Proline (17 mg, 0.02 mmol) was added to a stirred solution of (931frathg-144

(96 mg, 0.31 mmol) in DMF (2 mL) at rt under Arhe resulting mixturevas stirred

at rt for 17 h.Then, satrated bine (10 mL) was added and the layers were
separated. The aqueous layer was extracted witiClzk8 + 10 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reducedgsure to give
the crudeproduct. Purification by flashotumn chromatography on silica with
petrotEtOAC (4:1) as eluent gave enoih¥5 (17 mg, 19%) as a colourless foam and
gave aldokis-155(44 mg, 46%) as a colourless oil.

Lab book reference: djb2/37

(2S,3S,4aR,6aR,10&S,10bR)-2,3-Dimethoxy-2,3-dimethyldecahydronaphtho[l,2-
b][1,4]dioxin-6(10bH)-one 156

Palladium on carbon (10 mg) was added to a stirred solution of dd4&(®3 mg,
0.31 mmol) in methanol (5 mL) at rt under hydrog&he resulting mixturavas
stirred at rt for 2 h. The reaction was filtered to remove solids and the solvent
removed under reduced pressure to give the crude product. Purification by flash
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column chromatography on silica with pettiOAc (4:1) as eluent gaveis
decalonel56 (10 mg, 13%) as a colourless foam, mpfii35 C, | |p +153.2 €0.7

in CH.Cl,); Re (1:1 petrolEtOAc) 0.61; IR Thin Film) 1712 (C=0) 1369, 995, 882
cm™; 'H NMR (400 MHz; CDC}) ' : 3.74 (ddd,J = 12.0, 10.0, 6.5 Hz, 1H, CHO),
3.60 (dd,J = 10.0, 9.5 Hz, 1H, CHO), 3.26 (s, 3H, OMe), 3.20 (s, 3H, OMe) £2.60
2.49 (m, 2H), 2.30 (br d = 12.5 Hz, 1H, COCH), 2.41..89 (m, 2H), 1.8P1.69 (m,
2H), 1.480.92 (m, 11H)Product decomposed on standing overnight

Lab book reference: djb3/41

(2S,3S,4aR,8aR)-2,3-Dimethoxy-2,3-dimethyl-8-(pent-4-enyl)-2,3,4a,5
tetrahydrobenzolb][1,4]dioxin-6(8aH)-one 157

Pentenyllithium(1.90 mL of a 0.5 M solution in EO, 0.95 mmol) [prepared from
bromopentl-ene (1.19 rh, 10.06 mmol) andithium granules (132 mg22.14
mmol) in E;O (15 mL)according to general procedure Wwds added dropwise over
15 min to a vigorously stirred suspension of CUCN (43 mg, 0.48 mmol) in THF (10
mL) at ©78 jC under Ar. The resulting solution was stirredda8 jC for 20 min.
Then, apremixed solution of enonent71 (96 mg, 0.40 mmoland MeSiCl (100
pL, 0.79 mmol)in THF (10 mL) was added dropwise over 30 min to giyeliow
solution. After stirring for 1 ha mixture of saturated NaHG&)and EtN (30:1, 10
mL) was added anthe mixture was extracted with GEl; (3 + 20 mL). The
combined organic extracts were dried (Mgp@nd evaporated under reduced
pressure to give the crude silyl enol ether. Pd(@A3 mg, 0.08 mmol) was added
to a stirred solution of the crude silyl érether in DMSO (10 mLjpt rt under Q
The resulting mixture was stirred at rt for 20 h under Then, saturated Ni€lg)
(20 mL) and CHCI, (30 ml) were addednd the layersvere separated. The aqueous
layer was extracted with GBI, (5 + 20 mL). The ombined organic extracts were
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dried (MgSQ) and evaporated under reduced pressurgivie the crude product
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gavé -substituted enon&57 (80 mg, 65%) as a colourless, ¢! |p +93.8 €
0.9 in CHCI,); Re (4:1 petrolEtOAC) 0.17; IR Thin Film) 2949, 167{C=0), 1377,
1132, 910 cit; 'H NMR (400 MHz, CDGJ) ': 5.8%5.78 (m, 1H, CH=C), 5.8
5.70 (m, 1H, €1=CH,), 5.084.87 (m, 2H, CH=El,), 4.41 (dd,J = 9.0, 1.0 Hz, 1H,
CHO), 4.00 (dddJ = 13.5, 9.0, 5.0 Hz, 1H, CHO), 3.29 (s, 3H, OMe), 3.22 (s, 3H,
OMe), 2.66 (ddd) = 16.5, 5.0, 1.0 Hz, 1H, xHgCO), 2.44 (ddJ = 16.5, 13.5 Hz,
1H, CH\HgCO), 2.5%2.28 (m, 2H), 2.122.02 (m, 2H), 1.681.48 (m, 2H),1.33 (s,
3H, Me), 1.28 (s, 3H, Me)}*C NMR (100.6 MHz; CDGJ) ' : 196.1 (C=0), 163.9
(CH=C), 137.8 CH=CH,), 126.1 CH=C), 115.3 (CH€H,), 100.7 (OCO), 99.5
(OCO), 70.3 (CHO), 67.8 (CHO), 48.5 (OMe), 48.1 (OMe), 42.1,§C8B.3 (CH),
30.6 (CH), 26.4 (CH), 17.8 (Me), 17.7 (Me); MS (ESI) 333 [(M + Na)p5], 279
(49), 179 (100); HRMS (ESIn/z calcd for G/H260s (M + Na)® 333.1672, found
333.1681 #2.5 ppm error).

Lab book reference: djb3/29

(2S5,35,48R,8S,8aR) and (2S,3S,4aR,8R,8aR)-2,3-Dimethoxy-2,3,8trimethyl -8-
(pent-4-enyl)hexahydrobenzobp][1,4]dioxin-6(7H)-onecis-158and trans-158

trans n

nOe
enhancement

trans

Using general procedure C at 0, jg&ntenyllithium(2.5 mL of a 0.18 M solution in
Et,O, 0.47 mmol) [prepared from bromopdnene (510 uL4.31 mmol) andithium
granules (66 mg, 9.49 mmol) in,Bx (15 mL)according to general procedure G],
CuCN (21 mg0.23 mmol) in THF (10 mL), and a premixed solutafrenoneent
117 (50 mg, 0.20 mmolandMesSiCl (49 pL, 0.39 mmol)n THF (5 mL), followed
by TBAF (2.25 mL of a 1.0 M solution in THF, 2.25 mmol) in &H, (10 mL) gave
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the crude product. Purification by flash column chromatography on silica with
petrotEtOAC (4:1) as eluent gavedisubstituted ketongans158 (13 mg, 20%) as

a colourless oilR: (4:1 petrolEtOAc) 0.65;'H NMR (400 MHz, CDCJ) ': 5.77
(ddt,J = 17.0, 10.0, 6.5 Hz, 1H,H=CH,), 4.97 (dddJ = 17.0, 3.5, 1.5 Hz, 1H,
CH=CHaHz), 4.94%.90(m, 1H, CH=CHyHg), 4.00 (ddd,) = 12.0 10.0 6.0 Hz, 1H,
CHO), 3.70 (d,J = 10.0 Hz, 1H, CHO), 3.27 (s, 3H, OMe), 3.21 (s, 3H, OMe), 2.57
(ddd,J = 14.0, 6.0, 2.5 Hz, 1H, KaHg), 2.49 (dddJ = 14.0, 12.0, 1.0 Hz, 1H,
CHaHg), 2.38 (dd,J = 14.5, 2.5 Hz, 1HCHaHg), 2.13 (dd,J = 14.5, 1.0 Hz,
CHaHg), 2.1601.92 (m, 2H), 1.681.54 (m, 1H), 1.4R1.29 (m, 2H), 1.29 (s, 3H,
Me), 1.28 (s, 3H, Me), 1.H1.00 (m, 1H) 1.08 (s, 3H, Me) and (B NMR
spectroscopy)ra86:14 mixture oenoneent117andcis-158(31 mg 8% ofcis-158)

as a colourless iRr (4:1 petrolEtOAc) 0.55;data forcis-158 'H NMR (400 MHz,
CDCl) ' : 5.76 (ddtJ = 17.0, 10.0, 6.5 Hz, 1H,H=CH,), 4.96 (dddJ = 17.0, 3.5,

1.5 Hz, 1H, CH=EiaHz), 4.984.91 (m,1H, CH=CHHg), 4.00 (ddd,J = 12.010.0

6.0 Hz, 1H, CHO), 3.70 (dl = 10.0 Hz, 1H, CHO), 3.27 (s, 3H, OMe), 3.21 (s, 3H,
OMe), 2.57 (dddJ = 14.0, 6.0, 2.0 Hz, 1H, KuHg), 2.49 (ddd,) = 14.0, 12.0, 1.0
Hz, 1H, CHHg), 2.26 (d,J = 14.0 Hz, 1H, ElaHg), 2.17 (dd,J = 14.0, 2.0 Hz,
CHaHg), 2.1601.92 (m, 2H), 1.681.54 (m, 1H), 1.4R1.29 (m, 2H), 1.29 (s, 3H,
Me), 1.28 (s, 3H, Me), 1.H1.00 (m, 1H)0.89 (s, 3H, Me).

The relative stereochemistry wassigned by the nOe enhancemedicated

Lab book reference: djb3/46

Using general prockire C at#78 iC, pentenyllithium(2.5 mL of a 0.18 M solution
in ELO, 0.47 mmol) [prepared from bromopdnrene (510 pl- 4.31 mmol) and
lithium granules (66 mg, 9.49 mmol) inBX (15 mL) according to general
procedure G], CuCN (21 mg, 0.23 mmol) aidPA (102 pL, 0.59mmol) in THF
(20 mL),anda premixed solution acfnoneent117 (50 mg, 0.20 mmol) anie;SiCl
(49 pL, 0.39 mmol)n THF (5 mL) followed by TBAF (2.25 mL of a 1.0 M solution
in THF, 2.25 mmol) in CKCI, (10 mL) gave the crude producurfication by flash
column chromatography on silica with petEtiOAc (4:1) as eluent gave (¥
NMR spectroscopy) a 50:50 mixture bfdisubstituted ketonesis-158 and trans
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158 (35 mg, 55%) as a caldless oil and starting enoeat117 (16 mg, 32%) a a
colourless solid.

Lab book reference: djb3/47

Using general procedure C+#8 iC, pentenyllithium(2.5 mL of a 0.18 M solution
in ELO, 0.47 mmol) [prepared from brapentl-ene (510 pL, 4.31 mmol) and
lithium granules (66 mg, 9.49 mmol) inBX (15 mL) according to general
procedure G], CuCN (21 mg, 0.23 mmol) &ie:.OEb (48 pL, 0.89mmol) in THF
(20 mL),anda premixed solution acfnoneent117 (50 mg, 0.20 mmol) anie;SiCl
(49 pL, 0.39 mmol)n THF (5 mL), followed byTBAF (2.25 mL of a 10 M solution

in THF, 2.25 mmol) in CKECl, (10 mL) gave the crude product. Purification by flash
column chromatography on silica with petEtiOAc (4:1) as eluent gave (¥
NMR spectroscopy) a 50:50 mixture ‘bfdisubstituted ketonesis-158 and trans-
158 (41 mg, 65%) as a colourless oil and starémgpneent117 (7 mg, 14%) as a

colourless oil

Lab book reference: djb3/48

Usinggeneral procedure C #78 iC, MeLi (241 uL of a 1.6 M solution in hexanes,
0.39 mmol), CuCN (21 mg, @2mmol) in THF (10 mL)anda premixed solution of
enonel57 (50 mg, 0.20 mmol) an¥esSiCl (49 pL, 0.39 mmoljn THF (5 mL),
followed by TBAF (193 mL of a 1.0 M solution in THF, 0.19 mmol) in &t (10
mL) gave the crude product. Purification by flash column chromatograpbifica
with petrotEtOAc (4:1) as eluent gave (Bl NMR spectroscopy) 88:42 mixture
of "-disubstituted ketoness-158andtrans-158 (5 mg, 10%) as a colourless oil and
starting enond57(31 mg, 62%) as a colourless oil.

Lab book reference: djb3/32



(4a'R,5'S,8a'S)-5'-(tert-Butyldimethylsilyloxy) -4a’',8'-dimethyl-3',4',4a',5'-
tetrahydro-1'H-spiro[[1,3]dioxolane-2,2"-naphthalen]-6'(8a'H)-one 160

TBSO

MeLi (256 pL of a 1.6 M solution in hexanes, 0.41 mmol) was added dropwise to a
stirred solution of enon&66 (69 mg, 0.20mmol) in THF (3 mL) at O jC under Ar.
The resulting mixturevas stirred at 0 jC for 1 h. Then, water (10 mL) anc,Cli

(10 mL) were addednd the layersvere separated. The aqueous layer was extracted
with CH,CI, (3 + 10 mL). The combinedrganic extracts were dried (Mg®Gnd
evaporated under reduced pressure to give the crude tertiary al&@h&ICC (88
mg, 0.41 mmol) was added to a stirred solutiohefcrude tertiary alcohol68in
CHCl, (10 mL) at rt under ArThe resultingnixturewas stirred at rt for 22 h. Then,
Celite (1 g) and EO (10 mL) were added and the solids were removed by filtration
through a Celite pad. The Celite pad was washed with £ (5 + 20 mL). The
combined organics were dried (Mgg@nd evaporatednaer reduced pressure to
give the crué product Purification by flash column chromatography on silica with
petrotEtOAc (4:1) as eluent gavemethyl enonel60 (58 mg, 8%) as a colourless
oil, [!]o #7.2 € 0.9 in CHC}); Re (1:1 petrolEtOACc) 0.28; IR {Thin Film) 2952,
1687 (C=0) 1626(C=C), 1100, 966, 943, 778 ¢fn'H NMR (400 MHz, CDCJ) ' :
5.855.82 (m, 1H, =CH), 4.GB.96 (m, 4H, OCKCH,0), 3.91 (s, 1H, CHO), 2.2
2.65 (m, 1H, =CMe@), 1.9191.85 (m, 2H), 1.85 (tJ = 1.5 Hz, 3H), 1.781.43 (m,
4H), 0.91 (s, 9H, SiBu), 0.82 (s, 3H, CMe), 0.19 (s, 3H, SiMe), 0.01 (s, 3H, SiMe);
¥C NMR (100.6 MHz; CDG) ': 198.0 (C=0), 160.7 (Me=CH), 126.1
(MeC=CH), 108.8 (OCO), 84.3 (CHO), 64.5 @Bl,), 64.3 (OCH), 45.6 CMe),
43.6 (=CMe&H), 34.0 (CH), 33.2 (CH), 30.4 (CH), 25.8 ((Me3) 21.6 MeC=),
18.7 CMes), 9.8 (Me),E8.9 (SiMe),£6.5 (SiMe); MS (ESI) 389 [(M + N&) 82],

367 [(M + H), 100); HRMS (ESIm/z calcd for GoHz404Si (M + H)" 367.2299
found 367.22894.8 ppm error).

Lab book reference: djbl/50
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(4a'R,5'R,8a'R)-5'-(tert-Butyldimethylsilyloxy) -4a’-methylhexahydro-1'H-
spiro[[1,3]dioxolane-2,2-naphthalen]-8'(8a'H)-one 161

TBSO

] 0]
HO\)

BH3 THF (18.9 mL, 18.9nmol) was added dropwise to a stirred solution of alkene
162 (5.34 g, 15.8mmol) in THF (50 mL) at O jQunder Ar.The resulting mixture

was stirred at 0 jC for 1 h and then at rt for 15 h. The mixture was cooled to 0 jC and
NaOH (24 mL of a 3 M solution, 0.@/Mmol) was added dropwise followed by®

(24 mL of a 30% w/v solution in water, 0.21 mol). Afeirring for 1 h at 0 jC, the
mixture was allowedat warm to rt and stirred at for 3 h. Then, CkCl, (100 mL)

was addedand the layeravere separated. The aqueous layer was extracted with
CH.Cl, (5 + 100 mL). The combined organic extracts were driegg§M,) and
evaporated under reduced pressure to give the crude aléid@l.(11.0 g, 31.5
mmol) was added in portions (1 g) to a stirred sofuof the crude alcohol ande4
sieves (12.0 g) in Ci€l, (100 mL) at O jC under ArThe resulting mixturavas
stirred at 0 jC for 1 h and then allowed to warm to rt and stirred at rt for 10 h. Then,
Celite (10 g) and EO (100 mL) were added and the solids were removed by
filtration through a Celite pad. The Celite pad was washed with £ (5 + 200

mL). The combied organics were dried (MggQand evaporated under reduced
pressure to give the cruétetone NaOMe (10 mL of a 25% wt. solution in MeOH,
36.65 mmol) was added dropwise to a stirred solution of the crude ketone in MeOH
(43 mL) at rt under ArThe resultig mixturewas stirred at rt for 18 h. The solvent
was evaporated under reduced pressure and water (100 mLy@nd. & mL) vere
added to the resultingesidue. The two layers were separated and the aqueous layer
was extracted with &D (5+ 100 mL). Thecombined organics were dried (Mgg0O

and evaporated under reduced pressure to give the crude product. Purification by
flash column chromatography on silica wigetrotEtOAc (4:1) as eluent gave
ketone161(3.81 g, 71%) as a colourless ¢il]o #8.6 (€ 1.0 in CHC)(lit.,**°+11.1

(c 1.8 in CHCY})) for S161); Re (4:1 petrotEtOAc) 0.45; IR Thin Film) 2908, 1690
(C=0), 1236, 824 cit; '"H NMR (400 MHz, CDCJ) ': 3.978.87 (m, 4H
OCH,CH;0), 3.79 (ddJ = 11.0, 5.0 Hz, 1HCHO), 2.47 (ddJ = 12.5, 3.5 Hz, 1H
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COCH), 2.4¥2.27 (m, 2H), 2.0bL.79 (m, 3H), 1.7B1.58 (m, 4H), 1.461.38 (m,
1H), 0.88 (s, 9HSit-Bu), 0.78 (s, 3K Me), 0.08 (s, 3K SiMe), 0.06 (s, 3K SiMe);
3C NMR (100.6 MHz; CDG@) ' : 2105 (C=0), 109.2 (OCO), 77.5 (CHO64.4
(OCH,), 64.34 (OCH), 52.3 (CH), 42.5 (CMe), 39.0 (GH 35.2 (CH), 30.88
(CHy), 30.69 (CH), 29.8 (CH), 25.9 (QMe3), 18.1 CMe3), 10.7 (Me)#3.9 (SiMe),
#4.6 (SiMe);MS (ESI) 377 [(M + Na), 39], 355 [(M + HJ, 100], 339 (22); HRMS
(ESI) m/zcalcd for GoHz404 (M + Na)" 377.2119 found 377.2111 (2.0 ppm error),
m/z calcd for GgHz40s (M + H)" 355.2299 found 355.2296 (1.0 ppm error).
Spectroscopic data are consistent with those reported in the litéfgture.

Lab book reference: djbl/33

tert-Butyldimethyl((4a’' R,5'R)-4a'-methyl-3',4',4a',5',6',7"-hexahydro-1'H-
spiro[[1,3]dioxolane-2,2-naphthalene}5'-yloxy)silane 162

TBSO

o)

0
TBSOTTf (4.95 mL, 21.6nmol) was added dropwise to a stirred solution of alcéhol
(3.22 g, 14.4mmol) and 2,6lutidine (3.34mL, 28.7mmol) in CHCI, (25 mL) at 0
iC under Ar.The resulting mixturevas stirred at 0 jC for 4 h. Then, saturated
NaHCOyaq) (20 mL) wasaddedand the layersvere separated. The aqueous layer
was extracted with Ci€I, (3 + 20 mL). The combined organextracts were dried
(MgSQy) and evaporated under reduced pressiregive the crude product
Purification by flash column chromatography on silica wagtrotEtOAc (1:1) as
eluent gave silyl ethet62 (4.74 g, 98%) as a colourless qil]p +38.8 € 1.1 in
CHCl); Re (1:1 petrobEtOAc) 0.74; IR Thin Film) cmi™; 2949, 1466, 1253, 865,
697 cm™’,'H NMR (400 MHz, CDG)) ' : 5.2%5.26 (m, 1H, CH=C), 4.@B.91 (m,
4H, OCHCH,0), 3.54 (dd,J = 12.0, 3.5 Hz, 1H, CHO), 2.49 (dd= 14.0, 3.0 Hz,
1H), 2.172.08 (m, 2H), 2.0R1.96 (m, 1H), 1.88 (ddd] = 13.0, 4.0, 3.0 Hz, 1H),
1.78 (td,J = 13.5, 4.0 Hz, 1H), 1.#1.63 (m, 2H), 1.581.54 (m, 2H), 1.32 (td] =
13.5, 4.5 Hz, 1H), 1.05 (s, 3H, Me), 0.88 (s, Sit;Bu), 0.04 (s, 3H, SiMe), 0.02 (s,
3H, SiMe) *C NMR (100.6 MHz; CDG)) ' : 139.6 (CH<), 121.6 CH=C), 109.7
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(OCO), 78.2 (€10), 64.6 (OCH), 64.4 (OCH), 41.4 (CH), 39.8 (C), 35.8 (CH,
31.1 (CH), 27.7 (CH), 26.0 (QMe3), 24.9 (CH), 18.2 CMe3), 17.2 (Me),#3.9
(SiMe), #4.7 (SiMe); MS (ESI) 36](M + Na)", 14], 339 [(M + HJ, 100], 207 (34);
HRMS (ESIl)m/zcalcd for GgHs403 (M + Na)" 361.2169 found 361.2160 (2.7 ppm
error),m/zcalcd for GgH3403 (M + H)* 339.2350 found 339.2349 (0.3 ppm error).

Lab book reference: djbl2/8

(4a'R,5'R,8a'R)-5'-(tert-Butyldimethylsilyloxy) -4a'-methyl-3',4',4a',5'-
tetrahydro-1'H-spiro[[1,3]dioxolane-2,2'-naphthalen]-8'(8a'H)-one 166

TBSO

o
H O\)

LHMDS (4.44 mL of a 1.0 M solution in THF, 4.44 mmol) was added dropwise to a
stirred solution of keton&61 (500 mg, 1.48 mmol) in THF (5 mL) &8 jC under

Ar. Theresultingmixture was stirred @78 jC for 1 h. Then, a solution &hSeCl

(850 mg, 4.44 mmol) in THF (15 mL) was added and the reaction was allowed to
warm to rt and stirred for 1 h. Saturated /g (50 mL) and CHCI, (50 mL) were
addedand the layersvere separated. The aqueous layer was extracted wigBI£H

(3 + 50 mL). The combined organic extracts were dried (Mg<@d evaporated
under reduced pressure to give the crudengds. Hydrogn peroxide (670 pibof a

30% wi/v solution in water, 5.91 mmol) was added dropwise to a stirred solution of
the crude selenides in GEl, (10 mL) at 0 jC. Theesultingmixture was stirred at 0

iC for 3 h. Then, saturated brine (20 mL) was adaied the lagrswere separated.
The aqueous layer was extracted with,CH (3 + 10 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to gwe th
crude productPurification by flash column chromatography on silica with petrol
EtOAc (4:1) as eluent gave ench@&6 (396 mg, 80%) as a colourless oll]{ #69.8

(c 1.0 in CHC}); Re (4:1 petrolEtOAC) 0.29; IR {Thin Film) 2952, 1685 (C=Q)
1256, 1128, 1018, 838, 775 ¥mH NMR (400 MHz, CDCJ) ' : 6.55 (dd,J = 10.5,

1.5 Hz, 1H, G®i=CHCO), 5.92 (ddJ = 10.5, 2.5 Hz, 1H, CH=ECO), 4.33 (dd,) =
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2.5, 1.5 Hz, 1H, CHO), 4.58.99 (m, 4H, OCKCH,0), 2.48 (dd,J = 12.5, 3.5 Hz,
1H, COCH), 2.04 (ddd] = 14.0, 3.5, 2.5 Hz, 1H, €Hz), 1.84 (ddd,) = 12.5, 4.0,
2.5 Hz, 1H, GiaHs), 1.7L.49 (m, 4H), 0.91 (s, 9H, BBu), 0.85 (s, 3H, CMe),
0.11 (s, 3H, SiMe), 0.09 (s, 3H, SIMEC NMR (100.6 MHz; CDG) ': 200.0
(C=0), 151.9 CH=CHCO), 128.3 (CHEHCO), 108.9 (OCO), 78.0 (CHO), 64.5
(OCH,), 64.4 (OCH), 51.3 (CQCH), 44.6 CMe), 35.3 (CH), 30.8 (CH), 30.0
(CHy), 25.9 (QVey), 18.2 CMey), 10.7 (Me),B4.2 (SiMe),B4.8 (SiMe); MS (ESI)
375 [(M + NaJ, 17], 353 [(M + HJ, 100], 339 (25); HRMS (ESlin/z calcd for
CioH320,Si (M + Na) 375.1962 found 375.1940 (5.9 ppm errar)iz calcd for
C19H3204Si (M + H)" 353.2143 found 353.2127 (4.5 ppm error).

Lab book reference: djbl/54

n-BuLi (617 pL of a 1.6 M solution in hexanes, 0.99 mmol) was added dropwise to a
stirred solution oDIPA (145 pL, 1.04 mmol) in THF (5 mL) at 0 jC under Athe
resultingmixture was stirred at 0 jC for 30 min. The freshly prepared LDA solution
was added dropwise to a stirred solution of ketbéie(92 mg, 0.26 mmol) in THF

(5 mL) atbr8 jC under ArThe resulting mixturevas stirred abr8 jC for 1 h. Then,
freshly distiled M&SIiCl (53 pL, 0.42 mmol) was added and the resulting mixture
was allowed to warm to rt and stirred at rt for 30 min. Then, saturated NgdCO
(10 mL) and CHCI, (10 mL) were addedind the layersvere separated. The
aqueous layer was extracted wi@H,Cl, (5 + 10 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to give the
crude silyl enol ethe65 Pd(OAc) (12 mg, 0.05 mmol) was added to a stirred
solution of the crude silyl enol eth&65in DMSO (5 mL)at rt under @ The
resulting mixturewvas stirred at rt for 16 fhen, saturated brin@0 mL) and CHCI;

(10 mL) were addednd the layersvere separated. The aqueous layer was extracted
with CH,CI, (5 + 10 mL). The combined organic extracts were dridd%0,) and
evaporated under reduced pressure to give the crude product. Purification by flash
column chromatography on silica wigletrotEtOAc (1:1) as eluent gave enoh@6

(41 mg, 44%) as a colourless oil.

Lab book reference: djbl2/87



n-BuLi (1.12 mL of a 1.6 M solution in hexanes, 1.79 mmol) was added dropwise to
a stirred solution oDIPA (265 pL, 1.89 mmol) in THF (10 mL) at O jC under Ar.
The resulting mixturevas stirred at 0 jC for 30 min. The freshly prepared LDA
solution was addkedropwise to a stirred solution of ketoh@l (167 mg, 0.47 mmol)

in THF (10 mL) at/8 jC under Ar.The resulting mixturevas stirred abr8 jC for

1 h. Then, freshly distilled M8&iCI (96 uL, 0.75 mmol) was added and the resulting
mixture was allowed tavarm to rt and stirred at rt for 30 min. Then, saturated
NaHCQsaq) (20 mL) and CHCI, (20 mL) were addednd the layersvere separated.
The aqueous layer was extracted with,CH (5 + 20 mL). The combined organic
extracts were dried (MgSP and evaporad under reduced pressure to give the
crude silyl enol ethet65. RecrystallisedNBS (54 mg, 0.30 mmol) was added to a
stirred solution of the crude silyl enol eth&85 in THF (10 mL) at O jC.The
resulting mixturewas stirred at 0 jC for 1 hlhen, satuated brine(20 mL) and
CHCl; (20 mL) were addednd the layersvere separated. The aqueous layer was
extracted with CECl, (5 + 20 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to give the crude brbrpiie;

(46 mg, 0.63 mmol) and LiBr (44 mg, 0.50 mmol) were added to a stirred solution of
the crude bromide in DMFH mL) at rt. The resulting suspension w&igred and
heated at 140 ;C for 1 fhen, saturated brin0 mL) and CHCI, (20 mL) were
addedandthe layerswere separated. The aqueous layer was extracted wigBI£H

(5 + 20 mL). The combined organic extracts were dried (Mg<@d evaporated
under reduced pressure to give the crude product. Purification by flash column
chromatography on silica witbetrotEtOAc (1:1) as eluent gave encb&6 (53 mg,
32%) as a colourless oil.

Lab book reference djbl2/80

Hydrogen peroxide (670 pL of a 30% w/v solution in water, 5.91 mmol) was added
dropwise to a stirred solution of selenide&7 in CH,Cl, (10 mL) atO jC. The
resulting mixturewas stirred at 0 jC for 2 Hlhen, saturated brinfl0 mL) was
addedand the layersvere separated. The aqueous layer was extracted wigBI£H

(3 + 10 mL). The combined organic extracts were dried (Mg<@d evaporated

under reduced pressure to giveettcrude productPurification by flash column
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chromatography on silica with petrBtOAc (4:1) as eluent gave enofh66 (210
mg, 40%) as a colourless oll

Lab book reference: djbl/46

(4a'R,5'R,7'SR,8a'R)-4a’-M ethyl-8'-oxo-7'-(phenylselanyl)octahydre 1'H-
spiro[[1,3]dioxolane-2,2-naphthalen]-5'-yl acetate167

AcO

LHMDS (6.34 mL of a 0.7 M solution in THF, 4.44 mmol) was added dropwise to a
stirred solution of keton#61 (500 mg, 1.48 mmol) in THF (15 mL) &8 jC under

Ar. Theresultingmixture was stirred @78 jC for 1 h. Then, a solution &hSeCl
(289 mg, 1.48 mmol) in THF (15 mL) was added and the reaction was allowed to
warm to rt and stirred for 1 h. Saturated /g (50 mL) and CHCI, (50 mL) were
addedand the layersvere separated. The aqueous layer was extracted wigBI£H

(3 + 50 mL). The combined organic extracts were dried (Mg<@d evaporated
under reduced pressure to give the crpdeduct Purification by flash column
chromatography on silica with petr@tOAc (4:1) gave (byH NMR spectroscopy) a
50:50mixture of diastereomeric selenide87 (616 mg, 84%) as a yellow o= (4:1
petrotEtOAC) 0.38;'H NMR (400 MHz, CDCJ) ' : 7.587.10 (m, 5H, P) 3.9®

3.90 (m, 4H, OCHCH,0), 3.8F8.78 (m, 1H), 3.68 (dd) = 11.0, 4.5 Hz, 0.5H),
3.52 (dd,J = 10.5, 5.5 Hz, 0.5H), 3.28 (dd,= 12.Q 4.0 Hz, 0.5H), 2.682.32 (m,
1.5H), 2.281.08 (m, 1H), 1.89 (dd] = 15.0, 5.0 Hz, 0.5H), 1.81.37 (m, 8.5H),
0.86 (s, 4.5HSit-Bu), 0.78 (s,4.5H, St-Bu), 0.09 (s, 1.5H, SiMe), 0.08 (s, 1.5H,
SiMe), 0.04 (s, 1.5H, SiMe), 0.00 (s, 1.5H, SiMe).

Lab book reference: djbl/41



(4a'R,5'R,8'S,8a'R)-5'-((tert-Butyldimethylsilyl)oxy) -4a',8'-dimethyl -
3',4'4a',5',8",8a-hexahydro-1'H-spiro[[1,3]dioxolane-2,2-naphthalen]-8'-ol 168

TBSO

v

MeLi (213 pyL of a 1.6 M solution in BEO, 0.34 mmal was added dropwise to a
stirred solution of enong&66 (100mg, 0.4 mmol) in THF (2 mL) at 0 jC under Ar.
The resulting mixture was stirred at 0 f@ 30 min. Then, saturated N&I (10 mL)
and CH.CI, (10 mL) were addedand the layersvere separated. The aqueous layer
was extracted with C¥l, (3 + 50 mL). The combined organics were dried (MgS5O
and evaporated under reduced pressure to give the gmadiuct. Purification by
flash column chromatography on silica wigetrotEtOAc (4:1) as eluent gave
alcohol 168 (74 mg, 71%) as a white solignp 90E91 iC; [']p #22.5 € 0.5 in
CHCL); Re (E;0) 0.46; IR Thin Film) 3437(0OH), 2908, 1235, 1086, 762 ém'H
NMR (400 MHz, CDC}) ' : 5.55 (dd,J = 10.0, 2.0Hz, 1H, CH=), 5.43 (ddJ = 10.0,
1.5 Hz, 1H, CH=), 3.988.90 (m, 4H, OCKCH,0), 3.83 (s, 1H, CHO), 1.8%.58
(m, 6H), 1.19 (s, 3H, Me), 0.95 (s, 3H, Me), 0.88 (s, 9#B1), 0.05 (s, 3H, SiMe),
0.03(s, 3H, SiMe);**C NMR (100.6 MHz; CDGQ) ' : 133.2 (CH=), 131.7 (CH=),
109.8 (OCO), 77.9 (CHO), 69.0 (Md©OH), 64.35 (OCH), 64.32 (OCH), 45.7 (CH),
37.2 CMe), 36.4 (CH), 30.81 (CH), 30.80 (CH), 28.5 (Me), 26.0 (®le3), 18.2
(CMe3), 12.2 (QMe), #4.1 (SiMe), #4.7 (SiMe) MS (ESI) 391 (16), 351 (100);
HRMS (ESI)m/zcalcd for GoHze04Si (M + N@* 391.2281found 391.2262 #1.2
ppm error).

Lab book reference: djbl2/5
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(4a'R,5'S,6'R,8a'S)-5'-((tert-Butyldim ethylsilyl)oxy)-4a’,8'-dimethyl-3',4',4a',5',
6',8a’-hexahydro-1'H-spiro[[1,3]dioxolane-2,2'-naphthalen]-6'-ol cis-170

TBSO

DIBAL -H (655 pL of a 1.0M solution intoluene, 0.66 mmplwas added dropwise
to a stirred solution of enonk60 (80 mg, 0.22mmol) in THF (2 mL) at#78 iC
under Ar.The resultingmixture was stirred at78 jC for 3 h Then,a 20% aqueous
solution of RochelleOs saf(10 mL) was addednd the biphasic mixture was stirred
at rt for 1 h. TherCH,CI, (10 mL) wasaddedand the layersvere separated. The
agueous layer was extracted with L (3 + 10 mL). The combined organics were
dried (MgSQ) and evaporated under reduced pressure to give the crude product.
Purification by flash column chromatography on silica wa#trotEtOAc (4:1) as
eluent gave diotis-170 (6 mg, Pb6) asa colourless oil Rr (1:1 petrol:EtOAc) 0.66;
IR (Thin Film) 3553 (OH),2953, 1467, 1255, 1106, 865, 777, 733 tnH NMR
(400 MHz, CDC}) ' : 5.6F5.61 (m, 1H =CH), 4.094.02 (m, 1H CHOH), 4.0D
3.91 (m, H, OCH,CH;0), 3.49 (d,J = 5.5Hz, 1H CHO), 2.82 (br s1H, CHOH),
2.212.15 (m, 18, 1.881.55 (m, 9H), 0.93 (9H, Sit-Bu), 0.91 (s, 3HMe), 0.11
(s, 3, SiMe), 0.10(s, 3H, SiMe);**C NMR (100.6 MHz; CDGJ) ' : 138.0(=CMe),
122.6(=CH), 109.4(OCO), 78.9(CHOH), 66.7(CHO), 64.4 (OCH), 64.3 (OCH),
44.0 (CH), 37.1 (CMe), 33.7 (CH,), 33.4 (CH,), 30.2 (CH,), 26.0 (CMe3), 21.0
(=CMe), 18.2 (CMe3), 10.9 (CMe), #4.2 (SiMe), #4.6 (SiMe); MS (ESI) 391
[(M+Na)", 63], 351 (100)HRMS (ESI)m/zcalcd for GoHz¢04 (M + Na)" 391.2275
found 391.2256 (4.8pm error).

Lab book reference: djbl/70
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(4aR,5S,8aS)-5-((tert-Butyldimethylsilyl)oxy) -4a,8dimethyl-1,3,4,4a,5,8a
hexahydronaphthalene2,6-dione 173

TBSO

3 M HCl(aq) (330 pL) was added to a stirred solution of k&0 (56 mg, 0.15 mmol)
in acetone (1 mL) at riThe resulting mixturevas stirrel at rt for 6 h. Thenyater (5
mL) and CHCI, (5 mL) were adde@nd the layersvere separated. The aqueous
layer was extraed with CHCI, (3 + 5 nmL). The combined orgarscwere dried
(MgSQy) and evaporated under reduced pressure to givecthde product
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gave dion&73 (35 mg, 7%) as a clourless oil,R- (1:1 petrolEtOAc) 0.53;
IR (Thin Film) 2953, 1713 (C=0), 1687 (C=)252, 1140, 837, 778 &n'H NMR
(400 MHz, CDCY}) ': 5.926.89 (m, 1H, CH=C), 3.95 (s, 1H, CHO), 288073 (m,
1H), 2.65 (dd,) = 15.0, 4.0 Hz, 1H), 2.4R.34 (m, 3H)2.272.20 (m, 1H),1.85 (t,
J = 1.5Hz, 3H),1.691.59 (m, 1H), 1.01 (s, 3H, CH:®), 0.92 (s, 9HSit-Bu),
0.19 (s, 3H, Me), 0.01 (s, 3H, MéC NMR (100.6 MHz; CDG) ' : 209.5 (C=0),
197.4 (C=0), 158.4 (Me=CH), 126.8 (MeC£H), 83.8 (CHO), 47.4 (=CMeH),
43.5 CMe), 39.7 (CH), 37.4 (CH), 35.9 (CH), 26.1 (QMe3), 21.4 (MeC=), 18.8
(CMe3), 10.2 (CMe)EB.7 (SiMe),B6.3 (SiMe); MS (ESI) 345 [(M + N&) 100], 323
[(M + H)", 43]; HRMS (ESI)m/zcalcd for GgH3003Si (M + Na) 345.1856 found
345.1846 (3.1 pm error), m/z calcd for GgHz00sSi (M + H)" 323.2037 found
323.2033 (1.2 ppm error).

Lab book reference: djbl/51



(4aR,5S,8aS)-5-Hydroxy -4a,8dimethyl-1,3,4,4a,5,8e&hexahydronaphthalene
2,6-dione 174

X-ray crystal structure of 174

HFaq (5 pL of a 40wt% aqueous solution, 0.12 mmol) was added to a stirred
solution of ketall66 (29 mg, 0.12 mmoljn MeCN (1 mL) at rt in a plastic reaction
vessel The resulting mixturevas stirred at rt for 8 h. Then, saturated Nakbg£X10

mL) and CH,CI, (10 mL) were added and the layen®re separated. The aqueous
layer was extracted with GBI, (3 + 10 mL). The combined organics were dried
(MgSQy) and evaportad under reduced pressure to give the crude product.
Purification by flash column chromatography on sie#h petrotEtOAc (1:1) as
eluent gave dion&74 (13 mg, 79%) as a white solichp 1060107 C; [ ]o +50.0 €

0.5 in CHC}); R (1:1 petroEEtOAC) 0.17; IR (Thin Film) 3394 (0OH), 2927, 1683
(C=0), 1645(C=0), 1112 cm’; *H NMR (400 MHz, CDCJ) ' : 6.07 (dq,J = 3.0,

1.5 Hz, 1H, G=CMe), 3.94 (s, 1H, CHO), 3.76 (s, 1H, OH), EB¥8 (m, 1H,
=CMeCH), 2.71 (dddJ = 15.0, 4.0, 1.0 Hz, 1H), 2.8R.36 (m,3H), 2.3E2.25 (m,
1H), 1.92 (t,J = 1.5 Hz, 3H), 1.881.76 (m, 1H), 0.97 (s, 3H, CMeJ’C NMR
(100.6 MHz; CDCJ) ': 209.0 (C=0), 198.3 (C=0), 162.1 (CBMWe), 124.8
(CH=CMe), 81.8 CHOH), 47.2 (CH), 43.5Q@Me), 39.6 (CH), 37.2 (CH), 35.1
(CHy), 21.9 (GH=CMe), 9.7 (QVie); MS (ESI) 231 [(M + Na), 100], 209 [(M + Hj,

38]; HRMS (ESI)m/zcalcd for GoH160s (M + Na)" 231.0992 found 231.0990 (0.6
ppm error),m/zcalcd for GoH160s (M + H)" 209.1172 found 209.117%1.3 ppm

error).
Crystal structure determination of dione 174

C12H1604, M = 208.25, monoclinica = 8.9705(6)b = 6.9768(6)c = 17.0416(13) -,
" =91.631j,U = 1066.12(14) ¢, T = 110(10) K, space group2;, Z = 4, y(Mo-K!)
= 0.096mm"", 6678 reflections measured, 6678 unigRg; € 0.0000) which were
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used in calculations. The final R1 was 0.06480 {I»2nd wR2 was 0.1557 (all
data).

Lab book reference: djbl/57

(4aR,5S,8aS)-5-Hydroxy -4a-methyl-8-phenyl-1,3,4,4a,5,8a
hexahydronaphthalene2,6-dione 177

PhMgBr (153pL of a 3.0 M solution in O, 0.46mmol) was added dropwise to a
stirred solution of enon&66 (80 mg, 0.23 mmol) in THF (3 mL) at 0 jC under Ar.
The resulting mixturevas stired at 0 jC for 1 h. Then, saturated Mi.q) (10 mL)

and CHCI, (10 mL) were addednd the layersvere separated. The aqueous layer
was extracted with Ci€l, (3 + 10 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to give the crude tertiary alcohol
175 PCC (98 mg, 0.41 mmpivas added to a stirred solutiontb crude tertiary
alcohol175in CH,CI; (10 mL) at rt under ArThe resulting mixturevas stirred at rt

for 22 h. Then, Celite (1 g) and E£ (10 mL) were added and the solids were
removed by filtration through a Ctdi pad. The Celite pad was washed with 2

(5 + 20 mL). The combined organics were dried (MgSénd evaporated under
reduced pressun® give the crude enonk/6 HFq) (16 pL of a 40wt% aqueous
solution, 0.38 mmol) was added to a stirreolution of the crude enoné76 in

MeCN (1 mL) at rt in a plastic reaction vesSéie resulting mixturevas stirred at rt

for 8 h. Then, saturated NaHG&3) (10 mL) and CH,Cl, (10 mL) were addedand

the layerswere separated. The aqueous layer was extracted WitleI£(3 + 50

mL). The combined organics were dried (Mgp@nd evaporated under reduced
pressure to give the crude product. Purification by flash column chromatography on
silica with EtO as eluent gave diori@7(24 mg, 39%) as a white solichp 1630164

iC (Decomposed);![[o +290.8 € 1.2 in CHC}); R: (Et,O) 0.29; IR Thin Film)
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3364 (0OH), 1684(C=0), 1651(C=0), 1113, 758 cfit; *H NMR (400 MHz, CDCJ)

' 7.4207.36 (m, 3H, Ar), 7.2B7.15 (m, 2H, P} 6.20 (dJ = 2.9 Hz, 1H, CH=), 4.15
(s, 1H, CHO), 3.8(@s, 1H, OH), 3.34 (ddd] = 14.0, 4.0, 3.0 Hz, 1H, =CCH), 2558
2.32 (m, 4H), 2.11 (dd] = 15.5, 14.0 Hz, 1H), 1.91 (td,= 12.5, 6.5 Hz, 1H), 1.06
(s, 3H CMe); **C NMR (100.6 MHz; CDGJ) ' : 209.0 (C=0), 198.6 (C=0), 163.0
(CH=C), 137.6 (Gprn), 129.4(CH), 128.9 (CH), 126.7 (CH), 125.8 (CH), 81.5
(CHO), 45.5 (=CH), 43.6 CMe), 40.6 (CH), 37.0 (CH), 34.7 (CH), 9.7 CMe);
MS (ESI) 293 [(M + Na), 64], 271 [(M + HJ, 100]; HRMS (ESI)m/z calcd for
Ci7H1g0s (M + Na)* 293.1148 found 293.1149t@.4 ppm eror), m/z calcd for
C17H1803 (M + H)" 271.1329 found 271.133#.7 ppm error).

Lab book reference: djbl2/27

(R)-tert-Butyl 2-((4a'R,5'R,8'S,8a'R)-5'-((tert-Butyldimethylsilyl)oxy) -8'-
hydroxy-4a'-methyl-3',4',4a',5',8',8a-hexahydro-1'H-spiro[[1,3]dioxolane-2,2'-
naphthalen]-8'-yl)pyrrolidine -1-carboxylate 179

TBSO

s-BuLi (213 pL of a 1.3 M solution in cyclohexane, 01280l) was added dropwise
to a stirredsolution ofN-Boc pyrrolidine (38 pL, 0.28 mmol) and)sparteine (64
pL, 0.28 mmol) in ELO (1 mL) at#78 jC under Ar The resulting mixture was
stirred at#78 jC for 1h. Then,a solution of enon&66 (50 mg, 0.14nmol) in ELO

(2 mL) was added dropwise over 15 min. The resulting mixture was stir#g@® aC
for 6 h.Then, satureed NH;Cl(aq) (10 mL) andCH.Cl, (10 mL) wereaddedand the
layerswere separated. The aqueous layer was extracted wigB@I£E + 50 mL).
The combined organics were dried (Mg¥@nd evaporated under reduced pressure
to give the crude product. Purification by flash column chromatographsilioa
with petrolEtOAcC (4:1) as eluent gave alcoHal9 (49 mg, 66%) as a colourless oll,
Re (E0) 0.71;*H NMR (400 MHz, CDCJ) ' : 5.48 (d J = 10.5Hz, 1H =CH), 5.37
(dd,J = 10.5, 2.0 Hz, 1H, =CH), 3.98.89 (m, 5H, OCKCH,O + CHN), 3.69 (dd,J
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= 2.0, 1.5 Hz, 1H, CHO), 3.&8.59 (m, 1H, CHN), 3.21 (ddd,= 11.0, 8.5, 6.5 Hz,
1H, CHaHgN), 2.0101.45 (m, 10H), 1.45 (s, 9H, NBoc), 1E1715(m, 1H), 0.94 (s,
3H, Me), 0.88 (s, 9H, &Bu), 0.05 (s, 3H, SiMe), 0.03 (s, 3H, SiMe);

Lab book reference: djbl2/17

(1S,2R,4aS,6R,8aR)-4,8aDimethyl-1,2,4a,5,6,7,8,8@ctahydronaphthalene
1,2,6triol 180

BH3!'THF (48 pL of a 1.0 Msolutionin THF, 0.05mmol) was adde to a stirred
solution of enonel74 (9 mg, 0.04 mmol) in THF (1 mL) at 0 jC under.Arhe
resulting mixture was stirred at 0 {C foh2Then, saturated NaHG®, (5 mL) and
CH.CI, (5 mL) were added and the layengere separated. The aqueolayer was
extracted with CECl, (3 + 5 mL). The combined organics were dried (MgHénd
evaporated under reduced pressure to give the crude product. Purification by flash
column chromatography on siligagth petrotEtOAc (1:1Q as eluent gave diork30
(2 mg, 22%) asa colourless 0jIR: (1:10 petroFEtOAc) 0.16 *H NMR (400 MHz,
CDCl) ': 5.6456.61 (m, 1H =CH), 4.16.12 (m, 1H, GIOH), 3.62 (t,J = 11.0,
5.0Hz, 1H, CHOH), 3.33 (d,J = 5.5Hz, 1H, CHOH), 2.06 (ddddJ = 12.0, 5.03.0,
2.0Hz, 1H), 1.98 (ddd) = 13.5, 5.0 3.0 Hz, 1H), 1.891.82 (m, 2H), 1.69 (qJ =
1.5 Hz, 3H, =CMe), 1.581.44 (m, H), 1.32 (ddd,J = 13.0, 12.0, 11.Hz, 1H),
1.211.13 (m, 1H), 0.85 (s, 3HWMe). Product decomposed on standing overnight.

Lab book reference: djbl/74

NaBH; (9 mg, 0.24mmol) was adde to a stirred solution of dried Zn{16 mg,
0.12 mmol) in THF (2 mL) at rt under Ar. The resulting mixture was stirred at rt for
6 h. The Zn(BH), solution was cooled to O jC and a solution enaié (25 mg,
0.12 mmol) in THF (1 mL) was added dropwise over 5.nfitme resulting mixture
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was stirred at 0 jC for 1 h. Then, saturatedsQlkdq (5 mL) and CH.Cl, (5 mL)

were addecdand the layersvere separated. The aqueous layer was extracted with
CH.Cl; (3 + 5 mL). The combined organics were dried (Mgp@nd evaporated
under reduced pressure to give the crude product. Purification by flash column
chromatography on silicaith petrotEtOAc (1:1Q as eluent gave diorf80 (6 mg,

40%) asa colourless oilProduct decomposed on standing overnight.

Lab book reference: djbl2/58

(4aR,5R,8a9)-5-((tert-Butyldimethylsilyl)oxy) -4a-methyl-8-methylene

3,4,4a,5,8,8dhexahydronaphthalen2(1H)-one 182 andtert-

Butyldimethyl(((4a’' R,5'R,8a'S)-4a'-methyl-8'-methylene 3',4',4a',5',8',8a"

hexahydro-1'H-spiro[[1,3]dioxolane-2,2'-naphthalen]-5'-yl)oxy)silane 183
TBSO TBSO

182 183

pTSAH,O (11 mg, 0.06 mmol) was added to a stirred solution of alcbé®(74
mg, 0.23 mmol) in acetic acid (bL) and Ac,O (500 pL)at O jC under Ar.The
resulting mixture was stirred @tjC for 30 min. Then, saturateddNCGQ;q) (10 mL)
and CH.CI, (10 mL) were addedand the layersvere separated. The aqueous layer
was extrated with CHCI, (3 + 10 mL). The combined organics were dried (MgsO
and evaporated under reduced pressure to give the crude product. Purification by
flash column chromatography on silica wjgktrotEtOAc (4:1) as eluent gaubdy

'H NMR spectroscopy) @7:33mixture ofketonel82and ketall83(44 mg, 69%) as

a colourless ojl R (Et;0) 0.3%; *H NMR (400 MHz)' : 6.10 (dd,J = 10.0,2.5 Hz,
0.6™, =CHugy), 6.05 (dd,J = 10.0, 2.5Hz, 0.33H, =CHga), 5.49 (d,J = 10.0 Hz,
0.6™, =CHsy), 5.43 (d,J = 10.0Hz, 0.33H, =CHgg), 4.95 (s, 0.6, =CHaHg1s2),
4.86 (5,0.33H, =CHaHg183), 4.72 (S, 1K =CHaHg1s2+183, 4.09 (s, 1K CHO), 4.0®
3.92 (m, 132H, OCH,CH,0g3), 2.541.41 (m, 10H), 0.91 (s, 6.03H,tBu;s,), 0.89

(s, 2.97H, SiBuig), 0.10 (s, DIH, SiMesy), 0.07 (s, 0.98l, SiMeg3), 0.06 (s,
2.01H, SiMagy), 0.05 (s, 0.989, SiMergy).

Lab book reference: djbi2/6



tert-Butyldimethyl(((4a’' R,5'R,8a'S)-4a'-methyl-8'-methylene 3',4',4a',5',8',8a-
hexahydro-1'H-spiro[[1,3]dioxolane-2,2'-naphthalen]-5'-yl)oxy)silane 183

TBSO

KHMDS (109 pL of a 0.7 M solution in THF, 0.08 mmol) was added dropwise to a
stirred solution of alcohdl68 (12 mg, 0.04 mmol) in THF (1 mL) &78 jC under

Ar. The reslting mixture was stirred at78 jC for 30 min.Then, freshly distilled
AcCl (4 pL, 0.05mmol) was added and the resulting mixture was allowed tenwar
to rt and stirred at rt for 1. When, saturated NaHG, (5 mL) and CHCI, (5 mL)

were addecdand the layersvere separated. The aqueous layer was extracted with
CH.CIl, (5 + 5 mL). The combined organics were dried (Mgp@nd evaporated
under reduced pressure to give the crude product. Purification by flash column
chromatography on silica witpetrotEtOAc (4:1) as eluent gave died83 (10 mg,
75%) as a colourless ofk= (Et;0) 0.31;, *H NMR (400 MHz)' : 6.10 (ddi, J = 10.0,

2.5, 0.5 Hz, H, =CH), 5.49 (d,J = 10.0 Hz, H, =CH), 4.95 (s, H, =CHaHg), 4.72

(s, 1H =CHaHg), 4.114.07 (m 1H, CHO), 4.088.92 (m, 4, OCHCH,0), 2.55

1.41 (m, 10H), 0.91 (s, 9H,tBu), 0.10 (s, B, SiMe), 0.06 (s, 3H, SiMe)

Lab book reference: djhi2/13

(1a'R,2a'R,6a'R,7'S,7a'S)-7'-((tert-Butyldimethylsilyl)oxy) -6a'-
methylhexahydro-1a'H-spiro[[1,3]dioxolane-2,4-naphtho[2,3-b]oxiren]-2'(5'H)-
one 187

TBHP (234 L of a 6.0 M solution in decane, 1.41 mnawi)l Triton B (2 pL, 0.01
mmol) wereadded to a stirred solution of enob@6 (99 mg, 0.28 mmoljn THF (5
mL) at O jC under ArThe resulting mixturavas stirred at 0 jC for 2 h and then
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allowed to wam to rt and stirred foll4 h. Then, saturated brine (10 mL) and,CH

(10 mL) were addednd the layersvere separated. The aqueous layer was extracted
with CH,CIl, (3 + 10 mL). The combined organics were dried (MgS@nd
evaporated under reduced pressure to give the crude product. Purification by flash
column chromatography on silica witetrobFEtOAC (4:1) as eluent gave epoxy
ketonel87 (77 mg, 75%) as a colourless d#¥; (4:1 petrotEtOAC) 0.34; IR {Thin

Film) 2953, 1714(C=0), 1258, 872 cift; '"H NMR (400 MHz, CDCJ) ' : 3.96E8.85

(m, 5H, OCHCH,0 + CHOTBS), 3.29 (dJ = 3.5 Hz, 1H, CHGhoxidd, 3.26 (dd,J =

3.5, 0.5 Hz, 1H, CHQoxiad, 2.73 (dd,J = 10.0, 7.0 Hz, 1H, COCH), 1.96.48 (m,

6H), 0.91 (s, 9H, $iBu), 0.80 (s, 3H, CMe), 0.17 (s, 3H, SiMe), 0.11 (s, 3H, SiMe);
3C NMR (100.6 MHz; CDG)) ': 206.8 (C=0), 108.6 (OCO), 76.4 (CHO), 64.5
(OCH,), 64.4 (OCH), 62.4 (CHQpoxidd: 55.2 (CHQpoxiad, 44.6 CMe), 44.3
(COCH), 35.8 (CH), 30.4 (CH), 29.2 (CH), 25.9 (Me3), 18.1 CMes), 12.5
(CMe), #4.2 (SiMe),#4.9 (SiMe);MS (ESI) 391 [(M + Na), 11], 369 [(M + HYJ,
100)]; HRMS (ESI)m/zcalcd for GgH3:05Si (M + Na)" 391.1911 found 391.1902
(2.2 ppm error)m/zcalcd for GegHs20sSi (M + H)" 369.2092 found 369.2077 (4.1
ppm error).

Lab book reference: djbl2/57

(1a'R,2'R,2a'R,6a'R,7'S,7a'S)-7'-((tert-Butyldimethylsilyl)oxy) -2',6a’-
dimethyloctahydro-1a'H-spiro[[1,3]dioxolane-2,4-naphtho[2,3-b]oxiren]-2'-ol
190

MeLi (143 WL of a 1.6 Msolution in EfO, 0.23 nmol) was added t@ stirred
suspension of Cul (22 mg, 0.iimol) in THF (5 mL) at 0 jC. The resultirgplution
was stirred at 0 jC for 15 min.hEn, a solution of epoxy ketord87 (21 mg, 0.06
mmol) in THF (5 mL) was added dropwisger 15 min andhe resulting mixture
was stirred at 0 {C for 3fin. Then, saturated NBlaq (10 mL) and CHCI, (10



mL) were adde@nd the layersvere separated. The aqueous layer was extracted with
CH.Cl, (5 + 10 mL). The combined organic extracts wehged (MgSQ) and
evaporated under reduced pressure to tiieecrude productPurification by flash
column chromatography on silicaith petrotEtOAc (4:1) as eluent gavepoxy
alcohol190(20 mg, 906) as a colourless oil! [p #19.7(c 1.0in CHCL); Rr (Et,O)
0.41; IR (Thin Film) 3440 (OH), 2906, 1442, 1235, 1088, 858, £6%"; 'H NMR
(400 MHz, CDC}) ' : 3.978.89 (m, 4, OCH,CH;0), 3.33 (s, 1HHCHO), 3.03 (d,J
= 0.5Hz, 2H, 2 + CHQupoxiad, 1.8101.68 (m, 2H), 1.6B1.55 (m, 3H), 1.36 (d) =
3.5 Hz, 1H), 1.29 (s, 3HVeCOH), 1.2@®1.12 (m, 1H), 0.97 (s, 3HCMe), 0.91 (s,
9H, Sit-Bu), 0.13 (s, 3HSiMe), 0.06 (s, 3HSiMe); *C NMR (100.6 MHz; CDG))
': 109.6 (OCO), 77.9 (CHO), 69.9 (MeCOH), 64.4 (OCH), 64.3 (OCH), 60.1
(CHO¢poxidd, 59.0(CHOkpoxidd, 41.6(CH), 37.3(CH,), 36.1(CMe), 30.5(CHy), 30.0
(CH,), 26.2 MeCOH), 25.9 (CMes), 18.1(CMes), 13.2(CMe), #4.3 (SiMe), #5.0
(SiMe); MS (ESI) 385(M + H)*, 100} HRMS (ESI)m/zcalcd for GoHzs05Si (M +
H)* 385.5901 found 385.239&0.5 ppm error).

Lab book reference: djbl2/79
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(1a'S,2'R,3'S,3a'R,7a'R,7b'R)-2'-((tert-Butyldimethylsilyl)oxy) -3a’,7b'-
dimethyloctahydro-1a'H-spiro[[1,3]dioxolane-2,6'-naphtho[1,2-bjoxiren]-3'-ol
193 and(1a'S,2'S,3'S,3a'R,7a'R,7b'R)-3'-((tert-Butyldimethylsilyl)oxy) -3a’, 7b"-
dimethyloctahydro-1a'H-spiro[[1,3]dioxolane-2,6-naphtho[1,2-bjoxiren]-2'-ol
191 and(1la'R,2'R,2a'R,6a'R,7'S,7a'S)-7'-((tert-Butyldimethylsilyl)oxy) -2',6a'-
dimethyloctahydro-1a'H-spiro[[1,3]dioxolane-2,4-naphtho[2,3-b]oxiren]-2'-ol
190

HO TBSO TBSO
TBSO,, HO.,,,
o o O, o)
: = J f = J " H J
O H O O: H O HO = O
193 191 190

MeLi (344 WL of a 1.6 M solution in ED, 0.41 nmol) was added t@ stirred
solution of epoxy keton#87 (76 mg, 0.2Immol) in THF (5 mL) at rt under ArThe
resulting mixture was stirred at 0 jC for &@n. The mixture was then allowed to
warm to rt and stirred for 12 fihen, saturated Ni€laq) (10 mL) and CHCI, (10
mL) were addednd the layersvere separated. The aquedayger was extracted with
CHCl, (5 + 10 mL). The combined organic extracts were dried (MgS&hd
evaporated under reduced pressure to tiieecrude productPurification by flash
column chromatography on silicaith petrotEtOAc (4:1) as eluent gavepoxy
alcohol 193 (9 mg, 11%) as a colourless di; (4:1 petrol:EtOAg 0.31;'H NMR
(400 MHz, CDC}) ': 3.998.94 (m, 4H OCH.CH,0), 3.88 (d,J = 8.5Hz, 1H
CHO), 3.11 (dd,J = 8.5, 2.5Hz, 1H, CHOH), 2.74 (s, 1HCHO:poxiad, 1.9601.92 (m,
1H), 1.9@1.88(m, 1H), 1.841.62 (m, 5H), 1.57 (s,HF8 MeCHO), 1.25 (s, 3HMe),
0.93 (s, 9H Sit-Bu), 0.17 (s, 3HSiMe), 0.15 (s, 3HSiMe) and gaveby *H NMR
spectroscopy) a 77:28ixture ofepoxy alcoholl91 and epoxy alcohdl90 (54 mg,
68%) as a colourless oilR: (4:1 petrol:EtOA¢ 0.15; *H NMR (400 MHz,
CDCl;)(data for191) ' : 4.0(88.90 (m, %, OCH.CH,O + CHOH), 3.13 (d,J = 8.0
Hz, 1H CHO), 2.85 (s, 1H CHOypoxiad, 2.101.56 (m, H), 1.25 (s, 35 MeCHO),
0.92 (s, 3HMe), 0.89 (s, 9K Sit-Bu), 0.11 (s, 3HSiMe), 0.06 (s, 3K SiMe).

Lab book reference: djbl2/60
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(((1a's,2's,3's,3aR,7a'R,7b'R)-3a’,7b'-Dimethyloctahydro-1a'H-
spiro[[1,3]dioxolane-2,6-naphtho[1,2-bJoxirene]-2',3'-diyl)bis(oxy))bis(tert-
butyldimethylsilane) 194

TBSO
TBSO,,

0
o”; H 5

TBSOTTf (7 L, 0.04 nmol) wasadded taa stirred solution of epoxy alcoh®93 (9
mg, 0.02mmol) and 2,6lutidine (6 pL, 0.05 mmol) in THF (inL) at rt under At
The resulting mixture was stirred at rt for 1Then, saturated &HCQy(aq) (5 mL)
and CHCI; (5 mL) were addedand thelayerswere separated. The aqueous layer
was extracted with Cil, (5 + 5 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to tiee crude product
Purification by flash column chromatography on sig#h petol-EtOAc (4:1) as
eluent gaveepoxidel94 (1 mg, %) as a colourless oiRr (4:1 petrol:EtOAc) 0.39

'H NMR (400 MHz, CDC)) ' : 3.968.85 (m, 5H, OCKCH,O + CHO), 3.08 (dJ =

8.0 Hz, 1H, CHO), 2.67 (s, 1H, CHRudd, 1.81.41 (m, 10H), 1.15 (s, 3He),
0.89 (s, 9H, %iBu), 0.80 (s, 9H, %iBu), 0.11 (s, 3H, SiMe), 0.05 (s, 3H, SiMe),
0.00 (s, 3H, SiMe), 0.06 (s, 3H, SiMa)1S (ESI) 499[(M + H)", 9], 481 (100)
HRMS (ESI)m/z calcd for GeHs¢OsSi> (M + H)™ 499.3270 found 499.328#3.4
ppm error) Note: Epoxidel94 decomposed on standing.

Lab book reference: djbl2/66

TBSOTf (49 |L, 0.21 mmol) was added ta stirred solution of &7:23 mixture of
epoxy alcoholl91 and epoxy alcohal90 (54 mg, 0.14mmol) and 2,6lutidine (33
pL, 0.28 mmol) in THF (5nL) at rt under ArThe resulting mixture was stirred at rt
for 1 h.Then, saturated &HCO;,q) (10 mL) and CHCI, (10 mL) were addednd
the layerswere separated. The aqueous layer was extracted witRICE + 10
mL). The combined organic extracts were dried (MgSé&nd evaporated under
reduced pressurdo give the crude productPurification by flash column
chromatography on silicavith petrotEtOAc (4:1) as eluent gavepoxide194 (19
mg, 2®%) as a colodess oil Productdecomposed on standing.

Lab book reference: djbl2/67
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(4aB+, 7 80R*,8a@®*) - and (4a&*,73&*,805*,8a0ORHO,8abimethyl-
30,40,4a0,70,88:8athydro-2®1-spiro[[1,3]dioxolane-2,1énhaphthalene} 70,80
diol trans-196 andcis-196

X-ray crystal stchture of trans:196 X-ray crystal structure o?transrl%
NaBH; (19 mg, 0.49 mmol) was addeddastirred solution of-hydroxy-ketonel97
(31 mg, 0.12 mmol) in MeOH (5 mL) at 0 jC under Ar. Tiesultingmixture was
stirred at 0 {C for 1 h. ThesaturatedNH4Claq) (10 mL) was added and the mixture
was extracted with ED (3 + 5 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressumgvi® the crude productshich
contained m 82:18 mixture of diolstrans196 and cis196 (by 'H NMR
spectroscopy). Purification by flash column chromatography on silica with fetrol
EtOAc (2:3) as eluent gawdiol cis-196 (4 mg, 13%) as a white solid, mp 116
iC; Re (2:3 petroEEtOAC) 0.25; IR Thin Film) 3415(0OH), 2904 1420, 1063, 997,
855 cni’; '"H NMR (400 MHz, CDCJ) ' : 5.345.31 (m, 1H,=CH), 4.198.91 (m,
6H, OCHOCH, + 2 + CHOH), 2.642.61 (m, 1H, 1.83 (dqJ = 13.0, 3.0 Hz, 1H),
1.7601.67 (m, 5H), 1.681.44 (m, 2H), 1.381.21 (m, 1H), 0.92 (s, 3H, CMe)*C
NMR (100.6 MHz, CDGJ) ': 136.6 (£Me), 123.9 £CH), 114.6 (OCO), 70.5
(CHOH), 67.6 (CHOH), 65.0 (OGH 64.0 (OCH), 45.7 CMe), 38.8 (CH), 29.4
(CHy), 22.9 (CH), 21.9 (CH), 21.4 (=QVe), 15.1 (QMe); MS (ESI) 277 [(M +
Na)']; HRMS (ESI) m/z calcd for G4H2,04 (M + Na) 277.1410 found 277.1408
(0.7 ppm error) andave dioltrans-196 (25 mg, 80%) as a white solid, mp B187
iC; Re (2:3 petroBEtOAC) 0.11; IR Thin Film) 3396(OH), 2905, 1419, 1181, 1060,
720 cni’; '"H NMR (400 MHz, CDG)) ' : 5.3%56.29 (m, 1H,=CH), 4.148.89 (m,
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6H, OCHCH,O + 2 + CHOH), 2.4E2.42 (m, 1H), 1.781.22 (m, $1), 1.06 (s, 3H,
CMe); *C NMR (100.6 MHz, CDG) ' : 136.9 (XMe), 122.3 £CH), 114.2 (OCO),
76.8 (CHOH), 73.3 (CHOH)64.6 (OCH), 63.6 (OCH), 45.2 CMe), 44.4 (CH),
28.4 (CH), 22.7 (CH), 22.2 (CH), 21.2 (=QMe), 10.1 (QVle); MS (ESI) 277 [(M +
Na)']; HRMS (ESI)m/z calcd for G4H2.04 (M + Na)' 277.1410 found 277.1405
(1.5 ppm error).

Crystal structure determination of diol cis-196

C14H2204, M = 254.32, monoclinica = 7.1504(3)b = 7.1378(3)c = 24.5830(13) -,
" = 96.665j,U = 1246.19(10) <, T = 110(10) K, space group Ph= 4, u(Mo-K!) =
0.098 mnt, 18108 reflections measured, 4557 unigRg; € 0.0644) which were
used in calculations. The final R1 was 0.0932 {I»and wR2 was 0.2180 (all data).

Crystal structure determination of diol trans196

C14H2204, M = 254.32, monoclinica = 11.9035(6)b = 9.1144(4)c = 12.4728(7) -,
" =110.195;,U = 1270.02(11) ¢, T = 110(10) K, space group2/n, Z = 4, y(Mo-
K!) = 0.096mm™, 4830 reflections measured, 2374 unigRg: € 0.0248) which
were used in calculations. The final R1 was 0.0545-(>&dwR2 was 0.1065 (all
data).

Lab book reference: djbl3/88

DIBAL -H (183 pLof a 1.0 M solution in toluene, 0.18 mmol) was added dropwise
to a stirred solution df-hydroxy ketonel197 (15 mg, 006 mmol) in THF (5 mL)at

#78 iC under Ar. The redung solution was stirred at#78 jC for 3 h. Then,
saturatedNHCl(aq) (10 mL) was added and the mixture was extracted wid &+

5 mL). The combined organic extracts were dried (MSfdd evaporated under
reduced presure to give the crude producPurification ly flash column
chromatography on silica with petBaEtOAc (2:3) as eluent gawdiol cis-196 (11

mg 73%) as a white 8d.

Lab book reference: djbl3/60
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(4aB, 7 8adR*) -7GHydroxy -50,8a@imethyl-40,4a0,70;8ztfahydro-2®i -
spiro[[1,3]-dioxolane- 2,1énaphthalen]-80(3d)-one 197

EtN (196 pL, 1.41 mmol) and MBIOTf (127 (L, 0.70 mmol) were added to a
stirred solution of enon&99 (83 mg, 0.35 mmol) in CKCl, (6 mL) at rt under Ar.
The resultingmixture was stirred at rt for 1 h. ThesaturatedNaHCO;(aq) (10 mL)

was added and the mixture was extracted with@H4 + 5 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressure to give
the crude silyl enol ethe214. Then, NaHC® (118 mg, 1.41 mmol) and purified
mCPBA (61 mg, 0.35 mmol) were added to a stirred solution of the crude silyl enol
ether214in CH,Cl, (6 mL) at 0jC under Ar. Theresultingmixture was stirred at O

iC for 1 h. After being allowed to warm to rt, NaHg£3) (10 mL) was added and
the mixture wasextracted with ChHCI; (4 + 5 mL). The combined organic extracts
were dried (MgS@ and evaporated under reduced pues to give the crude-
siloxy ketone216. Then, TBAF (703 1 of a 1 M solution in THF, 0.70 mmol) was
added to a stirreglolution of the crude epoxy silgther in CHCI, (6 mL) at rt under

Ar. Theresultingmixture was stirred at rt for 10 min. ThestaturatedNH4Clg) (10

mL) was added and the mixture was extracted with,GIH(4 + 5 mL). The
combined organic extractsene dried (MgSG) and evaporated under reduced
pressure to give the crude product. Purification by flash column chromatography on
silica with petroEEtOAC (4:1) as eluent gavehydroxy ketonel97 (63 mg, 70%) as

a colourless 0ilRr (2:3 petrobEEtOAC) 0.4; IR (Thin Film) 3397 (OH) 2904, 1700
(C=0), 1073, 862 cfit; '"H NMR (400 MHz, CDCJ) ' : 5.53 (tq,J = 3.0, 1.5 Hz, 1H,
=CH), 4.664.63 (m, 1H, GIOH), 4.384.16 (m, 2H, OCH), 4.0F8.94 (m, 2H,
OCH,), 2.882.84 (m, 1H, CH), 1.8).44 (m, 10H), 1.37 (8H, CMe); *C NMR
(100.6 MHz, CDCJ) ': 208.3 (C=0), 138.1 EMe), 122.5 £CH), 110.5 (OCO),
70.2 (CHOH), 65.7 (OC}), 65.3 (OCH), 54.6 CMe), 47.1 (CH), 31.2 (Ch), 22.5
(CHy), 22.4(CH,), 21.1 (=QVle), 15.5 (Me); MS (ESI) 275 [(M + N&); HRMS
(ESI)m/zcalcd for G4H2004 (M + Na)" 275.1254 found 275.1247 (+1.2 ppm error).

Lab book reference: djbl3/62
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TBAF (508 pL of a 1 M solution in THF, 0.5hmol) was added to a stirredlution

of ! -siloxy ketone216 (45 mg, 0.14 mmol)n CH.Cl, (6 mL) at rt underAr. The
resultingmixture was stirred at rt for 10 min. ThestaturatedNH4Clag) (10 mL) was
added and the mixture was extracted with,Clki(4 + 5 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to give the
crude product. Purification by flash column chromatography on silica with Petrol
EtOAc (4:1) as eluent gavehydroxy ketonel97 (25 mg, 70%) as a colourless .oll

Lab book reference: djbl3/59

(4a®S,5RS,8a@®SY) -50,8abimethyl-30,40,4aG@&@exhydro -2®1-spiro-
[[1,3]dioxolane-2,10naphthalen]8d(8ad)-one 199

OO/H

)

g

DMP (71 mg, 0.17 mmol) was added to a stirred solution of allylic aldodred-213

(27 mg, 0.11 mmol) in C§l, (2 mL) at rt under Ar. Theesulting mixture was
stirred at rt for 1 h. Then, satded NaHCQq) (5 mL) and saturated MN&Os(q) (5

mL) wereadded and the resulting biphasic mixture was stirred at rt for 1 h. Then,
CH.Cl; (10 mL) was addednd the layersvere separated. The aqueous layer was
extracted with CECl, (3 + 10 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to tiee crude product.
Purification by flash column chromatography on silica with pEEtDAC (4:1) as
eluent gave enonk9 (23 mg, 87%) as a coloeds oil,R- (2:3 petrobEtOACc) 0.58;

IR (Thin Film) 2901, 1658(C=0), 1172, 898, 821 cit 'H NMR (400 MHz,
CDClg) ': 6.51 (dddJ = 10.0, 2.50.5 Hz, 1H, COCH=8), 5.75 (ddJ = 10.0, 2.5
Hz, 1H, COG=CH), 4.3$4.30 (m, 1H, OEsHg), 4.098.88 (m, 3H,0CH, +
OCHaHg), 2.24 (dqtJ = 10.0, 7.5, 2.5 Hz, 1H,l@Me), 1.97 (ddd,) = 12.5, 10.0, 3.5
Hz, 1H CH), 1.8@1.73 (m, 1H), 1.7P1.45 (m, 4H), 1.381.25 (m, 1H), 1.22 (s, 3H
Me), 1.12 (d,J = 7.5 Hz, 3H, CHVe);.*C NMR (100.6 MHz, CDG) ': 201.5
(C=0), 12.5 (COCH=<H), 128.2 (C@H=CH), 111.5 (OCO), 65.8 (OCH 64.7
(OCH,), 52.1 CMe), 46.8 CHMe), 33.4 (CH), 32.4 (Ch), 23.9 (CH), 22.5 (CH),
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19.0 (CHVie), 13.9 (QMe); MS (ESI) 259 [(M + Na); HRMS (ESI)m/zcalcd for
Ci14H2003 (M + Na)" 259.1305 found 259.1303 (0.2 ppm error).

Lab book reference: This reaction was carried out by Stefan Mommer sm1/34

NH2NH2%1,0 (89 pL of a 50% solution in water, 1.43 mmol) was added to a stirred
solution of an 85:15 mixture of epoxy ketorteens210andcis-210 (300 mg, 1.19
mmol) in MeOH (10 mL) at O jC under Ar. Tlmesultingmixture was stirred at 0 jC

for 15 min. Then, AcOH (136 pL, 2.38 mmol) was added and the mixture was
allowed to warm to rt over 1 h. Then, NaH§g (10 mL) and CHCI, (10 mL) were
addedand the layersvere separated. The aqueous layer was extracted wigBI£H

(3 + 10 mL). The combined organics were dried (Mgs5énd evaporated under
reduced pressure to give the crude allylic alcehioMP (1.0 g, 2.38 mmol) was
addedto a stirred solution ahe crude allylic alcohdin CH,CI, (10 mL) at rt under

Ar. The resultingmixture was stirred at rt for 1 h. Then, saturated Nak{{@10

mL) and saturated N&Osnq) (10 mL) wereadded and the resulting biphasic
mixture was stred at rt for 1 h. Then, Ci€l, (20 mL) was addednd the layers
were separated. The aqueous layer was extracted witCICE + 20 mL). The
combined organic extracts were dried (Mgp@nd evaporated under reduced
pressure to givéhe crude product. Pidication by flash column chromatography on
silica with petrobEtOAc (4:1) as eluent gave enod®9 (185 mg, 60%) as a

colourless ail.

Lab book reference: djbl3/54



(4a®S,5RS,8a@®rSY) -50,8abimethyl-30,40,4aG@exhydro -2 -
spiro[[1,3]dioxolane-2,1énaph-thalen]-60(8ad)-one 200

0

i H

KHMDS (6.00 mL of a 0.7 M solution in toluene, 4.20 mmol) was added dropwise
to a stirredsolution of keton€02 (500 mg, 2.10 mmol) in THF (16L) at#78 C
under Ar Theresulting solutiorwas strred atb78 jC for 1 h.MesSiCl (533 pL, 4.20
mmol) was added and theolution was stirred abr8 jC for 30 min. Then,
NaHCQsaq) (20 mL) and CHCI, (20 mL) were addednd the layersvere separated.
The aqueous layer was extracted with,CH (3 + 20 mL). The combined organics
were dried (MgSG) and evaporated under reduced pressure to give the crude silyl
enol ether. Pd(OAg)(518 mg, 2.31 mmol) was added to a stirred solution of the
crude silyl enol ether in MeCN (101L) at rt under Ar. Theesulting mixture was
stirred and heated at 80 jC for 1 h. After being allowed to cool to rt, the solids were
removed by filtration and the filtrate was evaporated under reduced pressure to give
the crude product. Purification by flash column chromatograph silica with
petroEEtOAC (4:1) as eluent gave eno2@0 (405 mg, 82%) as a colourless &t

(2:3 petrobEtOAc) 0.60; IR Thin Film) 1676 (C=0), 1184, 875 cfff; 'H NMR

(400 MHz, CDC}) ' : 7.01 (d,J = 10.0 Hz, 1H, COCH=B), 5.87 (d,J = 10.0 Hz,

1H, COCH=CH), 4.048.91 (m, 4H OCHCH,0), 2.25 (dg,J = 13.0, 6.5 Hz, 1H,
CHMe), 2.04 (tdJ = 13.0, 3.0 Hz, 1H, CH), 1.£8.43 (m, 5H), 1.3R21.20 (m, 1H),

1.16 (s, 3H, CMe), 1.09 (d,= 6.5 Hz, 3H, CHVle); *C NMR (100.6 MHz, CDG)

': 201.6 (C=0), 155.5COCH=CH), 127.6 (C@H=CH), 111.5 (OCO), 65.3
(OCH,), 64.8 (OCH), 45.8 (CH), 45.3 CMe), 42.0 (CQ@H), 29.2 (CH), 23.8
(CH,), 22.7 (CH), 16.1 (Me), 12.4 (®l€); MS (ESI) 237 [(M + HJ]; HRMS (ESI)

m/z calcd for G4H2003 (M + H)" 237.1485 found 237.14851.5 ppm error).
Spectroscopic data are consisteith those reported in the literatufe.

Lab book reference: djbl3/9



(RS)-5',8a'-Dimethyl-3',4',8",8a'-tetrahydro-2'H-spiro[[1,3]dioxolane-2,1"-
naphthalen]-6'(7'H)-one 201

0

pTSA%I,0 (0.12g, 0.72mmol) and ethylene glycol (25riL, 0.45mol) were added
to a stirred solution of enoré (5.97 g, 31.0 mmol) in beene (50 mL) at rt. The
resultingmixture was stirred and heated at reflux for 2 h using a {3¢ank trap.
The readbn mixture was allowed to cool to rt.afurated NaHCgq) (50 mL) was
addedand the layersvere separated. The aqueous layer was extracted with(&+

50 mL). The combined organics were dried (Mghbénhd evaporated under reduced
pressure to give the crude product. Purification by flash column chromatography on
silica with petrobEEtOAc (1:1) as eluent gawetal 201 (5.92 g, 81%) as a colourless
oil, Rr (2:3 petrobEtOAc) 0.56; IR Thin Film) 2950, 879, 1663(C=0), 1610
(C=C), 1457 cm"; '"H NMR (400 MHz, CDC}J) ' : 4.0(E8.88 (m, 4H OCH,CH,0),
2.752.67 (m, 1H), 2.482.32 (m, 2H), 2.2B2.03 (m, 2H), 1.921.78 (m, 2H), 1.76
(d, J = 1.5 Hz, 3H, MeC=), 1.71.53 (m, 3H), 1.31 (s, 3H, Me}*C NMR (100.6
MHz; CDCk) ' : 198.8 (C=0), 160.3 (CMéS), 130.2 CMe=C), 112.9 (OCO), 65.4
(OCHp), 65.2 (OCH), 45.4 CMe), 33.8 (CH), 29.8 (CH), 26.6 (CH), 26.5 (CH),
21.5 (CH), 20.9 (QMe=C), 11.6 (®1e); MS (ESI) 259 [(M + N&); HRMS (ESI)
m/z calcd for G4H2003 (M + Na)® 259.1305 found 259.1302 (1.1 ppm error).
Spectroscopic data are consisteith those reported in the literatufe.

Lab book reference: This reaction was carried out by Stefan Mommer sm1/7



(4a'RS,5'RS,8a'RS)-5',8a’-Dimethylhexahydro-2'H-spiro[[1,3]dioxolane-2,1'-
naphthalen]-6'(7'H)-one202and((4a'RS,5'RS,6'RS,8a'RS)-5',8a'-
Dimethyloctahydro-2'H-spiro[[1,3]dioxolane-2,1-naphthalen]-6'-ol 209

o’“:; cfA:Z

P H i H

202 209

A solution of enon€01 (5.92 g, 25.0 mmol) and (450pL, 25.0 mmol) in THF
(50 mL) was added drepse to a stirred solution of lithium wirE890 mg, 125
mmol) in liquid NH; (125 mL) at#78 jC over 30 min. The mixture was allowed to
warm to rt and stirred for 1 h. Then, ME) was added and NHwvas allowedto
evaporate. Thersaturatedbrine (50 mL) and CECl, (50 mL) were addednd the
layerswere separated. The aqueous layer was extracted wigBl£E + 50 mL).
The combined organics were dried (Mg¥@nd evaporated under reduced pressure
to give the crde product. Purification by flash column chromatography on silica
with petroBEtOAc (1:1) as eluent gave keto2@2 (3.59 g, 61%) as a colourless oail,
R (2:3 petrolEtOACc) 0.59; IR Thin Film) 2949, 170§C=0), 1185 cm'; *H NMR
(400 MHz, CDC}) ' : 3.9688.81 (m, 4H, OCKCH,0), 2.452.17 (m, 3H), 1.89 (tdd,
J =135, 5.5, 0.5 Hz, 1H), 1.96.39 (m, 7H), 1.2B1.17 (m, 4H), 0.96 (d) = 6.5
Hz, 3H, Me);**C NMR (100.6 MHz, CDG) ': 213.0 (C=0), 112.7 (OCO), 65.2
(OCH,), 65.1 (OCH), 48.2 (CCCH), 45.1 (CH),42.5 CMe), 37.7 (CH), 30.8
(CHy), 30.1 (CH), 25.1 (CH), 22.8 (CH), 14.3 CHMe), 11.8 (QMe); MS (ESI) 261
[(M + Na)']; HRMS (ESI) m/z calcd for GsH»,03 (M + Na)" 261.1461found
261.1460 (0.0 ppm errognd gave alcohd09 (1.80 g, 306) as a white solidR-
(2:3 petroPEtOACc) 040; IR (Thin Film) 3390 (OH), 29451451, 1377, 1353, B2,
1239, 1165, 1136, 95867 cni*; *H NMR (400 MHz, CDCJ) ' : 3.998.79 (m, 4H
OCH,CH,0), 3.10 (td,J = 9.5, 5.0 Hz, 1HCHOH), 1.8F1.79 (m, 1H), 1.7B1.35
(m, 10H), 1.281.20 (m, 2H), 1.00 (s, 3HVle), 0.96 (d,J = 6.0 Hz, 3HMeCH); *°C
NMR (100.6 MHz, CDGJ) ': 113.1 (OCO), 76.3 (CHOH), 65.2 (OG)} 65.0
(OCH,), 45.8 CH), 42.3 CMe), 39.2 (CH), 30.6 (CH), 30.1 (CH), 28.3 (CH),
23.6 (CH), 23.0(CHy), 15.3 (Me), 14.9 (Me); MS (ESI) 241 [(M + H) HRMS



(ESI) m/zcalcd for GsH2403 (M + H)" 241.1798 found®41.1802 #1.7 ppm error).
Spectroscopic data are consisteith those reported in the literatufe.

Lab book reference: djbl/85

IBX (116 mg, 0.42 mmol) was added aostirred solution of alcohd@09 (50 mg,

0.21 mmol) in DMSO (1.5 mL) at rt under Arhe resulting mixturevas stirred at rt

for 20 h. Then, saturated NaHgg (10 mL) was added and the mixture was
extracted with CECl, (4 + 15 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to give the crude product.
Purification by flash column chromatography on silica with pEEtDAC (4:1) as
eluent gave keton202 (46 mg, 9%) as a caurless oil.

Lab book reference: djbl4/56

(la®S, 3RS, 3a® S, 7alRS, 7bRSY) - and

(la®s, 3RS, 3a@® S, 7aBR S, 7TbARSY) -30, 7aDimethylhexahydro- 1a®l-
spiro[[1,3]-dioxolane-2,7énaphtho[1,2-bjoxiren] -20(3d)-onetrans-210 andcis-
210

S T
e O O

i H : H

trans cis

DMP (103 mg, 0.24 mmol) was adtéo a stirred solution of a88:12 mixture of
epoxy alcoholdrans-212 andcis-212 (41 mg, 0.16 mmol) in CkCl, (2 mL) at rt
under Ar. Theresulting mixture was stirred at rt for 30 min. Then, satulate
NaHCQGsaq) (10 mL) and saturated M&Os(aq) (10 mL) wereadded and the resulting
biphasic mixture was stirred at rt for 1 h. Then,,CH (10 mL) was addednd the
layerswere separated. The aqueous layer was extracted wigB@I£E + 20 mL).
The combined organic extracts were dried (MgS&hd evaporated under reduced
pressure to give the crude products which contained an 88ift2ire of epoxy



ketonestrans-210 and cis-210 (by 'H NMR spectroscopy). Purification by flash
column cromatography on silica with petBHtOAc (4:1) as eluent gave &8.12
mixture (by*H NMR spectroscopy) of epoxy ketongans-210andcis-210 (29 mg,
70%) as a white solid, mp B88 iC; Rr (2:3 petroEEtOAc) 0.60; IR Thin Film)
2908, 168§6C=0), 1171, D43, 847 ci; 'H NMR (400 MHz, CDCJ) ' 4.148.91
(m, 4H, OCHCH,0), 3.58 (d,J = 4.0 Hz, 0.12H,CHOs), 3.52 (d,J = 4.0 Hz,
0.88H, CHOqang), 3.24 (d,J = 4.0 Hz, 1H,CHOyans +cis), 2.59 (dg,J = 13.5, 7.0 Hz,
0.88H, CHMeyang, 2.13 (ddd,J = 13.0, 10.5, 3.5 Hz, 0.12K;Hs), 1.89 (td,J =
13.0, 3.0 Hz, 0.88HCHang), 1.881.78 (M, 0.12HCHig), 1.741.30 (m, 6H), 1.26
(s, 2.64H, M@ang), 1.15 (d,J = 7.0 Hz, 0.36H, CMle;s), 0.99 (s, 0.36H, Mg), 0.88
(d,J = 7.0 Hz, 2.64HCHMeyany); *C NMR (100.6 MHz, CDG) ' 209.7 (C=Qany),
208.7 (C=Qs), 112.1 (OCQang), 111.6 (OCQs), 65.0 (OCHéis), 64.9 (OCHyans),
64.8 (OCHygj), 64.5 (OCHyang, 64.0 (CHQan), 59.9 (CHQW), 55.6 (CHQany,
54.5 (CHQis), 49.0 (CHang, 44.1 (CHis), 42.8 CMegis), 42.5 CMeyany), 38.6
(CHcig), 38.0 (CHeang), 30.1 (CHkis), 29.0 (CHyang), 24.5 (CHis), 22.8 (Chang),
22.6 (CHuang, 22.5 (CHkis), 16.5 (CHMeys), 14.1 (CHVeis), 13.1 (Meyans), 10.4
(CMeéyang); MS (ESI) 253 [(M + HJ]; HRMS (ESI)m/zcalcd for GaH2004 (M + H)*
253.1434 found 253.143¥X.2 ppm error).

Lab Book Reference: This reaction was carried out by Stefan Mommer sm1/29

CeChk7H,0 (1.26 g, 3.39 mmol) was added to a stirred solution of eR00¢400
mg, 1.69 mmol) in EtOHHF (2:1, 28 mL) at rt under Ar. Thesulting mixture
was stirred at rt for 10 min. After cooling 88 {C, NaBH (128 mg, 3.39 mmol)
was added and the mixture was stirre@# ;C for 1.5 h. Then, saturated NE,g)
(10 mb and CHCI, (10 mL) were addedind the layersvere separated. The
agqueous layer was extracted with L8 (5 + 10 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to give the
crude allylic alcoholsmCPBA (834 mgof approx. 70% purity, 3.29 mmolyas
added to a stirreduspensiorof the crude allylicalcohok and NaHCG; (569 mg,
6.77 mmol) in CH.Cl, (25 mL) at O jC under Ar. Theesultingmixture was stirred
at 0 jC for 10 mirand thert for 22 h.SaturatedN&,S;03(q) (10 mL) was added and
the biphasic mixture was stirred atjG for 1 h.Then NaHCQq (20 mL) was



addedand the layersvere separated. The aqueous layer was extracted wigBI£H
(3 + 10 mL). The combined organics were dried (Mg5énd evaporated under
reduced pressure to give the auepoxy alcoholsDMP (1.44 g, 3.39 mmol) was
added to a stirred solution of the crude epoxy alhoCH,Cl, (25 mL) at rt under
Ar. Theresultingmixture was stirred at rt for 2 h. Then, saturated Nak{{@10
mL) and saturated N&Osnq) (10 mL) wereadded and the resulting biphasic
mixture was stirred at rt for 1 h. Then, &H, (20 mL) was addednd the layers
were separated. The aqueous layer was extracted witICE + 20 mL). The
combined orgnic extracts were dried (MggQand evaporated under reduced
pressure to give the crude products which containe@®=tb mixture of epoxy
ketonestrans-210 and cis-210 (by 'H NMR spectroscopy). Purification by flash
column chromatography on silica witetpolEEtOAC (4:1) as eluent gaven 85:15
mixture (by'H NMR spectroscopy) of epoxy ketongans210 and cis-210 (310
mg, 73%) as a white solid.

Lab book reference: djbl3/43

(4a®S 5QRS,6(RS,8aRSY) - and (4aB S 5RS,6@RS', 8alRSH)-50,8a0
Dimethyl-30,40,4a0,50,68e8aydro-2®-spiro-[[1,3]dioxolane-2,10
naphthalen]-6Qol trans-211 andcis-211

L

Hoffb HOY @

iH i H

trans cis

A solution of enon&00 (50 mg, 0.21 mmol) in THF (1 mL) was added dropwise to
a stirred suspension of LIAIH8 mg, 0.21 mmol) in THF (1.5 mL) &40 {C under
Ar. The resulting mixturavas stirred aP40 jC for 30 min. After being allowed to
warm to 0 jC, 2 M NaOHg) (5 mL) wes added dropwise. Thesaturatedrine (10
mL) and EtO (10 mL) were addednd the layersvere separated. The aqueous layer
was extracted with C¥l, (3 + 10 mL). The combined organics were dried (Mg5O
and evaporated under reduced pressuigv® the cude products whiclecontained

an 87:13 mixture of alcohol¢rans211 and cis-211 (by 'H NMR spectroscopy).
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Purification by flash column chromatography on silica with pEEtDAC (3:2) as
eluent gavdrans-211 (45 mg, 88%) as a colourless d#; (2:3 petplEEtOAC) 0.43;
IR (Thin Film) 3344 (OH), 2905, 1421, 1022, 726 ém'H NMR (400 MHz,
CDCl) ' : 5.82 (dd,J = 10.0, 2.0 Hz, 1H, COHE=CH), 5.55 (dd,) = 10.0, 2.0 Hz,
1H, COHCH=QH), 4.0@88.88 (m, 4H, OCKLCH,0), 3.76 (dt,J = 8.5, 2.0 Hz, 1H,
CHOH), 1.7#81.40 (m, 8H), 1.181.12 (m, 1H), 1.07 (s, 3H, CMe), 1.01 (t= 6.5
Hz, 3H, CHMe); **C NMR (100.6 MHz, CDG) ': 135.0 (COKCH=CH), 129.0
(COHCH=CH), 112.3 (OCO), 75.0 (CHOH), 65.2 (OgH 64.9 (OCH), 44.9
(CMe), 43.9 CHMe), 37.5 (CH), 29.7 (ChJ, 23.0(CH,), 22.6 (CH), 18.6 (CHVe),
15.8 (QMe); MS (ESI) 261 [(M + Na); HRMS (ESI)m/zcalcd for G4H2:03 (M +
Na)" 261.1461 found 261.1456 (+1.9 ppm error) @ave alcohokis-211 (4 mg,
8%) as a colourless o0iR: (2:3 petroEEtOAc) 0.31; IR Thin Film) 3380 (OH),
2907, 1246 727 ciy 'H NMR (400 MHz, CDGCJ) ': 5.94 (d,J = 10.0 Hz, 1H,
CHOHCH=CH), 5.78 (ddJ = 10.0, 5.0 Hz, 1H, CHOHCH=4), 4.088.90 (m, 4H,
OCH,CH,0), 3.82 (t,J = 5.0 Hz, 1H, GiOH), 1.841.43 (m, 8H), 1.2P1.09 (m,
1H), 1.01 (s, 3H, CMe), 0.99 (d,= 6.5 Hz, 3H, Ch¥e); *C NMR (100.6 MHz,
CDCl) ': 137.3 (CHOHCH=CH), 127.1 (CHOHCHEH), 112.5 (OCO), 68.7
(CHOH), 65.3 (OCH), 64.9 (OCH), 45.4 CMe), 38.8 CHMe), 33.4 (CH), 29.7
(CH,), 23.1 (CH), 22.2 (CH), 17.2 (CHVe), 14.7 (QVle); MS (ESI) 261 [(M +
Na)']; HRMS (ESI) m/z calcd for GH2,03 (M + Na)' 261.1461 found 261.1456
(2.1 ppm error).

Lab book reference: This reaction was carried out by Stefan Mommer sm/26

CeCk.7H,O (118 mg, 0.32 mmol) was added tstared solution of enon200 (50
mg, 0.21 mmol) in EtOHTHF (2:1, 3 mL) at rt under Ar. Thesultingmixture was
stirred at rt for 10 min. After cooling 978 jC, NaBH (12 mg, 0.32 mmol) was
added and the mixture was stirrecb@8 jC for 1.5 h. Thensaturated Nl aq) (10
mL) and CHCI, (10 mL) were addednd the layersvere separated. The aqueous
layer was extracted with GBI, (3 + 10 mL). The combined organics were dried
(MgSQy) and evaporated under reduced pressumgvi® the crude products wdhi
contained a 94:6 mixture ofalcohols trans211 and cis211 (by 'H NMR

! &+) !



spectroscopy). Purification by flash column chromatography on silica with fetrol
EtOAc (3:2) as eluent gaxacoholtrans211 (45 mg, 89%) as a colourless oil.

Lab book reference:This reaction was carried out by Stefan Mommer sm1/28

(1la®S2RS, 3RS, 3a®R S, 7aRSH, 7bARSH) - and
(1la®S,2RS, 3RS, 3aB®R S, 7aBRSH, 7TbARSH) -30, 7a®@imethyloctahydro-1a®i -
spiro-[[1,3]dioxolane-2,7Gnaphtho[1,2-bJoxiren]-2Gol trans-212 andcis-212

Q) Q)
T @) @)

/O(jij jﬁ:’@
HO : HO :

iH iH

trans cis

mCPBA (187 mg of approx. 70% purity, 0.76 mmol) and was added to a stirred
suspensiorof alcoholtrans211 (45 mg, 0.19 mmoland NaHCG; (128 mg, 1.52
mmol) in CHCI, (2 mL) at O jC under Ar. Theesultingmixture was stirred at 0 jC

for 10 minand therat rt for 22 h.SaturatedNaS;03(aq) (10 mL) was added and the
biphasic mixture was stirred aQ for 1 h.Then NaHCQ(aqg) (10 mL) and CHClI,

(10 mL)wereaddedand the layersvere separated. The aqueous layer was extracted
with CH,CIl, (3 + 10 mL). The combined organics were dried (MgsS@nd
evaporated under reduced pressure to give thes gouoducts which contained an
88:12 mixture of epoxy alcoholgans-212 andcis-212 (by 'H NMR spectroscopy).
Purification by flash column chromatography on silica with pEEtDAC (3:2) as
eluent gave a®8:12 mixture (by'H NMR spectroscopy) of epoxy alcohdtsns-

212 andcis-212 (38 mg, 79%) as a colourless di; (2:3 petroEEtOAc) 030; IR
(Thin Film) 3392(0H), 2907, 1038, 725 cffi 'H NMR (400 MHz, CDC)) ' : 4.08D

3.91 (m, 4H OCHCH,0), 3.52 (d,J = 8.5 Hz, 0.12HCHOH;), 3.42 (ddJ = 8.5,

2.0 Hz, 0.88HCHOyang), 3.34 (d,J = 4.0 Hz, 0.88HCHOyany), 3.29 (ddJ = 4.0, 2.5

Hz, 0.88H,CHOqany, 3.18 (d,J = 4.0 Hz, 0.12H,CHO¢js), 2.99 (d,J = 4.0 Hz,
0.12H, CHO¢is), 1.79 (br s, 1H, Ok + trang), 1.721.10 (m, 8H), 1.09 (s, 0.36H,
Megis), 1.07 (s, 2.64H, Mgnd, 0.93 (d,J = 6.5 Hz, 3H, CHMgs+ trand); -"C NMR
(100.6 MHz, CDCJ) ': 112.8 (OCQang), 112.3 (OCQs), 76.2 (CHOHany), 72.4
(CHOHis), 65.2 (OCHgis), 64.9 (OCHlrans), 64.8 (OCHis), 64.5 (OCHirang), 61.4
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(CHOvyany, 57.2 (CHQ;), 56.9 (CHQang), 54.2 (CHQs), 44.7 (CHang, 42.4
(CMegis), 41.6 CMeyany), 36.2 (CHis), 35.8 (CHis), 33.5 (ChHang, 30.9 (CHkis),
29.2 (CHarang), 22.9 (CHyans), 22.5 (CHkis), 22.4 (CHcis), 21.8 (CHzyang), 17.2
(Megio), 14.8 (MQis), 14.7 (M@ang), 13.1 (Many; MS (ESI) 255 [(M + Na);
HRMS (ESI)mVz calcd for G4H2,04 (M + Na)™ 277.1410 found 277.14184.3 ppm

error).

Lab book reference: This reaction was carried out by Stefan Mommer sm1/33

(4a®S 5QRS 8RS, 8aRSY) - and (4aB S, 5RS, 8RS, 8alRSH)-50,8a0
Dimethyl-30,40,4a0,50,88e&8adydro-2®1-spiro[[1,3]dioxolane-2,10
naphthalen]-8@ol trans-213 andcis-213

H(:) O/H HO O/ﬁ
: ) O

iH :

trans CIs

. T

NH2NH2%1,0 (8 pL of a 50% solution in water, 0.13 mmol) was added to a stirred
solution of an 85:1%nixture of epoxy ketonesrans210 andcis-210 (29 mg, 0.11
mmol) in MeOH (1 mL) at O jC under Ar. Thresultingmixture was stirred at 0 jC
for 15 min. Then, AcOH (13 pL, 0.28mol) was added and tineixture was allowed
to warm to rt over 1 h. Then, Nalgaq) (10 mL) and CHCI, (10 mL) were added
and the layersvere separated. The aqueous layer was extracted wigGI£8 + 10
mL). The combined organics were dried (Mgp@nd evaporated under reduced
pressure tgive the crude products which containe@ad mixture of alcoholdrans
213 and cis213 (by 'H NMR spectroscopy). Purification by flash column
chromatography on silica with petBBltOAc (4:1) as eluent gave allylic alcohol
trans213 (20 mg, 74%) as a colourless di; (2:3 petroEEtOAc) 0.52; IR Thin
Film) 3481 (OH), 2906, 1235, 1167, 1066, 1022, 934"tnH NMR (400 MHz,
CDCls) ' : 5.4686.40 (m, 2H HC=CH), 4.65 (d,J = 3.5 Hz, 1H CHOH), 4.148.90
(m, 4H OCH,CH,0), 3.41 (s, 1H OH), 1.8®1.79 (m, 1H), 1.7B1.58 (m,4H),
1.5701.46 (m, 1H), 1.39 (ddd = 12.0, 9.5, 4.0Hz, 1H), 1.2®1.12 (m, 1H), 1.05 (s,
3H, Me), 0.96 (d,J = 7.0 Hz, 3HCHMe); *C NMR (100.6 MHz, CDG) ': 132.2

! &++ !



(CHOHCH=CH), 128.4 (CHOHCHEH), 114.4 (OCO), 69.8 (CHOH), 64.9
(OCH,), 63.5 (OCH), 44.3(CH), 44.2(CMe), 33.6 (CH), 29.0 (C}), 24.0 (CH),
22.2 (CH), 19.5 (CHVie), 9.7 (QMe); MS (ESI) 261 [(M + Na); HRMS (ESI)m/z
calcd for G4H2203 (M + Na) 261.1461 found 261.24681.9 ppm error)The najor
diastereomer is assumed to bletainedthrough retention of stereochemistrytbé
epoxy alcohol starting materialt is noted that the dr increases (85:15 to 96:4)
suggesting the stereochemical outcome is not that straightforward.

Lab book reference: This reaction was carried out by Stefan mmer sm1/32

(4a'S,7'S,8a'R)-5',8a'-Dimethyl-7'-((trimethylsilyl)oxy) -4',4a’,7',8a-tetrahydro -
2'H-spiro[[1,3]dioxolane-2,1-naphthalen]-8'(3'H)-one 216

Oo/\|
o)

Me3SiO,,

EtN (142 pL, 1.02 mmol) and M8IiOTf (92 pL, 0.5Immol) were added to a stirred
solution of enonel99 (60 mg, 0.25mmol) in CHCl, (5 mL) at rt under Ar. The
resultingmixture was stirred at rt for 1 h. ThesgturatedNaHCG;5q) (10 mL) was
added and the mixture was extracted with,Clki(4 + 5 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to give the
crude silyl enol ethe?214. Then, NaHC®(43 mg, 0.5Immol) and purifiednCPBA

(44 mg, 0.25mmol) were added to a stirred solution of the crude silyl enol ether in
CH.ClI, (5 mL) at 0jC under Ar. Theresultingmixture was stirred at 0 jC for 1 h.
After being allowed to warm to rt, NaHG) (10 mL) was added and the mixture
was extracted with Cil, (4 + 5 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced puoes to give the rade product.
Purification by flash column chromatography on silica with pEEtDAC (4:1) as
eluent gave -siloxy ketone216 (45 mg, 596) as a colourless oiR: (4:1 petrob
EtOAc) 0.40;'H NMR (400 MHz, CDCJ) ': 5.40 (tg,J = 3.0, 1.5 Hz, 1H=CH),
4.64 (dg,J = 5.0, 2.5Hz, 1H, CHO), 4.334.20 (m, 2H OCH,), 4.0@8.87 (m, H,
OCHy), 2.92.86 (m, 1H CH), 1.791.64 (m, 6H), 1.591.40 (m, 3H), 1.31 (s, 3H
CMe), 0.14 (s, B, SiMe;).

Lab book reference: djbl3/59



tert-Butyl(((4a'R,5'R,8a'S)-4a',8'-dimethyl-3',4',4a',5',6',8a-hexahydro-1'H-
spiro[[1,3]dioxolane-2,2-naphthalen]-5'-yl)oxy)dimethylsilane 217

TBSO

MeLi (13.7 mL of a 1.6 M solution in ED, 21.95 mmmol) was added to a stirred
solution of Cul (2.61 g, 13.72 mmol) in THF (5 mL) atjQ. The resulting
suspension was stirred at 0 jC for 15 min. Then, a solution of enol 22243
mg, 1.37 mmol) in THF (5 mL) was added dropwiser 15 min andhe resulting
solution was stirred at 0 jC for 15 min. Then, saturated:Qg, (10 mL) and
CHCI; (10 mL) were addednd the layersvere separated. The aqueous layer was
extracted with CECl, (5 + 10 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to give the gquodRict
Purification by flash alumn chromatography on silicaith petrotEtOAc (41) as
eluent gave methyl alker#d7 (430 mg, 89%) as a colourless ol #27.9 € 1.0 in
CHCL); Re (4:1 petrolEtOAc) 0.53; IR (Thin Film) 2907, 1442, 1232, 1090, 762
cm™; 'H NMR (400 MHz, CDG)) ' : 5.255.24 (m, 1H =CH), 3.9¥8.92 (m, 4H
OCH,CH,0), 3.50 (ddJ = 9.5, 6.5 Hz, 1HCHO), 2.22.09 (m, 2H), 2.0P1.92 (m,
1H), 1.881.62 (m, 4H), 1.5B1.48 (m, 4H), 1.17 (td] = 13.5, 4.5 Hz, 1H), 0.86 (s,
9H, Sit-Bu), 0.78 (s, 3H, Me), 0.00 (s, 6H, € SiMe); *C NMR (100.6 MHz;
CDCl) ': 134.5 (€£Me), 120.4 €CH), 109.7 (OCO), 76.3 (CHO), 64.4 (OQH
64.3 (OCH), 44.0 (CH), 37.6 @Me), 33.6 (CH), 33.5 (CH), 33.4 (CH), 30.9
(CHy), 26.0 (QVes), 20.9 (=QMe) 18.2 CMes), 9.1 (QMe), EB.9 (SiMe), P4.7
(SiMe); MS (ESI) 353 [(M + HJj, 100], 221 (90); HRMS (ESljn/z calcd for
Ca0H3605Si (M + H)" 353.2506 found 353.2508@.5 ppm error).

Lab book reference: djbl3/11



(4a'R,8a'S)-4a’',8'-Dimethyl-4',4a’,6',8a*-tetrahydro-1'H-spiro[[1,3]dioxolane-
2,2-naphthalen)]-5'(3'H)-one 218

DMP (534 mg, 1.26 mmol) was added to a stirred solution of al@2®{200 mg,
0.84 mmol) in CHCI; (5 mL) at rt under Ar. The resulting suspension was stirred at
rt for 2 h. Then, saturated NaHg&J) (10 mL) and saturated N&Oz(aq) (10 mL)
wereadded and the resulting biphasic mixture was stirred at rt for 1 h. The@J,.CH
(10 mL) was addednd the layersvere separated. The aqueous layer was extracted
with CH,ClI, (3 + 20 mL). The combined oagic extracts were dried (Mg3Xand
evaporated under reducedepsure to give the crude produBurification by flash
column chromatography on silica wipetrotEtOAc (4:1) as eluent gave keto2#8
(171 mg, 86%) as a colourless oll]d #9.4 (€ 1.6 in CHCkL); R: (EtO) 0.58; IR
(Thin Film) 2904, 1685(C=0), 1080, 860 cft; '"H NMR (400 MHz, CDCJ) ':
5.4%5.38 (M, 1H=CH), 3.938.81 (m, 4H, OCRLCH,0), 2.962.88 (m, 1H, 2.7®
2.55 (m, 2H), 1.78 (ddd, J = 13.0, 4.0, 2.0 Hz, 1H), 817 (m, 8H), 0.99s, 3H,
Me); °C NMR (100.6 MHz; CDG) ' : 213.7 (C=0), 135.8 GMe), 118.5 £CH),
108.6 (OCO), 64.3 (OCH, 64.2 (OCH), 45.6 CMe), 42.3 (CH), 38.4 (C}), 33.3
(CHy), 30.0 (CH), 28.9 (CH), 20.4 (=QVe), 14.4 CMe); MS (ESI) 300 (28), 259
[((M + Na)", 27], 237 [(M + HJ, 100]; HRMS (ESI)m/zcalcd for GsH»003 (M +

Na)" 259.1305 found 259.1303 (0.5 ppm erranyz calcd for G4H2003 (M + H)*
237.1485 found 237.1481 (0.5 ppm error).

Lab book reference: djbl3/39



(4a'R,6'S,8a'S)-6'-Hydroxy-4a’',8'-dimethyl-4',4a',6',8a"-tetrahydro-1'H-
spiro[[1,3]dioxolane-2,2-naphthalen]-5'(3'H)-one 219

O

H O,,.

EN (77 pL, 0.42 mmol) anWeSEOTf (118 pL, 0.85 mmol) were added to a stirred
solution of ketone218 (50 mg, 0.21 mmol) in CKLl, (5 mL) at rt under Ar.The
resulting mixturewas stirred at rt for 15 min. Then, saturated Naki&fX10 mL)
and CHCI, (10 mL) were addednd the layersvere separated. The aqueous layer
was extracted with C€l, (3 + 10 mL). The combined organics were driecg@Dy)

and evaporated under reduced puoes to give the crude silyl enol eth2g4
NaHCG; (71 mg, 0.85 mmol) and purifiedCPBA (37 mg, 0.21 mmol) were added
to a stirred solution of the crude silyl enol ether in,CH (5 mL) at 0 jC under Ar.
Theresulting mixturevas stirred at 0 jC for 30 min. After being allowed to warm to
rt, NaHCQq) (10 mL) was added the two layers were separated. The aqueous layer
was extracted with C¥l, (3 + 10 mL). The combined organics were dried (Mg5O
and evaporattunder reduced pregre to give the crudesiloxy ketone226. TBAF
(423 pL of a 1.0 M solution in THF, 0.42 mmol) was added to a stgodation of
the crude epoxy silygther in CHCI, (5 mL) at rt under ArThe resulting mixture
was stirred at rt fo5 min. ThensaturatedNH4Claq) (10 mL) was addednd the
layerswere separated. The aqueous layer was extracted wigB@I£E + 20 mL).
The combined organics were dried (Mg¥@nd evaporated under reduced pressure
to give the crude product. Purificat by flash column chromatography on silica
with petroBEtOAc (4:1) as eluent gavie-hydroxy ketone219 (4 mg, 7%) as a
colourless 0ilR: (Et;0) 0.26; IR Thin Film) 3391(0OH), 2911, 1693C=0), 1078,
979 cn™; '"H NMR (400 MHz, CDCJ) ' : 5.65.58 (m, 1H,=CH), 4.794.76 (m,
1H, CHO), 4.0£8.90 (m, 4H, OCKCH,0), 2.6#6.58 (m, 1H, 2.01.99 (m, 1H),
1.8601.58 (m, 9H), 1.24 (d) = 0.5 Hz, 3H, Me); MS (ESI) 275 [(M + Na).00];
HRMS (ESI)m/zcalcd for G4H2004 (M + Na)™ 275.1254 found 275.124@.9 ppm

error).

Lab book reference djd3/67
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(4a'R,5'R,8a'R)-5'-((tert-Butyldimethylsilyl)oxy) -4a'-methyl-3',4',4a’,5',6',8a-
hexahydro-1'H-spiro[[1,3]dioxolane-2,2'-naphthalen]-8'-yl
trifluoromethanesulfonate 222

TBSO

v

KHMDS (5.38 mL of a 0.7 M solution in toluene, 3.77 mmol) was added dropwise
to a stirred solution of ketons1 (534 mg, 1.51 mmol) in THF (5 mL) #78 C
under Ar. The resulting solution was stirredt@8 jC for 30 min. Then, a solution of
CominOs reagt221 (888 mg, 2.62 mmol) in THF (5 mL) was added dropwise and

:
TfO

the resulting solution was allowed to warm to rt and stirred at rt for 30 min. Then,
saturated NaHCgq) (10 mL) and CHCI, (10 mL) were addednd the layersvere
separated. The aqueous layer was extracted witlClzkb + 10 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressugvio
the crude productPurification by flash column chromatography on siliwéh
petrotEtOAC (4:1) as eluent gave enol trifla222 (643 mg, 92%) as a colourless oll,
[!]o #11.8 € 1.5 in CHC}); R (4:1 petrolEtOAC) 0.56; IR [Thin Film) 2909, 1397,
1191, 861 crit; '"H NMR (400 MHz, CDCJ) ' : 5.62 (dt,J = 5.5, 2.5 Hz, 1H, =CH
4.0188.91 (m,4H, OCH,CH,0), 3.55 (ddJ = 9.5,6.5Hz, 1H CHO), 2.7G&R.64 (m,
1H), 2.3%2.30 (m, 1H), 2.182.10 (m, 1H), 1.8B1.77 (m, 3H), 1.67 (ddt] = 13.0,
4.5, 2.0Hz, 1H), 1.681.56 (m, 2H), 1.25 (s,F8 CMe), 0.88 (s, 9K Sit-Bu), 0.04 (s,
3H, SiMe), 0.03 (s3H, SiMe); *C NMR (100.6 MHz; CDG) ': 149.1 COT),
116.3 ECH), 118.6 (qJ = 320 Hz CFs), 108.5 (OCO), 74.4 (CHO), 64.6 (OQH
64.3 (OCH), 42.8 (CH), 39.2GMe), 33.1 (CH), 31.4 (CH), 31.0 (CH), 30.7
(CH,), 25.9 (QVle;), 18.1 CMe3), 9.1 (QMe), B4.0 (SiMe),B4.7 (SiMe):*F NMR
(282 MHz, CDC}) ' : ©73.75;MS (ESI) 550 (42), 487 [(M + H) 100]; HRMS (ESI)
m/zcalcd for GoHzaF204SSi (M + H) 487.1792 found 487.1779 (2.6 ppm error).

Lab book reference: djbl3/10



(4a'R,5'R,8a'S)-4a',8'-Dimethyl-3',4',4a',5',6',8a-hexahydro-1'H-
spiro[[1,3]dioxolane-2,2-naphthalen]-5'-ol 223

TBAF (2.0 mL of a 1.0 M solution in THF, 1.99 mmol) was added to a stirred
solution of silyl ethe222 (351 mg, 1.00 mmol) in THF (15 mL) at rt under Ar. The
resulting solution was stirred and heated at 50 jC for 13 h. Then, saturaied NH
(20 mL) and CHCI, (20 mL) were addedind the layersvere separated. The
agueous layer was extracted with L (3 + 20 mL). The combined organics were
dried (MgSQ) and evaporated under reduced pressure to give the crude product.
Purification by flash column chromatography on silica withCEas eluent gave
alcohol 223 (206 mg, 87%) as a colourless ol #17.9 € 1.0 in CHCE); Re
(Et;0) 0.36; IR Thin Film) 3399(0OH), 2907, 1415, 1087, 866 ém'H NMR (400
MHz, CDC) ' : 5.285.23 (m, 1H=CH), 3.948.89 (m, 4H, OCKCH,0), 3.52 (dd,

J =10.0, 6.5 Hz, 1H, CHO), 22817 (m, 2H), 1.961.89 (m, 2H), 1.8M1.60 (m,
4H), 1.5%1.47 (m, 4H), 1.27 (td, J = 12.9, 4.9 Hz, 1H), 0.76 (s, 3H, MENMR
(100.6 MHz; CDCJ) ': 134.6 (€£Me), 120.0 £CH), 109.4 (OCO), 75.9 (CHO),
64.3 (OCH), 64.2 (OCH), 43.8 (CH), 37.2@Me), 33.2 (CH), 32.6 (CH), 32.5
(CH,), 30.6 (CH), 208 (=QMe), 8.7 (Me); MS (ESI) 239 [(M + HJ, 221 (32);
HRMS (ESI)m/zcalcd for G4H2,03 (M + H)" 239.1642 found 239.1640 (0.6 ppm

error).

Lab book reference: djbl3/28



(4a'R,6'S,8a'S)-6'-((tert-Butyldimethylsilyl)oxy) -4a’,8'-dimethyl-4',4a’,6',8a-
tetrahydro-1'H-spiro[[1,3]dioxolane-2,2"-naphthalen]-5'(3'H)-one 227

EtN (189 pL, 1.86 mmol) and TBOTf (214 pL, 0.93 mmol) were added to a stirred
solution of ketone€218 (110 mg, 0.47 mmol) in C¥l, (5 mL) at rt under ArThe
resulting mixturewas stirred at rt for 15 min. Then, NaHg£9 (10 mL) was added

the two layers were separated. The aqueous layer was extracted w@h 3+ 10

mL). The combined organics were dried (Mgp@nd evaporatednder reduced
pressure to give the crude silyl enol ether. NaRGTH7 mg, 1.86 mmol) and
purified mCPBA (161 mg, 0.93 mmol) were added to a stirred solution of the crude
silyl enol ether in ChCl, (5 mL) at 0 jC under ArThe resulting mixturevas stirred

at 0 {C for 30 min. After being allowed to warm to rt, NaHG (10 mL) was
addedand the layersvere separated. The aqueous layer was extracted wigBI£H

(3 + 10 mL). The combined organics were dried (MgSénd evaporated under
reduced prssure to ye the! -siloxy ketone TBAF (932 pL of a 1.0 M solution in
THF, 0.93 mmol) was added to a stirred solution of the crude epoxy TMS ether in
CH.Cl, (5 mL) at rt under ArThe resulting mixturevas stirred at rt for 15 min.
Then, saturatedNH4Claq) (10 mL) was added and the mixture was extracted with
CHCl, (4 + 5 mL). The combined organic extracts were dried (MgSand
evaporated under reduced pressure to give the crude product. Purification by flash
column chromatography on silica with peBBtOAc (4:1) as eluent gavé-siloxy
ketone227 (17 mg, 10%) as a colourless oll]j #7.0 € 0.1 in CHC}); R (EtO)

0.26; IR {Thin Film) 2908, 1701, 1444, 1079, 821 T©m'H NMR (400 MHz,
CDCI3) ' : 5.485.45 (m, 1H,=CH), 4.84%.82 (m, 1H, CHO), 3.98.88 (m, 4H,
OCH,CH,0), 2.7E2.64 (m, 1H, 1.991.90 (m, 1H), 1.881.77 (m, 1H), 1.781.64

(m, 6H), 1.6#M1.55 (m, 1H), 1.18 (s, 3HCMe), 0.91 (s, 9H Sit-Bu), 0.14 (s, 3H
SiMe), 0.06 (s, 3H SiMe); *C NMR (100.6 MHz; CDQ) ' : 210.3 (C=0), 138.0
(=CMe), 124.7 £CH), 108.5 (OCO), 72.0 (CHO), 64.5 (O@H64.4 (OCH), 48.0
(CMe), 45.2 (CH), 33.3 (C}), 29.8 (CH), 28.5 (CH), 26.0 (QVie;), 20.6 (=QVe),

18.8 CMes), 15.2 CMe), #4.2 (SiMe) #5.2 (SiMe); MS (ESI) 389 [(M + NAXLOQ];
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HRMS (ESI) m/z calcd for §Hs404Si (M + Na)" 389.2119 found 389.2101 (4.6
ppm error).

Lab book reference: djbi3/70

(4aR,5R,6S,8aS)-5,6-Dihydroxy-4a,8dimethyl-1,4,4a,5,6,8a
hexahydronaphthalen2(3H)-onecis-228

X-ray crystal structure of cis-228

NaBH; (17 mg, 0.44 mmol) was added dostirred solution of -siloxy ketone227

(55 mg, 0.22 mmol) in MeOH (5 mL) at O jC under Ahe resulting mixturavas
stirred at 0 {C for 1 h. ThesaturatedNH4Claq) (10 mL) was added and the mixture
was extracted with ED (3 + 5 mL). The combined organic extracts were dried
(MgSQy) and evaporated under reduced pressure to give the crude aleBagl(5

pL of a 40wt% aqueous solution, 0.12 mmol) was added to a stirred solution of the
crude mixture in MeCN (1 mL) at rt in a plastic reaction vessel. The resulting
solution was stirred at rt for 8 h. Then, saturated Naklg@10 mL) and CHCI,

(10 mL) added dropwiseand the layersvere separated. The aqueous layer was
extracted with CEHCI, (3 + 50 mL). The combined organics were dried (Mgsahd
evaporated under reduced pressure to give the crude product. Purification by flash
column chromatography osilica with EtOAc as eluent gave diais-228 (13 mg,
79%) as a colourless ofll]p +17.0 € 0.1 in CHC}); R: (EtOAc) 0.32; IR Thin

Film) 3288(0OH), 2874, 1670, 1028 836 ¢m*'H NMR (400 MHz, CDCY) ' : 5.3

5.30 (m, 1H HC=), 4.314.36 (m, 1H CHOH), 3.59 (d,J = 4.0 Hz, 1H CHOH),
2.71R.65 (m, 1H), 2.61 (dddd} = 15.0, 4.0, 1.5, 1.0 Hz, 1H), 28841 (m, 2H),
2.3%2.17 (m, 2H), 2.061.95 (m, 3H), 1.65 (q] = 1.5 Hz, 3H, =CMe), 1.56 (ddd,

= 13.0, 7.0, 2.5 Hz, 1H), 0.99 (d,= 0.5 Hz, 3H, Me);*C NMR (100.6 MHz;
CDCl) ' : 211.0 (C=0), 137.3 EMe), 122.8 £CH), 74.6 (CHO), 67.4 (CHO), 39.5
(CH,), 39.1 (CH), 38.8 (Cb), 37.2 CMe), 32.9 (CH), 20.7 (=QVie), 15.2 (QMe);
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MS (ESI) 233 [(M + Na), 100]; HRMS (ESIm/zcalcd for GoHigNaO; (M + Na)*
233.1148 found 233.115&3.3 ppm error).

Crystal structure determination of diol cis-228

Ci12H1803, M = 210.26, orthorhombi@ = 6.1186(5)b = 12.2742(4)c = 14.054(3)
o, U=1055.4(2) < T =110(10) K, space group2:2:21, Z = 4, y(Mo-K!) = 0.096
mm**, 10017 reflections measured, 3408 unigRg € 0.0298) which were used in
calculations. The final R1 was 0.0384 (4»2and wR2 was 0.0945 (all data).

Lab book reference: djbl3/71

(1SR,2RS)-Diethyl 3-methyl-5-oxocyclohex3-ene 1,2-dicarboxylate 233

Diethyl fumerate (804 pL, 4.98hmol) was added to a stirred solutiona60:50
mixture of dienesK)-242 and ¢)-242 (2.40 g, 9.83mmol) in toluene (5mL) at rt
under Ar in a sealed tube. Thesuding mixture was stirred and heated at 150 {C for
20 h. After being allowed to coolo rt, the solventwas evaporated under reduced
pressure to givéhe crudeDiels-Alder adduct243 TFA (5 mL) was added to a
stirred solution of the crude Dieder adduct243in CH,Cl, (10 mL) and MeOH
(1 mL) at rt. The resulting mixture was stirred at rt for 1 h. Then, the soent
evaporated under reduced pressure to tiieecrudeproduct. Purification by flash
column chromatography on silica with petitiOAc (4:1) as eluent gawenone233
(1.16 g, 93%) as a colourless d#% (4:1 petrolEtOAc) 0.19 IR (Thin Film) 2938,
1706 (C=0Q, 1652 (C=0), 1232, 1173, 1013, 721"°¢mH NMR (400 MHz, CDCJ)

': 5.93 (quintet,) = 1.5Hz, 1H =CH), 4.22 (q.J = 7.0Hz, 2H OCH;Me), 4.14 (q.J

= 7.0Hz, 2H, OCH,Me), 3.71 (d,J = 5.5 Hz, 1H =CMe), 3.47 (dt,J = 6.5, 5.5
Hz, 1H CH), 2.74 (ddJ = 17.0, 5.8Hz, 1H, CHaHg), 2.68 (ddJ=17.0, 6.5Hz, 1H
CHaHg), 2.04 (dJ = 1.5Hz, 3H =CMe), 1.29 (t,J = 7.0Hz, 3H, OCH,Me), 1.22 (t,

J = 7.0Hz, 3H OCH,Me); **C NMR (100.6 MHz; CDG) ' : 195.6(C=Cenond, 172.1
(C=0keste), 170.6 (C=Okste), 155.7 (=CMe), 128.2 (=CH), 61.9 (OCH,Me), 61.7
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(OCHzMe), 48.3(CH), 42.8(CH), 36.5(CH,), 23.7(=CMe), 14.2 (CCH,Me), 14.1
(OCH,Me); MS (ESI)347 (20),277 [(M + N3", 100], 255[(M + H)", 6§; HRMS
(ESI) m/zcalcd for GsHig0s (M + Na)* 277.1046 found 277.1038.@8ppm error)
calcd for GsHig0s (M + H)* 255.1227 found 255.1223 (1ppm error)

Lab book reference: djbl4/36

Table 6.1, entry 2

AlMe3 (20 pL of a 2.0 M solution in hexanes, 0.04 mmol), AlBs2 mg, 0.20
mmol) and diethylfumerat235 (64 uL, 0.39 mmol) weradded to a stirred solution
of a 50:50 mixture of dieneg&)-242and ¢)-242(380 mg, 1.56nmol) in toluene (1
mL) at O jC under ArThe reulting mixture was stirred at 0 {C for® Then, the
solvent was evaporated under reduced pressure to dive crude product.
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gaveenone233(69 mg, 70%) as eolourless oil.

Lab book reference: djbl4/25

Diethyl fumerate235 (27 uL, 0.17mmol) was added to a stirred solutionimipure
diene247 (75 mg, 0.33nmol, assuming 100% purifyn toluene (1ImL) at rt under
Ar in a sealed tube. Theswting mixturewas stirred and heated at 150 jC fort27
After being allowed to codio rt, the solvenwasevaporated under reduced pressure
to givethe crudeDiels-Alder adduc248 TFA (1 mL) was added to a stirred solution
of the crude DielAlder adduc248in CH,Cl; (2 mL) and MeOH (200 pL) at rt. The
resulting mixture was stirred at rt for 1 h. Then, the solvead evaporated under
reduced pressure to givéhe crude product. Purification by flash column
chromatography on silica with petrBtOAc (4:1) as eluentayeenone233(16 mg,
38%) as a colourless oiNote: Diene 247 of unkown purity and this could explain
the low yield of this reaction.

Lab book reference: djbl4/43



((1SR2RS5RS)- and ((1SR 2RS5SR)-5-Hydroxy -3-methylcyclohex3-ene 1,2-
diyl)dimethanol 1,4-trans236and 1,4-cis-236

HO HO,,
\?j/OH q/OH
HO HO !

1,4-trans 1,4-cis

LiAIH 4 (224 mg, 5.90 mmol) was added to a stirred solution of the e2@$1E00
mg, 1.97 mmol) in ED (10 mL) at#78 jC under Ar. Theesulting mixture was
stirred at#78 iC for 1 h. Then, GlaubertOs salt &@%0H,0) was added slowly
until effervescence ceased. The mixture was allowed to warm to rt and the solid was
removed by filtration and washed with EtOAc @0 mL). The combind organic
extracts were dried (MgS{p and evaporated under reduced pressure to gfine
crudeproduct.Purification by flash column chromat@gphy on silica with ChkCl.-
MeOH (10:1) as eluent ga®y '"H NMR spectroscopy® 90:10 mixture of triols
1,4trans236 and 1,4cis-236 (170 mg, 5%) as a colourless oiRe (10:1 CHCl,-
MeOH) Q11; IR (Thin Film) 3310 (OH), 2889, 1420, 1035, 1017, 9%&t™; 'H
NMR (400 MHz, CROD) ': 5.565.50 (m, 1H, =CH), 4.14.08 (m, 1H, GOH),
3.753.48 (m, 4H, 2+ CH,OH), 2.212.14 (m, 0.1H=CMeCH 4¢is), 2.06 (dtd,J =
12.5, 4.0, 0.5 Hz, 0.9H;CMeCH1 4trang), 1.96-1.89 (m, 1.81), 1.871.80 (m, 0.1H 4
¢io), 1.751.74 (m, 3H =CMe), 1.63 (ddd,J = 13.0, 8.0 4.0 Hz,0.1H, CHaHg1 4cis),
1.34 (ddd,J = 12.5, 10.0, 8.Hz, 0.H, CHaHg14tand; °C NMR (100.6 MHz;
CD3;0D) ': 135.9 (=CMey 4¢i¢), 135.3 (=CMey stand, 128.9 (=CHy4tany), 126.8
(=CHy 4cis), 65.6 (CHOH: 4trang), 64.7 (CH2OH; 4-trans), 63.73 (CHOH; 4¢is), 63.70
(CH20H; 4¢is), 61.8 (CH,OHj 4ci), 60.5 (CH2OHi atrang), 43.5 (CH suang, 43.4
(CHa 4is), 35.7 (CH 4trans), 35.5 (CH 4cis), 33.6 (CH 1 4trang), 30.1(CH21 4cis), 21.2
(=CMey 4¢is), 20.7 (=CMey arrang); MS (ESI) 367[(2 + M + Na)*, 68], 195 [(M +
Na)*, 100; HRMS (ESI)m/z calcd for GgHs;06 (2 + M + Na)* 367.2091found
367.2078 (3.6 ppm errorgalcd for GH1603 (M + Na)* 195.0992found 195.0996
(#2.0 ppm error).

Lab book reference: djbl4/37



Diethyl fumerate235 (200 pL, 1.23mmol) was added to a stirred solutionadd0:50
mixture of dienesK)-242 and ¢)-242 (601 mg, 2.46nmol) in toluene (5mL) at rt
under Ar in a sealed tube. Thesuding mixture was stirred and heated at 150 {C for
20 h. After being allowed to coolo rt, the solventwas evaporated under reduced
pressure to givéhe crudeDiels-Alder adduci243 LiAlH 4 (187 mg, 4.92 mmol) was
added to a stirred solution the crudels-Alder adduct243in EtO (10 mL) at#78

iC under Ar. The resulting mixture was stirred#a8 iC for 1 h. Then, GlaubertOs
salt (Ne.SO,%0H,0) was added slowly until effervescence ceased. The mixture was
allowed to warm to rt and the solid was removed by filtration and washed with
EtOAc (10 + 20 mL) The combined organic extracts were dried (MgSeénd
evaporated under reduced pressto givethe crudesilyl enol ether245 TFA (5

mL) was added to a stirred solution of the crude silyl enol &g CH,CI, (10

mL) and MeOH (1 mL) at rt. The resulting mixture was stirred at rt for 1 h. Then, the
solvent was evaporated under reducepressure to givethe crude product.
Purification by flash column chromatography on silica with pdit@Ac (4:1) as
eluent gaveby 'H NMR spectroscopyan 90:10 mixture of triol4,4-trans-236 and
1,4-cis-236(26 mg, 12%) as a colourless oil.

Lab book reference: djbl4/30

(E)-and (2)-2,2,4,8,8Pentamethyt6-methylene 3,7-dioxa-2,8-disilanon-4-ene
(E)-242and (2)-242

J\/Oii'v'es MesSiO  OSiMes
Me3SiO X M

(E) Z

MesSIOTf (5.0 mL, 27.6 mmol)was added dropwise to a stirred solution of
acetylacetone (941 pL, 9.2dmol) and EtN (5.14 mL, 36.8 mmol) in E© (10 mL)

at rt under Ar The resulting mixture was stirred at rt for 1 Then, saturated
NaHCOgz(aq) (20 mL) and pentane (20 mlyere addednd the layers were separated.
The aqueous layer was extracted witntane (3+ 20 mL). The combined organic
extracts were dried (MgS{P and evaporated under reduced pressure to thee
crude product. Purification by bulto-bulb distillation gave (by 'H NMR



spectroscopya 50:50 mixture of dienek)-242and ¢)-242 (2.11 g, 94%), bp B2

78 jC/0.1 mmHg);IR (Thin Film) 2914, 1627 (C=C), 1315, 1232, 1006, 833, 743
cm™; 'H NMR (400 MHz, CDCJ) ': 5.19 (s, 0.5l), 4.754.74 (m, 0.5H), 4.74 (s,
0.5H), 4.31 (d,J = 1.5 Hz, 0.5H), 4.14 (s, 0.5H), 4.09 (s,18)52.01 (s, 1.H, Me),
1.85 (s, 1.6l, Me), 0.23 (s, 4H, SiMe&;), 0.22 (s, 4.8, SiMe;), 0.20 (s, 4.H,
SiMe;), 0.19 (s, 4.H, SiMes); *C NMR (100.6 MHz; CDG) ' : 154.6(C), 152.8
(C), 152.5(C), 150.8(C), 108.7(=CH), 107.2(=CH), 93.5(2 + =CH,), 23.9(Me),
20.1(Me), 1.0(SiMes), 0.5 (SiMe), 0.3 (SiMe), 0.2 (SiMe); MS (ESI) 245/(M +
H)*, 100} HRMS (ESI) m/z calcd for GiH»40,Si; (M + H)" 245.1388 found
245.1377 (4.4 ppm error).

Lab book reference: djbl4/33

(4RS,5SR)-4,5-Bis(hydroxymethyl)-3-methylcyclohex2-enone244

o)

OH

HO

Diethyl fumerate235 (425 pL, 2.59mmol) was added to a stirred solutiondéne
247(1.18 g, 5.19nmol, assuming 100% purixyn toluene (4mL) at rt under Ar in a
sealed tube. The salting mixture was stirred and heated at 150 jC foh2After
being allowed to cooto rt, the solventwas evaporated under reduced pressure to
givethe crudeDiels-Alder adduc®248. LiAIH 4 (491 mg, 12.95 mmol) was added to a
stirred solution of the crude Dielder adduc48in Et,O (10 mL) at#78 jC under

Ar. The resulting mixture was stirred &78 jC for 1 h. Then, GlauberOs salt
(NaxSO%0H,0) was added slowly until effervescence esasThe mixture was
allowed to warm to rt and the solid was removed by filtration and washed with
EtOAc (10+ 20 mL). The combined organic extracts wevaporated under reduced
pressure to givéhe crudediol. TFA (10 mL) was added to a stirred solutidrtlee
crude diol in CHCI; (20 mL) and MeOH (2 mL) at rt. The resulting mixture was
stirred at rt for 1 h. Then, the solvemasevaporated under reduced pressure to give
the crudeproducr. Purification by flash column chromat@gphy on silica with
CH.Cl,-MeOH (10:1) as eluent gawmone244 (97 mg, 22%) as a colourless d#;
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(10:1 CHCI,-MeOH) 0.17; IR Thin Film) 3309 (OH), 2894, 162{C=0), 1035,
709 cni*; *H NMR (400 MHz, CROD) ': 5.87 (d J = 0.5 Hz1H, =CH), 3.8%8.76
(m, 2H, CH,OH), 3.5E8.43 (m,2H, CH,OH), 2.64 (dd,J = 17.5 5.5 Hz, 1H
CHaHg), 2.4%2.39 (m, 2H), 2.29 (dd] = 17.5, 4.53Hz, 1H CHaHg), 2.02 (tJ= 0.5
Hz, 3H =Cme);®*C NMR (100.6 MHz; CROD) ' : 200.1 (C=0), 163.4(=Cme),
126.8(=CH), 63.4(CH,OH), 61.7(CH,OH), 44.3(CH), 38.0(CH), 35.9(CH,), 22.5
(=Cmé); MS (ESI) 193(M + H)", 52], 171[(M + H)", 10Q; HRMS (ESI)m/zcalcd
for CoH1403 (M + Na)* 193.0835found 193.0836 #0.5 ppm error),calcd for
CoH140s (M + H)" 171.1016found 171.1010 (3.2 ppm errofjlote: Diene 247 of
unkown purity and this could explain the low yield of this reaction.

Lab book reference: djbl4/45

(E)-4-Methoxypent-3-en-2-one 246

UOK
\O\

Concentrated 5O, (3 drops) wasdded to a stirred solution atetylacetone (6.12

mL, 59.9mmol) in trimethylorthoformate (6.56 mL, 59.9 mmol) aturider At The
resulting mixture was stirred at rt for 24 Then,2 M NaOHa,q (50 mL) andEt,O

(50 mL) were added arttie layers were separated. The aqueous layer was extracted
with Et,O (3 + 50 mL). The cmbined organic extracts were dried (Mgy@nd
evaporated under reduced pressure to dhe crudeproduct. Purification by
fractional distillation gave methyl enol eth&46 (5.69 g, 83%) as a colourless oil, bp
50E65 jC/6 mmHg (lit™ bp 4347 iC/4 mmHg; *H NMR (400 MHz, CDCY) ':

5.46 (s, 1H=CH), 3.64 (s, 3HHOMe), 2.27 (s, 3HMeCOMe3), 2.16 (s, 3HCOMS.
Spectroscopic data are consistent with those reported in the liteYature.

Lab book reference: djbl3/98



(E)-tert-Butyl((4-methoxypenta1,3-dien-2-yl)oxy)dimethylsilane 247

A
\O NS

TBSOTf (1.51 mL, 6.58 mmoNvas added dropwise to a stirred solutionthyl
enol ethe246 (500 mg, 4.38nol) and EsN (1.22 mL, 8.77 mmol) in EO (5 mL) at

rt under Ar The resulting mixture was stirred at rt for hl Then, saturated
NaHCOgz(aq) (10 mL) and pentane (10 mlyere addednd the layers were separated.
The aqueous layer was extracted wigntane(3 + 10 mL). The combined organic
extracts were dried (MgSP and evaporated under reduced pressure to thee
crudeproduct. Purification by bulto-bulb distillation three times gave impure diene
247 (1.26 g) as an orange oil, bf2br8 jC/0.1 mmHg.Note: Diene247 was

contaminated by impurities and its purity is unkown,

Lab book reference: djbl4/43

((1SR,5RS,8SR)-5-M ethyl-6-oxabicycld3.2.1]oct 3-en-8-yl)methanol 240and
((1SR,2RS,5RS)-3-M ethyl-6-oxabicyclo[3.2.1]oct3-en-2-yl)methanol 249

~.,,/OH /OH

240 249

PhPAUCI (139 mg, 0.28 mmoland AgOTf (72 mg, 0.28 mmol) was added to a
stirred solution of an 90:10 mixture of tridl4-trans236 and 1,4cis-236 (484 mg,
2.81 mmol) and 4 « MS (500 mg) in THF (10 mL) at rt under Ar. The resulting
mixture was stirred and heated at reflux for 4Then, the mixture was filtered
through a Celite” plug and washed with EtOAc (3010 mL). The combined
organic extracts were dried (Mg®@nd evaporated under reduced pressure to give
the crudeproduct. Purification by flash column chromat@gphy onsilica with
CH.Cl,-MeOH (10:1) as eluent gayby ‘*H NMR spectroscopya 90:10 mixture of
alcohols240 and 249 (280 mg, 6%6) as a colourless 0iR: (10:1 CHCI,-MeOH)
0.35, 'H NMR (400 MHz, CROD) ' : 5.81-5.77 (m,0.1H, =CHsg), 5.74 (dddd,) =
9.5, 4.0, 2.5, 1.5 Hz, Ot =CHa4g), 5.57 (dddJ = 9.5, 3.0, 2.0 Hz, OH, =CH,4),

! &-& !



4.25 (t,J = 5.5Hz, 0.1H, CHQug), 4.043.96(m, 0.4, CHO40), 3.84 (dd,J = 11.0,
3.5Hz, 0.1H, CHQu9), 3.783.59 (M, 2.81, 3 + CHOsp + 2 + CHOu), 2.752.71
(M, 0.1H, ChHpag), 2.622.56 (M, 0.81, CHpag), 2.372.30 (M, 0.81240), 2.192.15 (m,
0.1H49), 2.042.01 (M, 0.9H40), 2.001.96 (M, 0.1H4g), 1.66 (s, 0.3H, =CMgy),
1.31 (s, 2.7H, =CMag); MS (ESI) 309 (66), 279, (71), 196M + H)*, 18], 107
(100} HRMS (ESIm/zcalcd for GH10, (M + H)* 155.1067ound 155.10734#4.1

ppm error).

Lab book reference: djbl4/52

HCI (5 pL of a 2.0 M solution in EO, 0.01 mmol) was added to a stirred solution of
an 90:10 mixture of triol§,4-trans236and 1,4cis-236 (10 mg, 0.06 mmol) and 4

MS (100 mg) in THF (5 mL) at rt under Ar. The resulting mixture was stirred at rt
for 1 h. Then, the solvent wavaporated under reduced pressure to tfieecrude
product.Purification by flash column chromat@gphy on silicavith CH,Cl,-MeOH
(10:1) as eluent gaviby 'H NMR spectroscopyl 72:28 mixture of alcoholg40
and249(7 mg, 78%) as a colourless oil.

Lab book reference: djbl4/50

(1SR5RS8RY)-5-Methyl-6-oxabicyclo[32.1]oct3-ene8-carbaldehyde 25land
(1SR 2RS5R9)-3-M ethyl-6-oxabicyclo[32.1]oct3-ene 2-carbaldehyde 252

@ “\\ @
‘ ey ?O "/’Iéo

251 252

DMP (347 mg, 0.82nmol) was added to a stirred solutionaf72:18 mixture of
alcohols240 and 249 (63 mg, 0.41mmol) in CHCI, (5 mL) at rt under Ar. The
resulting suspension was stirred at rt for 2 h. Then, saturated Ngg@@® mL)
and saturated N&Osq) (10 mL) wereadded and the resulting biphasic mixture was
stirred at rt for 1 h. Then, GBI, (10 mL) was added and tlheyers were separated.
The aqueous layer was extracted with,CH (3 + 10 mL). The combined organic

extracts were dried (MgSP and evaporated under reduced pressure te dhe



crude productPurification by flash column cbmatography on silica with D as
eluent gave aldehyd#s1 (21 mg, 34%) as a colourless d#; (Et;O) 0.46; IR Thin

Film) 2922, 2882, 2832, 1690 (C=0), 1095, 1020, 977, 84#;cid NMR (400
MHz, CDCk) ' : 9.67 (d,J = 2.0Hz, 1H, CHO), 5.79 (s, 2H2 + =CH), 4.04 (ddd,]

= 8.5, 5.5, 2.5z, 1H, CHaHgO), 3.61 (d,J = 8.5Hz, 1H, CHaHgO), 2.92.85 (m,
1H, CHCO), 2.5@R.43 (m, 2H CHaHg + CH), 2.08 (dt,J = 18.5, 2.5 Hz, 1H,
CHaHg), 1.43 (s, 3H, Me)**C NMR (100.6 MHz; CDG) ': 201.2(CHO), 133.5
(=CH), 129.6(=CH), 73.9(CH;0), 59.0(CH), 37.3(CHCO), 32.1(CH,), 22.9(Me);

MS (ESI) 252 (6% 150 [(M + NH)®, 58], 135(100; HRMS (ESI)m/z calcd for
CoH1202 (M + H)* 153.0910 found 153.092%10.1 ppm error)and gavealdehyde
252 (11 mg, 18%) as a colourless di; (Et;O) 0.40;IR (Thin Film) 2916, 2829,
1695 (C=0), 1424, 1060, 1028, 868""; 'H NMR (400 MHz, CDCJ) ' : 9.76 (d,J

= 1.0Hz, 1H, CHO), 5.9%5.95 (m, 1H =CH), 4.35 (t,J = 5.0Hz, 1H, CHO), 4.05
(dd,J = 8.0, 6.5 Hz1H, CHaHgO), 3.71 (d,J = 8.0Hz, 1HCHAHgO), 2.942.89 (m,
1H, CHCO), 1.861.71 (m, 6H);**C NMR (100.6 MHz; CDG) ' : 200.3 (CHO),

132.4(=CMe), 129.7(=CH), 72.0(CH,0), 71.2(CHO), 61.9(CHCO), 35.0(CH),

31.9(CHy), 21.6(=CMe); MS (ESI) 153 [(M + B, 87], 135(100); HRMS (ESI)m/z
calcd for GH120, (M + H)" 153.0910 found 154.0910 (Qppm error).

Lab book reference: djbl4/48
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Catalytic asymmetric synthesis of butane diacetal-protected
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Due to the lack of availability of unnatural (+)-quinic acid as samaderine C starting from8S)-dihydroxycyclohexen-1-one

a starting material, a 6-step synthesis of butane diacetal- (§9-1 with the transdiol functionality conveniently protected
protected  (45,5S)-dihydroxycyclohexen-1-one  (formally as a butane diacetal (BDAhich could, in principle, be
derived from (+)-quinic acid) has been devised. The key cata- derived from (+)-quinic acid, the unnatural and unavailable
lytic asymmetric step involves a chiral Co-salen-catalysed Stereoisomer.

epoxide ring-opening reaction. (8,55)-Dihydroxycyclohexen- Enone RR)-1, prepared in three steps from){quinic acid}
1-one was utilised in the synthesis of two cyclohexenone is a well-established chiral building block used in a number of

. . . s 5 .
natural products isolated from the mycelia ofLasiodiplodia ~ Synthetic applications:*® Indeed, we have previously used
theobromae enone RR)-1 to prepare the cyclohexenone core of scyphosta-

tin.° However, the lack of availability of (+)-quinic acid means
Synthesis employing chiral pool starting materials such as amiribat enone §9-1 has not previously been considered a viable
acids and sugars represents one of the seminal strategies for stating material in synthesis. To address this issue, we report
preparation of enantiopure natural products and pharmaceuticaisrein the development of a catalytic asymmetric synthetic route
Nowadays, despite the plethora of asymmetric synthesis methdgsenone §9-1 and demonstrate its usefulness in the preparation
that are at our disposal, readily available chiral pool compounds naturally occurring methylated enon&S(-2” and §9-3,°

are still important for the total synthesis of complex natural prostructurally related to theobroxide (Fig. 1).

ducts. A representative recent example is provided by Gade-Our synthetic approach to enon&S-1 is outlined in
manr@® total synthesis of cyrneine A fromR)(carvone:  Scheme 2. It was envisaged thgtS{-1 would be prepared from
Notwithstanding the numerous successful examples of chirBIDA-protected chiral epoxidé via lithium amide-mediated
pool syntheses, a sidmiant limitation is the commercial avail- epoxide rearrangeméRt" and oxidation of the allylic alcohol.
ability of only one, naturally occurring stereoisomewe  Epoxide4 would be generated from mono-protected dihydroxy-
encountered exactly this problem during the development afyclohexene $S)-5 which would in turn be the product of a
methodology for a projected total synthesis of samaderingacobsen desymmetrisation mwieseepoxide 6 using benzoic

C. Our plan (Scheme 1) was to construct the A ring ofcid in the presence of a chiral Co-salen catafyst.

HO,C_ QOH o o)
"oH — ‘0 = 3 ! ) o
o = OMe oo <t "oH “oH
. M OH OH OH OH
il (5.5)2 (s.513 Thecbroxide
Samaderine C (8.9)1 (+)-Quinic acid
unnakrel Fig. 1 Theobroxide-related natural products.
Scheme 1
o
aDepartment of Chemistry, University of York, Heslington, York YO10
5DD, UK. E-mail: peter.obrien@york.ac.uk; Fax: +44 (0)1904 322516; "0 j - :> " OH ﬁ )
Tel: +44 (0)1904 322535 o o "0
bSyngenta, Jeald@ Hill International Research Centre, Bracknell, 77 OMe - OMe  B20
Berkshire RG42 6EY, UK OMe OMe
Electronic supplementary information (ESI) available: Full experimen- (S.9)-1 4 (5.5)-5 6
tal procedures and copies #1/**C NMR spectra and CSP-HPLC data.
See DOI: 10.1039/c20b26406d Scheme 2
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Table 1 Desymmetrisation aheseepoxide6
1. Amberlyst A26 (OH) m-CPBA
MeOH-THF. i, 5 h “0 NaHCO3
(R.A)-Co-salen (R.A)-Co-salen "OH 2 Butanedione O J~ome CH:Ch
@ #Pr,NEt, BzOH - N Bz0 CH(OMe)3. BF3-E10 = n. 16 h
) “ S MeOH, . 16 h OMe
7 TBME, Oz, it OH Co, '
o 820 +Bu o © t-Bu (S5.5)-5 7 (95%)
6 (.55 OH

(o]
+Bu +Bu
LDA MnO;
- - s THF . CH,Cl, .
Entry Mol% R,R)-Co-salen Time (h) Yieft(%) eP o 0°C.1h o n12h o

O ~OMe n, 18h 0. o>
1 5 53 74 83:17 s 7./"-'°M° 7 OMe
2 2.5 90 79 85:15 OMe OMe
3 2 94 85 85:15 4 (88%) 8 (89%) (S.5)-1 (98%)
4 1 120 70 79:21
5 0 140 0 n/a Scheme 3

aYield after purication by chromatography’ Enantiomer ratio (er) : ; ;
determined by CSP-HPLC on a Chiralpak AS column: majorfor removal of an axial proton that $ynto the epoxide leads to

enantiomer is§S)-5. the generation of a single diastereomeric allylic alcbhol.
Finally, oxidation using Mn@in dichloromethane gave enone
(S9-1 in 98% yield. The absolute stereochemistry of our syn-

To start with, meseepoxide6 was prepared by epoxidation thesised enoné was established a§§) by comparison of its
of 1,4-cyclohexadiene usingrCPBA in NaHCQ-buffered optical rotation ([]p ! 72.0 € 1.0 in CHC})) with that of RR)-
dichloromethané® Puri cation by distillation gaves in 67% 1 (['lo +64.4 € 0.39 in CHCY)) prepared from !()-quinic
yield. Next, the Jacobsen desymmetrisation step was evaluatégid™™ We also cohrmed that $5)-1 was formed in 98.5: 1.5
Based on precedettt,the (RR)-Co-salen was selected as we €' using CSP-HPLC. Our synthesis of the previously unknown
anticipated that this should delive®$)-5. Ultimately, this was ©€none §9-1 proceeds in 6 steps and 14% overall yield.
proven to be the case by conversion®8)-5 into enone $9-1 To demonstrate the synthetic utility of enoi®S)-1, it was
(vide infrd. Following the literature protocdf, the ®RR)-Co- used in the rst syntheses of two theobroxide-related natural pro-
salen (B6 mol%) was oxidatively pre-activated by stirring underducts, §9-2 and §9-3 (Fig. 1). ! -Methyl-dihydroxyenone
an oxygen atmosphere in TBME. Then, #R®Et, additonal (S9-2 was isolated from the mycelia dfasiodiplodia theo-
TBME solvent andneseepoxide6 were added and the reaction Promag a common pathogenic fungus found in the tropics and
was stirred for 5BL20 h. The results of this study are presentedubtropics.In terms of biological activity,§5)-2 showed potato
in Table 1. Using 5 mol% R R)-Co-salen for 53 h, benzoate micro-tuber-inducing activity at a concentration of' 3.V
(SS)-5 was isolated in 74% yield and 83:17 er (entry 1). Awhich compared well with other theobroxide-related natural pro-
similarly high yield and enantioselectivity were obtained at 2.5ducts. Our synthesis 08§)-2 is shown in Scheme 4. First, iodi-
2.0 and 1.0 mol% loadings of th® R)-Co-salen catalyst, but Nation of enone§9-1 was carried out in 92% yield to give
longer reaction times were required 220 h) (entries £4). iodide 9 which was subjected to Stille coupling with tetramethyl-
These results are consistent with the lack of a background redt to produce! -methyl enonéll. In our hands, use of Bdba;,
tion between benzoic acid and epox&lender these conditions: ASPhs, Cul and EfNH (THF, 100 iC, sealed tube, 24'fipvas
a reaction in the absence of catalyst yielded no product (entry BPly moderately successful (32% yield1dj. In contrast, repla-
Based on these results, a reaction using 2 m&®){Co-salen cing this cocktail of reagents with NBS palladium precatalyst
was scaled up. Thus, 16.7 g®tielivered 32.4 g (85% yield) of 10" led to ef cient Stille coupling under similar conditions. In
benzoate $9-5 in 85:15 er. Crucially, recrystallisation from this way,!-methyl enonell was formed in 79% yield. Then,
dichloromethane and heptane gave 12.1 g (32%)5&-6 in BDA-deprotection using THBwater gave naturally occurring
98.5:1.5er.

With benzoate%S)-5 of high er in hand, conversion into the o o
desired enone §9-1 was carried out (Scheme 3). Initial ¢ | Me,Sn, THF

attempts at sapdniation of benzoateS(S)-5 using KOH led to _12OMAP | _100°C. 240
low yields due to problems in isolating the water-soluble diol cglv"i‘r’:";h N o
product. Instead, use of the polymer-supported Amberlyst A26 07,)—,70“, o O ~~ome /~N. _PPh,
(OH form) in MeOH cleaved the ester and removed the need for OMe ome © 'Pd‘g,

an aqueous work-up. The crude diol thus obtained was then (S.5)¢ 9 (92%) 10
BDA-protected using butanedione, trimethyl orthoformate and

1
o
BFs4E$O to give 7 in 95% yield over the 2 steps. Subsequent TFA 2
epoxidation proceeded uneventfully to give BDA-protected "o H0
epoxided in 88% yield. 07/"-'OMem 15 min "OH
o4 OH

Treatment of epoxidéd with LDA in THF led to ef cient
epoxide rearrangement to give allylic alcol8oln 89% vyield
(Scheme 3). The BDA group locks the protected diokim a
trans-diequatorial arrangement and the stereospeuieference Scheme 4

‘OMe
11 (79%) (S.5)-2 (84%)

This journal iSO The Royal Society of Chemistry 2012 Org. Biomol. Chem2012,10, 76667668 | 7667
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0 1.MelicueN 9 .
MesSiCl, THF TFA
-78°C.1h ) H20
2. Pd(OAc), 9 1,15 min " o
O~ ~77OMe Oz, DMSO 07,/"-.70Me o
OMe  20h OMe
(5,511 12 (92%) (5.5)-3 (74%)
Scheme 5

(S9-2 in 84% yield which exhibited![]p +141.4 € 0.7 in
MeOH) (lit.2[! 1o +128 € 0.21 in MeOH)).
Our attention then turned to structurally relatednethyl
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ABSTRACT

o

Samaderine C

AB ring analogue

A concise synthesis of the AB rings of samaderine C (12 steps, 8 isolation steps, 7.8% overall yield), a quassinoid with antifeedant and insectici
activity, is described. The development of the first general approachrarth#, 2-diol A-ring motif in samaderine C and other quassinoids is a
key feature. Theans-1,2-diol is craftedastereoselectivR-hydroxylation (of a silyl enol ether) and reduction, a strategy that has much potential

for quassinoid synthesis.

Samaderine C (Scheme 1) is a highly oxygenated, poly-
cyclic quassinoid isolated from the bark and seed kernels of
the samadera indicglant found primarily in Madagascar
and southeast Asia®> One of eight isolated samaderines,
our interest in samaderine C was initiated by its re-
ported antifeedant and insecticidal properties. To date,
there have been rather limited synthetic efforts on the
samaderines, with only two reported total syntheses. In
1994, Grieco et al. disclosed a racemic total synthesis
(>30 steps) of samaderine B? More, recently, Shing and
co-workers reported a 21-step synthesis of ()-samaderine
Y starting from (" )-carvone?

As there have been no previous synthetic studies on
samaderine C, and to explore possible agrochemical struc-
ture! activity relationships, we focused on the synthesis of
analogues of the AB rings of samaderine C. In particular,

_University of York.

4Syngenta.
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Scheme 1Samaderine C andL, an AB Ring Analogue

Samaderine C AB ring analogue

of samaderine C

we sought a general strategy for constructing theans-1,2-
diol A-ring motif present in samaderine C and other
guassinoids. Indeed, we could find no previous syntheses
of suchtrans-1,2-diols in the quassinoid literature. Diol 1
was chosen as a suitable AB ring analogue of samaderine C,
and herein we describe a concise, stereocontrolled synthesis
starting from the known?® bicyclic enone2 (Scheme 1).

Our retrosynthetic analysis of diol 1 is summarized in
Scheme 2. Our long-term plan had protected enong
serving as an advanced intermediate from which the CDE
rings of samaderine C would be elaborated. Enongwould

(6) Ziegler, F. E.; Hwang, K.-J.; Kadow, J. F.; Klein, S. I.; Pati,
U. K.; Wang, T.-F. J. Org. Chem.1986 51, 4573.
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in turn be prepared from diol 1 by diol protection, ketal
deprotection, 1,3-carbonyl transposition, enone formation,
and enoneR-functionalization. It was our intention that the
bridgehead axial methyl group would control the config-
uration of the diol functionality in 1: reduction of hydroxy
ketone 4 (f 1) and R-hydroxylation of silyl enol ether
5 (f 4) should both occur on the face opposite to the
axial methyl group to deliver the requisitetrans-1,2-diol
motif. Silyl enol ether 5 would be derived from enone6
(by ! -enolization), itself obtained from enone7 viaa 1,3-
carbonyl transposition (Wharton rearrangement of an
epoxy keton€ was envisaged). Previously, Grieco had
developed an approach for theR-hydroxylation of enones
such as6,® and the preparation of enone7 from bicyclic
enone2 has been described.

Scheme 2Detailed Retrosynthetic Analysis of Diol 1

PO

oP' Ho &

Multigram quantities of racemic enone7 were prepared
as outlined in Scheme 3. First, 2-methyl-1,3-cyclohexa-
dione and ethyl vinyl ketone were reacted in a DABCO-
mediated Robinson annelatioff to give, after elimination,
bicyclic enone2 in 78% yield. Ketal formation to give 8
(81% yield) was accomplished using ethylene glycol and
catalytic p-TsOH under Dean Stark conditions. Next,
stereoselective reduction of enone8 using lithium in
ammonia (in the presence of 1 equiv of KO) gave ketone
9in 61% yield. Over-reduction to the secondary alcohol
was a complicating factor although the alcohol could be
isolated and oxidized to give additional quantities of9.
Finally, the enone in 7 was constructed using a stoichio-
metric Pd(OAc),-mediated oxidatior® of an intermediate
silyl enol ether (formed by regioselective deprotona-
tion of ketone 9 using LDA), as developed by Saegusa.
This delivered a single diastereomer of enor¥dan 82% yield.
Using the Larock modification* of the Saegusa oxidation

(7) Wharton, P. S.; Bohlen, D. H. J. Org. Chem.1961, 26, 3615.

(8) (a) Spohn, R. F.; Grieco, P. A.; Nargund, R. P.Tetrahedron Lett.
1987 28, 2491. (b) Grieco, P. A.; Collins, J. L.; Moher, E. D.; Fleck, T. J.;
Gross, R. S.J. Am. Chem. Soc1993 115, 6078.

(9) Poigny, S.; Guyot, M.; Samadi, M. J. Org. Chem.1998 63, 5890.

(10) Ito, Y.; Hirao, T.; Saegusa, T.J. Org. Chem.1978 43, 1011.

(11) Larock, R. C.; Hightower, T. R.; Kraus, G. A.; Hahn, P.; Zheng,
D. Tetrahedron Lett.1995 36, 2423.

(12) Nicolaou, K. C.; Zhong, Y.-L.; Baran, P. S. J. Am. Chem. Soc.
200Q 122, 7596.
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(catalytic Pd(OAc),/oxygen), none of 7 was formed and a
Nicolaou-style'? IBX-mediated oxidation of ketone 9 gave
only a 14% vyield of enone?.

Scheme 3Synthesis of Bicyclic Enoner

“" DABCO
DME o c’>_(\3
,20h ‘
HO  OH
2. BzOH, EtsN reflux, 2 h
xylene, reflux p-TsOH
24h 2 (78%) 8 (81%)
! '
O, O 1.LDA, THF,-78°C Q 0
Li, NHg(), H2O {_ 2. MesSiCl :
THF, —78 °C | 3. Pd(OAc),, DMF |
1 h = o 7z
" Yy 80°C, 1h Y,
9 (61%) 7 (82%)

Next, we needed to carry out a 1,3-carbonyl transposi-
tion on enone7 to place the ketone adjacent to the bridge-
head methyl group (as in6). For this, a nucleophilic
epoxidation of enone7 and a Wharton rearrangement
oxidation were planned. However, all attempts at directly
epoxidizing 7 (e.g., H,O, and NaOH or Triton B) met
with failure, presumably due to steric hindrance from the
neighboring methyl and ketal groups. Instead, we resorted
to a three-step reductionm-CPBA epoxidation, and oxi-
dation which, although itinvolved more steps, was efficient
and was ultimately telescoped successfully.

Initially, the steps were separately explored (Scheme 4).
Luche reduction (NaBH,/CeCl; 3/H,0) of enone 7 gave
a 94:6 mixture of diastereomeric alcohols from which an
89% yield of alcohol 10* was isolated. Then,m-CPBA
epoxidation of allylic alcohol 10gave an inseparable 88:12
mixture of epoxides11in 79% yield. The relative stereo-
chemistry of epoxidesl1is of no consequenceyide infra)
and remains unassigned? Oxidation with Dess-Martin
periodinane (DMP) delivered an 88:12 mixture of epoxy-
ketones12 (70% vyield). A more efficient synthesis of12
was achieved by telescoping these three reactions. By
working-up the first two reactions and carrying the crude
products forward without purification, an 85:15 mixture of
epoxy-ketones 12 was obtained after chromatography
(73% yield from 7) (Scheme 4).

Treatment of the 85:15 mixture of diastereomeric epoxy-
ketonesl2with hydrazine hydrate (50% aqueous solution)
and acetic acid led to the allylic alcoholsl3 (characterized

(13) The relative configuration of alcohol10 was assigned as shown
due to the presence of a characteristizans-diaxial 2J coupling between
the CHOH and CHMe protons in the *H NMR spectrum (3] = 8.5 Hz).

(14) It is tempting to assign the major epoxide as beingans to the
axial methyl group in a sterically controlled epoxidation of10. However,
there is also the potential of hydrogen-bonded directed epoxidationis
to the hydroxyl group (and hencecis to the methyl group), and this
should not be ruled out given the enhancedis-directing potential of an
equatorial hydroxyl group. See: (a) Chamberlain, P.; Roberts, M. L;
Whitham, G. G. J. Chem. Soc. (B) 197Q 1374. (b) Hoveyda, A. H.;
Evans, D. A,; Fu, G. C. Chem. Rev1993 93, 1307.
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Scheme 4Telescoped Synthesis of Epoxy-Keton&2

NaBH, > m-CPBA
CeClz-7Hp0 /Cb NaHCO; /Cb
EtOH-THF CH.Cl

—78°C,1h HO nooh 1O

94:6 dr 1 (79%, 88:12 dr)

DMP, CHoCly
rt, 30 min

(89%)

————————————————————————————————————————

™M Telescoped M
O O

1.NaBH, ©
2. m-CPBA
3. DMP 2

" Yh

i 7 12 (73%, 85:15.dr)! 12

0., 1AL
g

o) T H

(70%, 88:12 dr)

in a separate experimentyia a Wharton rearrangement
(Scheme 5Y. Workup and subjection of the crude allylic
alcohols 13 to Dess-Martin periodinane oxidation gave
enone6 in 60% yield over the two steps.! -Enolization of
enone6 was achieved using BN and Me;SiOTf and gave
extended silyl enol ethe. Based on GriecoOs precedéht,
in situ oxidation with purified m-CPBA followed by stir-
ring with TBAF generated R-hydroxy ketone 4 as a single
diastereomer in 70% yield. The stereochemistry of was
confirmed by X-ray crystal structures of diols1 and 14
(vide infra) which indicated that the oxidation had, as
expected, occurred opposite to the bridgehead axial methyl

group.

Scheme 5Synthesis ofR-Hydroxy Ketone 4

[ [
o. Q0 HO Q O 0 Qo0
3 N NHaNHpH,0 S| pwe X
o > AcOH, MeOH L CHyCly \
P H m1h P H mih T
12 (85:15 dr) | 13 6 (60%)
1] 1. mcrBA
MesSiO O o CH,Cl,
MesSiOTf X 0°C,1h HO.,,
EtgN, CHxCl> 2. TBAF, CHoCl,
n,1h rt, 10 min
4 (70%)

Finally, the reduction of R-hydroxy ketone 4 was
explored. Using 4 equiv of NaBH, in MeOH at 0 !C, an
82:18 mixture of alcohols1 and 14 were generated. After
chromatography, trans-1,2-diol 1 was isolated in 80% yield
and cis-1,2-diol 14 in 13% yield. As predicted, steric
hindrance led to a preferred hydride attack on the face
opposite to the methyl group. Unequivocal proof of the
structure of trans-1,2-diol 1 was obtained by X-ray crystal-
lography (Scheme 6).

396
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Scheme 6Stereoselective Synthesis and X-ray Crystal Structure
of trans-1,2-Diol 1

HO é_\ o) HO é_g)

4 eq. NaBH,4 HO., S H
MeOH
0°C,1h
82:18 dr

Scheme 7Stereoselective Synthesis and X-ray Crystal Structure
of cis-1,2-Diol 14

Ho & O

3 eq. DIBAL-H, THF 1O~

-78°C,1h

In contrast, and somewhat surprisingly, reduction of
R-hydroxy ketone 4 using 3 equiv of DIBAL-H in THF at
I 78! C led to the preferred formation of cis-1,2-diol 14which
was isolated in 73% yield. Structural proof was obtained
by X-ray crystallography (Scheme 7). There was no evidence
of the formation of trans-1,2-diol 1 in this reaction. Our con-
jecture is that, with DIBAL-H, an aluminum alkoxide forms
which, if it adopts an axial position, can coordinate to the
axial oxygen of the ketal group.This would lead to a confor-
mational change of the A-ring, exposing the other carbonyl
face to the excess DIBAL-H that is present. Notably, the
complementary diastereodectivity produced with NaBH 4
and DIBAL-H facilitates synthetic access to eithertrans-or
cis-1,2-diols in the quassinoid &mily of natural products.

In summary, a concise synthesis of the AB rings of
samaderine C has been developed (12 steps, 8 isolation
steps, 7.8% overall yield). In paticular, we have successfully
implemented a strategy for the stereoselective synthesis of
the trans-1,2-diol motif present in samaderine C (and a range

Org. LettVol. 15, No. 201:
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of other quassinoids). Our apprach includes a stereoselective Acknowledgment.We thank Syngenta and the Univer-
R-hydroxylation (of an extended silyl enol ether) and a sity of York for funding.
reduction. A complementary route to acis-1,2-diol, a motif

that is present in other quassinoid natural products such as Supporting Information Available. Full experimental
castelanolide!has also been discovered. We believe that these ;l)gocedures, characterization data, and copies dH and
new aspects have great potentibr quassinoid total synthesis. C NMR spectra. This material is available free of charge
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Abbreviations

Ac
Ac,0O
acac
aqg.

Ar

Bn
Boc

br
CAN
Cbz
COSY
Cu(OTf),
d

DBU
DCE
DEAD
DIBAL
DIPA
DIPEA
DMAP
DMF
DMP

DMPU

Acetyl

Acetic anhydride
Acetylacetone

Agqueous

Aryl

Benzyl

tert-butoxycarbonyl

Broad

Cerium ammonium nitrate
Carbobenzyloxy

Correlation spectroscopy
Coppper(ll) trifluoromethanesulfonate
Doublet
1,8-Diazabicyclo[5.4.0Junde@-ene
1,2-Dichloroethane

Diethyl azodicarboxylate
Diisobutylaluminium hydride
Diisopropylamine
Diisopropylethylamine
4-N,N-Dimethylaminopyridine
N,N-Dimethylformamide
DessMartin periodinane

1,3-Dimethyt3,4,5,6tetrahydre2(1H)-pyrimidinone



DMSO
equiv
ESI

Et
Ether
EtOAC
HMBC
HMDS
HMPA
HRMS
HSQC
HWE

Hz

KHMDS
KOt-Bu
LDA

LHMDS

m/z
M+

Me

Dimethyl sulfoxide

Equivalent

Electrospray ionisation

Ethyl

Diethyl ether

Ethyl acetate

Heteronulcear multiple bond correlation
Hexamethyldisilazane
Hexamethylphosphoramide

High resolution mass spectrometry
Heteronuclear single quantum correlation
HornerWadsworthREmmons

Hertz

Iso

Infra-red

Coupling constant in Hz
Potassium hexamethyldiadane
Potassiuntert-Butoxide

Lithium diisopropylamine

Lithium hexamethyldisilazane
Multiplet

Molar

Mass to charge ratio

Molecular ion

Methyl



MeCN
min.
mL
mmol
MoOPH
mp.
Ms
MS
Nap
NBS
n-BulLi
NCS
n-Hex
NMR
nOe

n-Pr

Petrol
Ph
PhMe
PMB
ppm
PPTS
Pr

pTSA

Acetonitrile

Minute(s)

Millilitre

Millimole

MoOs%l,0%IMPA

Melting point
Methanesulfonyl

Mass spectrometry

Napthyl
N-Bromosuccinimide
n-Butyllithium
N-Chlorosuccinimide
n-Hexyl

Nuclear magnetic resonance
Nuclear Overhauser effect
n-Propyl

para

Petroleum ether (Fraction which boils at@® jC)
Phenyl

Toluene
para-methoxybenzyl

Parts per million
Pyridiniump-toluenesulfonate
Propyl

para-Toluenesulfonic acid



Py

Quant.

Ry
RSM

rt

SAR
s-BulLi
SM

t
TBAF
TBS
TBSCI
TBSOTf
t-Bu
t-BulLi
Tf
Tf,0
TFA
TFAA
TfOH
THF

THP

Pyridine

Quartet

Quantitative

Alkyl group (undefined)
Retention factor

Recovered starting material
Room temperature

Singlet

Structure activity relationship
secButyllithium

Starting material

Triplet

Tertabutylammonium fluoride
tert-butyldimethylsilyl
tert-butyldimethylsilyl chloride
tert-butyldimethylsilyl trifluoromethanesulfonate
tert-Butyl

tert-Butyllithium
Trifluoromethanesulfonyl
Trifluoromethanesulfonic anhydride
Trifluoroacetic acid
Trifluoroacetic anhydride
Trifluoromethanesulfonic acid
Tetrahydrofuran

Tetrahydropyran



TLC Thin layer chromatography

TMEDA Tetramethylethylenediamine

TMS Trimethylsilyl

TMSOTf Trimethylsilyl trifluoromethanesulfonate
Ts p-Toluenesifonyl

' Chemical shift

* Heat

ML Microlitre

HW Microwave
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