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Abstract

Silenes: Novel Reagents for Organic Synthesis
Michal Czyzewski
Ph.D. 2010

Whilst silenes have long been studied for theiquaichemistry there has been little attempt
to exploit this in other synthetic strategies. Astpf a programme to explore this aspect the
reactions of readily accessible silenes with alkear@ dienes were studied.

Silenes, generated by the thermolysis of acylplalgss, add ta,p-unsaturated esters to form
silacyclobutanes and silyl-substituted cycloprogaimemoderate yields. Upon silicon-carbon
bond oxidation the cyclopropanes were converteecty to 1,4-dicarbonyl compounds, thus
demonstrating the formal acyl anion chemistry ofipalysilanes.

In an alternative approach towards milder sileneegation, the potential ai-silyl diazo
carbonyl compounds was examined. It was found dbstyl diazo esters undergo rhodium
(I) catalysed decomposition to provide short-liv@tbnes. These intermediates rearrange to
oxasilates which can be trapped witf-unsaturated ketones. The resulting products aontai
a high degree of functionality which offers consal#de potential for further synthetic
transformations.

Finally, more complex skeletons were approachedutiit an exploration of intramolecular
silene cycloaddition. In this respect, it was shoiwat thermolysis of acylpolysilanes at
180 °C produced [4+2] cycloadducts, while [2+2] cycloadi$ and ‘ene’ products were not
observed. Similarly, it was found that intramolesutycloadducts can be generated at lower
temperatures by the addition of MeliBr to acylpolysilanes. These two approaches adow

the cycloadducts to be synthesised in good yietldsnaoderate diastereoselectivities.
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1 Introduction

This thesis describes the development of new method the generation of a range of
structurally diverse silenes and applies thesehéostereocontrolled functionalisation of

bonded systems. The following chapter highlightdeded aspects of organosilicon
chemistry. Chapter 2 presents reactions of alkéxyss with electron-deficient alkenes.
Chapter 3 focuses on silene generation fwesilyl diazo carbonyl compounds. Chapter 4
presents the first intramolecular silene cycloaddireaction. Chapter 5 concludes the work
presented and looks at prospects for future wadingr from this thesis. Finally, Chapters 6

and 7 detail computational methods and experimg@ntadedures, respectively.

1.1 Selected Aspects of Organosilicon Chemistry

1.1.1 Introduction

Silicon is a p-block element in group 14 immedate¢low carbon. It therefore shares many
characteristics with carbon. The most obvious sinty is that both elements are tetravalent
and both form tetrahedral compouriddowever, there are some important differences that
distinguish silicon from carbon which have a bramgact on their chemistryThis section

will briefly outline some of the fundamental feagarof silicon chemistry.

1.1.2 Bond Length

Silicon atoms are approximately 50% larger thatb@aratoms. Therefore the bonds between
silicon and other atoms are, in general, longen tha equivalent bonds between carbon and
the corresponding atoms (Table*f)Compared to olefinic C=C bonds, which are abogb14
shorter than C-C single bonds, Si=C bonds are appetely 9% shorter than the
corresponding Si-C single bonds due to the weak®nding which results from overlap of a

2p atomic orbital on carbon with a 3p orbital dicen.



Bond to C Bond length (A) Bond to Si Bond length (A

c-C 1.54 Si-C 1.89

c=C 1.32 Si=C 1.72

c-0 1.41 Si-O 1.63

c-cl 1.78 Si-Cl 2.05

C-F 1.39 Si-F 1.60
Table 1

1.1.3 Bond Strength

In relation to the bond length, silicon forms sgenbonds with electronegative elements in
comparison to carbon (Table #.In particular, the silicon-fluorine bond is one tife
strongest single bonds known. It is because ofttl@asmany of the reactions involving silicon
are driven by the formation of strong silicon-flure or silicon-oxygen bonds at the expense

of other weaker bonds.

Bond to C Bond energy (kJ/mol) Bond to Si Bond engy (kJ/mol)
C-C 334 Si-C 318
Cc=C 620 Si=C 490
C-O 340 Si-O 531
C-Cl 335 Si-Cl 471
C-F 452 Si-F 808
Table 2

The silicon-carbon bond is weaker in comparisonthte carbon-carbon bond (Table 2).
However, the bond is strong enough for trialkyllsgroups to survive a wide variety of

synthetic transformations, but weak enough to becteely cleaved when required.

1.1.4 Bond Polarisation

Silicon is more electropositive than carbon reagltin polarisation of a silicon-carbon bond
(Si*-C™) and is therefore susceptible to nucleophilicckti@t the silicon atorfIn particular,
silenes (Si'=C*) exhibit such high reactivity towards nucleophitest most of the known

2



examples of these compounds are transient reactieemediates. Silicon is also more

electropositive than hydrogen {SiH*), which allows for E4SiH to act as a reducing agent.

1.1.5 Nucleophilic Substitution at Silicon

Nucleophilic substitution at silicon could procesdeither an § or an {1 type mechanism.
Although silicon cations are more stable than teanbon analogues, substitution via a1 S
mechanism is very rare because of the very high shthe competing bimolecular process,
sometimes referred to as thg2SSi mechanism. The long carbon-silicon bond amdlieng
d-orbitals on silicon facilitate this process. Wgbod leaving groups such as Cl, Br and I,
substitution normally takes place with inversiorcofifiguration at silicon (Scheme 4.

_ LiEt /
Me P ¢ T > | Et ?@—m —_— Et—Si\':,Me
Np Me Np Np

Scheme 1
The reaction proceeds via a pentacoordinate intiatee e.g2. This is in contrast to they3
pathway for that of carbon where a loose pentadoarel species exists only as a transition

State.

1.1.6 Stabilisation of 3-carbocations and-carbanions

The stabilisation of cations at the carbon atona iR-position to silicon is a result of the
overlap of the vacant p orbital on the 3 carbomadnd thes orbital between the silicon atom
and theo carbon atom (Figure £ The strongest stabilisation occurs when the vapant
orbital and thes orbital of the carbon-silicon bond are in the satame. One consequence of
the increased stability of [-carbocations determirtbe reaction pathway between
electrophiles and organosilicon compounds suchlgs, aryl-, vinyl- silanes and silyl enol

ethers.
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Figure 1
Silicon also stabilises a carbanion in thposition? In molecular orbital terms this ability can
be attributed to two effects: a) Overlap of thearbon-metal bond with a silicon d orbital and
b) Overlap of ther-carbon-metal with the adjacesit antibonding orbital between silicon and

carbon (Figure 2).
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Figure 2

1.2 Organosilanes in synthesis

1.2.1 Introduction

Organosilicon reagents have been utilised in dptatof reactions. The use of silicon-based
protecting groups in the majority of multi-step ural product syntheses illustrates the
necessity of organosilicon compounds. The use loérasilicon reagents, such as silyl enol
ethers, allyl-, vinyl- and aryl- silanes, has alsecome ubiquitous in the field of organic
chemistry in powerful methods for carbon—carbond&rmation. The general aspects of

organosilicon chemistry will be discussed in thiofeing section.



1.2.2 Protecting group®

Silicon-based protecting groups are used extensiwebrganic synthesis. They are primarily
employed as protecting groups for hydroxyl moietieswhich silicon is attached directly to

oxygen, but can be used to protect other functignalips such as amines, thiols, carboxylic
acids and phosphoric acids. The simplest protegingp used for hydroxyl protection is the
trimethylsilyl group (TMS). Trimethylsilyl ethersolvever, are not particularly stable and are
cleaved under mild acidic or basic conditions a#i a& by nucleophiles. To overcome these
limitations, the use of other silyl ethers can Ipepkyed, as their relative stability can be
finely tuned by varying the substituents on silicém general, the bulkier the substituents
around silicon the harsher the conditions requfoedremoval of the protecting group. The

most common bulky silanes used for protection hoeve in Figure 3.

Me  Me i-Pry i-Pr Me, Me Ph, Ph
\S/ \ / \ / \S/
NG Si Si i
ipr” >l i-p” >l By Cl tBu”  Cl
DMIPS TIPSCI TBDMSCI TBDPSCI

Figure 3
The general method of preparation of silyl ethew®ives treatment of the alcohol with a silyl
chloride in the presence of a weak base suchsbks gyridine or imidazole (Scheme 2). More

reactive silyl triflates have been used to protediary or hindered secondary alcohols.

OH OSiMe3
Me;SiCl _
pyridine
Br Br
8 9
Scheme 2

A variety of methods are available for the cleavageilyl ethers to their parent alcohols.
Among the most widely used are fluorides, acids bases. However, the use of catalysts,
palladium (I1) hydroxid€, PdO® and Pd/€ has been also reported. Holton and co-workers

took advantage of the varying lability of silyl etis in the synthesis of the antitumor agent



taxol (Scheme 3. Treatment oflO with acetic acid cleaved only the TMS ether legvine
other silyl groups intact. Consequently, the salechydrolysis of different silyl protecting

groups allowed selective modification of the molecu

TBDMSO'""*" ACOH TBDMSO!'"**

Y

10 11

Scheme 3

1.2.3 Silyl enol ethers

The second most important application of silicororganic chemistry is stabilisation of an
enolate anion as a silyl enol ether, which maydw¢ated, purified, and characterised using
standard analytical procedures. Silyl enol ethbtsare generally prepared by quenching
enolate aniond3 with the corresponding silyl chloride (Scheme 4, E). However, many
other methods for their preparation have been teppe.g. hydrosilylation of,B-usaturated
ketones (Eq. 2,silyl transfer from trialkylsilyl ketene acetals ketonegEq. 3)}* 1,2-silyl
migration of the copper enolates of acyltriphengisés(Eq. 4)*



OSiR,

(o) o
LDA R3SICl
Eq. 1

12 13 14
(o] OSiEt3
Et;SiH > Eq. 2
(Ph3P)3RNCI
15 16

OTBDMS
(@] : : OTBDMS
OMe
—— = Eq. 3

N N

Y

5 mol%
o OSiPh, OSiPhg
Cul, t-BuOLi Phl
\)k - \)\ > \)\ Eq.4
SiPhg Cu Ph
19 20 21
Scheme 4

The formation of silyl enols ethers from unsymnezttiketones is more difficult due to the
formations of two isomeric enolate anions. Nevdeb® the regiochemistry of enolate
formation can be effectively controlled using cetreeaction conditions. Under kinetic
conditions, deprotonation takes place at the le@sdehed site and the enolate anion with the
less substituted double bond is formed. On therdthed, thermodynamic conditions give

rise to the enolate anion containing the more switessti double bond (Scheme 5).



0 OSiMes OSiMe3

—_— +
22 23 24
kinetic control: 1.LDA, -78 °C, 1h 99 : 1
2. Me;SiCl
thermodynamic control: 1. Me3SiCl, EtgN 12 : 88
130°C,90h
Scheme 5

Silyl enol ethers are relatively weak nucleophillest in the presence of a Lewis acid they
react readily with a wide range of electrophilesisas alkyl halides, aldehydes and ketones
(Scheme 6). The reaction with aldehydes has beemmomly used for preparation @
hydroxy ketones in high yields. The increased $tglaf carbocation$ to silicon determines
the regioselectivity of the reaction.

_SiMe, K ) siMes
o) 0
—_— _———
f\)‘\ E\/m E\)k
E* 25 26 27
Scheme 6

1.2.4 Vinylsilanes

Vinylsilanes, like silyl enol ethers, have provedoe of value in a variety of useful synthetic
transformations. Reflecting this, many methods tfair preparation have been developed.
The most common methods utilise the reductive atkyh of alkynyl silane&®
hydrosilylation of alkyne$ and the coupling of vinylic organometallics with silyl
chloride?® Vinylsilanes react with electrophiles ranging framoton, carbon and main group
heteroatoms with high stereoselectivity and redemsivity.® In the example shown in
Scheme 7 the silyl group oE)- and @)-B-trimethylsilylstyrene is replaced by deuteridm.
The retention of stereochemistry can be rationdllsg initial addition of the electrophile to

8



the silicon-bearing carbon of the alkene generatimg more stablg3-carbocation. The

rotation around the central carbon-carbon bond rsccuthe direction which avoids bringing
the empty p orbital and the silicon-carbon bondha@gbnal to each other. Elimination to the
alkene takes place when the empty p orbital andsil@n-carbon bond are in the same

plane. In general, retention of configuration isuall/ observed, although inversion of
configuration is also knowh.

N, _SiMes WH
Ph, wH DCl Ph - Ph ‘ Ph,,, oH
., 5 —_— > > ,, ———
. D - N
iMe3 D

28 29 30 31
VR '/\ cr
. SiMe,
Megsl,,’ H «D
Phs, ___ «SiMeg oal Ph ) Ph X Ph.,,, D
H/_Q > ! - H AN
® ® H H
.
32 D 33 34 35
Scheme 7

A considerable amount of research has also beeatucted on the applications of vinylsilanes
in cross-coupling reactions (Scheme 8). Hiyamadtasvn that vinylsilanes react with aryl
and vinyl iodides in the presence of a palladiutalyat and fluoride sourc®.The purpose of
the fluoride is to activate the organosilicon comnpa by forming a pentavalent intermediate
R4SiF, which is more susceptible to transmetalation with palladium (Il) intermediate
resulting from oxidative addition into the aryl idd.

| =
/\SiMeg
2.5 mol % (n3-C3HsPdCl),
36 TASF 37
Scheme 8



1.2.5 Allylsilanes

Since allylsilanes are also very useful synthettermediates in organic synthesis, a number
of procedures for their preparation have been tedoAmong them, the methods utilising the
Wittig reaction®’ Peterson olefinatidfiand metathesiSare the most attractive as they enable
the preparation of regioisomerically pure allylsgs. In contrast to vinylsilanes, allylsilanes
are more reactive towards electrophiles as a res$ulte interaction between C-Si bonds that
can be parallel to p orbitals of tmebond (Figure 4). In general, electrophiles attduk
terminal carbony) of the allylic group regioselectively, althougterscally hindered alkyl

halides may attack preferentially at th@osition>

a vinyl silane an allyl silane
/SiMeg
NSiMes
no T0 interaction T=0 interaction
Figure 4

An example reported by Hayashi demonstrates thag ggential of allylsilanes in the process
of carbon-carbon bond formation (Scheme®®9Dptically active R)-allylsilane 38 was
allowed to react with acetaldehydm the presence of titanium (IV) chloride in
dichloromethane to give chiral homoallylic alcoh@9 with high stereoselectivity.
Electrophilic attack occurs on the face of the atkanti to the silyl group.

OH
SiMes :
/ _: Ph MeCHO - /th
TiCls, DCM :

Y 76% :

:anti 92:8
38 syn:anti 39

Scheme 9

10



1.2.6 Arylsilanes

Arylsilanes 41 are generally prepared by the reaction of orgamaliite species40 with a
chlorosilane (Scheme 10). The organometallic corapbrtan be made either by metal-
halogen exchange or by deprotonation of an activ&téd bond. The palladium-catalysed
cross-coupling reaction of organic halides with togilanes has also proved to be a versatile
method for synthesising functionalised arylsilaffes.

iR

R3SiCl

40 41

Scheme 10
Arylsilanes react with electrophiles in a processwn asipso substitution (Scheme 11)The
result is the electrophile replaces the silyl grompthe aromatic ring. The selectivity ipso
substitution comes from the same principle asubatl to rationalise the reaction of vinyl and
allylsilanes with electrophiles. The electrophiéacts with arylsiland2 to produce the most

stable carbocatioa3 3 to silicon.

- SiMes SlMe3
42

Scheme 11
Recently much attention has been focused on apiplsaof aryl silanes in cross-coupling
reactions>** Compared to other organometallic reagents (Zn, $fg,etc.) utilised in cross-
coupling processes, arylsilanes are attractivetdleeir ease of handling and/or low toxicity.
An example of a nickel/diamine-catalysed asymmaetiiigama reaction is shown in Scheme
122* A range of racemie-bromo esters were cross-coupled with PhSi(QNtejgood yield

and enantioselectivity (80 - 99 % ee).

11



Ph Ph

"//

12 mol %
t-Bu MeHN NHMe t-Bu
0 0
10 mol % NiClglyme
o . > o
PhSi(OMe)3, TBAT
t-Bu Br t-Bu Ph
45 80%, ee 99% 46
Scheme 12
1.3 Silenes

1.3.1 Introduction

For a long time it was assumed that the Group émehts, with the exception of carbon, did
not form multiple bonds. The so-called ‘double-bante’ stated that elements with principal
guantum number greater than 2 do not form multjmads with themselves or with other
elementg® The first strong evidence for the existence ofliaos-carbon double bond was
established in 1967 by Gusel'nikov and Flow&ghey detected silene dimé® generated
during the pyrolysis of silacyclobutad& (Scheme 13). A major breakthrough came in 1981
when Brook and co-workers found that the photolysis the adamantyl-substituted
acylpolysilane50 gave a stable silerfl which could be characterised by X-ray diffractfon.
These findings led to the decisive overturning loé double-bond rule. Since then, the

chemistry of the silicon-carbon double bond hasmearea of active investigation.

\ \

F{
s 450 °C N \T
> /SI_ —_— _I + H,C=—CH,
47 48 49
hv Me38|\ . OSiMe3
— > /SI
Ad Si(SiMe3)3 MesSi Ad
50 51
Scheme 13
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1.3.2 Stable silenes

Brook and co-workers had succeeded for the fins¢ tin isolating a silene. They deduced that
the steric bulk of the substituents on the carbfmmawere a crucial factor in moderating
silene reactivity. Since then, many other groupsehatilised this approach and some

common stable sileneSZ®, 53°°, 54°%) formed from this technique are shown in Figure 5.

iPr
TiMeg
Me SitBu,Me .
\ tBUM .—Si iPr
Si uMe,Si AN .
/ SiMes
Me SiMes iPr N —
/ i
Me;Si SiMey
52 53 54

Figure 5
However this is not the only strategy that caniopleyed to enhance silene stability. The use
of electron donors to stabilise the electrophilicen atom was reported for the first time by
Wiberg®* Even weak Lewis bases suchtagahydrofuran easily coordinate to unsaturated
silicon atoms to form remarkably stable adductshds been shown that Lewis basicity
towards the silen&2 follows the order: THF < NMg< GHsN < F.3! More recent work by

Oehme has extended this principle to incorporageathine group in the silene structbfeas

NMe,
/ SiMes

Si

the electron donor (Figure &).

Me SiMes

55

Figure 6
In 1997 Okazaki and co-workers successfully prepé#re first stable silaaromati® (Figure

7)3% The aromatic character of the 2-silanaphthalemg siystem was supported by quantum
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chemical calculations. Despite the increased styalidined in the aromatic resonance energy,
this compound still requires steric protection witkery bulky Tbt (2,4,6-
tris[bis(trimethylsilyl)methyl]phenyl) protectingrgups to stop dimerisation. An alternative
strategy to steric stabilisation of silaaromatiasvproposed in 2001 by Dysard and Tiffdy.
It has been shown that coordination to a transii&tal fragment is a useful way to stabilise

these reactive species. The ruthenium compleXalfemnzené7 is shown in Figure 7.

AN CH(SiMe3), ﬁ H_B(C6F5)3
—Si |,
(Megsi)zHC CH(SiM83)2

56 57

Figure 7
Alternatively, silene stability may also be incred$y=r-electron-donating substituents at the
carbon atom of the silene (Figure 8). The substiteéfect suppresses the naturdl"SC™
polarisation effectively and induces the zwitteiioreffect, i.e. SI=C® 3% This causes
substantial pyramidalisation at the silicon atond arcreases the Si-C bond length. Indeed,
Apeloig found through ab initio calculations thed¢verse polarisation’ is the most important

electronic factor that enhances the kinetic stgtilf silenes’®

— ® Rq X
Ris, 5% O Rs & B X Mo //X \g') c/
Si—=C o Si—=C - si—C - i—
RS R, Ri'" /4 Ny / \ / \
R Ry Y Ro Y®
58 59 60 61
R3-R4 = SiR3, H, Alk, Ar R1,R5 = SiR3, H, Alk, Ar X,Y = NR,, OR, SR
Naturally polarised silenes Reverse polarised silenes

Figure 8
In 2003 Ottosson exemplified this concept in a replescribing an isolable silanolaf2,
which can be kept under an inert atmosphere faetimonths (Figure $9.X-ray diffraction
of 62 shows a very long Si-C bond (1.926 A) and thusnsilate is probably better described

by the alternative resonance structéige
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MesSi O Me3Si (0]
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Si— Si
MesSi t-Bu Me,Si t-Bu
62 63

Figure 9

1.3.3 Generation of Silenes

The early methods of silene generation commonlyolwed thermolytic or photolytic
fragmentations or rearrangements. However, ther@e@w several alternative methods, which
avoid these high energy conditions. This sectiofli tuiefly outline some of the most

commonly encountered techniques.

1.3.3.1 Acylpolysilanes

The photochemical and thermal rearrangement opatygilanes into silenes was extensively
studied by Brook and co-workets*® They found that the photolysis of acylpolysiladsin
methanol gave the addug® from trapping of silené5 (Scheme 14). Similarly, sileréb can

be generated thermally from the corresponding atygilane64. For example, thermolysis
of pivaloyltris(trimethylsilyl)silane64 (R = t-Bu) in methanol in a sealed tube gave the
alcohol67 in 92% yield, which appears to be the methanolyeisluct of the expected silane
66.%°

0 . ) . .
Me=S OSiM MesSi OSiMe:
hvord |V tes MeOH N s
> /s. — > MesSi /SI R
R Si(SiMe3)s Me3Si R MeO H
64 65 66
where R= Me, Et, i-Pr, Ph, t-Bu, 1-Ad R=1.B A
=teu MeOH
MMeSS'Si\S' O|t_|B
e — -
3Si ~ i u
MeO H

67
Scheme 14
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The photochemical technique allowed Brook to preptre first silene that could be
characterised by X-ray crystallography and sin@ntthis method has been widely used to
synthesise a variety of silenes.

It was subsequently found by Brook that replacenoérihe trimethylsilyl substituents with
alkyl or phenyl groups generally leads to a reducf the stability of the silene (Scheme
15)3 Interestingly, the photolysis of the acylpolysiéa88 gave in only one case (R=Mes,
R'=Ad ) two possible silene geometrical isomers itedeable amount®. The structures of
silene7la and71b were characterised by NMR spectroscopy in additmtheir methanol
and phenylacetylene adducts. In addition, it wamdbthat silen®9 (R=Ph,t-Bu) isomerises

during the photolysis to form specié&

MesSi e
Q MesSi OSiMe; SQM
hv N\ % Me Si—
—_— Si . N R
/ —
(Me3Si),Sj R? R Rl SI%
| / 1
Me R
R
68 69 70
R=t-Bu, R'=Ad R=t-Bu, R’=Ad
A R=Ph, R'=t-Bu, Mes, Ad, CEtz R=Ph, R'=t-Bu, Mes, Ad, CEts
\"
R=Me, R'=Ad
R=Mes, R'=Ad
Y
Me3Si\ Ad Megsi\s._ OSiMes
Si— + i
/
Mes/ OSiMe3 Mes Ad
71a 1.4 : 1 71b
Scheme 15

Ishikawa and co-workers have studied the mechawfsilene generation using a simple
model to investigate the 1,3-silyl migration in gtsilane (Figure 10§' There are two
reaction pathways available with respect to theestshemistry of the migrating silyl group:
the retention pathway and the inversion pathwaye fvoured retention pathway via (&S
was computed to require 32.2 kcal/mol as the amntinaenergy for the 1,3-silyl migration at
the B3LYP/6-31G* level of theory.

16



L
Y

E (kcal/mol)

Figure 10

1.3.3.2 Modified Peterson Olefination

The original Peterson reaction is a method for @rieg alkenes which was first described in
1968. The general reaction involves addition ofiagilylcarbanion to a ketone (or aldehyde)
to form a B-hydroxysilane which eliminates silateléo form alkenes (Scheme F6The
elimination follows two distinct mechanistic pathysato prepare eithegis or trans alkenes
depending on the reaction conditions. For exanguepound’3 gives thecis product75 or
thetrans product74 depending on whether the elimination is carriedunder acidic or basic

conditions.
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— —/

R
74
R\/SiMeS R]_CHO Me3Si :\\HRl
® © - S
Li R OH
72 73
Acid /:\
R R?
75
Scheme 16

Oehme and co-workers have adapted this methodotofpyrm silenes by replacement of the
carbon atom in the nucleophile by a silicon aférithe reaction of silyllithium speciez6
with carbonyl compound37 generatesi-silyloxy anions78 which are known to undergo

spontaneous elimination to form siler@(Scheme 17).

SiM63

| (MesSi)sSi,  O°Li* MesSi\ R

Messi—sli—u + —_— X e /Si_ <
SiMes R R* R R? Me3Si R
76 77 78 79

Scheme 17
Subsequently, Oehme has reported another approdolhn silenes via a modified Peterson
reaction*>** The reaction of silyl Grignard reage8@ with carbonyl compounds7 generates
magnesium alkoxide81 which, after workup, affords silylalcohol82 (Scheme 18).
Silylalcohols82 can be readily transformed into sileisby treatment with methyllithium.
This two-step procedure avoids potential problerhampeting enolisation of carbonyl
compounds and allows for the choice of reactiordd@ns in the second step.
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SliME3 R)le M63Si\ OMgBr I\/Iessi\ o
Measi_Ti_MgBr 7 Me3Si_/Si < ~R! —_— > Me3Si—/Si4é Rl

\

SiMes Me3Si R MesSi R
80 81 82
MeLi
MgBr,
T,lMe3 MesSi \S._ R
Me3Si—Si—Li s <
| Me;Si R
SiMe3 79
76
Scheme 18

Almost all silenes from the modified Peterson alafion are transient species that usually
dimerise in a head-to-head fashion. Apeloig waditBeto use this methodology to generate
an isolable silen& The reaction of adamantanone with bulky silyllitii specie83 afforded

a stable silene in good yields (Scheme 19). Howehiex silene was observed to react rapidly

at room temperature with methanol and 1-methoxybeitee.

SliMezt-Bu O t-BuMe,Si Li
toluene . .
Me3Si—?i—|_i + — > MesSi—Si
SiMe,t-Bu t-BuMe;Si

83 84 l 85
t-BuMesSi\

Si—
t-BuMe,Si

86

Scheme 19

Ishikawa and co-workers later discovered that s#ecould be generated by the addition of
methyllithium to acylpolysilanes (Scheme 2®)The resultings-silyloxy anion87 underwent

elimination of trimethylsilanolate to afford thelesie 88 which underwent dimerisation.
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However, all attempts to trap these silenes witheotagents were unsuccessful. It was
assumed that an increase in the steric bulk arthmdilene would lead to a stable isolable
silene. Therefore, the reaction of pivaloyltristtathylsilyl)silane bearing a bulky-Bu
substituent was investigated. However, the expepteduct88 was not observed. Instead,
cleavage of the acyl-Si bond occurred to elimias¢trimethylsilyl)silyllithium 76.

SiMes)sSi, O Me3Si R
MeLi (SiMes)s _ N
—_— , > Si—
-Me3Sio” " S_/
R Si(SiMeg); R=Me. Ph R €3Sl
64 87 88
MeLi
R=t-Bu
(SiMe3)3Si (D 0
% — > (MesSi)SiLi + )k
Me t-Bu Me t-Bu
89 76 90

Scheme 20
Following this, Ishikawa found that the reaction atyltris(trimethylsilyl)silane with
silyllithium reagents proceeds in a different fashifrom that above, giving lithium enolate
92. These types of lithium species react readily wathctrophiles, such as water, alkyl
halides, and chlorosilanes, to produce coupled ymtsd Treatment of the lithium enolate

solution in THF with chlorotriethylsilane yieldedene 93 quantitatively (Scheme 215’

0 MesSi OSiEt
. - /O . 3 3
(Me3Si)3SiLi ©, Et5SiCl \Si_
- (SiM83)25i /
Mes Si(SiMes)s THF Mes MesSi Mes
91 92 93
Scheme 21
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1.3.3.3 Diazo compounds

Another approach to the preparation of silenegsadn the photolysis or thermolysis of diazo
compounds. The thermal decomposition is of lessomapce in comparison to photolysis
methods since silyl-substituted diazo compoundsrareh more stable than their nonsilylated
counterparts.

The extrusion of Bl from silyl-substituted diazo compounds leads tglcrbenes, which
easily undergo transformation depending on thergaaifithe substituents. It appears that silyl
ketocarbene®4 rearrange cleanly to the corresponding sil8Genly in the presence of a
disilanyl substituent (Si - Si) at the carbéhén comparison, the Wolff rearrangement of a
silylcarbene 94 to a silylketene 95 requires only silicon-carbon bonds. However,
alkoxycarbonyl(trialkylsilanyl)carbené3 can undergo both types of rearrangement (Scheme
22)% It has been shown that some substituents on lisersatom can migrate more easily
than the others of the order: H > f1eSiMe; > Me*°*2 (Me;Si);Si > Me®, Ph > Mé*>*
Methoxy groups do not migrate at 2.

Fr.
Rl=alkyl  Me;Si
——
>:C:O
Rl
. L 95
Me,Sj
] i i
R’ o .
N CR* 1,3-shift MesSi
94 J— — D e —_
R1=SiR S < c—o°
3 / - R
26 97
R
R=alkyl, !
arvl Me,Si
) >:C:O
RO
g OR’ 99
Mezsl/ﬁw/ ]
Rl
R o ﬁ 1 (f
98 N COR 1,3-shift MeSi .
1o Si —_— c=o
R™=SiR3, / R R
alkyl,
aryl 100 101
Scheme 22
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Photolysis of methyl (pentamethyldisilanyl)diazaate 102 in inert matrices at low
temperature allowed the isolation and spectroscoparacterisation of the silaacrylat®3
(Scheme 23j° Short-wavelength irradiation (>240nm) of silei®3 resulted in its
rearrangement to ketenE04 The observed 1,3-alkoxy migration has been asdutoe
proceed via an ion péif.Addition of methanol at the double bond takes @lafter warming

to >35K.
hv, >240nm

N2
COOEt MesSi

\ Ar, 10K . _
_Si COOEt > Me,Si—= + c=—o
| hv, >360nm Mezsl

SiM63 SiM93
102 103 OEt 104

MeOH
>35K

MeZSi‘<
/
MeO

SiMeg

COOEt

105

Scheme 23
Maas has further shown the fate of acylsil@08 depends on the nature of the substituents
(Scheme 24). Bulky substituents, such as l-adarmantgrt-butyl, yield the 1,2-silaoxetanes
of type 106, while acylsilenes with less sterically demandisigostituents preferentially
undergo dimerisation, to form 8-membered heter@sydf general typ@09°3°>"°8In some

cases, the rearrangement of acylsilé@&to a silylketend 10has been observéd.
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Scheme 24

Barton showed that photolysis or thermolysis ofthimethylsilyl)diazomethané11 cleanly
affords silene product$13 The reaction proceeds via the formation of aermediatea-
silylcarbenel12, which then rearranges to give the sildh&é the absence of any trapping

agent intermediate silene was found to form difriefand ene produdtl5 (Scheme 25).

N2 SiMe3
. . Me,Si
/\ ) > Me,Si >
MesSi SiMes MesSi SiMes Sive, 46% SiMe;
111 112 113 MesSi 114
220
/K:g
Mezsli
MeZSi
SiM83
115
Scheme 25
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1.3.3.4 Elimination Techniques

Another approach to silenes is based on a saltirgiron reaction. This technique was
developed by Wiberg in 1977 and enables the syistioésilenes under very mild conditions
(Scheme 26%° Treatment of the bromosilarkl6 with n-BuLi leads to the formation of
intermediate silyllithium117, which undergoes salt elimination to furnish tileree 118 In
the absence of trapping agents sildi® forms head to tail dimet19 This method was
applied by Wiberg to generate stable silenes thamtnat be formed thermally or
photochemically’®2

Me SiMes Me\ SiMes Me, SiMes
|\/|e\\Si SiMes n-BulLi Me—,; SiMes > -15°C - \Si_
/ ( - n-BuBr / - (PhO),POLiI / _
(PhO),PO Br (PhO),PO Li Me SiMes
116 117 118
M iMe3
Me—,; SiMe;
Me3Si S\i\Me
Me3Si Me
119
Scheme 26

Similarly, Oehme synthesised various stable silebgsemploying similar methodology
(Scheme 27§ When germinal dichloroalkylsilane$20 are treated with alkyl lithium
reagents, a deprotonation reaction produces auithcarbenoid specieB21, with a metal
atom and halogen attached to the same carbon &itnum carbenoids are stable at very
low temperatures, but under the reaction conditithesy decompose to silylcarben&22
Migration of one trimethylsilyl group from the ceat silicon atom to the carbene carbon
atom affords intermediate silenek23 In the presence of a second equivalent of

organolithium reagent sileri5is formed.
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Scheme 27
To conclude, the drive to develop new silene gdimrdechniques has provided a great deal
of information regarding their reactivity. These Itiple bonded species are particularly
susceptible to attack by nucleophiles, alkenegjna& and ketones. The general reactivity of

silenes will be discussed in the next section.

1.4 Reactions of Silenes

1.4.1 Dimerisation Reactions

Most silenes are highly reactive molecules at antbtenditions and, in contrast to alkenes,
they often dimerise in the absence of trapping tsyeis a result, isolation of dimerised
products is usually taken as evidence for the ftionaof the corresponding intermediate
silene.

Silenes usually dimerise to disilacyclobutanesitihee a head-to-head or head-to-tail manner,
depending on the nature of the substituents. Nityralarised silenes that contain less bulky
substituents at the Si and C atoms tend to forrd hee&ail dimers. For example, Gusel'nikow
observed such a dimer in the gas phase thermadfsisl-dimethyl-1-silacyclobutand7
(Section 1.3.1, Scheme 1%).
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In contrast, Brook-type silenes generally undergadito-head dimerisation via a biradical
intermediate (Scheme 2%)For example, photolysis of pivaloyltris(trimethij§$)silane gave
the silenel26, which exists in solution in equilibrium with iimer 128 The existence of
biradical intermediate27 is supported by the presence of a signal in thR Bfectrum.

However, all attempts to trap this intermediateenansuccessful.

OSiMes

MesSi OSiMe . -
: = : (MesSi),Si +-Bu (Me3Si)ZSi— t-Bu
————_

7 o o
MesSi t-Bu (M83SI)25IYI-BU (Me3Si),Si VI-BU

OSiMeg

126 127 128

Scheme 28
Head to head dimerisation has also been observdsghilgawa with silenes generated via a
modified Peterson reactidn However, the reaction of acetyltris(trimethylsjsilane64 with
methyllithium gave the linear dimé&B0as the major product (Scheme 29). The head-to-head
dimer 131, formed as the minor product, underwent isomeadsato the linear dimer upon

thermolysis in a sealed tube.

0
R Si(SiMey);
64
MelLi
R CH,
MesSi Me MexSi)sSi M o
\Si R= Ph.Me (MesSDz [ © (MesSi),Si R
o —_— o - =
MesSi R (Me?’s')zs'YME (Messi)28i><H
88 129 R R Me
130
R=Ph Me, A
pw“I'sKsn\Ae?,)2
Ph g Si(SiM63)2
Mé
131
Scheme 29
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Dimers of different types have been observed by sMaad co-workers when forming
acylsilenes fromu-diazoe-silyl carbonyl compounds. For instance, photolysighe diazo
compound132 yielded the [4+4] adduci34 which was characterised by X-ray analysis
(Scheme 30} However, acylsilenes with sterically more demagdsubstituents undergo

intramolecular [2+2] cyclisation leading to 1,2asiketanes®

M Me
N2 e\S'/—o
Me SiMes Me;Si ! Me
Me35i\ Me hV \Si_
S SR — 1
e Me O
Me e} M Me — SiMe;
e (@] /SI\
Me Me
132 133 134
Scheme 30

1.4.2 [4+2] Cycloaddition Reactions

Reactions of a variety of silenes with dienes alkeérees have been studied to prove their
existence. Silenes normally form mixtures of [4+@]cloaddition products and ‘ene’
products, occasionally accompanied by [2+2] prasluGthe ‘ene’ products are the usual
products from reactions with simple alkenes.

The reactions of stable silenes with dienes untdetqehemical conditions have been studied
in detail by Brook* It has been found that a [4+2] cycloaddition reacpredominated in the
reactions of isoprene, 1,3-cyclohexadiene and Ryihylbutadiene with silen&l (Scheme
31). In the case of cyclopentadiene only a singhe2] adduct145 was formed with 95%

yield.
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Scheme 31

In contrast, the thermolytic process appears tmbee selective. For example, Griffiths has
shown that heating a toluene solution of phenyh@thylsilyl)silane and a diene afforded the

[4+2] silacycloadducts, whilst any [2+2] or ‘ene’opluct could not be detected (Table3).
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entry diene conditions products

(Me;Si),Si~ (Me3SioSi~
1 @ toluene MegsiO\Ab 31 ph
175°C, 3 h 91%
Ph

144 OSiMe3
149a 149b
Si(SiMe3z), Si(SiMe3s)»
, @ toluene / osiMes 31 / Ph
180°C, 2 h 64%
146 Ph OSiMe3
150a 150b

/ daf
5 toluene "OSiMes 5 7-1
0
S 180°C, 2 h Si(SiMes)2  62%
151 152a

Table 3

Maas and co-workers have reported the formatigad-€] cycloadducts during the photolysis
of diazo ketone& The acyl silene408 generated in this fashion reacted with non-enblésa
carbonyl compounds such as benzophenone and cladgbyde forming 1,3-dioxa-4-sila-5-
cyclohexaned55. In contrast, whe08 was reacted with enolisable ketones such as ageton
acetophenone and acetylacetone the correspondirgpeoductl54 was generated (Scheme
32).

‘enolisable’ 'non-enolisable’
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Scheme 32
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Brook and co-workers have demonstrated th@tunsaturated aldehydes, ketones and esters

usually react in a [4+2] manner with silenes (Sca&®)®’

OSiMes OSiMes
(Megsi)ZSi—%"B” (Me3Si)Si t-Bu
R=R'=H /
——— 0 + 0]
157 6:1 158
OSiM83
_ . t-Bu
R=Me (Me3Si),Si
R'=H d
+
major
159 160
Megsi\ OSiMes3 OSiMe, OSiMe3
. /S' < R=Ph (Me3Si);S; t-Bu (Me3Si)2Si tBu
MesSi t-Bu R1=H /
126 T o + Q Ph
+
161 Ph 162
O 1.4

SiMes OSiMes
156 R=H (MesSi,Si B (Messiss reu
1:
R =Me | < 5 .\ o
163 4:1 164
R=Ph
RI=OFEt
| R=C&t_

EtO

165

Scheme 33
The regiochemistry of the addition reaction of hcen-carbon double bond to am/(3-
unsaturated aldehyde, ketone or &&tés sensitive to the nature of substituents on the
conjugated system. In terms of frontier orbital dtye Fleming has shown that the
energetically favoured pathway for cycloadditionsalves the interaction of the LUMO of
the heterodiene with the HOMO of the dienopffl@he regiochemistry of the cyclisation is
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directed by the dominant interaction of the frontiebitals having the larger coefficient,
which are located on th carbon ofa,-unsaturated compound and the silicon atom of the
silene® However, whenp-substituents are present on a-unsaturated compound, the
coefficients of the atomic orbitals will be alteradd steric interactions will be introduced.

1.4.3 [2+2] Cycloaddition Reactions

In general, cycloaddition of alkynes to silenesfford silacyclobutenes proceeds cleanly and
in high yields and consequently alkynes have bedelw utilised as reliable trapping
reagents. Brook has shown that silenes formed toptsis of acylpolysilanes can be
trapped using phenylpropyne (Scheme%49.

OSiMe;
M83Si\ OSiMe3 (Me3Si),Si t-Bu
Si% + Ph——Me ——7—>
7 —
MesSi t-Bu
Ph Me
126 166 167

Scheme 34
Similarly, the reaction of alkenes with meproton and silenes usually gives the expected
[2+2] product. For example, Ishikawa and co-workexamined the chemical behaviour of
silenes towards styren&sThey found that thermolysis of acyltris(trimethilggsilane 88 (R
= Me, i-Pr, t-Bu, Ad) in the presence of styrene gave [2+2] egdducts169 and 170 in
moderate yield. Interestingly, the reaction of poysilanes bearing an aryl group on the
carbonyl carbon (R= Ph, Mes) yielded only the product169 This is a marked contrast to
a-methylstyrenes bearing an allylic hydrogen, whidve been shown to give exclusively
‘ene’ productsl71 (Scheme 35).
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Scheme 35
It has also been shown by Brook that silenes und@+2] cycloadditions with nonenolisable
carbonyl compound¥. Such reactions generate 1,2-siloxetanes whichn ofiedergo
cycloreversion or complex rearrangements. Howeheryeaction of adamantylsilebé with
benzophenon&72 gave the stable [2+2] cycloadduct3 which could be characterised by X-

ray crystallographic analysis (Scheme 36).

o OSiMes
MesSi OSiM
AN IMies (MesSi),si—f— Ad
Si— + o ————> |
MesSi Ad . O_Vph
Ph
51 172 173

Scheme 36

1.4.4 Reaction of silenes with nucleophiles

Silenes are potent electrophiles, reacting rapudith a variety of nucleophiles such as
alcohols, water, amines, carboxylic acids, andsalkilenes by 1,2-addition (Scheme 37§*
The regioselectivity of the addition is a resulttoé polarisation of the silene®S& C that
allows for nucleophilic attack to occur at silicdn. particular, the reaction with alcohols is

often used to trap transient silenes, providinglence for their existence.
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1.5 Previous Work in the Group

Studies in the Steel group over the past few yéange focused on developing silene
cycloaddition chemistry to provide a novel strategy the functionalisation of dienes.
Griffiths showed that silene®5 generated thermally from acylpolysilanes reachvdienes

181 to afford [4+2] silacycloadducts82in good yield (Scheme 38j.

R

/ MesSiO SiMes /\%osmg

R—— + _ B —— I
>—Si 0 R —
\ \ 180 °C | .
R SiMes toluene SiSiMes)
- 0,
- - 20-91% 182

R= Ph, 4-MeOCgH,, 4-CF3CgH,, 2,6-(Me0),CgHg, CHg, t-Bu

diene: cyclopentadiene, isoprene, (E)-penta-1,3-diene

Scheme 38
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However, there was little effect on the diastertagvity of the cycloaddition reactions upon
varying the substituents on the silene. Later vibdtefore focused on the synthesis of silenes
via the modified Peterson reaction developed byn@Efi The reaction proceeds through the
elimination of -OSiMeg from the silyle-oxyanion184 driving the generation of the transient
silene. In the presence of 1,3-pentadiébé the reaction gave silacycls5 in 52% vyield
(Scheme 39%° The use of this strategy also established a phgnoylp on the central silicon
atom of the silacycle, which was required to achiethe oxidative subsequent

fragmentatior!.’
OH OSiMes
. Megsi O
MesSi~_ ; ) H
/T . = M» Me3$|\\Si — ‘ + ;Si
MesSi / #SiMes  Me,si”T |
Ph AN Ph Si.,, Ph
‘Ph
183 151 184 185 186

Scheme 39
Unfortunately, the reaction with methyllithium drebt give reproducible results, whilst the
use of other bases, such as NaH muR1iLi led to the preferential formation of the it 86.
To explain this observation Whelligan undertookedaded analysis of the process. It was
found that commercial ethereal methyllithium consaivarying amounts of LiBr<g¢%),
whereas other bases suchreBuLi do not. A thorough investigation into the #dth of
lithium salts to the reaction mixture discoveredtttieatment of silyl alcohdl83 with n-BuLi
in the presence of a catalytic amount of LiBr atfed the silacycl&@85in 50% vyield (Scheme
40)."°
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Subsequently, Whelligan utilising this methodolagmonstrated that silenes can be used as
novel reagents for alkene functionalisation prawdistereoselective access to diols and
lactones. Following reduction of the double bonke tsilacycle185 was treated with
BF3;- 2AcOH complex to afford the corresponding fluolarse. The Fleming-Tamao oxidation
of the silicon unit with HO,, KF, KHCG; yielded the diol191 in 43% vyield. Further
oxidation using TPAP, NMO produced the lactd®2 as a 98:2 mixture of diastereoisomers
(Scheme 413"

1.H, Pd/C _ TPAP, NMO
- — A, Y -
2 BF5"2ACOH
3.H,0,, KHCO3, KF
191
Scheme 41

More recently, Sellars has shown that these sitk@ee cycloadducts represent convenient
sources of silacyclic allylsilanes which can unaekpsomi-Sakurai reactiori$ The reaction

involves the Lewis-acid-promoted addition of aliidees 185 to acetals leading to the
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formation of a carbocation intermedidt83 stabilised by the (3-silicon substituent (Scheme
42). The fluoride-promoted fragmentation followeddxidation with BO, in the presence of
KHCO; afforded the monoprotected 1,4-diol as a mixtdrédiastereoisomers95aand195h

PhCH(OMe),
—_—

SiMe
sii . BF3OEf

‘Ph

185

195a 195b

Scheme 42
This has subsequently been exploited in the syisthes (x)-eprpicropodophyllin 198
(Scheme 43%° The key step of the synthesis involves the HosBakurai reaction with an

electron-rich acetal to give substituted aryl telra97 with good diastereoselectivity.
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]

b= LITE

53% ds1
197

Ar=3,4,5-(Me0)sCgH,

198

Scheme 43

1.6 Aims of the project

The general aim of this project was concerned i development of methods for the
stereocontrolled functionalisation of alkenes tlgtouhe reaction with readily accessible
silenes and the subsequent elaboration of thetae$wddducts. More specifically, the goals
were to explore how the diastereoselectivity ofl@gddition varies according to the nature of
the silene and silenophile substituents and to ldpveew more practical and versatile
methods for the generation of silenes.

Initial work was focused on the unexpected obs@manade by Griffiths that alkoxysilenes
undergo a very efficient thermal [2+2] cycloadditiovith a,f-unsaturated esters to afford
highly substituted silacyclobutanes with a high réegof stereocontrol (Scheme 44).
Consequently this requires facile access to swataalylpolysilanes and electron-deficient

alkenes.
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CO,Me

+
toluene,180 °C

7\

R Si(SiMez)3

CO,Me

64 199 200

Scheme 44
For each cycloadduct strategies for the convergidhese adducts into highly functionalised
building blocks were explored (Scheme 45). For gdammfollowing the initial activation of

the silicon moiety by treatment with HBFdirect oxidative cleavage of the silicon carbon

bonds could lead to highly functionalised diaG2

HO

2
R R HO R

201 202

Scheme 45
In an alternative approach towards milder sileneegation, the synthetic potential efsilyl
diazo carbonyl compounds as silene precursors wasiieed. These compounds undergo
photolytic or thermolytic decomposition to providgermediate carbene speci&d4, which

then rearrange to give the sile2@5 (Scheme 46§°
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Scheme 46
The principal goal was to identify what types obstituents are needed in order to achieve
increased stability of the intermediate sil@@s.
Finally intramolecular silene cycloaddition reacsowere studied (Scheme 47). Surprisingly,
such intramolecular reactions had not been exploresilene chemistry. Hence, the studies
were focused on the investigation of synthetic a as theoretical aspects of these reactions.
For example, the preferred orientation of dienackttonto silene could be probed through

variations in tether lengths and substituents lcosi.

N\
Y

Ry

209 210

Scheme 47
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2 Reaction of acylpolysilanes with electron-deficrg alkenes

2.1 Introduction

As described in Section 1.7 of the previous chaptétial work commenced in the area of
[2+2] cycloaddition chemistry and focused on theseslation made by Griffiths that
alkoxysilenes undergo thermal [2+2] cycloadditionithw (2E,4E)-dimethyl hexa-2,4-
dienedioate to afford highly substituted silacycisnes (Table 4} Interestingly, these

adducts are formed as single sterecisomers, althithggstereochemistry was not assigned.

CO,Me MeO,C
Si(SiMe3),
O /
+ — OSiMes
. N 4h, 180 °C R
R Si(SiMeg)s toluene
COMe MeO,C
entry acylpolysilane R product yield (%)
1 211 Ph 212 67
2 213 4-MeOAr 214 49
3 215 4-CRAr 216 49
4 217 t-Bu 218 20
Table 4

Following Griffith’s preliminary results in this aa, the effect upon the diastereoselectivity of
these cycloadditions, and variation of the sileise/d substituents were investigated.

Consequently, this required facile access to slaitatyltris(trimethylsilyl)silanes.

2.2 Generation of acyltris(trimethylsilyl)silanes

In previous work, Griffith® had generated acylpolysilanes by the treatment of
tetrakis(trimethylsilyl)silane with methyllithiunoflowing a procedure outlined by Gilm&h.
Following this protocol, a solution of tetrakis(irethylsilyl)silane219 in THF was treated
with methyllithium (Scheme 48). After approximatél¢ h,"H NMR spectroscopic analysis
showed a signal that corresponded to unreacteakigfirimethylsilyl)silane &4 0.20 ppm),
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therefore a second portion of methyllithium (0.} e@s added and the reaction mixture was
stirred for a further 12 h. The reaction mixtureswhen combined with a solution of acetyl
chloride to give acyltris(trimethylsilyl)silan220 in 32% vyield. Unfortunately, the product
was observed to decompose upon storage for a lemgdpof time.

TiMe::, ?iMe‘g
MelLi i ) . MeCOCI
MesSi—Si—SiMeg —— > MegSi—Si—Li ——> o
THF | THF Si(SiMes)s
SiMe3 SiM63
219 76 220
Scheme 48

Evidence confirming the formation @20was obtained from th€C NMR spectrum, which
showed the appearance of a characteristic sigria) at245 ppm, attributed to the carbonyl
carbon. The significant downfield shift is due ke teffect of the silyl groups attached to the
carbonyl carbon.

The low yield was consistent with the earlier olsagon within the group, which indicated
that this methodology does not give reproducibleults, yields often ranging from 30 to
90%2" Similar observations have been made by Brook amavarkers®® This problem
appears to be associated with many contributingofac such as the quality of the
methyllithium, the purity of the starting materialhd the quality and dryness of the solvents.
One possible solution is to isolate the silyllitmureagent as a crystalline solid
((MesSi)sSiLi-3THF) and then perform the condensation reacin a non-polar solvent
which leads to fewer side reactions and generatigl$ to acylpolysilanes in better yiefds.
Although this represents a potential solution, mpse alternative was suggested from the
work of Marschner, who had described the formatbsilylpotassium reagents through the
reaction of polysilanes with potassiutart-butoxide in THF or DME* Following the
procedure developed by Marschner, silylpotassiusgeat221 was generated in THF by the
reaction of pre-dried potassiutart-butoxide and tetrakis(trimethylsilyl)silane. Theligion

of 221 was then combined with the appropriate acid ctiéorito give the desired
acyltris(trimethylsilyl)silane211, 213 217and222 (Table 5).
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iMes SiMe, 0
t-BuOK RCOCI
MezSi—Si—SiMe; ——— Me3Si— Si—K
| THF THF,-78°C R Si(SiMes)s
SiM83 SiMe3
219 221
entry product R yield (%) C=0 b¢ (ppm)
1 211 Ph 69 236
2 213 4-MeOGH, 27 233
3 215 4-CRCgHa 58 237
4 217 t-Bu 85 248
5 222 2-furyl 36 223
Table 5

Whilst good vyields could be obtained for most exb®p it was observed that
trifluoromethylphenyl analogue215 decomposed during the aqueous workup. It was
speculated that the presence of an electron-wiidgagroup in thepara position increases
the electrophilicity of the carbonyl group and her@romotes hydrolysis of the product
(Scheme 49). Fortunately, this could be avoidedibyply eliminating the quenching stage

from the procedure.

o}
©o. LoH
Si(SiMeg)g o Si(SiMeg)3 —> oH
aqueous
workup
FsC FsC FsC
215 223 224

Scheme 49

As before, evidence for the formation of acylpdeses was confirmed by tHéC NMR
spectrum with the signal & = 220-250 ppm corresponding to the carbonyl group.

The same procedure was then used to make acstyi(ethylsilyl)silane220 (Scheme 50).
Unfortunately, this yielded an inseparable mixtof@cylpolysilane220and enol-este225in
a 1:3.7 ratio as determined by NMR spectroscopy. Formation of the latter prodweis
confirmed by analysis of théd NMR spectrum and MS data, which showed signas; at
5.46 ppm andy = 5.21 ppm corresponding to the vinyl protons dedpvith am/z = 332
(M™). All attempts to hydrolyse the enol-ester by timent of the mixture containir@R0 and

225with base or acid were unsuccessful.
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ol 1. t-BuOK .
Me3Si—Si—SiMez ———————————>
| 2. MeCOCI Si(SiMes)s Si(SiMes)s

SiMe3

219 220 225

Scheme 50
The above result indicates that the problem lieghm silylpotassium reagent, which is
sufficiently basic to deprotonate acylpolysilaB20 (Scheme 51). The resulting potassium
enolate reacts with acetyl chloride to form endée®25.

(@]
K M
)ﬁ\ Si(SiMeg)K /T\ MeCOCI }O\
Si(SiMes)3 Si(SiMe3)3 Si(SiMes)3
220 226 225

Scheme 51
To circumvent the problem of enolisation, silylpgdaum reager?21was transmetalated with
Cul (Scheme 52). This was considered to have oedun the observation of a colour change
of the orange silylpotassium solution to black &munation of a precipitate. The solution of

silylcopper specie227 was then combined with acetyl chloride to give tlesired product
220in 50% yield.

SiMe3 SiM83
| cul | MeCOCI
MesSi—Si—K ————> MeSi—Si—Cu ——————> L
THE | THF, 0 °C Si(SiMe3)3
SiM63 SiMe3
221 227 220 50%
Scheme 52

Whilst the Marschner procedure ensures the syrsthadsine acylpolysilane211, 213 215
217, 220 and222 attempts to extend this to analogues derived #emnitrobenzoyl chloride,
picolinoyl chloride, cinnamoyl chloride andE)¢but-2-enoyl chloride were not productive.

Similarly, an alternative two-step protocol invelgi addition of the corresponding
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silyilmagnesium species to the aldehyg®8 and subsequent oxidation failed to produce the

desired acylpolysilane (Scheme 53).
0

1. Si(SiMe3)3MgBr
> no product
TN H

2. Swern oxidation

228
Scheme 53

2.3 Preliminary results

2.3.1 Introduction

With a range of acylpolysilanes in hand, attentioen turned to their reactions with electron-
deficient alkenes. In his earlier studies Griffifthesised [2+2] cycloadducts using a sealed
tube technique. The major disadvantages of thisozgh, however, are the time-consuming
process of sample preparation and the hazard assdcwith heating a sealed vessel.
Therefore a preliminary study was undertaken termsin the use of microwave irradiation in
this respect. Recent developments in this fieldehauggested that microwave-assisted
chemistry could be used in most reactions thatiredweating®® This technique has shown
broad applications as a very efficient way to aexak the course of many reactiofiten by
orders of magnitude, producing high yields and aigbelectivity, lower quantities of side

products and, consequently, easier work-up andigation of the product®

2.3.2 Reaction of pivaloylpolysilane with electrordeficient dienes

As mentioned in Section 2.1 of this chapter, thelagddition reactions reported by Griffiths
were performed in toluene, which is microwave tpament. Therefore, in the initial
experiments described below NMP was used as a pdfditive to increase the microwave
absorbance of the sample.

A solution of acylpolysilan217 and dienel99 (2 eq) in a mixture of toluene and NMP (2ml,

9:1 v/v) was heated in a microwave reactor at ZD@or 1.5 h (Scheme 54). Concentration,
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followed by flash column chromatography afforded giroduct218in very low yield (5%),

with a significant amount of impurities also obssty

COyMe

MeO,C
= 200 °C Si(SiMe3)2
+ '
t-Bu Si(SiMes)s S toluene, NMP OSiMes
5% t-Bu
COyMe
MeO,C
217 199 218
Scheme 54

All spectroscopic data were consistent with thageorted by Griffith& providing evidence
for the formation of the cycloaddition prod&i8

A major problem with this reaction was that comp@®89 was not very soluble in non-polar
solvents such as benzene and toluene, which aureddfor the synthesis of cycloadducts
and may account for the poor yield. The trappingiteines in a [2+2] cycloaddition reaction
would be expected to proceed in higher yield if ¢dbacentration of the diene in solution was
higher. Therefore, the more solubleE(ZE)-diethyl hexa-2,4-dienedioa230 was prepared
by reaction otranstransmuconic acid229 with ethanol in the presence of TMSCI (Scheme
55)87

TMSCI

AR COH AR COE
HO,C EtOH EtO,C
~100%
229 230
Scheme 55

Evidence for the formation of the ester was obthifnem the'H NMR spectrum. Compound
230 shows characteristic signals corresponding tootb&nic protons aby = 7.33-7.29 ppm
andéy = 6.21-6.18 ppm and also signals attributed taethexy protons aiy = 4.24 ppm and
on = 1.31 ppm.

With the more soluble dien230in hand, the microwave protocol was repeated. Sy
was dissolved in a mixture of toluene and NMP (29, v/v), in the presence of a twofold

excess of dien230. The mixture was heated at 28D for 1.5 h. Concentration, followed by
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flash column chromatography afforded the prod2@1, unfortunately also in a low yield
(Scheme 56).

O5Et

EtO,C
0 o
200 °C Si(SiMe3z)2
+ / >
t-Bu Si(SiMes)s S toluene, NMP OSiMes
5% t-Bu
CO,Et
EtO,C
217 230 231
Scheme 56

The spectroscopic data were similar to those refohty Griffithd* for compound218
providing indirect evidence for the formation oktlycloaddition produc231l Compound
231 shows characteristic signals corresponding tal&nic protons aby = 7.10 ppm andy

= 6.01 ppm and also signals attributed to the prgons aty = 2.33 ppm andy = 2.31
ppm. In addition, formation &31was confirmed by analysis of the mass spectruoyisiy
m/z= 530 (M).

In order to improve the yield of the reaction, sat@xperiments were carried out in which
the reaction time (0.5 h — 24 h) and temperatud® {C -220°C) were varied. Unfortunately,
all attempts to efficiently trap the generated relevere unsuccessful. Therefore, attention

turned to the use of the sealed tube techniqueeasopsly described by Griffith¥:

2.4 Thermolysis reactions

2.4.1 Introduction

In the work described below, all reactions were artaken using similar conditions. A
solution of polysilane and diene in dry benzene wapared in a round-bottom flask and
transferred to a Carius tube. The solution was tthegassed using the freeze-pump-thaw
technique, with a minimum of three cycles. The twaes then sealed and heated in a metal
pipe. The resulting mixture was then concentratadd purified by flash column

chromatography. The diastereoselectivities wererdehed by"H NMR spectroscopy.
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2.4.2 Thermolysis of pivaloylpolysilane with (E,4E)-diethyl hexa-2,4-dienedioate

Thermolysis of trimethylacetyltris(trimethylsilyi)ane 217 with diene230gave a mixture of
four products231g 231b, 232a and 232b (Scheme 57). Concentration, followed by flash
column chromatography afforded two inseparabletifvas of diasterecisomeg3la+ 231b
(ds 1.5:1) an@32a+ 232b(ds 2.8:1) in an overall 32% yield.

0,Et
(@]
.~ - > 23la+231b + 232a + 232b
tBu Si(SiMes)s S 12%;23'6 f]'eh
CO,Et
217 230
Scheme 57

Mass spectrometry indicated molecular ionsnét = 530, for all product@31a 231b, 232a
and 232b supporting the formation of a cycloadduct. Fortehat product232a could be
separated by crystallisation as a pure isomer. yRtlisation from MeCN/CHGI gave
crystals suitable for X-ray diffraction (Figure 1Ihis revealed the structure of the adduct
232ato be the substituted cyclopropane.

OSiMes

t-Bu

\\Si(SiMeg)g

EtO,Ci4,, avvH

CO,Et

N
/_ 232a

Figure 11
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At first this product was surprising, as it wasdant that some rearrangement reactions must
have taken place. Furthermore, comparison of thdymt's*H NMR spectrum with that for
compound232aindicated tha232b was also a substituted cyclopropane. The configura

of the minor isomer232b was assigned on the basis of the observed couplngtant
between 1M and 3H in the'H NMR (J = 5 Hz) spectrum similar to that observed 282a

The small vicinal coupling between those two prstamdicates a mutuadians location and
suggested that compoun232b must have the configuration shown in Figure 12. In
comparison, the coupling constant for e cyclopropanes is much larger (apprdx 8
Hz)!

OSiM83

t-Bu,,

EtO,Crri,,

COsEt

J=5Hz

232b

Figure 12
The configuration of the produc28laand231bcould be deduced from 2D correlation NMR
experiments (Figure 13). The regiochemistry of ¢lgeloaddition was confirmed by HMBC
experiments which revealed a 3-bond correlatiomfpyoton 2°H to ring carborC-4 which
confirms the location of the silicon atom to bevietn theC-2 andC-4 atoms in the ring. The
analogous signal is present in the HMBC spectruntdmpound231b. The stereochemistry
of adduct231awas elucidated throughi NOESY experiments, and provided evidence that
thet-Bu group was locateds to the proton 34 andtransto the proton 24. The'H NOESY
spectrum of the addu2B1b showed correlation between thBu group and 2 indicating a
mutualcis relationship.
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231a 231b

Figure 13
The cyclopropanes generate a characterifIdNMR signal at 36-30 ppm that corresponds to
C-2. In comparison, the silacyclobuta?2@lb shows a characteristic signal for the ring carbon
C-4 at 96 ppm, providing an easy method to distisigubetween silacyclobutane and
cyclopropane compounds.
In order to find optimal conditions for the cyclahiibn reaction, several experiments were
carried out, varying stoichiometry, time and tenapare of the reaction (Table 6). It appears
from the data presented in Table 3 that there tike leffect upon varying the reaction
conditions on the ratio of the products. Howe&d1b was only observed when the reaction
was performed at lower temperatures (150-i@}) indicating its low relative stability. In
addition, increasing the time of the reaction geltgrleads to lower yields, due to broad
decomposition of the products. The best conversias achieved when the reaction was
carried out at 208C for 3 h (entry 7).

cyclobutane cyclopropane
entry temp (°C) time (h) diene (eq) vield (%), ds yield (%), ds
(231a:231b) (232a:232b)
1 150 4.5 2.3 15 (1.6:1) 11 (2.3:1)
2 172 2 4 23 (1.5:1) 15 (2.8:1)
3 172 2 3 18 (1.4:1) 12 (3:1)
4 180 4 2 9 (2.9:0) 23 (6.4:1)
5 200 3 0.25 23 (3.9:0) 25 (3.3:1)
6 200 3 1 16 (1.4:0) 41 (2.7:1)
7 200 3 4 23 (1.9:0) 46 (2.7:1)
8 200 4 2 16 (2.2:0) 30 (3.2:1)
9 200 25 2 7 (3.6:0) 15 (6.1:1)
Table 6
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In summary, the desired silacyclobuta2®l was synthesised id 23% yield. Moreover, it
was found that simple variations in the time anti#onperature do not lead to increased yields
of 231 The reaction of trimethylacetyltris(trimethyldjisilane 217 with diethyl ester230 at
180 °C gave a mixture of three produc81la 232a and 232b (Table 6, entry 4). This
contrasts with the earlier reports by Griffiths o#sng the reaction of
trimethylacetyltris(trimethylsilyl)silane217 with dimethyl esterl99 which afforded only
silacyclobutan€18 (Scheme 58). The reasons for this difference actren outcome are not

obvious and remain an open question.

OaMe MeO,C
Si(SiMe3),
o) =
+ 5 > OSiMe3
4h,180°C
t-Bu Si(SiMe3z)3 XN toluene ve
20%
CO;Me ’ MeO.C
217 199 218
Scheme 58

2.5 Microwave Techniques

2.5.1 Introduction

During work on the [2+2] cycloaddition between sés and dienes, it was found that when
the reaction was carried out in a Carius tube éenplesence of NMP, multiple decomposition
products were observed. It was therefore suggestgad\NMP was also the reason for failure
of the preliminary microwave experiments (Chapter Section 2.3). This led us to
reinvestigate the use of the microwave-based matisody alternative microwave absorbers.
In the work described in the next paragraph, attiens were undertaken in the presence of
pyridine. It was speculated that pyridine can echahe stability of the silene by providing

an electron pair to stabilise the electrophiliecsih atom (Figure 14).
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Figure 14

2.5.2 Reaction of pivaloylpolysilane with (E,4E)-diethyl hexa-2,4-dienedioate

A solution of the trimethylacetyltris(trimethylsl)gilane 217 and diene230 in a mixture of
toluene and pyridine (3 ml, 1-10% v/v of pyridingas heated in a sealed microwave tube.
The resulting mixture was then concentrated, amdiga by flash column chromatography to
afford a mixture o231g 231b, 232aand232b (Scheme 59). The results are summarised in
Table 7.

COLEt

H COgEt
Q I
= pyridine Si(SiMe3),
+ -
EtO,C
tBu Si(SiMes)s N toluene XNt T~0siMe,
MW N <
H t-Bu
COsEt
217 230 231a
(l)SiMe3 (l)SiMe3
tBuy . Si(SiMe3),
\ +
EtOgC’l:,, WV H
H
COEt
231b 232a 232b

Scheme 59
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The data presented in Table 7 indicate that varthiegconditions had little effect on the ratio
of the products. Surprisingly and in contrast tangnailene reactions, it was found that only
one equivalent of diene is required to efficierityp the generated silene when the reaction
mixture was heated at 22Q for 0.5 h (entry 7).

cyclobutanes cyclopropanes
temp time acylpolysilane diene  pyridine
entry o yield (%), ds yield (%), ds
(C) (h) (mg) (eq) (%)
(231a:231b) (232a:232b)
1 160 8 500 1 10 17 (1:0) 33(3.5:1)
2 160 0.5 100 4 10 6 (1.4:1) 12 (2.8:1)
3 190 4.25 300 25 55 17 (1:0) 35(3.3:1)
4 160 0.5 500 4 1 6 (1:1) 6 (3.1:1)
5 190 4.25 300 25 55 21 (1:0) 41 (2.7:1)
6 22¢F 8 500 4 10 - 5(5:1)
7 22¢F 0.5 500 1 1 24 (1:0) 38 (3:1)
8 160 8 100 1 1 19 (2.9:1) 28 (2.9:1)
9 22¢F° 0.5 500 1 0 23 (1:0) 37 (3.1:1)
10 200 1 250 3 0 7 (3.5:1) 20 (3:1)

°A tight seal is required for the microwave tube enthese conditions, due to high pressure in thetien
vessel (approx 11 bar§Reaction without solvent.

Table 7

Entry 9 shows that the reaction could be performathhout addition of pyridine. This
suggests that microwaves are efficiently absorhethé polysilane/diene and that pyridine is
not required when the concentration of the reactoxture is sufficiently high. In addition,
this experiment showed that pyridine in not invalvia the stabilisation of the intermediate
silene since the reaction gave essentially the saehd and ratio of the products (entry 7, 9).
Subsequently, it was found that the reaction peréal without solvent also leads to the
formation of adducts, however in lower yields (grit0).

The formation of the substituted cyclopropane israeresting and unusual result. Intrigued
by this unusual cyclopropanation reaction it wasirderest to examine other electron-

deficient silenophiles.

2.6 Reaction of acylpolysilanes with electron-defient silenophiles

The acylpolysilanes described in Section 2.2 wesaeted with electron-deficient silenophiles

either in a Carius tubemethod Aor in a microwave reactormethod BTable 8).
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SiME3

(MesSi),Si, R

R! Si(SiMes)s * RZ/\/ i A

R? R®

B D
A product, yield (%), ds”
entry method®
R! No R? R® No C D

1 t-Bu 217 CH=CHCQEt CO,Et 230 A 2?1]?.53 232 43 (2.7:1)
2 t-Bu 217 COMe COMe 234 A - 235, 33 (1:0)
3 t-Bu 217 CH=CHMe CO,Et 236 A - 237, 7 (1:0)
4 t-Bu 217 Ph COMe 238 A - 239 49 (1:0)
5 t-Bu 217 Ph NO, 240 A alkene decomposed
6 tBu 217 Ph CN 241 A (2%‘_‘521:1) (2_%1‘:‘23_ j’il)
7 t-Bu 217 H COMe 244 A 29
8 Ph 211 CH=CHMe CO,Et 236 A - 245 31 (2.8:1)
9 Ph 211 CH=CHCQEt CO[Et 230 A - 246, 29 (1:0)
10 Ph 211 COMe COMe 234 A - 247, 40(1:1)
11 Ph 211 Ph COMe 238 A - 248 53 (2.1:1)
12 4-MeOGH, 213 CH=CHCQEt CO,Et 230 A - 249 16 (1:0)
13 4-MeOGH, 213 Ph COMe 238 A - 250 21 (1:0)
14 Me 220 Ph COMe 238 A - 251, 24 (1:0)
15 Ph 211 Ph CONH, 252 B (90 min) intractable mixture
16  4-MeOGH, 213 Ph CONEt 253 B (5 min) - 254 77" (2.9:1)
17  4-MeOGH, 213 Ph SOPh 255 B (5 min) 2'(5:5;11;0 -
18 4-MeOGH, 213 Ph COPh 257 B (5 min) €
19 Ph 211 Ph COMe 238 B (90 min) - 248 49 (2.7:1)
20 t-Bu 217 Ph COMe 238 B (240 min) - 239 42 (1:0)
21  4-CRCH, 215 Ph COMe 238 B (60 min) - 258 56 (4.9 :1)
22  4-MeOGH, 213 Ph COMe 238 B (5min) - 250, 67 (2:1)
23 2-furyl 222 Ph COMe 238 B (50 min) - 259, 40 (1:0)
24 Me 220 Ph COMe 238 B (180 min) - 251; 50 (2.3:1)

®Method Ainvolved heating a solution of the starting matisriin benzene at 20 for 3 h in sealed tube.
Method Bemployed the use of microwave radiation to hestlation of the starting materials in toluene ab 18
°C. In parentheses required time is given to achterplete conversion of acylpolysilafiBiastereoselectivity
of the reaction was determined by NMR spectroscopy’GC-MS showed formation of 12 adductBroduct
unstable J4+2] cycloaddition product (Scheme 60).

Table 8

53



The configurations of the products in the Table é&revdeduced from 2D correlation NMR
experiments as described #81 and232 previously. In addition, produ@39was crystalline
and recrystallisation from MeCN/CHELgave crystals suitable for X-ray diffraction (Figu
15).

OSiMe3

\ t-Bu ‘\\\\|Si(SiMe3)2
\ = MeOZCHA\\H
] /%
N @
SN ~@

03

Figure 15

With the exception of phenyl vinyl sulfone (entry)lwhich afforded only cyclobutanes, and
chalcone257 (entry 18), all these substrates led to the prateeif not exclusive formation
of the cyclopropane. The reaction with chalc@b& produced the [4+2] addu260in which
the o,B-unsaturated enone had behaved as theofponent (Scheme 60). Whilst this latter
outcome is consistent with the earlier reports bsooR describing the reaction of
photochemically generated siloxysilenes with enalsd enones, the formation of
cyclopropanes contrasts with similar studies exargineactions with cinnamate estéfg-he
reasons for this difference in reaction outcomdofuihg these two approaches to silene

generation are not obvious and still remain an apestion.
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\J

Si(SiMes), . /\/ﬁ\
h Ph toluene

P

MeO 180 OC, 5 min
86%, (dr 2.5:1.5:1)
213 257 260 OMe
Scheme 60

Whilst for the reaction of pivaloyl polysilane addthyl hexadienoate, it was initially found
that by running the reaction at higher tempera(@2® °C) and shorter times (30 min), good
yields could be obtained using only one equivaleinthe silenophile, the high pressures
generated in the tube made it practically diffictdt translate this observation to other
substrates. However, the use of microwave heatirgightly lower temperatures addressed
this issue and using this somewhat operationallypkr protocol, a selection of different
acylpolysilanes was reacted with methyl cinnamata anodel silenophile (entries 19-24). In
all cases the cyclopropane was the only isolaleymt with no evidence for silacyclobutane
being detected in the crude reaction mixture.

The acylpolysilane213 and 215 were synthesised to investigate the effect of tedae
donating and withdrawing groups, on the diastelecseity. From the results presented in
the Table 8 it appears that the presence of antrehewithdrawing group on the
acylpolysilane increases the diastereoselectivitthe reaction with methyl cinnamate (entry
21). In addition, the reaction of bulky acylpolgsie217 with the same ester gave only one
diastereoisomer (entry 20). This finding could ssgjgthat steric effects are far more
important than electronic. In addition, it was atveel that cyclopropane diastereoisomers
have different thermal stability and longer reactiones or higher temperatures can increase
diastereoselectivity significantly at the cost oélg. Furthermore, it is worth noting that it
was not possible to apply one set of reaction d¢mmd to all of the reactions presented in

Table 8. For that reason interpretation of theltessi more difficult.
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2.7 Investigation of the Mechanism

2.7.1 Thermolysis of silacyclobutane

The unusual results of the acylpolysilane reactfmosnpted further investigations in order to
understand the formation of cyclopropanes. It wgsothesised that cyclopropane products
are formed by the rearrangement of the intendext\silobutane products. There are many
examples in the literature of thermally or photouleally induced rearrangements of
organosilicon compound&? Of these, a reaction studied by Ishikawa and cokers
appeared to be the most relevant to these resdteetme 615° Here, a mixture of pivaloyl
polysilane andert-butylacetylene was heated in a sealed tube at’@4f@r 24 h, to afford
cyclobutene261 in 94% vyield. However, when silacyclobute®é1 was heated at 25(C

cyclopropan&62was isolated exclusively.

t-Bu

e} L t-Bu H
f— t-Bu . p—
- Me3S|\ t-Bu MesSi~g;
t-Bu Si(SiMes)s 140 °C ST, 250 °C e
MesSi~ OSiMe; MesSI Hsimes .
217 261 262

Scheme 61
Theoretical studies were carried out to learn nadreut the isomerisation of silacyclobutene
261to cyclopropen62 Ishikawa considered two reaction pathways forftinmation262 a

ring-opening pathway and a direct pathway (Sche?)£%
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Direct pathway

1,2-shift
‘ 40.7 kcal/mol ¢
H - t-Bu
H t-Bu t-Bu Y
MesSia || ,t-Bu Mg opening 7\ 1,4-shift
N5 36.5 MesSi S'\ LBUT 970 MeaSi~g;
MeSSi\ ,OSiMGS kcal/mol Me3Si OSiMe3 kcal/mol MesSi (l)SiMe3 t-Bu
261 263 262

Ring opening pathway

Scheme 62
The activation barrier of the direct formation gtlopropene (40.7 kcal/mol) is energetically
comparable to that of the ring-opening reaction§3@&al/mol). This calculation suggests that

both reaction pathways are likely to operate utidethermal conditions employed.

Given this precedent, it was proposed that cyclogne products were formed by the
rearrangement of the intended silacyclobutane mtoda order to test this hypothesis a

solution of silacyclobutan231ain benzene was heated for 1.5 h at ZDFScheme 63).

SiMe3
H COEt

(Me3Si),Si,, t-Bu

EtO,C 200 °C EtO,C
N—s 2~ 0SiMe; N

3 3 benzene 3 2
H t-Bu 25 04 H CO,Et
231a 232a
Scheme 63

In this case the cyclopropane prod@8Rawas isolated in 25% vyield, however conversion
was not complete and 46% of silacyclobutane wasralsovered. This reaction supported the
hypothesis that the cyclopropane is formed by eeg@ement of silacyclobutane. Having

established th&232awas the product of the rearrangement, attentien thrned on the initial
[2+2] cycloaddition.
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2.7.2 Reactions otis—alkenes

It was hypothesised that siloxysilenes react wittcteon-deficient alkenes in a concerted
manner. In order to prove this, a simple experimgas designed employings-alkenes
(Scheme 64). The cycloaddition reaction which pedsein a concerted manner give@s
substituted products exclusively; whereas stepwidditions give a mixture ofis/trans

substituted products.

Me3Si
concerted R o
manner I Si(SiMeg);
MesSiQ . /SiM63 /AK
S'\ R CO,Me
R SiMes 265a
65 _ B _
i SiME‘3
T ® .
1 . Me3SiO Si Me3SiO
R COzMe stepwise SiMes R o
manner R I Si(SiMe3)2
264 -
R? S
| R! CO,Me
@O OMe
- - 265
266
Scheme 64

In order to prove the above hypothesis, the symhsgis-cinnamic methyl ester was carried
out via a two-step sequence: bromination followgdFavorskii rearrangemefit. The a,a-
dibromophenylaceton268 was prepared by direct bromination of 1-phenylpre@-one267
(Scheme 65). Although the bromination product coblel purified by flash column
chromatography, extensive decomposition generalylted in a low yield. For this reason
the dibromoketone was used immediately withouthierrfpurification. Subsequent reaction of
the dibromoketone with two equivalents of sodiumthogide in methanol afforded the
Favorski rearrangement produi2 The rearrangement involves the initial conceriegt
elimination of hydrogen bromide from the least fl@retl rotamer269 and disrotatory
cyclisation, yielding thecis substituted intermediate cyclopropa®£0, which subsequently

gave producR72by a stereospecifica@-type ring-opening reaction.
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Ph/ﬁ( HOAC Ph MeOH
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267 268
H OMe H
o}
— MeONa
PhﬂCOZMe y P ‘\ “ PhTH &/
O MeOH “OMe
Br Br
272 271 270
Scheme 65

The cis double bond geometry 1872 was assigned on the basis of the observed coupling
constants in th&H NMR spectrum = 12.5 Hz). In comparison, the coupling constanttie
trans-cinnamic methyl ester is much largdr516.0 Hz). With thesis-cinnamic methyl ester

in hand, work then focused on investigating thdaaddition mechanism.

Surprisingly, it was found that thermolysis of tathylacetyltris(trimethylsilyl)silane with the
cis olefins272 and273 gave the same product as with thens olefins238 (Table 8 entry 4)
and 234 (Table 8 entry 2) respectively (Scheme 66). Initemld when subjected to the
thermolysis conditions, theis olefins isomerised and were recovered as a mixbirthe
cigtransisomers 272238- 1:2cig/trans 273234- 3.4:1cidtrans).

59



(|)SiMe3

i (MesSi),Si,  ,tBu
. ___ - .
t-Bu Si(SiMe3)3 PhﬂCOZMe 200 °C. 3h o /A
' Ph

benzene B
217 272 29% 239 CO,Me
?SiM83
(M83Si)28i/,I t-Bu
i - + / N > /A
t-Bu Si(SiMes)s MeO,C COMe 200 °C, 3h Me0,C 3
benz;ene CO,Me
217 273 17% 235
Scheme 66

It appears that there are two possible pathwayth®reaction (Scheme 67). In pathwayhe
cis olefin can isomerise to tlteans compound and then react with the intermediatesite
form the intermediate silacyclobuta@@4 which undergoes rearrangement to afford product
276. In pathwayB, the intermediate silene can react with tie olefin to form thecis
substituted intermediate silacyclobuta2és A final rearrangement causes the change of

geometry between R and Broups to afford produ@76.

pathway A _ -
1
MesSi OSiMey R R
= /~ ﬂ’
/SI + —_—
MesSi t-Bu R & 2 Y0SiMes \
74 R E .
126 i t-Bu ] (l)SlMe3
L 274 (MesSsSiy  ot-Bu
pathway B _ - l
R :
Me3Si\ OSiMe; / 2
Si 276
Me3Si t-Bu
126

Scheme 67
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To circumvent the problem of isomerisation of tloelllle bond, trimethylacetyltris(trimethyl-
silyl)silane 217 was reacted with geometrically stable coumarinfodionately, no desired
product was ever detected and the NMR spectrunhefctude reaction mixture implied
formation of an intractable mixture of products.aadition, it was found that the reaction of
trimethylacetyltris(trimethylsilyl)silane  with  tnidstituted alkene, ethyl transf-
methylcinnamate, also gives an intractable mixifrgoroducts. Those results indicate that
either siloxysilenes do not react with stericallpdered anctis alkenes or that the resulting

adducts are not stable at high temperature, wkicleeded for silene generation.

2.7.3 Silene Dimers

Attention then turned to alternative methods oérsl generation to further investigate the
mechanism. It was proposed that if the temperadfirthe reaction could be lowered, this
would allow the silacyclobutane product to be ismdlain larger amounts. This can be

achieved by use of a silene dimer as a sourceedditbne (Scheme 68).

Me3SiO. . -/SiM63
o Si . /SiM63
R SiMes A Me3Sio i—SiMe3
hv 65 [ TI
—_—_—m - —
2 s + i
R Si(SiMea)s Me,SiO S\'\snvle3
64 MesSiO _SiMes R SiMes
—
>— Ny 277
R SiMe;
_ 65
_ j /su\/l_e3 R /SiMe3
MesSio—\ i/SlMe3 A Me3SiO S./SiMeg
? . coMe __ 2 !
. —Si— . /—/
Me,SiO SiMe Ph H
S0 \ ° PH
R SiMes H COMe
277 238 278
Scheme 68

It has been shown by Brook that a silene dimervddrifrom acylpolysilanes can readily
dissociate thermally to a monomeric siléfi&Vvhen dimer279 was refluxed in THF with

methanol or 2,3-dimethylbutadiene, the approp@atduct of the silaethylene was obtained in
good vyield (Scheme 69). The reaction did not oauroom temperature, suggesting that

higher temperatures are required for complete diagon of the dimer.
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24 h, THF Si— 24 h, THF \

SiMes P /SiMe3
.//SiMeg Me3SiO i/SiM83 Ph /SiMe3
| ! B —————— 7 ﬂ» M63Si0§ si— SiMes

OSiMe3 reflux MesSiO \ SiMe; reflux H OMe
280 279 281
Scheme 69

Following the procedure developed by Brook, a sotutof benzoyl polysilan€11 was
irradiated in a photochemical reactor to give tilens dimer279 (Scheme 70¥ The
formation of the dimer was confirmed by analysishe 'H NMR spectrum, which showed
peaks atoy = 0.42 (18H),64 = 0.08 (18H) andy = -0.25 (18H) for the SiMggroups.
Unfortunately, it was not possible to obtain thierse dimer in the high yield reported by
Brook (71%), probably because of the differencegshie characteristics and/or power of

irradiation source in the photochemical reactors.

Ph ,SiMeg
0 - MesSion\  g.wSiMes 149 (Et,0, 1.5 h)
— | 35% (Et,0,1 h)
Ph S(TMS)3 0°C MesSio™"] S{""SiMeg 44% (PhCHjg, 1h)
Ph SiM63
211 279
Scheme 70

With the silene dime279in hand, the next stage was to investigate théeomaersion of the
dimer in the presence of trapping agents. A satutibdimer279 was stirred in the presence

of a fourfold excess of silenophile under varioaaditions (Table 9).
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Ph SiMesg OSiMes
MesSiOri,, Ti\\\\S|Me3 (ME3Si)25i/,, Ph
PERRRLY Si'l[l . +
MesSiO \ SiMes
Ph SiMes R R?
alkene temp time product, yield (%), ds
entry method solvent o
R? R> No (°C)  (h)  cyclobutane cyclopropane

1 CH=CHCOEt COEt 230 NMRtube dgtoluene RT 48 - -

2 CH=CHCQEt COEt 230 flask THF 45 24 - -

3 CH=CHCQEt COEt 230 flask THF 65 24 282 trace 246, 12 (1:0)

4 CH=CHCQEt COEt 230 microwave benzene 120 0.3 282 30 (1:1) 246 24 (1:0)

5 Ph COMe 238 flask THF 65 24 - 248 36 (12:1)

6 Ph COMe 238 microwave benzene 120 0.3 283 trace 248 75(3.9:1)
Table 9

The first two entries in Table 9 show unsuccesaftémpts to carry out the reaction at low
temperature. In both cases, only slow decompositibithe silene dimer was observed.
Consequently, to increase cycloreversion of thensildimer, the temperature of the reaction
was increased to 6% (entry 3, 5). This led to the formation of theclopropanes in low
yield, but good diastereoselectivity. In additidhe silacyclobutane derived from diethyl
hexadienoate was observed in the crude reactiotureiby NMR spectroscopy (entry 3). The
'H NMR spectrum showed two characteristic peaksHerring protons aiy = 4.27 ppm and
oy = 3.09 ppm. This indicates that higher temperataresneeded for the reaction to occur.
Bearing in mind that the silacyclobutanes are nable at high temperatures, it was
hypothesised that performing the reaction at evghen temperatures but for shorter periods
of time may lead to a further increase in the yiefdsilacyclobutane. Consequently, the
reaction was carried out under microwave conditiahsl20°C for 20 min to give the
silacyclobutane282 in 30% and cyclopropan246 in 24% vyield (Table 9, entry 4). In
comparison, the same reaction carried out in adeaabe at 200C for 3 h gave exclusively
cyclopropane46in 29% vyield (Table 8, entry 9). In the same wiag, cycloreversion of the
silene dimer279 in the presence dfansmethyl cinnamate was also investigated (entry 6).
The'H NMR spectrum of the crude reaction mixture suggésat the reaction carried out in

microwave gave a mixture of the silacyclobutane dnel cyclopropane in a 1:4 ratio
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(determined byH NMR spectroscopy). However, only the cyclopropprduct was isolated
after flash column chromatography in 75% vyield.
Overall these experiments supported the hypothésisthe silacyclobutanes are unstable

intermediate products which readily rearrange tenfthe corresponding cyclopropanes.

2.7.4 Cycloreversion of silacyclobutanes

In 1969, it was demonstrated by Gusel'nikov thdt-dimethylsilacyclobutane undergoes a
thermally promoted reverse [2+2] cycloaddition tthygene and dimethylsilene, which
subsequently formed a head to tail dimer (ChapteBection 1.3.15° Gordon studied the
mechanism of ring opening of silacyclobutanes urtdermolysis conditions (Figure 18).
Theoretical investigations suggest that the méstyliroute from silacyclobutane to ethylene
and silene involves the initial cleavage of a ity bond to form diradical intermedia286
(pathway B). However, it is very likely that pathyvA involving Si-C bond cleavage and
concerted pathwa¢ also operate under thermolysis conditions asrailisition states have

similar energies.

A
HoSi ® ® CH» 62.1

60 285
3 50
£
© 40
< %.34.9
w30 ) —

+
- 286 HSI—
H,Si —  A- pathway involving Si-C bond cleavage
w|= J &S0 T B-pathway involving C-C bond cleavage
284 e C-concerted pathway

Reaction coordinates

Figure 16
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Based on the work by Gordon, it was suggestedaihatternative route to the cyclopropanes
must be operating under the thermolysis condit{@theme 71). This could involve a reverse

[2+2] cycloaddition reaction followed by formatiof the cyclopropane product.

OSiM83

R, R!  MesSi SiM
~N Iviez . |
o A Si A (Me;Si),Si R3
Si(SiMes), J|/ . )|\ 351)2

) OSiMe 2 3 i .

" 3 3 R R OSiMes K
R! R
287 288 289 290

Scheme 71
In order to test this hypothesis a solution ofcsitdobutane231awas heated in the presence
of a fourfold excess ofrans-cinnamic methyl ester (Scheme 72). Removal of dbleent
followed by purification by flash column chromataghy gave exclusively the cyclopropane
232ain 45% vyield. The produc39 was not detected, suggesting that the initial [2+2

cycloaddition is not reversible.

OSiMes
(Me3$i)28i,,’ t-Bu
EtOZC/\/A_
H :COzEt \ _:
5 o Phw =~ CO,Et
i(SiMe3s)2 \/\COZMe 232
> a
FOLT N ~0sme 200°C
i is i benzene OSiMes
-bu
231a (Me3Si)zSi,,  ,t-Bu
A :
COsMe
239
Scheme 72

2.7.5 Silene-carbene rearrangement

It was proposed that formation of a carbene inréaetion mixture may lead to the formation

of cyclopropanes. To test the carbene hypothesmnapetition experiment was designed
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(Scheme 73). A solution of acyltris(trimethylsilgilane215, piperylene andrans-cinnamic
methyl ester in toluene was heated to 180n a microwave tube. The resulting mixture was

then concentrated and purified by flash column efatography.

OSlMe3
(Megsl)ZSI/ Si(SiMes),
OSiMe3
Ph
COzMe
258
(0] .
_ piperylene 38% ds 5:1 2% ds2:1
trans-cinnamic methylester
Ar Si(SiMe3)3 180°C. 1h
toluene OS'Me3 OS|Me3
215 (Me3S|)ZS|,&/\ (Me38|)2j&/
Ar = 4'CF3C6H4
293
not detected not detected
Scheme 73

In this case only the cyclopropar#8 and the [4+2] cycloadduc291 were observed.
Importantly, product292 and293were not detected. Thus, these results dispraveatbene
hypothesis. Spectroscopic data for the addifit were consistent with data previously
reported by Griffith$! At this stage the best explanation for the fororaif cyclopropane

products isvia rearrangement of the corresponding silacyclobutane

2.7.6 Attempts to trap radical intermediates

It was plausible that both the [2+2] cycloadditi@action and the rearrangement can proceed
via radical intermediates. It appears that thentodysis reaction can be carried out in the
presence of B4SnH in order to trap any radical intermediates.sTinethodology has been
utilised by Brook to investigate the [2+2] cyclo#duh reaction between silenes and alkenes
under photochemical conditiof&%* In this, the acylpolysilan&0 was irradiated in the

presence of styrene and tributyltin hydride (Sch&de
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Scheme 74

The reaction gave the same cycloaddi# as was obtained when styrene was added to the
polysilane alone, accompanied by a small amounteeofributyltin hydride adduct®95 and

296. This indicates that tributyltin hydride had nobstantial effect on the course of the
cycloaddition reaction.

Following this procedure, a solution of pivaloyllysilane 217, trans-cinnamic methyl ester
and tributyltin hydride in toluene was thermolysatl 200 °C for 3 h (Scheme 75).
Unfortunately, this experiment was inconclusive reme of the expected products were

detected and crude NMR spectra implied formatioarointractable mixture of products.

(@]
+ Ph BusSnH . jntractable mixture
i(Si COyMe toluene
t-Bu Si(SiMe3)3 200 °C. 3h
217 238 ’
Scheme 75

2.7.7 Mechanism

To account for the observed cyclobutane and cyolmne products the following mechanism
has been proposed (Scheme 76). The formation oupt@99 can be rationalised by a [2+2]
cycloaddition of the silen297 generated from the corresponding acylpolysilané waikene
298
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Scheme 76

The formation of silacyclobutene was investigatedugh quantum mechanical calculation
by Ishikawa on a simple model presented in Sche#¥ According to the Woodward-
Hoffmann rules, such [2+2] cycloaddition reactioase symmetry-forbidden in carbon
systems and do not proceed thermally. Howeverpthigal amplitude is significant on the Si
atom of silene and the interaction between thesilsi atom and the diagonal acetyl€hé
atom help to overcome symmetry restrictions arigmogn the unfavourable HOMO-LUMO
overlap in the [2+2] cycloaddition. Overall, thizH2] cycloaddition reaction can be viewed

as a concerted but nonsynchronous process.

4'— 3
H3S CH 3
3 l\ _ 3 L Q .
/s| = — — 3 HSO( |7 | ,SiHs
HaSi OSiHs3 HsSi0.() 0 SiHs R
300 301 2C=Si1 HyC 'SiHa
HsC 0 SiH3 302

Scheme 77
Based on the Ishikawa theoretical calculationss {2+2] cycloaddition reaction can be
viewed as a concerted but nonsynchronous procesaevér, an alternative route via a
diradical intermediate is also possible. The fimacess involves a 1,2-Si-OSiymigration,
which is promoted by high temperatures, and suls@qgung contraction to form the three-

membered cyclic systeB03(Scheme 78).
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299 303

Scheme 78
In conclusion, it was found that siloxysilenes teath electron-deficient alkenes to form
silacyclobutanes. These cycloadducts are thermalhgtable and isomerise to the
corresponding cyclopropanes. Despite these integesbbservations, details of the

rearrangement remain unclear.

2.8 Reactivity of the cycloadducts

2.8.1 Introduction

A key goal of the work involves the elaborationtieé cycloadducts into synthetically useful
target structures. It was shown previously in theug, that the oxidation of cyclic

organosilanes provides a convenient route to &tyaof dihydroxylated compounds (Chapter
1, Section 1.6). However, it is well known that amgsilicon compounds are generally
resistant to standard oxidation procedures usedrganic synthesis. Nevertheless, under
certain conditions an organosilicon group bearingkectronegative substituent or hydrogen

can undergo oxidation as was shown by Tamao (Sciéyié

mCPBA (2 eq)

(CgH17),SiF KF@oeq) 2 (CgH47)OH
| -
8h117)2 2 DME 817
304 100% 305
Scheme 79

It is believed that the mechanism of the oxidatmoceeds through the pentacoordinated
species307 formed by addition of fluoride or a donor solvébBiMF, HMPA) to the starting

fluorosilane 306 (Scheme 803* The resulting intermediat807 is more electrophilic, thus
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promoting attack by peroxide to produce the hexedinate specie808 which undergoes
concerted migration of an alkyl group from silicimoxygen. Importantly, it was shown that
the migration proceeds with retention of stereodkergn at the carbon centre. Finally the

pentacoordinated speci@s0undergoes hydrolysis to produce alcoBbl

X
X | X
Rll \\\F
X | H,O (Riwg: |
. S, S _LwE 292 N . WE
R,SIF, «—— [R i HO R RO—Si-
7 \R / /F -HZO \R
F O~/ F
H
306 307 308 309
X = F, DMF, HMPA
X
2ROH <=——— |RO— |i““F
ﬁ\OR
F
311 310
Scheme 80

The major disadvantage of the Tamao procedure dsnéitessity of using organosilicon
compounds bearing electronegative substituentsshwdiie generally unstable. This problem
was solved eventually by Fleming, who showed thmgk-substituted silaned1, which are
compatible with a broader range of reaction coodgj can serve as oxidation precursors
(Scheme 81%°

i
Nu ? R
E* ® N | RICO,H .
—_ E e /SI\R —_— /SI\OR
a4 < - PhE R™ \ RO ER
O -~ R
R\ R R\ R
R R
41 312 313 314
lhydrolysis
3 ROH
311

Scheme 81
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The first step of the Fleming oxidation involvee ftinitial cleavage of the aryl group with an
electrophilic reagent such as 8EAcOH or HBR*Et,O to give silane313 This cleavage
proceeds via cationic intermedid@#&2 and can be treated as a classical electrophdimatic
ipso substitution. In the second step the activaidahes313 undergoes oxidation with
peracid, giving the siloxan814 which on hydrolysis produces the desired alcoBibl
Subsequently, Fleming found that by using &r Hg(OAc) as the electrophile, the two steps

may be carried in one pot (Scheme %2).

SiPhMe, OH
: Br,, AcCOOH :
COoMe 2 - CO,Me
Ph AcOH, RT, 5h Ph
84%
315 316
Scheme 82

2.8.2 Attempted oxidation of silacyclobutane

A solution of the silacyclobutan231a was treated with the reagents shown in Table 10.
Unfortunately, the reaction under either oxidaticonditions (entry 1, 2) or Lewis acid

conditions (entry 3, 4) led to the formation ofiatractable mixture of products.

H, COEt
3 Si(SiMey),
Et0:CT N\ T ~osive,
H t-Bu
231a
entry reaction conditions outcome
time (h) temp (°C) solvent reagent
1 1 reflux THF/MeOH KF, KHCGO;, H,0O, intractable mixture
2 1 RT THF/MeOH KF, KHCGO;, H,0O, intractable mixture
3 0.75 RT DCM BF;-2AcOH intractable mixture
4 0.5 RT DCM BF;-Et,O intractable mixture
Table 10
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In earlier work, Griffiths encountered similar ptelms when attempting to oxidise silacycles
derived from Brook siloxysilenes (Scheme 83). Trem@o oxidation of silacycl817 or
treatment with AIG or MeLi gave no reaction or caused decompositibrthe starting
material. In addition, even the oxidation of thdéasycles 318 bearing a more easily

displaceable phenyl group, gave a complex mixtiigga@ducts.

H,0,, KF
> no reaction
Si(SiM83)2 MelLi .
> no reaction
OSiMe3
AICI . .
Ph 3 > intractable mixture
317
Hg(OAc),
_/SiMeg ACOOH > intractable mixture
Si~pp, KBr
OSiMe; AcOOH > intractable mixture
t-Bu
318
Scheme 83

It was suggested that problems encountered withothidation are associated with the
OSiMe; group adjacent to the disilyl group. This simphetbr may account for the lack of
success with silacyclobutar#81a and no further attempts to oxidise this substragee

made.

2.8.3 Oxidation of cyclopropane

Despite the difficulties in the elaboration of thiéacyclobutane, the oxidation chemistry of
the cyclopropanes was explored. It was anticip#tat Fleming-Tamao oxidation of the silyl
group would provide highly substituted cycloproplanéiowever, despite the presence of the
potentially activating siloxy group, initial attenspto directly oxidise the C-Si bond using the
classic Tamao conditions §8,, KF, KHCG;) failed. In such situations it can be benefical t
convert the silane precursors to the more nucldéiopthiiorosilane. This was achieved by
treatment of cyclopropan248 with BF;*2AcOH in dichloromethane at room temperature
(Scheme 84). The formation of produ&t9 was supported by mass spectrometry which
showed a molecular ion of/z= 444, consistent with a substitution of the OSjigmup by a

fluoride ion. In addition’®F NMR spectroscopy indicated the presence of aifieaatom.
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OSiM63 F

] o H,0,, KF
(M935|)25|/,," Ph BF32ACOH _ (MeSSI)ZSII’/ll Ph KHC03 .
s > » o reaction
2Cly. MeOH/THF
Ph 3 RT, 30min Ph B
CO,Me COMe
248 319
Scheme 84

Surprisingly, the fluorosilan819 was also resistant to oxidation with hydrogen piel®.
However, enhancing the reactivity of the silicomtce by conversion into the difluorosilane
320 through prolonged treatment with BEACOH overcame this problem (Scheme 85).
Tamao oxidation of the difluorosilan820 proceeded smoothly to afford a mixture of
ketoester322 and associated acBP3 presumably arising from opening of the intermesia
hydroxycyclopropane under the reaction conditiom&l aoncomitant ester hydrolysis.
Identification of the difluorosilane was aided lhetobservation of a molecular ion ofz =
390 in the GC-MS trace. It was found, however, thiaduct320 is not stable to column
chromatography and was more efficiently oxidisedthaiit purification. The full
characterisation of the difluoro species was cdrdat on analogous products derived from
the cyclopropan®32a which appeared to be more stable to purificatignflash column

chromatography on silica (Table 11 entry 1).

OSiMeg

F
= N}
(MesSi),;Si., Ph

Me3Si/S|"c, Ph H,05, KF HO,,"’ Ph
BF32ACOH KHCO;
toluene ]
Ph h . MeOH/THF Ph

B 3hRTthenreflux2h P & :
CO,Me CO,Me CO,Me
GCMS 82%
248 320 321
(o]
OH (e}
Ph + Phw h
Ph (@] Ph (o]
45% 10%
323 322
Scheme 85
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Disappointingly, attempts to extend this protoanbther silylcyclopropanes resulted in only
low yields of the intermediate difluorosilane acqmanied by extensive decomposition (Table

11).

OSiMes , F
N Qi 1 RN | 1
(MesSi),Si,, R _-~Si, R
I'. Me38| K
f BF 5 2AcCOH _
R2 > toluene R2 3
R R
entry cyclopropane fluorosilané R*=SiMe;  difluorosilane® R*=F
No R R? R® yield (%)  product vyield (%) product
1 232 t-Bu COEt CH=CHCOQEt 95 324 18 325
2 239 t-Bu Ph COMe 97 326 trace 327
3 250 4-OMeGH, Ph COMe 98 328 trace 329

8RT, 30 min."Reflux, 2 h.
Table 11

Consequently different methods were explored ferdkidation and, ultimately, it was found
that, following a precedent established by Tafiabe monofluorosilane could be oxidised,
albeit slowly, using MCPBA in DMF. Following furtheptimisation it was found that the
addition of KF to this oxidation provided both enbad yields and shorter reaction times

(Scheme 86).

F

(M83Si)25i/, Ph

MCPBA, KF ]
K e ~
Ph

56% Ph 0]

E:OZME
319 322

Scheme 86
Pleasingly this two-step procedure proved to bdiegdge to all the other silylcyclopropanes
to provide the corresponding 1,4-dicarbonyl commsuim reasonable yields (Table 12).
Practically, the process can be simplified intoree-pot conversion with the intermediate

fluorosilylcyclopropane being used directly in gidsequent oxidation.
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OSiMes

(MesSi),Si, R 1. BFg2AcOH
DCM, RT, 30 min _ R2
/A_ 2. MCPBA, KF LS
Ph 3 DMF, RT Ph O
COR?
cyclopropane fluorosilane diketone
entry No R R? product yield (%)  product yield (%)
1 248 Ph OMe 319 96 322 56
2 251 CH; OMe 330 94 331 50
3 239 t-Bu OMe 326 97 332 61
4 250 4-MeOGH, OMe 328 98 333 51
5 258 4-CRCgH,4 OMe 334 98 335 45
6 259 2-furyl OMe 336 61 337 78
7 254 4-MeOGH,4 NEt, 338 -2 339 22
#Fluorosilane338 not stable to silica gel and used directly in ofiimawithout purification
Table 12

At this point it was clear that hydroxycyclopropgm®ducts were not sufficiently stable to
survive the oxidation conditions and undergo a -opgning reaction (Scheme 87).
Presumably the ring opening of the cyclopropanegedsvia the intermediate enolate anion
343 but, to-date, all attempts to trap this with a &griof electrophiles (e.g methyl acrylate,
benzyl bromide) have proved unsuccessful. Thenmdrate producB4l (R = 4-MeOGH,)

could be isolated suggesting that the reactionrscaccording to the Tamao mechanism.

F F
| Me;Sio_ |
Me;Si),Si, 4R Si, LR HO, LR
(Me3Si, g MesSio™ ;
B e
Ph B Ph B Ph B
Co,Me CO,Me CO,Me
340 341 342
0 0
OMe OMe
RM - R \
Ph 0 Ph OH(K)
344 343
Scheme 87
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2.9 Conclusions

The work described in this chapter was focusechersynthesis of silenes using methods that
involve a thermal reaction and found that a micresvapproach can be used as an alternative
to sealed tube techniques. Key benefits of the aniave method are the ability to decrease
the reaction time and also the possibility to mamthe internal pressure inside the reaction
vessel. However, both approaches provide accessetoyclopropane products in moderate
yields and varying diastereoselectivity. Furtherepat was found that these products are
formed at high temperatures from the silacyclobesanFinally, oxidation of the
cyclopropanes gave access to the correspondindidadsonyl compounds. Overall, this two-
step sequence involving silene generation and tagdition” followed by oxidative cleavage
of the cyclopropyl ring represents the producthd formal addition of an acyl anion to the
cinnamate group (Scheme 88). These results contiaudemonstrate that the unusual

chemistry exhibited by silenes offers new prospémtsynthetic methodology.

0
0
Ph / R2 Rl S|(S|M63)3 - . R2
W BF 3 2AcOH then MCPBA, KF !
o) Ph O
345 346
Scheme 88
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3 Alternative silene generation strategies

3.1 Introduction

In the Steel group to-date, silenes have beenipalig generated from silylalcohols through
a sila-Peterson reaction. In an alternative approfmr milder silene generation the
applicability of a-silyl diazo carbonyl compounds as silene precwrssr described. As
discussed in Chapter 1, Section 1.3.3.3, the agtrus N, from a-silyl diazo compounds is
usually achieved photochemically or thermally (Soke89). Transition metal catalysis,
especially by copper (CuOtf,cusq,”® cucf®), rhodium (Ra(OAC)4**° Rhy(pfb),°) and
palladium (Pd(OAQ)°’ PdChL(CH:CN)'™ has also been employed. This leads to the
formation of carbene/metal carbenoid species wharhrearrange ta-silyl ketene348 or a-

silyl ketene351 The formation ofa-silyl ketene351 is postulated to proceed via a silene

intermediate, but attempts to explore the chemittthese silenes have been limited.

0
R3SI%R1
N2
347

0 0

Il o R COR!? I

C - — | N > C

R3Si S
< R* R R R
R3Si R! /?i R
R
Rl
348 349 350 351
Scheme 89
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3.2 Silene stability

Anticipating that the lifetime and stability of tlsdene could be modulated by the degree and
nature of substituents, initial attention turnedat@omputational study of their effect. The
work described in this section was carried out ppd&la University in Sweden under the
supervision of Prof. Ottosson. The calculations eweperformed at B3LYP/6-
31G(d)//B3LYP/6-31G(d) level on the model systernwh in Table 13. The reaction began
with the initial formation of carben853 which subsequently rearranged to form compound
352 or silene354. Although silene854 can be trapped, it can also isomerise to comp85&d

by fast 1,3-migration.

X
Hasi C// HaSi\ HSix_ SiHs _ a
HSi— i ~ H.sSi Tw — T y—i
Y z Y / .
X X z SiHs
352 353 354 355
AE3s5.354 AE3s3.354 AE3s,.354
entry No X Y
(kcal/mol) (kcal/mol) (kcal/mol)
1 a (e} -SiH; -CHs -22.9 49.6 9.1
2 b (e} -SiH; -NH,» -22.0 53.9 13.1
3 c (e} -SiH; -OCH; -27.1 58.5 22.5
4 d (@] -SiH; -SCH; -30.7 57.1 -2.9
5 e S -SiH; -CHs -23.8 11.8 -11.8
6 f S -SiH; -NH, -22.9 24.6 8.6
7 g S -SiH; -OCH; -31.1 29.8 11.6
8 h S -SiH; -SCH; -32.6 18.9 -5.5
9 i NH -SiH; -NH, -22.4 40.3 7.5
10 j (@] -OMe -NH, -28.8 55.4 15.2
Table 13

From the results the most obvious finding is thebene353 is always the most unstable
species in calculated systems. Moreover, Z sulestitu—CH and —SCH lead to a more
stable ketene produd62when compared to silel3®4 (entry 1, 4, 5, 8). On the other hand
donor groups —NHKHand —OCH have the opposite destabilising effect (entry,&,3%, 9, 10).
Entries 1-8 show that thiocarbenes (Z = S) are nstable than acylcarbenes (Z = O). In
addition, in all the cases, keteB®5is always more stable then the correspondingeBéd.
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These preliminary investigations suggest that cabederived from the model diazo
compounds shown in Figure 17 should preferentia@grrange to the corresponding silenes.
However, since silenes tend to isomerise to mabletketenes, it was not known whether

they can be efficiently trapped.

H3Si 0 H
"SI (H3SisSi
MeO NH, NH,
N, Ny
356 357
0 S
(H35i)33i% (H3$i)38i%
R R
N2 No
358 R = NH,, OMe 359
Figure 17

The model compounds shown in Figure 17 could becssd as synthetic targets in further
studies. Nevertheless, certain modifications ofstnecture would be necessary to make these
compounds more stable and less reactive. For exar§ts, NH, and NH groups can be
replaced with SiMg NMe, and NPh respectively.

In the following section, only the synthesis ofeanilyl diazo ester and amsilyl diazo amide
was performed since this would involve well estsiiibid chemistry.

3.3 Synthesis oti-silyl diazo carbonyl compounds

Based on the results from the quantum chemicalulzlons, the synthesis of diazo amide
360 and diazo esteB61 was undertaken (Scheme 90). From the earlier wbiRegitz it is
known thata-diazo carbonyl compounds can be easily silylatéth & silyl triflate in the
presence of Hiinig's ba¥®.Following this precedent, the chosen synthetiderdo afford
diazo compound360 involves coupling between silyl triflat862 and diazo amide363

prepared froniN,N-dimethylacetoacetamid66.

79



TiMe:;

Me;Si);Si
(Me3Si)s . — Megsi_?i_OTf + | R
N> SiMes [\
360 (R = NMe,) 362 363 (R = NMe,)
361 (R = OEY) 364 (R = OEY)
U g
 C— J\
NMe, NMez
N2
366 365

Scheme 90
In a similar manner, diazo es®81 can be easily prepared from commercially availaibiheyl
2-diazoacetat864
With the analysis in mind, a brief search of therture suggested that a silyl triflate could be
prepared from an allylsilane according to the Moptocedurd® This involves treatment of
allyl silane6 in DCM with triflic acid (Scheme 91).

Me3Si \/\ TfOH Me3SiOTf
DCM
85%
6 ’ 367
Scheme 91

Following this strategy, allylsilang@9was selected as the initial precursor (SchemeTo3.
was generated from silar2d9 by metalation with-BuOK followed by alkylation with allyl
bromide 368 Subsequently, allylsilang869 was treated with trifluoromethanesulfonic acid.
Distillation under reduced pressure afforded trapct362in 55% yield, albeit accompanied

by a significant amount of impurities.
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Br

o t-BuOK 368 = L
Si(SiMes)y =™ Si(SiMeg)sK (Mess')ss'x
85% —

219 221 369

\

CF3SO3H | 550
DCM

(Me3Si)3Si— OTf
362

Scheme 92
Evidence for the formation of triflate62 was ascertained from tH& NMR spectrum which
contained a signal corresponding to the, €&tbon abc = 118.5 ppm*Jc.c= 315.7Hz) and a
signal attributed to the $iHs); carbons aéc = -0.7 ppm.
The diazo amid&63 could be generated in two steps following the pdaze of Miillert®*
The first step involves the diazo transfer reactioh commercially availableN,N-
dimethylacetoacetamid@66 with methanesulfonyl azid870'% (Scheme 93). Subsequent
hydrolysis 0f365 afforded the desired diazo compouB as confirmed by analysis of the
IR and*H NMR spectrum, which showed a band at 2092" cmrresponding to the diazo

group and a signal at; = 4.96 ppm arising from the proton.

MeSOZN3 370
BB BN KOH f
M MeCN MeCN/H,0
NMe, NMe, NMe,
53% 75% |
NP N2
366 365 363
Scheme 93

With the diazo amide in hand, attention then turtedhe silylation reaction (Scheme 94).
Following the Regitz protocol diazo ami@63 was treated with triflat862 to afford a-silyl
diazo carbonyl compound60 in 34% yield, with a significant amount of impueg also

observed.
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o]

Si(SiMe3)s(OTT)
DIPEA » (Me3Si)3Si
| N Mez Etzo N Mez

N2 34% N2
363 360

Scheme 94

The a-silyl diazo amide360 was confirmed by analysis of the IR spectrum whibbwed a
signal at 2040 cihcorresponding to the diazo function. In additidre tH NMR spectrum
clearly indicated the disappearance of the sigttebated to thex-proton atéy = 9.63 ppm
and the appearance of a signal corresponding 8N6); group aby = 0.24 ppm.

The low yield and purity of the product was atttdnlito the use of low quality silyl triflate
362 Since impurities could affect the silene formagian alternative source of the triflate
was required. A survey of the literature revealest tUhlig synthesised silyl triflates from the
corresponding phenylsilan&¥. Following this procedure, silyl triflat862 was prepared with

high purity and in very good yield (Scheme 95).

PhMgBr . CF3SOzH .
Si(SiMes)sCl — -t (Me;Si)sSi—Ph > (Me,Si);Si— OTf
81% DCM
371 372 ~100% 362
Scheme 95

With this reagent, reaction with ami®63 proceeded as planned to give the desired silyl
amide360in very good yield (Scheme 96). In a similar marsiazo esteB61 was prepared

from commercially available ethyl 2-diazoacetaé in 84% vyield.

o Si(SiMe3)3(OTH) o)
DIPEA > (Megsi)33i
| R Etzo R

NZ N2

363 (R = NMey) 360 (R =NMe,) 82%

364 (R = OEt) 361 (R =OEt) 84%
Scheme 96
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The formation of silyl diazo est&61 was confirmed by analysis of the IR spectrum, Whic
showed a signal at 2071 énsoupled with a peak at; = 0.23 ppm in théH NMR spectrum
corresponding to Si(SiMg group.

3.4 Reactivity studies

3.4.1 Silyl diazo amide

With the silyl diazo carbonyl compounds in hana tiext stage was to attempt the formation
of the corresponding silene species. Based ondimpuatational work, initial attention turned
to the use of amide&60 (Scheme 97). It was thought that transition mesailysed
decomposition of diazo amide could be ideal, sinighher temperature and photochemical
methods are known to promote the silene-ketenaamgement. Consequently a range of
metal complexes were examined. In the work desdriiidow, all catalytic reactions were
undertaken using similar conditions. To a solutancatalyst was added a solution of the
diazo compound and trapping agent over a periddrek hours. After an additional hour the
solvent was evaporated and the residue examin&M#y and MS.

0O

MesSi CONMe,
(MesSi)sSi — > o - > N —
NMe> (Me3Si)3Si /SI
. NMe; M63Si SiMe3
N>
360 373 374
Scheme 97

Table 14 summarises the attempted silene generatidghe presence of various trapping
agents. Copper (I) triflate was tested first, as th one of the most commonly used catalysts
to generate intermediate carbenes. Surprisingl, thtalyst led to the formation of an
intractable mixture of products (entry 1-3). Decasifion of the starting material did not
occur with the catalyst in the presence of diethyine, probably due to the formation of the
catalytically inactive complex with the amine (gndh). Sadly, the other tested catalysts failed

to produce any evidence for the silene speciesrihdeconditions examined (entry 5-12).
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entry catalyst (5-10%) trapping agent solvent outcome

1 CuOTf MeOH PhH intractable mixture
2 CuOTf 2-methyl-2-butene PhH intractable mixture
3 CuOTf Phenylacetylene PhH intractable mixture
4 CuOTf Et,NH PhH starting material
5 Cu(OAc) styrene DCM starting material
6 Cu(tfacac) styrene DCM intractable mixture
7 Cu(acac) styrene DCM intractable mixture
8 Cu(acac) PhCHOH DCM intractable mixture
9 Rhy(pfb), Phenylacetylene PhH starting material
10 Rhy(OAC), Phenylacetylene PhH starting material
11 Rhy(tfa), Phenylacetylene PhH intractable mixture
12 Pd(acag) Phenylacetylene PhH starting material
Table 14

It appears that some catalysts (Pd(acdi(OAc)s, Cu(OAc)) are not sufficiently active to
generate the intermediate carbene from the compd6aet room temperature. A search of
the literature revealed that Sekiguchi had fourat #levated temperatures are sometimes
needed to activate the catalyst (Scheme 98). Fample, copper-catalysed decomposition of
diazo compoun@75 required heating at 10C to afford carben&76 which underwent a

simple O-H insertion reaction with methanol in 9ghid.

N2 B ] MeQ
Ph . Ph Ph
/ _ /
i—Ph CusO, Si—Ph Si—Ph

> - =
= 100°C 7 96% =
benzene/Me OH
Br L Br _ Br
375 376 377
Scheme 98

Following Sekiguchi’s observation, a few catalystye tested at elevated temperature (Table
15). The reactions were carried out in toluene lwe fpresence of phenylacetylene.

Unfortunately it was found that both the palladi@md rhodium catalysts are unstable at
higher temperature (entry 1, 2). In contrast, alkinerease in the temperature (to %D) in

the case of the copper catalyst led to the formaifacomplex mixture of products (entry 3).
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entry catalyst temp (°C) time (h) outcome
1 Pd(acag 90 0.5 starting material
2 Rh,(OAC), 920 0.5 starting material
3 Cu(OAc) 40 2 intractable mixture
Table 15

Subsequently, photochemical and thermal extrusioNofrom diazo compoun®60 was

investigated (Table 16). When the diazo compounsl eated in toluene at reflux for 24 h, a

complex mixture of products was obtained (entryAL3imilarly complex mixture of products

was isolated when the reactions were performedyhehtemperatures and for shorter periods

of time under microwave conditions (entry 2-4). Jaall the photochemical reactions were

also equally unsuccessful and gave unidentifiedumes of products (entry 5-9).

entry method trapping agent solvent temp (°C) time (h)
1 flask MeOH PhH 110 24
2 microwave MeOH PhH 180 0.5
3 microwave Et,NH PhH 180 0.5
4 microwave 2-methyl-2-butene PhH 180 0.5
5 hv? 2-methyl-2-butene PhH RT 0.5
6 hv? phenylacetylene PhH RT 0.5
7 hv? MeOH EtO RT 0.5
8 hv? MeOH MeOH RT 0.5
9 hv? - PhH RT 0.5
#1.00W medium pressure Hg lamp.
Table 16

At this stage, it was proposed that the amide gmoay interfere with the silene formation.

This could be related to carbene/metal carbenold i@sertion reactions. For instant, Maas

has shown that photolysis of silyl diazo am8¥#8 leads to the formation ¢f andy-lactams

(Scheme 99§%”

o o) Si(i-Pr)5 i(i-Pr)s
o
(i-Pr)3Si _h o N
NEt, /N
55% Et Me N
\P Et/
378 379 1:2 ratio 380
Scheme 99
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3.4.2 Silyl diazo ester

3.4.2.1 Decomposition of diazo ester

As in the above studies, metal-catalysed decompnsibf diazo compound36l was
investigated first (Scheme 100). As before, attemhgilene generation in the presence of
copper (1) triflate led to the formation of an @&ttable mixture of products. In contrast, the
reaction with Rbh(pfb), yielded the silyl alcohdd81

10% CuOTf

styrene _
> intractable mixture
o) 4h, RT
DCM
(Me3Si)3Si
OEt
5% Rh,(pfb) oH
N2 AR VN ]
361 styrene . /SI CO,Et
toluene, 4h MesSi Y
SiMe3
45% 381
Scheme 100

Formation of the product was confirmed by analydighe IR and NMR spectra. The IR
spectrum showed a characteristic signal at 3349 camresponding to the hydroxyl group.
The?°Si NMR spectrum showed signalsdat = 9.0 ppmgsi = 3.8 ppmys; = -18.1 ppm and
dsi = -18.2 ppm attributed to the Si-OH siliceaTMS group and two TMS groups bonded to
silicon respectively. In addition, the formation 381 was supported by mass spectrometry
indicating molecular ions at m/z = 373 [M+Na]

Although silanol381was not the desired silene [2+2] cycloadduct wijineme, its formation

could be explained by the addition of water toitltermediate silen882 (Scheme 101).

(0]
H
5% Rhy,(pfb)4 : ?
. MesSi CO,Et i
(Megsl)ﬁl%OEt styrene . 3 \Si_ 2 _HZO_> Megsl\/Si CO,Et
M S_/ iS.M Me;Si \(
No toluene, 4h €39l iMes
SiMes
361 382 381

Scheme 101
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As described in Chapter 1, Section 1.3.3.3, sileleeived from diazo esters tend to rearrange
to the corresponding ketenes. Therefore, isolatibthe ketene would indirectly provide
further evidence for the presence of intermediatens 382 It was hypothesised that
extension of the reaction time would lead to themfation of the corresponding ketene.
Consequently, the following experiment was condiitteattempt the isolation of keteB83
(Scheme 102). To a solution of the catalyst in wiyene was added a solution of diazo
compound361 The reaction mixture was stirred at RT for 4&hbrification by flash column
chromatography gave the prod3@&3in 21% yield and the produ88lin 22% vyield.

i
0 ?H
EtO ;
(Me3Si)sSi Rho(pfb)s \ L MesSi—g; CO,Et
OEt toluene Me3$|—8| SiMe3 Me SI/

48h, RT / ¥

N MesSi SiMe,

361 383 21% 381 22%

Scheme 102
The ketene383 was isolated in low yield due to its air sensitiviKey evidence for the
formation of the ketene was found in the IR speuntmhere a signal corresponding to the
cummulene group was observed at 2069 cim addition, the¢H NMR spectrum showed two
signals for the TMS group at; = 0.26 ppm (9H) andy = 0.25 ppm (18H). The appearance
of product381lindicates the presence of water in the reactioture.
In order to produce further evidence for the ketatbempts were made to trap unstable ketene
383 with methanol (Scheme 103). To a solution of thtalyst was added a solution of diazo
compound361 After stirring for 48 h, 2 equivalents of methém@re added and the reaction
mixture was stirred for a further 48 h. This gave &xpected produ884, albeit accompanied
by a significant amount of impurities. Disappoigiiyy all attempts to purify the product on

silica and neutral alumina were unsuccessful.
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C (l)Et 0
EtQ MesSi~_
(Me3Si)sSi Rhy(pfb)s - _\ )k . MeOH _/Si
OEt toluene MesSi /3' SiMes 48h, RT Me;Si OMe

48h, RT Me3Si

SiMe3
361 383 384 notisolated

Scheme 103
Formation of384 was confirmed by analysis of the NMR and MS data, which showed a
peak atéy =3.59 ppm characteristic of the methoxy protorem@lwith a mass spectrum

showing the molecular ion to hawgz= 364.

3.4.2.2 Intermediate product

As described in the previous section, the formatdrsilyl alcohol 381 and ketene383
provide only indirect evidence for the formationtbé intermediate silene species. Therefore,
further studies were conducted to get additionsdrmation about the extrusion of;Nrom
diazo compound61 Initial studies focused on identification of réan intermediates by
undertaking a reaction in an NMR tube and monitptime reaction progress usifig, *C
and?°Si NMR spectroscopy (Scheme 104).

(0]
Il
i —_— » )1
EtQ
(MesSi)sSi Rho(pfb)y - slow \
OEt intermediate MesSi—Si SiMes
RT product /
N, Me,;Si
361 385 383

Scheme 104
Through this it was possible to observe an interatedproduct385 in addition to the
expected keten883 by NMR spectroscopy. It was found that full corsien of the diazo
compound36lin to the intermediate produ8B85was achieved after approximately 25 min at
room temperature. This product then slowly decorapds form keten883 The NMR data

for the intermediate product are presented in TabBle
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NMR? Data

4.02 (2H, qJ = 7.2Hz, G1,CHy), 1.04 (1H, tJ = 7.2Hz, CHCH3), 0.32 (9H, s, Si(H3)s), 0.23

1
H (ppm) (18H, s, Si(®l3)3)

3C (ppm) | 161.1, 67.0, 62.8qH,CH3), 15 (CHCHs), 1.4 (SiCHa)3), -2.1 (SiCH3)3)

2sj (ppm) | 35.6, -15.3, -17.1

®Since the intermediate product has a longer lifetanlower temperatures all the NMR spectra wecerted at
-80°C.

Table 17
The ?°Si NMR spectrum showed a signaldat= 35.6 which could be assigned to theSC=

silicon. However, the signal which could correspomdheC=Si carbon was not observed in
the™>C NMR spectrum. In addition, it also appeared ftbe number of signals in tHel, *C
and ?°Si NMR spectra that the intermediate compound wasngetrical or could easily
interconvert between conformers on the NMR timelesc&€onsequently, the NMR data
clearly showed that intermediate compow3®b was not the silene. Subsequently, it was
suggested that compour3B5 could be a product of silene dimerisation or imoéecular
cycloaddition. A survey of the literature revealdét Maas has reported the formation of

adduct386 and dimer387 during the photolysis of silyl diazo ketoh87 (Scheme 105}°®

SiMes O
Me_ |

Si
Me/ R

N, 107

R=Ad hv R=Me

l l

107.0 ppm 170.0 ppm

38.2 ppm

MesSi Me
Me >:<
Me\l SiMe; N
Me\Ti <——103.9 ppm Me/ﬁ ?/Me
| O. Si <—— 7.8 ppm
o) ~——184.2 ppm — \Me
Ad
Me SiMes
386 387
Scheme 105
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Comparison of the NMR data shown in Scheme 105 thi#t obtained for compour@B5
suggested that the structure of the intramoleadaluct was more probable (Figure 18). The
shift of the ring silicon and th&-4 carbon atom is similar to that reported for coonpd 386.
Furthermore, the large shift difference betw€r8 of 385 andC-3 of 386is expected as the
presence of an ethoxy group at @& position in compoun@85 will significantly shield the
C-3 carbon (compargs6'°° and389*9).

35.6 ppm
MexSi l 54.5 ppm 161.4 ppm 80.4 ppm 160.2 ppm
€3> SiMes
MesS =g | 3<—— 67.0 ppm OMe
1o 4~<——161.1 ppm <
OEt OMe OMe
385 388 389

Figure 18
In order to provide further confirmation of the wstture, calculations were undertaken to
predict the'H, *C and?®’Si NMR spectra of silen882 oxasilete385 and dimer390. In
general, the chemical shifts are calculated moirately with ab initio methods which
include explicitly electron correlation, such as $SiCand MPZ! However, these methods
are limited to relatively small molecules due te tbrohibitively long CPU time and large
disk space demands of such calculations. ConsdyguebiT method was used to predict the
chemical shifts.
Table 18 summarises the calculated NMR shifts lens 382 oxasilete385 and dimer390
obtained using Gaussian 03. Geometries of theseaulels were optimised using the hybrid
density functional method B3LYP with the 6-31G(d)sls set. Vibrational analyses were
performed on all fully optimised structures to emsthe absence of negative vibrational
frequencies. For the calculation of the NMR sHif gauge-including atomic orbital method
was used (GIAO) with the B3LYP and BPW91 hybriddtionals.
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Me;Si OEt
MesSiy  FOE " '\g‘éssi SiMes MesSi\ )=
i 3™g; Si 0
/SI TI | Me3Si/ | | _-SiMe;
Me3Si SiMej3 (0] @) Si
OEt SiMes
EtO SiMe3
382 385 390
Silene 382
Method NMR
7 Lo “gj
B3LYP/ 41 (CHy), 1.3(QHs),  167.5 C=0), 157.4 (Si€), 60.5 CH,), 246.2 Gi=C), 7.2/2.3/-
6-31G(d,p)  0.4/0.4/0.2 (SiCH3)) 15.2 CHs), 3.5/2.7/1.3 (SITH5)) 1.2 (Si(CHa)s)
BPW91/ 41(CHy), 1.3(QHs),  167.6 C=0), 156.4 (Si€), 60.7 CH,), 244.2 Gi=C), 4.8/-
6-31G(d,p)  0.4/0.4/0.2 (SiCH3)) 15.3 CHs), 3.5/2.7/1.3(SICH5)) 0.5/-2.2 Gi(CHy)s)
B3LYP/aug- 4.1 (CH,), 1.3 (@Hs),  175.3 C=0), 158.3 (Si€), 61.5 CH,), 225.9 Gi=C), 8.0/-
cc-pvDZ 0.4/0.3/0.2 (SICH3)) 15.4 CHs), 2.8/2.5/1.5(SICH3)) 0.6/-2.5 Gi(CHy)3)
Oxasilete 385
Method NMR
1H 13C ZQSi
B3LYP/ 4.3 (CH,), 1.2 (Ho), 157.4 C-4), 63.3C-3), 61.5 CH,), 73.160),-7.1/-7.1 (B
6-31G(d,p) 0.2/0.2/0.0 (SiCH5)) 15.2 CHj), 1.4/-1.4/-1.4 (SICH3))  (CHg)s), -11.8 (CSi(CHg)s)
BPW91/ 4.2 (Hy), 1.2 (Hy), 157.1 C-4), 63.0 C-3), 61.6 CH,), 71.6 SiO), -9.0/-9.0 (S
6-31G(d,p) 0.2/0.2/0.0 (SiCH5)) 15.3 CHj), 1.4/-1.3/-1.3 (SICH3))  (CHg)s), -12.3 (CSi(CHg)s)
B3LYP/aug- 4.3 (Hy), 1.3 (Hy), 162.4 C-4), 65.2 C-3), 62.9 CH,), 43.8S0), -7.4/-6.8 (S
cc-pvDZ 0.2/0.1/0.0 (SICH3)) 15.8 CHa), 1.3/-0.7/-1.5 (SITH3))  (CHy)), -12.4 (CSi(CHa)s)
Dimer 390
Method MR
1H 13C ZSSI
B3LYP/ 4.1 (Hy), 1.3 (Hy), 162.5 (SiC<), 83.4 (SC=C), 66.8 44.2 S 0), 0.7 (CSi(CHg)3),
6-31G(d,p) 0.4/0.3/0.2(SiCH3z)) (CH,), 15.8 CHa), 4.6/2.4/0.1 (SiCTH3)) -4.2/-2.3 (S8i(CHgz)3)
BPW91/ 4.1 (H,), 1.3 (Hy), 162.5 (SiC<£), 83.5 (SC=C), 67.0 41.6 §0),-0.7 (CSi(CHa)3),
6-31G(d,p) 0.3/0.3/0.2(SiCH3z)) (CHy), 15.9 CHa), 4.6/2.5/0.1 (SiCH3)) -6.3/-6.8(S8i(CHy)3)
B3LYP/aug-
not calculated- too large molecule
cc-pvDZ

Table 18

It appears from the data presented in Table 18,tHeacomputational method used has no

significant effect on the calculateti and **C chemical shifts. ThéSi chemical shifts
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calculated with B3LYP/aug-cc-pvDZ method are didigtr to those calculated with the
B3LYP/6-31G(d,p) and BPW91/6-31G(d,p) methods. Tikimainly the effect of additional
valence polarisation functions in the basis setclwhas the biggest effect on heavy atoms.
Comparison of the NMR data in Table 17 with theadet Table 18 clearly support the
suggestion that oxasile885 is the product of the diazo compound decompositidre 1°C
chemical shifts calculated with the B3LYP/aug-c®gvmethod forC-3 (6¢ = 65.2 ppm) and
C-4 (6c = 162.4 ppm) are only slightly different from tberresponding experimental values
(C-3 8¢ = 67.0 ppmC-4 &¢c = 161.1 ppm). Interestingly, tHéSi calculations suggest that the
doubly bonded silicon of silen882 is significantly deshielded. This indicates a aért
positive charge at Si is formed by electron deligasibn from thet-acceptor substituent &t
(Scheme 106).

Q q
Me3Si \\C—OEt Me3Si \C—OEt
\ \®
Si - Si
Me;Si SiMe; Me;Si SiMe;
382 391

Scheme 106
Intrigued by the formation of oxasile@®85 further studies were conducted to gain more
understanding about the extrusion of fkom diazo esteB61 As mentioned earlier, it was
found that oxasilet885 slowly rearranged to form keteB883. This can be easily followed by
'H NMR spectroscopy by monitoring the change ingraé for the methylene signal of the
ethyl group (Figure 19).
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Figure 19
Interestingly, it was found that the rate of treanrangement depends on the concentration of
the reaction mixture. When a 0.11 M solution ofzdiacompound361 was treated with
Rhy(pfb), the expected oxasilat885 was produced, but it was fully converted to the
corresponding keter@B83in approximately 24 h. In addition, it was fourndit additives such
as 1,4-dioxane, THF, MeCN, 4t and pyridine significantly increase the rate ghsilete-
ketene rearrangement. Therefore, it was suggebtdthis rearrangement is promoted by
weak nucleophiles and could involve a bimoleculacpss (Scheme 107).
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In general, silyl ketene acetals are quite stdhléjn this case compour8B5is cleaved with
weak nucleophiles such as THF or 1,4-dioxane becafighe ring strain. Sileng882 can
either reform oxasilet885 or undergo isomerisation to keteB&3 Since ketene formation
appears to be irreversible, its concentration stowlcreases. It is also plausible that

intermediate8393 can rearrange directly to the ket&3&3

3.4.2.3 Reaction pathway

To fully explain the outcome of the rearrangemehthe carbene generated from diazo
compound36], the mechanism of the isomerisation of a moddderae353c(Figure 20), was
investigated using DFT calculations at B3LYP/6-3d)8B3LYP/6-31G(d) level. The copper
carbenoid species was not considered, since thisldwinvolve more complicated

calculations.
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Figure 20
According to these calculations, the reaction starnth formation of singlet carber2b3c
which is less stable than the triplet state carl®9a by 8.0 kcal/mol. This is expected as
silyl substituents stabilise the triplet groundstaf a carben&The transition state leading to
silene 354c is separated from the carbeB®&3c by 0.2 kcal/mol. The final products of the
reaction are oxasiletg95 and keten&55c The oxasilete895 is formed preferentially since
the transition state energy required for this ti@msation is only 12.3 kcal/mol. However, the

transformations are shown in Figure 21.

'H NMR experiment showed that the silene-oxasilesnsformation is reversible, thus
eventually keten855cis formed as it is the most stable molecule. Taedition states for all
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Figure 21

3.4.2.4 Further reactions

Disappointingly it was found that decompositiontieé diazo compound@61in the presence
of styrene does not produce the expected [2+2]ymtodn addition, attempts to trap silene
382 with 2,3-dimethylbuta-1,3-diene, furan, l-acetdx$-butadiene, and phenylacetylene
had also proved to be unsuccessful. This suggestsilene382 is too short lived and forms
oxasilete385 preferentially. Nevertheless, during the numerattismpts to trap sileng82 it
was found that oxasile®B5 exhibits interesting reactivity (Table 19).
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N, OFEt
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entry trapping agent product yield (%)
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MeO~_
Si
1 MeOH MesSi” ogt 396 43
SiMe3
MesSi CO5Et
Megsi—/Si
2 o SiMe; 398 25
Ph
51 (ds1)

o A

401a34 (ds 1)
401b18 (ds 13
(crude ds 1:1)

56 (ds1)

e

6 =

E

0
F>h)k
397
/ﬁ\/\
3 Ph Ph
257
0
Ph
400
o)
/
402
)Ok/\
404

47 (ds 1)

dUnstable diastereoisomer.

Table 19

It was found that oxasilet@85 forms adducts with methanol, acetophenone ajfid

unsaturated ketones. The formation of prods@é was supported by mass spectrometry

showing a molecular ion at m/z = 365 [M+H]n addition, th¢H NMR spectrum showed a
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signal attributed to the methoxy groupdat= 3.45 ppm. The formation of addug®8 with
acetophenone can most easily be detected fronrésemqce of a pair of doubletséat= 4.88
ppm J = 2.8Hz) anddy = 4.40 ppm J = 2.8Hz), corresponding to the vinyl protons. The
acetophenone adduct is not stable to moisture aednaposes to form acetophenone and
silanol 381 among other side products. Key evidence for tmm&tion of adducts witla,3-
unsaturated compounds was found in’tl NMR spectrum where signals corresponding to
the C-6 carbon were observed at arouizd= 150 ppm and t&-5 at aroundsc = 105 ppm.
The configuration of the products could be dedudesim the 2D correlation NMR
experiments (Figure 22)H NOESY experiments of the add@®39 provide evidence that the
Ph group is locatedis to the adjacent TMS group atrdnsto the carboxyl group. Similarly,
the configuration of the produc#0la 401b, 403 and 405 was deduced from the 2D
correlation NMR experiments.

3
; SiMe 3
T/s||v|e3 si— >Mes p AN Z=SiMes
. iMe; ?
Me3 3 \le%
399 401a 401b
NOE NOE
SiMe3z
iMe3
EtO.C
H EtO,C
X o] H3C
4\ [ vsc N 9|4’§_M \\ \ o
H-C Z—SiMe3 H
iC_N s|| H N Z-SiMes
SiMe3 T
iMe3
403 405
Figure 22

There are two possible explanations for the foromatf adducts presented in Table 19. They
can be a result of addition of trapping agents Xasdete385 or silene382 For example,
addition of MeOH to oxasilet@85 or silene382 would produce the same produg96
(Scheme 108).
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Scheme 108
With the exception of transbenzylideneacetone, which afforded a mixture of
diastereoisomers, al,p-unsaturated ketones led to the preferential faonabf one
diastereoisomer (Table 19). It appears that theteli@oselectivity is mainly controlled by
substituents Rand R adjacent to the carbonyl group (Scheme 109). WRfes small and R
large then produet11is favoured (entry 3 and 6). In addition, largéié to the preferential
formation of product409 (entry 5). It is hard, however, to explain the nfiation of
diastereoisomerd0la and 401b (entry 4) with the model presented in Scheme 198 a
further studies will be necessary to develop a dmlllerstanding of the mechanistic basis of
the stereochemical course of these cycloadditions.

99



MesSi OFt R? —

385 407 MesSi OEt

| |

Me38| \ S|Meg

SiMes

MesSi S
\ / . Me3Si\ _SiMes MesSi\ _SiMes
MesSi I co Et Me35' I COLE
@ 2 2 Rl @
O
M93SI @\
R3
408 409 410

Scheme 109
The chemistry of adducts presented in Table 19 nedsnvestigated in detail due to time
constraints. However, it was found that the Si-@doould be cleaved with a fluoride source
(Scheme 110). When compouB89was treated with triethylamine trihydrofluoridensplex,
1,5-dicarbonyl compound412 was isolated in 78% vyield. In comparison, potassiu
hydrofluoride and trifluoroacetic acid led to fortima of a-silyl ester413in 92% yield. These

could represent useful building blocks for the gahen of 1,5-dicarbonyl compounds.
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3.4.3 Silyl diazo amide vs silyl diazo ester

According to the DFT calculations described in mecB.2 of this chapter, the extrusion of N
from silyl diazo amide360 and silyl diazo esteB61 should lead preferentially to the
corresponding ketene. However, the experiments rtadden (Chapter 3, Section 3.4.2)
showed that there is a significant difference iairttthemical behaviour. Therefore, it was
suggested that the calculation of the mechanisoadiene rearrangement could explain this
observation. As before, the calculations were paréal at the B3LYP/6-31G(d)//B3LYP/6-
31G(d) level for model carberds3b (Figure 23).
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Figure 23

The transition state energy for transformatiorB68b to 352b is 7.7 kcal/mol, an®52b is

40.8 kcal/mol more stable th&»3b However, this rearrangement is not likely to happs

carbene353b should more readily form the sileB&4b. In an analogous fashion to the ester

carbene853¢ 453b can also isomerise to give the more stable trigdebenetld4a As can be

seen in Figure 23, this silene can either form ibei@s415 or ketene355hb. The formation of

415 should be favoured as the transition state entrggling to this product is only 8.3
kcal/mol. The model keten@s5b will be the final product if formation of oxasie#15 is

reversible. The transition states for all transfations are shown in Figure 24.
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Figure 24

Unfortunately, these calculations did not providg abvious reasons as to why extrusion of
N, from silyl diazo amide360 follows a different pathway to that of the esB&1l One
possibility is that there could be other reacti@thgvays which were not considered. For
example, as mentioned in Section 3.4.1, the carlgemerated from diazo compouB60

could undergo an C-H insertion reaction.
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3.5 Effect of substituents

As described in Section 3.4 of this chapter, theod®osition of the diazo compouélin

the presence of styrene, 2,3-dimethylbuta-1,3-didoean, 1-acetoxy-1,3-butadiene, and
phenylacetylene did not produce the expected Hklsr cycloadduct. This suggests that
silenes bearing an ester group on the silenic cadwonot react with alkenes, alkynes and
dienes. A number of potential reasons for this lvarproposed. These include the possibility
that such ‘cycloadditions’ are sterically inhibited that the rapid formation of the oxasilete
‘protects’ the silene. The latter possibility coddd inhibited by creating steric bulk on the Si
centre. To test these two competing proposalsyl diazo estergll6 and417 were designed

(Figure 25). The synthesis and reactivity of thesters is presented in the next section.

Me o] i-Pr (0]
(Megsi)zsli% (Messi)zs!%
OEt OEt
N, N2
416 417
Figure 25

3.5.1 Synthesis of diazo esters

The synthesis began with the metalation of phes{itimethylsilyl)silane372 with t-BuOK
followed by alkylation with methyl iodide or chldrasopropylsilane (Scheme 111). The
resulting silanes were subsequently used to genei triflates which were immediately
combined with ethyl 2-diazoacetate to form sil\dzb esterd16and417.
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As before, key evidence for the formation of thazdi compound16 and417 was obtained
from the IR spectra. The IR spectrum showed a chexiatic signal at 2075 chfor 416 and
2069 cm' for 417 corresponding to the diazo function.

3.5.2 Reactivity studies

Initial work focused on the rhodium-catalysed deposition of diazo estedl6 in the
presence of various trapping agents such as cyuagiene, styrene and phenylacetylene
(Scheme 112). Unfortunately, in all cases only waigduct422 was isolated which was

formed during the reaction work-up.

'\lﬂe 5% Rh(pfb), OH
(Me3Si),Si rapping agent Me—g; CO,Et
OEt toluene, 4 h Megsi/ Y
N SiMes
416 422
Scheme 112

Subsequently, the extrusion of, lom diazo esterdl17 was investigated. Surprisingly, no
reaction was observed when diazo edtef was added to a solution of Rpfb), in toluene.

In addition, other catalysts such as CuOTf, Cuéty¢c Cul, Rhy(tfa), have also been found to
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be inactive under the conditions used. This inégathat the i{Pr)Si group effectively
shields the diazo function from the catalyst. Tdeklof success in the decomposition of diazo
ester417 under catalytic conditions led to the investigatiof thermal and photochemical
technigues (Scheme 113). It was found that heatisglution of diazo estdd7in toluene at
110 °C for 4 days led to the formation of correspondkegene423 in 47% vyield. In
comparison the reaction performed under photocremionditions gave a mixture of

oxasilete424 and ketend23with significant amounts of impurities also obssty

I
C
EtQ
110°C, 4 days MesSi—si” " SiMes
toluene (i-P1)3Si
(i-Pr)sSj 47% 423
(MeSS|)28| -
OEt ﬁ Si(i-Pn)3
N2 C O_SI/SIMeg
EtQ + _
“r hv Me;Si \S' SiM
> e3Si—Si iMe ]
toluene 3 / 3 EtO SiMes
(i-Pr)3Si
423 424
Scheme 113

The formation of compoundi23was supported by the presence of a signal inRh&pkctrum
at 2069 crit corresponding to the cummulene function. Interggyirin this case only one
structural isomer of the ketene was detected, atiohg that the SiMggroup migrates to the
carbene carbon in preference td?():Si group. Evidence for the formation of the oxdsile
424 was obtained from thé®C and °Si NMR spectra. Compound24 shows two
characteristic signals in itSC NMR spectrum corresponding to the vinylic carbah8c =
160.9 ppm andc = 70.3 ppm. In additio®Si NMR shows a signal attributed to the ring
silicon atés; = 42.3 ppm.

Subsequently diazo es#t7was decomposed thermally in the presence of ingpgpgents. It
was found that the reaction carried out in the gmes of phenylacetylene, styrene or 2,3-
dimethylbuta-1,3-diene do not lead to the formatbmny Diels-Alder product. On the other
hand, the reaction performed in the presenceanis-chalcone257 gave the expected [4+2]
cycloadduct (Scheme 114). This, however, was ulesttb purification by flash column

chromatography.
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The formation of the adduek25 with trans-chalcone can most easily be detected from the
presence of a pair of doubletsdgt= 5.91 ppm J = 9.2Hz) andy = 4.79 ppm J = 9.2Hz) in
the'H NMR spectrum, corresponding to the ring protons.
The above experiments confirm the hypothesis tiettess generated from silyl diazo esters

do not react with alkenes, dienes and alkynes.

3.6 Conclusions

The extrusion of Bfrom a-silyl substituted diazo esters leads to a silydeae, which readily

undergoes transformation in to the corresponditemei However, this product is short-lived
and forms an oxasilete, which appears to be thetikally favourable product of this reaction.
Prolonged reaction time leads to the formation otharmodynamically stable ketene.
Interestingly intermediate oxasilete can be trappét o,f-unsaturated ketones in moderate
yield and generally good diastereoselectivity. Tdosld represent useful building blocks for
the generation of 1,5-dicarbonyl compounds. In @aidi it was found that silenes generated
from diazo esters do not form [4+2] cycloadductshwdienes or [2+2] cycloadducts with

alkenes and alkynes.
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4 Intramolecular cycloaddition reactions

4.1 Introduction

As a part of the studies concerning the reactiosilehes with dienes, intramolecular silene
cycloaddition reactions were examined. Surprisinglych reactions are unknown in silene
chemistry and, in addition to the synthetic appiaas, this thesis probes more theoretical
aspects. It was expected that such intramolecukls{dlder reactions would give adducts in
higher yields and diastereoselectivities than Haeen previously observed in intermolecular
reactions (Section 2.6). To test this hypothesssynthesis of cycloaddué27 was proposed
(Scheme 115). Initial studies focused on the sywighef compound427 via thermal
rearrangement of acylpolysilad29 and sila-Peterson reaction of silylalcoH8IL since those

two methods are well established in the group.
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N NI
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Scheme 115
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Compound427 was chosen as an initial target for a number asaas. Firstly, the synthesis
involves well known reactions and a wide range roiraatic carbonyl compounds with the
required substitution pattern is commercially aaalié. This would allow the quick synthesis
of a library of acylpolysilanes and silyl alcohaolseded for the investigation of the effect of
substituents on the cycloaddition reaction. Thematic ring in 426 and 428 restricts

flexibility of the molecule and may therefore enbarefficiency and diastereoselectivity of

the cycloaddition.

4.2 Sila-Peterson Reaction

Following this analysis the first approach explotied generation of the silene through a sila-
Peterson reaction. The initial work involved thentéyesis of silyl alcoho#33 This was

attempted by using the sequence of reactions siho®oheme 116.

H Q

Si(SiMes)s — ©5J\ H — H
o/\/\/\ o/\/\/\ OH
433 434 435
+
ol o

\/\/\coza coE = NN

438 437 436

Scheme 116
The alcohol 436 was prepared according to the literature proceduhgch involved
deconjugation of commercially available ethyl soeb438 followed by reduction (Scheme
117)2 The product was confirmed by analysis of the IRcsum which showed a broad
signal at 3326 cih corresponding to the hydroxyl group, atd NMR spectrum which
contained peaks ay = 6.33 ppm (ddd)pn = 5.14 ppm (d) andy = 5.02 ppm (d)

corresponding to the protons of the terminal dololed.
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NN LDA, DMPU . Xy N LiAlH, N _AOH

CO,Et THF COEt  Et,0
438 59% 437 76% 436

Scheme 117
With the alcohol36 in hand, attention turned to the coupling withicgdaldehyde. Hence,
di-tert-butyl azodicarboxylate (DTBAD) was added to a solu of the alcohol and the
reaction mixture was stirred for 24 h. SurprisindlC MS showed formation of hydrazone
439 (m/z= 359 (MN4)) instead of the expected etl#34 (Scheme 118).

/\/\/\ PPh;, DTBAD
+ OH
/t Bu

H

Scheme 118
A search of literature revealed that the particptablem of salicylaldehyde in the Mitsunobu
reaction was described by the early work of Girardn this, ethers were not produced or
were obtained only as minor products, when the phiersubstituted in itertho position by a
formyl group. Instead, hydrazones were obtainethasmajor products. These results were
rationalised by the mechanism shown in Scheme [i®ally, triphenylphosphine attacks
DTBAD producing a betaine intermediat40, which deprotonates the phenol to form species
442 The anion441l then reacts wit42 to give the adduc#t43 which isomerises to
oxazaphosphetan#4. Finally, decomposition ofi44 leads to the formation of hydrazone
439,
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/BOC \—'N_
-
OBoc OBoc Ot Bu
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Scheme 119

Further examination of the literature revealedporeby Lepore describing the rapid coupling
of crowded alcohols in the Mitsunobu reactfdhThe procedure relies on sonication of a very
concentrated solution of starting materials (3 Myvas speculated that under these conditions
the coupling reaction could be faster than forrmatb the hydrazone. Thus, salicylaldehyde
435 alcohol436 and triphenylphosphine were dissolved in THF (Sohd 20). Subsequently,
DIAD was added, and the reaction mixture was soetcdor 15 min at RT. The desired
product was isolated in 13% vyield as confirmed hglgsis of the MS and IR data, which
showed the molecular ion to hawe/z = 202 (El) and the absence of the broad signals
attributed to the hydroxyl groups at 3183tif#35 and 3326 cm (436). The hydrazone
product was also present by crude NMRB4445= 1:1), but was not isolated.
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OH 436 sonicator |N \H/ \i-Pr
0,
435 13% N
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)k i-Pr
(6] O/
445
Scheme 120

Although the yield of product34 was low, the reaction gave a sufficient amounmaterial

to attempt the synthesis of silyl alcort83 Thus following Oehme’s procedure, aldehyde
434 was treated with silylmagnesium specieS80 freshly prepared from
tetrakis(trimethylsilyl)silane219 (Scheme 121} Unfortunately, no product was detected
and only aldehydel34 was recovered quantitatively. The reason for fhikire was not
obvious; however this could suggest that the reiggtof the aldehyde group is significantly
reduced by thertho electron-donating substituent.

@]
H > i -
©fk > starting material
Si(SiMe3)sMgBr 80
W 3)3
0 X

434
t-BUOK MaBr,
Si(SiMez); — = > Si(SiMeg)sK
THF Et,0
219 221
Scheme 121

The failure of the above synthesis prompted ingasitins into an alternative method for the
preparation of the silyl alcohols. This involvee tsynthesis and reduction of acylpolysilanes
(Scheme 122). Unlike the silyl alcohols, these bansynthesised by direct addition of the
silylpotassium reager221 to the appropriate acid chloridel7. Importantly, this strategy
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proceeds via acylpolysilane®t6 which could also be used in thermally-promotecrsl
generation.

H 0 Q
Si(SiMes); ——> Si(SiMes)s —— c
R R R
~
o o~ o”
433 446 447
R= 2N XX M
o) @]
OMe , r—oH = OMe <— OH
436 R R
OH o~ o~
450 449 448
Scheme 122

With this in mind, commercially available methylisglate 450 was reacted with alcohdB6

to give ethed49in 52% vyield (Scheme 123). It was found that #ction can be carried out
in the presence of either DIAD or DEAD as this doe$ have a significant effect on the
reaction yield (DIAD 52%, DEAD 53%). As before, degnce for the formation of the
Mitsunobu produc#t49 was confirmed by analysis of the IR and MS dataofparison of
the IR spectrum of the starting materials with tfathe product showed the disappearance of
signals corresponding to the hydroxyl group at 3&B7V (450 and 3326 cil (436). The
mass spectrum showed a molecular ion at m/z=233JMH
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OMe PPhs, DIAD OMe LiOH OH
THF _R THF/H,0 _R
o

OH sonicator o 30h 50°C
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R= /\/\/\ DMF
-, N DCM
Y
H
Sl(slME3)3K
Si(SiMes3)s LiAIH, Si(SiMe3)s 221 al
_R Et20 _R THF _R
(e} (e} (e}
65% 53% - -
433 446 447
Scheme 123

Subsequently, estdd9was hydrolysed to the corresponding a&i@in 78% yield. Evidence
for the formation of the acid was found in thé NMR spectrum. A comparison of tHel
NMR spectrum of the starting material and the pobdinowed the appearance of the signal
characteristic for a carboxylic acid@t = 10.82 ppnand the disappearance of the ester signal
at oy = 3.89 ppm. The next stage was to convert ddi@into acid chloride447. This was
achieved with oxalyl chloride and a catalytic amoooinDMF. However, the acid chloride was
not isolated but immediately combined with silylasgium221 to give acylpolysiland46 in
53% yield. Evidence for the formation of the acyysilane was provided by théC NMR
spectrum, in which a characteristic signal corresigay to the carbonyl group & = 241.6
ppm was observed. Finally, acylpolysila#6 was reduced with lithium aluminium hydride
to afford silyl alcohol433 in 65% yield. Reduction of the acylpolysilane wasfirmed by
analysis of théH NMR spectrum, which showed a doublebat= 5.47 ppm { = 4.2Hz) for
the CHOH group and a doublet for the hydroxyl groupdat= 1.81 ppm J = 4.2Hz).
Interestingly, when sodium borohydride was used,rdduction of the acylpolysilane did not
take place and starting material was recoveredamgdd.

With silyl alcohol 433 in hand, the next stage was to attempt the foonatf the
corresponding silene species. Following the prdtdeveloped by Whelligan, silyl alcohol
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433 was treated withn-BuLi followed by addition of anhydrous LiBr (Scheml24)?*
Disappointingly, the reaction led to the formatiminan intractable mixture of products. This
could be attributed to coordination of the lithilotomide to the ethereal oxygen rather than

the more hindered OSiMgroup.

OH
1. n-BulLi, Et,O
Si(SiMe3) RT,3h - _
S _ > intractable mixture
/\/\/\ 2. LIBI’, Etzo
o N -20°C, 18 h
433
n-BuLi
MesSi /SiMe_3 Megsi\ /SiM63
Si(SiMes)s si— U | i
OLi LiBr OSiMes
 — %
R R _R
o~ o~ 0
]
II_iBr
451 452 453
R= \/\/\
Scheme 124

It was speculated that the presence of an additielegtron-donating substituent on the
aromatic ring would encourage elimination of LiOS®#Vieven without addition of LiBr. Silyl
alcohol459was therefore prepared according to the previcestgblished sequence (Scheme
125). Unfortunately, when the sila-Peterson reacticas carried out on alcohdl59 an

intractable mixture of products was formed.
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R—™ OH
OMe_ pphy, DIAD OMe
L THF L _R
R OH sonicator R 0
57%
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R= 2N X
R= OMe
OH (0]
Si(SiMe3); LiAIH,4 Si(SiMe3)3
Et,O
R 2 _R
R! o~ R? o)
57%
459 458
1. n-Buli, Et,0
RT,3h
2. LiBr, Et,0
-20°C, 18 h
intractable mixture
Scheme 125

oG

_ LioH
THF/H,0
30h50°C
84%
456
oxalyl chloride
DMF
DCM
(@]
SI(SIM 93)3K
221 Cl
THF . _R
R (@)
51%
457

These preliminary investigations suggested that patitive coordination of the lithium

bromide by the ethereal oxygen was occurring. Thege future research would involve the

synthesis and use of a carbon-tethered dieneinbetconstraints precluded such work.

4.3 Thermolysis of acylpolysilanes

4.3.1 Preliminary results

Given the lack of success in the employment ofl silgohols in the intramolecular silene

cycloaddition, attention turned to the use of aclypilanes. Initial studies concentrated on

the generation of silene species from acylpolysik6. Hence, a solution of the polysilane
in dg-toluene was placed in an NMR tube under argon €®eh126). The NMR tube was

sealed with a Young’s tap and heated until allabgpolysilane was consumed. The progress
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of the reaction was followed b{H NMR spectroscopy. The resulting mixture was then

concentrated, and purified by preparative TLC iegroducd60in 56% vyield.

(0]
Si(SiMe3)3 >
1h, 180°C, NMR tube
\ ’ 1
O/M toluene
56%
446 ds 2.7:1
Scheme 126

Formation of the [4+2] adduct was confirmed by gsial of the MS andH NMR data. The
mass spectrum showed a molecular ion at m/z=449. (he 'H NMR spectrum showed
peaks aby = 6.09 ppm andy = 5.73 ppm attributed B and 4H respectively. The vicinal
couplingJ = 10.5Hz between those two protons indicates shamtualcis location. Finally,
the connectivity was confirmed by HMBC experimewtsich revealed a 3-bond correlation
from protons 2+l and 5H to ring carborC-11b which confirms formation of the cycloadduct

(Figure 26).

Figure 26
The configuration of the main diastereoisomer cowdtlbe deduced from the 2D correlation

'H NMR experiments. However, it was suggested thatsilene would react preferentially in
an endofashion, because of secondary orbital interactlmetsveen the diene and the phenyl

tether (Scheme 127).
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Scheme 127

Subsequently investigations were undertaken to ongthe diastereoselectivity by altering
the time and temperature of the reaction (Table [R®)as hoped that lower temperatures may
lead to an increase in the diastereoselectivitthefcycloaddition reaction, by increasing the
relative difference in the energies for teo andendotransition states. Unfortunately, the
data presented in Table 20 indicates that ther® isffect on varying these conditions upon
the ratio of the diastereoisomers. It appears toatachieve full conversion of the
acylpolysilane at lower temperature prolonged Ingais required (entry 1, 2). However, this
results in diminished yields probably due to prdadigcomposition. The best conversion was

achieved when the reaction was carried out underowave conditions at 18 for 1 h

(entry 4).
entry method solvent temp.{C) time (h) yield (%) ds recovery of 23 (%)
1 flask PhH 110 12 28 2.7:1 40
2 microwave PhH 150 1 29 2.7:1 52
3 microwave PhH 180 0.83 77 2.7:1 5
4 microwave PhH 180 1 81 2.7:1 -

Table 20
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4.3.2 Adducts derived from various acylpolysilanes

The preliminary investigations suggested that th&gamolecular adducts resulting from
acylpolysilanes could be synthesised in high yiatdi moderate diastereoselectivity. The
work outlined in the following section describestlier studies in this area, investigating the
effect of changing acylpolysiland29 (R', R?, X and n) on the subsequent silene

cycloaddition reaction (Figure 27).

o)
i N Si(SiMes)s
L L St
X n
429
Figure 27

4.3.2.1 Acylpolysilane synthesis

The next stage in the project involved the synthesivarious acylpolysilanes. This could be
accomplished by utilising the previously establgisequence (Chapter 4, Section 4.2). The
results are summarised in Table 21. As before,eenid for the formation of acylpolysilanes
was confirmed through analysis of tH€ NMR spectrum with a signal & = 245-230 ppm
characteristic of the acylpolysilane carbonyl group
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0
CO,Me CO,Me CO,H
N ? X ? AN ? AN Si(SiMes)
| Al | b | c | €3
R £ RO B 'y R _Cy R
= = = =
OH OR? OR? OR?

RIOH
ester alcohol Step A Step B Step C
entry ield ield ield
No R No R' No No No
(%) (%) (%)
1 463 5-Cl 436 }{\/\/\ 464 78 465 86 466 10
2 467 3-Me 436 }{\/\/\ 468 58 469 78 470 52
3 471 4-| 436 }{\/\/\ 472 84 473 84 474 -
4,5-fused
4 475 436 }{\/\/\ 476 52 477 86 478 53
phenyl
5 | 435 H [ 479 ZONSONGNL 480 41 481 - . .
6 | 454 4-OMe |479 NN | 482 44 483 ¢ . .
™
7 435 H 484 M 485 54° 486 87 487 54°

*PPh, DEAD, THF, RT, 20 min’LiOH, THF/H,O, 50 °C, 30 h.°1) (COCIly, DMF, DCM, 0°C, 3 h; 2)
Si(SiMey)sK, THF, -78°C, 3 h.%Sigmatropic rearrangement prod4#f92 isolated in 56%; see Scheme 129.
*Mixture of isomer€EZEE 86:14.

Table 21
The methyl esters used in the synthesis aB#E)-hexa-2,4-dien-1-o479 are commercially
available materials. The synthesis of di&3& was described in Section 4.2 of this chapter.
Diene 484 was prepared according to a well established piioee(Scheme 128¥° The
synthesis began with the reaction of aldeh488 with ylide 489 to afford490in 54% yield
as a mixture of isomerSZEE 86:14. Unsaturated esté®0 was then deconjugated under
basic conditions to give the corresponding ed®t This was subsequently reduced to

alcohol484in 78% yield. All data on this compound agree witbse given by Johnstoh&.
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M +  PhaPQL _— /\/\/\
H OMe DCM Cco,Me
6 h, RT
0
488 489 54% 490
NaHMDS

THF, 4 h,-78 °C
88%, EZ:EE - 84:16

- LiAIH,
Et,0, 1 h, RT W
WOH 78%, EZ:EE - 84:16 X CO,Me
484 491
Scheme 128

As can be seen from Table 21, the reaction of caflmoacid 473 with silylpotassium221
failed to produce the ccorresponding acylpolysildinéwhereas carboxylic ac#b5 gave the
desired product in low yield (entry 3 and 1). Thmuld indicate the unreliability of halo-
substituted acid chlorides for the acylpolysilaryatsesis. Furthermore, it was found that
ethers480and482did not form the corresponding carboxylic ack#d and483 respectively.

It was found that both compounds undergo a sefisgmatropic rearrangements. In the case

of ester482, the product of the rearrangements was isolatedfdty characterised (Scheme
129).

COH
LiOH
THF/H,0

w 30 h 50 °C MeO OH
X 492

56%
XN °

py=s

MeO O)
®

493 494 495

Scheme 129
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Key evidence for the formation of produt92 was found in théH NMR spectrum where
only two singlets corresponding to the aromaticqme were observed &t = 7.64 ppm and

84 = 6.45 ppm. In addition, thé4 NMR spectrum showed a doublet for the methyl grat

oy = 1.33 ppm. Further evidence was obtained by arsabf the mass spectrum showing m/z
= 247 (ES-, M-H).

Subsequently, the synthesis of a few acylpolysimmeogues was attempted using a different
procedure. On this basis, it was speculated thdpalysilane496 could be simply prepared
by isomerisation o187 (Scheme 130, Eq 1). Johnstone had previously shbatrEE ester
497 can be generated by treatmenE@festerd91 with I, (Eq 2)**® The reaction was carried

out in toluene under artificial light for two days.

0 0
Si(SiMes)s lo Si(SiMe3)s
I > 3\ 5\ Eq 1
NN toluene e Yo Y
O/M o)
4 6
487 496
I -
W S e Y Eq 2
CO,Me toluene CO;Me
491 497
Scheme 130

Following the procedure developed by Johnstone|uisn of acylpolysilan&87 was treated
with a single crystal of iodine. The presence @& tlesired compound in the crude product
was established bfH NMR spectroscopy. The geometry of the product asertained by
'H NMR spectroscopy where large coupling constamtaracteristic oftrans-substituted
double bonds were observelii{s = 15.4 Hz,Js4.6n = 15.4 Hz ppm). However, all attempts
to purify this compound on silica and neutral aloanwere unsuccessful. Interestingly, it was
found later that after 6 h, the isomerisation reacthermodynamic equilibriumEE other
isomers - 1.7:1) and prolonged exposure to amifiight caused only degradation of the
product.

Subsequently, the synthesis of acylpolysil&0& bearing an electron-withdrawing group in
the paraposition was carried out. It was speculated thais twould increase the
diastereoselectivity of the cycloaddition in a dani manner to that observed for

intermolecular processes (Chapter 2, Section h@heory, the synthesis would involve the
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Mitsunobu reaction of98 followed by introduction of a carboxyl group andngersion of

the carboxylic acid into the corresponding acylgdane (Scheme 131).

cl R— CO.H
F3C OH

sonicator

71%
498 499 500

R= /VLLLI/T\/\/\ 0O
Si(SiMe3)3
R
FsC o~
501
Scheme 131

Following the above analysis, the synthesis beg#h the reaction of phenot98 with
alcohol436 to afford499in 71% yield. Subsequently, synthesis of &) was undertaken
through a sequence involving preparation of orgastaltic reagen602 and reaction with

carbon dioxide (Table 22).

cl M CO,H
Step 1 Step 2
_R _R| T~ _R
FsC 0 FsC o FsC o]
499 502 500
SN 6
conditions
entry outcome
Step 1 Step 2
1 Mg, 24 h at reflux CO,,30 min at RT starting material
2 Rieke Mg, 24 h at reflux CO,,30 min at RT starting material
3 n-BuLi, 30 min at -78C CO,,30 min at RT product503+504
Table 22
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Disappointingly, every attempt to introduce a cashogroup proved unsuccessful.
Surprisingly, it was found that aryl chlorid®9 did not form the corresponding Grignard
reagent even with very reactive Rieke magnesiurtry(@).**’ However, the reaction with
BuLi gave a mixture of productS03 and 504 (503504-18:1) which arose fronortho-
lithiation of 499 (Scheme 132).

cl HO,C
R (:o2
FsC o

499 503 COZH

Re e XX
Scheme 132
Evidence confirming the formation 603 and504 was obtained from tht#H NMR spectrum
which showed the appearance of the AB sysi&m=(7.80 ppm andy = 7.26,5Jpara= 1.0Hz)
and the AX systenmb(; = 7.57 ppm and@y = 7.40,*Joino = 8.8Hz) respectively.

With the aim of varying the nature of the tethdtempts were then made to introduce an
amine group. It was speculated that the presen@n @mine group would make the silene
less reactive and therefore would increase thaeat@sselectivity of the cycloaddition (Figure
28). This type of stabilisation had been employedhake stable silenes (Chapter 1, Section
1.3.2).

OSiMe,
/Si(SiM83)2
T/M
505
Figure 28

It was anticipated this could be achieved by alkgta of amine507 with tosylate 506
(Scheme 133). The required tosyl&fs was synthesised by treatment of the corresponding
alcohol437 with tosyl chloride in 46% yield.
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507 508 509

Scheme 133

In order to find appropriate conditions for the yddition, several different conditions were
explored (Table 23). With the exception of KH, whiafforded small amounts of impure
product508 (entry 2), every effort to introduce a diene chaioved unsuccessful. Moreover,
it was found that prolonged heating of the reactmixture led to decomposition of the
tosylate. Formation of the product was confirmedabglysis of the GCMS trace showing a
peak for the molecular ion an/z = 245. In addition, théH NMR spectrum showed the
disappearance of the aromatic signalssat= 7.80-7.79 ppm andy = 7.36-7.35 ppm
attributed to the tosyl group.

entry base solvent conditions yield (%)
1 KOH DMF 24 h at 65C starting material
2 NaH DMF 6 h at RT then 24 h at 6& 13
3 NaHMDS DMF 24 h at RT then 24 h at 66 starting material
4 LDA THF 15 min at -78C then 24 h at RT  starting material
5 n-BulLi THF 15 min at -78C then 24 h at RT  starting material
6 n-BuLi + HMPA THF 15 min at -78C then 24 h at RT  starting material

®Flash column chromatography on silica gave an imsdge mixture of unreacted amiBi@7 and produc608.
Table 23

The reason for this failure was not obvious, howenehe case of lithium-based reagents it
was suggested that internal coordination led toftmmation of a very unreactive lithium
species510 (Figure 29). Unfortunately, an attempt to coorténghe lithium cation with

HMPA and therefore generate the reactive anion gavienprovement (entry 6).

125



510
Figure 29

4.3.2.2 Cycloaddition

With the various acylpolysilanes in hand, the nstdge was to attempt the thermolytic
formation of the corresponding silene species. Thusolution of acylpolysilane in toluene
was heated in a microwave reactor at 280until full conversion was achieved. The table

below summarises the products and diastereoseatadivbtained (Table 24).

(0]
T Si(SiMes)s
R—T
l = . X 180°C, toluene
O/M
Rl
entry R R* acylpolysilane time (min)  product yield (%) ds
1 4-OMe H 458 15 511 not stable 2:1
2 5-Cl H 466 75 512 60 2.7:1
3 3-Me H 470 90 513 87 3.7:1
4 4,5-fused phenyl H 478 75 514 75 2.2:1
5 H CH; 487 60 515 - -

Table 24
Importantly, in all cases the main diastereoisopuwssesses the same stereochemistry as that
observed during earlier experiments with acylpddys446. In addition, it appears that there
is little effect upon varying the substituents be tiromatic ring on the diastereoselectivity of
the intramolecular cycloaddition reactions. Morapwewas found that the 4-OMe substituted

adduct511 is very unstable and all attempts to purify anltiyfaharacterise this compound
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were unsuccessful and led to decomposition. Entrshédws an unsuccessful attempt to
synthesise addu#tls. It is unclear whether thermolysis of the acylsibne487led directly

to decomposition, or whether the cycloadd&tb was decomposed by high temperature.
Other adducts are much more stable, but, they deasenslowly in solution.

4.4 Use of MeLi

As discussed in the introduction (Section 4.1), thedified Peterson olefination and
thermolysis of acylpolysilanes were chosen as ththads of silene generation in this project.
However, since the modified Peterson olefinatialedato produce any intramolecular adduct
and thermolysis of acylpolysilanes gave the praglwgth only moderate diastereoselectivity,
an alternative method was explored. This involveditéon of MeLi to acylpolysilanes at low
temperature (Scheme 134). The reaction was inastigoy Ishikawa and essentially follows
the same pathway as the modified Peterson olefimatia intermediate$16 and 5178
Under the reaction conditions siled8 forms dimer519 and ene type produds20

Interestingly, all attempts to trap sileb&8were unsuccessful.

(0] . Me OLi Me, OSiMej
MeLi - - .
Ph Si(SiMeg); -80°Cto RT Ph Si(SiMes)s Ph ?i(snweg)2
over night Li
211 516 517

Me
B Me, SiMes
Ph Si(SiMes)s P s 5i(siMes), _/
| + - SI\
Si(SiMes), ve=% Si(SiMe)2 or Sivtes
Ph
Ph
520 519 518
41% 19%
Scheme 134

It was hypothesised that Ishikawa’s protocol woaltbw the synthesis of intramolecular
adducts with enhanced diastereoselectivity, sinice teaction is performed at low
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temperature. According to Whelligan’'s research piesence of LiBr promotes elimination of
LiOSiMe; and thus formation of silerfl@ Therefore the MelL-LiBr complex was used instead

of MeLi. The results of the experiments are sumseakin Table 25.

Me, OH
Si(SiM93)3 MeLiLiBr Si(SiMe3)3
Y N Et20 N
0 AN o) XX
446 521
SlMe3
Me3S|\ /OS|M93 MesSiy S'Mea
/\/\/\ ©f</\/\/\
522 523 524
N product 524 product 522 and 523 product 521
entry conditions i i : :
yield (%) ds yield (%) ratio 522:523 yield (%)
1 16 h at-78C - - - - 42
1 h at -78C then 16 h at
2 32 251 29 11
-20°C
addition of MeLiLiBr at
3 -78°C, then 6 h at -26C 57 251 12 25:1
and 16 h at 16C
30 min at -78C then 16
4 38 2.3:1 17 1:0

hat RT

?Products inseparable by flash column chromatography

Table 25
In general four different product&2l, 522 523 and 524 could be obtained by varying the
reaction conditions. Entry 1 describes the conwersif acylpolysilanet46 to silyl alcohol
521in 42% yield. This showed that at -78 intermediate lithium alkoxidg25is reasonably
stable and did not isomerise to silyllithium sped@@6 (Scheme 135). The alcohol product
was confirmed by théH NMR spectrum, which showed a new signaldat= 1.80 ppm
corresponding to the methyl group, and IR datacivkhowed the appearance of the broad IR
band characteristic of alcohols at 3506 crEntries 2-4 show that the reaction proceeds
through 1,3-SiMg migration at higher temperatures. SilaB23 arises from unreacted

silyllithium 526, and silaneéb22 is a result of an OSiMeshift (Scheme 135). Formation of
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523was confirmed by analysis of thed NMR spectrum, which showed a signabat= 3.65
ppm for theH-Si proton and a signal af; = 2.02 ppm corresponding to the methyl group.
Similarly, evidence for the formation of produs22 was confirmed by analysis of tHel
NMR spectrum, which showed signalssat= 3.06 ppm (dJ = 7.7Hz) andy = 1.41 ppm (q,

J = 7.7Hz) corresponding to the benzyl proton andhgiegroup respectively. Finally,
elimination of LiOSiMg led to the formation of intermediate sileB28 which underwent
intramolecular cycloaddition to form cycloadd®@4. Interestingly, the cycloadduct was only
formed in good yield when the reaction was cardatlat -10°C (entry 3). This indicates that

at lower and higher temperatures side reactiongpetarwith formation of the cycloadduct.

Me OLi Me OH
Si(SiMes)s  MeLiLiBr Si(SiMeg)s| Si(SiMe3)s
worku
_R Et,0 _R p _R
o) -78°C o) o
446 525 521
l -20°C
MesSiy_ e MesSi\ pies MesSiy e
H/SI OSiMe3 Li/Si OSiMe3 Megsio/s' Li
B ——— B ——
Me workup Me OSiMe Me
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Scheme 135

Formation of the cycloaddu&24 was confirmed by examination of thid NMR spectrum,
which revealed new signals & = 6.15 ppm andy = 5.63 ppm corresponding to the vinyl
protons. The configuration of the major diasterewmisr was assigned on the basis of 2D

correlation NMR experiments (Figure 30).
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In summary, this experiment showed that Ishikayattocol could be employed in the silene
intramolecular cycloaddition reaction. In additidhis experiment also suggests that this low-
temperature silene generation method would give thyeloadducts with similar

diastereoselectivity to the thermal method.

4.5 Attempted oxidation of silacycle 460

Preliminary investigations focused on the oxidatwincycloadduct460 obtained by the
thermolysis of the corresponding acylpolysiladd6. In theory the oxidation of the
cycloadduct should lead to the formation of keté@8 (Scheme 136). Overall this sequence

would represent a novel strategy for the generatfarew C-C bonds.

(0] o T
Si(SiMes)s A
I NN )
446 460 529
Scheme 136

In view of this, a range of reagents were screemeker various conditions (Table 26). Entry

1 shows the attempt to directly oxidise cycloaddi& with mCPBA. This reagent was used
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previously with success to oxidise various cyclgames in good yield (Chapter 2, Section
2.8.3). Unfortunately, in this case cycloaddd4@&0 did not react with mCPBA at room

temperature and decomposed when heated @@ 66r 24 h.

entry conditions outcome

mCPBA, KF, DMF, 22 h at RT then 24 hat  starting material decomposed upon heating at

60°C 60°C
2 BF;2AcOH, DCM, 20 min at RT intractable mixture
3 BF;2AcOH, DCM, 4 h at -78C intractable mixture
4 TFA, KHF,, DCM, 10 min at RT product532
5 TFA, KHF,, DCM, 6 h at RT intractable mixture
6 1) TFA, KR, DCM, 10 min at RT intractable mixture
2) mCPBA, DMF, 24 h at RT
7 TfOH, DCM, 1h at -78C intractable mixture
Table 26

Speculating that initial activation with a fluorideurce was required, attempts were made to
fragment the silacycle ring first. This could béhimved by employing the reactivity of the
allylsilane system (Scheme 137). Therefore, theloaglduct was treated with boron
trifluoride acetic acid complex (entries 2-3). Tieaction was completed after 20 min at room
temperature and after 4 h at -%®, but led only to the formation of an intractableture of

products.
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529

Scheme 137
Subsequently, trifluoroacetic acid was employednnattempt to fragment the silacycle ring
(entries 4-5). As can be seen, the reaction waplieafter 10 min at room temperature and
gave the produd&32 which decomposes when stirred for long periodsnoé (Scheme 138).
The structure of this product was suggested by Ndy&ctroscopy. A comparison of the
NMR spectrum of the starting material and the pobdshowed the disappearance of the
OSiMe; signal. Additional evidence for the formation abguct532 was found in thé’F
NMR spectrum where signals corresponding to the @Bup were observed for the major
and minor isomers ar = -76.8 ppm andr = -76.4 ppm, respectively. Unfortunately, all
attempts to purify and fully characterise this coonpd were unsuccessful and led to
decomposition. Moreover an attempt to oxidise tlele product was unsuccessful leading to

an intractable mixture of products (entry 6).

TFA, KHF,

CH2C|2, RT, 10 min

460 532
Scheme 138
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Finally, a solution of cycloaddud60in DCM was treated with triflic acid at -7& (entry 7).

Interestingly, the colour of the reaction mixturbanged to deep red immediately after
addition of the acid. This could indicate the fotima of some ionic intermediate in the
reaction mixture (Figure 31). However, only anactable mixture of products was formed on

agueous work-up.

533

Figure 31
Overall, these preliminary results suggest thagrfrantation of the intramolecular adduct can
be problematic. This could be attributed to théditg of the molecule which does not allow

the appropriate conformation to react with an etgittile (Figure 32).

Figure 32

4.6 Conclusions

In conclusion, it is believed that this is the ffirseport of an intramolecular silene
cycloaddition reaction. Preliminary investigatidnsdicate that this reaction proceeds to give
silacycles in good yield, although with moderatastiereoselectivity. Disappointingly, initial
attempts to oxidise the silacycle proved to be oosssful. However, it has to be emphasised
that work in this area remains incomplete duerteetconstrains and the pressure of working

on other aspects of the project.
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5 Conclusions and Future work

This thesis deals with the development of novelhoe$ for organic synthesis through the
reactions of readily accessible silenes and theespient elaboration of the resultant adducts.
It was shown that the reaction of Brook siloxysderwith electron-deficient dienes/alkenes
led to the formation of silacyclobutanes, which eindhe reaction conditions underwent
iIsomerisation to the corresponding cyclopropandsesé& cyclopropanes were subsequently
elaborated into 1,4-dicarbonyl compounds.

In the second phase of the work the synthetic piaieof a-silyl diazo carbonyl compounds
as silene precursors was examined. It was found thase compounds undergo
decomposition to provide silylketenes. Such proeggsoceed via a short-lived silene and an
oxasilete intermediate. These intermediates didreatt with dienes, alkenes or alkynes.
Interestingly, oxasiletes react widt3-unsaturated ketones to form the corresponding@ddu
usually with good diastereoselectivity. In fututieese adducts could be used in the synthesis
of more complex structures (Scheme 139).
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Scheme 139

Finally, it was shown in Chapter 4 that intramolecisilene cycloaddition reactions can be

used to synthesise more complex skeletons. Thavad thermolysis or addition of MeLi to
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acylpolysilanes at low temperature. Both methods&galducts with good yield and moderate
diastereoselectivity. Unfortunately, the silacyétemed by thermolysis of acylpolysilanes
proved difficult to oxidise. This is attributed tioe presence of the OSiigroup adjacent to
the disilyl group. Therefore, future work could @scon the development of a suitable
oxidation procedure. In addition, it is believedatththe cycloadducts synthesised via
Ishikawa’s protocol could be easily oxidised sirtbey do not have an OSiMeroup
(Scheme 140).

HO

Me
oxid" H

523 537

Scheme 140
This methodology could present a novel approacthmeosynthesis of structurally interesting

and biologically active natural products 588", 539"° (Figure 33).

|
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potentially antitumoric, potential anxiolytic,
antihypertensive antidepressant properties
538 539

Figure 33
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6 Computational Details

Calculations were carried out using Gaussian03vsoé packagé® The geometries were
optimised with density functional theory using Beskthree parameter exchange functional
and the correlation functional of Lee, Yang, andr PB3LYP),***'*with a 6-31G(d) basis
set. Frequencies were calculated at B3LYP/6-31@&(d)der to identify them as minima. The
NMR chemical shifts were evaluated by using theggaimcluding atomic orbitals method
(GIAO)*** with the B3LYP and BPW9%*!?*functionals. These methods were accompanied
by 6-31G(d,p) and aug-cc-pvDZ basis sets. In otdecompare isotropic shieldings with
experimental chemical shifts the NMR parameterstétramethylsilane were calculated for

each basis set and used as the reference molecule.

7 Experimental procedures

7.1 General Procedures

All air- and/or moisture-sensitive reactions weegried out under an argon atmosphere in

oven-dried glassware.

Solvents
40-60 Petroleum ether was redistilled before ugkrafers to the fraction of light petroleum
ether boiling in the range 40-8C. Benzene was dried over 4 A molecular sievesotkler

solvents were obtained dried from Innovative Tedbgwy Solvent Purification System (SPS).

Reagents
Commercially available reagents were used withauthér purification, apart from the
following: trimethylacetyl chloride was distilleddm anhydrous #i0, EN was distilled

over KOH pelletst-BuOK was dried under vacuum at %D overnight before use.
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Chromatography

Analytical thin layer chromatography (TLC) was mermed using commercially available
aluminium-backed plates coated with silica gel 6£) fJV2s4) or neutral aluminium oxide 60
Fas4 (UVassg), and visualised under ultra-violet light (at 26#), or through staining with
ethanolic phosphomolybdic acid followed by heatifkgash column chromatography was

carried out using 200-400 mesh silica gel 4Q:68or neutral alumina

Melting point
Melting points were determined either using Ther@uentific 9100 or Gallenkamp melting

point apparatus and are uncorrected.

Microwave
Microwave experiments were carried out using a déters Chemistry Emrys Optimizer

Workstation.

Gas chromatography
Gas Chromatography was carried out on a Hewletkd?d890 series Il gas chromatograph

fitted with a 25 cm column and connected to a flaomésation detector.

IR spectroscopy
Infrared spectra were recorded using a Diamond Adtkenuated total reflection) accessory
(Golden Gate) or as a solution in chloroform vengmission IR cells on a Perkin-Elmer FT-

IR 1600 spectrometer.

NMR spectroscopy

H, B¢, ¥F, and?°Si NMR spectra were recorded in CRGUnless otherwise stated) on
Varian Mercury-200'H), Varian Mercury-400*H, *°C, *°F), Bruker Avance-400'd, *°C,
295j), Varian Inova-500*H, **C, 2°Si) or Varian VNMRS-700’d, **C, 2°Si) spectrometers
and reported as follows: chemical shiff{ppm) (number of protons, multiplicity, coupling
constant) (Hz), assignment). AIF?C NMR spectra were proton decoupled. The chemical
shifts are reported using the residual signal oOGHs the internal referencéy(= 7.27 ppm;

oc = 77.0 ppm). All chemical shifts are quoted in tpaper million relative to
tetramethylsilaned = 0.00 ppm) and coupling constants are given irnzHe the nearest 0.5
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Hz. Assignment of spectra was carried out using COSOESY, HSQC, and HMBC

experiments.

Mass spectrometry

Gas-Chromatography mass spectra (El) were takewy asi hermo-Finnigan Trace with a 25
cm column connected to a VG Mass Lab Trio 1000ctEbspray mass spectra (ES) were
obtained on a Micromass LCT Mass Spectrometer. Hagolution mass spectra were
obtained using a Thermo-Finnigan LTQFT mass spewmter or Xevo QToF mass

spectrometer (Waters UK, Ltd) by Durham UniversMass Spectrometry service, or
performed by the EPSRC National Mass Spectromedryi& Centre, University of Wales,

Swansea.

7.2 Experimental detail

Tetrakis(trimethylsilyl)silane 1#°#1219

SiMes

Megsi—Ti—SiMe3

SiMe3
To a solution of chlorotrimethylsilylsilane (224 n1.76 mol) in THF (400 ml) was added
pieces of lithium ribbon (31.0 g, 4.46 mol) andrstl for 1 h at room temperature. A solution
of silicon tetrachloride (43 ml, 0.38 mol) in THBOO ml) was prepared. A portion of the
resulting solution (40 ml) was added dropwise toe thstirred solution of
chlorotrimethylsilylsilane. After 4 h stirring, themaining silicon tetrachloride solution was
added over 2 h. The reaction mixture was stirredl®bh and filtered through Celite®. The
filtrate was added to dilute HCI (5 M, 300 ml). Theganic layer was separated, and the
aqueous layer was extracted with@{3 x 150 ml). The combined organic layers weredr
over MgSQ, filtered, and concentrated under reduced pressReerystallisation from
acetone yielded tetrakis(trimethylsilyl)silane, @3y, 53%). Mp: 249-252C (lit. 256-260
°C); IR (ATR) 2951, 2895, 1243, 825, 685, 6207y (400 MHz) 0.20 (36H, s, i3); d¢
(100 MHz) 2.6 CHa); 8si (80 MHz) -9.9; m/z (El) 320 ([M], 36%), 305 ([M-CH]", 19),
232 ([M-CHs- Si(CHs)s] ™, 100), 173 (36), 158 (29), 131 (16), 73 (84).
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Acetyltris(trimethlsilyl)silane ! 220
0

Method 1

To a solution of tetrakis(trimethylsilyl)silane (& g, 9.38 mmol) in THF (39 ml) was added a
solution of methyllithium (5.84 ml of a 1.6 M saloih in E&O, 9.34 mmol) and stirred at

Si(SiMes)3

room temperature. After 24 NMR analysis showed a signal that corresponchteacted
tetrakis(trimethylsilyl)silanedy 0.20 ppm) therefore a second portion of methyllitn (0.6
ml, 1.6 M) was added and the reaction mixture wiased for a further 12 h (70% conversion
by 'H NMR). The solution was then cooled to “f8and added dropwise to a cooled solution
(-78 °C) of acetylchloride (1.33 ml, 18.7 mmol) in THR(inl). The mixture was stirred at -
78°C for 3 h, before quenching by addition of dilute@l (0.5 M, 50 ml) and extracting with
Et,O (3 x 60 ml). The combined organic layers werediover anhydrous MgSQfiltered,
and concentrated under reduced pressure. Flasmeatiromatography (pet. ether : diethyl

ether 95:5) gave the title compound as a waxy ctdes solid (0.80 g, 32%).

Method 2

Tetrakis(trimethylsilyl)silane (2.26 g, 7.05 mmalhd dry potassiuntert-butoxide (0.83 g,
7.40 mmol) were dissolved in THF (30 ml) and strier 3 h at room temperature. A
suspension of Cul (1.41 g, 7.40 mmol) in THF (5 w#)s added and the reaction mixture was
stirred for 5 min. The black solution was then atideopwise via cannula to a cooled®()
solution of acetyl chloride (1.0 ml, 14.1 mmol)TiIF (20 ml). After stirring for 3 h at 8C

the reaction mixture was allowed to reach room tnapire and then saturated NaHCO
solution (20 ml) was added. The organic layer wesagted, and the aqueous layer was
extracted with EO (2 x 20 ml). The combined organic layers weredirover MgSQ
filtered, and concentrated under reduced pressilamsh column chromatography (pet. ether :
diethyl ether 95:5) gave the title compound as ayelourless solid (1.02 g, 50%): B.5
(pet. ether : diethyl ether 95:5); IR (ATR) 295898, 1633, 1244, 1112, 823, 688, 625%cm
dn (500 MHz) 2.29 (3H, s, C(OMxs), 0.24 (27H, s, Si(B3)s); dc (125 MHz) 244.0 CO),
42.1 (CHs), 1.0 (SiCHs3)3); 8si (80 MHz) -12.2; m/z (EI) 290 ([M], 1%), 275 ([M-CH]™", 9),
217 ([M-Si(CH)3] ™, 12), 201 (16), 187 (18), 173 (30), 143 (35), 133), 117 (13), 73 (100).
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Benzoyltris(trimethylsilyl)silane®! 211

Ph Si(SiMe3)3

Tetrakis(trimethylsilyl)silane (9.76 g, 30.4 mmalhd dry potassiuntert-butoxide (3.75 g,
33.5 mmol) were dissolved in THF (60 ml). The swmintwas stirred for 3 h at room
temperature. The orange solution was then addguivie via cannula to a cooled (-78)
solution of trimethylacetyl chloride (10.6 ml, 9In&mol) in THF (60 ml). After stirring for 3
h at -78°C the reaction mixture was allowed to reach roompierature and then NHH,O
(1% w/w, 50 ml) and RO (50 ml) were added. The organic layer was sepdyatnd the
aqueous layer was extracted with@t2 x 50 ml). The combined organic layers werediri
over MgSQ, filtered, and the solvent was removed under redyaressure. Flash column
chromatography (pet. ether : chloroform 7:3) gdwe title compound (7.35 g, 69%) as a
yellow oil. R 0.4 (pet. ether : chloroform 7:3); IR (ATR) 2952894, 1608, 1245, 1200,
1070, 826, 765, 690 ¢y (500 MHz) 7.75-7.72 (2H, m, Ar-2,8), 7.53-7.43 (3H, m, Ar-
3,4,5H), 0.26 (27H, s, Si(B3)3); 6c (125 MHz) 236.4CO), 144.1 (ArC-1), 132.4 (Arc-4),
128.2 (ArC-2,6), 127.4 (Ar€-3,5), 1.5 (SiCH3)3); dsi (80 MHz) -11.5, -71.3; m/z (ES+) 353
(IM+H] ™, 40%), 295 (12), 124 (100).

4-Methoxybenzoyltris(trimethylsilyl)silane® 213
0

Si(SiMe3)3

MeO
Tetrakis(trimethylsilyl)silane (3.20 g, 10.0 mmalhd dry potassiuntert-butoxide (1.28 g,

11.1 mmol) were dissolved in THF (20 ml) and stirfer 2 h at room temperature. The
orange solution was then added dropwise via cantwla cooled (-78C) solution of 4-
methoxybenzoyl chloride (3.0 ml, 22.0 mmol) in TP ml). After stirring for 4 h at -78C
the reaction mixture was allowed to reach room tenapire and then dilute HCI (1 M, 15 ml)
was added. The organic layer was separated, aratjttemus layer was extracted with@&(2

x 20 ml). The combined organic layers were driedraMgSQ, filtered, and concentrated
under reduced pressure. Flash column chromatogrgghyether : diethyl ether 9:1) gave the
titte compound as a yellow oil (1.04 g, 27%).@0R5 (pet. ether : diethyl ether 9:1); IR (ATR)
2952, 2891, 1606, 1589, 1563, 1249, 1209, 11579,1822, 687, 618 cih) &y (500 MHz)
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7.76-7.74 (2H, m, Ar-2,64), 6.94-6.92 (2H, m, Ar-3,5), 3.88 (3H, s, OH3), 0.26 (27H, s,
Si(CH3)s); 8¢ (125 MHz) 233.1 CO), 163.2 (ArC-4), 137.6 (Arc-2,6), 130.0 (Are-1),
113.3 (ArC-3,5), 55.4 (@H3), 1.50 (SiCHa)3); dsi (80 MHz) -11.5, -72.3; m/z (ES+) 383
([M+H] ™", 10%), 367 (IM-CH]"", 100).

4-(Trifluoromethyl)benzoyltris(trimethylsilyl)silan €* 215
Q

Si(SiMes)s

FaC
Tetrakis(trimethylsilyl)silane (1.69 g, 5.3 mmohaddry potassiuntert-butoxide (0.62 g, 5.5
mmol) were dissolved in THF (20 ml) and stirred h at room temperature. The orange
solution was then added dropwise via cannula tooaled (-78 °C) solution of 4-
(trifluoromethyl)benzoyl chloride (1.6 ml, 10.6 mithan THF (15 ml). After stirring for 2 h
at -78°C the reaction mixture was allowed to reach roompkerature and then solvent was
evaporated. Flash column chromatography, elutiaadlignt O to 5% diethyl ether in hexane,
gave the title compound as a yellow oil (1.29 /%8R 0.8 (pet. ether : diethyl ether 95:5);
IR (ATR) 2952, 2896, 1605, 1505, 1406, 1323, 1241,0, 1132, 1064, 1016, 825, 687, 624
cm™; 8y (700 MHz) 7.82-7.81 (2H, m, Ar-2,8), 7.74-7.73 (2H, m, Ar-3,54), 0.27 (27H, s,
Si(CH3)s); 8¢ (175 MHz) 236.5C0), 146.2 (ArC-1), 133.7 (qJ.= 32.6Hz, ArC-4) 127.4
(Ar-C-2,6), 125.5 (0Jcs = 3.8Hz, ArC-3,5), 123.8 (q'Je.r= 271.8Hz,CFs), 1.42 (SiCH3)3);

dsi (140 MHz) -11.3, -69.9; m/z (EIl) 405 ([M-GH', 30), 281 (56), 207 (32), 190 (29), 173
(62), 147 (61), 73 (100).

Trimethylacetyltris(trimethylsilyl)silane 8 217
Q

t-Bu Si(SiMes)3
Tetrakis(trimethylsilyl)silane (15.0 g, 46.8 mmalhd dry potassiuntert-butoxide (5.77 g,
51.4 mmol) were dissolved in THF (80 ml). The swmintwas stirred for 3 h at room
temperature. The orange solution was then addguvise via cannula (over a 1 hour period)
to a cooled (-78C) solution of trimethylacetyl chloride (6.33 mil.8 mmol) in THF (50 ml).
After stirring for 5h at -78C the reaction mixture was allowed to reach roompierature and
then dilute HCI (1 M, 52 ml) and &9 (50 ml) were added. The organic layer was sepdyat
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and the aqueous layer was extracted witlOE2 x 50 ml). The combined organic layers were
dried over MgSQ filtered, and the solvent was removéa vacuo Flash column
chromatography (pet. ether : chloroform 7:3) gdwe title compound (13.3 g, 85%) as a
white solid. R0.6 (pet. ether : chloroform 7:3); Mp: 176-178 #&;(ATR) 2952, 2896, 1625,
1243, 824, 687, 621 cmdy (500MHz) 1.02 (9H, s, C(O)Cds)s), 0.22 (27H, s, Si(H3)3);

d¢c (125MHz) 248.2 CO), 49.3 C(CHa)s), 24.7 (CCH3)3), 1.6 (SiCH3)3); dsi (B0OMHZz) -11.6,
-78.2; m/z (El) 317 (IM-CH™, 12%), 275 ([M-Si(CH)3] ™", 6), 247 (71), 173 (100), 159 (29),
147 (60), 131 (45), 117 (32), 73 (100), 45 (36).

2-Furoyltris(trimethylsilyl)silane 222

[\ Si(SiMes)s

O
(0]

Tetrakis(trimethylsilyl)silane (4.95 g, 15.4 mmalhd dry potassiuntert-butoxide (1.82 g,
16.2 mmol) were dissolved in THF (30 ml) and stirfer 2 h at room temperature. The
orange solution was then added dropwise via cartowacooled (-78C) solution of 2-furoyl
chloride (4.6 ml, 46.3 mmol) in THF (30 ml). Aftstirring for 3 h at -78C the reaction
mixture was allowed to reach room temperature dweth tNH/H,O (1% w/w, 25 ml) and
Et,O (25 ml) were added. The organic layer was sepdyaand the aqueous layer was
extracted with BO (2 x 25 ml). The combined organic layers weresdlrover MgSQ
filtered, and the solvent was removed under redygecedsure. Flash column chromatography
on silica, elution gradient 5 to 20% diethyl etherhexane, afforded the product as an
unstable yellow oil (1.92 g, 36%): B.5 (pet. ether : diethyl ether 4:1); IR (ATR) P92892,
1587, 1554, 1455, 1395, 1241, 1151, 1078, 1011, BB cni; 54 (700 MHz) 7.54 (1H, dJ

= 1.4Hz, 5H), 6.91 (1H, dJ = 3.5Hz, 3H), 6.54 (1H, ddJ = 3.5Hz,J = 1.4Hz, 4H), 0.25
(27H, s, Si(®13)3); 8¢ (175 MHz) 223.0 €O), 159.2 C-2), 144.9 C-5), 112.4 C-4), 110.5
(C-3), 1.3 (SiCHa3)3); dsi (140 MHz) -10.8, -70.2; m/z (ES+) 343 ([M+H]10%), 327 ([M-
CHz]™, 100).
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(2E,4E)-Diethyl hexa-2,4-dienedioat®’ 230
2 3 1
LR COE
EtO,C - -

Chlorotrimethylsilane (30.0 ml, 236 mmol) was added solution of (E, 4E)-diethyl hexa-
2,4-dienedioate (10.0 g, 70.4 mmol) in EtOH (300.mhe reaction mixture was heated to
reflux and maintained for 20 h. The reaction waentlquenched by addition of a saturated
NaHCGQ; solution (200 ml) and diluted with g (100 ml).The aqueous layer was separated
and extracted with ED (2 x 100 ml). The combined organic fractions weseshed with
brine (50 ml), dried over MgSQfiltered, and concentrated under reduced pregsuyeeld
the title diester as a white solid (13.9 g, 1008%)0.6 (diethyl ether : pet. ether 8:2); Mp: 54-
55°C (lit. **" 57-59°C); IR (ATR) 3068, 2981, 1696, 1610, 1312, 123%3,11022, 861, 694
cm’; 8y (500 MHz) 7.33-7.29 (2H, m, B, 6.21-6.18 (2H, m, B4), 4.24 (4H, g, = 6.8Hz,
CH2CHj3), 1.31 (6H, tJ = 6.8Hz, CHCH3); ¢ (125 MHz) 165.9 C-1), 140.8 C-2), 128.4
(C-3), 60.8 CH,CHs), 14.2 (CHCHs); m/z (El) 198 (IM[’, 5%), 153 ([M-OCHCHs]"
36%), 125 ([M-OC(O)CHCH3] ", 39), 108 (10), 97 (100), 79 (20), 69 (15), 51)(2® (43).

General procedure for the formation of cycloadducin carius tube

A solution of polysilane and silenophile in dry zene was prepared in a round bottom flask
and transferred via syringe to a tube with tap uadgon. The solution was then degassed by
standard freeze-pump-thaw technique, repeating ttinees. The tube was then sealed and
heated in a metal pipe. After heating, the tube altasved to cool to ambient temperature and

then further by immersion in liquid nitrogen befaening.

(2RS,3SR,4SR)-Ethyl 4-tert-butyl-3-((E)-3'-ethoxy-3’-oxoprop-1'-enyl)-1,1-
bis(trimethylsilyl)-4-(trimethylsilyloxy)siletane-2 -carboxylate 231aand
(1RS,2RS,3SR)--Ethyl 2-tert-butyl-3-((E)-3’-ethoxy-3’-oxoprop-1'-enyl)-2-(1",1'-
bistrimethylsilyl-1’-trimethylsiloxy)silylcycloprop anecarboxylate 232a

OSiMe3
+-Bu |
s t-Buy . ~Si(SiMes);
(Me3Si),S OSiMes 23
L EtO,Cr11., aH
MY ;3‘\_ 2
EtO,C H COEt H
CO,Et
231la 232a
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Method A

A solution of trimethylacetyltris(trimethylsilyl)gEne 217 (0.51 g, 1.53 mmol) and EX4E)-
diethyl hexa-2,4-dienedioa30(1.22 g, 6.11 mmol) in dry benzene (7.0 ml) wastbe in a
sealed tube at 20 for 3 h. Concentration, followed by flash colueimromatography (pet.
ether : diethyl ether 9:1) afforded the prod28iaas a yellow oil (0.19 g, 23%) and product
232 as a mixture of diastereoisomers (0.36 g, 46%, 12.7Recrystallisation from
MeCN/CHCE yielded compoun@32as a pure isom&32a(0.21 g, 58%).

Experimental data for compou2@1la

Rf 0.3 (pet. ether : diethyl ether 9:1); IR (ATR) 292899, 1715, 1645, 1246, 1145, 1082,
1048, 834 cnt; 84 (500 MHz) 7.01 (1H, dd) = 15.6Hz,J = 7.0Hz, 1'H), 5.82 (1H, dd,) =
15.6Hz,J = 1.2Hz, 2'H), 4.20-4.12 (2H, m, 2’-C&CH,CHj3), 4.03 (2H, gq,J = 7.0Hz, 2-
CO,CH,CHj3), 3.75 (1H, dddJ = 12.0Hz,J = 7.0Hz,J = 1.2Hz, 3H), 2.56 (1H, dJ =
12.0Hz, 2H), 1.26 (3H, tJ = 7.0Hz, 2-CQCH,CH3), 1.21 (3H, tJ = 7.0Hz, 2-OCHCH3),
0.95 (9H, s, C(B3)3), 0.27 (9H, s, Si(B3)3), 0.23 (18H, s, Si(B3)3); oc (125 MHz) 174.0
(2-CO), 166.4 (2'€O), 148.6 C-2"), 121.7 C-1'), 96.0 C-4), 60.2 (2'-CQCH,CHj3), 59.7
(2-COCH,CHg), 49.6 (C-3), 37.4 C(CHs)3), 29.1 C-2), 29.0 (CCHs)3), 14.3 (2'-
CO,CH,CHj3), 14.2 (2-CQCH,CHj3), 4.4 (OSiCHs)3), 0.8 (SiCHS3)3), 0.5 (SiCH3)3); dsi (80
MHz) 6.4, -10.3, -14.8, -16.1; m/z (El) 530 ([M]5%), 473 ([M-C(CH)3]*", 7), 457 ([M-
Si(CHa)3] ™, 19), 343 (20), 273 (49), 213 (52), 191 (49), PBH( 147 (31), 117 (81), 73 (100),
HRMS (EI) found [M]" 530.2743, GHs00sSis requires [M] 530.2741.

Experimental data for compou282a

Mp: 104-106°C; R 0.4 (pet. ether : diethyl ether 9:1); IR (ATR) B9®2898, 1713, 1635,
1251, 1175, 1135, 1027, 832 ¢ndy (500 MHz) 7.10 (1H, ddj = 15.0Hz,J = 10.0Hz, 1'-
H), 6.01 (1H, dJ = 15.0Hz, 2'H), 4.22-4.16 (2H, m, 2'-C&H,CHs), 4.13-4.00 (2H, m, 1-
CO,CH,CHjy), 2.33 (1H, ddJ = 10.0Hz,J = 5.0Hz, 3H), 2.31 (1H, dJ = 5.0Hz, 1H), 1.29
(3H, t,J = 7.0Hz, 2-CQCH,CH3), 1.25 (3H, t,J = 7.0Hz, 1-CQCH,CH3), 1.10 (9H, s,
C(CH3)3), 0.14 (9H, s, OSi(B3)3), 0.13 (9H, s, Si(B3)3), 0.12 (9H, s, Si(B3)3); d¢c (125
MHz) 172.6 (1€0), 166.1 (2'€0O), 148.0 C-1’), 122.3 C-2), 60.9 (1-CQCH,CHs), 60.3
(2'-CO,CH,CHj3), 37.9 C(CH3)3), 34.8 C-3), 33.4 C-1), 31.3 (CCHs3)3), 29,0 C-2), 14.3 (1-
CO,CH,CHj3), 14.2 (2'-CQCH,CH3), 3.3 (OSiCHz)3), 0.8 (SiCHz3)3), 0.6 (SiCHz3)3); dsi (80
MHz) 4.6, -16.1, -16.9; m/z (El) 515 ([M-GH', 7%), 457 ([M-Si(CH)3]", 12), 207 (14),
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191 (29), 147 (12), 117 (27), 73 (100), 57 (18),(a8), Anal. Calcd for &HsgOsSis: C,
54.29; H, 9.49. Found: C, 54.07; H, 9.55.

Method B

A solution of trimethylacetyltris(trimethylsilyl)ine (0.50 g, 1.50 mmol) and§2E)-diethyl
hexa-2,4-dienedioate (0.30 g, 1.50 mmol) in a mtf toluene (2.97 ml) and pyridine (0.03
ml) was heated in a microwave tube at 2@0for 0.5 h. Concentration, followed by flash
column chromatography on silica (pet. ether : die¢ther 9:1) afforded the produ28laas

a yellow oil (0.19 g, 24%) and produ282 as a mixture of diastereoisomers (0.31 g, 38%,
3:1). Recrystallisation from MeCN/CH&Yielded compoun@32as a pure isom&32a(0.18

g, 57%). Spectroscopic data for both produZda and 232a were consistent with data
presented itMethod A

(1RS,2RS)-Dimethyl 3-tert-butyl-3-(1’,1’-bistrimethylsilyl-1’-
trimethylsiloxy)silylcyclopropane-1,2-dicarboxylate 235
OSiMes
t-Bu 3\\\\|Si(SiMe3)2

MeO,Ci,, WvH
2

H COoMe
A solution of trimethylacetyltris(trimethylsilyl)ine (0.25 g, 0.75 mmol) and dimethyl
fumarate (0.43 g, 3.00 mmol) in dry benzene (3.5was heated in a sealed tube at 200
for 3 h. Concentration, followed by flash colummrainatography (pet. ether : diethyl ether
9:1) afforded the product as a colourless oil (@133%). R 0.5 (pet. ether : diethyl ether
9:1); IR (CHCE) 3021, 2955, 1740, 1438, 1252, 1213, 1055, 1032, 855, 669 cifh &y
(500 MHz) 3.71 (3H, s, O&3), 3.64 (3H, s, OH3), 2.76 (1H, dJ = 6.0Hz, GHCO,Me),
2.38 (1H, dJ = 6.0Hz, GHCOMe), 1.05 (9H, s, C(B3)3), 0.17 (9H, s, Si(B3)3), 0.14 (9H,
s, Si(H3)3), 0.12 (9H, s, OSIi(B3)3); d¢c (125 MHz) 172.1 CO), 171.9 CO), 52.8 (CCHy),
52.1 (CCHj), 38.4 (C(CHs)s), 34.4 (C-3), 31.7 CHCOMe), 30.4 (CCHs)s3), 30.0
(CHCO;Me), 3.4 (OSiCHs)3), 0.5 (SiCHs)3), 0.4 (SiCH3)3); 8si (80 MHz) 6.3, 1.0, -17.3, -
17.8 m/z (El) 461 ([M-CH™, 6%), 403 ([M-Si(CH)3]", 93), 221(86), 207(26), 191(37),
147(55), 133 (49), 117 (90), 89 (30), 73 (100)(36).
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(1RS,2RS,3SR)-Ethyl 2-tert-butyl-2-(1’,1’-bistrimethylsilyl-1’-trimethylsilox y)silyl-3-
((E)prop-1-enyl)cyclopropanecarboxylate 237
SiM63

tBu_, Si(SiMes),

A solution of trimethylacetyltris(trimethylsilyl)gne (0.50 g, 1.50 mmol) and ethyl sorbate
(0.44 ml, 3.00 mmol) in dry benzene (7.0 ml) waathkd in a sealed tube at 28D for 4 h.
Concentration, followed by flash column chromatgdwa on silica (pet. ether : chloroform
8:2) afforded the product as a colourless oil (©P3%). R 0.5 (pet. ether : chloroform 8:2);
IR (CHCk) 3020, 2962, 1734, 1423, 1251, 1218, 1052, 938, 889 cn1; 54 (500 MHz)
5.67 (1H, dqJ = 15.1Hz,J = 6.5Hz, 2'H), 5.58 (1H, ddJ = 15.1Hz,J = 8.1Hz, 1'H), 4.05
(2H, q,J = 7.0Hz, O®,CHs), 2.18 (1H, ddJ = 8.1Hz,J = 5.0Hz, 3H), 2.00 (1H, dJ =
5.0Hz, 1H), 1.71 (3H, dJ = 6.5Hz, 3'H), 1.25 (3H, tJ = 7.0Hz, OCHCH3), 1.08 (9H, s,
C(CH3)3), 0.14 (9H, s, OSi(B3)3), 0.13 (9H, s, Si(B3)3), 0.10 (9H, s, Si(83)3); d¢c (125
MHz) 173.9 CO), 129.0 C-1"), 127.9 C-2’), 60.5 (OQCH,CHs), 34.7 C-3), 34.4 C-2) , 32.2
(C(CHg)3), 31.1 (CCHg3)3), 30.8 C-1), 18.2 (C-3), 14.3 (OCHCHj3), 3.3 (OSiCHs)3), 0.8
(Si(CH3)3), 0.7 (SiCHs3)s); dsi (139 MHz) 3.8, -13.9, -16.0, -16.8; m/z (El) 49KI{CH3]",
4%), 399 ([M-Si(CH)3]", 55), 235 (33), 207 (62), 191 (88), 147 (38), 129), 117 (70), 73
(100); HRMS (ES+) found [M+H] 473.2760, GH430sSi4 requires [M+H] 473.2753.

(1RS,2RS,3RS)-Methyl 2-tert-butyl-2-(1’,1’-bistrimethylsilyl-1'-trimethylsilox y)silyl-3-
phenylcyclopropanecarboxylate 239
SiMe3

tBug_, <Si(SiMey),

MeOZC“A\‘ H
3

H Ph
Method A

A solution of trimethylacetyltris(trimethylsilyl)gne (0.25 g, 0.75 mmol) arnchns-cinnamic
methyl ester (0.49 g, 3.02 mmol) in dry benzen® (8l) was heated in a sealed tube at 200
°C for 3 h. Concentration, followed by flash columimromatography on silica (pet. ether :
chloroform 8:2) afforded the product as a whiteéds(0.18 g, ds 1, 49%). Mp: 135-188; R

0.4 (pet. ether : chloroform 8:2); IR (ATR) 2955,1%, 1440, 1401, 1250, 1202, 1028, 831,
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763, 685 crit; 5y (500 MHz) 7.41-7.39 (2H, m, Ar-3J8), 7.31-7.27 (2H, m, Ar-2,64),
7.23-7.19 (1H, m, Ar-4), 3.69 (3H, s, O83), 2.90 (1H, dJ = 6.0Hz, 3H), 2.59 (1H, d,) =
6.0Hz, 1H), 0.88 (9H, s, C(B3)3), 0.19 (9H, s, OSi(Bs)3), 0.18 (9H, s, Si(El3)s), 0.17
(9H, s, Si(G13)s); ¢ (125 MHz) 174.4C0), 137.5 (Arc-1), 130.4 (ArC-2,6), 128.0 (Arc-
3,5), 126.5 (Ar€-4), 51.8 (QCH3), 37.5 C-3), 36.7 C(CHa)s), 35.3 C-2), 30.6 (CCH3)s),
27.1 C-1), 3.3 (OSiCHs)3), 0.9 (SiCHs)3), 0.8 (SiCHa)3); dsi (80 MHz) 4.5, -16.2, -16.5;
miz (El) 479 ([M-CH]*, 7%), 421 (IM-Si(CH)3]*, 82), 221(90), 191 (32), 147 (40), 133
(34), 73 (100), 59 (20), 45 (25); HRMS (ES+) foMi-H] * 495.2597, GuH405Sis requires
[M+H] " 495.2597.

Method B

A solution of trimethylacetyltris(trimethylsilyl)gne (0.20 g, 0.61 mmol) arnchns-cinnamic
methyl ester (0.39 g, 2.42 mmol) in toluene (3.0 wds heated in a microwave tube at 180
°C for 4 h. Concentration, followed by flash columimomatography on silica (pet. ether :
chloroform 8:2) afforded the product as a whitads{.13 g, ds 1, 42%). Spectroscopic data
for product239 were consistent with data presenteliethod A

(2RS,3SR,4SR)-4-tert-Butyl-3-phenyl-1, 1-bis(trimethylsilyl)-4-(trimethy Isilyloxy)siletane-
2-carbonitrile 242 and
2-tert-Butyl-2-(1’,1’-bistrimethylsilyl-1’-trimethylsilox y)silyl-3-

phenylcyclopropanecarbonitrile 243

OSiMe4
1-Bu

1 s e

T4 t-Bu Si(SiMe
(Me3Si),Si—T—=0SiMes o /Si(SMez)2
H=< =3 /n 1 3
NC H NC Ph
242 243

A solution of trimethylacetyltris(trimethylsilygne (0.32 g, 0.96 mmol) anttans
cinnamonitrile (0.49 ml, 3.86 mmol) in dry benzgBeD ml) was heated in a carious tube at
200°C for 3 h. Concentration, followed by flash coluetiromatography on silica (pet. ether
. diethyl ether 9:1) afforded the produi#2 as a yellow solid (0.05 g, ds 7.2:2:1, 11%) and
product243as yellow oil (0.14 g, ds 2.4:2.4:1:1, 32%). Restallisation from CHGl yielded

the produck42as a single isomer.
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Experimental data for compound (major diastereoepan2

Mp: 122-123°C; R 0.4 (pet. ether : diethyl ether 9:1); IR (ATR) 292896, 2215, 1247,
1079, 1025, 829, 741, 691 &mdy (500 MHz) 7.29-7.24 (4H, m, Ar-2,3,518), 7.20-7.17
(1H, m, Ar-4H), 4.03 (1H, dJ = 13.0Hz, 3H), 2.99 (1H, dJ = 13.0Hz, 2H), 0.96 (9H, s,
C(CH3)3), 0.36 (9H, s, Si(B3)3), 0.24 (9H, s, Si(83)3), -0.25 (9H, s, Si(B3)3); 6c (125
MHz) 138.8 (ArC-1), 129.3 (Ar€-2,6), 128,4 (Ar€-3,5), 127,5 (Arc-4), 122.6 CN), 99.1
(C-4), 54.5 C-3), 37.5 C(CHa)3), 29.1 (CCH3)3), 8.1 C-2), 3.8 (OSIiCH3)3), 0.7 (SiCH3)3),
0.4 (SiCH3)3); dsi (140 MHz) 7.8, -14.1, -15.8, -18.3; m/z (El) 4qM["", 3%), 446 ([M-
CHz]™, 3), 388 ([M-Si(CH)3]", 14), 286 (30), 248 (67), 233 (36), 73 (100), 46)( HRMS
(EI) found [M]" 461.2414, GH43NOSi;requires [M] 461.2416.

Experimental data for compou2d 3

'H NMR — characteristic peaks: diastereoisome?.81-2.80 (1H, m, 34), 2.55 (1H, dJ =
2.4Hz, 2H); diastereoisomeb: 2.81-2.80 (1H, m, #), 2.52 (1H, d,J = 2.8Hz, 2H);
diastereoisomet: 2.81-2.80 (1H, m, 3), 2.52 (1H, dJ = 2.8Hz, 2H); diastereoisomed:
2.76-2.75 (1H, m, 34), 2.47 (1H, dJ) = 3.2Hz, 2H).

GCMS — four peaks with similar fragmentation patten/z (El) 461 ([M]", 6%), 446 ([M-
CHz]™, 4), 263 (53), 189 (16), 175 (30), 131 (27), 129)( 73 (100); m/z (El) 461 ([M],
1%), 446 ([M-CH]", 11), 388 ([M-Si(CH)3]", 82), 302 (55), 259 (85), 204 (39), 185 (55),
171 (72), 147 (69), 131 (48), 117 (81), 73 (108)(20); m/z (El) 461 ([M], 26%), 446 ([M-
CHz]™, 30), 388 ([M-Si(CH)3]", 36), 263 (100), 204 (37), 189 (54), 175 (55), (30), 131
(52), 117 (51), 73 (59), 45 (18); m/z (El) 461 ([M]1%), 446 ([M-CH]", 2), 388 ([M-
Si(CHs)3 ", 10), 302 (12), 157 (15), 147 (19), 117 (42), T8Q), 45 (11).

(1RS,2RS,3SR)-Ethyl 2-(1’,1'-bistrimethylsilyl-1’-trimethylsilo xy)silyl-2-phenyl-3-((E)-
prop-1-enyl)cyclopropanecarboxylate 245
OSiMe3

Ph

2 \\Si(SiMeg)z

EtOZC’II,, WH

A solution of benzoyltris(trimethylsilyl)silane @6 g, 1.02 mmol) and ethyl sorbate (0.60 ml,
4.07 mmol) in dry benzene (5.0 ml) was heated isealed tube at 200C for 3 h.

Concentration, followed by flash column chromat@ima elution gradient O to 10% diethyl
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ether in hexane, gave the title compound as a deksioil (0.16 g, ds 7.1:1 (crude ds 2.8:1)
31%). R 0.7 (pet. ether : diethyl ether 95:5); IR (ATR)529 2895, 1709, 1413, 1335, 1247,
1179, 1045, 964, 831, 749, 694 tnéy (700 MHz) 7.24-7.22 (2H, m, Ar-38), 7.15-7.12
(3H, m, Ar-2,4,6H), 5.67 (1H, dqJ = 15.4Hz,J = 7.0Hz, 2'H), 4.73 (1H, dd,) = 15.4Hz,J

= 9.8Hz, 1'H), 4.17 (1H, dgy = 14.7Hz,J = 7.0Hz, O®1,CHg), 4.15 (1H, dg,) = 14.7Hz,J

= 7.0Hz, O®,CHs), 2.38 (1H, ddJ = 9.8Hz,J = 4.2Hz, 3H), 2.04 (1H, dJ = 4.2Hz, 1H),
1.64 (3H, dJ = 7.0Hz, 3'H), 1.30 (3H, tJ = 7.0Hz, OCHCH?3), 0.18 (9H, s, Si(83)3), 0.03
(9H, s, Si(Gt3)3), -0.16 (9H, s, OSi(B3)3); ¢ (175 MHz) 173.2C0O), 141.1 (ArC-1), 131.7
(Ar-C-2,6), 130.0 C-1), 127.8 (Ar-3,5), 126.4 C-2"), 125.4 (ArC-4), 60.7 (CCH,CHy),
36.0 C-3), 34.9 C-1), 33.8 (C-2), 18.0 C-3), 14.3 (OCHCHj3), 2.3 (OSiCHz3)3), 0.2
(Si(CHa3)3), 0.1 (SiCHa)3); dsi (139 MHz) 4.6, 0.0, -16.9, -17.7; m/z (El) 492 {[M 0.1%),
477 (IM-CHg", 2), 419 ([M-Si(CH)3]", 48), 235 (47), 207 (54), 191 (74), 147 (28), 117
(48), 73 (100); HRMS (EI) found [M]492.2361, @H440sSi4 requires [M] 492.2362.

(2RS,3SR,4SR)-Ethyl 3-((E)-3’-ethoxy-3’-oxoprop-1'-enyl)-1,1-bis(trimethylsilyl)-4-
(trimethyl-silyloxy)siletane-4-phenyl-2-carboxylate282and
(1RS,2RS,3SR)-Ethyl 3-((E)-3-ethoxy-3-oxoprop-1-enyl)-2-(1’,1’-bistrimethylslyl-1’-
(trimethylsiloxy)silyl-2-phenylcyclopropanecarboxylate 246

OSiMe3

1 4 Ph

2 \\Si(SiM83)2

(M63Si)28 1 OSiM63
- EtOZC/l:,, WvWH
H=s :,3*\\_ 3
EtO,C H COEt H
CO,Et
282 246

Method A

A solution of benzoyltris(trimethylsilyl)silane @1 g, 0.60 mmol) and E4E)-diethyl hexa-
2,4-dienedioate (0.24 g, 1.20 mmol) in dry benz€h@ ml) was heated in a sealed tube at
200 °C for 3 h. Concentration, followed by flash columinromatography on silica, elution
gradien 0 to 10% diethyl ether in hexane, afforgestuct246 as a yellow oil (0.10 g, ds 1,
29%). R 0.5 (pet. ether : diethyl ether 7:3); IR (ATR) 399715, 1248, 1182, 1133, 1048,
834, 752, 702, 687 ¢y (500 MHz) 7.28-7.25 (2H, m, Ar-38), 7.19-7.14 (3H, m, Ar-
2,4,6H), 6.31 (1H, ddJ = 15.5Hz,J = 10.5Hz, 1'H), 6.06 (1H, dJ = 15.5Hz, 2'H), 4.26-
4.21 (2H, m, 1-O€,CHj3), 4.20-4.15 (2H, m, 2’-0O8,CHz), 2.55 (1H, dd,J = 10.5Hz,J =
4.5Hz, 3H), 2.38 (1H, dJ = 4.5Hz, 1H), 1.34 (3H, tJ = 7.0Hz, 1-CQCH,CH3), 1.27 (3H,
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t, J = 7.0Hz, 2-OCHCH3), 0.21 (9H, s, OSi(H3)s), 0.06 (9H, s, Si(B3)3), -0.11 (9H, s,
Si(CH3)s); 8¢ (125 MHz) 172.1 (1E0), 165.9 (2’'€O), 148.3 C-1'), 139.9 (ArC-1), 131.3
(Ar-C-2,6), 128.3 (Ar€-3,5), 126.1 (Arc-4), 121.1 C-2), 61.1 (1-CQCH,CHs), 60.1 (2*-
CO,CH,CHs), 36.6 C-2), 36.0 C-1), 35.1 C-3), 14.2 (3, 2'-CGCH,CHs), 2.2 (OSiCH3)3),
0.2 (SiCHa)3), 0.0 (SiCHs)3); 8si (140 MHz) 5.4, -0.4, -16.8, -17.6; m/z (El) 47M(
Si(CHs)s] ™, 10%), 207 (18), 191 (34), 147 (15), 117 (38)(Tm), 45 (12).

Method B

A solution of 3,4-diphenyl-1,1,2,2-tetrakis(trimgtsilyl)-3,4-bis(trimethylsilyloxy)-1,2-
disiletane (0.22 g, 0.31 mmol) ande(2E)-diethyl hexa-2,4-dienedioate (0.24 g, 1.22 mmol)
in dry THF (10.0 ml) was heated at reflux for 24Guncentration, followed by flash column
chromatography on silica, elution gradient 0 to 1di#&ihyl ether in hexane, afforded product
246 as a yellow oil (0.04 g, ds 1, 12%). Spectroscalaita for product@46 were consistent
with data presented iMethod A

Method C

A solution of 3,4-diphenyl-1,1,2,2-tetrakis(trimgtsilyl)-3,4-bis(trimethylsilyloxy)-1,2-
disiletane (0.15 g, 0.21 mmol) ande(2E)-diethyl hexa-2,4-dienedioate (0.34 g, 1.71 mmol)
in dry benzene (3.0 ml) was heated in a microwabe it 120C for 20 min. Concentration,
followed by flash column chromatography on silipat( ether : diethyl ether 8:2) afforded the
product282 as a colourless oil (0.07 g, ds 1.0:0.9, 30%) @ndduct246 as yellow oil (0.06

g, ds 1, 24%). Spectroscopic data for prod@et€ were consistent with data presented in
Method A

Experimental data for compound (major diastereoepa82
Rf 0.2 (pet. ether : diethyl ether 8:2); IR (ATR) B99.710, 1642, 1443, 1367, 1243, 1174,
1144, 1061, 1035, 975, 831, 746, 693'ciy (700 MHz) 7.29-7.27 (2H, m, Ar-3)8), 7.21
(1H, dd,J = 15.8Hz,J = 7.4Hz, 1'H), 7.19-7.18 (3H, m, Ar-2,4,6t), 6.01 (1H, ddJ =
15.8Hz,J = 0.7Hz, 2'H), 4.27 (1H, ddd) = 11.9Hz,J = 7.4Hz,J = 0.7Hz, 3H), 4.21 (1H,
dq, J = 11.2Hz,J = 7.0Hz, 2’-CQCH,CHy), 4.17 (1H, dg,J = 11.2Hz,J = 7.0Hz, 2'-
CO,CH,CHs), 4.06 (1H, dgJ = 11.2Hz,J = 7.0Hz, 2-CGCH,CHs), 4.21 (1H, dgJ =
11.2Hz,J = 7.0Hz, 2-CGCH,CHjs), 3.09 (1H, dJ = 11.9Hz, 2H), 1.27 (3H, tJ = 7.0Hz, 2'-
CO,CH,CH3), 1.20 (3H, t,J = 7.0Hz, 2-OCHCH3), 0.35 (9H, s, Si(83)3), -0.14 (9H, s,
Si(CH3)3), -0.20 (9H, s, Si(B3)3); 6c (175 MHz) 174.0 (2=0), 166.5 (2'€0O), 148.0 C-1"),
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144.9 (ArC-1), 128.3 (Ar€-2,6), 127.5 (Ar€-3,5), 127.0 (Arc-4), 121.5 C-2"), 81.3 C-4),
60.2 (2"-CQCH,CHs), 59.8 (2-CQCH,CHs), 49.9 C-3), 29.4 C-2), 14.4 (2-CQCH,CHy),
14.3 (2-CQCH,CHa), 2.3 (SiCHa)3), -0.3 (SiCHa3)3), -1.1 (SiCHa)s): dsi (140 MHz) 14.8, -
5.5, -14.7, -16.4: m/z (El) 550 ([M] 1%), 535 ([M-CH]"", 3), 477 ([M-Si(CH)]"", 37), 235
(15), 207 (37), 191 (70), 147 (27), 133 (18), 188)( 73 (100), 45 (15).

(1RS,2RS)-Dimethyl 3-(1’,1-bistrimethylsilyl-1’-trimethyls iloxy)silyl-3-
phenylcyclopropane-1,2-dicarboxylate 247
OSiMes
Ph 3\\\\£i(SiMe3)2

MeO,C1.., H
2

H COsMe

A solution of benzoyltris(trimethylsilyl)silane @6 g, 0.74 mmol) and dimethyl fumarate
(0.43 g, 3.00 mmol) in dry benzene (4 ml) was hiatea sealed tube at 20C for 3 h.
Concentration, followed by flash column chromatqima (pet. ether : diethyl ether 7:3)
afforded the product as a colourless oil (0.150§0% R 0.6 (pet. ether : diethyl ether 7:3); IR
(CHCls) 2953, 1725, 1436, 1331, 1250, 1197, 1162, 1088, 853, 701 cify 54 (500 MHz)
7.28-7.26 (2H, m, Ar-3,%4), 7.21-7.19 (1H, m, Ar-H), 7.12-7.11 (2H, m, Ar-2,6t), 3.80
(3H, s, O®3), 3.62 (3H, s, OH3), 2.85 (1H, dJ = 5.0Hz, GHCOMe), 2.72 (1H, dJ =
5.0Hz, AHHCOMe), 0.23 (9H, s, Si(H3)3), 0.10 (9H, s, Si(B3)3), -0.02 (9H, s, OSIi(B3)3);

8¢ (125 MHz) 171.8CO), 169.9 CO), 140.1 (ArC-1), 130.1 (ArC-2,6), 128.1 (Arc-3,5),
126.2 (ArC-4), 52.1 (GCH3), 51.9 (CCH3), 36.4 C-3), 32.9 CHCO.Me), 32.7 CHCOMe),
2.3 (OSIiCHa)3), -0.06 (SiCHa)3), -0.09 (SiCHa)3); dsi (139 MHz) 6.1, -0.8, -17.1, -17.9; m/z
(EI) 496 ([M]", 1%), 481 ([M-CH]", 2%), 423 ([M-Si(CH)3]"", 100), 221(24), 133 (11), 117
(23), 73 (32).
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(1RS,2RS,3RS)-Methyl 2-(1’,1’-bistrimethylsilyl-1’-trimethylsil oxy)silyl-2,3-
diphenylcyclopropanecarboxylate 248
SiMe3

Ph \\Si(SiMe:g)z

2
MeOZCH:,, anH
3

H Ph
Method A

A solution of benzoyltris(trimethylsilyl)silane @6 g, 0.74 mmol) anttans-cinnamic methyl
ester (0.47 g, 2.91 mmol) in dry benzene (4.0 na} Weated in a sealed tube at 38Gor 3

h. Concentration, followed by flash column chrongasmhy on silica (pet. ether : chloroform
7:3) afforded the product as a yellow oil (0.2Gdg,5.5:1 (crude ds 2.1:1), 53%]). R6 (pet.
ether : chloroform 7:3); IR (ATR) 2951, 1720, 143249, 1177, 1046, 831, 749, 700°tm
8y (500 MHz) 7.12-7.11 (3H, m, Ar), 7.06-7.04 (3H, m, AH), 6.84-6.82 (2H, m, AH),
6.73-6.71 (2H, m, AH), 3.75 (3H, s, OH3), 3.07 (1H, dJ =5.5Hz, 3H), 2.63 (1H, dJ =
5.5Hz, 1H), 0.23 (9H, s, OSi(B3)3), 0.01 (9H, s, Si(B3)3), -0.07 (9H, s, Si(B3)3); d¢c (125
MHz) 173.3 CO), 139.5 (ArC), 137.1 (ArC), 132.0 (ArC), 128.0 (ArC), 127.7 (ArC),
127.6 (ArC), 126.1 (ArC), 125.6 (ArC), 51.9 (GCH3), 38.0 C-2), 36.5 C-3), 34.4 C-1),
2.4 (OSiCHs3)3), 0.3 (SiCHs3)3), -0.06 (SiCHa)3); 6si (139 MHz) 5.4, -0.5, -17.3, -18.0; m/z
(EI) 499 (IM-CHs]™, 1%), 441 (IM-Si(CH)3]"", 58), 221(94), 191 (36), 147 (28), 133 (24),
117 (93), 74 (12), 73 (100), 45 (22); HRMS (ES+yrfd [M+H]" 515.2284, GsH430:Sis
requires [M+H] 515.2284.

Method B

A solution of benzoyltris(trimethylsilyl)silane @1 g, 0.60 mmol) anttans-cinnamic methyl
ester (0.39 g, 2.38 mmol) in benzene (3.0 ml) weetdd in a microwave tube at 18D for
1.5 h. Concentration, followed by flash column chatography on silica (pet. ether :
chloroform 7:3) afforded produ@48 as yellow oil (0.15 g, ds 3.5:1 (crude ds 2.749%).

Spectroscopic data for the produ2# were consistent with data presentetligthod A

Method C

A solution of 3,4-diphenyl-1,1,2,2-tetrakis(trimgtsilyl)-3,4-bis(trimethylsilyloxy)-1,2-
disiletane (0.16 g, 0.22 mmol) amhns-cinnamic methyl ester (0.29 g, 1.75 mmol) in dry
benzene (3.0 ml) was heated in a microwave tub&2at°C for 20 min. Concentration,
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followed by flash column chromatography on silielytion gradien 30 to 50% chloroform in
hexane, afforded produ@48 as a yellow oil (0.17 g, ds 6.7:1 (crude ds 3,975%).

Spectroscopic data for produ@48were consistent with data presentedliethod A

Method D

A solution of 3,4-diphenyl-1,1,2,2-tetrakis(trimgtsilyl)-3,4-bis(trimethylsilyloxy)-1,2-
disiletane (0.17 g, 0.24 mmol) amchns-cinnamic methyl ester (0.15 g, 0.95 mmol) in dry
THF (10.0 ml) was heated at reflux for 24 h. Corion, followed by flash column
chromatography on silica, elution gradient 0 to 1di&gihyl ether in hexane, afforded product
248 as a yellow oil (0.09 g, ds 12:1, 36%). Spectrpgradata for product248 were
consistent with data presentedMiethod A

(1RS,2RS,3SR)-Ethyl 2-(1’,1’-bistrimethylsilyl-1'-trimethylsilo xy)silyl-3-((E)-3’-ethoxy-
3’-oxoprop-1'-enyl)-2-(4-methoxyphenyl)cyclopropanearboxylate 249

MeO

CO,Et
A solution of 4-methoxybenzoyltris(trimethylsilyilgne (0.25 g, 0.65 mmol) and E2E)-
diethyl hexa-2,4-dienedioate (0.51 g, 2.61 mmoldig benzene (3.5 ml) was heated in a
sealed tube at 20 for 3 h. Concentration, followed by flash colueimromatography (pet.
ether : diethyl ether 7:3) afforded the producaa=llow oil (0.06 g, 16%). 0.6 (pet. ether :
diethyl ether 7:3); IR (ATR) 2956, 1713, 1510, 124478, 1041, 833 cm &4 (500 MHz)
7.44-7.42 (2H, m, Ar-2,64), 7.22-7.19 (2H, m, Ar-3,5), 6.71 (1H, ddJ = 15.4Hz,J =
10.5Hz, 1'H), 6.43 (1H, dJ = 15.4Hz, 2'H), 4.61-4.54 (4H, m, OB,CHs), 4.19 (3H, s,
OCH3), 2.90 (1H, ddJ = 10.5Hz,J = 4.5Hz, 3H), 2.72 (1H, dJ = 4.5Hz, 1H), 1.71 (3H, t,
J=7.0Hz, 2-OCHCH3), 1.66 (3H, tJ = 7.0Hz, 1-OCHCH3), 0.57 (9H, s, OSi(83)3), 0.43
(9H, s, Si(®3)s3), 0.30 (9H, s, Si(B3)3); 6c (125 MHz) 172.1 (X20), 166.0 (2'€0O), 158.0
(C-1'), 148.4 (ArC-4), 132.1 (ArC-1), 131.8 (ArC-2,6), 121.1 C-2’), 113.8 (ArC-3,5),
61.0 (1-CQCH,CHg), 60.2 (2'-CQCH,CHs), 55.3 (CCH3), 36.2 C-2), 35.7 C-1), 35.1 C-

3), 14.3 (1-OCHCH3), 14.2 (2'-OCHCH3), 2.3 (OSiCH3)3), 0.2 (SiCHa3)3), 0.0 (SiCH3)3);
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8si (80 MHz) 5.4, -17.0, -17.7; m/z (EI) 507 ([M-Si(GH*", 100%), 367 (10), 255(15), 235
(18), 207 (36), 191 (65), 147 (22), 117 (37), 7B)(5

(1RS,2RS,3RS)-Methyl 2-(1’,1’-bistrimethylsilyl-1’-trimethylsil oxy)silyl-2-(4-
methoxyphenyl)-3-phenylcyclopropanecarboxylate 250

MeQO

Method A

A solution of 4-methoxybenzoyltris(trimethylsilyllsne (0.25 g, 0.66 mmol) anttans
cinnamic methyl ester (0.43 g, 2.63 mmol) in berzE€h0 ml) was heated in a sealed tube at
180°C for 3 h. Concentration, followed by flash colueiiromatography on silica (pet. ether
. diethyl ether 95:5) afforded the prodiuxcts yellow oil (0.08 g, ds 1, 21%); ®5 (pet. ether

: diethyl ether 9:1); IR (ATR) 2952, 1720, 15094041247, 1173, 1046, 827, 756, 695tm
dy (700 MHz) 7.28-7.27 (3H, m, 3-Ar-3,4}3), 6.89-6.88 (4H, m, 2,3-Ar-2,Bh, 6.77-6.76
(2H, m, 2-Ar-3,5H), 3.89 (3H, s, CgCH3), 3.87 (3H, s, Ar-OEl3), 3.20 (1H, dJ = 4.9Hz,
3-H), 2.74 (1H, dJ = 4.9Hz, 1H), 0.36 (9H, s, OSi(B3)3), 0.15 (9H, s, Si(83)3), 0.12 (9H,

S, Si(MH3)3); 6c (175 MHz) 173.2CO), 157.6 (2-Arc-4), 137.1 (3-Arc-1), 132.8 (3-Arc-
3,5), 131.5 (2-Arc-1), 128.1 (3-Arc-2,6), 127.7 (2-Arc-2,6), 126.0 (3-Arc-4), 113.2 (2-
Ar-C-3,5), 55.2 (Ar-Q@CH3), 51.8 (CQCHj), 37.1 C-2), 36.4 (C-3), 34.6 C-1), 2.5
(OSi(CHa)3), 0.4 (SiCHa)s3), -0.1 (SiCHz)s); dsi (140 MHz) 5.3, -1.2, -17.5, -18.2; m/z (EI)
544 ([M]", 1%), 529 ([M-CH]", 3), 471 ([M-Si(CH)3] ", 96), 221 (100), 191 (23), 165 (10),
147 (27), 117 (97), 73 (86); HRMS (ES+) found [M¥H$45.2386, GH4s04Sis requires
[M+H] " 545.2389.

Method B

A solution of 4-methoxybenzoyltris(trimethylsilyllsne (0.60 g, 1.57 mmol) anttans
cinnamic methyl ester (1.02 g, 6.30 mmol) in driyiéme (6.0 ml) was heated in a microwave
tube at 18C°C for 5 min. Concentration, followed by flash colmmhromatography on silica
(pet. ether : diethyl ether 95:5) afforded the pidas a yellow oil (0.57 g, ds 2:1, 67%).

Spectroscopic data for produ@s0were consistent with data presented/iethod A
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(1RS,2RS,3RS)-Methyl 2-(1’,1’-bistrimethylsilyl-1’-trimethylsil oxy)silyl-2-methyl-3-
phenylcyclopropanecarboxylate 251
SiMe3

2 \\Si(SiMe:g)z

.\\\\H
3

H Ph
Method A

A solution of acetyltris(trimethylsilyl)silane (062g, 0.90 mmol) antfans-cinnamic methyl
ester (0.58 g, 3.60 mmol) in dry benzene (4.0 na} Weated in a sealed tube at 20Gor 3

h. Concentration, followed by flash column chrongasmhy on silica (pet. ether : chloroform
7:3) afforded the product as a yellow oil (0.1Qdg,1, 24%). R0O.6 (pet. ether : chloroform
7:3); IR (ATR) 2952, 1721, 1440, 1250, 1198, 10880, 758, 697 cify &4 (500 MHz) 7.37-
7.34 (2H, m, Ar-3,54), 7.30-7.25 (3H, m, Ar-2,4,6t), 3.74 (3H, s, O83), 2.96 (1H, dJ =
5.5Hz, 3H), 2.08 (1H, dJ = 5.5Hz, 1H), 0.87 (3H, s, €3), 0.24 (9H, s, OSi(83)3), 0.183
(9H, s, Si(G3)3), 0.177 (9H, s, Si(B3)3); dc (125 MHz) 173.6 €O), 137.0 (Arc-1), 129.1
(Ar-C-2,6), 128.1 (Are-3,5), 126.4 (Arc-4), 51.7 (GCH3), 36.2 C-3), 32.4 C-1), 22.8 (-
2), 18.5 CH3), 2.5 (OSIiCH3)3), 0.1 (SiCH3)3), -0.4 (SiCH3)3); dsi (140 MHz) 5.6, 1.1, -
18.0, -18.7; m/z (El) 452 ([M], 10%), 437 ([M-CH]"", 20), 379 ([M-Si(CH)3]", 100), 279
(38), 222 (100), 217 (34), 191 (47), 147 (43), 188), 117 (80), 89 (32), 73 (80), 59 (36), 45
(33).

Method B

A solution of acetyltris(trimethylsilyl)silane (B2g, 0.80 mmol) and trans-cinnamic methyl
ester (0.52 g, 3.20 mmol) in benzene (3.0 ml) weatdd in a microwave tube at 18D for 3

h. Concentration, followed by flash column chrongasphy on silica (pet. ether : chloroform
7:3) afforded the produc251 as yellow oil (0.18 g, ds 3.2:1 (crude ds 2.3:30%).

Spectroscopic data for produ@s1 were consistent with data presented/iethod A

N,N-Diethylcinnamamide®?® 253

Diethylamine (4.78 ml, 46.2 mmol) was added to igext solution of cinnamoyl chloride

(3.85 g, 23.1 mmol) in dry dichloromethane (40.Q atl 0°C. The mixture was allowed to
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warm to room temperature and stirred for 1 h, aftieich time a solution of 5% hydrochloric
acid (20.0 ml) was added. The aqueous layer wearatega and extracted with DCM (3 x 15
ml). The combined organic layers were dried oveSKag filtered, and concentrated vacuo
to yield the title amide as a white solid (4.4904%). Mp: 72.5-73.6C (lit.'**71-72°C); R
0.3 (pet. ether : diethyl ether 2:3); IR (ATR) 29@831, 1645, 1592, 1492, 1459, 1429, 1367,
1286, 1250, 1218, 1145, 1078, 973, 957, 865, 760, 684 crit; 54 (700 MHz) 7.72 (1H, d,
J = 15.2Hz, 2H), 7.54-7.53 (2H, m, Ar-2,64), 7.39-7.34 (3H, m, Ar-3,4,bt), 6.85-6.83
(1H, d,J = 15.2Hz, 1H), 3.51 (2H, qJ = 7.0Hz, ®&1,), 3.49 (2H, gJ = 7.0Hz, G1,), 1.27
(3H, t,J =7.0Hz, ¢i3), 1.20 (3H, tJ = 7.0Hz, G3); d¢c (175 MHz) 165.7 CO), 142.3 C-2),
135.5 (ArC-1), 129.4 (Arc-4), 128.7 (Ar€-3,5), 127.7 (Arc-2,6), 117.8 C-1), 42.3 CHy),
41.1 CH,), 15.1 CHs), 13.2 CHs); m/z (El) 203 (IM]", 29%), 131 (100), 103 (63), 77 (38).

(1RS,2RS,3RS)-N,N-Diethyl-2-(1’,1’-bistrimethylsilyl-1’-trimethylsil oxy)silyl-2-(4-
methoxyphenyl)-3-phenylcyclopropanecarboxamide 254
MeO

EtoNOC/#1,, v H

A solution of 4-methoxybenzoyltris(trimethylsilyllsne (0.43 g, 1.14 mmol) and phemN-
diethylcinnamamide (0.92 g, 4.53 mmol) in dry taleg4.0 ml) was heated in a microwave
tube at 18F°C for 5 min. Concentration, followed by fast flashlumn chromatography on
silica (gradient elution pet. ether : diethyl etBet, 4:6) afforded the product as a yellow oil
(0.51 g, ds 3.6:1 (crude ds 2.9:1), 77%). Produas wnly partially characterised because of
instability. R 0.6 and 0.3 (pet. ether : diethyl ether 7:3); &RR) 2949, 2892, 1616, 1490,
1457, 1245, 1175, 1039, 825, 747, 687 chy (700 MHz) 7.13-7.10 (3H, m, 3-Ar-3,4}3),
6.75-6.74 (2H, m, 2-Ar-2,64), 6.71-6.70 (2H, m, 3-Ar-2,6}), 6.63-6.62 (2H, m, 2-Ar-3,5-
H), 3.73 (3H, s, O85), 3.53 (1H, dg,J = 7.0Hz,J = 14.0Hz, ®&,CHs), 3.48 (1H, dq, =
7.0Hz,J = 14.0Hz, ®1,CHj3), 3.34 (1H, dgy = 7.0Hz,J = 14.0Hz, ®¢1,CHj3), 3.27 (1H, dqg,)

= 7.0Hz,J = 14.0Hz, ®1,CHs), 2.69 (1H, dJ = 5.6Hz, 3H), 2.65 (1H, dJ = 5.6Hz, 1H),
1.22 (3H, t,J = 7.0Hz, CHCH3), 1.13 (3H, tJ = 7.0Hz, CHCH3), 0.26 (9H, s, Si(€3)3),
0.09 (9H, s, Si(Bl3)3), -0.24 (9H, s, OSi(B3)3); 6c (175 MHz) 171.5C0O), 157.2 (2-Arc-

4), 138.1 (3-Arc-1), 133.0 (2-Are-1), 132.9 (2-ArE-2,6), 127.8 (3-Arc-2,6), 127.6 (3-Ar-
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C-3,5), 125.6 (3-Arc-4), 113.1 (2-Ar€-3,5), 55.3 (@H3), 42.6 CH.CHs), 40.9 CH,CHjy),
37.4 C-3), 35.8 C-2), 34.4 C-1), 15.0 (CHCHg), 13.3 (CHCHj3), 2.4 (OSiCHz3)3), 0.8
(Si(CH3)3), 0.7 (SiCH3)3); 8si (139 MHz) 1.4, -9.5, -16.0, -17.1.

(2SR,3RS,4SR)-2-(4-Methoxyphenyl)-3-phenyl-4-(phenylsulfonyl)-11-bis(trimethylsilyl)-

2-(trimethylsilyloxy)siletane 256

OMe

1 2
(Me3Si),Si—T=0SiMe4
H " -_:s—Ph

PhO,S H

A solution of 4-methoxybenzoyltris(trimethylsilyllsne (0.22 g, 0.57 mmol) and phenyl
trans-styryl sulfone (0.55 g, 2.26 mmol) in dry tolue(®0 ml) was heated in a microwave
tube at 18CF°C for 5 min. Concentration, followed by flash colurmhromatography on silica
(gradient elution pet. ether , pet. ether : die#tyler 85:15) afforded the product as a white
solid (0.14 g, ds 5:1 (crude ds 1.2:1), 40%). MZ2-1124°C; R 0.3 (pet. ether : diethyl ether
8:2); IR (ATR) 2953, 2895, 1606, 1510, 1446, 128845, 1141, 1051, 830, 749, 691 tm
oy (700 MHz) 7.46-7.45 (2H, m, 4-Ar-2,6-H), 7.23-7.&88H, m, 4-Ar-4H, 2-Ar-0-H), 7.18-
7.17 (2H, m, 3-Ar-2,684), 7.08-7.06 (2H, m, 4-Ar-3,bt), 7.05-7.01 (3H, m, 3-Ar-3,4,B),
6.82-6.81 (2H, m, 2-Ar-3,5t), 4.52 (1H, d,J = 12.6Hz, 3H), 4.05 (1H, dJ = 12.6Hz, 4H),
3.80 (3H, s, OE3), 0.49 (9H, s, Si(83)3), 0.16 (9H, s, Si(B3)3), -0.56 (9H, s, OSi(8B3)3);

8¢ (175 MHz) 158.6 (2-AC-4), 141.8 (4-Arc-1), 138.1 (3-ArC-1), 137.3 (2-Arc-1), 131.7
(2-Ar-C-2,6), 130.0 (4-Arc-4), 129.9 (3-Ar€-2,6), 128.2 (4-Arc-3,5), 127.7 (3-Arc-3,5),
127.1 (4-ArC-2,6), 126.7 (3-Arc-4), 113.1 (2-Ar€-3,5), 81.6 C-2), 55.3 (C-3), 55.2
(OCHj3), 53.6 C-4), 2.1 (OSIiCH3)3), -0.2 (SiCH3)3), -0.4 (SiCHz3)3); dsi (139 MHz) 14.2, -
11.3, -14.5, -15.0; m/z (ES+) 644 ([M+NH, 100%), 611 (24), 537 (6); HRMS (ES+) found
[M+NH,]" 644.2530, GiHs00sNSSH requires [M+NH]"™ 644.2532.
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(1RS,2RS,3RS)-Methyl 2-(1’,1’-bistrimethylsilyl-1’-trimethylsil oxy)silyl-3-phenyl-2-(4-
trifluoromethyl) phenyl)cyclopropanecarboxylate 258

F3C

A solution of 4-trifluoromethylbenzoyltris(trimettsylyl)silane (0.36 g, 0.85 mmol) and
trans-cinnamic methyl ester (0.55 g, 3.39 mmol) in dojuéne (3.0 ml) was heated in a
microwave tube at 18%C for 1 h. Concentration, followed by flash columiromatography
on silica (pet. ether : diethyl ether 98:2) affatdbe product as a yellow oil (0.28 g, ds 14:1
(crude ds 4.9:1), 56%).:®.6 (pet. ether : diethyl ether 95:5); IR (ATR)529 1718, 1615,
1323, 1250, 1163, 1125, 1041, 830, 747, 694;dm (700 MHz) 7.34-7.33 (2H, m, 2-Ar-3,5-
H), 7.144-7.135 (3H, m, 3-Ar-3,418), 6.96-6.94 (2H, m, 2-Ar-2,64), 6.72-6.70 (2H, m, 3-
Ar-2,6-H), 3.77 (3H, s, C@CH>), 3.11 (1H, d,J = 5.6Hz, 3H), 2.65 (1H, d,) = 5.6Hz, 1H),
0.27 (9H, s, OSi(B83)3), 0.05 (9H, s, Si(83)3), -0.12 (9H, s, Si(B3)3); d¢c (175 MHz) 173.2
(CO), 144.4 (2-Arc-1), 136.3 (3-Arc-1), 132.2 (2-Are-2,6), 127.9 (3-Ar€-2,3,5,6), 127.8
(9, 2Je= 32.6Hz, 2-ArC-4), 126.5 (3-ArC-4), 124.6 (q2J.+= 3.3Hz, 2-ArC-3,5), 124.3 (q,
1= 271.8Hz, 2-Ar€F;), 52.1 (CQCH3), 37.6 C-2), 37.0 C-3), 33.9 C-1), 2.3 (OSiCHa)3),
0.4 (SiCH3)3), 0.1 (SiCHa3)3); dsi (140 MHz) 5.7, 1.0, -16.7, -17.6; m/z (El) 567 {BH3]",
8%), 509 ([M-Si(CH)3]", 89), 269 (51), 221 (100), 191 (34), 163 (15), 1Z7), 117 (90), 73
(86), 59 (15); HRMS (ES+) found [M+N" 600.2420, GH4s03NF5Si; requires [M+NH]™
600.2423.

(1RS,2RS,3RS)-Methyl 2-(1’,1’-bistrimethylsilyl-1’-trimethylsil oxy)silyl-2-(furan-2’-yl)-
3-phenylcyclopropanecarboxylate259

3 SiM63

. Si(SiMes),

.\\‘\H
3

H Ph
A solution of 2-furoyltris(trimethylsilyl)silane (@1 g, 0.61 mmol) anttans-cinnamic methyl

ester (0.39 g, 2.43 mmol) in dry toluene (3.0 msvheated in a microwave tube at 280
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for 50 min. Concentration, followed by flash coluranromatography on silica (pet. ether :
diethyl ether 9:1) afforded the product as a yeiddwsolid (0.12 g, ds 1, 40%). Mp: 62-%2Z;

Rt 0.7 (pet. ether : diethyl ether 8:2); IR (ATR) 292893, 1733, 1499, 1441, 1408, 1249,
1175, 1059, 831, 730, 687 by (700 MHz) 7.24-7.20 (3H, m, Ar-3,413), 7.10 (1H, d)

= 2.1Hz, 5’'H), 7.04-7.03 (2H, m, Ar-2,64), 6.08 (1H, dd)) = 3.5Hz,J = 2.1Hz, 4'H), 5.42
(1H, d,J = 3.5Hz, 3'H), 3.76 (3H, s, C&CH3), 3.13 (1H, d,J = 6.3Hz, 3H), 2.71 (1H, dJ =
6.3Hz, 1H), 0.19 (9H, s, Si(B3)3), 0.13 (9H, s, OSIi(B3)3), 0.02 (9H, s, Si(B3)3); dc (175
MHz) 171.9 CO), 154.0 C-2'), 140.8 C-5"), 136.9 (ArC-1), 128.0 (Arc-2,6), 127.9 (Arc-
3,5), 126.5 (Arc-4), 110.0 C-4’), 108.1 C-3"), 51.8 (CQCH3y), 34.6 C-3), 32.9 C-1), 29.6
(C-2), 2.6 (OSIiCHs3)3), -0.1 (SiCHs3)3), -1.0 (SiCHa)3); 0si (140 MHz) 6.2, -3.1, -17.8, -17.9;
m/z (El) 431 ([M-Si(CH)3]", 0.1%), 147 (1), 131 (1), 103 (1), 73 (100); HRKE) found
[M]™ 504.1990, GH4004Sis requires [M] 504.1998.

(3RS,4SR)-3-(4-Methoxyphenyl)-4,6-diphenyl-2,2-bis(trimethysilyl)-3-
(trimethylsilyloxy)-3,4-dihydro-2H-1,2-oxasiline 260

Megsi OSiM63
Messi\ .

Ph
A solution of 4-methoxybenzoyltris(trimethylsilyllsne (0.20 g, 0.53 mmol) anttans

chalcone (0.43 g, 2.11 mmol) in dry toluene (3.Q weis heated in a microwave tube at 180
°C for 5 min. Concentration, followed by flash colmrohromatography on silica (gradient
elution pet. ether , pet. ether : diethyl ether) &fforded the product as a pale yellow solid
(0.26 g, ds 1:2.2 (crude ds 1:1.7), 86%). Mp: 36%38R; 0.6 (pet. ether : diethyl ether 9:1);
IR (ATR) 2954, 2896, 1604, 1505, 1447, 1327, 12483, 1019, 833, 745, 689 &by (700
MHz) 7.65-7.64 (2H, m, 6-Ar-2,5t), 7.40-7.39 (3H, m, 3-Ar-2,6t), 7.35-7.31 (2H, m, 6-
Ar-3,5H), 7.28-7.27 (1H, m, 6-Ar-#), 7.19-7.18 (2H, m, 4-Ar-2,64), 7.15-7.14 (3H, m, 4-
Ar-3,4,5H), 6.76-6.74 (2H, m, 3-Ar-3,5), 5.65 (1H, d,J = 4.2Hz, 5H), 4.36 (1H, dJ =
4.2Hz, 4H), 3.77 (3H, s, O83), 0.23 (9H, s, Si(83)3), 0.07 (9H, s, OSIi(H3)3), -0.08 (9H,

S, Si(MH3)3); 6c (175 MHz) 156.8 (3-Ac-4), 148.3 C-6), 145.0 (4-Arc-1), 137.0 (6-Arc-

1), 133.0 (3-Ar€-1), 131.1 (3-Are-2,6), 129.8 (4-Arc-3,5), 128.1 (6-Arc-3,5), 127.9 (4-
Ar-C-2,6), 127.5 (6-Arc-4), 126.3 (4-Arc-4), 124.4 (6-Arc-2,6), 113.3 (3-Ar€-3,5), 107.7
(C-5), 55.2 (Q@Hs3), 43.9 C-4), 32.8 C-3), 2.3 (SiCH3)3), 1.7 (OSiCH3)3), -1.0 (SiCHs3)3);
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8si (139 MHz) 10.3, 4.8, -14.3, -19.7; m/z (EI) 59M][, 4%), 575 ([M-CH]*, 6), 517 ([M-
C(CHa)s]™, 3), 367 (24), 192 (16), 73 (100): HRMS (ES+) fdupM+H]" 591.2589,
C3oH4703Si4 requires [M+HT 591.2597.

(Z) Methyl 3-phenylpropenoate>° 272
3 2

PhHCOZMe
Stagel
To a solution of phenylacetone (5.01 g, 37.3 mmlacetic acid (100 ml), under argon at
room temperature, was added dropwise a solutidorarhine (13.5g, 84.5 mmol) in acetic
acid (75 ml). The reaction mixture was stirred40rmin. The solution was diluted with,Ex
(100 ml) and made neutral by addition of aqueou®©Ma6M). The organic layer was
separated, and the aqueous layer was extractedewi@h(2 x 200 ml). The combined organic
layers were dried over MgS@nd concentrated to yield 1,3-dibromo-1-phenylzwel68 as

a green oil (9.78 g) which was used immediatelstage2 without further purification.

Stage?2

The crude product fronstage 1(9.78 g) was dissolved in methanol (10 ml) andeadd
dropwise to a cooled solution () of sodium methoxide prepared by dissolving swdiu
(1.76 g, 76.4 mmol) in dry methanol (35 ml). Thaaon mixture was stirred for 30 min,
guenched by the addition of diluted HCI (to pH=nAgahe resultant solution extracted with
Et,O (3 x 100 ml). The combined organic layers wereddrover MgSQ, filtered, and
concentratedh vacuo The resulting residue was purified by flash caluchromatography on
silica gel (pet. ether : dichloromethane 3.4:606fforded the title alken272 as a pale brown
oil (2.41 g, 40%). RO.6 (pet. ether : diethyl ether 6:4 ), IR (ATR)227 1629, 1436, 1195,
1162, 826, 765, 695, 618 Emby (500 MHz) 7.52-7.50 (2H, m, Ar-2,8), 7.29-7.24 (3H, m,
Ar-3,4,5H), 6.87 (1H, d,J = 12.5Hz, 2H), 5.87 (1H, d,J = 12.5Hz, 3H), 3.62 (3H, s,
OCHy3); 6¢c (125 MHz) 166.5C-1), 143.4 C-3), 134.7 (Ar€-1), 129.7 (Arc-3,5), 129.0 (Ar-
C-2,6), 128.0 (Arc-4), 119.2 C-2), 51.3 (GCH3); m/z (El) 162 ([M]", 30%), 131 ([M-
OCH;]™, 84), 103 ([M-CQCHs]™, 100), 77 ([GHs] ™, 66), 51 (50).
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3,4-Diphenyl-1,1,2,2-tetrakis(trimethylsilyl)-3,4-his(trimethylsilyloxy)-1,2-disiletane®
279

Ph SiME3
MesSiOt,, T,i.\\\SiMeg
MesSio"'[ T S\ "'siMes

Ph SiMe;

A solution of benzoyl(tristrimethylsilyl)silane @3 g, 11.7 mmol) in toluene (200 ml) was
irradiated for 1 h at 8C using a 1 kW mercury lamp. Concentration follovegdlash column
chromatography (pet. ether) gave the title compoasda white crystalline solid (1.82 g,
35%); Mp: 147-149 °C (Iit® 149-150 °C); R1 (pet. ether); IR (ATR) 2953, 2891, 1247,
1015, 827, 767, 709, 700, 675, 625y (700 MHz) 7.65-7.64 (4H, m, 3,4-Ar-2}8),
7.31-7.29 (4H, m, 3,4-Ar-3,bt), 7.26-7.24 (2H, m, 3,4-Ar-#), 0.42 (18H, s, OSi(83)3),
0.08 (18H, s, Si(B3)3), -0.25 (18H, s, Si(B3)3); dc (175 MHz) 145.0 (3,4-A€E-1), 132.8
(3,4-Ar-C-2,6), 127.2 (3,4-A€C-3,5), 127.0 (3,4-Ac-4), 98.8 (C-3,4), 3.6 (SiCH3)3), 3.1
(Si(CH3)3), 2.9 (SiCHa)3); 8si (140 MHz) 8.8, -12.2, -13.3, -40.8; m/z (El) 35®142] ", 5%),
337 ([M/2]", 10).

(1RS,2RS,3RS)-Methyl 2-(1’-fluoro-1’,1’-bistrimethylsilyl)silyl -2,3-
diphenylcyclopropanecarboxylate 319
F

Phy ., Si(SiMes),

2
MeQO,Cli,, W H
3

H Ph

To a solution of methyl 2-(1',1'-bistrimethylsily-trimethylsiloxy)silyl-2,3-
diphenylcyclopropanecarboxylate (0.20 g, 0.39 mnmoljiry dichloromethane (4.0 ml) was
added the trifluoroborane-acetic acid complex (0r®50.39 mmol). The mixture was stirred
at room temperature for 5 min after which time ssted sodium bicarbonate solution (5.0 ml)
was added. The aqueous layer was separated arattegtrwith DCM (3 x 15 ml). The
combined organic layers were dried over MgSfitered, and concentrated under reduced
pressure to give a pure tittle compound as whit& g6L16 g, 96%). Mp: 82-84C; R 0.4
(pet. ether : chloroform 7:3); IR (ATR) 2948, 168440, 1242, 1213, 830, 796, 732, 693 cm
- 84 (700 MHz) 7.31-7.29 (2H, m, 2-Ar-3/8), 7.27-7.25 (4H, m, 2,3-AH), 7.14-7.13 (2H,
m, 2-Ar-2,6H), 6.89-6.88 (2H, m, 3-Ar-2,64), 3.99 (3H, s, OH3), 3.19 (1H, dJ = 4.2Hz,
3-H), 2.98 (1H, dJ = 4.2Hz, 1H), 0.52 (9H, s, Si(B3)3), 0.29 (9H, s, Si(B3)3); 6c (175
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MHz) 175.2 CO), 137.4 (2-Ar€-1), 136.2 (3-Ar€-1), 131.5 (2-Arc-2), 127.7 (2,3-Ar€),
127.6 (3-ArC-3), 126.3 (3-Ar€-4), 125.9 (2-Arc-4), 52.6 (QCH3), 38.1 C-3), 35.6 C-2),
33.6 C-1), -0.26 (SiCH3)3), -0.72 (SiCHs)3); 8¢ (188 MHz) -186.3ps; (139 MHz) 23.2 {Js;.

F = 325.2Hz), -14.8%0s.r = 27.2Hz), -15.7%0si.r = 25.2Hz); m/z (El) 429 (IM-CH", 6%),
371 ([M-Si(CH)3] ", 88), 247(44), 235 (23), 191 (32), 131 (36), 88)(T3 (100), 59 (84), 45
(41); HRMS (ES+) found [M+NR" 462.2109, GH3/0.NFSk requires [M+NH]"™
462.2111.

Methyl 4-oxo-3,4-diphenylbutanoaté®! 322
0

Ph)H/\COZMe

Ph

To a solution of methyl 2-(1’-fluoro-1’,1’-bistrintleylsilyl)silyl-2,3-
diphenylcyclopropanecarboxylate (0.20 g, 0.45 mnmIPMF (4.0 ml) was addethCPBA
(0.47 g, 2.70 mmol) and KF (0.05 g, 0.90 mmol). fhgture was stirred at RT for 12 h after
which time it was diluted with ether (5.0 ml) aratiwated sodium bicarbonate solution (5.0
ml) was added. The aqueous layer was separatedxaratted with ether (3 x 10 ml). The
combined organic layers were dried over MgSfitered, and concentrated vacuo Flash
column chromatography (pet. ether : diethyl eth&) give a title compound as a yellow oll
(0.11 g, 56%); RO.5 (pet. ether : diethyl ether 5:5); IR (ATR) 303733, 1707, 1493, 1453,
1239, 1026, 1010, 765, 699 ¢mdy (700 MHz) 7.99-7.97 (2H, m, 4-Ar-2)8), 7.49-7.47
(1H, m, 4-Ar-4H), 7.45-7.43 (1H, m, 3-Ar-&), 7.40-7.38 (2H, m, 4-Ar-3,5), 7.30-7.29
(4H, m, 3-Ar-2,3,5,684), 5.11 (1H, ddJ = 9.8Hz,J = 4.9Hz, 3H), 3.66 (3H, s, 1-085;),
3.40 (1H, ddJJ = 16.8Hz,J = 9.8Hz, 2H), 2.74 (1H, ddJ = 16.8Hz,J = 4.9Hz, 2H); 8¢ (175
MHz) 198.6 CO-4), 172.6 CO-1), 138.1 (3-Arc-1), 136.2 (4-Arc-1), 133.0 (4-Arc-4),
129.8 (3-ArC-4), 129.2 (3-Arc-3,5), 128.9 (4-Arc-2,6), 128.5 (4-Arc-3,5), 128.1 (3-Ar-
C-2,6), 51.8 (@Hs), 49.6 C-3), 38.4 C-2); m/z (El) 268 ([M[’, 16%), 237 ([M-OCH|™,
26), 121 (36), 106 (47), 105 (100), 103 (30), 7®)(3F7 (70), 51 (64).
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(1RS,2RS,3SR)-Ethyl 2-tert-butyl-3-((E)-3’-ethoxy-3’-oxoprop-1'-enyl)-2-(1’-fluoro-1’,1’-
bistrimethylsilyl)silylcyclopropanecarboxylate 324

F

CO,Et

To a solution of ethyl 2ert-butyl-3-((E)-3’-ethoxy-3’-oxoprop-1'-enyl)-2-(1’,1’-
bistrimethylsilyl-1’-trimethylsiloxy)silylcyclopropnecarboxylate (0.20 g, 0.38 mmol) in dry
dichloromethane (9.0 ml) was added the trifluoralperacetic acid complex (0.12 ml, 0.83
mmol). The mixture was stirred at room temperafore30 min after which time saturated
sodium bicarbonate solution (9.0 ml) was added. &beeous layer was separated and
extracted with DCM (3 x 15 ml). The combined orgatayers were dried over MgQ0
filtered, and concentrated under reduced pressuge/é a pure title compound (0.17 g, 95%).
Rr 0.4 (pet. ether : diethyl ether 9:1); IR (CH)C3020, 2958, 1696, 1637, 1245, 1210, 1037,
840, 745, 670 cify 54 (500 MHz) 7.10 (1H, dd] = 15.0Hz,J = 10.0Hz, 1'H), 6.04 (1H, d,J

= 15.0Hz, 2'H), 4.22-4.07 (4H, m, C&CH,CHy), 2.37 (1H, d,J = 4.5Hz, 1H), 2.18 (1H, dd,
J=10.0Hz,J = 4.5Hz, 3H), 1.29 (3H, tJ = 7.0Hz, 2’-CQCH,CH3), 1.28 (3H, tJ = 7.0Hz,
1-CO,CH,CH3), 1.11 (9H, s, C(83)3), 0.18 (9H, s, Si(B3)3), 0.10(9H, s, Si(B3)3); oc (125
MHz) 175.5 (1€0), 166.0 (2'€O), 146.6 C-1'), 123.1 C-2’), 62.2 (1-CQCH,CHj3), 60.4
(2'-CO,CH,CHj3), 37.1 C(CHs3)3), 34.6 C-3), 32.7 C-1), 30.8 (CCHs3)3), 29.7 C-2), 14.3 (1-
CO,CH,CHj3), 14.1 (2-CQCH.CHj3), -0.5 (SiCH3)3), -0.6 (SiCH3)3); dsi (139 MHz) 30.1
(Nsie= 321.6Hz), -14.2%0si.r= 24.7Hz), -14.60si.r= 30.0Hz);5¢ (376 MHz) -169.46; m/z
(El) 445 ([M-CHy]", 4%), 387 ([M-Si(CH)3]", 72), 205 (30), 177 (76), 131 (41), 73 (100),
57 (78), 45 (50); HRMS (EI) found [M]460.2283, GH4104Sis requires [M[ 460.2291.
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(1RS,2RS,3SR)-Ethyl 2-tert-butyl-2-(1’,1’-difluoro-2’,2’,2’-trimethyldisilyl) -3-((E)-3'-

ethoxy-3’-oxoprop-1'-enyl)cyclopropanecarboxylate 25

CO,Et
To a solution of ethyl Z2ert-butyl-3-((E)-3’-ethoxy-3’-oxoprop-1'-enyl)-2-(1’,1’-
bistrimethylsilyl-1’-trimethylsiloxy)silylcyclopropnecarboxylate (0.19 g, 0.37 mmol) in dry
dichloromethane (8.0 ml) was added the trifluoralperacetic acid complex (0.25 ml, 1.82
mmol). The mixture was stirred at reflux for 48 Fea which time saturated sodium
bicarbonate solution (10.0 ml) was added. The assidayer was separated and extracted
with DCM (3 x 15 ml). The combined organic layersrev dried over MgS§) filtered and
concentrated. Flash column chromatography on siiedion gradient 0 to 20% diethyl ether
in hexane, afforded the product as a colourles$0dil3 g, 18%). R0.3 (pet. ether : diethyl
ether 8:2); IR (CHG) 3020, 1702, 1522, 1477, 1424, 1225, 1014, 928, ¢td*; 54 (500
MHz) 6.98 (1H, ddJ = 15.0Hz,J = 10.0Hz, 1'H), 6.11 (1H, dJ = 15.0Hz, 2'H), 4.203
(2H, q,J = 7.0Hz, 2’-CQCH,CHj3), 4.197 (2H, gJ = 7.0Hz, 1-CQCH,CHj3), 2.48 (1H, dJ

= 10.0,J = 5.0, Hz, 3H), 2.38 (1H, d,J = 5.0Hz, 1H), 1.32 (3H, t,J = 7.0Hz, 2'-
CO,CH,CH3), 1.29 (3H, tJ = 7.0Hz, 1-CQCH,CH3), 1.13 (9H, s, C(83)3), 0.19 (9H, s,
Si(CH3)3); 8¢ (125 MHz) 175.5 (120), 166.0 (2'€0O), 144.9 C-1"), 124.2 C-2"), 62.4 (1-
CO,CH;CHs), 60.4 (2'-CQCH,CHs), 36.2 €Jcr = 6.7Hz, C-2), 33.5 {Jcr = 1.9Hz,
C(CHg)3), 32.1 (C-3), 31.6 (C-1), 30.8 (CCHas)s), 14.3 (1-CQCH,CHg3), 14.1 (2-
CO,CH,CH3), -1.7 (SiCHa)s); 8si (139 MHz) -8.1 {Jsi.e = 351.4Hz, Jsi.e = 349.2Hz), -16.7
(Jsie = 32.2Hz,%Jsir = 27.5Hz): 8¢ (376 MHz) -127.32 0r.r = 19.9Hz), -134.06%0r =
19.9Hz); m/z (El) 391 ([M-CH™, 1%), 333 ([M-Si(CH)3]", 32), 259 (49), 121 (20) 73
(100), 57 (98), 45 (26), 29 (50); HRMS (ES+) foMi-NH,] © 424.2146, GgH360sNF,Si;
requires [M+NH] © 424.2145.
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(1RS,2RS,3RS)-Methyl 2-tert-butyl-2-(1’-fluoro-1’,1’-bistrimethylsilyl)silyl-3 -
phenylcyclopropanecarboxylate 326
F

t-Bu ) ~Si(SiMe3),

MeOZC"A\‘H
3

H Ph
To a solution of methyl Z2ert-butyl-2-(1’,1’-bistrimethylsilyl-1’-trimethylsiloy)silyl-3-
phenylcyclopropanecarboxylate (0.20 g, 0.39 mmoldry dichloromethane (4.0 ml) was
added the trifluoroborane-acetic acid complex (0r050.39 mmol). The mixture was stirred
at room temperature for 5 min after which time ssted sodium bicarbonate solution (5.0 ml)
was added. The aqueous layer was separated arattegtrwith DCM (3 x 10 ml). The
combined organic layers were dried over MgSfitered, and concentrated under reduced
pressure to give a pure title compound (0.16 g, 9RD.5 (pet. ether : diethyl ether 9:1); IR
(ATR) 2953, 1698, 1442, 1242, 1206, 833, 763, B3B, 686 crit; 5y (700 MHz) 7.41-7.40
(2H, m, Ar-2,6H), 7.28-7.26 (2H, m, Ar-3,5), 7.23-7.19 (1H, m, Ar-#H), 3.73 (3H, s,
OCH3), 2.77 (1H, dJ = 4.9Hz, 3H), 2.59 (1H, dJ = 4.9Hz, 1H), 0.87 (9H, s, C(H3)3),
0.23 (9H, s, Si(Bl3)3), 0.12 (9H, s, Si(B3)3); 6c (175 MHz) 177.1 CO), 136.8 (Ar-C-1),
130.3 (ArC-2,6), 128.1 (Arc-3,5), 126.8 (Arc-4), 52.6 (QCH3), 39.7 C-3), 35.2 C(CHs)3),
30.2 (CCH3)3), 30.1 C-2), 27.0 C-1), -0.3 (SiCHS3)3), -0.4 (SiCHs3)3); 6si (139 MHz) 30.3
(Msie = 321.9Hz), -14.4%0s. = 25.0Hz), -14.9 Us.r = 30.3Hz);5¢ (188 MHz) -163.8; m/z
(El) 409 ([M-CHg] ™, 11%), 351 ([M-Si(CH)3]™", 89), 185 (15), 171 (23), 159 (45), 137 (29),
131 (58), 115 (32), 91 (16), 73 (100), 59 (81),44), 41 (26); HRMS (ES+) found [M+NH

T 442.2421, GH410.NFSk requires [M+NH] © 442.2424.

(1RS,2RS,3RS)-Methyl 2-(1’-fluoro-1’,1’-bistrimethylsilyl)silyl -2-(4-methoxyphenyl)-3-
phenylcyclopropanecarboxylate 328
MeO

F

. oSi(SiMes),

MeO,Cliiy, WnH

3
H Ph

To a solution of methyl 2-(1',1-bistrimethylsily*-trimethylsiloxy)silyl-2-(4-
methoxyphenyl)-3-phenylcyclopropanecarboxylate 10.4g, 0.75 mmol) in dry
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dichloromethane (6.0 ml) was added the trifluoralperacetic acid complex (0.14 ml, 0.75
mmol). The mixture was stirred at room temperafore5 min after which time saturated
sodium bicarbonate solution (5.0 ml) was added. @beeous layer was separated and
extracted with DCM (3 x 15 ml). The combined orgatayers were dried over MgQ0
filtered, and concentrateid vacuoto give a pure title compound as a white soli®%0g,
98%). Mp: 80-82C; R 0.7 (pet. ether : diethyl ether 8:2); IR (ATR) 293688, 1510, 1442,
1242, 1176, 1033, 827, 750, 723, 694 ¢y (500 MHz) 7.10-7.09 (3H, m, 3-Ar-3,413),
6.85-6.83 (2H, m, 2-Ar-2,64), 6.71-6.69 (2H, m, 3-Ar-2,6}), 6.68-6.66 (2H, m, 2-Ar-3,5-
H), 3.80 (3H, s, CaCH3), 3.73 (3H, s, 2-Ar-O83), 2.95 (1H, dJ = 4.0Hz, 3H), 2.73 (1H,
d,J = 4.0Hz, 1H), 0.31 (9H, s, Si(83)3), 0.08 (9H, s, Si(83)3); dc (125 MHz) 175.2CO),
157.7 (2-ArC-4), 136.3 (3-ArC-1), 132.4 (2-ArC-2,6), 129.7 (2-A€-1), 127.74 (3-Arc-
2,6), 127.70 (3-Ac-3,5), 126.2 (3-Arc-4), 113.2 (2-Ar€-3,5), 55.1 (2-Ar-@H3), 52.6
(CO,CH3), 38.3 C-3), 34.6 C-2), 33.8 C-1), -0.3 (SiCH3)3), -0.7 (SiCHz3)3); or (376 MHz)
-186.5;5s; (139 MHz) 23.1 {Jsi.r = 322.2Hz), -14.9%0s.= 27.0Hz), -15.8{s. = 24.9Hz);
m/z (El) 459 ([M-CH]"", 6%), 401 ([M-Si(CH)3]", 100), 277 (27), 265 (21), 250 (38), 131
(33), 73 (93), 59 (81), 45 (19); HRMS (ES+) fourM+NH,]" 492.2210, G4H330sNFSk
requires [M+NH]" 492.2216.

(1RS,2RS,3RS)-Methyl 2-(1’-fluoro-1',1’-bistrimethylsilyl)silyl -2-methyl-3-
phenylcyclopropane-carboxylate 330

To a solution of methyl 2-(1’,1’-bistrimethylsilj:-trimethylsiloxy)silyl-2-methyl-3-
phenylcyclopropanecarboxylate (0.09 g, 0.19 mmeldry dichloromethane (2.0 ml) was
added the trifluoroborane-acetic acid complex (0r®20.19 mmol). The mixture was stirred
at room temperature for 5 min after which time ssted sodium bicarbonate solution (5.0 ml)
was added. The aqueous layer was separated arattegtrwith DCM (3 x 10 ml). The
combined organic layers were dried over MgSiiltered, and concentrated vacuoto give a
pure title compound (0.07 g, 94%); B6 (pet. ether : diethyl ether 9:1); IR (ATR) 395
1702, 1442, 1244, 1206, 1068, 832, 758, 697;dp (700 MHz) 7.34-7.33 (2H, m, Ar-3,5-
H), 7.27-7.26 (3H, m, Ar-2,4,6t), 3.76 (3H, s, O83), 2.85 (1H, dJ = 4.2Hz, 3H), 2.13
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(1H, d,J = 4.2Hz, 1H), 0.94 (3H, s, E3), 0.29 (9H, s, Si(Bl5)3), 0.19 (9H, s, Si(B3)3); dc
(175 MHz) 175.8 CO), 136.2 (Arc-1), 129.2 (Arc-2,6), 128.3 (Ar€-3,5), 126.7 (Arc-4),
52.4 (QCH3), 38.2 C-3), 31.9 C-1), 20.4 C-2), 16.2 CHa3), -0.4 (SiCHs)3), -0.8 (SiCH3)a);
Sk (188 MHz) -193.45s; (139 MHz) 27.1 sir = 315.7Hz), -15.4%0si.r = 26.3Hz), -16.4
(s = 25.0Hz); m/z 367 (M-CH™, 30%), 309 ([M-Si(CH)s]*, 100), 209 (22), 185 (52),
173 (44), 158 (30), 131 (58), 115 (53), 89 (26)(¥aA0), 59 (60), 45 (43).

Methyl 4-oxo-3-phenylpentanoaté® 331
0

)H/\COZMG‘

Ph
To a solution of methyl 2-(1’-fluoro-1’,1'-bistrinteylsilyl)silyl-2-methyl-3-
phenylcyclopropanecarboxylate (0.21 g, 0.54 mmolIPDMF (4.0 ml) was added mCPBA
(0.57 g, 3.25 mmol ) and KF (0.06 g, 1.08 mmol)e Thixture was stirred at RT for 5 h after
which time it was diluted with ether (10.0 ml) asaturated sodium bicarbonate solution (5.0
ml) was added. The aqueous layer was separatedxaratted with ether (3 x 10 ml). The
combined organic layers were dried over MgSfitered, and concentrated vacuo Flash
column chromatography (pet. ether : diethyl etiebPgive title compound as a colourless
liquid (0.06 g, 50%). RO.1 (pet. ether : diethyl ether 95:5); IR (ATR)539 1735, 1715,
1494, 1437, 1355, 1249, 1157, 1069, 841, 756, W% 64 (700 MHz) 7.33-7.31 (2H, m, Ar-
3,5H), 7.28-7.26 (1H, m, Ar-H), 7.20-7.19 (2H, m, Ar-2,6t), 4.17 (1H, ddJ =9.8Hz,J =

4.9 Hz, 3H), 3.64 (3H, s, OB3), 3.20 (1H, dd,) = 16.8Hz,J = 9.8Hz, 2H), 2.51 (1H, dd,

= 16.8Hz,J = 4.9Hz, 2H), 2.10 (3H, s, E3); 6c (175 MHz) 206.8 CO), 172.5 COCHp),
137.4 (Ar-Cipso), 129.2 (ArC-m), 128.2 (ArC-0), 127.8 (ArC-p), 54.8 C-3), 51.8 (CCH3),
36.7 (C-2), 28.9 CHs); m/z (El) 206 ([M]", 4%), 175 (IM-OCH]", 14), 164 (37), 131 (15),
121 (93), 104 (100), 91 (28), 77 (31), 43 (69).

Methyl 5,5-dimethyl-4-oxo-3-phenylhexanoate 332
0

t-BU)H/\COﬂ\Ae

Ph
To a solution of methyl 2ert-butyl-2-(1’-fluoro-1’,1’-bistrimethylsilyl)silyl-3-
phenylcyclopropanecarboxylate (0.27 g, 0.63 mmoIDMF (4.0 ml) was addedhCPBA
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(0.65 g, 3.76 mmol ) and KF (0.07 g, 1.25 mmol)e Thixture was stirred at RT for 12 h after
which time it was diluted with ether (5.0 ml) aratiwated sodium bicarbonate solution (5.0
ml) was added. The aqueous layer was separateéxdratted with ether (3 x 10 ml). The
combined organic layers were dried over MgSfitered, and concentrated under reduced
pressure. Flash column chromatography (pet. ettiethyl ether 8:2) give the title compound
as a yellow oil (0.10. g, 61%).;R.4 (pet. ether : diethyl ether 8:2); IR (ATR) 293736,
1699, 1478, 1436, 1366, 1236, 1194, 1170, 10992,1900, 751, 703 cih &y (500 MHz)
7.30-7.27 (2H, m, Ar-3,54), 7.24-7.21 (1H, m, Ar-H), 7.21-7.19 (2H, m, Ar-2,6+), 4.59
(1H, dd,J = 10.0Hz,J = 5.0 Hz, 3H), 3.61 (3H, s, OH3), 3.16 (1H, ddJ = 17.0Hz,J =
10.0Hz, 2H), 2.51 (1H, ddJ = 17.0Hz,J = 5.0Hz, 2H), 1.07 (9H, s, C(B3)3); ¢ (125
MHz) 214.3 CO), 172.3 CO.,CHs), 138.0 (Ar-C-1), 128.9 (A£-3,5), 128.1 (Arc-2,6),
127.3 (ArC-4), 51.6 (@H3), 48.9 C-3), 45.0 C(CHy)3), 39.3 C-2), 27.2 (CCHz3)3); m/z
(El) 248 (IM]", 16%), 217 (IM-OCH|", 18), 191 (45), 164 (67), 157 (33), 131 (45), 121
(51), 104 (100), 85 (51), 77 (40), 57 (82), 41 (3HRMS (EI) found [M] 248.1404,
Ci1sH2005 requires [M] 248.1407.

Methyl 4-(4-methoxyphenyl)-4-oxo-3-phenylbutanoat&33
0

CO,Me

Ph
MeO

To a solution of methyl 2-(1'-fluoro-1’,1'-bistrinteylsilyl)silyl-2-(4-methoxyphenyl)-3-
phenylcyclopropanecarboxylate (0.23 g, 0.49 mmolDMF (4.0 ml) was addedhCPBA
(0.50 g, 2.91 mmol ) and KF (0.06 g, 0.97 mmol)e Thixture was stirred at RT for 12 h after
which time it was diluted with ether (5.0 ml) armtiwated sodium bicarbonate solution (5.0
ml) was added. The aqueous layer was separateéxdratted with ether (3 x 10 ml). The
combined organic layers were dried over MgSfitered, and concentrated vacuo Flash
column chromatography give title compound as aoyelbil (0.07. g, 51%). IR (ATR) 2952,
1732, 1670, 1598, 1574, 1511, 1436, 1317, 12482,11627, 951, 830, 702 ¢masy (700
MHz) 7.98-7.96 (2H, m, 4-Ar-2,6t), 7.29-7.28 (4H, m, 3-Ar-2,3,58), 7.23-7.20 (1H, m,
3-Ar-4-H), 6.87-6.85 (2H, m, 4-Ar-3,6t), 5.05 (1H, ddJ = 9.8Hz,J = 4.9Hz, 3H), 3.82
(3H, s, 4-Ar-OCH3), 3.65 (3H, s, 1-083), 3.37 (1H, ddJ = 16.8Hz,J = 9.8Hz, 2H), 2.71
(1H, dd,J = 16.8Hz,J = 4.9Hz, 2H); 6c (175 MHz) 197.0CO-4), 172.6 CO-1), 163.4 (4-
Ar-C-4), 138.6 (3-Arc-1), 131.2 (4-Arc-2,6), 129.12 (4-Ac-1), 129.10 (3-Arc-3,5),
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128.0 (3-ArC-2,6), 127.4 (3-Ar€-4), 113.7 (4-Ar€-3,5), 55.4 (4-Ar-@H;), 51.75 (1-
OCHs), 49.2 C-3), 38.4 C-2); miz (El) 298 ([M[', 6%), 267 ([M-OCH]*, 27), 135(100),
121 (12), 107 (41), 92 (45), 77 (53), 64 (18); HRMS) found [M]" 298.1201, GH1g04
requires [M] 298.1200.

(1RS,2RS,3RS)-Methyl 2-(1’-fluoro-1’,1’-bistrimethylsilyl)silyl -2-(4-
(trifluoromethyl)phenyl)-3-phenylcyclopropanecarboxylate 334
F3C

F

 Si(SiMes),

W H
3

H Ph

To a solution of methyl 2-(1’,1'-bistrimethylsily:-trimethylsiloxy)silyl-3-phenyl-2-(4-
trifluoromethyl)phenyl)cyclopropanecarboxylate @.4, 0.32 mmol) in dry dichloromethane
(4.0 ml) was added the trifluoroborane-acetic aoimplex (0.05 ml, 0.32 mmol). The
mixture was stirred at room temperature for 5 miterawhich time saturated sodium
bicarbonate solution (5.0 ml) was added. The aguémyrer was separated and extracted with
DCM (3 x 10 ml). The combined organic layers wereedl over MgSQ, filtered, and
concentrated under reduced pressure to give atjplereompound (0.16 g, 98%). R.4 (pet.
ether : diethyl ether 95:5); IR (ATR) 2954, 170816, 1444, 1323, 1243, 1163, 1122, 1068,
1017, 831, 745, 694, 605 &mdy (700 MHz) 7.37-7.36 (2H, m, 2-Ar-3/8), 7.11-7.09 (3H,
m, 3-Ar-3,4,5H), 7.04-7.03 (2H, m, 2-Ar-2,6t), 6.68-6.66 (2H, m, 3-Ar-2,6t), 3.83 (3H,
s, CQCHgy), 3.00 (1H, d,J = 4.2Hz, 3H), 2.79 (1H, d,J = 4.2Hz, 1H), 0.34 (9H, s,
OSi(CH3)3), 0.09 (9H, s, Si(B3)3), 0.08 (9H, s, Si(B3)3); 6c (175 MHz) 175.2CO), 142.2
(2-Ar-C-1), 135.4 (3-ArC-1), 131.7 (2-Arc-2,6), 128.0 (q°Jc.r = 31.2Hz, 2-ArC-4), 127.9
(3-Ar-C-3,5), 127.5 (3-AI€-2,6), 126.6 (3-Arc-4), 124.5 (q,°Jc.r = 3.5Hz, 2-ArC-3,5),
124.3 (q,3c.F = 271.1Hz, 2-Ar€Fs), 52.9 (CQCH3), 38.4 C-3), 35.3 C-2), 33.1 C-1), -0.3
(Si(CH3)3), -0.7 (SiCHa)3); 8 (376 MHz) -62.7, -184.5p5 (139 MHz) 22.8 {Jsir =
323.8Hz), -14.2%0si.r = 27.2Hz), -15.2%0si.¢ = 25.2Hz); m/z (El) 497 (IM-CH™, 25%), 439
(IM-Si(CH3)3] ™, 99), 315 (43), 303 (25), 283 (47), 269 (56), 234), 220 (21), 191 (29), 151
(33), 131 (49), 73 (100), 59 (59), 45 (41); HRMSS¢g found [M+NH]" 530.1986,
C24H360.NF;Siz requires [M+NH]" 530.1984.
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Methyl 4-oxo-3-phenyl-4-(4-(trifluoromethyl)phenyl)butanoate 335
0

CO,Me

Ph
FsC

To a solution of methyl 2-(1-fluoro-1’,1’-bistrintleylsilyl)silyl-2-(4-
(trifluoromethyl)phenyl)-3-phenylcyclopropanecarlytate (0.11 g, 0.21 mmol) in DMF (4.0
ml) was addeanCPBA (0.22 g, 1.28 mmol ) and KF (0.03 g, 0.43 mm®dhe mixture was
stirred at RT for 12h after which time it was dddtwith ether (10.0 ml) and saturated sodium
bicarbonate solution (5.0 ml) was added. The aguiémrer was separated and extracted with
ether (3 x 10 ml). The combined organic layers wered over MgSQ filtered, and
concentratednh vacuo Flash column chromatography (pet. ether : diethlyer 8:2) give title
compound as a yellow oil (0.03. g, 45%). ®R3 (pet. ether : diethyl ether 7:3); IR (ATR)
2956, 1732, 1688, 1409, 1320, 1231, 1165, 11256,10616, 952, 829, 701 ¢mdy (700
MHz) 8.06-8.05 (2H, m, 4-Ar-2,6t), 7.65-7.64 (2H, m, 4-Ar-3,5t), 7.32-7.30 (2H, m, 3-
Ar-3,5H), 7.26-7.23 (3H, m, 3-Ar-2,4,B8), 5.07 (1H, ddJ = 9.8Hz,J = 4.9 Hz, 3H), 3.66
(3H, s, O®3), 3.41 (1H, ddJ = 17.2Hz,J = 9.8Hz, 2H), 2.73 (1H, ddJ = 17.2Hz,J =
4.9Hz, 2H); 8¢ (175 MHz) 197.8C0), 172.4 COCH;), 139.0 (4-Ar-C-1), 137.2 (3-AG-1),
134.3 (9,01 = 32.7Hz, 4-ArC-4), 129.4 (3-ArC-3,5), 129.1 (4-Arc-2,6), 128.1 (3-ArC-
2,6), 127.8 (3-Arc-4), 125.6 (q2Jc+ = 3.3Hz, 4-ArC-3,5), 123.5 (qlJ.s = 273.1Hz,CF3),
51.9 (QCHs), 50.0 €C-3), 38.3 C-2); &¢ (376 MHz) -63.6; m/z (El) 336 ([M], 8%), 305 ([M-
OCH)", 11), 173 (100), 145 (51), 121 (80), 104 (18),(921), 77 (14); HRMS (EI) found
[M]™ 336.0965, GgH1sF:03requires [M] 461.0968.

(1RS,2RS,3RS)-Methyl 2-(1’-fluoro-1’,1’-bistrimethylsilyl)silyl -2-(furan-2’-yl)-3-
phenylcyclopropanecarboxylate336

MeO,Cliiy, anH

3
H Ph

To a solution of methyl 2-(1',1'-bistrimethylsily*-trimethylsiloxy)silyl-2-(furan-2’-yl)-3-
phenylcyclopropanecarboxylate (0.21 g, 0.42 mmoldiry dichloromethane (4.0 ml) was
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added the trifluoroborane-acetic acid complex (0r060.42 mmol). The mixture was stirred
at room temperature for 5 min after which time sated sodium bicarbonate solution (5.0 ml)
was added. The aqueous layer was separated arattegtrwith DCM (3 x 15 ml). The
combined organic layers were dried over MgSfiltered and concentrated. Flash column
chromatography on silica (pet. ether : diethyl ethid) afforded the product as a colourless
oil (0.11 g, 61%). RO.6 (pet. ether : diethyl ether 9:1); IR (ATR) 292894, 1704, 1499,
1442, 1404, 1243, 1202, 1179, 1013, 833, 730, 69 &, (700 MHz) 7.19-7.16 (4H, m, Ar-
3,4,5H, 5-H), 6.94-6.93 (2H, m, Ar-2,64), 6.14 (1H, dd,) = 3.5Hz,J = 2.1Hz, 4'H), 5.74
(1H, d,J = 3.5Hz, 3'H), 3.79 (3H, s, C&CH3), 3.02 (1H, d,J = 5.6Hz, 3H), 2.94 (1H, dJ =
5.6Hz, 2H), 0.27 (9H, s, Si(83)3), 0.09 (9H, s, Si(B3)3); 6c (175 MHz) 174.0CO), 151.5
(C-2'), 141.0 C-5), 136.1 (ArC-1), 127.9 (ArC-2,6), 127.6 (Arc-3,5), 126.7 (Arc-4),
110.5 C-4), 109.2 (C-3’), 52.6 (CQCHj), 37.1 C-3), 32.2 C-2), 27.2 C-1), -05
(Si(CH3)3), -1.3 (SiCHa3)3); 3¢ (376MHz) -191.45s; (139 MHz) 23.9 {Jsi.r= 327.5Hz), -14.9
(Jsie = 24.3Hz), -15.90si.r = 21.7Hz); m/z (El) 434 ([M], 0.1%), 419 ([M-CH]", 0.5),
361 ([M-Si(CH)3] ™, 38), 165 (20), 131 (16), 73 (100), 59 (40), 48)(HRMS (EI) found
[M]™ 434.1562, G;H3.FOsSis requires [M] 434.1565.

Methyl 4-(furan-2’-yl)-4-oxo-3-phenylbutanoate 337
0

o

\ / CO,Me

Ph

To a solution of methyl 2-(1'-fluoro-1",1’-bistrintikylsilyl)silyl-2-(furan-2’-yl)-3-
phenylcyclopropanecarboxylate (0.11 g, 0.25 mmolPMF (4.0 ml) was addechCPBA
(0.25 g, 1.47 mmol ) and KF (0.03 g, 0.49 mmol)e Thixture was stirred at RT for 12 h after
which time it was diluted with ether (5.0 ml) aratwwated sodium bicarbonate solution (5.0
ml) was added. The aqueous layer was separateéxdratted with ether (3 x 10 ml). The
combined organic layers were dried over MgSfitered, and concentrated vacuo Flash
column chromatography (pet. ether : diethyl eth&) give title compound as a white solid
(0.05. g, 78%). Mp: 86—-8&C; R 0.2 (pet. ether : diethyl ether 7:3); IR (ATR) 312954,
1730, 1656, 1464, 1404, 1331, 1279, 1235, 11672,10035, 990, 962, 901, 777, 746, 702
cm™; 84 (500 MHz) 7.54 (1H, dd) = 1.5Hz,J = 0.5Hz, 5'H), 7.35-7.29 (4H, m, 3-Ar-
2,3,5,6H), 7.26-7.22 (1H, m, 3-Ar-4), 7.20 (1H, ddJ = 3.5Hz,J = 0.5Hz, 3'H), 6.47 (1H,
dd, J = 3.5Hz,J = 1.5Hz, 4'H), 4.90 (1H, ddJ = 10.0Hz,J = 5.0Hz, 3H), 3.65 (3H, s,
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CO,CH3), 3.39 (1H, ddJ) = 17.0Hz,J = 10.0Hz, 2H), 2.72 (1H, dd,) = 17.0Hz,J = 5.0Hz,
2-H); 8¢ (125 MHz) 187.3CO0), 172.3 COMe), 151.9 C-2'), 146.6 C-5), 137.6 (ArC-1),
129.0 (ArC-3,5), 128.2 (Arc-2,6), 127.6 (Arc-4), 118.3 C-3), 112.3 C-4), 51.8
(CO,CH3), 49.5 C-3), 37.2 C-2); m/z (EI) 258 ([M[, 10%), 121 (42), 103 (17), 95 (100), 77
(15); HRMS (ES+) found [M+H] 259.0965, GH1504 requires [M+H] 259.0965.

(1RS,2RS,3RS)-N,N-Diethyl-2-(1’-fluoro-1’,1’-bistrimethylsilyl)silyl -2-(4-
methoxyphenyl)-3-phenylcyclopropanecarboxamid@38

MeO

EtoNOC!1,, v H

To a solution of N,N-diethyl-2-(1’,1’-bistrimethylsilyl-1’-trimethylsibxy)silyl-2-(4-
methoxyphenyl)-3-phenylcyclopropanecarboxamide 1(0.559, 0.87 mmol) in dry
dichloromethane (10.0 ml) was added the trifluorabe-acetic acid complex (0.12 ml, 0.87
mmol). The mixture was stirred at room temperafore5 min after which time saturated
sodium bicarbonate solution (10.0 ml) was addece @hueous layer was separated and
extracted with DCM (3 x 15 ml). The combined orgatayers were dried over MgQ0
filtered, and concentratad vacuoto give a title compound (0.41 g, ds 3.8:1, 92Pshduct
was only partially characterised because of intgbiR (ATR) 2953, 2893, 1590, 1509,
1492, 1464, 1239, 1174, 1035, 828, 751, 693cky (700 MHz) 7.11-7.08 (3H, m, 3-Ar-
3,4,6H), 6.84-6.83 (2H, m, 2-Ar-2,6t), 6.72-6.71 (2H, m, 3-Ar-2,6t), 6.66-6.64 (2H, m,
2-Ar-3,5H), 3.72 (3H, s, O83), 3.60 (1H, dtJ = 7.0Hz,J = 14.0Hz, ®1,CHs), 3.57 (1H, dt,
J=7.0Hz,J = 14.0Hz, ®1,CHj3), 3.40 (1H, dtJ = 7.0Hz,J = 14.0Hz, ¢1,CHj3), 3.29 (1H, dt,
J=7.0Hz,J = 14.0Hz, ®i,CHs), 2.73 (1H, dJ = 4.9Hz, 1H), 2.62 (1H, d,J = 4.9Hz, 3H),
1.29 (3H, t,J = 7.0Hz, CHCHs), 1.18 (3H, tJ = 7.0Hz, CHCH3), 0.26 (9H, s, Si(B3)s),
0.03 (9H, s, Si(Bl3)3); 6¢ (175 MHz) 173.3C0), 157.2 (2-Arc-4), 137.1 (3-Arc-1), 132.1
(2-Ar-C-2,6), 131.0 (2-Arc-1), 127.7 (3-Ar€-3,5), 127.5 (3-Arc-2,6), 125.9 (3-Arc-4),
112.9 (2-ArC-3,5), 55.1 (@H3), 43.1 CH,CHg), 41.6 CH.CHg), 37.7 C-3), 34.9 C-2),
33.1 C-1), 14.8 (CHCHg), 13.2 (CHCH3), 0.1 (SiCHz)3), -0.4 (SiCH3)3); 6F (376MH2z) -
152.3;55 (139 MHz) -10.9 {0si.e= 309.7Hz), -14.4%0s.-= 38.1Hz), -14.9%0s.r= 33.5Hz).
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N,N-Diethyl-4-(4-methoxyphenyl)-4-oxo-3-phenylbutanande 339
0

CONEt,

Ph
MeO

To a solution ofN,N-diethyl-2-(1'-fluoro-1’,1’-bistrimethylsilyl)silyl2-(4-methoxyphenyl)-3-
phenylcyclopropanecarboxamide (0.36 g, 0.70 mmolpMF (8.0 ml) was added mCPBA
(0.72 g, 4.20 mmol ) and KF (0.08 g, 1.40 mmol)e Thixture was stirred at RT for 16 h after
which time it was diluted with ether (20.0 ml) asaturated sodium thiosulfate solution (10.0
ml) was added. The aqueous layer was separateéxdratted with ether (3 x 10 ml). The
combined organic layers were washed with saturstelium bicarbonate solution (20.0 ml)
and dried over MgS§) filtered, and concentratad vacuo Flash column chromatography
(gradient elution pet. ether : diethyl ether 85:B85/) fallowed by reverse phase column
(gradient elution water : acetonitrile 8:2, 3:7yaititle compound as a white solid (0.05 g,
22%). IR (ATR) 2961, 1673, 1631, 1596, 1511, 14B449, 1405, 1362, 1309, 1245, 1163,
1025, 956, 833, 780, 699 &my; (500 MHz) 8.02-8.00 (2H, m, 4-Ar-2)8), 7.34-7.33 (2H,
m, 3-Ar-2,6H), 7.30-7.27 (1H, m, 3-Ar-3,5t), 7.22-7.19 (1H, m, 3-Ar-#), 6.86-6.84 (2H,
m, 4-Ar-3,5H), 5.25 (1H, ddJ = 10.0Hz,J = 4.0Hz, 3H), 3.80 (3H, s, 4-Ar-Od3), 3.44
(1H, dd,J = 16.0Hz,J = 10.0Hz, 2H), 3.42 (1H, dtJ = 7.0Hz,J = 21.0Hz, G{,CHz3), 3.36-
3.22 (3H, m, €1,CH3), 2.62 (1H, ddJ = 16.0Hz,J = 4.0Hz, 2H), 1.18 (3H, t,J = 7.0Hz,
CH,CH3), 1.06 (3H, t,J = 7.0Hz, CHCH3); éc (125 MHz) 197.9 CO-4), 170.1 CO-1),
163.2 (4-ArC-4), 139.3 (3-Arc-1), 131.2 (4-Arc-2,6), 129.5 (4-Arc-1), 129.0 (3-Arc-
3,5), 128.02 (3-Ac-2,6), 127.1 (3-Arc-4), 113.6 (4-Arc-3,5), 55.3 (4-Ar-@Hj3), 49.2 C-

3), 41.8 CH,CHs), 40.2 CH,CHj3), 38.1 C-2), 14.1 (CHCHg3), 13.0 (CHCH3); m/z (El) 339
(IM]™, 1%), 135 (100), 77 (13); HRMS (ES+) found [M+H340.1905, GH,s0sN requires
[M+H] " 340.1907.
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(1RS,2RS,3RS)-Methyl 2-(1’-fluoro-1’,1’-bistrimethylsiloxy)sily |-2-(4-methoxyphenyl)-3-
phenylcyclopropanecarboxylate 341
MeO

F

Si(OSiMey),

.\\\\H
3

H Ph
To a solution of methyl 2-(1',1-bistrimethylsily*-trimethylsiloxy)silyl-2-(4-
methoxyphenyl)-3-phenylcyclopropanecarboxylate §ay10.37 mmol) in DMF (4.0 ml) was
addedmCPBA (0.26 g, 1.48 mmol ) and KF (0.04 g, 0.74 mmodhe mixture was stirred at
RT for 40 min after which time it was diluted wittther (5.0 ml) and saturated sodium
bicarbonate solution (5.0 ml) was added. The aguémrer was separated and extracted with
ether (3 x 10 ml). The combined organic layers wered over MgSQ@ filtered, and
concentratedn vacuo Flash column chromatography give the title conmubas a colourless
oil (0.07. g, 37%). RO.5 (pet. ether : diethyl ether 8:2); IR (ATR) 93740, 1510, 1440,
1249, 1170, 1076, 841, 755, 696 &y (700 MHz) 7.07-7.06 (3H, m, 3-Ar-3,413), 6.79-
6.78 (2H, m, 2-Ar-2,84), 6.70-6.69 (2H, m, 3-Ar-2,6}), 6.61-6.60 (2H, m, 2-Ar-3,5t),
3.74 (3H, s, C@CH3), 3.68 (3H, s, 2-Ar-083), 3.12 (1H, dJ = 6.3Hz, 3H), 2.58 (1H, dJ
= 6.3Hz, 1H), 0.05 (9H, s, OSi(83)3), 0.04 (9H, s, OSi(8B3)3); 6c (175 MHz) 172.1 CO),
157.9 (2-ArC-4), 135.8 (3-Arc-1), 132.3 (2-Ar-C-2,6), 129.8 (2-At-1), 128.1 (3-Ar-C-
2,6), 127.7 (3-Ar-C-3,5), 126.3 (3-AT-4), 113.2 (2-Ar€-3,5), 55.1 (2-Ar-CHz), 51.9
(CO,CH3), 36.8 C-2), 34.2 (C-3), 33.0 C-1), 1.43 (OSIiCH3)3), 1.39 (OSICHS3)3); 6 (376
MHz) -192.8;5si (139 MHz) 10.6 {Jsir = 190.7Hz), -73.1%0si.r = 3.9Hz), -74.9 Ysir =
3.9Hz); m/z (El) 506 ([M], 22%), 491 ([M-CH]", 34), 431 (74), 416 (26), 373 (16), 250
(95), 241 (29), 222 (66), 211 (52), 178 (38), 9T)(Z3 (100), 59 (21); HRMS (ES+) found
[M+NH 4] 524.2115, gH390sNFSk requires [M+NH]* 524.2115.
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2-Diazo-2-(1,1,1,3,3,3-hexamethyl-2-(trimethylsilyrisilan-2-yl)- N,N-
dimethylacetamide®? 360
0

(Meg,Si)3Si
NMe,

N2
Ethyldiisopropylamine (2.99 ml, 17.1 mmol) followedy tris(trimethylsilyl)silyl
trifluoromethanesulfonate (5.93 g, 15.6 mmol) iatdyl ether (50 ml) were added at %Z&o
a solution of 2-diaziN,N-dimethylacetamide (1.76 g, 15.6 mmol) in diethihez (50 ml).
The reaction mixture was allowed to warm up to raemperature, and stirred for 24 h. The
reaction was then quenched by addition of a sadidaHCQ solution (70 ml). The aqueous
layer was separated and extracted widOE3 x 50 ml). The combined organic layers were
dried over MgSQ filtered and concentrated. Flash column chronraiginy on silica, elution
gradient 0 to 10% diethyl ether in pet. ether, aféal the product as a yellow semi solid
material (4.58 g, 82%).:F0.2 (pet. ether : diethyl ether 95:5); IR (ATR)429 2893, 2040,
1617, 1369, 1243, 1167, 827, 745, 685"y (700 MHz) 2.99 (6H, s, N(85),), 0.24 (27H,
s, Si((Ha3)s); 8¢ (175 MHz) 168.9C0), 37.7 (NCH3)2), 1.0 (SiCHa3)3); 8si (139 MHz) -11.1,
-75.7; m/z (El) 217 (19%), 173 (37), 143 (12), ¥21), 117 (23), 73 (100), 45 (14). HRMS
(ASAP) found [M+H]" 360.1785, GH34ONsSi4 requires [M+H] 360.1779.

Ethyl 2-diazo-2-(1,1,1,3,3,3-hexamethyl-2-(trimethigilyl)trisilan-2-yl)acetate'** 361
@]

(MesSi)sSi
OEt

N2

Ethyldiisopropylamine (2.94 ml, 16.9 mmol) followedy tris(trimethylsilyl)silyl
trifluoromethanesulfonate (5.83 g, 15.3 mmol) iatdyl ether (50 ml) were added at °Z&o

a solution of ethyl 2-diazoacetate (1.61 g, 15.3afiim diethyl ether (50 ml). The reaction
mixture was allowed to warm up to room temperatargl stirred for 24 h. The reaction was
then quenched by addition of a saturated Naki§&fution (70 ml). The agueous layer was
separated and extracted with@&t(3 x 50 ml). The combined organic layers weredliover
MgSQ,, filtered and concentrated. Flash column chronragany on silica, elution gradient 0
to 10% diethyl ether in hexane, afforded the prodsca yellow oil (4.6 g, 84%).:R.7 (pet.
ether : diethyl ether 9:1); IR (ATR) 2949, 28937201682, 1395, 1365, 1241, 1197, 1096,
1063, 825, 739 cihy &y (500 MHz) 4.20 (2H, @) = 7.0Hz, G4,CHs), 1.28 (3H, tJ = 7.0Hz,
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CH,CH3), 0.23 (27H, s, Si(Bs)3); 5¢c (125 MHz) 170.2 CO), 60.9 CH.CHs), 38.5 C-2),
14.7 (CHCHs), 1.0 (SiCHs)s); 3si (140 MHz) -11.34, -80.2; m/z (El) 332 (IM2N', 0.1%),
215 (54), 117 (24), 73 (100), 45 ([EfQ]34); HRMS (ASAP) found [M+H] 361.16286,
C13H330,N,Sis requires [M+H] 361.16109.

Tris(trimethylsilyl)silyl trifluoromethanesulfonate 362
iMe3
Me3Si— Si—OTf

Sire
Method A%
Trifluoromethanesulfonic acid (1.38 ml, 15.6 mmaBs added dropwise (5 min) via syringe
to a solution of phenyltris(trimethylsilyl)silan®.05 g, 15.6 mmol) in dry dichloromethane
(50.0 ml) at 0°C. The reaction mixture was stirred for 20 min ahdn warmed to room
temperature. The reaction mixture was stirred fdurher 40 min after which time the
solvent was evaporated directly using a vacuum folanio give the product as a colourless
semi solid material (5.93 g, 99%). Product mustied immediately. IR (ATR) 2954, 2896,
1381, 1245, 1200, 1151, 951, 828, 691 ¢ (400 MHz) 0.30 (27H, s, Silds)s); dc (100
MHz) 118.5 ((q.Jc.r= 315.7Hz,CF3), -0.7 (SiCHs)3); 8¢ (376MHz) -76.9:3s; (139 MHz) -
11.7 Gi(CHs)s), -74.4 Gi-OTH).

Method B

Trifluoromethanesulfonic acid (0.89 ml, 10.0 mmweBs added dropwise (5 min) via syringe
to a solution of allyltris(trimethylsilyl)silane (34 g, 14.3 mmol) in dry dichloromethane
(50.0 ml) at -78C. The reaction mixture was stirred for 40 min @m temperature after
which time the solvent was evaporated directly gimnvacuum manifold. Distillation gave
the title compound as a colourless semi solid naterlong with several inseparable
components (2.38 g, 60%). B.p. 94-%70.6 mbar. Spectroscopic data for prod3@2 were
consistent with data presentedMiethod A
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2-Diazo-N,N-dimethylacetamidé® 363
0

%NMez

N2
To a solution of 2-diazdd,N-dimethyl-3-oxobutanamide (11.44 g, 73.8 mmol) iry d
acetonitrile (80 ml) was added a solution of patasshydroxide (8%, 80 ml) within 10 min.
The mixture was stirred at room temperature forhl@\fter addition of water (80 ml) the
mixture was extracted with ethyl acetate (3 x 8 ifthe combined organic layers were dried
over MgSQ, filtered and concentrated. Flash column chromajalyy on silica (ethyl acetate)
afforded the product as a yellow oil (6.26 g, 75%).0.2 (ethyl acetate); IR (ATR) 3069,
2931, 2092, 1604, 1487, 1450, 1393, 1261, 11757,11@60, 863, 723, 631 ¢mdy (700
MHz) 4.96 (1H, s, H), 2.91 (6H, s, N(B3),); 8¢ (175 MHz) 165.8 CO), 46.1CN,), 36.2
(N(CH3),); m/z (El) 113 (IM]", 25%), 72 (38), 70 (21), 44 (20), 42 (100), 28)(20

2-DiazoN,N-dimethyl-3-oxobutanamide®* 365

NMe;
N2

To a solution ofN,N-dimethyl-3-oxobutanamide (18.3 g, 140 mmol) in dietonitrile (280

ml) was added methane sulfonyl azide (20.3 g, 16®Mand triethylamine (38.9 ml, 279

mmol). The mixture was stirred at room temperatice 3 h after which time sodium

hydroxide solution (12%, 240 ml) was added. Theeaqgs layer was separated and extracted

with ethyl acetate (3 x 150 ml). The combined orgdayers were dried over MgQ{iltered

and concentrated. Flash column chromatographylima $ethyl acetate) afforded the product

as a yellow oil (11.44 g, 53%).:®.3 (ethyl acetate); IR (ATR) 2930, 2099, 1624914

1442, 1385, 1362, 1261, 1228, 1145, 1049, 963, B34, 683 cnt; 5, (700 MHz) 3.01 (6H,

s, N(MHs),), 2.35 (3H, s, 4H); 5¢c (175 MHz) 189.5CO), 161.4 CON(CHs),), 43.4 CN,),

37.5 (NCHs)>), 27.3 C-4); m/z (ES+) 156 ([M+H], 100%).

177



Allyltris(trimethylsilyl)silane ***369

(Me3Si)3Silx

2 3
Tetrakis(trimethylsilyl)silane (10.67 g, 33.2 mmal)d dry potassiurtert-butoxide (4.10 g,
36.6 mmol) were dissolved in THF (50 ml). The swotwas stirred for 3h at room
temperature. The orange solution was then addgovise via cannula (over a 1 hour period)
to a cooled (-78C) solution of allyl bromide (8.63 ml, 99.7 mmol) THF (50 ml). The
mixture was stirred at room temperature for 4 krafthich time ammonium chloride solution
(50 ml) was added. The organic layer was separatetthe aqueous layer was extracted with
Et,tO (3 x 30 ml). The combined organic layers wereedirover MgSQ@ filtered and
concentrated. Flash column chromatography (hexgaeg the title compound as a white
semi solid material (8.12 g, 85%); &8 (hexane); IR (ATR) 2949, 2893, 1394, 1243,7104
987, 892, 827, 763, 746 ¢mdy (700 MHz) 5.86 (1H, ddt) = 16.8Hz,J = 9.1Hz,J = 8.4Hz,
2-H), 4.89 (1H, dJ = 16.8Hz, 3H), 4.76 (1H, dJ = 9.1Hz, 3H), 1.78 (2H, dJ = 8.4Hz, 1-
H), 0.18 (27H, s, Si(B3)3); 6c (175 MHz) 138.5 ¢-2), 111.8 C-3), 14.9 C-1), 1.1
(Si(CHa3)3); dsi (139 MHz) -12.4, -81.4; m/z (El) 288 ([M] 6%), 247 ([M-GHs] ", 15), 215
(IM-Si(CHs)s]*, 10), 199 (14), 173 (59), 141 (44), 131 (16), T80Q), 45 (15).

Methanesulfonyl azidé®® 370

I

—S—Nj3

(I)I
To a solution of methanesulfonyl chloride (15.0 14 mmol) in acetone (100 ml) was
added over a period of 30 min sodium azide (18.299, mmol). The mixture was stirred at
room temperature for 1.5 h after which time watefdd and concentrated. The product was
obtained as a colourless oil (22.89 g, 97%). IRRABO029, 2937, 2133, 1349, 1193, 1151,
963, 773, 727 cifi 84 (200 MHz) 3.27 (3H, s, B3); 8¢ (100 MHz) 42.8 CHs).

Phenyltris(trimethylsilyl)silane %! 372
SiME3
Me3Si—Ti—Ph
SiM63
A solution of phenyl magnesium bromide (88.3 ml, 388 mol) in THF (1 M) was added
dropwise (15 min) via syringe to a stirring soluatiof chlorotris(trimethylsilyl)silane (25.0 g,
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88.3mmol) in dry THF (50ml) at 6C. The reaction mixture was stirred for 22 h atnoo
temperature after which time ammonium chloride Sotu(150 ml) was added slowly. The
aqueous layer was separated and extracted withh €3x@&00ml). The combined organic
layers were dried over MgS({iltered, concentrated and dried under reducedsure. Flash
column chromatography (pet. ether) gave the tidmmound as a white semi solid material
(21.1 g, 74%). RO.7 (pet. ether); IR (ATR) 2950, 2893, 1692, 14P®5, 777, 739, 728 cm
L 84 (400 MHz) 7.47-7.44 (2H, m, Ar-2)8), 7.28-7.25 (3H, m, Ar-3,4,8), 0.23 (27H, s,
Si(CH3)3); 8¢ (100 MHz) 136.6 (AI€), 135.5 (ArC), 127.7 (ArC), 127.3 (ArC), 1.7
(Si(CH3)3); 8si (139 MHz) -12.7 $i(CHs)s), -76.8 (ArSi); m/z (El) 324 (IM]", 73%), 309
(IM-CH3]™, 29), 251 ([M-Si(CH)3] ", 40), 236 (56), 174 (92) 73 (100).

Ethyl 2-(2-hydroxy-1,1,1,3,3,3-hexamethyltrisilan-2yl)-2-(trimethylsilyl)acetate 381
HO\?iMeg
MesSi” > OEt
SiMeg
To a solution of R¥(pfb), (23.3 mg, 0.022 mmol) in toluene (10.0 ml) wasextldropwise (5
min) a solution of ethyl 2-diazo-2-(1,1,1,3,3,3-Bmethyl-2-(trimethylsilyl)trisilan-2-
ylh)acetate (0.16 g, 0.44 mmol) in toluene (10.0.MKe solution was stirred for 1 h at room
temperature after which time water (10 ml) was dddée organic layer was separated, and
the aqueous layer was extracted withfCEE3 x 5 ml). The combined organic layers weredlrie
over MgSQ, filtered, and concentratad vacuo Flash column chromatography on silica,
elution gradient 0 to 50% diethyl ether in hexaaiéprded the silylalcohol as a white solid
(89.6 mg, 58%). Mp: 57.1-58%; R 0.4 (pet. ether : diethyl ether 6:4); IR (ATR) 834
2953, 2895, 1655, 1365, 1243, 1182, 1039, 963, B& cni; 5 (700 MHz) 4.08 (2H, qJ =
7.0Hz, (H,CHg), 2.06 (1H, s, H), 1.26 (3H, t,J = 7.0Hz, CHCHj3), 0.19 (18H, s,
Si(CH3)3), 0.17 (9H, s, Si(B3)3); 6c (175 MHz) 174.5 CO), 60.2 CH,CH3), 31.0 C-2),
14.5 (CHCHj3), 0.1 (SiCHz3)3), -1.0 (SiCH3)3), -1.3 (SiCH3)3); dsi (140 MHz) 9.0, 3.8, -
18.1, -18.2; m/z (ES+) 373 ([M+N4a] 100%), 360 (42), 338 (17), 301 (20), 219 (16)akAn
Calcd for G3H3403Sis: C, 44.52; H, 9.77. Found: C, 44.43; H, 9.70.
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2-(2-Ethoxy-1,1,1,3,3,3-hexamethyltrisilan-2-yl)-Ztrimethylsilyl)ethenone 383
0
g
EtQ
Me;Si—Si SiMe,
MesSi
To a solution of R¥(pfb), (23.0 mg, 0.022 mmol) in toluene (10.0 ml) wasextldropwise (5
min) a solution of ethyl 2-diazo-2-(1,1,1,3,3,3-Bmethyl-2-(trimethylsilyl)trisilan-2-
ylh)acetate (0.16 g, 0.44 mmol) in toluene (10.0. Mhe reaction mixture was stirred for 48 h
at room temperature. Concentration, followed byHlaolumn chromatography on silica,
elution gradient 0 to 10% diethyl ether in hexaakorded the product as a colourless oll
(29.9 mg, 21%). R0.7 (hexane : diethyl ether 95:5); IR (ATR) 2923895, 2069, 1387, 1245,
1101, 1074, 939, 893, 830, 755, 731 créy (C;Ds, 700 MHz) 3.56 (2H, g, = 7.0Hz,
CH2CHjs), 1.09 (3H, tJ = 7.0Hz, CHCH3), 0.26 (9H, s, Si(83)3), 0.25 (18H, s, Si(B3)3);
d¢c (C/Dg, 175 MHz) 165.6CO), 61.4 CH,CHs), 18.7 (CHCHs3), 1.6 (SiCHs3)3), 0.2 CCO),
-0.7 (SiCH3)3); 8si (140 MHz) 6.6, 5.7, -18.3; m/z (El) 332 ([fM]9%), 317 ([M-CH]", 49),
303 ([M-CH,CH3]™, 49), 273 (30), 259 ([M-Si(Ckk] ", 25), 215 (83), 199 (39), 191 (38),
155 (39), 147 (54), 131 (29), 117 (56), 99 (19),(36), 83 (36), 73 (100), 59 (37), 45 (38);
HRMS (EIl) found [M]" 332.1478, GH3,0,Si, requires [M] 332.1474.

4-Ethoxy-2,2,3-tris(trimethylsilyl)-2H-1,2-oxasilee 385

Megsi

Megsi\\ .
Ti
(@]

OFEt
To a solution of R¥{pfb)s (0.7 mg, 0.0007 mmol) ingetoluene (0.5 ml) was added dropwise

(1 min) a solution of ethyl 2-diazo-2-(1,1,1,3,88xamethyl-2-(trimethylsilyl)trisilan-2-

SiMe3

yhacetate (0.15 mg, 0.034 mmol) ig-luene (0.5 ml). NMR spectroscopy indicated the
formation of the intermediate produét; (C;Dg, -80°C, 500 MHz) 4.02 (2H, q) = 7.2Hz,
CH,CHg), 1.04 (1H, tJ = 7.2Hz, CHCH3), 0.32 (9H, s, Si(83)3), 0.23 (18H, s, Si(B3)3);

8¢ (C;Dg, -80°C, 125 MHz) 161.1G-4), 67.0 C-3), 62.8 CH,CHs), 15.0 (CHCH3), 1.4
(Si(CH3)3), -2.1 (SiCHa)3); 8si (C;Dg, -80°C, 99 MHz) 35.6, -15.3, -17.1.
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Ethyl 2-(1-methoxy-1,2,2,2-tetramethyldisilyl)-2-(timethylsilyl)acetate 396
Meo\?iMeg
_si
MesSi OEt

SiMeg
To a solution of R¥{(pfb), (23.3 mg, 0.022 mmol) in toluene (10.0 ml) wasextldropwise (
5 min) a solution of ethyl 2-diazo-2-(1,1,1,3,3@xamethyl-2-(trimethylsilyl)trisilan-2-
yhacetate (0.16 g, 0.44 mmol) in toluene (10.0. MAhe reaction mixture was stirred for 1 h at
room temperature. Dry methanol (0.5 ml) was addetithe reaction mixture was stirred for
5 min. Concentration, followed by flash column ahadography on silica, elution gradient O
to 5% diethyl ether in hexane, afforded the prodasch colourless oil (0.07 g, 43%). (R4
(hexane : diethyl ether 95:5); IR (ATR) 2950, 289696, 1244, 1163, 1107, 1083, 1039, 827,
761, 721 cnit; &y (700 MHz) 4.09 (1H, dg) = 7.0Hz,J = 11.2Hz, ®1,CHs), 4.02 (1H, dqg,)
= 7.0Hz,J = 11.2Hz, ®1,CHs), 3.45 (3H, s, OB3), 2.23 (1H, s, M), 1.24 (3H, tJ = 7.0Hz,
CH,CH3), 0.21 (9H, s, Si(B3)3), 0.19 (9H, s, Si(B3)3), 0.17 (9H, s, Si(B3)3); éc (175
MHz) 173.7 CO), 60.0 CH,CHs), 53.7 (QCH3), 30.4 (C-2), 14.5 (CHCHgj), -0.08
(Si(CHa)3), -0.12 (SiCHs3)3), -0.7 (SiCHs3)3); dsi (140 MHz) 13.3, 4.1, -18.0, -18.5; m/z (ES+)
365 ([M+H]", 10%), 333 (100), 319 (27), 263 (10), 219 (17);\HR(ES+) found [M+H]
365.1812, G4H370sSis requires [M+ HJ 365.1814.

Ethyl 2-(1,1,1,3,3,3-hexamethyl-2-(1-phenylvinyloXyrisilan-2-yl)-2-
(trimethylsilyl)acetate 398

M63Si\ COyEt
MesSi—Si
O, SiMe3
Ph

To a solution of R¥(pfb), (58.7 mg, 0.056 mmol) in toluene (30.0 ml) waseatldropwise (5
min) a solution of ethyl 2-diazo-2-(1,1,1,3,3,3-Bmethyl-2-(trimethylsilyl)trisilan-2-
yhacetate (0.40 g, 1.11 mmol) in toluene (20.0. Mhe reaction mixture was stirred for 1 h at
room temperature. After that time, acetophenon&6(@nl, 1.33 mmol) was added and the
reaction mixture was stirred for 1 h. Concentratioiollowed by flash column
chromatography on neutral alumina, elution gradi@énto 10% diethyl ether in hexane,
afforded the product as a colourless oil (0.125%02 R 0.6 (ALO; pH=7, hexane : diethyl
ether 9:1); IR (ATR) 2953, 2896, 1694, 1314, 130085, 1244, 1158, 1105, 1075, 1027,
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1003, 829, 771 cih 8y (700 MHz) 7.59-7.58 (2H, m, Ar-2)8), 7.34-7.32 (2H, m, Ar-3,5-
H), 7.30-7.27 (1H, m, Ar-#H), 4.88 (1H, d,J = 2.8Hz, C®l,), 4.40 (1H, d,J = 2.8Hz,
CCH»), 4.13 (1H, dgJ = 11.2Hz,J = 7.0Hz, G1,CHs), 4.06 (1H, dg,) = 11.2Hz,J = 7.0Hz,
CH,CHs), 2.50 (1H, s, ), 1.26 (3H, tJ = 7.0Hz, CHCH3), 0.27 (9H, s, Si(83)3), 0.192
(9H, s, Si(®3)s), 0.190 (9H, s, Si(B3)s); dc (175 MHz) 173.4CO), 157.8 (Si@), 137.5
(Ar-C-1), 128.2 (Ar€-4), 128.0 (Arc-3,5), 125.3 (Ar€-2,6), 90.0 (CH,), 60.2 CH,CHy),
29.6 (C-2), 14.5 (CHCHs), 0.1 (SiCHs)3), -0.1 (SiCHa)s), -0.2 (SiCHa)3); dsi (140 MHzZ)
8.6, 4.3, -16.3, -16.7; m/z (ASAP) 451 ([M-H] 7%); HRMS (ASAP) found [M+H]
453.2153, GH4:10:Sis requires [M+H] 453.2133.

(3SR,4RS)-Ethyl 4,6-diphenyl-2,2,3-tris(trimethylsilyl)-3,4-dihydro-2H-1,2-oxasiline-3-
carboxylate 399

MesSi CO,Et

Me3S|\Si SiMes

Ph
To a solution of R¥(pfb), (25.3 mg, 0.024 mmol) in toluene (10.0 ml) wasextidropwise (5

min) a solution of ethyl 2-diazo-2-(1,1,1,3,3,3-Bmethyl-2-(trimethylsilyl)trisilan-2-
yhacetate (0.17 g, 0.48 mmol) in toluene (10.0. MAhe reaction mixture was stirred for 1 h at
room temperature. After that time, a solutiontns-chalcone (0.12 ml, 0.57 mmol) in
toluene (2.0 ml) was added and the reaction mixtuas stirred for 1 h. Concentration,
followed by flash column chromatography on silieltion gradient O to 10% diethyl ether in
hexane, afforded the product as a white solid (§,1381%). Mp: 100.7-101.%; R 0.6 (pet.
ether : diethyl ether 95:5); IR (ATR) 2949, 289696, 1491, 1447, 1332, 1291, 1244, 1165,
1107, 1033, 832, 786, 753 &by (700 MHz) 7.74-7.73 (2H, m, 4-Ar-2)8), 7.62-7.61 (2H,
m, 6-Ar-2,6H), 7.35-7.33 (2H, m, 6-Ar-3,b), 7.31-7.29 (3H, m, 4-Ar-3,b}, 6-Ar-4H)),
7.25-7.23 (1H, m, 4-Ar-4H), 5.50 (1H, dJ = 2.8Hz, 4H), 4.91 (1H, dJ = 2.8Hz, 5H), 4.37
(1H, dq,Jd = 11.2Hz,J = 7.0Hz, G4,CHs), 4.06 (1H, dgJ = 11.2Hz,J = 7.0Hz, G4,CHs),
1.33 (3H, tJ = 7.0Hz, CHCH3), 0.40 (9H, s, Si(B3)3), 0.16 (9H, s, Si(83)3), -0.18 (9H, s,
CSi(CH3)3); dc (175 MHz) 176.1 CO), 152.1 C-6), 145.0 (4-Ar€-1), 137.4 (6-Arc-1),
131.2 (4-ArC-2,6), 128.1 (6-Arc-2,6), 127.8 (4-Arc-3,5), 127.7 (6-Arc-4), 126.8 (4-Ar-
C-4), 1245 (6-Arc-3,5), 106.3 C-5), 61.0 CH.CHs), 445 (C-4), 37.2 (C-3), 14.8
(CH2CH3), 0.8 (SiCH3)3), 0.7 (CSiCH3)3), 0.3 (SiCH3)3); dsi (140 MHz) 4.7, 3.1, -13.2, -
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14.3; m/z (ASAP) 541 ([M+H], 11%); Anal. Calcd for &H40sSis: C, 62.16; H, 8.20.
Found: C, 62.04; H, 8.20.

(3SR,4RS)-Ethyl 6-methyl-4-phenyl-2,2,3-tris(trimethylsilyl)-3,4-dihydro-2H-1,2-
oxasiline-3-carboxylate 401and

(3RS,4RS)-Ethyl 6-methyl-4-phenyl-2,2,3-tris(trimethylsilyl)-3,4-dihydro-2H-1,2-
oxasiline-3-carboxylate 401b

Me3Si CO,Et
MeSSI\\S' :3 SiMes
|
/
0 Ph

401la 401b
To a solution of R¥(pfb)s (59.8 mg, 0.057 mmol) in toluene (30.0 ml) waseatldropwise a

solution of ethyl 2-diazo-2-(1,1,1,3,3,3-hexamet®ytrimethylsilyl)trisilan-2-yl)acetate
(0.41 g, 1.13 mmol) in toluene (20.0 ml). The remactmixture was stirred for 1 h at room
temperature. After that time, a solution &)-4-phenylbut-3-en-2-on¢.20 g, 1.36 mmol) in
toluene (5.0 ml) was added and the reaction mixtuas stirred for 1 h. Concentration,
followed by flash column chromatography on neutlmina, elution gradient 0 to 10%
diethyl ether in hexane, afforded the prodd@laas a white solid (0.18 g, 34%) and product
401bas a colourless oil (0.10 g, 18%). Ratio of thedpit changed after purification (crude
ds 1:1).

Experimental data for compoud@1a

Mp: 42.1-46.2C; R 0.7 (ALOs pH=7, pet. ether : diethyl ether 9:1); IR (ATR)3B9 2949,
2890, 1694, 1493, 1376, 1325. 1288, 1248, 1174911892, 1041, 1005, 909, 829, 765 cm
1 84 (500 MHz) 7.68-7.67 (2H, m, Ar-2)8), 7.27-7.24 (2H, m, Ar-3,54), 7.22-7.18 (1H,
m, Ar-4-H), 4.67 (1H, ddJ = 2.5Hz,J = 2.0Hz, 4H), 4.52 (1H, dJ = 2.5Hz, 5H), 4.34 (1H,
dqg,J = 11.0Hz,J = 7.0Hz, H,CHy), 4.01 (1H, dqJ = 11.0Hz,J = 7.0Hz, GH,CHs), 1.82
(3H, d,J = 2.0Hz, H3), 1.29 (3H, tJ = 7.0Hz, CHCH3), 0.31 (9H, s, Si(B3)3), 0.20 (9H, s,
Si(CH3)3), -0.20 (9H, s, CSi(B3)3); 6c (125 MHz) 176.1CO), 152.4 C-6), 145.3 (ArC-1),
131.1 (ArC-2,6), 127.6 (Arc-3,5), 126.6 (Arc-4), 105.1 C-5), 60.8 CH.CHs), 44.1 C-4),
36.8 C-3), 22.8 (H3), 14.8 (CHCHs3), 0.72 (SiCH3)3), 0.66 (CSiCHS3)3), 0.2 (SiCH3)3); dsi
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(140 MHz) 4.2, 1.7, -13.4, -14.9; m/z (ASAP) 478/¢H]"*, 18%); HRMS (ASAP) found
[M+H] " 479.2284, GsH430:Sis requires [M+H] 479.2289.

Experimental data for compoud@1hb

Rr 0.6 (ALOs pH=7, pet. ether : diethyl ether 9:1); IR (ATR)529 2895, 1708, 1653, 1491,
1449, 1378, 1327, 1245, 1198, 1157, 1096, 10375,1909, 833, 743 cth &y (700 MHz)
7.39-7.37 (2H, m, Ar-2,64), 7.24-7.22 (2H, m, Ar-3,54), 7.19-7.16 (1H, m, Ar-H), 4.50
(1H, d,J = 4.2Hz, 5H), 4.21 (1H, dgJ = 11.2Hz,J = 7.0Hz, G4,CHs), 4.01 (1H, dJ =
4.2Hz, 4H), 3.97 (1H, dgJ = 11.2Hz,J = 7.0Hz, G1,CHs), 1.78 (3H, s, E3), 1.25 (3H, tJ
= 7.0Hz, CHCH3), 0.32 (9H, s, Si(83)3), 0.07 (9H, s, Si(B3)3), 0.06 (9H, s, CSi(B3)3);
8¢ (175 MHz) 174.3CO), 150.1 C-6), 145.1 (ArC-1), 130.2 (ArC-2,6), 127.9 (Arc-3,5),
126.6 (ArC-4), 104.0 C-5), 60.2 CH.CH3), 43.5 C-4), 38.3 (C-3), 22.2 (®3), 14.2
(CH,CHz3), 0.9 (SiCHs3)3), 0.7 (CSiCHz3)3), 0.0 (SiCHz3)3); dsi (140 MHz) 7.9, 3.7, -14.8, -
15.7; m/z (ASAP) 479 ([M+H], 8%); HRMS (ASAP) found [M+H] 479.2297, GH4303Sis
requires [M+H] 479.22809.

(3RS,4SR)-Ethyl 4,5,6-trimethyl-2,2,3-tris(trimethylsilyl)- 3,4-dihydro-2H-1,2-oxasiline-
3-carboxylate 403

To a solution of R¥(pfb), (59.0 mg, 0.056 mmol) in toluene (30.0 ml) wasextidropwise (5
min) a solution of ethyl 2-diazo-2-(1,1,1,3,3,3-Bmethyl-2-(trimethylsilyl)trisilan-2-
ylh)acetate (0.40 g, 1.12 mmol) in toluene (20.0. MKhe reaction mixture was stirred for 1 h at
room temperature. After that time, a solution Bf-8-methylpent-3-en-2-one (0.15 ml, 1.34
mmol) in toluene (2.0 ml) was added and the reactioixture was stirred for 1 h.
Concentration, followed by flash column chromat@imaon neutral alumina, elution gradient
0 to 10% diethyl ether in hexane, afforded the pobdis a white solid (0.27 g, 56%). Mp:
148.3-151.2C; R 0.6 (ALOs; pH=7, pet. ether : diethyl ether 9:1); IR (ATR)539 2902,
1697, 1440, 1384, 1230, 1175, 1040, 944, 829, 768 cm"; 54 (700 MHz) 4.19 (1H, dg] =
11.2Hz,J = 7.0Hz, G4,CHs), 4.02 (1H, dgy) = 11.2Hz,J = 7.0Hz, G4,CHs), 2.62 (1H, qJ) =
7.0Hz, 4H), 1.65 (3H, s, 6-83), 1.61 (3H, s, 5-83), 1.27 (3H, tJ = 7.0Hz, CHCH5), 1.20
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(3H, d,J = 7.0Hz, 4-Gl3), 0.26 (9H, s, Si(El3)s), 0.17 (9H, s, Si(B3)s), 0.12 (9H, s,
CSi(CH3)3); 8¢ (175 MHz) 174.9CO), 143.9 C-6), 108.5 C-5), 60.2 CH,CHs), 38.0 C-3),

37.4 C-4), 20.1 (4€H3), 18.8 (6€H3), 18.7 (5€H3), 14.5 (CHCH3), 1.1 (SiCHa)3), 0.6
(Si(CHa3)3), -0.3 (CSiCH3)3); 8si (140 MHz) 8.0, 1.0, -14.8, -17.8; m/z (ASAP) 43W€H] ",

100%); HRMS (ASAP) found [M+H] 431.2274, GHa305Sis requires [M+H] 431.2289.

(3SR,4SR)-Ethyl 6-ethyl-4-methyl-2,2,3-tris(trimethylsilyl) -3,4-dihydro-2H-1,2-oxasiline-
3-carboxylate 405

To a solution of Rf(pfb), (59.0 mg, 0.056 mmol) in toluene (30.0 ml) waseatldropwise a
solution of ethyl 2-diazo-2-(1,1,1,3,3,3-hexamet®ytrimethylsilyl)trisilan-2-yl)acetate
(0.41 g, 1.12 mmol) in toluene (20.0 ml). The reactmixture was stirred for 1 h at room
temperature. After that time, a solution Bj-hex-4-en-3-one (0.15 ml, 1.35 mmol) in toluene
(2.0 ml) was added and the reaction mixture wasestifor 1 h. Concentration, followed by
flash column chromatography on neutral aluminati@hugradient 0 to 10% diethyl ether in
hexane, afforded the product as a white semisOlig4(g, 47%). R0.6 (ALO; pH=7, pet.
ether : diethyl ether 9:1); IR (ATR) 2958, 28960771660, 1458, 1369, 1329, 1243, 1161,
1041, 1000, 948, 906, 829, 745 tndy (700 MHz) 4.27 (1H, dgJ = 10.5Hz,J = 7.0Hz,
OCH,CHg), 4.12 (1H, s5-H), 3.98 (1H, dg,J = 10.5Hz,J = 7.0Hz, O®,CHs), 3.30 (1H, q,
J=7.0Hz, 4H), 1.96 (2H, qJ = 7.0Hz, G4,CHg), 1.35 (3H, dJ = 7.0Hz, G3), 1.27 (3H, t,

J = 7.0Hz, OCHCH?3), 0.99 (3H, tJ = 7.0Hz, CHCH3), 0.29 (9H, s, Si(B3)3), 0.21 (9H, s,
CSi(CH3)3), -0.12 (9H, s, Si(B3)3); dc (175 MHz) 175.5 CO), 153.8 C-6), 103.8 C-5),
60.4 (QCH.CHj3), 35.4 C-3), 33.3 C-4), 29.3 CH,CHg), 23.5 CH3), 14.7 (OCHCHj3), 11.6
(CHCH3), 2.1 (CSiCHs3)3), 0.4 (CSiCHa)3), 0.2 (SiCHs3)3); dsi (140 MHz) 4.6, 2.0, -14.89, -
14.91; m/z (ASAP) 431 ([M+H], 100%); HRMS (ASAP) found [M+H] 431.2272,
C19H4305Sis requires [M+H] 431.2289.
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Ethyl 5-ox0-3,5-diphenylpentanoat&® 412
0 Ph

MCOZEI
Ph

To a solution of methyl ethyl 4,6-diphenyl-2,2,&ftrimethylsilyl)-3,4-dihydro-2-1,2-
oxasiline-3-carboxylate (0.13 g, 0.24 mmol) in dfighloromethane (4.0 ml) was added
triethylamine trihydrofluoride complex (0.08 ml,49. mmol). The mixture was stirred at
room temperature for 3 days after which time satukrgodium bicarbonate solution (4.0 ml)
was added. The aqueous layer was separated arattegtrwith DCM (3 x 5 ml). The
combined organic layers were dried over MgSfitered and concentrated. Flash column
chromatography on silica, elution gradient O to 5@&thyl ether in hexane, afforded the
product as a white solid (56.4 mg, 78%). Mp: 601856C; R 0.4 (pet. ether : diethyl ether
1:1); IR (ATR) 3045, 2978, 1723, 1675, 1594, 144365, 1270, 1209, 1148, 1080, 1035,
984, 949, 852, 745 cmdy (700 MHz) 7.92-7.91 (2H, m, 5-Ar-2/8), 7.55-7.53 (1H, m, 5-
Ar-4-H), 7.44-7.42 (1H, m, 5-Ar-3,bt), 7.29-7.26 (4H, m, 3-Ar-2,3,58), 7.20-7.18 (1H,
m, 3-Ar-4H), 4.04 (1H, dqg,J = 11.2Hz,J = 7.0Hz, G4,CHs), 4.02 (1H, dgJ = 11.2Hz,J =
7.0Hz, (H,CHs), 3.88 (1H, dg,J = 7.7Hz,J = 7.0Hz, 3H), 3.39 (1H, ddJ = 16.8Hz,J =
7.0Hz, 4H), 3.34 (1H, ddJ = 16.8Hz,J = 7.0Hz, 4H), 2.80 (1H, ddJ = 15.4Hz,J = 7.0Hz,
2-H), 2.68 (1H, ddJ = 15.4Hz,J = 7.7Hz, 2H), 1.33 (3H, tJ = 7.0Hz, CHCH3); éc (175
MHz) 198.2 C-5), 171.8 C-1), 143.3 (3-Arc-1), 136.9 (5-Arc-1), 133.1 (5-Arc-4),
128.57 (5-Arc-3,5), 128.56 (3-Arc-3,5), 128.1 (5-Arc-2,6), 127.4 (3-Arc-2,6), 126.8 (3-
Ar-C-4), 60.4 CH,CHs), 44.6 C-4), 40.8 C-2), 37.6 C-3), 14.1 (CHCHs); m/z (El) 296
(IM]™, 14%), 251 ([M-OEf], 14), 222 (35), 209 (53), 194 (16), 131 (47), 1080), 91 (16),
77 (58), 51 (20), 29 (22).

Ethyl 5-ox0-3,5-diphenyl-2-(trimethylsilyl)pentanoae®® 413
Ph

CO,Et
Ph

SiMe,

To a solution of methyl ethyl 4,6-diphenyl-2,2,&ftrimethylsilyl)-3,4-dihydro-2-1,2-
oxasiline-3-carboxylate (0.11 g, 0.21 mmol) in dfighloromethane (4.0 ml) was added
potassium hydrofluoride (0.02 g, 0.21 mmol) anfluoroacetic acid (0.08 ml, 1.03 mmol).
The mixture was stirred at room temperature forhl@fter which time saturated sodium

bicarbonate solution (4.0 ml) was added. The agsiéayer was separated and extracted with
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DCM (3 x 5 ml). The combined organic layers wereedirover MgSQ, filtered and
concentrated. Flash column chromatography on siiedion gradient 0 to 50% diethyl ether
in hexane, afforded the product as a white sol@7éng, ds 1:1, 92%). Mp: 36.7-723; R
0.5 (pet. ether : diethyl ether 1:1); IR (ATR) 292901, 1707, 1686, 1597, 1449, 1362, 1325,
1250, 1179, 1138, 1027, 985, 913, 841, 744-8n (700 MHz) 7.85-7.84 (2H, m, 5-Ar-2,6-
H), 7.78-7.77 (2H, m, 5-Ar-2,64), 7.52-7.49 (2H, m, 5-Ar-#), 7.42-7.37 (2H, m, 5-Ar-3,5-
H), 7.29-7.28 (2H, m, 3-Ar-2,64), 7.23-7.21 (2H, m, 3-Ar-2,3,58), 7.20-7.17 (2H, m, 3-
Ar-3,5H), 7.16-7.14 (1H, m, 3-Ar-#), 7.10-7.08 (1H, m, 3-Ar-#), 4.22 (1H, dqgJ =
10.5Hz,J = 7.0Hz, G4,CHs), 4.15 (1H, dq,J = 10.5Hz,J = 7.0Hz, G4,CHj3), 3.93-3.88 (2H,
m, 3H), 3.86 (1H, dqgJ = 10.5Hz,J = 7.0Hz, G4,CHj3), 3.80 (1H, dgJ = 10.5Hz,J = 7.0Hz,
CH,CHs), 3.43 (1H, dd,) = 15.8Hz,J = 10.5Hz, 4H), 3.41 (1H, dd,) = 15.8Hz,J = 10.5Hz,
4-H), 3.28 (1H, dd,J = 15.8Hz,J = 3.5Hz, 4H), 3.26 (1H, dd,J = 15.8Hz,J = 3.5Hz, 4H),
2.64 (1H, d,J = 10.5Hz, 2H), 2.54 (1H, d,J = 11.2Hz, 2H), 1.31 (3H, t,J = 7.0Hz,
CH,CH3), 0.98 (3H, tJ = 7.0Hz, CHCH3), 0.20 (9H, s, Si(B3)3), -0.19 (9H, s, Si(B3)3);

8¢ (175 MHz) 198.4C-5), 198.2 C-5), 174.7 C-1), 173.6 C-1), 143.9 (3-ArC-1), 142.2 (3-
Ar-C-1), 137.2 (5-Arc-1), 137.0 (5-Arc-1), 132.9 (5-ArC-4), 132.8 (5-ArC-4), 128.47
(Ar), 128.45 (Ar), 128.43 (Ar), 128.40 (Ar), 128(5-Ar-C-2,6), 128.03 (Ar), 128.02 (Ar),
127.9 (5-ArC-2,6), 127.0 (3-Arc-4), 126.4 (3-Ar€-4), 60.1 CH,CHs;), 59.6 CH.CHs),
46.5 (C-4), 44.8 C-2), 44.6 C-4), 44.4 C-2), 40.9 C-3), 40.5 C-3), 14.4 (CHCH>), 14.1
(CH,CH3), -1.2 (SiCHa)3), -2.1 (SiCHa)3); 8si (140 MHz) 4.8, 3.9; m/z (El) 368 ([M]
11%), 340 ([M-GH4]™", 11), 322 ([M-EtOH], 17), 307 (19), 281 (70), 263 (74), 131 (100),
105 (68), 77 ([PH], 36), 73 ([EtOCO], 52), 45 ([EtO], 11).

Methylphenylbis(trimethylsilyl)silane **® 418
SiMe3
Me3Si— Si—Ph
L
Phenyltris(trimethylsilyl)silane (4.03 g, 12.4 mrpahd dry potassiurtert-butoxide (1.53 g,

13.7 mmol) were dissolved in THF (30 ml). The swmintwas stirred for 6 h at room
temperature. The orange solution was then addguivise via cannula (over a 10 min period)
to a cooled (-78C) solution of methyl iodide (0.93 ml, 14.9 mmat) THF (30 ml). The
mixture was stirred at room temperature for 3 krafthich time ammonium chloride solution
(50 ml) was added. The organic layer was separatetthe aqueous layer was extracted with

Et,tO (3 x 30 ml). The combined organic layers wereedirover MgSQ@ filtered and
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concentrated. Flash column chromatography (peeretiave the title compound as a white
semi solid material (1.53 g, 46%): B.5 (pet. ether); IR (ATR) 2948, 2891, 1427, 1396,
1244, 1096, 830, 777, 739, 728 tnéy (700 MHz) 7.41-7.40 (2H, m, Ar-2)8), 7.32-7.28
(3H, m, Ar-3,4,5H), 0.39 (3H, s, E3), 0.13 (18H, s, Si(B3)3); dc (175 MHz) 137.7 (Arc-

1), 134.5 (ArcC-2,6), 127.68 (Arc-4), 127.66 (Arc-3,5), -1.1 (SiCH3)3), -9.0 CHa); ds;
(139 MHz) -15.9 §i(CHs)a), -46.3 (ArSi); m/z (El) 266 ([M]", 36%), 251 ([M-CH]", 15),
193 ([M-Si(CHs)s] ™, 100), 177 (29), 163 (28), 135 (96), 116 (50), (05), 73 (88), 45 (26),
43 (17).

1-Phenyl-1-(triisopropylsilyl)-1,1-(trimethylsilyl) silane 419
iMe3
MesSi—Si—Ph
Si(iPr)s

Phenyltris(trimethylsilyl)silane (3.15 g, 9.69 mmahnd dry potassiurtert-butoxide (1.14 g,
10.17 mmol) were dissolved in THF (25.0 ml). Théuson was stirred for 3 h at room
temperature. The orange solution was then addgoiise via cannula (over a 10 min period)
to a cooled (-78C) solution of chlorotriisopropylsilane (2.46 mll.62 mmol) in THF (20
ml). The mixture was stirred at room temperature Ioh after which time ammonium
chloride solution (30 ml) was added. The organyefavas separated, and the aqueous layer
was extracted with ED (3 x 20 ml). The combined organic layers werediover MgSQ),
filtered and concentrated. Flash column chromafdgraon silica (pet. ether) afforded the
product as a white solid (3.21 g, 81%). Mp: 207@3-32°C; R 0.5 (hexane); IR (ATR) 2944,
2863, 1461, 1243, 1063, 994, 828, 734'¢cy (700 MHz) 7.55-7.53 (2H, m, Ar-38),
7.24-7.22 (3H, m, Ar-2,4,64), 1.23 (3H, sep) = 7.7Hz, G4(CHs),), 1.08 (18H, dJ = 7.7Hz,
CH(CHs3),), 0.30 (18H, s, Si(B3)3); 6c (175 MHz) 137.5 (Ar€-2,6), 136.7 (Are-1), 127.4
(Ar-C-3,5), 127.2 (Arc-4), 20.1 (CHCH3),), 13.8 CH(CHa)), 2.5 (SiCHs)3); dsi (140
MHz) 7.5, -12.5, -75.7; m/z (El) 408 ([M] 6%), 393 ([M-CH]"", 3), 281 (29), 258 (63), 236
(96), 221 (41), 209 (29), 191 (28), 177 (89), 182)( 157 (85), 145 (19), 135 (85), 129 (38),
115 (98), 101 (40), 87 (82), 73 (100), 59 (87),(38); HRMS (ASAP) found [M+NH"
426.2851, GH4gNSis requires [M+NH] ™ 426.2858.
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Ethyl 2-diazo-2-(1,1,1,2,3,3,3-heptamethyltrisilar2-yl)acetate 416

SiMes

MesSi~_ _
Me” > OEt
N,

Stagel
To a solution of methylphenylbis(trimethylsilylaie (1.29 g, 4.85 mmol) in DCM (15.0 ml),
under argon at 6C, was added dropwise triflic acid (0.43 ml, 4.85af). The reaction
mixture was stirred for 20 min and then warmeddom temperature. The reaction mixture
was stirred for a further 40 min after which timavent was evaporated directly using a
vacuum manifold to yield methylphenyl(trimethyld)bilyl trifluoromethanesulfonatd20 as

a white solid (1.64 g, ~100%) which was used immslly instage2 without purification.

Stage 2

Ethyldiisopropylamine (0.93 ml, 5.33 mmol) followdxy methylphenyl(trimethylsilyl)silyl
trifluoromethanesulfonate (1.64 g, 4.85 mmol) iatdyl ether (15 ml) were added at °Z&o

a solution of ethyl 2-diazoacetate (0.51 ml, 4.8%at) in diethyl ether (15 ml). The reaction
mixture was allowed to warm up to room temperatargl stirred for 24 h. The reaction was
then quenched by addition of a saturated Naki€fution (25 ml). The agueous layer was
separated and extracted with@&t(3 x 20 ml). The combined organic layers weredover
MgSQ,, filtered and concentrated. Flash column chronragagy on silica, elution gradient O
to 10% diethyl ether in hexane, afforded the procisca yellow oil (0.99 g, 67%).:R.5
(hexane : diethyl ether 95:5); IR (ATR) 2949, 282675, 1681, 1445, 1396, 1365, 1257,
1242, 1201, 1177, 1095, 1066, 833, 779, 739 cn (700 MHz) 4.20 (2H, g, = 7.0Hz,
CH,CHjg), 1.28 (3H, tJ = 7.0Hz, CHCH3), 0.26 (3H, s, E3), 0.17 (18H, s, Si(83)3); dc
(175 MHz) 169.7 CO), 68.1 C-2), 60.7 CH.CHs), 14.6 (CHCHa3), -1.2 (SiCHs)3), -8.7
(CHs); 85 (140 MHz) -14.3, -46.5; m/z (El) 259 ([M-MMe]", 11%), 245 ([M-COE(], 49),
231 (16), 229 ([M-Si(CH)3]™, 8), 215 (35), 201 (36), 173 (58), 157 (66), 143)( 133 (27),
117 (28), 97 (53), 83 (23), 73 (100), 59 (37), 47)( HRMS (ES+) found [M+N4d]
325.1198, GH-0-N,NaSk requires [M+Na] 325.1194.
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Ethyl 2-diazo-2-(1,1,1-triisopropyl-3,3,3-trimethyl2-(trimethylsilyl)trisilan-2-yl)acetate
417
SiMe3 O
ME3Si\ |
_Si
(iPr)3Si OFEt
N>

Stagel
To a solution of 1-phenyl-1-(triisopropylsilyl)-X(trimethylsilyl)silane (1.50 g, 3.67 mmol)
in DCM (15.0 ml), under argon at°C, was added dropwise triflic acid (0.33 ml, 3.6mat).
The reaction mixture was stirred af® for 1 h. The solvent was evaporatedatuoto yield
1,1,1-triisopropyl-3,3,3-trimethyl-2-(trimethylsilyrisilan-2-yl trifluoromethanesulfonaté21

as a white solid (1.78 g) which was used immedjatestage2 without purification.

Stage?2

To a solution of ethyl 2-diazoacetate (0.37 ml,63t6mol) in dry E2O (15.0 ml) at -7&C
were added DIPEA (0.70 ml, 4.03 mmol) fallowed bgadution of 1,1,1-triisopropyl-3,3,3-
trimethyl-2-(trimethylsilyl)trisilan-2-yl trifluoranethanesulfonate (0.62g, 25.8 mmol) inCEt
(15.0 ml). The reaction mixture was allowed to reaocom temperature and stirred for 24
hours. The reaction was then quenched by addifiensaturated sodium bicarbonatgution
(20 ml). The aqueous layer was separated and edradth E;O (3 x 20 ml). The combined
organic layers were dried over Mg{Ofiltered and concentrated. Flash column
chromatography on silica, elution gradient O to 16Bthyl ether in hexane, afforded the
product as a yellow grease (0.88 g, 54%)0R (pet. ether : diethyl ether 9:1); IR (ATR)
2945, 2865, 2069, 1683, 1461, 1366, 1246, 1193510061, 997, 830, 739¢Mmsy (700
MHz) 4.19 (2H, qJ = 7.0Hz, G1,CHj3), 1.28 (3H, sep] = 7.0Hz, G1(CHs),), 1.27 (3H, tJ

= 7.0Hz, CHCH3), 1.14 (18H, dJ = 7.0Hz, CH(®3),), 0.28 (18H, s, Si(B3)3); dc (175
MHz) 170.0 CO), 60.9 CH.CHs), 39.6 C-2), 20.0 (CHCHs),), 14.7 (CHCH3), 13.7
(CH(CHs)2), 2.1 (SiCHa3)3); dsi (140 MHz) 9.2, -10.7, -80.1; m/z (El) 416 ([M:N, 3%),
401 (IM-No-Me]"™, 20), 387 ([M-COET], 11), 343 ([M-N-SiMez] ™, 47), 303 (15), 259 (66),
230 (39), 215 (82), 201 (47), 191 (39), 171 (2B7 153), 147 (26), 133 (32), 115 (54), 103
(33), 87 (58), 73 (100), 59 (84), 45 (55).

190



Ethyl 2-(1-hydroxy-1,2,2,2-tetramethyldisilyl)-2-(trimethylsilyl)acetate 422

TiMe::,

Me” > OEt
SiMe;

To a solution of R¥(pfb), (17.7 mg, 0.017 mmol) in toluene (10.0 ml) waseatldropwise a
solution of ethyl 2-diazo-2-(1,1,1,2,3,3,3-heptamyétisilan-2-yl)acetate (0.10 g, 0.34 mmol)
in toluene (10.0 ml). The solution was stirred foh at room temperature after which time
water (10 ml) was added. The organic layer was ragg@d, and the aqueous layer was
extracted with BO (3 x 5 ml). The combined organic layers weredloger MgSQ, filtered,
and concentrateish vacuo Flash column chromatography on silica, elutioadgent O to 50%
diethyl ether in hexane, afforded the product aslaurless oil (47.7 mg, ds 1.3:1, 49%). R
0.4 (pet. ether : diethyl ether 7:3); IR (ATR) 342853, 2895, 1670, 1365, 1247, 1169, 1107,
1038, 832, 777, 737 ¢mdy (700 MHz) 4.09 (2H, ) = 7.0Hz, Gi,CHs), 1.89 (1H, s, H),
1.26 (1H, t,J = 7.0Hz, CHCH3), 0.35 (3H, s, E3), 0.18 (9H, s, Si(H3)3), 0.14 (9H, s,
Si(CH3)3); 6c (175 MHz) 173.7 €O), 60.0 CH.CH3), 32.6 (C-2), 14.5 (CHCHj3), 0.0
(Si(CH3)3), -2.2 (SiCHs3)3); 8si (140 MHz) 11.6, 3.3, -21.1; m/z (El) 292 ([M]0.1%), 277
(IM-CH34]™, 2), 221 (34), 219 ([M-Si(Ch¥s]", 59), 191 (33), 177 (48), 173 (26), 149 (91),
133 (100), 117 (41), 103 (24), 99 (17), 75 (41)(98), 45 (20); HRMS (ES+) found [M+H]
293.1421, @H,905Sis requires [M+ HJ 293.1419.

2-(2-Ethoxy-1,1,1,3,3,3-hexamethyltrisilan-2-yl)-Ztriisopropylsilyl)ethenone 423

0
|
c
EtQ
\

M83Si_/Si SiMes
(iPr)3Si

A solution of ethyl 2-diazo-2-(1,1,1-triisopropyl3&33-trimethyl-2-(trimethylsilyl)trisilan-2-
yl)acetate (0.11 g, 0.25 mmol) in dry toluene (&) was heated at 11% for 4 days.
Concentration, followed by flash column chromat@ima on silica (hexane) afforded the
product as a colourless semisolid (49.0 mg, 47%)(ATR) 2946, 2865, 2069, 1461, 1386,
1247, 1076, 1102, 939, 881, 833, 753, 723'cihy (700 MHz) 3.68 (2H, q,J) = 7.0Hz,
CH,CHs), 1.30 (3H, sep] = 7.0Hz, G4(CHs),), 1.19 (3H, tJ = 7.0Hz, CHCH3), 1.17 (18H,
d,J = 7.0Hz, CH(®3),), 0.27 (9H, s, Si(83)3), 0.25 (9H, s, Si(B3)3); ¢ (175 MHz) 163.2
(CO), 61.3 CH,CHs), 20.0 (CHCHS3),), 18.5 (CHCHs3), 12.4 CH(CHj3),), 11.8 CCO), 1.8
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(Si(CH3)3), 0.2 (SiCH3)s); dsi (140 MHz) 9.3, 1.0, -0.6, -17.4; m/z (EI) 416 ([M]0.1%),
401 (IM-CH", 1), 387 ([M-CHCHg]"", 5), 343 ([M-Si(CH)s]"", 20), 259 (39), 230 (17), 215
(84), 201 (26), 191 (17), 157 (22), 133 (12), 125)( 103 (15), 87 (26), 73 (100), 59 (79), 45
(27).

Standard procedure for the Mitsunobu reaction (A)**

THF was added in one portion to triphenylphosphamel alcohols at 2%C under argon. The
reaction vessel was then sonicated for a few man(dapprox. 5 min) giving a homogenous
solution. To the sonicated reaction mixture azatlcaylate ester was added dropwise over
the course of 5-15 min. The reaction mixture wasicaded for 15 min and subsequently
triturated with hexane to remove the majority o€ thriphenylphosphine. Flash column
chromatography on silica, elution gradient O to 3881yl acetate in pet. ether, afforded the

desired product.

Standard ester hydrolysis procedure (B)

To a solution of ester in THF was added a solutiblithium hydroxide (2 eq) in water. The
reaction mixture was stirred at 80 for 30 h. The reaction was then quenched by iatddf

HCI (5 M, pH = 1) and diluted with ED. The aqueous layer was separated and extracted
three times with BEO. The combined organic layers were dried over MgSikered, and
concentratedn vacuo Flash column chromatography on silica, elutioadignt 0 to 50%

ethyl acetate in pet. ether, afforded the desiegdaxylic acid.
Standard procedure for acylpolysilane synthesis (C)

Stage 1
Tetrakis(trimethylsilyl)silane and dry potassiuert-butoxide were dissolved in THF and

stirred for 3 h at room temperature. The resulsiolgition was used iStage 2

Stage 2
A solution of carboxylic acid in DCM was treatedtivbxalyl chloride and DMF (one drop)
at 0°C. The reaction mixture was stirred at that temjpeeafor 3 h after which time volatiles

were evaporatedn vacuo The residue was redissolved in THF and treateth wi
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silylpotassium $tage ) at -78°C. After stirring for 3 h at -78C saturated ammonium
chloride solution was added. The organic layer s&sarated, and the aqueous layer was
extracted three times with . The combined organic layers were dried over MgSO
filtered, and concentratad vacuo Flash column chromatography, elution gradiend @@%
diethyl ether in pet. ether, afforded the desinemtipct.

(E)-(2-(Hexa-3',5’-dienyloxy)phenyl)(1,1,1,3,3,3-hexaethyl-2-(trimethylsilyl)trisilan-2-
yl)methanol 433

OH
Si(SiM63)3
O/\/\/\
To a suspension of LiAlH(0.029 g, 0.76 mmol) in diethyl ether (4.0 ml) wadded a
solution of €)-(2-(hexa-3,5-dienyloxy)phenyl)(1,1,1,3,3,3-hexanyé 2-

(trimethylsilyl)trisilan-2-yl)methanone (0.34 g,7® mmol) in diethyl ether (3.0 ml) at 0 °C,
over a period of 3 minutes under nitrogen. Theltegususpension was stirred at RT for 1 h.
The reaction mixture was quenched sequentially Wg® (0.5 ml), NaOH (1M, 0.5 ml) and
H,O (0.5 ml). The mixture was then filtered throughkli@®, the precipitate washed with
EtOAc and the combined filtrate concentratedvacuo.Flash column chromatography on
silica, elution gradient 0 to 10% diethyl etherhiexane, afforded the product as a colourless
oil (0.22 g, 65%). RO.5 (pet. ether : diethyl ether 9:1); IR (ATR) 842946, 2891, 1597,
1487, 1471, 1451, 1232, 1161, 1048, 1029, 1001, 981, 745 cnl; &y (700 MHz) 7.42-
7.41 (1H, m, Ar-6H), 7.14-7.11 (1H, m, Ar-#H), 6.97-6.95 (1H, m, Ar-54), 6.79-6.78 (1H,
m, Ar-3-H), 6.34 (1H, dt,J = 16.8Hz,J = 10.5Hz, 5'H), 6.19 (1H, ddJ = 15.4Hz,J =
10.5Hz, 4'H), 5.76 (1H, dtJ = 15.4Hz,J = 7.0Hz, 3'H), 5.47 (1H, dJ = 4.2Hz, G1OH),
5.16 (1H, d,J = 16.8Hz, 6'H), 5.04 (1H, dJ = 10.5Hz, 6'H), 4.10 (1H, dtJ = 9.1Hz,J =
7.0Hz, 1'H), 3.97 (1H, dtJ = 9.1Hz,J = 7.0Hz, 1'H), 2.63 (1H, dg,) = 14.0Hz,J = 7.0Hz,
2'-H), 2.59 (1H, dg, = 14.0Hz,J = 7.0Hz, 2'H), 1.81 (1H, dJ = 4.2Hz, (H), 0.15 (27H, s,
Si(CH3)3); 6c (175 MHz) 153.7 C-2), 136.8 C-5), 135.8 C-1), 133.5 C-4’), 130.0 C-3),
127.7 €-6), 126.8 C-4), 120.9 C-5), 116.1 C-6), 111.2 C-3), 67.3 C-1), 62.1 CHOH),
32.5 C-2'), 1.5 (SiCHs3)3); dsi (140 MHz) -12.8, -68.0; m/z compound decomposekeuall

forms of ionisation.
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(E)-2-(Hexa-3',5’-dienyloxy)benzaldehyde 434
0

H
X
Following standard procedu® (page 192), a solution of triphenylphosphine (0g6%.51
mmol), E)-hexa-3,5-dien-1-ol (0.21 g, 2.09 mmol) and 2-loygbenzaldehyde (0.26 g, 2.09
mmol) in THF (1.0 ml) was treated with diisopro@dodicarboxylate (0.49 ml, 2.51 mmol)
to give the title compound as a colourless liqui8.6 mg, 13%). R0.4 (pet. ether : ethyl
acetate 9:1); IR (ATR) 2942, 2862, 1685, 1597, 14i8%6, 1382, 1285, 1238, 1188, 1160,
1102, 1041, 1003, 951, 901, 837, 755'cin (700 MHz) 10.51(1H, s, 80), 7.85-7.84 (1H,
m, 6H), 7.55-7.53 (1H, m, #), 7.04-7.02 (1H, m, ), 6.99-6.97 (1H, m, B4), 6.34 (1H,
dt,J=17.5Hz,J = 9.8Hz, 5'H), 6.21 (1H, ddJ = 16.1Hz,J = 9.8Hz, 4'H), 5.79 (1H, dtJ =
16.1Hz,J = 7.0Hz, 3'H), 5.17 (1H, dJ = 17.5Hz, 6'H), 5.02 (1H, dJ = 9.8Hz, 6'H), 4.14
(2H, t,J = 7.0Hz, 1'H), 2.65 (2H, qJ = 7.0Hz, 2'H); ¢ (175 MHz) 189.8 CHO), 161.2
(C-2), 136.6 C-5'), 135.9 C-4), 133.7 C-4'), 129.5 C-3'), 128.3 C-6), 125.0 C-1), 120.7
(C-5), 116.4 C-6’), 112.5 C-3), 67.8 C-1), 32.3 C-2); m/z (El) 202 ([M]", 0.5%), 174
(IM-CQJ™, 2), 135 (40), 81 (32), 80 (100), 77 (46), 65 (BB (25), 51 (17), 41 (28), 39 (24),
27 (10); HRMS (EI) found [M] 202.0986, @H140, requires [M] 202.0988.

(E)-Hexa-3,5-dien-1-0t* 436
NN,
To a suspension of LIAIH(3.69 g, 97.2 mmol) in diethyl ether (300 ml) veakled a solution
of (E)-ethyl hexa-3,5-dienoate (13.62 g, 97.2 mmol) ittdyl ether (50 ml) at O °C, over a
period of 15 minutes under nitrogen. The resulingpension was stirred at RT for 12 h. The
reaction mixture was cooled with an ice bath andioasly quenched sequentially with®l
(4.0 ml), NaOH (1M, 4.0 ml) and 4@ (8.0 ml). The suspension was then filtered thihoug
Celite®. The residue was washed with EtOAc and then thebimed filtrate concentrated
vacuo. Flash column chromatography on silica, elutiondgrat 0 to 50% ethyl acetate in
hexane, afforded the product as a colourless liguid g, 76%). R0.4 (pet. ether : ethyl
acetate 7:3); IR (ATR) 3326, 2936, 2886, 1654, 16015, 1042, 1001, 951, 897, 840tm
84 (400 MHz) 6.33 (1H, ddd) = 16.8Hz,J = 10.4Hz,J = 10.1Hz, 5H), 6.16 (1H, dd,) =
15.2Hz,J = 10.4Hz, 4H), 5.69 (1H, dtJ = 15.2Hz,J = 7.2Hz, 3H), 5.14 (1H, dJ = 16.8Hz,
6-H), 5.02 (1H, dJ = 10.1Hz, 6H), 3.69 (2H, dtJ = 6.2Hz,J = 5.8Hz , 1H), 2.37 (2H, dt]
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= 7.2Hz,J = 6.2Hz, 2H), 1.29 (1H, tJ = 5.8Hz, H); ¢ (100 MHz) 136.8¢-5), 133.8 C-
4), 130.5 C-3), 115.9 C-6), 61.9 C-1), 35.9 C-2); m/z (El) 98 ([M]", 35%), 80 ([M-HO]",
10), 67 ([M-CHOH]™, 100), 53 ([M-CHCH,OH]", 15), 41 (42).

(E)-Ethyl hexa-3,5-dienoaté'? 437

A solution ofn-butyllithium (134 ml, 214.01 mmol) in hexane waklad to a stirred solution
of diisopropylamine (30.2 ml, 214.01 mmol) in THEQ ml) at -78 °C, over a period of 15
minutes under nitrogen. The resulting solution waged at -78 °C for 1 h prior to the
addition of DMPU (21.50 ml, 178.34 mmol). A roomrgerature solution of 24E)-ethyl
hexa-2,4-dienoate (27.0 ml, 178.34 mmol) in THF (8l was slowly added to the yellow
solution of LDA via cannula. The reaction was stitiat -78 °C for 1 h after which time EtOH
(80ml) was added and the mixture was stirred fonib. The reaction mixture was poured
onto water (200 ml) and EtOAc (100ml). The layemsravseparated and the aqueous layer
was extracted with Et20 (2 x 200ml). The combineghaic layers were dried over MgaO
filtered and concentrated. Distillation gave thketcompound as a colourless liquid (14.66 g,
58.6 %). B.p 45°C/10 mbar (lit"* 45 °C/0.7 mmHg); IR (ATR) 2980, 1732, 1603, 1407,
1368, 1335, 1243, 1177, 1139, 1097, 1025, 1003, 8&3 857 crif; &y (700 MHz) 6.33 (1H,
ddd,J=17.0Hz,J = 10.4Hz,J = 10.2Hz, 5H), 6.14 (1H, ddJ = 15.3Hz,J = 10.4Hz, 4H),
5.79 (1H, dtJ = 15.3Hz,J = 7.2Hz, 3H), 5.16 (1H, dJ = 17.0Hz, 6H), 5.06 (1H, dJ =
10.2Hz, 6H), 4.15 (2H, qJ = 7.1Hz, G4,CH3), 3.11 (2H, dJ = 7.2Hz, 2H), 1.26 (3H, tJ =
7.1Hz, CHCH3); 8¢ (175 MHz) 171.4C-1), 136.4 C-5), 134.3 C-4), 125.7 C-3), 116.8 C-

6), 60.7 CH,CHs), 38.0 C-2), 14.2 (CHCHa); m/z (El) 140 ([M]", 76%), 98 (19), 81 (12),
67 (IM-COEt] ™, 100), 54 (22), 41(58).

(E)-(2-(Hexa-3,5-dienyloxy)phenyl)(1,1,1,3,3,3-hexartigl-2-(trimethylsilyl)trisilan-2-
yl)methanone 446

Si(SiMeg)g
O/\/\/\
Following standard proceduf@ (page 192), a solution oE)-2-(hexa-3,5-dienyloxy)benzoic
acid (2.02 g, 9.24 mmol) in DCM (32.0 ml) was teshiwith oxalyl chloride (1.03 ml, 12.0
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mmol) and DMF (1 drop). The resulting acid chloridas redissolved in THF (32.0 ml) and
treated with a solution of silylpotassiug21 in THF (32.0 ml), which was prepared from
tetrakis(trimethylsilyl)silane (2.96g, 9.24 mmolhd potassiuntert-butoxide (1.09g, 9.70
mmol). Flash column chromatography afforded thedpod as a yellow oil (2.20 g, 53%); R
0.5 (pet. ether : diethyl ether 9:1); IR (ATR) 292891, 1611, 1591, 1484, 1465, 1439, 1393,
1280, 1241, 1188, 1106, 1041, 1020, 999, 950, 8928, 747 cnt; &y (700 MHz) 7.29-7.26
(1H, m, 4H), 7.01-7.00 (1H, m, 61), 6.97-6.94 (1H, m, $4), 6.88-6.87 (1H, m, B4), 6.32
(1H, dt,J = 17.5Hz,J = 10.5Hz, 5’'H), 6.15 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.73
(1H, dt,J = 15.4Hz,J = 7.0Hz, 3'H), 5.15 (1H, d,J = 17.5Hz, 6'H), 5.02 (1H, d,J =
10.5Hz, 6'H), 3.99 (2H, tJ = 7.0Hz, 1'H), 2.54 (2H, gq,J = 7.0Hz, 2'H), 0.19 (27H, s,
Si(CH3)3); 8¢ (175 MHz) 241.6 CO), 153.4 C-2), 139.7 C-1), 136.9 C-5"), 133.3 C-4"),
130.1 C-4), 129.8 C-3"), 125.6 C-6), 120.2 C-5), 115.9 C-6"), 112.8 C-3), 68.1 C-1"),
32.3 C-2)), 1.1 (SiCHa)3); dsi (140 MHz) -11.4, -70.4; m/z (El) 448 ([M] 0.2%), 375 ([M-
Si(CHs)3] ™, 4), 147 (12), 73 (100); HRMS (EI) found [MKB48.2096, GH400.Sis requires
[M]™ 448.2100.

(E)-2-(Hexa-3,5-dienyloxy)benzoic acid 448
0

P N
Following standard procedur® (page 192), a solution ofEf-methyl 2-(hexa-3,5-
dienyloxy)benzoate (1.30 g, 5.58 mmol) in THF (30 mas treated with a solution lithium
hydroxide (0.26 g, 11.2 mmol) in water (15 ml) twegthe title compound as a white solid
(0.95 g, 78%). Mp: 46.0-46C; R 0.4 (pet. ether : ethyl acetate 1:1); IR (ATR) 824726,
1602, 1581, 1488, 1473, 1455, 1399, 1355, 1296712317, 1161, 1123, 1040, 1001, 954,
930, 899, 834, 753, 728 ¢méy (700 MHz) 10.82 (1H, s, CMI), 8.21-8.20 (1H, m, &),
7.57-7.55 (1H, m, H), 7.16-7.14 (1H, m, B¢), 7.05-7.04 (1H, m, B4), 6.34 (1H, ddd,) =
16.1Hz,J = 10.5Hz,J = 9.8Hz, 5'H), 6.26 (1H, dd,J = 15.4Hz,J = 9.8Hz, 4'H), 5.73 (1H,
dt,J=15.4HzJ = 7.0Hz, 3'H), 5.22 (1H, dJ = 16.1Hz, 6'H), 5.10 (1H, d,J = 10.5Hz, 6'-
H), 4.31 (2H, tJ = 7.0Hz , 1'H), 2.72 (2H, q,J = 7.0Hz, 2'H); 8¢ (175 MHz) 165.2
(COzH), 157.3 C-2), 136.0 C-5'), 134.94 (C-4), 134.90 C-4"), 133.9 C-6), 127.9 C-3)),
122.3 C-5), 117.8 C-1), 117.4 C-6'), 112.4 C-3), 69.1 (C-1"), 32.3 (C-2"); m/z (ES-) 217
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(IM-H] ", 15%), 137 (100); HRMS (ES-) found [M-H217.0877, @H130s requires [M-H]
217.0865.

(E)-methyl 2-(hexa-3,5-dienyloxy)benzoate 449
0

OMe

I N
Following standard procedur (page 192), a solution of triphenylphosphine (99486.2
mmol), E)-hexa-3,5-dien-1-ol (2.96 g, 30.1 mmol) and metylydroxybenzoate (3.91 ml,
30.1 mmol) in THF (10.0 ml) was treated with diisgpyl azodicarboxylate (7.12 ml, 36.2
mmol) to give the title compound as a colourlegsiii (3.60 g, 52%). R0.3 (pet. ether :
ethyl acetate 7:3); IR (ATR) 2947, 1727, 1599, 158290, 1452, 1432, 1384, 1302, 1243,
1189, 1163, 1131, 1081, 1048, 1004, 953, 899, 838, 704 crit; &y (700 MHz) 7.79-7.78
(1H, m, 6H), 7.45-7.43 (1H, m, #), 6.99-6.97 (1H, m, B4), 6.96-6.96 (1H, m, B4), 6.35
(1H, dt,J = 16.8Hz,J = 10.5Hz, 5'H), 6.20 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.83
(1H, dt,J = 15.4Hz,J = 7.0Hz, 3'H), 5.16 (1H, d,J = 16.8Hz, 6'H), 5.03 (1H, d,J =
10.5Hz, 6'H), 4.09 (2H, tJ = 7.0Hz, 1'H), 3.89 (3H, s, E3), 2.63 (2H, gqJ = 7.0Hz, 2'-
H); 6c (175 MHz) 167.0CO), 158.3 C-2), 136.9 C-5'), 133.33 C-4), 133.27 C-4’), 131.6
(C-6), 130.1 C-3), 120.7 C-1), 120.3 C-5), 115.9 C-6'), 113.4 C-3), 68.3 (C-1), 51.9
(CH3), 32.5 (C-2'); m/z (El) 201 ([M-OCK™, 14%), 165 (49), 152 (52), 135 (44), 120 (52),
105 (14), 92 (46), 80 (100), 77 (57), 65 (30), 83)( 55 (16), 53 (49), 45 (49), 41 (44), 39
(37), 27 (23); HRMS (ES+) found [M+H]233.1175, @H1705 requires [M+H] 233.1172.

(E)-Methyl 2-(hexa-3’,5-dienyloxy)-4-methoxybenzoatel55

MeO @)
Following standard procedur (page 192), a solution of triphenylphosphine (7g528.9

mmol), E)-hexa-3,5-dien-1-0l (2.37 g, 24.1 mmol) and meth@-hydroxy-4-
methoxybenzoate (4.39 g, 24.1 mmol) in THF (8.0 mias treated with diethyl
azodicarboxylate (4.56 ml, 28.9 mmol) to give titke tompound as a colourless liquid (3.61
g, 57%). R0.3 (pet. ether : ethyl acetate 4:1); IR (ATR) 294720, 1605, 1575, 1503, 1435,
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1384, 1249, 1200, 1167, 1136, 1087, 1029, 1007, 94, 829, 768, 731 chndy (700 MHz)
7.85-7.84 (1H, m, 64), 6.51-6.50 (1H, m, B4), 6.46-6.45 (1H, m, B4), 6.35 (1H, dtJ =
16.8Hz,J = 10.5Hz, 5'H), 6.21 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.84 (1H, dtJ =
15.4Hz,J = 7.0Hz, 3'H), 5.16 (1H, dJ = 16.8Hz, 6'H), 5.03 (1H, dJ = 10.5Hz, 6'H),
4.06 (2H, t,J = 6.3Hz, 1'H), 3.86 (3H, s, C&CH.), 3.84 (3H, s, OHy), 2.64 (2H, dtJ =
7.0Hz,J = 6.3Hz, 2'H); 8¢ (175 MHz) 166.4CO), 164.1 C-4), 160.5 C-2), 136.9 C-5),
133.8 C-6), 133.4 C-4"), 130.1 C-3), 115.9 C-6'), 112.8 C-1), 104.9 C-5), 100.1 C-3),
68.4 C-1), 55.4 (OCH3), 51.6 (CQCHS5), 32.4 C-2'); miz (ES+) 548 ([2M+N4], 23%), 326
(M+Na+MeCNJ", 37), 285 ([M+Na], 74), 263 ([M+H]’, 100), 122 (61); HRMS (ES+)
found [M+H]" 263.1281, GH140,4 requires [M+H] 263.1283.

(E)-2-(Hexa-3,5-dienyloxy)-4-methoxybenzoic acid 456
0

OH
MeO o/\/\/\

Following standard procedui® (page 192), a solution of methyE)fmethyl 2-(hexa-3,5-

dienyloxy)-4-methoxybenzoate (3.38 g, 12.9 mmol)THF (60 ml) was treated with a

solution lithium hydroxide (0.62g, 25.8 mmol) in t&a (30 ml) to give the title compound as

a white solid (2.69 g, 84%). Mp: 69.3-70CQ; R 0.3 (pet. ether : ethyl acetate 1:1); IR

(ATR) 3240, 2954, 2872, 1667, 1608, 1571, 1451,713280, 1201, 1164, 1099, 1031, 996,

914, 825, 791 cify &y (700 MHz) 10.57 (1H, s, CHl), 8.15-8.13 (1H, m, &), 6.66-6.64

(1H, m, 5H), 6.51-6.50 (1H, m, 34), 6.33 (1H, dtJ = 16.8Hz,J = 10.5Hz, 5'H), 6.25 (1H,

dd,J = 15.4Hz,J = 10.5Hz, 4'H), 5.72 (1H, dtJ = 15.4Hz,J = 7.0Hz, 3'H), 5.21 (1H, dJ

= 16.8Hz, 6'H), 5.09 (1H, dJ = 10.5Hz, 6'H), 4.26 (2H, tJ = 6.3Hz, 1'H), 3.88 (OC3),

2.70 (2H, dtJ = 7.0Hz,J = 6.3Hz, 2'H); 8¢ (175 MHz) 165.3CO), 165.2 C-4), 158.9 C-

2), 136.2 C-5), 135.8 C-6), 135.1 C-4"), 128.1 C-3'), 117.6 C-6’), 110.8 C-1), 106.9 C-

5), 99.6 C-3), 69.2 C-1), 55.9 (QCH3), 32.4 C-2); m/z (ES+) 520 ([2M+Na], 19%), 498

([2M] ™, 26), 312 ([M+Na+MeCNT, 25), 271 ([M+Na], 25), 249 ([M+H]", 100), 122 (38);

HRMS (ES+) found [M+H] 249.1123, @H170, requires [M+H[ 249.1127.
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(E)-(2-(Hexa-3',5’-dienyloxy)-4-methoxyphenyl)(1,1,B,3,3-hexamethyl-2-
(trimethylsilyl) trisilan-2-yl)methanone 458
0

Si(SiMes)s
MeO O/\/\/\

Following standard procedur€ (page 192), a solution ofE)-2-(hexa-3,5-dienyloxy)-4-
methoxybenzoic acid (2.16 g, 8.69 mmol) in DCM (4thl) was treated with oxalyl chloride
(1.43 ml, 11.3 mmol) and DMF (1 drop). The resgtacid was redissolved in THF (40.0 ml)
and treated with a solution of silylpotassi@il in THF (40.0 ml), which was prepared from
tetrakis(trimethylsilyl)silane (2.79 g, 8.69 mmalihd potassiuntert-butoxide (1.02 g, 9.11
mmol). Flash column chromatography afforded thedpob as a unstable yellow oil (2.11 g,
51%). R 0.3 (pet. ether : diethyl ether 9:1); IR (ATR) 3942892, 1600, 1495, 1421, 1302,
1245, 1198, 1164, 1121, 1028, 1005, 949, 825, W84 64 (700 MHz) 7.18-7.17 (1H, m, Ar-
6-H), 6.48-6.47 (1H, m, Ar-3d), 6.42-6.41 (1H, m, Ar-3), 6.32 (1H, dtJ = 16.8Hz,J =
10.5Hz, 5'H), 6.15 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.75 (1H, dtJ = 15.4Hz,J =
7.0Hz, 3'H), 5.14 (1H, dJ = 16.8Hz, 6'H), 5.02 (1H, d,J = 10.5Hz, 6'H), 3.98 (2H, tJ =
6.3Hz, 1'H), 3.83 (3H, s, O83), 2.55 (2H, dtJ = 7.0Hz,J = 6.3Hz, 2'H), 0.21 (27H, s,
Si(CH3)3); 8¢ (175 MHz) 237.5 CO), 162.1 C-4), 155.7 C-2), 136.9 C-5"), 133.3 C-4"),
131.9 C-1), 130.2 C-6), 129.9 C-3’), 115.9 C-6"), 103.8 C-5), 100.2 C-3), 68.2 C-1"),
55.4 (QCH3), 32.2 C-2'), 1.3 (SiCH3)3); dsi (140 MHz) -11.4, -70.2; m/z (El) 463 ([M-
CHz]™, 3%), 405 ([M-Si(CH)3]™, 43), 263 (62), 214 (83), 189 (30), 175 (40), 139), 131
(26), 117 (33), 73 (100), 45 (112).

(E)-(2-(Hexa-3,5-dienyloxy)-4-methoxyphenyl)(1,1,1,3,3-hexamethyl-2-(trimethylsilyl)
trisilan-2-yl)methanol
OH

Si(SiME3)3

MeO O/M
To a suspension of LIAIH(0.026 g, 0.68 mmol) in diethyl ether (3.0 ml) wadded a
solution  of  E)-(2-(hexa-3’,5-dienyloxy)-4-methoxyphenyl)(1,1313,3-hexamethyl-2-
(trimethylsilyl) trisilan-2-yl)methanone (0.33 g,68 mmol) in diethyl ether (3.0 ml) at 0 °C,

over a period of 3 minutes under nitrogen. Theltegususpension was stirred at RT for 1 h.
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The reaction mixture was quenched sequentially Wg® (0.5 ml), NaOH (1M, 0.5 ml) and
H,O (0.5 ml). The mixture was then filtered throughli@®, precipitate washed with EtOAc
and the filtrate concentratad vacuo.Flash column chromatography on neutral alumina,
elution gradient 0 to 10% diethyl ether in hexaa#forded the product as a unstable
colourless oil (0.29 g, 89%).:®.3 (pet. ether : diethyl ether 9:1); IR (ATR) 342947,
2892, 1606, 1584, 1499, 1466, 1287, 1242, 1197]1,11611, 1002, 829, 735 ¢méy (700
MHz) 7.31-7.30 (1H, m, Ar-64), 6.51-6.50 (1H, m, Ar-84), 6.38-6.37 (1H, m, Ar-3),
6.33 (1H, dt,J = 16.8Hz,J = 10.5Hz, 5'H), 6.19 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H),
5.76 (1H, dtJ = 15.4Hz,J = 7.0Hz, 3'H), 5.39 (1H, dJ = 4.9Hz, GHOH), 5.15 (1H, dJ =
16.8Hz, 6'H), 5.04 (1H, dJ = 10.5Hz, 6'H), 3.94 (2H, t,J = 7.0Hz, 1'H), 3.80 (3H, s,
OCHs3), 2.60 (2H, q, = 7.0Hz, 2'H), 1.70 (1H, d,J = 4.9Hz, H), 0.15 (27H, s, Si(B3));

d¢c (175 MHz) 159.0¢-4), 154.8 C-2), 136.8 C-5), 133.5 C-4’), 130.0 C-3’), 128.6 C-6),
121.8 C-1), 116.1 C-6"), 104.6 C-5), 99.0 C-3), 67.3 C-1'), 61.5 CHOH), 55.4 (CCH3),
32.5 (C-2'), 1.5 (SiCHa3)3); 8si (140 MHz) -12.9, -68.9; m/z (ASAP) 463 ([M-OH] 100%),
407 ([M-SiMg]™, 11),. HRMS (ASAP) found [M-OH] 463.2336, GH430.Si; requires [M-
OH]" 463.2335.

1,1-Bis(trimethylsilyl)-11b-(trimethylsilyloxy)-1,2,4a,5,6,11b-
hexahydrobenzo[b]silino[2,3-d]oxepine 460
M83Si\1

MesSiO
it

A solution of E)-(2-(hexa-3,5-dienyloxy)phenyl)(1,1,1,3,3,3-hexamyk 2-(trimethylsilyl)
trisilan-2-yl)methanone (0.21 g, 0.47 mmol) in digluene (2.0 ml) was heated in a
microwave tube at 18%C for 1 h. Concentration, followed by flash columiromatography

on silica, elution gradient 0 to 5% diethyl etherhexane, afforded the product as a greasy
solid (0.17 g, ds 2.7:1, 81%); R.6 (pet. ether : diethyl ether 95:5); IR (ATR)529 2895,
1479, 1441, 1242, 1210, 1059, 1025, 829, 767, W52 84 (700 MHz) 7.52-7.51 (1H, m, 11-
H), 7.12-7.08 (2H, m, 9,18}, 6.89-6.87 (1H, m, &), 6.09 (1H, dddJ = 10.5Hz,J = 7.7Hz,

J = 2.8Hz, 3H), 5.73 (1H, ddd, = 10.5Hz,J = 6.3Hz,J = 2.8Hz, 4H), 4.12 (1H, ddd, =
11.2Hz,J = 7.0Hz,J = 6.3Hz, 6H), 3.91 (1H, ddd, = 11.2Hz,J = 6.3Hz,J = 5.6Hz, 6H),
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3.21-3.19 (1H, m, 4&), 2.07-2.03 (1H, m, 54), 1.88-1.83 (1H, m, &), 1.66 (1H, dtd,) =

16.1Hz,J = 2.8Hz,J = 1.4Hz, 2H), 1.40 (1H, ddJ = 16.1Hz,J = 7.7Hz, 2H), 0.18 (9H, s,
Si(CHa)3), 0.05 (9H, s, Si(B3)), -0.20 (9H, s, Si(B3)s); 8c (175 MHz) 152.6 C-7a), 140.4
(C-11a), 132.9C-4), 131.0 C-11), 127.8 C-3), 127.4 C-9), 124.0 C-10), 122.6 C-8), 82.4
(C-11b), 69.4 C-6), 44.8 C-4a), 30.1 C-5), 8.4 C-2), 2.8 (SiCHa)s), 0.5 (SiCHs)3), -0.5
(Si(CH3)s); 8si (140 MHz) 10.5, -15.5, -16.8, -26.8; m/z (EI) 4481]"", 0.2%), 433 ([M-
Me]", 0.5%), 375 ([M-Si(CH)s]"", 14), 205 (10), 147 (16), 73 (100); HRMS (EI) fauM]*

448.2100, GH490,Si4 requires [M] 448.2100.

(E)-Methyl 5-chloro-2-(hexa-3,5-dienyloxy)benzoate 46
0

cl
OMe

A e
Following standard procedur (page 192), a solution of triphenylphosphine (52720.1
mmol), E)-hexa-3,5-dien-1-ol (1.45 g, 14.7 mmol) and metbhydhloro-2-hydroxybenzoate
(2.50 g, 13.4 mmol) in THF (7.0 ml) was treatedhadiisopropyl azodicarboxylate (3.17 ml,
16.1 mmol) to give the title compound as a colaglequid (2.79 g, 78%). F0.4 (hexane :
ethyl acetate 9:1); IR (ATR) 2949, 1732, 1598, 14B465, 1435, 1403, 1298, 1273, 1233,
1151, 1113, 1079, 1003, 972, 953, 899, 811, 788,ci8"; 5 (700 MHz) 7.76-7.75 (1H, m,
6-H), 7.40-7.38 (1H, m, #), 6.90-6.89 (1H, m, B), 6.34 (1H, dddJ = 16.8Hz,J =
10.5Hz,J = 9.8Hz, 5'H), 6.20 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.80 (1H, dtJ =
15.4Hz,J = 7.0Hz, 3'H), 5.16 (1H, d,J) = 16.8Hz, 6'H), 5.04 (1H, d,J) = 9.8Hz, 6'H), 4.06
(2H, t,J = 6.3Hz, 1'H), 3.89 (3H, s, OH3), 2.62 (2H, dtJ = 7.0Hz,J = 6.3Hz, 2'H); dc
(175 MHz) 165.6 CO), 156.9 C-2), 136.8 C-5"), 133.5 C-4’), 133.0 C-4), 131.3 C-6),
129.8 C-3), 125.4 C-5), 121.9 C-1), 116.1 C-6'), 114.8 C-3), 68.8 C-1"), 52.2 (CCHsy),
32.4 (C-2); m/z (ES+) 289 ([M+Na], 100), 555 ([2M+Na], 5); HRMS (ES+) found
[M+H]™ 267.0778, @H160:Cl requires [M+H] 267.0788.
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(E)-5-Chloro-2-(hexa-3’,5’-dienyloxy)benzoic acid 465
0

cl
OH

X
Following standard procedui® (page 192), a solution oE)-methyl 5-chloro-2-(hexa-3,5-
dienyloxy)benzoate (2.73 g, 10.2 mmol) in THF (40 was treated with a solution lithium
hydroxide (0.49 g, 20.5 mmol) in water (40 ml) twegthe title compound as a white solid
(2.20 g, 86%). Mp: 41.3-42°C; R 0.4 (pet. ether : ethyl acetate 1:1); IR (ATR) 828946,
1722, 1655, 1599, 1480, 1456, 1414, 1397, 1274712303, 1149, 1111, 1039, 1004, 951,
899, 855, 826, 782, 767, 706 ¢ndy (700 MHz) 10.70 (1H, s, C@l), 8.161-8.158 (1H, m,
6-H), 7.51-7.50 (1H, m, #4), 7.00-6.99 (1H, m, B), 6.33 (1H, dddJ = 16.8Hz,J =
10.5Hz,J = 9.8Hz, 5'H), 6.25 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.71 (1H, dtJ =
15.4Hz,J = 7.0Hz, 3'H), 5.22 (1H, d,J) = 16.8Hz, 6'H), 5.10 (1H, d,J = 9.8Hz, 6'H), 4.29
(2H, t,J = 6.3Hz, 1'H), 2.71 (2H, dt]J = 7.0Hz,J = 6.3Hz, 2'H); 5¢ (175 MHz) 164.0CO),
155.8 C-2), 135.9 C-5'), 135.1 C-4'), 134.6 C-4), 133.4 C-6), 127.7 C-5), 127.6 C-3)),
119.2 C-1), 117.6 C-6°), 114.0 C-3), 69.5 C-1'), 32.2 C-2'); m/z (ES+) 275 ([M+Na],
100); HRMS (ES+) found [M+N4&]275.0434, @GH1:03NaCl requires [M+Na&] 275.0451.

(E)-(5-Chloro-2-(hexa-3’,5'-dienyloxy)phenyl)(1,1,1,3,3-hexamethyl-2-(trimethylsilyl)
trisilan-2-yl)ymethanone 466

cl
Si(SiMe3)3

N S

Following standard procedur€ (page 192), a solution ofE)-5-chloro-2-(hexa-3’,5'’-
dienyloxy)benzoic acid (2.15 g, 8.53 mmol) in DCMIO(Q0 ml) was treated with oxalyl
chloride (0.88 ml, 10.2 mmol) and DMF (1 drop). Tiesulting acid was redissolved in THF
(45.0 ml) and treated with a solution of silylpctiasn 221 in THF (45.0 ml), which was
prepared from tetrakis(trimethylsilyl)silane (2.§48.53 mmol) and potassiutart-butoxide
(1.01 g, 8.95 mmol). Flash column chromatographfprdéd the product as a yellow
semisolid (0.43 g, 10%).tR.5 (pet. ether : diethyl ether 9:1); IR (ATR) 292893, 1609,
1483, 1463, 1388, 1285, 1243, 1181, 1129, 102011982, 929, 901, 823, 750 cby (700
MHz) 7.24-7.22 (1H, m, #), 6.984-6.980 (1H, m, 6}, 6.82-6.81 (1H, m, B4), 6.32 (1H,
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dt, J = 16.8Hz,J = 10.5Hz, 5'H), 6.14 (1H, ddJ = 14.7Hz,J = 10.5Hz, 4'H), 5.71 (1H, dt,
J=14.7HzJ = 7.0Hz, 3'H), 5.15 (1H, dJ = 16.8Hz, 6'H), 5.03 (1H, dJ = 10.5Hz, 6'H),
3.96 (2H, t,J = 7.0Hz, 1'H), 2.53 (2H, g, = 7.0Hz, 2'H), 0.21 (27H, s, Si(B2)3); 8¢ (175
MHz) 239.7 CO), 152.0 C-2), 140.4 C-5), 136.8 C-5'), 133.5 C-4)), 129.8 C-4), 129.4
(C-3), 125.9 C-6), 125.4 C-1), 116.1 C-6), 114.4 C-3), 68.6 C-1), 32.2 C-2) 1.1
(Si(CH2)3); 8si (140 MHz) -11.2, -69.2; m/z (Cl) 483 ([M+H] 12), 393 (100), 90 (27);
HRMS (ES+) found [M+H] 483.1787, @&H4O.CISi, requires [M+H] 483.1788.

(E)-Methyl 2-(hexa-3’,5-dienyloxy)-3-methylbenzoatet68

Following standard procedur (page 192), a solution of triphenylphosphine (4g236.1
mmol), E)-hexa-3,5-dien-1-ol (1.16 g, 11.8 mmol) and metylydroxy-3-methylbenzoate
(2.00 g, 10.7 mmol) in THF (4.0 ml) was treatedwdiisopropyl azodicarboxylate (2.54 ml,
12.9 mmol) to give the title compound as a colagliequid (1.52 g, 58%). .5 (pet. ether :
ethyl acetate 9:1); IR (ATR) 2949, 1725, 1652, 158260, 1433, 1377, 1292, 1258, 1221,
1189, 1173, 1137, 1002, 952, 898, 875, 761, 727, 6m(700 MHz) 7.64-7.63 (1H, m, B,
7.35-7.33 (1H, m, H), 7.06-7.04 (1H, m, B4), 6.35 (1H, ddd,) = 16.1Hz,J = 10.5Hz,J =
9.8Hz, 5'H), 6.20 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.82 (1H, dtJ = 15.4Hz,J =
7.0Hz, 3'H), 5.45 (1H, dJ = 16.1Hz, 6'H), 5.02 (1H, dJ = 9.8Hz, 6'H), 3.95 (2H, tJ =
6.3Hz, 1'H), 3.91 (3H, s, OH3), 2.62 (2H, dtJ = 7.0Hz,J = 6.3Hz, 2'H), 2.31 (3H, s,
CHa); 8¢ (175 MHz) 167.0C0), 157.1 C-2), 137.0 C-5'), 135.0 C-4), 133.1 C-4'), 132.7
(C-3), 130.5 C-3'), 129.1 C-6), 124.7 C-1), 123.4 C-5), 115.7 C-6"), 73.4 C-1'), 52.1
(OCHs), 33.4 C-2), 16.3 CHs); m/z (ES+) 269 ([M+Na&], 100), 515 ([2M+Nad], 5);
HRMS (ES+) found [M+Na] 269.1151, GH1s03Na requires [M+Na] 269.1154.
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(E)-2-(Hexa-3',5’-dienyloxy)-3-methylbenzoic acid 469
0

O/M

Following standard proceduB:(page 192), a solution ocEf-methyl 2-(hexa-3,5-dienyloxy)-
3-methylbenzoate (1.47 g, 5.97 mmol) in THF (30 mds treated with a solution lithium
hydroxide (0.29g, 11.9 mmol) in water (30 ml) tovaithe title compound as a white solid
(1.08 g, 78%). Flash column chromatography on ailielution gradient 10 to 20% ethyl
acetate in hexane, afforded the product as a gbitd (1.08 g, 78%). Mp: 59.3-60C; R
0.5 (pet. ether : ethyl acetate 1:1); IR (ATR) 328212, 1700, 1675, 1593, 1407, 1383, 1303,
1276, 1225, 1187, 1165, 1093, 1016, 1000, 949, 898, 865, 796, 747. 763, 719 ¢ndy
(700 MHz) 11.21 (1H, s, C®l), 7.98-7.97 (1H, m, &4), 7.44-7.43 (1H, m, #), 7.20-7.18
(1H, m, 5H), 6.36 (1H, dddJ = 16.81Hz,J = 10.5Hz,J = 9.8Hz, 5'H), 6.24 (1H, ddJ =
15.4Hz,J = 10.5Hz, 4'H), 5.75 (1H, dt,J = 15.4Hz,J = 7.0Hz, 3'H), 5.19 (1H, dJ =
16.8Hz, 6'H), 5.08 (1H, dJ = 9.8Hz, 6'H), 4.03 (2H, tJ = 7.0Hz, 1'H), 2.68 (2H, qJ =
7.0Hz, 2'H), 2.36 (3H, s, B3); éc (175 MHz) 165.9 CO), 156.4 C-2), 136.9 C-4), 136.4
(C-5"), 134.7 C-4"), 131.5 C-3), 130.8 C-6), 128.2 C-3"), 125.1 C-5), 122.2 C-1), 116.9
(C-6), 746 C-1), 33.1 C-2), 16.1 CH3); m/z (ES+) 255 ([M+Nd], 100), 487
([2M+Na]", 6); HRMS (ES+) found [M+Nd] 255.1004, ¢H:¢0:Na requires [M+N4d]
255.0997.

(E)-(2-(Hexa-3',5’-dienyloxy)-3-methylphenyl)(1,1,1,3,3-hexamethyl-2-(trimethylsilyl)

trisilan-2-yl)methanone 470

Si(SiM83)3

O/M

Following standard procedul@ (page 192), a solution oE)-2-(hexa-3',5-dienyloxy)-3-
methylbenzoic acid (0.83 g, 3.57 mmol) in DCM (2n0 was treated with oxalyl chloride
(0.37 ml, 4.28 mmol) and DMF (1 drop). The resgtacid was redissolved in THF (25.0 ml)
and treated with a solution of silylpotassi@2il in THF (25.0 ml), which was prepared from
tetrakis(trimethylsilyl)silane (1.15 g, 3.57 mmalpd potassiuntert-butoxide (0.42 g, 3.75
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mmol). Flash column chromatography afforded thedpob as a yellow oil (0.86 g, 52%): R
0.7 (pet. ether : diethyl ether 9:1); IR (ATR) 292891, 1616, 1376, 1243, 1256, 1211, 1071,
1002, 953, 899, 827, 758 &€mdy (700 MHz) 7.18-7.16 (1H, m, B), 7.03-7.01 (1H, m, 5-
H), 6.94-6.93 (1H, m, #), 6.32 (1H, dtJ = 16.8Hz,J = 10.5Hz, 5'H), 6.14 (1H, dd, =
15.4Hz,J = 10.5Hz, 4'H), 5.74 (1H, dtJ = 15.4Hz,J = 7.0Hz, 3'H), 5.12 (1H, dJ =
16.8Hz, 6'H), 5.00 (1H, dJ = 10.5Hz, 6'H), 3.80 (2H, tJ = 7.0Hz, 1'H), 2.50 (2H, qJ =
7.0Hz, 2’H), 2.26 (3H, s, E3), 0.20 (27H, s, Si(B3)3); 6c (175 MHz) 242.2 CO), 152.1
(C-2), 143.2 C-3), 137.0 C-5'), 133.1 C-4"), 132.3 C-1), 132.1 C-6), 130.5 C-3"), 124.0
(C-4), 123.2 C-5), 115.5 C-6"), 74.5 C-1'), 33.3 C-2'), 16.1 CH3), 1.1 (SiCHa)3); dsi (140
MHz) -11.4, -69.5; m/z (CI) 463 ([M+H], 24), 373 (100), 90 (19); HRMS (ES+) found
[M+H] ™ 463.2333, G3H430,Sis requires [M+H] 463.2335.

(E)-Methyl 2-(hexa-3,5-dienyloxy)-4-iodobenzoate 472
0

OMe

| N e
ollowing standard procedur& (page 192), a solution of triphenylphosphine (5¢6522.0
mmol), E)-hexa-3,5-dien-1-ol (1.41 g, 14.4 mmol) and metByhydroxy-4-iodobenzoate
(4.00 g, 14.4 mmol) in THF (7.0 ml) was treatedhadiisopropyl azodicarboxylate (3.40 ml,
17.3 mmol) to give the title compound as a whitkds@t.31 g, 84%). Mp: 43.8-45°C; R
0.3 (pet. ether : ethyl acetate 9:1); IR (ATR) 302945, 1689, 1579, 1466, 1430, 1401, 1381,
1289, 1237, 1187, 1137, 1093, 1009, 959, 927, 820, 769 crit; 5y (700 MHz) 7.50-7.49
(1H, m, 6H), 7.35-7.34 (1H, m, ), 7.30 (1H, m, 3), 6.34 (1H, ddd,J = 16.8Hz,J =
10.5Hz,J = 9.8Hz, 5'H), 6.20 (1H, ddJ = 14.7Hz,J = 10.5Hz, 4'H), 5.80 (1H, dtJ =
14.7Hz,J = 7.0Hz, 3'H), 5.16 (1H, d,J) = 16.8Hz, 6'H), 5.04 (1H, d,J = 9.8Hz, 6'H), 4.06
(2H, t,J = 6.3Hz, 1'H), 3.87 (3H, s, C&CH3), 2.60 (2H, dtJ = 7.0Hz,J = 6.3Hz, 2'H); dc
(175 MHz) 166.3 €O), 158.5 C-2), 136.8 C-5'), 133.6 C-4"), 132.8 C-6), 129.71 C-5),
129.65 C-3’), 122.8 C-3), 120.1 C-1), 116.1 C-6'), 99.7 C-4), 68.7 C-1'), 52.1 (CCHsy),
32.3 C-2); m/z (ES+) 359 ([M+H], 20%), 381 ([M+Na], 100), 739 ([2M+Na], 55);
HRMS (ES+) found [M+H] 359.0138, @H 1603l requires [M+H[ 359.0144.
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(E)-2-(Hexa-3,5-dienyloxy)-4-iodobenzoic acid 473
0

OH
| W e

Following standard proceduB:(page 192), a solution oEf-methyl 2-(hexa-3,5-dienyloxy)-
4-iodobenzoate (4.09 g, 11.4 mmol) in THF (50 mBswreated with a solution lithium
hydroxide (0.55g, 22.8 mmol) in water (25 ml) tovaithe title compound as a white solid
(3.29 g, 84%). Mp: 91.5-93Z; R 0.5 (pet. ether : ethyl acetate 1:1); IR (ATR) 328095,
1719, 1584, 1466, 1407, 1343, 1213, 1132, 11957,1999, 959, 899, 838, 768, 714 tndy
(700 MHz) 10.54 (1H, s, C®!), 7.87-7.86 (1H, m, 64), 7.52-7.50 (1H, m, B4), 7.395-
7.393 (1H, m, #H), 6.33 (1H, dddJ = 16.8Hz,J = 10.5Hz,J = 9.8Hz, 5'H), 6.25 (1H, dd,]
= 14.7Hz,J = 10.5Hz, 4'H), 5.71 (1H, dtJ = 14.7Hz,J = 7.0Hz, 3'H), 5.23 (1H, dJ =
16.8Hz, 6'H), 5.11 (1H, dJ = 9.8Hz, 6'H), 4.29 (2H, tJ = 6.3Hz, 1'H), 2.71 (2H, dt]) =
7.0Hz,J = 6.3Hz, 2'H); 5c (175 MHz) 164.7 CO), 157.1 C-2), 135.9 C-5"), 135.1 C-4"),
134.8 C-6), 131.8 C-5), 127.6 C-3"), 122.1 C-3), 117.6 C-6"), 117.4 C-1), 101.5 C-4),
69.5 C-1), 32.2 C-2); m/z (ES+) 345 ([M+H], 15%), 367 ([M+Na], 100), 711
([2M+Na]", 26); HRMS (ES-) found [M-H]342.9826, GH1,0sl requires [M-H] 342.9831.

(E)-Methyl 3-(hexa-3,5-dienyloxy)-2-naphthoate 476
0

O/\/\/\

Following standard procedur (page 192), a solution of triphenylphosphine (6g223.7
mmol), E)-hexa-3,5-dien-1-ol (1.94 g, 19.8 mmol) and meBwlydroxy-2-naphthoate (4.00
g, 19.8 mmol) in THF (7.0 ml) was treated with Higtazodicarboxylate (3.74 ml, 23.7
mmol) to give the title compound as a white soRB8 g, 52%). Mp: 37.9-38€C; R 0.3
(pet. ether : ethyl acetate 9:1); IR (ATR) 30171291725, 1627, 1595, 1503, 1451, 1431,
1381, 1333, 1273, 1258, 1205, 1183, 1129, 107%5,1981, 896, 861, 831, 780, 739 tndy
(700 MHz) 8.29 (1H, s, H), 7.83-7.82 (1H, m, 8), 7.73-7.71 (1H, m, ), 7.52-7.50 (1H,
m, 6H), 7.39-7.37 (1H, m, H), 7.19 (1H, m, 4), 6.37 (1H, ddd) = 16.8Hz,J = 10.5Hz,J

= 9.8Hz, 5'H), 6.24 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.87 (1H, dtJ = 15.4Hz,J =
7.0Hz, 3'H), 5.17 (1H, dJ = 16.8Hz, 6'H), 5.04 (1H, dJ = 9.8Hz, 6'H), 4.19 (2H, tJ =
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6.3Hz, 1'H), 3.95 (3H, s, O8), 2.70 (2H, dtJ = 7.0Hz,J = 6.3Hz, 2'H); ¢ (175 MHz)
167.0 CO), 154.8 C-3), 137.0 C-5), 136.0 C-4a), 133.4C-4"), 132.6 C-1), 130.2 C-3),

128.7 C-8), 128.3 C-6), 127.6 C-8a), 126.4 C-5), 124.4 C-7), 122.3 C-2), 115.9 C-6)),

107.9 C-4), 68.1 C-1'), 52.2 (QCHa), 32.4 C-2'); miz (ES+) 283 ([M+H], 25%), 305
(IM+Na]*, 100), 587 ([2M+Na], 70); HRMS (ES+) found [M+H] 283.1326, GH14Os

requires [M+H] 283.1334.

(E)-3-(Hexa-3',5’-dienyloxy)-2-naphthoic acid 477
0

O/\/\/\

Following standard proceduBe (page 192), a solution oEf-methyl 3-(hexa-3,5-dienyloxy)-
2-naphthoate (2.75 g, 9.75 mmol) in THF (45 ml) wemsated with a solution lithium
hydroxide (0.47g, 19.5 mmol) in water (22 ml) toeithe title compound as a white solid
(2.27 g, 86%). Mp: 61.9-63°C; R 0.5 (pet. ether : ethyl acetate 1:1); IR (ATR) B24737,
1629, 1596, 1451, 1406, 1349, 1243, 1207, 11739,10805, 983, 901, 824, 747, 709°tm
84 (500 MHz) 11.00 (1H, s, C@l), 8.81 (1H, s, H), 7.93-7.91 (1H, m, &), 7.78-7.76
(1H, m, 5H), 7.61-7.58 (1H, m, 64), 7.48-7.45 (1H, m, H), 7.30 (1H, m, 4), 6.35 (1H,
ddd,J = 16.0Hz,J = 10.5Hz,J = 9.0Hz, 5'H), 6.29 (1H, ddJ = 15.0Hz,J = 10.5Hz, 4'H),
5.78 (1H, dtJ = 15.0Hz,J = 7.0Hz, 3'H), 5.24 (1H, dJ = 16.0Hz, 6'H), 5.11 (1H, dJ =
9.0Hz, 6'H), 4.41 (2H, tJ=6.5Hz, 1'H), 2.79 (2H, dtJ = 7.0Hz,J = 6.5Hz, 2'H); 6c (125
MHz) 165.3 CO), 153.5 C-3), 136.5 C-4a), 136.3C-1), 136.1 C-5'), 134.9 C-4"), 129.5
(C-6, C-8), 128.4 C-8a), 128.1 C-3'), 126.5 C-7), 125.4 C-5), 117.9 C-2), 117.5 C-6"),
107.9 C-4), 69.0 C-1"), 32.2 C-2)); m/z (ES+) 269 ([M+H], 49%), 291 ([M+Na], 100),
537 ([2M+H]", 38), 559 ([2M+Na], 77); HRMS (ES+) found [M+H] 269.1186, ¢H1703
requires [M+H] 269.1178.
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(E)-(3-(Hexa-3',5’-dienyloxy)naphthalen-2-yl)(1,1,1,38,3-hexamethyl-2-(trimethylsilyl)

trisilan-2-yl)ymethanone 478

OO Si(SiMes)s
/\/\/\

o
Following standard procedur@ (page 192), a solution oE)-3-(hexa-3’,5-dienyloxy)-2-

naphthoic acid (1.93 g, 7.19 mmol) in DCM (35.0 mBs treated with oxalyl chloride (0.80
ml, 9.34 mmol) and DMF (1 drop). The resulting aaids redissolved in THF (35.0 ml) and
treated with a solution of silylpotassiug21 in THF (35.0 ml), which was prepared from
tetrakis(trimethylsilyl)silane (2.31 g, 7.19 mmalipd potassiuntert-butoxide (0.85 g, 7.54
mmol). Flash column chromatography afforded thedpob as a pale yellow solid (1.90 g,
53%). Mp: 112.4-116.8C; R 0.5 (pet. ether : diethyl ether 9:1); IR (ATR) 292891, 1616,
1450, 1389, 1325, 1241, 1183, 1155, 1103, 1005, 8289, 743 crf; o4 (700 MHz) 7.77-
7.75 (AH, m, 84), 7.71-7.70 (1H, m, 84), 7.48 (1H, s, H), 7.48-7.46 (1H, m, &4), 7.38-
7.36 (1H, m, ™), 7.13 (1H, m, 4), 6.35 (1H, dtJ = 17.5Hz,J = 10.5Hz, 5'H), 6.19 (1H,
dd,J = 15.4Hz,J = 10.5Hz, 4'H), 5.79 (1H, dtJ = 15.4Hz,J = 7.0Hz, 3'H), 5.17 (1H, dJ

= 17.5Hz, 6'H), 5.04 (1H, dJ = 10.5Hz, 6'H), 4.11 (2H, tJ = 7.0Hz, 1'H), 2.62 (2H, qJ

= 7.0Hz, 2'H), 0.22 (27H, s, Si(B3)3); dc (175 MHz) 240.6 CO), 152.3 C-3), 140.4 C-
4a), 136.9 C-5’), 134.6 C-8a), 133.4 ¢-4"), 129.8 C-3'), 127.9 C-5), 127.8 C-2), 127.1
(C-6), 126.6 C-8), 125.9 C-1), 124.3 C-7), 116.0 C-6'), 107.4 C-4), 67.9 C-1"), 32.2 C-
2), 1.2 (SiCHs)3); 8si (140 MHz) -11.3, -69.6; m/z (El) 498 ([M] 2%), 425 ([M-
Si(CHs)3] ™, 6), 397 (10), 205 (14), 147 (19), 73 (100); HRNE) found [M]" 498.2256,
Co6H40,Sis requires [M] 498.2256.

Methyl 2-((2’'E,4'E)-hexa-2’,4’-dienyloxy)benzoate 480
0

OMe
T N
Following standard procedur® (page 192), a solution of triphenylphosphine (323.2.4
mmol), (ZE,4E)-hexa-2,4-dien-1-ol (1.01 g, 10.3 mmol) and me@wlydroxybenzoate (1.57

g, 10.3 mmol) in THF (3.0 ml) was treated with dpsopyl azodicarboxylate (2.44 ml, 12.4
mmol) to give the title compound as a unstable evhilid (0.99 g, 41%). Mp: 54.3-53@;
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Rr 0.4 (pet. ether : ethyl acetate 9:1); IR (ATR) 292854, 1719, 1595, 1486, 1441, 1374,
1285, 1239, 1188, 1162, 1140, 1077, 996, 957, 823, 762, 706 cify 5 (700 MHz) 7.81-
7.79 (1H, m, 64), 7.45-7.42 (1H, m, #), 6.99-6.97 (2H, m, 84, 5-H), 6.38 (1H, ddJ =
15.4Hz,J = 10.5Hz, 3'H), 6.10 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.78 (1H, dtJ =
15.4Hz,J = 6.3Hz, 2'H), 5.75 (1H, dqg,J = 15.4Hz,J = 6.3Hz, 5'H), 4.65 (2H, dJ = 6.3Hz,
1’-H), 3.91 (3H, s, C&CH3), 1.78 (3H, dJ = 6.3Hz, 6'H); 6c (175 MHz) 166.8CO), 158.2
(C-2), 133.5 C-3'), 133.3 C-4), 131.7 C-6), 130.7 C-4'), 130.6 C-5"), 124.6 C-2), 120.7
(C-1), 120.3 C-5), 113.8 C-3), 69.4 (C-1"), 51.9 (CQCHj), 18.1 C-6"); m/z compound

decomposes under all forms of ionisation.

Methyl 2-((2’E,4 E)-hexa-2’,4’-dienyloxy)-4-methoxybenzoate 482
0

OMe

P NN
MeO o

Following standard procedur (page 192), a solution of triphenylphosphine (234%.33
mmol), (&,4E)-hexa-2,4-dien-1-ol (0.76 g, 7.78 mmol) and meth34hydroxy-4-
methoxybenzoate (1.42 g, 7.78 mmol) in THF (2.0 mBs treated with diisopropyl
azodicarboxylate (1.84 ml, 9.33 mmol) to give thke tcompound as a white solid (0.90 g,
44%). Mp: 59.6-60.5C; R 0.2 (pet. ether : ethyl acetate 9:1); IR (ATR) 30R941, 2842,
1692, 1611, 1570, 1502, 1433, 1385, 1304, 12700,12072, 1141, 1099, 1035, 986, 926,
827, 761 cnit; 84 (700 MHz) 7.87-7.85 (1H, m, B), 6.51-6.50 (1H, m, B¥), 6.481-6.478
(1H, m, 3H), 6.41 (1H, ddJ = 15.4Hz,J = 10.5Hz, 3'H), 6.10 (1H, ddJ = 15.4Hz,J =
10.5Hz, 4'H), 5.80 (1H, dtJ = 15.4Hz,J = 5.6Hz, 2'H), 5.76 (1H, dgJ = 15.4Hz,J =
6.3Hz, 5'H), 4.63 (2H, d,J = 5.6Hz, 1'H), 3.87 (3H, s, C&CH3), 3.84 (3H, s, OB3), 1.78
(3H, d,J = 6.3Hz, 6'H); 6¢c (175 MHz) 166.2 CO), 164.0 C-4), 160.4 C-2), 133.9 C-6),
133.6 C-3'), 130.7 C-4"), 130.6 C-5"), 124.4 C-2), 112.8 C-1), 105.0 C-5), 100.5 C-3),
69.4 C-1), 55.4 (ArCCHs), 51.7 (CQCHs), 18.1 C-6'); m/z (ES+) 263 ([M+H] , 100%),
285 ([M+NaJ 45), 547 ([2M+Na] 47); Anal. Calcd for GH1g04: C, 68.68; H, 6.92. Found:
C, 68.80; H, 6.92.
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(3E,5Z)-hepta-3,5-dien-1-0t*° 484

W/OH

To a suspension of LIAIH(0.96 g, 25.4 mmol) in diethyl ether (80 ml) waklad a solution
of (3E,52)-methyl hepta-3,5-dienoate (3.56 g, 25.4 mmolydiethyl ether (20 ml) at 0°C,
over a period of 15 minutes. The resulting susmensias stirred at RT for 1 h. The reaction
mixture was cooled with an ice bath and cautiogsignched sequentially with,8 (3.0 ml),
NaOH (1M, 3.0 ml) and bD (6.0 ml). The suspension was then filtered thnoGglité®, the
precipitate washed with EtOAc and the combinedrafit concentrated under reduced
preasure. Flash column chromatography on siliegjosl gradient 0 to 30% ethyl acetate in
hexane, afforded the title product as a clear ¢iq@i23 g,EZEE - 84:16, 78%). R0.4 (pet.
ether : ethyl acetate 7:3); IR (ATR) 3326, 30182292879, 1432, 1371, 1179, 1041, 982,
945, 911, 839, 729 ¢ &y (500 MHz) 6.46 (1H, ddJ = 15.0Hz,J = 11.0Hz, 4H), 6.00 (1H,
td,J = 11.0Hz,J = 1.5Hz, 5H), 5.64 (1H, dtJ = 15.0Hz,J = 7.0Hz, 3H), 5.45 (1H, dqg) =
11.0Hz,J = 7.0Hz, 6H), 3.70 (2H, g, = 6.0Hz, 1H), 2.40 (2H, dtJ = 7.0Hz,J = 6.0Hz, 2-
H), 1.76 (3H, ddJ = 7.0Hz,J = 1.5Hz, 7H), 1.43 (1H, tJ = 6.0Hz, GH); 8¢ (125 MHz)
129.4 C-5), 129.0 C-3), 128.5 C-4), 125.3 C-6), 62.0 C-1), 36.3 C-2), 13.3 C-7); m/z
(El) 112 (IM]", 78%), 94 ([M-HO]", 10), 81 ([M-CHOH]", 100), 79 ([M-HO-CHs]", 85),

77 (40), 67 (84), 65 (28), 55 (44), 53 (74), 51)(¥ (72), 39 (63), 31 (31), 27 (37).

Methyl 2-((3E,52)-hepta-3’,5-dienyloxy)benzoate 485
0

O/M

Following standard proceduw (page 192), a solution of triphenylphosphine (5g722.1
mmol), (E,52)-hepta-3,5-dien-1-ol (2.06 g, 18.4 mmol) and mefhitydroxybenzoate (2.38
ml, 18.4 mmol) in THF (6.0 ml) was treated with ttiid azodicarboxylate (3.47 ml, 22.1
mmol) to give the title compound as a colourlegsiti (2.46 gEZEE - 84:16, 54%). R0.4
(pet. ether : ethyl acetate 7:3); IR (ATR) 30174291725, 1599, 1489, 1450, 1300, 1243,
1163, 1131, 1081, 1044, 1017, 985, 947, 836, 7BBCH™; 54 (700 MHz) 7.79-7.78 (1H, m,
Ar-6-H), 7.46-7.43 (1H, m, Ar-H), 6.99-6.96 (2H, m, Ar-34, Ar-3-H), 6.49 (1H, dd,) =
14.7Hz,J = 11.2Hz, 4'H), 6.02 (1H, dddJ = 11.2Hz,J = 10.5Hz,J = 1.4Hz, 5'H), 5.77
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(1H, dt,J = 14.7Hz,J = 7.0Hz, 3'H), 5.45 (1H, dgJ) = 10.5Hz,J = 7.0Hz, 6'H), 4.09 (2H, t,
J=7.0Hz, 1'H), 3.89 (3H, s, O83), 2.66 (2H, qJ = 7.0Hz, 2'H), 1.76 (3H, dd,) = 7.0Hz,

J = 1.4Hz, 7'H): 5¢ (175 MHz) 167.0CO), 158.3 C-2), 133.3 C-4), 131.6 C-6), 129.2 C-
5, 129.0 C-3), 127.9 C-4"), 125.2 C-6"), 120.7 C-1), 120.3 C-5), 113.4 C-3), 68.6 C-
1), 51.9 (QCHs), 32.8 C-2"), 13.3 C-7'): miz (El) 246 ([M[", 5%), 215 ([M-OCH]"", 8),
185 (61), 135 (10), 120 (12), 94 (100), 79 (86),(60), 55 (22), 45 (33), 41 (20), 39 (14);
HRMS (ES+) found [M+H] 247.1329, @H1405 requires [M+H] 247.1329.

2-((3E,52)-Hepta-3,5-dienyloxy)benzoic acid 486
0

O/M
Following standard procedu® (page 192), a solution of methyl 2-§352)-hepta-3’,5'-
dienyloxy)benzoate (1.74 g, 7.1 mmol) in THF (35 mhs treated with a solution lithium
hydroxide (0.34g, 14.1 mmol) in water (15 ml) toagithe title compound as a colourless
liquid (1.43 g,EZEE - 84:16, 87%). R0O.5 (pet. ether : ethyl acetate 1:1); IR (ATR) 827
3020, 2928, 1728, 1601, 1581, 1486, 1456, 1395517234, 1219, 1163, 1125, 1041, 984,
947, 909, 834, 752 ¢ &y (700 MHz) 10.85 (1H, s, CHI), 8.21-8.19 (1H, m, Ar-64),
7.57-7.55 (1H, m, Ar-4), 7.15-7.13 (1H, m, Ar-84), 7.05-7.04 (1H, m, Ar-3), 6.55 (1H,
dd,J = 15.4Hz,J = 11.2Hz, 4'H), 6.00 (1H, dddJ = 11.2Hz,J = 10.5Hz,J = 1.4Hz, 5'H),
5.67 (1H, dtJ = 15.4Hz,J = 7.0Hz, 3'H), 5.51 (1H, dg,) = 10.5Hz,J = 7.0Hz, 6'H), 4.31
(2H, t,J=6.3Hz, 1'H), 2.74 (2H, dtJ = 7.0Hz,J = 6.3Hz, 2'H), 1.77 (3H, ddJ = 7.0Hz,J
= 1.4Hz, 7'H); éc (175 MHz) 165.3 CO), 157.4 C-2), 134.9 C-4), 133.9 C-6), 129.5 C-
4", 128.4 C-5'), 126.8 C-3'), 126.7 C-6'), 122.3 C-5), 117.8 C-1), 112.5 C-3), 69.2 C-
1), 32.6 C-2'), 13.4 C-7'); m/z (ES+) 487 ([2M+Nad], 24%), 465 ([2M+H], 100), 250
(IM+NH4]", 28), 233 ([M+H]", 20); HRMS (ES+) found [M+Ni* 250.1440, GH2OsN
requires [M+NH]" 250.1438.
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(2-((3E,52)-Hepta-3',5’-dienyloxy)phenyl)(1,1,1,3,3,3-hexaméiyl-2-
(trimethylsilyl)trisilan-2-yl) methanone 487
0

Si(SiMe3)3

O/M
Following standard procedureC (page 192), a solution of 2-EDHZ)-hepta-3,5-
dienyloxy)benzoic acid (1.91 g, 8.21 mmol) in DCMO0O ml) was treated with oxalyl
chloride (0.92 ml, 10.7 mmol) and DMF (1 drop). Tlesulting acid was redissolved in THF
(45.0 ml) and treated with a solution of silylpctiasn 221 in THF (45.0 ml), which was
prepared from tetrakis(trimethylsilyl)silane (2.638.21 mmol) and potassiutart-butoxide
(0.97 g, 8.62 mmol). Flash column chromatograplfigrdéd the product as a yellow oil (1.90
g, EZEE - 84:16, 50%). R0O.5 (pet. ether : diethyl ether 9:1); IR (ATR) 894891, 1614,
1591, 1484, 1465, 1441, 1393, 1242, 1188, 11576,11040, 1018, 979, 824, 746¢mby
(700 MHz) 7.29-7.26 (1H, m, B, 7.01-6.99 (1H, m, &4), 6.96-6.94 (1H, m, B4), 6.88-
6.87 (1H, m, 3H), 6.44 (1H, dd,) = 15.4Hz,J = 10.5Hz, 4'H), 5.99 (1H, ddd) = 11.2Hz,J
= 10.5Hz,J = 1.4Hz, 5'H), 5.68 (1H, dtJ = 15.4Hz,J = 7.0Hz, 3'H), 5.44 (1H, dqJ =
11.2Hz,J = 7.0Hz, 6'H), 3.99 (2H, tJ = 7.0Hz, 1'H), 2.56 (2H, dtJ = 7.0Hz,J = 7.0Hz,
2'-H), 1.76 (3H, ddJ = 7.0Hz,J = 1.4Hz, 7'H), 0.19 (27H, s, Si(B3)3); 6c (175 MHz)
241.6 CO), 153.4 C-2), 139.7 C-1), 130.1 C-4), 129.2 C-5'), 128.7 C-3'), 127.9 C-4"),
125.5 C-6), 125.2 C-6’), 120.2 C-5), 112.9 C-3), 68.3 C-1'), 32.7 C-2'), 13.3 C-7"), 1.1
(Si(CHa)3); 8si (140 MHz) -11.4, -70.5; m/z (ES+) 942 ([2M+NH, 100%), 463 ([M+H],
75); HRMS (ES+) found [M+H] 463.2331, @H430,Si4 requires [M+H] 463.2335.

(2E,4E)-Methyl hepta-2,4-dienoaté® 490
NN
To a solution of methyl (triphenylphosphoranylidgeetate (19.88 g, 59.4 mmol) in DCM

co,Me

(125 ml) was addedEj-pent-2-enal. The reaction mixture was stirredRat for 6 h after
which time the solvent was evaporated under redymedsure. The residue was than
triturated with hexane to remove the majority oé tliphenylphosphine oxide. Kugelrohr
distillation (95°C, 0.4 mbar) afforded the product as a colourlegsd (4.50 g, 54%). IR
(ATR) 2964, 2879, 1713, 1643, 1617, 1434, 1301912236, 1187, 1139, 1039, 999, 874,
720 cm®; 84 (700 MHz) 7.28 (1H, ddd) = 15.4Hz,J = 7.0Hz,J = 3.5Hz, 3H), 6.18-6.17

212



(2H, m, 4H, 5H), 5.80 (1H, dJ = 15.4Hz, 2H), 3.74 (3H, s, C&CH3), 2.20 (2H, dg,) =
7.0Hz,J = 4.9Hz, 6H), 1.05 (3H, tJ = 7.0Hz, 7H); 8¢ (175 MHz) 167.7CO), 146.2 C-5),
145.4 C-3), 127.4 C-4), 118.7 C-2), 51.4 (CQCHa), 26.0 C-6), 12.8 C-7); m/z (El) 140
(IM] ™, 48%), 111 (100), 109 ([M-OM&] 43), 81 ([M-CQMe]", 100), 79 (73), 53 (43), 39
(38), 27 (20).

(3E,5Z)-Methyl hepta-3,5-dienoaté® 491

NP

To a solution of sodium bis(trimethylsilyl)amidel(8 ml, 1M in THF) in THF (90 ml) was
added a solution of B24E)-methyl hepta-2,4-dienoate (4.33 g, 30.9 mmol)HF (20 ml) at
-78°C. The reaction mixture was stirred at °@8for 4 h after which time a solution of acetic
acid (5.0 ml) in THF/HO (45 ml, 1:1) was added. The reaction mixture alsved to reach

room temperature and then volatiles were evaporatddr reduced pressure. The residue was

COoMe

extracted with EO (3 x 40 ml). The combined organic layers weredirover MgSQ
filtered and concentrated. Flash column chromafagyaon silica, elution gradient 0 to 10%
diethyl ether in hexane, afforded the product atear liquid (3.83 g, EZ.:EE - 84:16, 88%).
Rt 0.4 (pet. ether : diethyl ether 9:1); IR (ATR) 302952, 1737, 1435, 1339, 1255, 1198,
1161, 985, 945, 827 ¢mdy (500 MHz) 6.45 (1H, ddJ = 15.0Hz,J = 11.0Hz, 4H), 6.01
(1H, td,J = 11.0Hz,J = 1.5Hz, 5H), 5.74 (1H, dtJ = 15.0Hz,J = 7.0Hz, 3H), 5.50 (1H, dq,
J=11.0HzJ = 7.0Hz, 6H), 3.70 (3H, s, OH3), 3.16 (2H, dJ = 7.0Hz, 2H), 1.75 (3H, dd,
J=7.0Hz,J=1.5Hz, 7H); ¢ (125 MHz) 172.1CO), 129.0 C-4), 128.6 C-5), 126.3 C-6),
124.4 C-3), 51.9 (QCHs), 38.1 C-2), 13.3 C-7); m/z (EI) 140 ([M]’, 56%), 111 (10), 98
(64), 80 (100), 77 (35), 67 (15), 65 (22), 59 (33, (50), 51 (20), 41 (45), 39 (40), 29 (11),
27 (18).

(E)-5-(Hexa-3',5’-dien-2’-yl)-2-hydroxy-4-methoxybenoic acid 492
0

\\ OH

MeO OH
Following standard procedui® (page 192), a solution of methyl 2-(B4'E)-hexa-2’,4'-

dienyloxy)-4-methoxybenzoate (0.80 g, 3.05 mmol)THF (20 ml) was treated with a
solution of lithium hydroxide (0.15 g, 6.10 mmah)water (10 ml) to give the title compound
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as a white solid (0.42 g, 56%). Mp: 121.6-12Z8 R 0.2 (pet. ether : ethyl acetate 3:2); IR
(ATR) 3241, 1737, 1629, 1596, 1451, 1406, 1349312207, 1173, 1059, 1005, 983, 901,
747, 709 cnt; 84 (700 MHz) 10.54 (1H, s, B), 7.64 (1H, s, 64), 6.45 (1H, s, 3H), 6.35
(1H, ddd,J = 16.8Hz,J = 10.5Hz,J = 9.8Hz, 5'H), 6.07 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'-
H), 5.87 (1H, ddJ = 15.4Hz,J = 6.3Hz, 3'H), 5.14 (1H, dJJ = 16.8Hz, 6'H), 5.01 (1H, d,

= 9.8Hz, 6'H), 3.88 (3H, s, OH3), 3.84 (1H, quin]J = 6.3Hz, 2'H), 1.33 (3H, d,J = 6.3Hz,
1'-H); 8¢ (175 MHz) 174.2CO), 164.0 C-2), 163.2 C-4), 138.6 C-3'), 137.3 C-5'), 129.6
(C-4), 129.2 C-6), 126.6 C-5), 115.5 C-6’), 103.5 C-1), 99.1 C-3), 55.8 (QCH3), 34.3 C-
2, 19.8 C-1"); m/z (ES-) 247 ([M-H], 100%), 495 ([2M-H], 10%); HRMS (ES-) found
[M-H] ™ 247.0959, &H;50, requires [M-H] 247.0970.

(E)-1-Chloro-2-(hexa-3’,5’-dienyloxy)-4-(trifluoromethyl)benzene 499

10
EC O/\/\/\

3

Following standard procedur® (page 192), a solution of triphenylphosphine (3g6@.4.0
mmol), E)-hexa-3,5-dien-1-ol (1.14 g, 12.0 mmol) and 2-otib-(trifluoromethyl)phenol
(2.29 g, 12.0 mmol) in THF (4.0 ml) was treatedhndiethyl azodicarboxylate (2.20 ml, 14.0
mmol) to give the title compound as a colourlegsiii (2.28 g, 71%). R0.6 (pet. ether :
diethyl ether 95:5); IR (ATR) 2940, 2882, 1600, 249423, 1388, 1326, 1247, 1168, 1123,
1079, 1003, 950, 903, 858, 817, 745 cidy (700 MHz) 7.48-7.47 (1H, m, B, 7.17-7.16
(1H, m, 5H), 7.12 (1H, m, 3#), 6.35 (1H, dddJ = 16.8Hz,J = 10.5Hz,J = 9.8Hz, 5'H),
6.23 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.82 (1H, dtJ= 15.4Hz,J = 7.0Hz, 3'H), 5.18
(1H, d,J = 16.8Hz, 6’'H), 5.06 (1H, dJ = 9.8Hz, 6'H), 4.12 (2H, tJ = 6.3Hz, 1'H), 2.67
(2H, dt,J = 7.0Hz,J = 6.3Hz, 2'H); 8¢ (175 MHz) 154.7 ¢-2), 136.7 C-5'), 133.8 C-4),
130.6 C-6), 130.1 (g%t = 32.6Hz,C-4), 129.2 C-3), 127.0 C-1), 123.6 (q Jes= 271.1Hz,
CFs), 118.1 (q2Jc= 3.3Hz,C-5), 116.3 C-6"), 110.0 C-3), 68.8 C-1'), 32.2 C-2); 8¢ (375
MHz) -63.0; m/z (ASAP) 277 ([M+H], 100%), 553 ([2M+H], 14); HRMS (ASAP) found
[M+H]™ 277.0599, GH1:0CIF; requires [M+H] 277.0602.
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(E)-Hexa-3,5-dienyl 4-methylbenzenesulfonatd’ 506

NN
To a solution of £)-hexa-3,5-dien-1-ol (2.00 g, 20.4 mmol) in pyrigi(il8 ml) tosyl chloride
(6.22 g, 32.6 mmol) and,N-dimethyl-4-aminopyridine (0.25 g, 2.0 mmol) weddlad. After
5 h, the reaction mixture was diluted with DCM (@) and washed with saturated sodium
bicarbonate solution (40 ml). The aqueous layer segmarated and extracted with DCM (3 x
10 ml). The combined organic layers were dried dMgSQ, filtered, and concentrataed
vacua Flash column chromatography (pet. ether : etgtate 85:15) give the title compound
as a colourless liquid (2.37. g, 46%).®4 (pet. ether : etyl acetate 85:15); IR (ATRH29
1598, 1355, 1301, 1173, 1096, 1043, 1002, 961, 80, 758 cht; 5, (700 MHz) 7.80-7.79
(2H, m, Ar-2,6H), 7.36-7.35 (2H, m, Ar-3,54), 6.24 (1H, ddd,J = 16.8Hz,J = 10.5Hz,J =
9.8Hz, 5H), 6.06 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4H), 5.52 (1H, dtJ = 15.4Hz,J = 7.0Hz,
3-H), 5.12 (1H, dJ = 16.8Hz, 6H), 5.03 (1H, dJ = 9.8Hz, 6H), 4.07 (2H, tJ = 7.0Hz, 1-
H), 2.46 (3H, s, B3), 2.44 (2H, qJ = 7.0Hz, 2H); 6c (175 MHz) 144.7 (Arc-1), 136.4 C-
5), 134.2 C-4), 133.1 (ArC-4), 129.8 (ArC-3,5), 127.9 (Arc-2,6), 127.9 C-3), 116.6 C-
6), 69.4 C-1), 32.0 C-2), 21.6 CHa); m/z (ES+) 275 ([M+Na&], 100%), 527 ([2M+N4d], 5).

10-Chloro-1,1-bis(trimethylsilyl)-11b-(trimethylsil yloxy)-1,2,4a,5,6,11b-hexahydrobenzo
[b]silino[2,3-d]oxepine 512

A solution of E)-(5-chloro-2-(hexa-3',5'-dienyloxy)phenyl)(1,1,1383-hexamethyl-2-
(trimethylsilyl) trisilan-2-yl)methanone (0.16 ¢g,33 mmol) in dry toluene (2.0 ml) was
heated in a microwave tube at 18D for 75 min. Concentration, followed by flash aoio
chromatography on silica, elution gradient 0 to 8%thyl ether in hexane, afforded the
product as a greasy colourless solid (0.10 g, 54 3crude ds 2.7:1), 60%); B.6 (pet. ether

- diethyl ether 95:5); IR (ATR) 2952, 2894, 147244, 1027, 831, 749 chndy (700 MHz)
7.51-7.50 (1H, m, 1H), 7.06-7.05 (1H, m, ), 6.83-6.82 (1H, m, 8t), 6.09 (1H, ddd) =
10.5Hz,J = 7.7Hz,J = 2.8Hz, 3H), 5.68 (1H, ddd,) = 10.5Hz,J = 6.3Hz,J = 2.8Hz, 4H),
4.13 (1H, dddJ = 11.2Hz,J = 7.0Hz,J = 6.3Hz, 6H), 3.86 (1H, dddJ = 11.2Hz,J = 6.3Hz,
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J = 5.6Hz, 6H), 3.14-3.12 (1H, m, 4&), 2.10-2.06 (1H, m, B4), 1.87-1.82 (1H, m, 5¥),
1.64 (1H, dtd)) = 16.1Hz,J = 2.8Hz,J = 1.4Hz, 2H), 1.38 (1H, ddJ = 16.1Hz,J = 7.7Hz, 2-
H), 0.19 (9H, s, Si(B3)s), 0.09 (9H, s, Si(B3)3), -0.15 (9H, s, Si(B3)s); 5c (175 MHz)
151.1 C-7a), 142.5C-10), 132.5 C-4), 130.5 C-11), 129.2 C-11a), 127.9¢-3), 127.0 C-

9), 124.1 C-8), 81.9 C-11b), 69.6 C-6), 45.0 C-4a), 29.9 C-5), 8.2 C-2), 2.9 (SiCH3)s),
0.5 (SiCH3)s), -0.6 (SiCHa)3); dsi (140 MHz) 11.5, -15.4, -16.6, -26.2; m/z (EI) 4g®1] ",
0.5%), 467 ([M-Me]’, 2%), 409 ([M-Si(CH)3]*", 19), 293 (12), 263 (34), 243 (15), 205 (56),
191 (27), 175 (25), 147 (76), 133 (48), 117 (4B)(¥00), 59 (23), 45 (31); HRMS (EI) found
[M]* 482.1713, GH390,CISis requires [M] 482.1710.

8-Methyl-1,1-bis(trimethylsilyl)-11b-(trimethylsily loxy)-1,2,4a,5,6,11b-hexahydrobenzo
[b]silino[2,3-d]oxepine 513

CHg
A solution of E)-(2-(hexa-3’,5-dienyloxy)-3-methylphenyl)(1,1,1383-hexamethyl-2-
(trimethylsilyl) trisilan-2-yl)methanone (0.17 9,3 mmol) in dry toluene (2.0 ml) was

heated in a microwave tube at 18D for 90 min. Concentration, followed by flash aoioi
chromatography on silica, elution gradient 0 to 8ethyl ether in hexane, afforded the
product as a greasy colourless solid (0.14 g, 8t4 4crude ds 3.7:1), 87%)+ B.6 (pet. ether

. diethyl ether 95:5); IR (ATR) 2949, 2893, 146932, 1243, 1193, 1043, 1020, 954, 829,
749 cm; 8y (700 MHz) 7.32-7.31 (1H, m, 18), 7.00-6.96 (2H, m, 9,1#), 6.13 (1H, ddd,
J=10.5Hz,J = 7.7Hz,J = 4.2Hz, 3H), 5.68 (1H, ddd,) = 10.5Hz,J = 6.3Hz,J = 2.8Hz, 4-
H), 4.07 (1H, dddJ = 11.2Hz,J = 7.7Hz,J = 6.3Hz, 6H), 3.85 (1H, ddd,) = 11.2Hz,J =
6.3Hz,J = 4.2Hz, 6H), 3.16-3.14 (1H, m, 48&}), 2.22 (3H, s, E3), 2.12-2.08 (1H, m, 5),
1.81-1.75 (1H, m, ), 1.66 (1H, ddddJ = 16.1Hz,J = 4.2Hz,J = 2.8Hz,J = 1.4Hz, 2H),
1.39 (1H, ddJ = 16.1Hz,J = 7.7Hz, 2H), 0.16 (9H, s, Si(B3)3), 0.08 (9H, s, Si(B3)3), -
0.21 (9H, s, Si(Bl3)3); ¢ (175 MHz) 150.2¢-7a), 140.6 C-11a), 132.6C-4), 131.0 C-8),
128.6 C-9), 128.2 C-3), 127.9 C-11), 123.5 C-10), 81.9 C-11b), 69.1 C-6), 45.4 C-4a),
29.9 C-5), 16.0 (H3), 8.4 C-2), 2.9 (SiCH3)3), 0.6 (SiCH3)3), -0.5 (SiCH3)3); dsi (140
MHz) 10.3, -15.6, -16.6, -27.5; m/z (El) 462 ([M]1%), 447 ([M-Me]’, 3%), 389 ([M-
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Si(CHs)s]™, 51), 361 (10), 321 (16), 301 (14), 273 (55), 238), 205 (46), 157 (26), 147
(87), 133 (38), 117 (30), 73 (100), 45 (24); HRMS)(found [M]" 462.2250, GsH40,Sis
requires [M] 462.2256.

1,1-Bis(trimethylsilyl)-13b-(trimethylsilyloxy)-1,2,4a,5,6,13b-hexahydronaphtho[2,3-
b]silino[2,3-d]oxepine 514

A solution of E)-(3-(hexa-3',5-dienyloxy)naphthalen-2-yl)(1,1,133-hexamethyl-2-
(trimethylsilyl)trisilan-2-yl)methanone (0.32 g,65 mmol) in dry toluene (3.2 ml) was heated
in a microwave tube at 188C for 75 min. Concentration, followed by flash cwi
chromatography on silica, elution gradient 0 to 8%thyl ether in hexane, afforded the
product as a colourless viscous oil (0.25 g, dslAGrude ds 2.2:1), 75%).+R.5 (pet. ether :
diethyl ether 95:5); IR (ATR) 2951, 2891, 1495, 344398, 1242, 1165, 1093, 1029, 904,
830, 730 cnit; 8 (700 MHz) 7.97 (1H, m, 18), 7.77-7.76 (1H, m, 1®), 7.74-7.71 (1H, m,
9-H), 7.41-7.38 (2H, m, 16+, 11H), 6.18 (1H, ddd,) = 10.5Hz,J = 7.7Hz,J = 4.2Hz,3-H),
5.67 (1H, ddd,J = 10.5Hz,J = 4.9Hz,J = 2.1Hz, 4H), 4.23 (1H, dddJ = 11.2Hz,J = 7.0Hz,

J = 6.3Hz, 6H), 3.91 (1H, ddd,) = 11.2Hz,J = 5.6Hz,J = 4.2Hz, 6H), 3.20-3.18 (1H, m,
4aH), 2.18-2.13 (1H, m, B4), 1.83-1.78 (1H, m, B), 1.72 (1H, dddd,) = 16.1Hz,J =
4.2Hz,J = 2.1Hz,J = 1.4Hz, 2H), 1.43 (1H, ddJ = 16.1Hz,J = 7.7Hz, 2H), 0.18 (9H, s,
Si(CH3)3), 0.16 (9H, s, Si(B3)3), -0.27 (9H, s, Si(83)3); dc (175 MHz) 151.7¢-7a), 141.9
(C-13a), 133.1¢-8a), 132.2¢-4), 130.9 C-12a), 128.4¢-3), 128.2 C-13), 127.3 C-12),
126.5 C-9), 125.4 C-10), 124.9 C-11), 118.8 C-8), 81.9 C-13b), 69.7 C-6), 46.2 C-4a),
30.0 C-5), 8.2 C-2), 3.1 (SiCHS3)3), 0.8 (SiCH3)3), -0.4 (SiCH3)3); dsi (140 MHz) 10.7, -
15.6, -16.8, -26.9; m/z (El) 498 ([M] 7%), 470 (12), 425 ([M-Si(Chk]"", 22), 397 (24), 309
(24), 259 (20), 233 (18), 205 (78), 191 (46), 138)( 147 (74), 133 (49), 117 (48), 73 (100),
59 (33), 45 (39); HRMS (EI) found [M]498.2252, GH420.Sis requires [M] 498.2256.
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(E)-1-(2-(Hexa-3’,5'-dienyloxy)phenyl)-1-(1,1,1,3,3;Bexamethyl-2-
(trimethylsilyl)trisilan-2-yl)ethanol 521

OH
Si(SiMe3)3
O/M

To a solution o of K)-(2-(hexa-3,5-dienyloxy)phenyl)(1,1,1,3,3,3-hexanmyk2-
(trimethylsilyl)trisilan-2-yl)methanone (0.34 g,70. mmol) in diethyl ether (6.0 ml) was
added methyllithium lithium bromide complex (1.5 K51 ml, 0.77 mmol) at -78. The
mixture was stirred at RT for 16 h after which tisaurated sodium bicarbonate solution (6.0
ml) was added. The aqueous layer was separatedxaradtted with diethyl ether (3 x 5 ml),
The combined organic extracts were dried over MgSidered, concentrated and drigal
vacua Flash column chromatography on silica, elutioadggnt 0 to 10% diethyl ether in
hexane, afforded the product as a unstable coksidd (0.15 g, 42%). /0.6 (pet. ether :
diethyl ether 9:1); IR (ATR) 3506, 2947, 2892, 159887, 1443, 1395, 1282, 1241, 1223,
1048, 1020, 1001, 903, 827, 745, 733%®@y (700 MHz) 7.21-7.20 (1H, m, Ar-BH), 7.15-
7.12 (1H, m, Ar-4H), 6.92-6.90 (1H, m, Ar-34), 6.87-6.86 (1H, m, Ar-34), 6.33 (1H, ddd,
J=17.5Hz,J = 10.5Hz,J = 9.8Hz, 5'H), 6.21 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.73
(1H, dt,J=15.4Hz,J = 7.0Hz, 3'H), 5.17 (1H, dJ = 17.5Hz, 6'H), 5.05 (1H, d,J = 9.8Hz,
6'-H), 4.89 (1H, s, @), 4.15 (1H, dtJ = 9.1Hz,J = 7.0Hz, 1'H), 4.07 (1H, dtJ = 9.1Hz,J

= 7.0Hz, 1'H), 2.64 (1H, qJ = 7.0Hz, 2'H), 1.80 (3H, s, E3), 0.18 (27H, s, Si(B3)3); oc
(175 MHz) 155.3 (Are-2), 138.3 (Arc-1), 136.6 C-5'), 134.1 C-4’), 129.3 C-3'), 128.5
(Ar-C-6), 126.9 (Arc-4), 121.0 (Arc-5), 116.4 C-6"), 113.0 (ArC-3), 76.0 COH), 68.0
(C-1"), 33.1 CH3), 32.5 C-2'), 2.2 (SiCH3)3); dsi (140 MHz) -13.3, -54.7; m/z compound

decomposes under all forms of ionisation.
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(E)-2-(1-(2-(Hexa-3’,5’-dienyloxy)phenyl)ethyl)-1,1,13,3,3-hexamethyl-2-
(trimethylsiloxy)trisilane 522 and
(E)-2-(1-(2-(Hexa-3',5’-dienyloxy)phenyl)-1-(trimethyisilyloxy)ethyl)-1,1,1,3,3,3-
hexamethyltrisilane 523and
(4aSR,11bRS)-11b-methyl-1,1-bis(trimethylsilyl)-1,2,4a,5,6,11hexahydrobenzo
[b]silino[2,3-d]oxepine 524

SIM63 )
Megsl\ /OS|Me3 MesSi /SlMe3
H/Si OSiMes
Me
/\/\/\ /\/\/\
NN o NN
522 523 524

To a  solution of  E)-(2-(hexa-3,5-dienyloxy)phenyl)(1,1,1,3,3,3-hexanyk 2-
(trimethylsilyl)trisilan-2-yl)methanone (0.23 g,52 mmol) in diethyl ether (4.0 ml) was
added methyllithium lithium bromide complex (1.5iMEO, 0.34 ml, 0.52 mmol) at -7&.
The mixture was stirred at -2@ for 6 h and then at 1 for 16 h. After that time saturated
sodium bicarbonate solution (6.0 ml) was added. &beeous layer was separated and
extracted with diethyl ether (3 x 5 ml), The condginorganic extracts were dried over
MgSQ,, filtered, concentrated and dried under reducecagure. Flash column
chromatography on silica, elution gradient O to 168thyl ether in hexane, afforded the
product 524 as a colourless oil (0.11 g, 57%, ds 2.5:1) amobpets 522 and 523 as a

colourless inseparable mixture (28.6 mg, 12%, 25:1)

Experimental data for compous@2

Rf 0.7 (pet. ether : diethyl ether 95:5); IR (ATR)529 2893, 1595, 1487, 1447, 1238, 1051,
1002, 831, 743 cih 6y (700 MHz) 7.19-7.17 (1H, m, Ar-BH, 7.06-7.03 (1H, m, Ar-4H),
6.90-6.88 (1H, m, Ar-8d), 6.79-6.77 (1H, m, Ar-3), 6.34 (1H, dddJ = 16.8Hz,J =
10.5Hz,J = 9.8Hz, 5'H), 6.19 (1H, ddJ = 15.4Hz,J = 10.5Hz, 4'H), 5.80 (1H, dtJ =
15.4Hz,J = 7.0Hz, 3'H), 5.14 (1H, dJ = 16.8Hz, 6'H), 5.02 (1H, dJ = 9.8Hz, 6'H), 4.03
(1H, dt,J = 9.1Hz,J = 7.0Hz, 1'H), 3.93 (1H, dtJ = 9.1Hz,J = 7.0Hz, 1'H), 3.06 (1H, q,J

= 7.7Hz, GHCHs), 2.62 (1H, dg,) = 14.0Hz,J = 7.0Hz, 2'H), 2.59 (1H, dg,) = 14.0Hz,J =
7.0Hz, 2'H), 1.41 (3H, d,J = 7.7Hz, CH®E3), 0.11 (9H, s, Si(B3)3), 0.08 (9H, s,
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OSi(CH3)s), -0.10 (9H, s, Si(Bl3)s); dc (175 MHz) 154.9 (Ar€-2), 136.9 C-5'), 135.7 (Ar-
C-1), 133.2 C-4"), 130.6 C-3"), 128.4 (ArC-6), 125.1 (ArC-4), 120.6 (Arc-5), 115.7 C-
6), 111.2 (ArC-3), 67.3 C-1), 32.7 C-2), 21.6 (HCH3), 17.4 (CHGH3), 2.1 (OSiCH3)s),
-0.7 (SiCHa)3), -1.2 (SiCHa)3); 8si (140 MHz) 6.8, 1.9, -19.8, -20.1; m/z (GC-MS, BB1
(IM-Si(CHa)s]"", 28), 323 (20), 309 (12), 263 (46), 207 (25), 1&B), 175 (44), 147 (45), 117
(42), 81 (100), 73 (64), 53 (32), 41 (24).

Experimental data for compous@3

'H NMR — characteristic peaks: 3.65 (1H, $H5i2.02 (3H, s, €3), 0.21 (9H, s, Si(B3)3),
0.17 (9H, s, OSi(853)3), -0.13 (9H, s, Si(B13)3); m/z (GCMS, El) 446 ([M-CH™, 1%), 147
(22), 81 (100), 73 (60).

Experimental data for compous@4

Rf 0.6 (pet. ether : diethyl ether 95:5); IR (ATR}Z9 2891, 1481, 1439, 1396, 1241, 1215,
1113, 1069, 1008, 909, 829, 769, 735%cky (700 MHz) 7.22-7.21 (1H, m, 14), 7.09-7.07
(2H, m, 9,10H), 6.92-6.90 (1H, m, &), 6.15 (1H, dddJ = 10.5HzJ = 7.7Hz,J = 2.1Hz, 3-
H), 5.63 (1H, dddJ = 10.5Hz,J = 4.9Hz,J = 2.8Hz, 4H), 4.12 (1H, tdJ = 10.5Hz,J =
6.3Hz, 6H), 3.81 (1H, dddJ = 10.5Hz,J = 6.3Hz,J = 2.1Hz, 6H), 2.68-2.66 (1H, m, 4&}),
2.09-2.04 (1H, m, 54), 1.78 (1H, ddt) = 16.1Hz,J = 2.8Hz,J = 2.1Hz, 2H), 1.69-164 (1H,
m, 5H), 1.66 (3H, s, €3), 1.26 (1H, dd) = 16.1Hz,J = 7.7Hz, 2H), 0.21 (9H, s, Si(B3)3),
-0.23 (9H, s, Si(Bl3)3); 6c (175 MHz) 154.6 ¢-7a), 143.1 C-11a), 133.8C-4), 128.6 C-
11), 128.0 C-3), 126.4 C-9), 124.7 C-10), 123.0 C-8), 68.9 C-6), 44.9 C-4a), 33.4 C-
11b), 30.0 (El3), 28.1 C-5), 7.8 C-2), 1.1 (SiCHs3)3), -0.6 (SiCHS3)3); dsi (140 MHz) -16.0,
-16.8, -27.9; m/z (El) 374 ([M], 8%), 359 ([M-MeJ’, 7), 301 ([M-Si(CH)3]"", 71), 273 (30),
257 (22), 233 (47), 221 (29), 199 (74), 193 (60)5 158), 161 (42), 141 (32), 117 (43), 115
(46), 99 (30), 97 (20), 73 (100), 59 (60), 45 (43, (16); HRMS (ASAP) found [M+H]
375.1987, GoH3s0Sk requires [M+H] 375.1996.
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8 Appendix

Research conferences attended

‘Modern Aspects of stereochemistry’, StereochemiatrSheffield, De006
‘22nd Postgraduate Heterocyclic Symposium’, Orgamewhouse, Scotland, S8p07
‘Modern Aspects of Stereochemistry’, StereochemiatiSheffield, De@007

‘Modern Aspects of Stereochemistry’, StereochemiatrSheffield, Ja2009

Workshop attended

‘Investigating Chemical Processes through Desidbqueriments’, University of
Southampton, UK, Se@007

Poster presentations

‘Silenes: Novel Reagents for Organic Synthe&f8European Silicon Days, Vienna, Austria,
Sep2009

‘Formation and Oxidation of SilylcyclopropaneRSC North East Regional Meeting,
Newcastle, United Kingdom, F&®08

‘Reactions of Siloxysilenes with Electron Deficiétitenes’ 4" European Silicon Days, Bath,
United Kingdom, SeR007

Oral presentation

‘Silenes: Novel Reagents for Organic SyntheSI&SE Student Symposium, Warwick,
United Kingdom, Se009

Publication

J. Bower M. Box, M. Czyzewski, A. Goerta, P. G $tedcyl polysilanes: New acyl anion
equivalents for additions to electron deficienteadk’, Org. Lett.,2009 11, 2744.
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