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This thesis is concerned with inter- and intramolecular cyclisation reactions of
cyclopropenylsilanes mediated by Lewis acids towards the formation of novel
heterocyclic compounds and intermolecular methylenecyclopropane reactions with

N-acyliminium species in order to form novel bicyclic compounds.

Chapter 1 contains background information on synthetic chemistry involving
methylenecyclopropanes. Information on allyl- and vinylsilane chemistry involving

Lewis acids is also described.

Chapter 2 discusses synthesis and cyclisation studies of a range of cyclopropenylsilanes
with different Lewis acids. Some novel and unexpected cyclisations have been
discovered but on the whole these cyclopropenylsilanes were found to be too unreactive

for cyclisation to occur in the anticipated manner.

Chapter 3 presents the synthesis and cyclisation studies of methylenecyclopropanes
with N-acyliminium ions. Various Lewis acids and reaction conditions were studied for

optimisation of the cyclisation reactions.
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Chapter 1 Introduction

Chapter 1 Introduction.

1.1 Methylenecyclopropane.

1.1.1 General properties of Methylenecyclopropane.

Methylenecyclopropane is a highly strained but stable molecule. The inherent ring strain
on the molecule imposed by a three membered ring is enhanced by the presence of the
exocyclic methylene moiety. The structure of methylenecyclopropane has been determined
by microwave spectroscopy (Figure 1)." The ring strain in the molecule is demonstrated
by directly comparing bond lengths and angles of methylenecyclopropane 1 with
cyclopropane 2. Due to the strain in the molecule from the exocyclic double bond of
methylenecyclopropane, the two proximal bonds are shorter than the distal bond. In

addition, the bond angles are significantly different.’

60.0°
1332A| | @390 |
v .
proximal, 1.457 A A1 514 A
58.05° —
distal, 1.542 A
1 2

Figure 1 Comparison of methylenecyclopropane 1 and cyclopropane 2 bond lengths and

bond angles.

One attractive feature of methylenecyclopropane is that despite the energy associated with
this highly strained molecule, it is surprisingly stable and may be stored in sealed
containers for several years without decomposition.” An example of the stability of the
methylenecyclopropane moiety is demonstrated by its presence in a number of natural
products.* > Over recent years methylenecyclopropanes have attracted a lot of scientific
interest due to their elevated reactivity and have been used extensively in organic

synthesis.”®
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1.1.2 Synthesis of unsubstituted methylenecyclopropane.

There are many reported syntheses of methylenecyclopropane with the earliest dating back
to 1953; Gragson et al. reported that when dichloride 4 was treated with Mg in refluxing

THF, methylenecyclopropane was obtained in 17% yield (Scheme 1)’

J\ Cl Mg A
(Hﬁ THF A
of cl Cl
3 4 1

Scheme 1

Many other syntheses have been developed after this date, for both substituted and
unsubstituted methylenecyclopropanes. Brandi and Goti have written an extensive review

on the subject.” The most commonly used methods will be discussed below.

Methylenecyclopropane can be readily synthesised from methallyl chloride 3 with the use

of a strong base such as NaNH, (Scheme 2).

i) NaNH,, 'BUOH, THF, A i) NaNH,, "Bu,0, A iii) ‘BuOK, BuOH, DMSO

Scheme 2

In the one-step synthesis, methallyl chloride 3 is deprotonated with NaNH,. The chloride
leaves to give a carbene which, following insertion into a CH bond, gives

methylenecyclopropane.”  This method, however, requires a complicated purification
y ycloprop q p
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process. The two step synthesis, where the carbene may insert into either CH bond present
in the molecule, produces a mixture of methylenecyclopropane 1 and methylcyclopropene
5" > The mixture is then isomerised fully in the presence of ‘BuOK in ‘BuOH and
DMSO. This method gives good yields of methylenecyclopropane and can be used in
large-scale production. More recently Binger er al. have introduced modifications to the
original synthetic procedure to avoid difficulties in the purification of the product

(Scheme 3). 2

MN(SiMe3),
+
) Solvent, A
1 5

3 Cl
Scheme 3
M Solvent Reaction temp (°C) Yield (%) Ratio of 1:5
Na THF 65 44 80:20
Na Toluene 110 72 55:45
Na 0-Xylene 140 71 76:24
Na "Bu,O 130 73 84:16
K THF 65 6 100:0
K Toluene 110 70 96:4
K 0-Xylene 140 64 96:4
K "Bu,O 130 76 96:4

Table 1 Treatment of methallyl chloride 3 with different bases and solvents.

A variety of MN(SiMes), bases were sampled because of their solubility in organic

solvents. KN(SiMej3), gave the best results with methylenecyclopropane being synthesised
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cleanly and efficiently. Reactions using NaN(SiMes); gave similar yields with mixtures of

the two products.

1.1.3 Synthesis of substituted methylenecyclopropane.

There are two ways in which functionalised methylenecyclopropanes can be synthesised;
either by creating the substituted methylenecyclopropane moiety in one step or by taking

methylenecyclopropane and carrying out substitution reactions to it.

The former method of synthesising substituted methylenecyclopropane was pioneered by
Binger.14 Addition of 1,1-dichloroethane 7 to a substituted alkene 6 in the presence of a
strong base gives substituted chlorocyclopropane 8 via the chlorocarbene. Elimination of

HCI gives substituted methylenecyclopropane 9 (Scheme 4).

1 3 Cl
R R Cl mBuLi, Et,0 1 'BUOK, DMSO ,
— + —«( ——— R R® - R R
4 Cl

R? R 2 R4 R2 =

6 7 8 9
Scheme 4

The latter method facilitates addition of electrophiles to the delocalised anion of
methylenecyclopropane. It is a straightforward and practical route towards derivatives
substituted on the cyclopropane ring. The methylenecyclopropane anion 10, formed by
deprotonation of methylenecyclopropane with "BuLi, can be alkylated with an electrophile
(Scheme 5). Alkylation will always occur first on the cyclopropyl ring and, depending on
the initial substituent on the methylenecyclopropane formed (11 or 13), the second
alkylation may occur in two different ways. In general, if R is an alkyl group (11) then the
second substitution will occur to give P-alkylation products such as 127 If R is an
anion stabilising group (e.g. SiRj, 13) then the second substitution will be in the
a-position.”*"  Compound 14 may also be synthesised in a one-pot sequence from
methylenecyclopropane, in elevated yields without the need for purification of intermediate

13 22,23
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LA

R R’ R
. | 1 12
[ L - Li +
AN i\v V
1 10 — R
SiR?, o
13 14 SFs

i) "BuLi, THF -78 °C to 0 °C, ii) RX, THF, -78 °C, iii)1. "BuLi, THF, -78 °C
to 0 °C, 2. R'X, -78 °C, iv) R%5SiCl, THF, -78 °C, v) R®X, THF, -78 °C.

Scheme 5

Addition of carbonyl compounds to lithiated methylenecyclopropanes has been
investigated by Thomas et al.*** and Binger et al.’® In particular, Binger has studied silyl
substituted methylenecyclopropanes and found that a mixture of products are formed when

lithiated o-silyl methylenecyclopropane is reacted with an aldehyde (Scheme 6).

Y ! RT R
M O

TMS
1 15 16

) "BuLi, THF,-78 °C to 0 °C, ii) TMSCI, iii) "BuLi, THF,-78 °C to 0 °C, iv) RR'CO, THF, -78 °C.

Scheme 6
R R Yield (%) Ratio of 15:16
Me Me 67 59:41
Ph H 70 0:100

Table 2 Yields and ratios of alkylation products.18

Interestingly, it was found that when benzaldehyde was used as the electrophile, the
exclusive product formed was the cyclopropene derived from y-alkylation; this is in

concord with similar experiments with lithiated allylsilanes.”

n
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Recently, Peron reported that substituted methylenecyclopropanes 18 can be efficiently

synthesised by 1,4-addition of lithium bis(methylenecyclopropyl) cuprate to a variety of

different o, B-unsaturated ketones 17 (Scheme 7).>" **

R'" O RY__O
i, i, iif, v
A + RZJ\KLLRA!» e
H(B
RS R1 HZ
1 17 18

i) "BuLi, THF, -30°C, ii) Cul, iii) 17, Me5SICl iv) 2M HCl 59-95%

Scheme 7

Bis(methylenecyclopropyl) cuprate is prepared by addition of methylenecyclopropane to a
solution of "BuLi in THF followed by transmetallation of the lithium anion with copper
iodide. The resulting cuprate can then react with o,B-unsaturated ketone 17 in a Michael
addition reaction using trimethylsilyl chloride to trap the formed enolate as a silyl
enolether. Acidic work-up furnishes the desired methylenecyclopropanes in good to

excellent yields.

1.1.4 Synthesis of  alkylidenecyclopropanes from  preformed
cyclopropanes.
There are many ways of synthesising alkylidenecyclopropanes, with the Wittig olefination

method being the most extensively used. Retrosynthetic analysis gives two possible

methods for double bond formation (Scheme 8).

R'_R?

O PPhg Route A Route B O PPhs
J]\ + D — — + JL
H1 Hg H1 HZ
19 20 21 22 23

Scheme 8
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The reaction is normally carried out using Route A, employing carbonyl 19 and
cyclopropylidene phosphorane 20.* *° Route B is not so commonly used because
cyclopropanone 22 is labile and polymerises at room temperature.”’ Whilst the hemiacetal

of 22 can act as the synthetic equivalent, it displays low reactivity.*>

-
PPh3*Br NaH,

THF, 62°C

24 20 21

Scheme 9

’Cyclopropyltriphenylphosphine 24 is commercially available and can be prepared from
cyclopropyl bromide and triphenylphosphine.® **  When 24 is treated with NaH,
cyclopropylphosphonium ylide 20 is produced (Scheme 9). Reaction with aldehyde or
ketone 19 gives alkylidenecyclopropane 21. Nemoto er al. reported that addition of the
phase transfer catalyst TDA-1 (tris[2-(2-methoxyethoxy)ethyl]-amine) to the reaction

mixture helps to solvate counter ions, thus leading to elevated yields.35

An alternative method of producing alkylidenecyclopropanes is to apply titanocene

chemistry.™ Bis(cyclopropyl)-titanocene 27 readily reacts with aldehydes, ketones and

esters via a titanacarbene species (Scheme 10).

@
>—Lj ™ M X R X
E:;2>'/Cl 26 £§2;;’ R X R
Ti\C __ % Ti 28 N
l
% Et,0, 0 °C @\v toluene A
25 27 29 30

Scheme 10

Bis(cyclopropyl)-titanocene 27 is easily prepared from titanocene dichloride 25 and
cyclopropyl lithium 26, which in turn is generated from cyclopropyl bromide and lithium

metal. Heating bis(cyclopropyl)-titanocene 27 with carbonyl compounds in toluene affords
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the corresponding cyclopropylidenes 29. In some cases, the cyclopropylidenes isomerise
during isolation to give vinyl cyclopropanes 30. This method may also be used for

enolisable carbonyls.™

The Peterson olefination also offers a versatile route towards endo substituted
alkylidenecyclopropanes and has proved to be facile and reliable using a variety of
different substrates.”” It proceeds via a base-mediated elimination of Me;SiOH of silyl

substituted cyclopropenes (Scheme 11).

R2

:\ﬁ< ?TMS ™ 3 RS

31 32 33 34
iy 1. "BuLi, THF, -100 °C, 2. TMSCI, THF, -100 °C to -20 °C, ii) 1. "Buli, THF, -78 °C, 2. R5(CO)R®
3. Ho0, i) KH, THF, 20 °C

Scheme 11

o-Bromo-a-silylcyclopropane 32 is formed by reaction of 1,1-dibromocyclopropane 31
with "BuLi followed by a quench of the resulting anion with trimethylsilyl chloride. The
o-bromo-co-silylcyclopropane 32 is deprotonated with "BuLi followed by reaction with an
aldehyde or a ketone to give a [-silyl alcohol 33. Treatment with KH gives alkylidene

cyclopropanes 34.%

1.2 Methylenecyclopropane in synthesis.

Over the last few decades there has been a great deal of interest in the use of
methylenecyclopropanes and alkylidenecyclopropanes in organic synthesis. Since they are
such highly strained molecules, they can be used in a wide range of synthetic applications.
Many reactions have been carried out including [3+2] cycloadditions, 1,3-dipolar
cycloadditions, Diels-Alder reactions, Pauson-Khand reactions and radical based

cyclisations.” 67 This section will focus on transition metal catalysed and thermally
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induced [3+2] cycloadditions, 1,3-dipolar cycloadditions, Pauson-Khand reactions and

radical based cyclisations.

1.2.1 [3 + 2] Cycloadditions of methylenecyclopropanes.

1.2.1.1 Transition metal catalysed [3 + 2] cycloadditions;

[3 + 2] Cycloaddition reactions between methylenecyclopropanes and unsaturated
compounds such as alkenes, aldehydes and imines to give five membered carbocycles or
heterocycles, have become increasingly popular over the last decade and have been

- . 8, 38,39
extensively reviewed.

Metal catalysed cycloaddition between methylenecyclopropane 1 and a double bond can
occur via two different reaction pathways leading to two regioisomeric products. The
regiochemistry of the product is dependant on a variety of aspects; the nature of the metal
and the ligands, the presence and type of substituents on the methylenecyclopropane and
the nature of the unsaturated compound. Depending on these variants the cleavage of the

cyclopropyl ring will either take place at the distal or the proximal bond (Scheme 12).

S

distal

A 35 36
1
proximal M - X
Y

37 38

Scheme 12

The transition metal catalysts which are most commonly used are d" metal species; Pd° or

Ni’. Depending on the metal and its associated ligands and additives in the reaction, nickel
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can lead to either distal or proximal bond cleavage whereas palladium exclusively

catalyses the reaction to give distal bond cleavage.

Intermolecular cycloaddition reactions of methylenecyclopropane are hampered by lack of
regiochemical control.*’  An intramolecular variant of these reactions in which the reactive
intermediates are tethered together, serve to avoid this problem. Motherwell has explored
palladium catalysed [3 + 2] cycloadditions using tethered methylenecyclopropanes with

acetylenic acceptors such as 39 and 43 (Scheme 13).*" *

Pdodbag, P(OPr)s

toluene, A COsMe
o COoMe 2
R—— A CO,Me
COQMG
39 40;R = CO,Me 59%
41; R = CN 44%
42; R = SO,Ph 41%
) Pdodbag, P(OPr)s
+
toluene, A
MeO,C——— ) A
i) TBAF, THF MeO,C OH MeO,C OH
osiler 61% from 43
43 44 ca 1:1 45
Scheme 13

Cycloadditions occurred regiospecifically via cleavage of the distal bond of the
cyclopropyl ring for electron deficient acetylenic ester, nitrile and sulphone systems (39).
Cyclisation studies with silyl substituted acetylene and terminal alkenes were fruitless
showing that the nature of the tethering chain may have a profound effect on the efficiency
of these cyclisation reactions." Intramolecular [3 + 2] cycloaddition of
methylenecyclopropane 43 gave an inseparable mixture of products 44 and 45 in a 1:1
ratio. The product ratio was found to closely parallel the diastereomeric ratio of the

starting material.

10
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Lautens et al. have investigated the effect of substitution at different positions in the

molecule (Scheme 14).**#

HT HT R1 RZ Ha
R2R®  Pddbag, P(OPr),
4 @]
L toluene, A
46 47

Scheme 14

It was found that substitution on the exocyclic methylene carbon (R') and the carbinol
carbon (R3 and R4) of 46 had little effect on the cyclisation, whereas substitution on the
cyclopropyl carbon had a marked effect. When R* = Me, the desired product was not
formed, however when R* = H or OMe, the cyclisation proceeded smoothly. Substitution
on the alkyne also had an effect on the cycloaddition success. When E was a strong
electron withdrawing group such as an ester or ketone moiety, the reaction proceeded
smoothly and gave the cycloadduct in good yield. When E was a weaker electron
withdrawing group, such as hydroxymethyl or a protected hydroxymethyl group, the

reaction gave excellent cycloaddition yields.*

More recently Delgado ef al. have shown intramolecular cycloaddition reactions of an
alkylidenecyclopropane and an alkyne where the reaction occurs at the proximal bond of

the methylenecyclopropane to give bicyclo-octene 46 (Scheme 15).%

EtOzC@ Pdydbag, P(OPr), EtO:G
——R dioxane, A 65-96% Et0,C

EtO,C

48 49

Scheme 15
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In contrast to the work of Motherwell,*" ** this reaction occurs efficiently with non
activated alkynes and the presence of a strong electron withdrawing group at the alkyne

terminus is detrimental to the cycloaddition.

Recently, alkylidenecyclopropanes 21 have also been shown to react efficiently with
aldehydes (50)* and imines (52)* to give substituted tetrahydrofurans (51) and

pyrrolidines (53), respectively (Scheme 16), thus showing the diversity of this type of

reaction.
2 mol% Pd(PPh3)4 H1
R! ©) 4 mol% P(O)Bus
2
_ + 2T\
R2 R H no solvent, 120 °C 3
21 50 51
] 5 mol% Pd(PPh3)4 RT
R R3 10 mol% P(Q)Phs
— - R
R2 Ts toluene, A o s
21 52 53
Scheme 16

The reaction is thought to proceed via insertion of Pd’ into the distal bond of
alkylidenecyclopropane 21 to give the palladacyclobutane complex 56 (Scheme 17).*° The
reaction of 56 with the C=X bond (57) furnishes the m-allylpalladium complex 55, which

undergoes reductive elimination to give heterocycle 54.

12



Chapter I Introduction

R2 2
X R® 24
3
R” 54 > Pl

H2 / R1
< >_;_/\>

Pd

R® ~ Re

X—Pd 56
55
__R1 (/\\
>t::3<:::Pd
R2< j N R
X X:/

RG/_ 57

Scheme 17
1.2.1.2 Thermally induced [3 + 2] cycloadditions.

Trimethylenemethane species are short-lived intermediates which can be thermally and
reversibly generated from methylenecyclopropanes.48 Nakamura and Yamago have
reported that trimethylenemethanes 62 will react with a C=X bond to give functionalised

5-membered rings (Scheme 18).* This methodology has been extended to reactions where

53-55

the C=X species are electron deficient alkenes,™ ** " alkyloximes® and carbonyls, and

. - 49
also, analogous reactions with alkynes.

- Under simple thermal conditions methylenecyclopropane ketal 58 will give the
trimethylenemethane intermediate 62, which is stabilised by the presence of the ketal **
The trimethylenemethane species formed will then undertake cycloaddition reactions with

C=X species 59 to give the desired cyclic products 60 and 61.

13
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R
X
O X MeCN R O X
\P/WOA + {R : A (O\%i)\ T \L/\i?
O
\l(v 60 61

) jsg | L _
oA S e d T
o Tt

Scheme 18

Analogous intramolecular reactions with a methylenecyclopropane ketal and an electron

deficient alkene have been studied (Scheme 19).5 6

_X
\ n )
X n
og\w MeCN - o)
A
W@O

0

63; X = O or C(CO,Me), 64
n=1,2

Scheme 19

When there is a suitable acetylenic acceptor tethered to the trimethylenemethane species 63

the reaction will occur to form a bicyclo-octane or a bicyclo-nonane compound 64.

1.2.2 1,3-Dipolar cycloadditions of methylenecyclopropanes.

Reactions in which the methylenecyclopropane adduct acts as the two carbon component
in 1,3-dipolar syntheses are plentiful.”’ Reaction of an azide with the

methylenecyclopropane moiety was the first reported 1,3-dipolar cycloaddition reaction of

14
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this system.® Phenyl azide reacts with methylenecyclopropane 1 to give triazoline 65
(Scheme 20).°% % The reaction is highly regioselective because the substituent bearing
nitrogen of phenyl azide prefers to bond to the olefinic carbon best able to bear a positive

charge. The cyclopropyl ring directs the addition of phenyl azide to the methylene moiety.

A PhN; M/N/Ph

DCM 70%

Scheme 20

Curiously, when the alkylidenecyclopropane bears an alkoxycarbonyl substituent on the
cyclopropyl ring, triazole 68 is formed (Scheme 21).°" The triazoline is formed as an
intermediate (67), however, it undergoes a rearrangement to the aromatic triazole,

presumably via a hydrogen transfer assisted by the proximal ester carbonyl.

H1
PhNg i Ny R Napy
-— |
COLR3 / NN
o :*° oM s AN, HZﬁ o
HZ O\' H Ph COZHS
66 67 68

Scheme 21

1.2.2.2 Nitrones.

The cycloaddition of nitrones to alkylidenecyclopropanes has been studied extensively.’
Reactions of this kind are particularly interesting because the spirocyclopropane 70
formed, is able to undergo a thermal rearrangement to substituted indolizidine 72
(Scheme 22). When cyclic nitrones are used, N-bridgehead cyclic ketones can be

synthesised.®> ¢
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PN O\
A H ‘II /N-‘\\ * N
o M- Q "

70 7

Scheme 22

Interest has been focused in this area because it provides a synthetic route to many
naturally occurring alkaloids. In most cases, cycloaddition of nitrones to
methylenecyclopropane 1 gives a mixture of regioisomeric products 70 and 71 in ratios
ranging from 20:1 to 2:1, respectively. However, it was also noticed that the presence of
alkyl or aryl substituents on the exocyclic double bond of methylenecyclopropane directs
the reaction towards the formation of the isoxazolidine-4-spirocyclopropane 7 1.% This is
unfavourable because indolizidine 72 cannot be synthesised from this product. On
investigation into controlling the regiochemistry of the products formed, it was found that
when methoxycarbonyl substituted methylenecyclopropanes 74 were used, a complete
reversal of the results was observed with the product being solely the isoxazolidine-5-

spirocyclopropane 75 (Scheme 23).%

CO;Me CO.Me

Benzene
- (COs;Me),
N~g
(COQMG -
73 74 75

Scheme 23
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When chiral nitrones are used in the cycloaddition reaction it gives rise to regio- and
diastereoselective addition to methylenecyclopropane in very good yields.”” Depending on
the size of the alkoxy protecting group, the isoxazolidine-5-spirocyclopropane 78 formed
from L-tartaric acid derived nitrones 76 are predominantly anti (Scheme 24). The larger
the hydroxyl protecting group, the better the stereoselectivity; on passing from benzyl to
TBDPS group the stereoselectivity ranges from 5:1 to 12:1.°° When a nitrone 79, derived

from L-malic acid was used, the anti-product 80 was formed exclusively.®

H OR
RO RO H s
4+ = TN
_ i \ R R
\-QN ° A /tQN—o m‘o
\ + = O
RO
76 1

RO
77 78
H OtBU
+ —
— + e —
s+ A <
BuO O
79 1 80

Scheme 24

This method had been utilised by Brandi to synthesise (-) and (+)-lentiginosine 87
(Scheme 25).*” Reaction between methylenecyclopropane 1 and nitrone 81 furnished
spirocyclopropane 82 which then underwent a thermal rearrangement to give indolizidine

85. Reduction of the carbonyl group followed by silyl deprotection gave lentiginosine 87 in

good yield.
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TBDPSO, OTBDPS . OTBDPS
S + Benzene B
N —_— OTBDPS
I 20 °C O’N
O 1 82
81 Xylene
140°C, 1.5 h
! QTBDPS 1 ?TBDPS
© A -~ Yz . OTBDPS
N OTBDPS (0 N
83 84

OTBDPS  TsNHNH, p OTBDPS H OH
NaBH4 40% HF > :

mommﬁs @*OTBDPS CD—-OH

87

(+) lentiginosine

Scheme 25
1.2.2.3 Nitrile oxides.

Nitrile oxides (88) are very reactive 1,3-dipolar species and cycloaddition with
alkylidenecyclopropanes are of special interest because they have a propensity to undergo
a rearrangement towards dihydropyrid-4-ones 91 (Scheme 26).%  Reactions of nitrile
oxides with methylenecyclopropane have been found to exhibit better regio- and
diastereoselectivity than nitrones. Cycloaddition of unsubstituted methylenecyclopropane
to a range of nitrile oxides 88 have primarily given the 4-spirocyclopropane 89 with only
traces of 5-spirocyclopropane 90. In addition, high diastereoselectivity also occurs when
there are substituents on the cyclopropane ring. The products formed are anti products

because the dipole prefers to attack from the less hindered face of the nitrile oxide.>”
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Scheme 26

1.2.3 Pauson-Khand reactions with methylenecyclopropane.

The Pauson-Khand reaction is a Coy(CO)g catalysed [2 + 2 + 1] cycloaddition of an alkyne
to an alkene with carbon monoxide insertion and can be used as a useful tool towards the
synthesis of 5-membered carbocyclic rings. The intermolecular reaction of
methylenecyclopropane with several alkyne cobalt complexes 92 was found to give the
best results when the reactions were carried out in solvent free conditions after having
adsorbed the reagents on SiO; or Al,O5 (Scheme 27).69 Cyclopentanones 93 and 94 were
attained as a mixture, in good to moderate yields with a ratio ranging from 2.5:1 to 6:1,

respectively.

R 0

0
| 1 1
A + I‘—c:og(c:O)6 - ) R+ B&/R
R? R2 R2
93 94

1 92

Scheme 27
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De Meijere has found that intramolecular Pauson-Khand reactions proceed well when the
double bond is a methylenecyclopropane moiety (Scheme 28)."% ™ NMO removal of the

cobalt moiety gives 97 in excellent yields.

%E Co,(CQg) N\ E NMO, rt %E
—— e P O
— E (CO)/QCO E £

Benzene, rt (CO)gCoW

95;E = CO,Me, CO,Et 96 97, 73-87 %

Scheme 28

1.2.4 Radical cyclisations of methylenecyclopropane derivatives.

Destabel et al. pioneered the investigation into cyclisation of the methylenecyclopropane

radical in order to establish some rules for cyclisation (Scheme 29) 2077

° 6-endo ° 5-ex0 °
), 2 or fi
3 &% %3) A
101 102

n
98 99 100

Scheme 29

Methylenecyclopropane 99 can either undergo a 6-endo cyclisation to give the cyclohexyl
radical 98, or it can cyclise via the 5-exo route to give a less stable cyclopropyl radical 100.
The 6-endo cyclisation would be expected to be the more favoured route since it would
suffer less from steric hindrance and would lead to a relatively stable cyclopropyl radical.
The 5-exo radical formed, may either ring open in an exo fashion to give

methylenecyclopentyl radical 101 or in an endo fashion to give the methylenecyclohexyl

radical 102.
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This work was extended to cascade radical cyclisations, using tributyltin hydride and
AIBN to generate radical 104, to give a 1:3 mixture of products 106 and 107 respectively
(Scheme 30).>" ™

Br
Megsi
BusSnH, AIBN R
touleneA
103 A\ | 104\ 105

SiMes SiMes

Me;Si i
3 Meﬁsg 2 MeSi \

: 108
69%

Scheme 30

Boffey et al. synthesised the natural product (*)-paenilactone B 111 using a Sml, mediated
cyclisation (Scheme 31).”7" Addition of samarium diiodide to methylenecyclopropane
109 gives the ketyl radical 112 which cyclises to form methylenecyclohexyl radical 113.
5-Exo dig cyclisation gives the paeonilactone skeleton, and functional group elaboration

furnishes the natural product 111.
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HO O
O =
Sml,, BUOH HQ 7 steps —
—_—
4 HMPA, THF, 0 °C Y
- H / 63% ’/’// ‘:
0 = -
\/ é\// ©
@]
109 110 111; 19%
pagonilactone B
C_) L)
: H
o/
112 113
Scheme 31

Recently, Saint-Dizier found that samarium diiodide mediated synthesis provides a simple
route to bicycle-[3.2.1]-octanes (Scheme 32).”® Methyl ketone 114 undergoes a radical

cyclisation to produce bicyclo-octane 115 with almost complete control of stereochemistry.

Sml,, ‘BuOH HO

HMPA, THF, 0 °C

OH

114 115; 71% 9:1
o\ .
_— —_—
HO. DO HO. HO.._ O
“Sm “Sm Sm
116 117 118

Scheme 32
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1.3 Lewis acids and silylated compounds.

Over recent years Lewis acid chemistry has escalated remarkably. Although Lewis acids
are used almost routinely in organic synthesis, the choice of Lewis acid can be quite
difficult when designing a new reaction. A review by Carlson defining thermodynamic
properties of a range of Lewis acids may be used in order to aid the choice of Lewis acid

for a new reaction.”

Among the most popular area of reactions with Lewis acids are those with allyl- and
vinylsilanes both intra- and intermolecularly.*® The use of organosilicon reagents has
shown to be particularly useful towards the construction of natural products.81 Allylsilanes
are stable nucleophilic 7-systems which can undergo reaction with electrophiles in the
presence of a Lewis acid. The reaction occurs via selective attack of the electrophile
allowing the carbon which is B to the silyl group to form cation 120. The highly polarised

C-Si bond stabilises the adjacent positive charge by donating electron density and is known

as the B-effect (Scheme 33).

R SiMe, E R ~ S'M'/\Nu- R
W 3 e IMes JE—— h/\
R R
R E E
120

119 121

Scheme 33

1.3.1 Allylsilanes and carbonyl compounds.

One of the first of these types of reactions was revealed by Hosomi and Sakurai in which

allylsilane 122 reacts with carbonyl 123 in the presence of TiCly to make homoallylic

alcohol 124 (Scheme 34).%°
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R? 0 R’

TiCly, DCM

Az * M, —— OH
™S R’ R® TR R2TOS

rR® R

122 123 124; 40-100%

Scheme 34

Hosomi furthered the scope of this reaction by using the methodology to furnish bicyclic

rings from o,B-unsaturated carbonyls and allylsilanes in the presence of TiCly

H
e TiCl,, DCM
NSy T C@ e PV
0
/ o

125 126 127; 85%

(Scheme 35).%

Scheme 35

The Silyl-Modified Sakurai (SMS) reaction is an efficient and versatile one-pot reaction in
which homoallylic ethers may be synthesised from trimethylsilyl ethers, homoallylic ethers
and allyltrimethylsilane.* This method was expanded into the Intramolecular Silyl-
Modified Sakurai (ISMS) reaction in order to make monosubstituted- and spiroethers from

just two starting materials 128 and 19 (Scheme 36).%

™S o
TMSOTI, CClI e 1 1
A/Q N J“\ : ’4 i i \ i
! 2 2 2 2
TMSO R R R R? 5 R? o

128 19 129 130 131

Scheme 36

Mark¢ found that the ISMS condensation of carbonyl 19 and allylsilane 128 gave different
products, depending on the Lewis acid used (Scheme 37).5% with BFyEt,O as the Lewis

acid, tetrahydropyran 135 was synthesised in excellent diastereoselectivity using two

24



Chapter 1 Introduction

equivalents of aldehyde, whereas TiCly furnished allylation product 136. The use of

TMSOTT gave exo-methylene tetrahydropyran 138.

H
OH
BF3Et,0 HMTMS
077 ~+t—0TMS
R R” 0" R
135

n=0
134

™S o OH
+ )J\ | Ticl H)\)J\/OH
TMSO n

R H n=0
132, n=0 133 136
128, n=1
TMS
TMSOT} - .
n=1 /
H/\Q TIO" R 0
137 138
Scheme 37

1.3.2 Vinylsilanes and carbonyl compounds.

Stereocontrolled syntheses of 7- and 8-membered rings have been carried out by Overman
et al. using vinylsilanes with a range of aldehydes and acetals.®® ¥ Marké found that
incorporation of 2-ethoxytetrahydrofuran 140 facilitated addition of an unprotected
oxygenated side-chain to the formed dihydropyran 141 (Scheme 38).%” This methodology
was particularly of interest because frans-dioxadecalin 142 is the middle portion subunit of

the marine toxin Okadaic acid.”

e OEt TMSOTH (cat) OH
™S DCM E = -
0 o
TMSO -78°Ctont O

139 140 141

Scheme 38
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In order to avoid the synthesis of the bis-silylated homoallylic precursor in the approach to
the dihydropyran motif in the ISMS reaction, Dobbs has extended Marké’s methodology
and has introduced the silyl-Prins reaction. The silyl-Prins reaction is a cyclo-condensation
reaction of a silylated homoallylic alcohol with an aldehyde or epoxide in the presence of a
Lewis acid.”! Dobbs has found indium trichloride to be the most efficient Lewis acid, and
it even catalyses the reaction successfully with mixtures of water and organic solvents. o2
Furthermore, the cyclisation is versatile enough to be extended to the synthesis of

heterocycles containing sulphur and nitrogen, as well as oxygen (Scheme 39). %

O X
TMS/—_)\ ) J\ = /Q > @\
1 o
R H R X R1 R X R1

X7 "R
143; X = OH, SH, NHR?2 144 145; X = OH, SH 146; X = NHR?

Scheme 39

Only a single diastereoisomer was isolated for each case, however, there was complete
reversal of diastereocontrol for tetrahydropyridine 146, presumably due to unfavourable
interactions between the N-alkyl group and the R and R' groups in the chair-like transition

state.

1.3.3 Allylsilanes and N-acyliminium ions.

Reactions of allylsilanes and imines are not so frequently reported as those with carbonyl
compounds. This is presumably because they are more challenging due to the poor
electrophilicity of imines and the low nucleophilicity of allylsilanes. If iminium ions are
used instead of imines, the reaction rates can be enhanced” % and N-acyliminium ions
(147) exhibit particularly good addition reactions with allylsilanes.97 They are very similar
to the Mannich reagent 148 (Figure 2), however N-acyliminium ions 147 are more highly
versatile and may be used in many synthetic applications both intramolecularly” and

intermolecularly. ** %
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R2 R! R2 R
_N/+ —N/+
R3 }/7R4 RE g
0
147 148

Figure 2 Comparison of N-acyliminium ion to Mannich Reagent.

For application in organic synthesis, N-acyliminium ions are almost always generated in
situ, in view of their limited stability and high reactivity. The use of protic acids in the
addition of allylsilanes to N-acyliminium ions is more widespread, but Lewis acids have
also been used to effect bond formation. For the majority of reactions BF3Et,O, TiCls and
SnCly are superior in terms of convenience and results.'® Due to the mechanistic pathway
for N-acyliminium ion reactions, direct diastereocontrol is difficult to achieve without the
presence of a chiral auxiliary on the nitrogen. However, an interesting report by Ukaji ef
al. has shown that by changing the Lewis acid from SnCly to TiCls, the products formed

have opposing diastereoselectivities (Scheme 40).'"!

~
-

O O
2 Pn roT IJ\:«/N ;Ph I N
l i N— Lewis acid S N * e, N
—\—OMe 7 _: OMe OMe
OAc allylTMS </

149

150 \ 151

Scheme 40

TiCls and SnCly gave the diastereomeric ratios of 150:151 as 62:38 and 16:84 respectively.
Although the reason for this change is not certain, it is assumed that the stabilising dipole
effect in the N-acyliminium ion suffers a disruption due to some type of tin-
cornplexation.lOO Other examples of Lewis acid mediated addition of 3-trimethylsilylprop-

1-ene (allylITMS) to N-acyliminium ions with chiral auxiliaries at the nitrogen position

2
1‘10_ 1.103

have been published by Meyers et a and Polniaszek et a

Meyers has also studied intermolecular additions of allylTMS/TiCly to tertiary cation

precursor 152. The stereochemical outcome of the products is highly sensitive to the size
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of the substituent on the nitrogen with the diastereomeric ratio of 153:154 ranging from 8:1

for R =Me to 1:11 when R = ‘Bu (Scheme 41).'**

AN
o w CHa
- allylTMS
¢ - 7
N TiCl,, DCM N
g -78 °Ctort Y
) R )
152 154

Scheme 41
1.4 Lewis acids and methylenecyclopropane.

To date, little work concerning Lewis acid mediated syntheses with
methylenecyclopropane has been carried out. Monti initiated interest in this areca with
[3+2] cycloadditions of methylenecyclopropane and allylsilanes to give

105196 This was soon followed up by Hosomi in 1997 who

methylenecyclopentanes.
demonstrated that substituted methylenecyclopropane 155 could be coupled with carbonyl
compounds 123 in the presence of a Lewis acid, such as TiCly, to furnish alcohols 156 and

157 (Scheme 42).'"

0 , RW, R? R Cl R2
1 + JJ\ TIC|4 OH T OH
R WA R®" "R*
DCM R® 3
R* R™ 1,
Cl R
156 157

9 0 o
T e VAN S Re
R R 2 3 2 R3
N ™ s gl R
R =4
158 159 160
Scheme 42
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Following Hosomi’s proposed mechanism, co-ordination of the carbonyl group to TiCly
allows nucleophilic addition of methylenecyclopropane 155, providing cyclopropyl cation
159. This isomerises to the m-allyl cation intermediate 160 which undergoes a quench by

chloride to give homoallylalcohols 156 and 157.

More recently Peron et al. developed this work to an analogous intramolecular cyclisation
of methylenecyclopropylketones 161 giving six and seven membered rings

(Scheme 43).'% ' The products formed were consistent with Hosomi’s proposed

mechanism.
Cl . A
R0 OH
SnCl, or TiCl, OH
h DCM, -78 °C n Cl n
/ 161 162 163
(‘ITA R R
R + ~3
/Q___-_> O\ . + O\ 3
LA . LA
n n n
164 165 166
Scheme 43

Moreover, Peron et al. showed that incorporation of a trimethylsilyl group on the
methylenecyclopropane precursors 167 and 168 enhanced the yields (Scheme 44). This is
because the presence of the silicon group enhances the nucleophilicity of the
methylenecyclopropane double bond and stabilises the intermediate B-silyl cation.
Normally silicon elimination from a [3-silyl cation is rapid, however, under these
circumstances, rearrangement of the cyclopropyl ring to the unstable allyl cation is faster.
In addition it was noted that the absence of a sufficiently nucleophilic anion derived from
the Lewis acid (e.g. CI') led to intramolecular trapping of the intermediate cation from the

alkoxide nucleophile to give bicyclic ethers 173 and 174.
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H
SnCI4 O
n >n
M83SI M838|
0
N 169: n =1, 70%, 171:n =1, -
)n ] 170;n=2, - 172, n =2, 65%
MezSi
167: n =1
168;:n=2 BF32AcOH 173:n =1, 64%
) 174:n=2, 55%
Measi n
Scheme 44

Patient ef al. have investigated intermolecular reactions of methylenecyclopropanes and
aldehydes and ketones in the presence of Lewis acids.”> BFyEt,0 catalysed reaction of
triisopropylmethylenecyclopropane 175 with an aldehyde 176 gave three products;

tetrahydrofuran 177 and furofurans 178 and 179 as mixture of diastereoisomers

(Scheme 45).%

BFyEt0
0] 3E2 @]
+ ] //L:::>———\ T R aTIPS T H—{ TIPS
. TIPS

TIPS

175 176 177
l 178 Y
_ o _

- R
FBB\O
—_—
A TIPS TIPS
A TIPS _
ZRE SN O
— H —
180 181 184
Scheme 45

Addition of triisopropylmethylenecyclopropane 175 to aldehyde 176 is followed by a

rearrangement to the allyl cation intermediate 180 which can either be trapped by the
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alkoxide to give tetrahydrofuran 177 or the regioisomer 181. The less stable allylsilane
181 reacts with a further equivalent of the aldehyde and the formed product undergoes a
1,2-silyl shift to give 183. The second cationic intermediate is trapped intramolecularly by

the alkoxide furnishing furofurans 178 and 179.

Shi has extensively studied the reaction of alkylidenecyclopropanes with reagents such as
alcoholic or acidic nucleophjles,110 aromatic amines,'!? imines'"? and carbonyl
compounds.'” Sn(OTf), was found to be the best Lewis acid to ring-open catalytically the

strained three-membered ring (Scheme 46).11°

R3XH (X = O, S, NH, COy)

R
l Sn(OTf), (10 mol %) IL
N H e xR?

21 185
-Sn(OTH),
y
R1 R2 3 FU RZ
+ )I(R )l(Ra
Sn(OTH); ) Lo
186 187

Scheme 46

The proposed mechanism occurs via cation 186. This rearranges to cation 187 which

undergoes nucleophilic attack by the tin species to give alkene 1885.

Shi has also reported a novel [3+2] cycloaddition of an imine or a carbonyl complex to
alkylidenecyclopropanes 188 in order to create cyclic compounds 190 and 191

(Scheme 47).
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R__R? y LA R
I + J\ R2
R "Rp? R X
H4
188: R', R = Ar 123: X =0 190: X =0
189; X = NTs 191: X = NTs

Scheme 47

For reaction with carbonyl compound 123, ytterbium triflate was found to be the best
Lewis acid, giving excellent isolated yields of tetrahydrofuran 190, with DCM or DCE as
the solvent. For the case of imine 189, BF;Et;O was the preferred Lewis acid.'? The
presence of clectron-donating groups in the R' and R* position of alkylidene 188 gave

. - 1
increased yields.'"

When electron-withdrawing groups are present on the carbonyl moiety (193), the proposed

mechanism of reaction with alkylidenecyclopropanes 192 is shown (Scheme 48).'"

3 R
R. _R J"’L'\A' L.A
+ \va E
: E
OFEt O
192 193 194; 54-84%
R R+R LA R_-"
S o |
‘O _ O — E
! E
E ON
OEt OEt o/ LA,
195 196 197
Scheme 48

The Lewis acid activates the carbonyl compound 193 allowing alkylidenecyclopropane
192 to attack more easily. Spirocycle 195 opens up to give the stabilised cation 196.
Following a rearrangement to cation 197, a quench by the oxygen gives tetrahydrofuran

194.
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1.5 Programme of work.

Following the success of Peron and Patient with inter- and intramolecular cyclisations
using silylated methylenecyclopropane and a range of different aldehydes and ketones, it
was decided to focus on cyclopropenylsilanes and intermolecular reactions with aldehydes
thereof (Scheme 49). Mark6®™ *° and Dobbs”” * have extensively studied additions of
aldehydes to vinylsilanes. Since vinylsilanes derived from methylenecyclopropanes have
an inherent ring strain, this might lead to shorter reaction times and increased yields for

analogous studies.

1 H1
( n OH N O‘ L.A. (0Th ~O (Tn O
X X
R3 3 R3
R
SiR% X" 'SiRZ, SiR2,
198 50 199 200

HT
+
(T (lij (0n
+
— R,
SiR?,
201 202 203

Scheme 49

Aldehyde 50 should react with vinylsilane 198 intermolecularly to create the cyclopropyl
unit 202 via the oxonium ion 201. Rearrangement should follow in order to make 203,
which then, following a quench by either the Lewis acid or a proton source, should give
199 and/or 200. This chemistry may be developed by using a range of Lewis acids to drive
the reaction; since TiCly and BF;-Et,O are the most commonly used Lewis acids, it would

be interesting to find out whether different Lewis acids are also suitable for this type of
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work. This research may also be broadened by investigation into alternative R groups and

by perhaps delving into whether different ring sizes may be synthesised.

The second part of this project was concerned with novel addition of a
methylenecyclopropyl moiety to an N-acyliminium ion. AN-Acyliminium ions smoothly
undergo  addition  reactions  with allylsilanes,97 thus, since a silylated
methylenecyclopropane can be thought of as a highly strained allylsilane, it was of interest
to investigate whether addition of a silylated methylenecyclopropane to an N-acyliminium

ion could be facilitated (Scheme 50).

0 0
O (
( n n 'NR3
1 n 3
R NR N or
SiR
8 OR?2
X
204 205 R1 SIRa R1 SIR3
207; R®=H 208; R® = alkyl
Scheme 50

The Lewis acid should co-ordinate to the alkoxy group of 205 facilitating formation of the
N-acyliminium ion. Attack from the nucleophilic double bond of methylenecyclopropane
204 should lead to the allyl cation intermediate 206. Trapping of the pendant allyl cation

should either occur from the nitrogen or from the Lewis acid to form 207 or 208

respectively.

Research may be directed into variation of the R groups to see how this affects the
products formed and their yields. Investigations may be carried out into variation on the

size of the ring and also into whether acyclic N-acyliminium ions will facilitate this

reaction.
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Chapter 2 Intermolecular reactions of MCP derived cyclopropenylsilanes.

Chapter 2 Intermolecular reactions of
methylenecyclopropane derived

cyclopropenylsilanes.

2.1 Aims.

Mark¢é reported that aldehyde addition to vinylsilanes 209 affords dihydropyrans 211 in
excellent yields as single diastereoisomers (Scheme 51).%” The reaction proceeds via an

Intramolecular Silyl-Modified Sakurai reaction.

— o TMSOTf (cat) Kj\
TMS
+ H\RZ DCM, -78 °C to rt
TMSO R 87-89%
209 210 211

Scheme 51

Therefore, Lewis acid mediated intermolecular addition of cyclopropenylsilane 198 to
aldehyde 50 was expected to give rise to tetrahydropyran 199 and/or dihydropyran 200
(Scheme 52). Aldehyde 50 should react with cyclopropenylsilane 198 intermolecularly to
create cyclopropyl cation 202 via the oxonium ion 201. Rearrangement should follow in

order to make 203, which then, following a quench from an anion derived from the Lewis

acid should give 199 and/or 200.

The aim of this research was to study the Lewis acid mediated cyclisations of
methylenecyclopropane derived cyclopropenylsilanes with a range of different aldehydes
to find out whether 6- or 7-membered heterocycles could be synthesised cleanly in one
step. Variations can be made on the R groups of cyclopropenylsilane 198. Initial studies

were to be carried out with trimethylsilyl substituted cyclopropenylsilanes.
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R’ R
( OH @] L. A
n + Q —_— ( n o
R3 R3
SiR?, X SiR?,
198 50 199 200
H‘l
(1, 0" (
S +
—* "R,
SiR%,
201 202 203

Scheme 52
2.2 Synthesis of precursors.

2.2.1 Synthesis of methylenecyclopropane.

Methylenecyclopropane 1 was synthesised following the procedure reported by Binger ef
al'" The carbene, produced from reaction of sodium amide with methallyl chloride (3),
inserts into either the methyl CH to give methylenecyclopropane 1, or into the methylene
CH to give methylcyclopropene 5. A 4.7:1 mixture of 1 and 5 respectively, was obtained
and fully isomerised by treatment with ‘BuOK and ‘BuOH in DMSO, giving
methylenecyclopropane in 52% yield (Scheme 53).

i G
"
H\_/ 1 ; ;

NaNH» BuOK/ ‘BuOH

nBUgO H DMSO 52%

Cl l 1
3 L _— —_—
) 5

Scheme 53
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2.2.2 Synthesis of cyclisation precursors.

Cyclisation precursors 213 and 214 were synthesised in good yield from
methylenecyclopropane. Methylenecyclopropane was deprotonated with "Buli and the
resulting anion was quenched with TMSCI. A further deprotonation was followed by a
v-alkylation with benzaldehyde in a one-pot reaction to give cyclopropenylsilane 213
(Scheme 54). Mark6 has shown that silyl ethers are more reactive than the alcohols.”
This is presumably because it removes the opportunity for ethanol to be made as a by-
product, which could affect the remaining Lewis acid in the reaction mixture. Hence,
trimethylsilyl protection of alcohol 213 was completed in excellent yield using an adapted

4

method by Corey."!

Ph Ph
i) "BuLi, THF,
A ) 78 o0 iii) "BuLi OH ) TMSCI, EtsN, OTMS
- — — N
ii) TMSCI iv) PACHO 69% THF, rt 75%
T™MS ™S ™S
1 212 213 214

Scheme 54
2.3 Cyclisation studies with aldehydes.

The initial cyclisation studies were carried out using benzaldehyde and isobutraldehyde, as
the electrophile, and a range of different Lewis acids with both DCM and EtNO; as
solvents (Scheme 55). The Lewis acid was added to the reaction mixture at —78 °C and it
was allowed to warm up slowly whilst the reaction was monitored by TLC. Cyclisations
were attempted using BF3Et;0, Sc(OTf);, InCls, In(OTf);, BF;:2AcOH, SnClis and
TMSOTf. With alcohol 213, either decomposition of starting materials was observed or
there was no change to the reaction mixture. For the case of silylether 214, either the

hydrolysed starting material was produced or the reaction products underwent

decomposition.
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Ph Ph Ph
OR? E LA, @] @)
RZ ; E RZ AN RZ
DCM/E
™S DOMIEING, X' TMS X TMS
213: R'=H 215 R2="Pr 217 218

214; R' = TMS 216; R2 = Ph
Scheme 55

The cyclisation was not as facile as expected and this might be due to a problem with the
trapping of the allyl cation intermediate. Peron reported that a phenyldimethylsilyl group
could be used to quench an analogous allyl cation intermediate 220 in the cyclisation of

219 (Scheme 56).'%”

O _ s
LA. R 5 j\gi/ ~OH
> ! b - +  FMe,Si
Ph~ L.A. PhMe,S =

‘ DCM, -40 °C Si
SiMe,Ph A\ Ph
219 220 221 222
BF3Et,0, 6h 72%
BF32AcOH, 45 min 22% 55%

Scheme 56

The allyl cation 220 could either be quenched by the alkoxide nucleophile to make bicyclic
ether 221 or by intramolecular addition of the phenyl group to give silylfluoride 222. With
BF;-2AcOH as the Lewis acid the phenyl transfer from the silicon to the allyl cation is able

to compete with intramolecular trapping by the alkoxide nucleophile.

Thus, cyclopropenylsilane 223 was synthesised using the same method as for the
analogous trimethylcyclopropenylsilane 213 in 85% yield (Scheme 57). Cyclisation
reactions were attempted using BF;-Et;O, Sc(OTf);, In(OTf); and BF;-2AcOH as the
Lewis acid and DCM as the solvent with two aldehydes 215 and 216. However,

tetrahydropyran 224 was not formed and the reaction products underwent decomposition.
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n _ R 2siRt- ipr Ph
i) "BuLi, THF, -78 °C 26, Rg o )
A i) MezPhSICI
m) ”Bul_l R?
iv) PhCHO 85% S,Mezph LA, DCM -78 °C P SiMesF
1 224

Scheme 57

Marké found that addition of vinylsilane 225 to 2-ethoxytetrahydrofuran 140 formed
dihydropyran 226. The dihydropyran had a pendant alcohol side chain present derived

from the ring opening of 2-ethoxytetrahydrofuran (Scheme 58).57 %0

_ OEt
OH

T™S 5 TMSOT, DCM i/fj\
.78 °C to 1t 69% o

TMSO

225 140 226

Scheme 58

So, in order to incorporate a pendant nucleophilic moiety into cyclisations of cyclopropene

213, 2-ethoxytetrahydropyran 140 was used as the electrophile (Scheme 59).

Ph Ph
OEt
OH LA,
0 -
DCM/EtNO,
T™MS -78 °C
213 l 140
Ph
UOH
\ -
A
T™S
L 228

Scheme 59
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The presence of the Lewis acid should allow formation of the oxonium ion 228 which
might then undergo attack from the nucleophilic double bond of the cyclopropene. The
allyl cation intermediate 229 was expected to undergo a quench from the pendant alcohol

group thus forming the bicyclic compound 227.

Using BF3-2AcOH as the Lewis acid, cyclopropenylsilane 213 was reacted with
2-ethoxytetrahydrofuran 140 in DCM at —78 °C and gave a new product in 56% yield.
Initially it was thought that bicyclic system 230 had been synthesised, but it later became

clear that the product was, in fact, acetal 231 (Scheme 60).

Ph
o)
H
>< > TMS N
Ph
OEt 0
OH
0 BF5.2AcOH 230
™S DCM, -78 °C
10 min Ph
213 140 }()
b
_—
™S
231

Scheme 60

Whilst it was surprising that the TMS group should undergo an unprecedented
1,3-migration, the 'H NMR was consistent with product 230 (Figure 3). The upfield
CHsHjp coupling pattern was thought to be the CH; next to the TMS group, whereas, it was
actually the CH; of the cyclopropene moiety. HcHp coupled to Ha and there was coupling
between Hp and (CH,);, all verified by 2D-COSY experiments. The two quaternary
carbons (C NMR; 132.0 and 108.8 ppm) must be attributed to the cyclopropene moiety of
the acetal rather than the double bond within the bicyclic structure of 230. Furthermore,
the molecular masses of the two products are identical so mass spectrometry studies did

not highlight the difference between the structures.
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«— 4.85ppm, J =7.0 Hz

HaHg coupling pattern Ph. Hg Ph
-3.0ppm, J=7.0,155Hz = "°

Hp Hg < 5-32ppm, m Q H

TMS
0] y
HaHg coupling pattern — T™S
0.62ppm, J = 7.5 Hz AN 3.71ppm
230 J=7.0,14.0Hz 231

Figure 3: Comparison of 230 to 231.

It was surprising that the acetal could be isolated because it would not be expected to be
very stable in the Lewis acid environment. So, to confirm that acetal 231 had been formed,
a decomposition reaction was carried out using p-TsOH in wet THF at 40 °C (Scheme 61).
Under these conditions the isolated product was the alcohol 213, proving that compound

230 could never have been formed.

Ph /(O Ph
p-TSOH, HaO/THF OH

O
———
40 °C 83%
T™MS T™MS

231 213

Scheme 61

It was curious that acetal 231 (or the oxonium species 228) did not undergo an
intramolecular cyclisation, as it is an intermediate in the proposed mechanism to form 227

(Scheme 59).
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Ph Ph
OFEt
OH LA, (@]
O §
DCM/EtNO,
TMS -78 °C
213 l 140
- Ph
OH
0 (‘O or U - -
" A -
TMS ™S
231 228

Scheme 62

In order to try to persuade the acetal, formed as an isolable intermediate, to cyclise towards
synthesis of 221, a range of Lewis acids was added to a stirring solution of
cyclopropenylsilane 213 and 2-ethoxytetrahydrofuran 140 in DCM, EtNO; or MeCN
(Table 3). The reaction mixtures were allowed to warm up slowly whilst the reaction was
monitored by TLC. Lanthanide Lewis acids were among those chosen for these reactions,
as recently they have became more common in reactions of allylsilanes and carbonyl

compounds alongside the more conventional TiCly and BF;Et,0.'" -7

However, the only product formed was the acetal 231 with the yields and diastereomeric
ratio varying a great deal. Tt was hoped that with MeCN, the cationic intermediate would
be stabilised by the highly polar solvent and facilitate cyclisation, however the acetal was
the only product isolated. For experiments with La(OTf)s, the catalyst dissociates more in
MeCN than in DCM and should increase the yields.''"® When MeCN was used in
conjunction with Yb(OTf);, the yield was not higher than with DCM or EtNO;. In
addition, increasing the quantity of Lewis acid and 2-ethoxytetrahydrofuran 140 in the
reaction, did not serve to increase the yield of the acetal and no other products were

isolated.
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Lewis acid Solvent | Conditions® Isomer Ratio® | Yield of 231°
BF;-Et,0° DCM —78°C,1h _ Decomposed
EtNO; -78°C - —40°C,6h | 4:1 28
BF;-2AcOH? | DCM ~78 °C, 10 min 8:1 56
EtNO; -70°C,2h 20:1 45
MeCN -78°C —= -30°C,2h | — Decomposed
InCl3 DCM -78°C > 1t,8h 3:1 26
EINO; —78°C— —-40°C,6h |23 10
In(OThH); DCM -78°C—-10°C,9h | 6:1 42
EtNO; —78°C —>—-40°C,6h | 4:1 26
Sc(OTf); DCM -78°C - -10°C,9h | 6:1 9
EtNO; -78°C— —-60°C,4h | 4:1 34
Yb(OTf)s DCM —78°C —1t,8h 5:1 31
EtNO; -78°C — —-40°C,6h | 4:1 31
MeCN —45 °C — 1t, 22h 5:2 24
SnCl, DCM -78°C, 1h — Decomposed
EtNO, ~78 °C, 15 min — Decomposed
TiC14d DCM —78 °C, 15 min — Decomposed

a) Reactions were carried out with 0.215 mmol of 213, 0.237 mmol of 2-ethoxytetrahydofuran and 0.022 mmol of Lewis
acid in 0.5 mL of solvent. b) Isomer ratio determined by NMR peak integration. ¢) % yield of purified material afier

column chromatography. d) 0.237 mmol of Lewis acid.

Table 3
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2.4 TMS protection of the alcohol.

Evidence shows that Lewis acids can mediate a reaction between a cyclopropenylsilane
213 and 2-ethoxytetrahydrofuran 140 to give the acetal. However, it was concerning that
the reaction would not progress. This was perhaps due to the Lewis acid being affected by
ethanol which was made as a by-product. Hence cyclisations were attempted using
silylether 214 and 2-ethoxytetrahydrofuran 140 using the method previously described

(Scheme 63). Once again however, the only product formed was the acetal 231.

Ph Ph
OEt
OTMS do L.A., DCM o\®
T™MS TMS
214 140 231
Scheme 63
[ Using OTMS?, 214 Using OH", 213
Lewis acid Isomer Ratio® | Yield’ Isomer Ratio® Yield*
In(OTf); 4:1 68 6:1 42
BF;2AcOH® | 6:1 37 8:1 56
Yb(OTt); 4:1 44 5:1 31

aj Reactions were carried out with 0.092 mmol of 214, 0.184 mmol of 2-ethoxytetrahydofuran and 0.1 eq. of Lewis acid
in 0.5 mL of solvent. b) Reactions were carried out with 0.215 mmol of 213, 0.237 mmol of 2-ethoxytetrahydofuran and
0.1 eq. of Lewis acid in 0.5 mL of solvent. ¢) [somer ratio determined by NMR peak integration. d) % yield of purified

material after column chromatography e) 1.1 eq. of Lewis acid.

Table 4

In comparison to reactions with the cyclopropenylsilane 213, the yields of acetal formation
are better overall; the reaction is far cleaner and decomposition occurs far less readily

(Table 4). The Lewis acid, however, hydrolyses silylether 214 back to the alcohol 213.
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Firstly, this makes it difficult to determine by TLC which species is undergoing the

reaction and secondly, the Lewis acid is being used inefficiently.

To circumvent the problem of TMS hydrolysis in the cyclisation reaction, TBDMS
protection of the alcohol was investigated. Thus tert-butyldimethylsilyl protection of
alcohol 213 was completed in moderate yield. Reaction with 2-ethoxytetrahydrofuran 140
under standard conditions gave acetal 231 in a low 12% yield when BF;-Et;O was used

(Scheme 64). Other reaction conditions led to decomposition.

OEt Ph O
TBDMSCI, f
O
OTBDMS 140

Imldazole O
THF 48% BF3 Ef20,
™S DCM 12% T™S
232 231

Scheme 64
2.5 Different R groups on the cyclopropenylsilane.

Three different alkyl groups were chosen to find out whether variation of the size of the
alkyl group would allow formation of a cyclisation product rather than the acetal. Thus,
methylenecyclopropane was deprotonated with one equivalent of "BuLi followed by
addition of freshly distilled TMSCI. Another equivalent of "BuLi was added and the
resulting anion was coupled with an aldehyde to give cyclopropenylsilanes 233 — 235 in
moderate yields (Scheme 65). Reactions using alcohols 233 - 235 and
2-ethoxytetrahydrofuran with a range of Lewis acids led to decomposed materials, so
trimethylsilyl protection of the alcohols was completed in moderate to quantitative yields
using an adapted method of Corey.114 Cyclisations were then attempted using silylethers
236 — 238 and 2-cthoxytetrahydrofuran in two different solvents. The reactions were
tested with Lewis acids In(OTD)s;, Yb(OTL); and BF;-2AcOH at —78 °C or —40 °C
depending on the solvent used (Table 5). Once more, the only isolable products were the

acetals 239 — 241.
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R R OEt R
i) "BuLi, THF, -78 °C | D
) TMSC OH TMSCI, EtsN, OTMS 140 o 0
A iii) "BuLi THE L.A
iv) RCHO T™S TMS T™S
1 233; R = 'Bu, 44% 236; R = Bu, 98% 239;R = 'Bu
234; R = 'Pr, 63% 237: R ='Pr, 42% 240; R = 'pr
235; R = Me, 27% 238; R = Me, 55% 241; R = Me
Scheme 65
R Lewis acid Solvent Conditions® Yield®
‘Bu In(OTH)s DCM ~78°C— -25°C, 1% h -
MeCN —45°C—>-0°C,5h 4
‘Bu BF;-2AcOH® DCM 78 °C— —25°C, 1% h —¢
MeCN —45°C— 25°C, 1%z h Decomposed
pr Yb(OTf); DCM ~78°C = -10°C, 7 h 30
MeCN —45°C —>rt, 28 h 8
‘Pr BF;-2AcOH® DCM 78 °C, % h Decomposed
MeCN —45 °C, 5 min Decomposed
Pr In(OTf)s MeCN —45°C —» -10°C, 7%h 7
Me Yb(OTf)s DCM -78°C—>-10°C,7h 26
Me In(OTf);3 DCM -78°C—-10°C,5h 13 J

a) Reactions were carried out with 1 eq. of cyclopropenylsilane, 1.1 eq. of 2-ethoxytetrahydofuran and 0.1 eq. of Lewis

acid in 0.5 mL of solvent. b) % yield of purified material afier column chromatography. ¢) Hydrolysed starting material.

d) 1.1 eq. of Lewis acid.

Table 5

Overall the yields of acetal formation are low due to the starting material not being

consumed and to the Lewis acid hydrolysing the TMS protection of the alcohol.
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acetal 239 (R = ‘Bu), although it was evident from the NMR that the acetal had been

formed, it could not be separated from the starting material.

2.6 Reactions using 2-ethoxytetrahydropyran.

It was hoped that by changing the ring-size of the electrophile, a 6,7-bicyclic system could

be synthesised. The reactions were varied by using 2-ethoxytetrahydropyran 242 instead

of 2-ethoxytetrahydrofuran. No reaction occurred when Lewis acids BFs-2AcOH, BF3-Et,O

and In(OTf); were used to catalyse the reaction with alcohols 214 and 236 — 238, so

silylethers 243 — 246 were treated with 2-ethoxytetrahydropyran 242 under a range of

conditions (Scheme 66).

R

OTMS OFt

@i
™S

214: R = Ph 242
236; R = Bu
237; R = Pr
238: R = Me

Scheme 66

L.A.

O

™S
243: R = Ph
244; R = Bu
245: R = 'Pr
246: R = Me

In each case, the only isolated products were acetals 243 — 246 (Table 6). Reactions in

MeCN gave the best yields with R = phenyl (214) giving the highest yield of the acetal 243

when Yb(OTf); was used.
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R Lewis acid Solvent Conditions® Yield"
Ph BF;-2AcOH" MeCN —-45°C—-10°C, 1“4 h 10
Yb(OTt); MeCN —-45°C - 0°C, 5%2h 52
Bu BF;-2AcOH® MeCN —45°C— -10°C, 14 h Decomposed
In(OTf); MeCN —45°C— -20°C, 1%2h 12
Pr Yb(OTf); DCM 78 °C > 11,48 h No reaction
MeCN —45°C—>0°C, 6% h 30
In(OTH); DCM ~78 °C - -10°C, 5 h 16
MeCN —45°C—>-10°C,6h 24
Me | Yb(OT1)s MeCN ~-45°C—>-10°C,6h 25
In(OTt), MeCN —45°C, 1 h 32

a) Reactions were carried out with 1 eq. of the cyclopropenylsilane, 1.1eq. of 2-ethoxytetrahydofuran and 0.1 eq. of

Lewis acid. in 0.5 mL of solvent. b) % yield of purified material after column chromatography. c) 1.1 eq. of Lewis acid.
Table 6

2.7 Variation of the silyl group.

During discussion with Dobbs on silyl-Prins type cyclisation reactions, we were advised to
modify the reaction by using a triisopropylsilyl group rather than a trimethylsilyl group, as
it could aid cyclisations. The more electron-donating TIPS group is very good at
stabilising a [-silyl cation.'”  Furthermore, triisopropylsilyl-methylenecyclopropane
(TIPSMCP) is much more convenient to handle than its TMS analogue.23 Consequently,
TIPSMCP 175 was synthesised from methylenecyclopropane 1 in excellent yield using the
method of Patient (Scheme 67).* Deprotonation with "BuLi followed by reaction with

benzaldehyde formed cyclopropenylsilane 247 in moderate yield. Reactions between
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cyclopropenylsilane 247 and 2-ethoxytetrahydrofuran 140 were carried out using
Yb(OTI);, In(OTf)s, BF5-Et,O, BF3;-2AcOH, TiCly and SnCls. The reactions were much
cleaner and higher yielding but the product formed was acetal 248 and not the desired

cyclic compound. Interestingly, when BF;2AcOH was used, a dihydrofuran was also

formed (see section 2.11).

Ph OEt Ph
i) "BuLi, THF,
-78 °C iti) "BuLi OH 0140 o~ O
A ii) TIPSCI iv) PhCHO
97% 53% L.A., DCM

TIPS TIPS -78 °C TIPS
1 175 247 22-71% 248

Scheme 67

By varying the silyl group, the electron donating effect on the cation, p to the silyl group
will be altered. An increase in the ability of the silyl group to donate will mean that a
B-cation or an allylcation, B to the silyl group, will be more stabilised. Thus, deprotonation
of methylenecyclopropane 1 with "Buli was followed by coupling with R3SiCl
(Scheme 68). A further deprotonation with "Buli and addition of benzaldehyde gave the
desired cyclopropenylsilanes 249 — 252 and 223. A solution of cyclopropenylsilane 249 —
252 and 223 and 2-ethoxytetrahydrofuran 140 was treated with In(OTf); at —78 °C and
allowed to warm up slowly (Scheme 68). In(OTf); was used because it gave the best yield

for the TIPSMCP series.

Ph OEt Ph
i) "Bull, THF, -78 °C o
A iiy RSICI oH P 140 O\f)
————r— >
i) "BuLi
iv) Benzaldehyde SiR In(OTf)s, DCM SiR
1 249; R = Etg, 32% 253; R = Etg, 52%
250; R = 'Pr(Me),, 43% 254; R ='Pr(Me),, 47%
251; R = Bu(Me),, 28% 255; R = Bu(Me),, 42%
252; R = cyclohexane(Me),, 51%  256; R = cyclohexane(Me),, 33%
223; R = phenyl(Me),, 85% 257: R = phenyl(Me),, 38%

Scheme 68
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The reactions were closely monitored by TLC but the only products isolated from these
reactions were the acetals 253 — 257 and the unused cyclopropenylsilane in good mass
balance. Increasing the amount of 2-ethoxytetrahydrofuran in the reaction did not

significantly vary the yield.
2.8 Different R group substitution on the cyclopropenylsilane.

The R group was altered to establish whether a product other than the acetal could be
formed. Thus, TIPSMCP 175 was deprotonated with "BuLi and three different aldehydes
were added to the resulting anion to give cyclopropenylsilanes 258 — 260 (Scheme 69). In
contrast to the isopropyl example in the TMSMCP series, where the sole product was a
cyclopropene, disubstituted methylenecyclopropane 262 was also created as a 7:5 mixture
of diastereoisomers. Similarly, when the methylenecyclopropyl anion was quenched with
freshly distilled acetaldehyde, compounds 260 and 263 were the products isolated.
1,1-Disubstituted methylenecyclopropanes were not produced when the silyl group was

TMS, so formation of 262 and 263 was not expected to occur due to the steric bulk of the

TIPS group.
OH
i) "BuLi, THF, -78 °C R . R
i) RCHO
OH
TIPS TIPS TIPS
175 258; R = Bu, 44% 261; R = Bu, 0%
259; R = 'Pr, 35% 262; R = Pr, 12%
260; R = Me, 16 % 263; R = Me, 7%
Scheme 69
Cyclisations were attempted with cyclopropenylsilane 258 (R = ‘Bu) using

2-ethoxytetrahydrofuran 140 in DCM and a range of Lewis acids (Scheme 70). When
using Yb(OTf)s, cyclopropenylsilane 258 reacts with 2-ethoxytetrahydrofuran 140 to give

acetal 264, however, as with the TMS analogue, acetal 264 could not be separated from
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the starting material 258. Cyclopropenylsilane 258 also cyclises intramolecularly to give

dihydrofuran 265 in a similar yield (see section 2.11).

OH
OEt (OTf U
S
¢ 0 TIPS
TIPS DCM -78 °C TIPS
258 140 264; 18% 265; 14%
Scheme 70

Reaction between cyclopropenylsilane 259 with 2-ethoxytetrahydrofuran furnished acetal
266 in 26% and 44% yields with BF;-Et,0O and In(OTf); respectively (Scheme 71). No

intramolecular cyclisation products were isolated.

OH
OEt
L.A., DCM 0._0
-78 °C 26-44% U
TIPS TIPS
259 140 266

Scheme 71

Attempted reactions of cyclopropenylsilane 260 (R = Me) with 2-ethoxytetrahydrofuran

with a range of Lewis acids did not lead to any products and the reaction mixtures

decomposed.

2.9 Protection of the alcohol with a TMS group.

Since protection of alcohol 213 with a TMS group gave cleaner reactions for the TMSMCP
series of compounds, the alcohols in the TIPSMCP series (258, 259 and 247) were also
protected with a TMS group (267 — 269) (Scheme 72). The yields for TMS protection of

the alcohol were low because the reactions did not go to completion and the products were
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isolated along with left-over starting material. Reactions of these silylethers 267 — 269
with 2-ethoxytetrahydrofuran were not any cleaner than reactions with alcohols 258, 259

and 247 and only gave low yields of the undesired acetals 264, 266 and 248.

OH OTMS OEt R
- (:O
R TMSCI, EtsN, R 140 O\Y:i>
—_— —_ P
THF L.A., DCM
TIPS Tipg  78°C TIPS
258; R = Bu 267; R = Bu, 53% 264: R = Bu, 0%
259: R = Pr 268: R = 'Pr, 52% 266 R = 'Pr, 9-22%
247 R =Ph 269; R = Ph, 80% 248; R = Ph, 37-64%

Scheme 72
2.10 Reactions with 2-ethoxytetrahydropyran.

Reactions between alcohol 247 and 2-ethoxytetrahydropyran 242 were carried out to give
acetal 271 in yields of 25% and 18% with Lewis acids Yb(OTf); and BF;2AcOH
respectively (Scheme 73). 2-Methoxytetrahydropyran 270 was also used in attempt to
facilitate loss of a better leaving group and make the reaction cleaner and quicker,

however, it provided poorer yields of acetal 271.

Ph OR Ph
L.A., MeCN
OH 0 — @] @]
78 °C U
TIPS TIPS
247 242; R = Et 271
270; R = Me

Scheme 73
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2.11 Intramolecular reactions to make dihydrofurans.

Interestingly, when a reaction was carried out between cyclopropenylsilane 247 and
2-ethoxytetrahydrofuran 140 with BF;-2AcOH as the Lewis acid, dihydrofuran 272 was

also formed, presumably via the mechanism shown (Scheme 74).

Ph OEt Ph D Ph
O
OH 140 o- © 0
= 147 —
BF3-2AcOH, TIPS
TIPS DCM TIPS
247 248: 22% 272; 7%

Ph Ph Ph
AN 0 — + 0O:, ———TIPS
H*, /éd 7CB+
= (_/ A

TIPS TIPS

273 274 275

Scheme 74

The Lewis acid co-ordinates to the alcohol and the formed alkoxide intramolecularly
attacks the allyl cation intermediate (273) thus giving the B-silyl cation 274 which after
quench from a proton gives cation 274. A 1,2-silyl shift can then occur to give oxonium

ion 275 followed by a 1,2-alkyl shift to give dihydrofuran 272.
Supporting evidence for the formation of this dihydrofuran can be shown by comparison of

the NMR spectra to a similar compound.'” In particular, the “C spectrum illustrates

similarities between the unsaturated portion of the dihydrofuran (Figure 4).
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95.3 ppm

94.7 ppm
EtO
o Ph
< Z N

O
=~

O
Si
Si AN \( ™ 161.0 ppm
2 164.4 ppm

Figure 4 Comparison of C NMR peaks.

Coupling patterns between ring protons Ha, Hg and He are consistant with the
dihydrofuran structure (Figure 5). Whilst COSY experiments showed some allylic
coupling between HaHp and CHj;, NOE studies showed no enhancement in the CHz; when
Ha, Hp or He were irradiated. HMQC experiments were also used to confirm the structure

of the dihydrofuran.

C = dd, J= 80 OO Zz

Ha
dd, =100, 120 Hz — 0
TIPS
HPh

0% /(1 e

(s] HA
- O 0%

PS

0% CHs

Figure 5 Coupling patterns of dihydrofuran 272.

Dihydrofuran 265 (R = ‘Bu) was also formed as a side product in the reaction between
cyclopropenylsilane 258 and 2-ethoxytetrahydrofuran when Yb(OTf); was used to catalyse
the reaction (see section 2.8). BF;2AcOH catalysed intramolecular cyclisation of
cyclopropenylsilane 258 occurred without 2-ethoxytetrahydrofuran in the reaction mixture,

giving dihydrofuran 265 in a very low yield which could not be optimised (Scheme 75).
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BF4-2AcOH,
OH 78°C 5
A —
DCM 2% TIPS
TIPS

258 265

Scheme 75

The formation of dihydrofuran 272 was investigated using cyclopropenylsilane 247 in the
presence of a range of Lewis acids and two Brgnsted acids (Scheme 76). The acid was
added to a solution of cyclopropenylsilane 247 in DCM at —78 °C. The reaction mixtures

were allowed to warm up slowly whilst the reaction was monitored by TLC.

eh Ph
OH L.A. or Brgnsted acid
> @]
DCM =
TIPS TIPS
247 272

Scheme 76

Without the presence of 2-ethoxytetrahydrofuran, and therefore the competing reaction of
acetal formation, these reactions proceeded in moderate yields, and with reasonable mass
balance of isolated products (Table 7). By analogy to Peron’s work (Scheme 43,
Introduction) it could be expected that a quench of the allyl cation 273 (Scheme 74) could
take place from the nucleophilic Lewis acid TiCly.'® It is therefore interesting that
intramolecular quench from the alkoxide intermediate 273 is more rapid than

intermolecular quench from the Cl ion.
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Lewis or Brgnsted | Conditions Yield Recovered starting
acid material®
BF;2AcOH -78°C > -45°C,5h 50 0

BF;-Et,O -78°C - -65°C,3 h 32 50

TiCly -78 °C, V2 h 38 0

In(OTH);"* —78°C - -60°C,5h |43 18

p-TsOH® rt, 18 h, sieves No reaction then decomposed
TFA® rt, 45 h, sieves 27 40

a) Reactions carried out with 0.158 mmol of cyclopropenylsilane 247 and 0.174 mmol of Lewis acid in 1 mL of solvent.
b) % yield of purified material after column chromatography. ¢} % of cyclopropenylsﬂaﬁe 247 isolated. d) 0.174 mmol of

Lewis acid. e) 0.016 mmol of Brgnsted acid.

Table 7

An analogous reaction was attempted using TMS substituted cyclopropenylsilane 213 with
the Lewis acids BFs3-2AcOH, BFs-Et,O, TiCly, and SnCly, in order to establish whether
dihydrofuran 276 could be synthesised when there was not the competing acetal formation
reaction (Scheme 77). The Lewis acid was added to cyclopropenylsilane 213 at =78 °C
and the reaction mixture was allowed to warm up slowly whilst the reaction was monitored
by TLC. There was no change to the reaction mixture at all until the reaction warmed up,

at which point decomposition occurred for each reaction.

Ph Ph
OH L.A. or Brgnsted acid
@]
DCM —
™S ™S
213 276

Scheme 77
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It is thought that for cyclopropenylsilane 213, the reaction does not occur because the TMS
group is less stabilising towards a B-silyl cation than a TIPS group (e.g. 274 Scheme 74),

therefore this intermediate is less likely to occur.

In endeavouring to synthesise a crystalline dihydrofuran, p-bromophenol
cyclopropenylsilane 277 was synthesised from TIPSMCP in good yield. BF;-2AcOH was
added to a solution of cyclopropenylsilane 277 in DCM at —78 °C and the reaction mixture
was allowed to warm up slowly whilst the reaction was monitored by TLC. Dihydrofuran
278 was obtained in moderate yield but unfortunately the product could not be obtained as

a crystalline solid (Scheme 78).

Br Br
| iy "Buli, THF -78 °C BF5-2AcOH,
iy p-BrPhCHO OH DCM, -78 °C o
45% 10 min 55% =
TIPS /N TIPS
TIPS
175 277 278

Scheme 78
2.12 Quench from a nucleophilic carbon.
Intermolecular reactions of an aldehyde with a nucleophilic carbon instead of a

nucleophilic oxygen were attempted in the hope that successful addition to the allyl cation

intermediate 283 could be facilitated (Scheme 79).
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Ph Ph

0 0
oA 22 In(0Th) H H
beu ReSi )n ReSi )n

SR OMe Q MeO Q

Ph

247;R="Pr,R' = H 279;n =1

269; R="Pr,R'=TMS  280;n=2 OMe

213; R=CHs R'=H 281 282
214; R = CHs, R' = TMS

—— e — - — =

Scheme 79

Carboxylic acids 284 and 285 were reduced in quantitative yield to the alcohols 286 and
287 using LiAlH,, which were oxidised to the aldehydes 279 and 280 using PDC and

Swern methods respectively (Scheme 80).

(O J OH O
A LiAlH,4, THF A PDC, DCM n/
—_——
OH or DMSO,
(COCl)2,

OMe OMe DCM, EtgN OMe
284;n=1 286;n=1,98% 279;n=1,12%
285, n=2 , 287;n=2, 96% 280;n =2, 43%

Scheme 80

Reactions of aldehydes 279 and 280 with alcohols 247 and 213 and silylethers 269 and 214
in the presence of a range of different Lewis acids were attempted. For silylether 269, the
reaction gave one isolable product in very low yield as a single spot by TLC. This spot,
however, proved to be more than one product which could not be separated by HPLC.

These products were presumably both diastereoisomers of both 281 and 282. To
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circumvent this problem, aldehyde 292 was synthesised according to the method of Nikas
(Scheme 81).""' Using aldehyde 292 there is not the opportunity for two regioisomers

(i.e. 281 and 282) to be formed, only the diastereoisomers, so the spectra should be easier

to interpret.

i) PhaP=CHCO,EY, MeO I

MeO CHO
\Q THF, 0 °C 96% (289) OFEt
ii) Pd/C H, EtOAC 70%
OMe . OMe
288 290

i} LiAIHg,
THF 99% (291)

iv) PCC,
DCM 77%

MeO
WO

OMe
292

Scheme 81

Aldehyde 288 was coupled to (carbethoxymethylene)triphenylphosphorane in excellent
96% yield followed by hydrogenation of the double bond to give ester 290. Reduction of
the ester to the alcohol with LiAlH,4 in 97% was followed by oxidation with PCC to furnish
aldehyde 292 in 77% yield.

Cyclisation reactions of alcohol 247 and silylether 269 were attempted with aldehyde 292
under standard conditions. A product was produced which was similar to the product
formed when 3-[3-(methoxy)phenyl]propanal 280 was used, as indicated by the virtually
identical and very complicated NMR spectra. However, the productbfrom this reaction

could not be purified by either HPLC or Mass Directed HPLC and its structure could not

be identified unambiguously.
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2.13 Nitrogen as a nucleophilic allyl cation quenching agent.

Since nucleophilic quench from an electron-rich phenyl group and from an oxygen proved
to be unsuccessful, a pendant nucleophilic nitrogen was incorporated into the molecule -

instead (Scheme 82).

Ph Pn
/
OR % LA o)
TIPS NHBoc TIPEoen
247: R = H 293 294

269 R = TMS [

-
Ph
&)
_—
|
A
L TIPS
NHBoc _
295 296

Scheme 82

Reaction between alcohol 247 or silylether 269 and aldehyde 293 was expected to give
oxonium ion 294. Attack from the double bond should form allyl cation 296. Trapping

from the N-Boc-protected amine intramolecularly should give rise to 294.

3-Amino-propanol 297 was treated with di-zertbutyldicarbonate to give the Boc-protected

amine 298 in excellent yield which was then oxidised to the aldehyde 293 under Swern

conditions (Scheme 83).'*
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HoN BocHN BocHN
i) Boc,O, ii) (COCI)z, DMSO,
DCM 97% EtsN, DCM 52% /
@)
297 298 293
Scheme 83

Cyclisations were attempted with alcohol 247 and silylether 269 in the presence of
different Lewis acids (In(OTf)3;, Sc(OTf)s, BF3:2AcOH and Yb(OTf);) in DCM at - 78 °C.
The reaction mixtures were allowed to warm up slowly whilst being monitored by TLC.
However, the reaction mixtures underwent decomposition and faint amounts of products
that were visible by TLC, decomposed on the column. When BF;-Et,;O was used, the only
isolated product was dihydrofuran 272 in 38% yield (Scheme 84). This implies that the

intramolecular reaction was faster than formation of oxonium ion 295.

Ph
S (9
Ph T”:JgocN
o BF45 Et,O
OH | § i 294
DCM
NHBoc
TIPS Ph
247 293
L . o
T
TIPS
272; 38%

Scheme 84

2.14 Cyclisations using an acetal.

It was of interest to see whether intramolecular cyclisations of acetal 248 could be

facilitated by a Lewis acid. TiCl, was added to a solution of acetal 248 in DCM at -78 °C
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and the reaction monitored by TLC. One cyclisation occurred to give pyran 299
(Scheme 85) and another occurred to give dihydrofuran 272 (Scheme 86). A possible
mechanism for the formation of pyran 299 involves formation of oxonium ion 300
followed by metallation of the double bond moiety of the cyclopropene (301). Ring
opening followed by rearrangement to give titanium species 302 followed by loss of TiCls

facilitates the cyclisation to give tetrahydropyran 299.

Ph D Cyclisation A Ph
(k o TiCly TIPS

0]

A\ DCM, 23% Cl OH

TIPS
248 299

Ph ﬁ Ph Ph
Z OH = OH OH ™ OH
9 B ¥ —————— —_— Q
< TIPS
TICh cl
TIPS ’
L TIPS TiCls «
300 301 302 303
Scheme 85
Ph D Cyclisation B Ph
TiCl
@] 4
o - 0
DCM —
TIPS TIPS
248 272
Scheme 86

The reaction was screened with a range of Lewis acids and two Brgnsted acids under the
conditions shown. TiCls is the only Lewis acid to give compound 299, albeit very rapidly

with a mixture of unidentifiable side products (Table 8). Other conditions led to
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production of dihydrofuran 272 and isolation of the alcohol 247, formed via hydrolysis of
acetal 248.

Lewis  or | Conditions® Yield of | Yield of | Recovered
Bregnsted cyclisation | cyclisation | alcohol
acid AP B" 247¢
TiCly —78 °C, 10 min, DCM 23 22 6

—-100 °C, 15 min, DCM 22 - 5

—100 °C, 1 h, EINO, - 27 27
SnCly -100 °C— -60 °C, 4 h, |- 53 23

DCM

~100 °C, 4 h, EINO, - - 12
In(OTf);° —78 °C — —10°C, 6 h, DCM | No reaction then decomposed
BF;-Et,O -78 °C - 1t, 24 h, DCM No reaction then decomposed
BF;-2AcOH | -78 °C —-55°C,2 h, DCM | - 37 12

~78 °C — -60 °C, 3 h, |- 45 7

EtNO,
p-TsOH rt, 72 h, sieves, DCM - 9 83
TFA tt, 45 h, sieves, DCM _& 9 37

a) Reactions carried out with 0.129 mmol of acetal 248, 0.129 mmol of Lewis acid (or 0.013 mmol of p-TsOH or TFA) in
1 mL of solvent b) % yield of purified material after column chromatography. ¢} % of compound 247 isolated. d) 25%
starting material 248 recovered. e) 0.013 mmol of Lewis acid I) 27% starting material 248 recovered. g) 40% of starting

material 248 recovered.

Table 8
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To elucidate stereochemistry of 299, GOESY experiments were conducted. Irradiation of
H, caused 2.66% enhancement in Hp and only 0.35% enhancement in Hc (Figure 6).
Irradiation of Hp caused 2.10% enhancement in Hy and no enhancement on the phenyl
group. This evidence suggests that Hy and Hp are in close proximity so the relative

stereochemistry of 299 can be safely assumed to be the cis isomer.

Ph Ph
TIPS o TIPS "=Ha
O )2.66% o>2.10°/
| . 0%
¢ ~Hg 0.35% cl S~ H

HOT N HONCA,
HC He

Figure 6 GOESY studies of 299.

Although irradiation of Hg caused no enhancement in Hy, irradiation of Hp caused 4.93%
enhancement in the isopropyl proton Hy (Figure 7). Irradiation of Hr and Hg caused no
enhancement on the isopropyl proton Hy. This evidence suggests that Hp and the TIPS

group are in close proximity so the relative stereochemistry of 299 can be assumed to be as

shown.

Figure 7 GOESY studies of 299.
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2.15 Conclusions.

In conclusion, reaction of cyclopropenylsilanes with a range of aldehydes did not lead to
formation of a cyclised product. Although it was thought that there were problems
associated with the trapping of the allyl cation intermediate, the presence of a pendant
alcohol, a Boc-protected amine or an electron rich aromatic group did not lead to cyclised
compounds. Reactions of cyclopropenylsilanes  with 2-ethoxytetrahydrofuran
predominantly furnished acetals, even when the silyl and the R groups were varied. For
the TIPSMCP series and using a range of Lewis acids, cyclopropenylsilanes 258, 247 and
277 were found to undergo a novel intramolecular reaction to give dihydrofurans 265, 272
and 278, respectively, in moderate yields. Intermolecular reaction of acetal 248 in the
presence of TiCls underwent a novel cyclisation to give pyran 299 and dihydrofuran 272
reproducibly. When other Lewis acids were used, dihydrofurans and hydrolysed starting

materials were the only observed products.

It was proved that cyclopropenylsilanes can be synthesised in a facile manner with a wide

range of different silyl and R groups.
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Chapter 3 Intermolecular reactions of

methylenecyclopropane and N-acyliminium

ions.

3.1 Aims.

Lewis acid mediated addition of allylsilanes to N-acyliminium ions has been researched
extensively, both intramolecularly and intermolecularly and the topic is discussed in an
excellent review by Maryanoff et al”  3-Trimethylsilylprop-1-ene (allylTMS), in
particular, in combination with TiCly, has been used to synthesise various allyl lactams
(306) from <y-hydroxy- and alkoxylactams (304) via N-acyliminium ions (305)
(Scheme 87)!#1%

0]

0
R
AN
NR  Ticl, E/f ™S Oﬁ/\;
% NR
e
OR
304; R = H, alkyl 305 306

Scheme 87

Since silyl substituted methylenecyclopropanes are, in effect, highly strained allylsilane
equivalents, the aim of this research was to study addition of methylenecyclopropane to an

N-acyliminium species to discover whether heterocycles 207, 208 and 309 can be formed

efficiently (Scheme 88).
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0 0
0
NR3 NRS3
| N . i
H1
X X
SiR 1 , ,
3 R SiRy R SiRs q SiR4
204 307;R®=H 207; R = 208; R = alkyl 309; R° = alkyl

308; R® = alkyl

L route 2 R SiRs J
310, R3=H 312, R®=H
311; R = alkyl 313; R = alkyl

Scheme 88

The presence of the Lewis acid should facilitate formation of N-acyliminium ion 310 or
311 which should undergo attack from the nucleophilic double bond of the
methylenecyclopropane leading to allyl cations 312 and 313 respectively. Attack from the
lone pair of the nitrogen of 312 (route 1) should lead to cyclic system 207 (R = H). For
intermediate 313 (R = alkyl), quench from the Lewis acid should lead to lactams 208

and/or 309 (route 2 or 3).

3.2 Synthesis of precursors.

One of the most successful and versatile methods of obtaining N-acyliminium ion
precursors has been partial reduction of cyclic imides via selective addition of hydride to
one of the carbonyl components.” *®  Various methods are available to perform this
conversion and the most commonly described are; sodium borohydride in ethanol with a
strong protic acid at 0 °C and sodium borohydride in methanol between —20 °C and 0 °C.”®

The specific reaction conditions are important to ensure that over-reduction, leading to ring
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opening of the cyclic imide, does not take place. Thus, ethoxy lactams 316 and 317 were

synthesised using the method of Hubert er al. in reasonable yields from succinimide 314

and glutarimide 315, respectively (Scheme 89). 126

@] @]
( NaBHy4, H*, EtOH (
n NH n NH
@] OEt
314, n=1 316; n=1, 48%
315;n=2 317;“:2, 50%

Scheme 89

The yields were lower than desired and these results were difficult to reproduce because
the amount of acid used in the reaction was not specified. As a result, another method by
Klaver et al. was utilised in which the reaction is carried out in MeOH at lower

temperatures and a specific amount of HCl is added to the reaction mixture

(Scheme 90)."*’

Scheme 90

0 @]
NaBH,, H*,
U NH : " ne
MeOH, -5 °C
0 OMe
314; n=1
315, n=2 318, n =2, 69%
Mel, KQCOa,
acetone A
@] @]
(70 e NaBH,, H*, S
MeQOH, -5 °C
O OMe
319;:n=1, 88% 321;n=1,58%

320;n =2, 88%
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Methylation of succinimide 314 and glutarimide 315 proceeded in excellent yields to give
N-methylsuccinimide 319 and N-methylglutarimide 320, respectively, using the method of
Marson.'*® Imides 315, 319 and 320 were reduced cleanly using the method of Klaver, to

give cyclisation precursors 318, 321 and 322 in respectable yields (Scheme 90).""’

To investigate the effects of groups with different electron withdrawing properties, phenyl
and benzyl analogues 326 and 327 were also synthesised. Using an altered method of Ho
and Castagnoli Jr., succinic anhydride 323 was coupled with aniline and benzylamine to
give imides 324 and 325, respectively (Scheme 91).'* NaBH, reduction using the method

of Klaver, furnished the desired cyclisation precursors 326 and 327 in moderate yields."*’

0 @] 0
Ph(CH5)aNH> NaBH,4, H*, MeOH
0 N+\)n > N—Un
toluene A Ph Ph
O 4A molecular sieves 0 OMe

326;n=0,53%

323 324;:n =0, 45%
327;n=1, 50%

325;n=1, 67%

Scheme 91

3.3 Intermolecular reactions between N-acyliminium ions and

allylTMS.

Before the cyclisation reactions were attempted with TIPSMCP, some test reactions were
carried out using a range of lactams and allyITMS 125 to see which Lewis acids were best
suited to this type of reaction and to determine optimum conditions (Scheme 92).
Literature searches verified that BF;-Et,O, SnCly and TiCly were the better Lewis acids for
allyITMS addition to N-acyliminium species, usually in a two- to fourfold excess using
DCM as the solvent.'™ * % B! Thys, two equivalents of these Lewis acids in particular,
were added to a mixture of the cyclic lactams and three equivalents of allylTMS 125 in

DCM at —78 °C in an inert atmosphere using the method of Polniaszek (Table 9%
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R LA, R
O N\ _-OR! TS o= _—
U DCM, -78 °C \V\——J)/\/
n n
316: R=H,R'=Et, n = 1 125 328;R=H,n="1
318;R=H, R'=Me,n=2 ggﬁfgfg'”n=_21
325;R=Bn,R'=Me, n=1 331IH;Mr;’n;1
. 321;H=Me,H1=Me,n=1 332;H=Ph,yn=1
324;R=Ph, R" =Me, n = 1
Scheme 92
Lactam used Lewis acid? Conditions® Yield”
316 TiCly ~78 °C — —10°C, 8 h 65
SnCly -78°C —r1t, 8 h 42
318 TiCl,y —78°C > rt No reaction
BFs-Et;,O 0°C —r1t,15h 45°
325 TiCly —78 °C, 15 min 86
SnCly -78°C — -60°C, 1h 67
321 TiCls —78 °C, 10 min 81
BF;-Et,O -78°C - -40°C, 4h 76
324 TiCly —78°C —1t,28 h 94
In(OT1)3 ~78°C —r1t, 48 h 84
BF;-Et,O 78 °C —rt,48 h 79

a) Reactions were carried out with 1 eq. of lactam, 3 eq.

of allylTMS and 1.5 eq. of Lewis écid in 5 mL of DCM. b) %

yield of purified material after column chromatography. ¢) Using the method of Ojima; 1 eq. of alcohol, 2 eg. of

allyITMS and 1.2 eq. of Lewis acid in 2.5 mL of DCM."**

Table 9

70



Chapter 3 Intermolecular reactions of MCP and N-acyliminium ions.

When n = 1, TiCl4 was consistently the best Lewis acid, sending the reaction to completion
in short reaction times with very good yields. For lactam 318 the desired products were
not so forthcoming and the reactions had to be carried out at elevated temperatures using
the method of Ojima.132 Lewis acids BF3-Et,0, SnCly and In(OTf)s gave good to excellent

yields with the R = alkyl examples representing the better yields.

3.4 Intermolecular cyclisation reactions between N-acyliminium

ions and TIPSMCP.

3.4.1 Reactions with 5-ethoxy-pyrrolidin-2-one

Since trial reactions between a range of lactams and allylTMS were very successful with
different Lewis acids (Table 9), reactions between these lactams and TIPSMCP were

attempted. TiCls was added to a stirring solution of 5-ethoxy-pyrrolidin-2-one 316 and

TIPSMCP 175 in DCM at —78 °C under nitrogen (Scheme 93).

0
o | 0
TiCly, DCM, NH NaH, THF, rt
_— _— N
NH 78 °C 10 -10 °C, /TP 9%
TIPS  5h69% X_-TIPS
OFEt ol
316 175 333 334
B 0
0
—_
d NH
NH
7+ /TIPS
(+
335 336 J
Scheme 93
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Attack of methylenecyclopropane on the N-acyliminium ion 335 facilitates formation of
the allyl cation 336 which is then trapped by a chloride ion of the Lewis acid to give 333 in
69% yield.  Addition of a strong base in THF at room temperature formed

hexahydropyrrolizinone 334 in excellent yield.

Crystal structure determination of lactam 334 confirmed its identity and proved that the

Z-isomer had been formed (Figure 8).

at

Figure 8 Crystal structure of lactam 333.

GOESY studies on hexahydropyrrolizinone 334 confirmed the stereochemistry of the
double bond (Figure 9). Irradiation of Hp caused 2.68% enhancement in Hc protons and
no enhancement of HaHp. Irradiation of Ha caused 3.03% enhancement in the TIPS
protons and no enhancement in Hp. Irradiation of Hp caused 2.61% enhancement in the
TIPS protons and no enhancement in Hp. This evidence suggests that Ha and Hy are in
close proximity to the TIPS group and that Hp and Hc protons are in close proximity to

each other so the stereochemistry of 334 can safely be assumed to be that as shown.
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0 3.03%
HA\\ 0% 0 0 0%
N—t—He Ha 2.61% HA\\
TIPS N—TE Y7 N— B
TIPS TIPS
H
He Ho N
\/ D HC Hp

He
2.68%

Figure 9 GOESY studies of hexahydropyrrolizinone 334.

3.4.2 Optimisation of conditions.

Different researchers have reported differing quantities of Lewis acids and starting

. . . . . . 1 124, 125, 130
materials for optimum results which are specific to their chemistry. 03, It was

important to optimise this reaction so that these conditions could be applied to future work.

Thus, quantities used in the formation of cyclic lactam 333 were varied (Table 10).

Equivalents of TIPSMCP
Equivalents of TiCl4 4 3 2 1
1.5 63 69 59 45
1.2 - - - 38
1.0 - - - 8

a) % yield of purified material given after column chromatography.

Table 10

It was found that three equivalents of TIPSMCP and one and a half equivalents of TiCly
gave the best yield so these conditions were used with different Lewis acids and solvents
(Table 11). SnCly was utilised, as it was successful with the allylTMS.example. EtNO,,

as a more polar solvent, should stabilise the allyl cation 336.
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Lewis acid” | Solvent Conditions Yield of 333"
TiCly DCM ~78°C - -10°C,5 h 69
EtNO; -78°C —>10°C, 10 h 78
SnCly DCM ~78 °C — rt, then 4 days reflux 44
rt,7h 17
EINO; —78 °C — rt, then 42 h reflux 36

a) Reactions carried out with 0.775 mmol of 316, 2.323 mmol of TIPSMCP 175 and 1.162 mmol of Lewis acid in 10 mL

of solvent. b) % yield of purified material atter column chromatography.

Table 11

With TiCly the yield was better when EtNO, was the solvent rather than DCM, however,
this was not reflected in the SnCly results. Overall, SnCly gave lower yields. In addition it
was found that even though the reactions with SnCly; were slower and needed to be

refluxed, they still had to be commenced at -78 °C to get a moderate yield.

With reference to Peron’s work,109 in which the use of a non-nucleophilic Lewis acid
facilitated intramolecular trapping of the allyl cation intermediate, it was hoped that with
such Lewis acids, the nitrogen lone pair would be able to trap the allyl cation intermediate
336 (Scheme 94). Cyclisations were atternpted with In(OTf);, BF;-Et,O and BF;-2AcOH
in both DCM and EtNO; but unfortunately the nitrogen lone pair did not quench the allyl

cation intermediate and the reactions underwent decomposition.

0
LA
' NH T >
TIPS
OFt
175 316
Scheme 94
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3.4.3 Reactions with 5-methoxy-1-methyl-pyrrolidin-2-one.

Addition reactions of 5-methoxy-1-methyl-pyrrolidin-2-one 321 and TIPSMCP 175 were
attempted with a variety of Lewis acids. The reactions were carried out in either EtNO; or
DCM, adding the Lewis acid into the solution at —78 °C. The reaction was monitored by

TLC whilst being allowed to warm up slowly (Scheme 95).

0
L.A., solvent, -78 °C Me
NMe (@]
A U
OMe TIPS
X
321 175 337, X = Cl
338; X = OH
Scheme 95
Lewis acid” | Solvent Conditions X Yield"
TiCly DCM -78 °C, 30 min Cl 64
EtNO, -78 °C, 30 min Cl 28
SnCly DCM ~78 °C — 1t, then 8 hreflux | Cl 8
In(OTf); DCM -78°C — -60°C,2h - Decomposed
EtNO, —78°C = —-60 °C, 3 h OH 54
BF;-Et,O DCM —-78°C = -60°C,3h - Decomposed
EINO, ~78°C —-50°C,2h —~ Decomposed

a) Reactions carried out with 0.387 mmol of 321, 1.162 mmol of TIPSMCP 175 and 0.581 mmol of Lewis acid in 5 mL

of solvent. b) % yield of puritied material after column chromatography.

Table 12

In the case of TiCly, the yield is better when DCM is the solvent which surprisingly is

opposite to the NH analogue (Table 11). SnCl4 gave a very disappointing 8% yield. A
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reaction was attempted with In(OTf); to see what the outcome would be and interestingly
the product formed when EtNO, was the solvent, was the alcohol 338. In the absence of a
nucleophilic moiety in the lactam, the Lewis acid has quenched the reaction, presumably
via the triflate species which has been hydrolysed in the work-up to create the alcohol 338.
After this unexpected result, it was of interest to find out whether other Lewis acids
without a nucleophilic moiety behaved in the same manner. Reactions with BF;-Et,O in

both DCM and EtNO, did not produce any interesting products.

GOESY NMR spectroscopy was used in order to confirm the stereochemistry of the double

bond of lactam 337 (Figure 10).

0 0

NMe HC NMe HC
Ha ( Cl Ha Cl

H 0% H
® TIPS 5 TIPS
1.21% Ho H
2.91% 0%
2.91%

Figure 10 GOESY studies of lactam 337.

When proton Hp was irradiated it caused a 1.21% and 2.91% enhancement in HaHg
protons respectively and no enhancement in Hc protons. Irradiation of He protons caused a
6.15% enhancement in the TIPS group and no enhancement in Hp. Irradiation of protons
Ha and Hp caused 1.66% and 2.91% enhancements in Hp, respectively, and neither caused
enhancement to the TIPS group. Therefore the stereochemistry of 337 can be safely

assumed to also be the Z-isomer, the same as for the NH example 333.

GOESY studies of the alcohol 338 showed nearly identical enhancements to that of

allylchloride 337 thus proving that the isomer formed is also the Z-isomer (Figure 11).
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0
NMe HC NMe HC NMe HC
4.76%
Ha OH OH He OH
HB \ Oo/o Oo/o \ HB
TIPS TIPS TIPS
1.26% Fp Hp Hp

0%
2.94%

Figure 11 GOESY studies of alcohol 338.

3.4.4 Reactions with 5-methoxy-1-benzyl-pyrrolidin-2-one.

Addition of TIPSMCP 175 to 5-methoxy-1-benzyl-pyrrolidin-2-one 325 was accomplished
with three different Lewis acids (Scheme 96). The reactions were carried out in either
EtNO; or DCM, adding the Lewis acid into the stirring solution at =78 °C. The reaction

was monitored whilst being allowed to warm up slowly.

MeO TIPS X
325 175 339; X = Cl
340; X =F
Scheme 96

Since TiCly gave an excellent yield with DCM, this solvent was used for the rest of the
reactions (Table 13). SnCly also gave the desired allylchloride 339 in very good yield.
Interestingly, when BF;-Et;0 was used, the fluoride quenched the allylsilane intermediate
in an unprecedented fashion and formed allylfluoride 340. Unlike the methylated example,
In(OTf); did not furnish the allylalcohol, rather, the reaction underwent decomposition.
InCl; was used because it has been shown to promote allylTMS attack to 3,4-disubstituted
analogues of 325."° For allylTMS addition the Lewis acid simply needs to co-ordinate to

the methoxy group allowing formation of the N-acyliminium species which allylTMS can
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then attack. However, with TIPSMCP addition, if the allyl cation intermediate cannot be
quenched intramolecularly (route 1, Scheme 88), the Lewis acid also has to act as a
trapping agent (routes 2 and 3, Scheme 88). When InCl; mediated catalysis was attempted
with unsubstituted N-benzyl lactam 325 it underwent decomposition, presumably because
InCl; is not nucleophilic enough to quench the allyl cation intermediate. Unlike BF;-Et,0,

BF;-2AcOH did not quench the allyl cation intermediate.

Lewis acid® | Solvent | Conditions X Yield”
TiCly DCM -78°C —--30°C,4h Cl 85
EtNO, -78°C —-20°C,6h Cl 64
SnCly DCM —78 °C — rt, then 6 h reflux Cl 74
BF;-Et,0 DCM —78 °C — 1t, then 48 h at rt F 58
In(OTf); DCM -78 °C — -40°C, 8 h - Decomposed
InCl4 DCM -78°C - -20°C, 4h - Decomposed
BF;-2AcOH | DCM —78 °C = -60°C, 3 h‘ - Decomposed

a) Reactions carried out with 0.244 mmol of compound 324, 0.732 mmol of TIPSMCP 175 and 0.366 mmol of Lewis

acid in 5 mL of solvent. b) % yield of purified material after column chromatography.

Table 13

GOESY experiments prove that the allylchloride 339 was the Z-isomer, in accordance with
its analogues. The GOESY experiments of allylfluoride 340 also show that the product
formed is the Z-isomer (Figure 12). Irradiation of Hg caused 0.42% and 3.09%
enhancements in HaHp protons respectively and no enhancement in HcHp. Irradiation of
Hc and Hp caused 3.90% and 2.73% enhancements in the TIPS group respectively, and

both exhibited no enhancement in He. As a result, the structure can safely be assumed to

be as shown.

78



Chapter 3 Intermolecular reactions of MCP and N-acyliminium ions.

F . .
H 7 o
. \ o 3.90% Ha Hg
B 0% H \ 2.73%
TIPS B A
0.42% HE He
0% 0%

Figure 12 GOESY studies of allylfluoride 340.

3.4.5 Reactions with 5-methoxy-1-phenyl-pyrrolidin-2-one.

Addition of TIPSMCP 175 to 5-methoxy-1-phenyl-pyrrolidin-2-one 324 in the presence of
TiCly furnished allylchloride 341 in 66% yield (Scheme 97). Reactions were also
attempted with In(OTf);, to find out whether the alcohol could be synthesised, and
BF;-Et;O, to see whether the allylfluoride could be made. For both cases, the starting

materials decomposed.

o)
N@ TiCly, DCM,
-78 °C to -15 °C, O N
OMe TIPS 6h 66% = MIPs

324 175 341 Cl

Scheme 97

It is not surprising that these reactions were less facile because the nitrogen lone pair is in
conjugation with the aromatic system making the formation of the N-acyliminium species

harder. Once more, GOESY studies confirm that the geometry of the double bond of 341

is Z (Figure 13).
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0
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TIPS Ha
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6.13%
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Hg
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H
He 0% Cx\_,/)o%

Figure 13 GOESY studies of allylchloride 341.

3.4.6 Reactions with 6-methoxy-piperidin-2-one.

Since reactions between a range of 5-membered ring lactams and TIPSMCP were
successful with different Lewis acids, this methodology was extended to the synthesis of a
5,6-bicyclic lactam. Thus TiCly and BF;-Et;O were added to a stirring solution of

methoxylactam 318 and TIPSMCP 175 in DCM at —78 °C under nitrogen (Scheme 98).

o
(LA, DOM, NaH, THF, rt
kNH NH TIPS ", TIPS
T80 94%
OMe TIPS (R =CI)

318 175 342; R =Cl, 32% 344
343; R=F, 19%

Scheme 98

The reactions gave lactams 342 and 343 in low yields. Manipulations with reaction
temperatures and times for the TiCly case, did not serve to increase the yield. Addition of

NaH to lactam 342 in THF at room temperature gave the hexahydroindolizinone 344 in

excellent yield.
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GOESY studies on lactams 342 and 343 show that the geometry of the double bond is Z
for both compounds. The structure of lactam 344 was proved by X-ray crystallography
(Figure 14).

Figure 14 Crystal structure of lactam 344.

3.4.7 Reactions with 6-methoxy-1-methyl-piperidin-2-one.

Reactions were attempted also with 6-methoxy-1-methyl-piperidin-2-one 322 and
TIPSMCP 175 with TiCly and BF3-Et;O in DCM. The Lewis acid was added to the
solution at =78 °C, and the reaction was monitored by TLC whilst the reaction mixture was

allowed to warm up slowly (Scheme 99).

0
LA, DCM, -78 °C o Me
NMe WTIPS
OMe TIPS X

322 175 345; X =Cl, 27%
346; X =F, 20%

Scheme 99
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Lactams 345 and 346 were formed with TiCly and BF5-Et,0, respectively. Again, the

yields were lower than the 5-membered ring analogue.

GOESY NMR spectroscopy was used to confirm the stereochemistry of the double bond of

lactams 345 and 346 and one example is shown (Figure 10).

O 0 O
NMe He NMs Hg NMe Hq
5.60%
Hx F ) Fv Hy F
Hg \ 0% 0% \ Hg \
H TIPS L TIPS " TIPS
0.79% D D 1.33% o}

0%

2.39%
Figure 15 GOESY studies of lactam 346.

When proton Hp was irradiated it caused a 0.79% and 2.39% enhancement in HaHp
protons respectively and no enhancement in Hc. Irradiation of Hc caused a 5.60%
enhancement in the TIPS group and no enhancement in Hp. Iiradiation of proton Ha
caused a 1.33% enhancement in Hp and no enhancement to the TIPS group. Therefore the

stereochemistry of 346 can be assumed to be the Z-isomer.
3.5 Intramolecular trapping of the allyl cation intermediate.

Reactions involving the Lewis acid trapping of the allyl cation intermediates proved to be
successful. It was of interest to investigate whether the N-acyliminium ion could be
trapped intramolecularly from a nucleophilic aromatic ring rather than from the Lewis acid.
Since the allyl intermediate 348 forms for the unsubstituted benzyl group, it was of interest
to find out whether the reaction can be pushed to proceed via the mechanism shown to give

7- or 8-membered rings 349 (Scheme 100).
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Scheme 100

Addition of TIPSMCP 175 to 5-methoxy-1-benzyl-pyrrolidin-2-one 325 proceeded in
superior yields to the phenyl analogue 324, so m-methoxy benzyl pyrrolidinone 352 was
chosen. Thus, precursor 352 was synthesised in a three step procedure (Scheme 101). In
attempt to synthesise imide 353, amic acid 351 was formed which was then cyclised
following a method of Reddy et al using 1.5 equivalents of HMDS and one equivalent of
the Lewis acid ZnCl, in refluxing toluene."** Reduction of imide 353 was carried out using

the method of Klaver to give the desired cyclisation precursor in good yield.127

O o)
MeO\@ﬂNHZ toluene A OMe
0] _ N
4A molecular H@
o sieves OH
83% o
323 350 351
HMDS, ZnCly,
toluene A
69%
OMe @]
NaBH4,
N N
H*, MeCH
0 OMe  69% o) OMe
352 353

Scheme 101
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Cyclisations were attempted with TiCly and BF5-Et,O because they should be able to act as
a nucleophilic trapping agent for the allyl cation intermediate, and also with In(OTf)3 and
BF;-2AcOH because they should promote trapping of the allyl cation intermediate from the
electron rich aromatic group. The Lewis acid was added into the stirring solution of lactam
352 and TIPSMCP 175 at —78 °C, and the reaction was monitored by TLC whilst being

allowed to warm up slowly (Scheme 102).

/[ j\ N
N
78 °C 0
TIPS

TIPS
175 X MeG
353a: X = Cl 354
353b: X = F
Scheme 102
Lewis acid” | Conditions X Yield® of 353 Yield® of 354
TiCly —78°C —r1t,24h Cl 50 -
BF;5-Et,O —78°C —r1t,26h F 49 -
In(OTf)s ~78°C —-50°C,2h — Decomposed
BF;-2AcOH | -78 °C — —-40°C, 2 h - Decomposed

a) Reactions carried out with 0.213 mmol of compound 352, 0.638 mmol of TIPSMCP 175 and 0.319 mmol of Lewis

acid in 5 mL of DCM. b) % yield of purified material after column chromatography.

Table 14

When Lewis acids TiCly and BF5-EtO were used, as predicted the only products formed
were from Lewis acid trapping of the allyl cation intermediate; quench from the Lewis acid
was favoured over the 8-endo-trig cyclisation (Table 14). When non-nucleophilic

In(OTf); and BF5-2AcOH were used, it appears as though the 8-membered ring could not
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be formed quickly enough and the reaction underwent decomposition. GOESY
experiments of compounds 353a and 353b proved the stereochemistry of the double bonds

to be Z. The chloride example is shown (Figure 16)

SIS

Cl Cl
H/}: \ He Ha ( He, 2.65% Ha He
g TIPS| 0% He Tip 0.80%( Hs S
0.63% Ho Hg Hg
0% 2.56%

2.19%
Figure 16 GOESY studies of allylchloride 353a.

Irradiation of Hp caused 0.63% and 2.19% enhancements in HxHp protons respectively
and no enhancement in He. Irradiation of He caused 2.65% enhancement in the TIPS
group, and no enhancement in Hp. Irradiation of HaHp caused 0.80% and 2.56%

enhancement in Hp. As a result, the structure can safely be assumed to be as shown.
3.6 Acyclic N-acyliminium ion cyclisations with TIPSMCP.

Whereas cyclisations involving cyclic N-acyliminium ions have been extensively studied,
reactions involving acyclic N-acyliminium ions have been investigated much less.”
Although certain examples of allylTMS addition to acyclic N-acyliminium ions have been
shown to exhibit good yields the reactions are few and far between. Shono has shown that
addition of allylTMS 125 to bis-methoxymethyl-carbamic acid methyl ester 355 in the
presence of TiCly gives piperidines 357 in 65% yield and the presence of a propyl group
(356) increases the yield to 75% (Scheme 103).!%°
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cl
L
MeO/\f?I OMe s TiCla DCM,
CO,Me Z - NTR
COZME
355 R = H 125 357 R =H, 65%
356; R=Pr 358; R =Pr, 75%

Scheme 103

Intramolecular addition reactions of an allylTMS moiety to an acyclic N-acyliminium ion

has also been shown to proceed with ease (Scheme 104).136
E =",
EtO N/\/\L SnCl,, DCM,
| —_—
CO,Et i, 2h PR N
™S COLEt
359 360

Scheme 104

Hence it was of interest to determine whether acyclic analogues of previous studies
described herein would undergo reaction with TIPSMCP (Scheme 105). TIPSMCP
addition to N-(1-methoxy-ethyl)-acetamide 361 should lead to the N-acyliminium ion 188
which can then either undergo trapping from the Lewis acid, as previously seen (route 1),
or attack from the nitrogen lone pair (routes 2 and 3) to give products 362, 363 and 364

respectively.
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Scheme 105

Consequently, acetamide 363 was formed from reduction of diacetamide using a method of
Klaver in a low 23% yield."”” Four Lewis acids were chosen for the cyclisation step and
were added to a stirring mixture of acetamide 363 and TIPSMCP 175 at -78 °C. The

reaction was monitored by TLC whilst being allowed to warm up slowly (Scheme 106).

o
(O —< O 1ips 0
L.A., DCM, NH M M TIPS

NH _ - N N
TIPS : —
AL Y- T~

OMe
X
363 175 362a; X = Cl 363 364
362b: X = F
Scheme 106

Surprisingly products 362 were not formed (Table 15). However, when BF;-Et;0O and
SnCly were used the products formed were pyrrolidine 363 and pyrrolidines 364 formed as
a 1:1 mixture of isomers, thus showing that the intramolecular trapping from the nitrogen

lone pair could compete against the quench from the Lewis acid. This reaction was
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presumably able to occur because there was no steric constraint in the N-acyliminium
species. TiCly simply caused the reaction to decompose immediately and addition of
In(OTf); did not bring about a reaction at all and the starting materials underwent
decomposition. This work offers an attractive route to the formation of substituted N-

acylpyrrolidines in reasonable mass balance.

Lewis acid” | Conditions Yield® of Yield® of | Yield" of
362 363 364

BF;Et;0 ~78°C —1t,26 h - 39 23 (1:1)°

SnCly ~78°C —1t,5h - 17 11 (1:1)°

TiCly -78 °C Decomposed immediately

In(OTf); ~-78°C —-50°C,7h No reaction then decomposed

a) Reactions carried out with 0.427 mmol of compound 361, 1.282 mmol of TIPSMCP 175 and 0.641 mmol of Lewis
acid in 5 mL of DCM. b) % yield of purified material after column chromatography. ¢) E:Z isomer ratio as determined by

peak integration of "H NMR,
Table 15
3.7 Reactions using disubstituted methylenecyclopropane.

Addition reactions of TIPSMCP to N-acyliminium ions have consistently made the

Z-isomer. Therefore it was of interest to investigate which isomer would be formed when

a 1,1-disubstituted methylenecyclopropane was used.

3.7.1 Synthesis of precursors.

A simple propyl analogue was chosen and synthesised. using the method of Patient
(Scheme 107).”* Disubstituted methylenecyclopropane 365 could not be synthesised from
TIPSMCP, thus methylenecyclopropane 1 was treated with "BuLi and the subsequent
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anion quenched with TMSCI to give 212. A second equivalent of "Buli was added

followed by iodopropane to give 366 in 74% yield.

i) "BuLi, THF,
A 75 o i) "BuLi
ii) RCI iv) Pri
= R

1 175; R=TIPS 365; R =TIPS, 0%
212, R =TMS 366; R =TMS, 74%

Scheme 107

3.7.2 Cyclisation reactions.

Reactions were carried out with 1,1-disubstituted methylenecyclopropane 366 and lactams
316 and 325 in DCM using TiCly, SnCly, In(OTf); and BF3-Et,O since they had displayed
good results when TIPSMCP was used. The Lewis acid was added to the reaction mixture

at —78 °C and the reaction was allowed to warm up slowly whilst being monitored by TLC

(Scheme 108).

0 0
0
NR' NR'
Q LA, N or or
_—
NR'
M DCM, -78 °C X X
™S OR2 TMS T™S ™S
366 316; R' = H, R® = Et 367:R'=H 368a; R' = H 369a; R'=H
325: R' = Bn, RZ = Me 368b; R' =Bn 369b: R' = Bn
Scheme 108

Reactions using TiCly, SnCly and BF5-Et;0O with methylenecyclopropane 366 and ethoxy
lactam 316 in DCM all decomposed at —78 °C (Table 16). Reactions involving methoxy
lactam 325 in the presence of BF3-Et,O and In(OTf); were also unsuccessful as the isolated

compounds formed were unwanted by-products derived from the methoxy lactam.
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However, when TiCly was used two products, 368b and 369b, were formed as a 3:1
mixture of regioisomers. They were not separable by column chromatography or by HPLC
methods and as a result the NMR spectra cannot be conclusively assigned. Distinctive
peaks of 368b can be identified in the “C NMR spectrum by comparison with its

analogues. Similarly, compound 369b also has distinctive peaks in the alkene region of the

BC NMR.

R' 'R* | Lewisacid® | Conditions X | Yield |Yield® | Yield
of 367 | of 368 of 369

H | Et TiCly -78 °C Cl | Decomposed

H | Et BF;-Et,0 _78 °C F Decomposed

H | Et SnCl, —78°C Cl | Decomposed

Bn | Me | TiCly -78°C,2h Cl |- 60 (3:1)°

Bn | Me BF;5-Et,O -78°C - -10°C,6 h — By-products

Bn | Me | In(OTb); ~78°C > r1t,6h — By-products

a) Reactions carried out with 1 eq. of lactam, 3 eq. of 366 and 1.5 eq. of Lewis acid in 5 mL of DCM. b) % yield of
purified material after column chromatography. c) Regioisomer ratio of 368b:369b as determined by peak integration of

'HNMR.
Table 16
3.8 Intramolecular Trapping by an N-Boc group.

Brocherieux-Lanoy‘ et al. have published some interesting work in which they had a
surprise result from allylTMS addition to a Boc-protected pyrrolidine (Scheme 109).125
The Lewis acid co-ordinates to the methoxy group of 370, allowing formation of the
N-acyliminium ion 373. Attack from the nucleophilic allylsilane gives the B-silyl
carbocation 374 which undergoes intramolecular trapping from the Boc group. Loss of

2-methylpropene leads to formation of silylated oxazinone 371 in moderate yield along
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with the expected allylated compound 372. In addition, when allylTIPS was used, the
TIPS-containing oxazinone could be synthesised cleanly in 73% yield with no allylation

product formed. This was due to increased stability of the intermediate cation 374 caused

by the more electron-donating silicon group.119

O\ allylTMS,TiCly W
OMe + =
h

N

@)

N
>< DCM, -78 °C
O/go )\O SiMeg Boc
370

371; 42% 372;21%

((\/B‘/H —_— +N)
N —~
pYe L 3(0)& 5
© © SiMe3 H SiM63
375

Scheme 109

Thus it was of interest to determine whether addition of TIPSMCP to an N-Boc-protected

methoxy lactam 370 could be facilitated (Scheme 110).

4;>\OMe TIPSMCP, L.A. N TIPS
_
PN A
370

376
;,\'T;\/ TNy TIPS
TN
o~ o H
TIPS
373 377 378

Scheme 110
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The Lewis acid should allow formation of N-acyliminium ion 373 which should undergo
attack from TIPSMCP to give the allyl cation intermediate 377. Intramolecular trapping
from the Boc group followed by loss of 2-methylpropene should lead to formation of
5,7-bicyclic compound 376. It was hoped that the intramolecular trapping from the
Boc-group would be able to compete favourably with trapping of the allyl cation

intermediate from the Lewis acid, as seen previously.

3.8.1 Synthesis of precursors and test reactions.

Since an abundance of ethoxylactam 316 was available, it was Boc-protected in excellent
yield. Addition reactions of allylTMS with Lewis acids TiCls, In(OTf); and BFs;-Et;O in
DCM were carried out at —78 °C (Scheme 111). None of the desired silylated oxazinone
380 was produced, presumably due to interference of the carbonyl group; indeed the lone
pair of the nitrogen is more inclined to delocalise with the carbonyl of the lactam than
facilitate cyclisation towards the ozazinone 380. Furthermore the Boc-group was not
present on the isolated product 328, again it was assumed that the N-Boc bond had been

weakened by the presence of the carbonyl group of the lactam.

O

BuLl THF allylTMS, L. A. oé\/-)\/\ o
NBoc N N
ii) BOCQO DCM H + )\ M
OEt i) NH4ClI, 89% OEt 0 e}
316 379 328;84-88% 380; 0%
Scheme 111

It was considered important to synthesise N-Boc protected pyrrolidine 383. Two methods
were atte/:mpted. Firstly, anodic ¢-methoxylation of N-Boc-pyrrolidine 383 was conducted
in an uhdivided cell fitted with two graphite electrodes in MeOH (0.5 M) using
tetrabutylammonium tetrafluoroborate as a supporting electrolyte for three hours using the
method of Shono."*” During electrolysis the temperature of the reaction was maintained at
—10 °C (Scheme 112). Initially the reaction was unsuccessful as N-Boc-pyrrolidine 382

was being over-methoxylated, even though the reaction was carried out at low temperature
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and with low current (10 mAcm™). On repeating the experiment with a lower current
(5 mAcm®) and with a shorter reaction time (2 h) the correct product was formed in a yield
of less than 1% along with unreacted starting material. The reason for the low yield could

be because the conditions described by Shono could not be replicated precisely.

Boc,O, DMAP [\ +2¢", MeOH O\
OMe

N EtgN, DCM N -2H" N
97% Boc Boc
381 382 383
Scheme 112

The second method provided N-Boc-2-methoxy-pyrrolidine 383 cleanly and efficiently in

an overall 43% yield from 2-pyrrolidinone 384 using the method of Rassu er al.

(Scheme 113).'*

/A/-> Bocs,O, DMAP 4(3 LiEt;BH D CH(OMe)3 D
r————— - —_— —_—
0 07y HO BFs.Et,0,  Me0™ ™y

H EtsN, DCM, THF 59% N )
o, | | A i
n90% Boc Boc 4AOMo|. sieves Boc
384 385 386 81% 383
Scheme 113

Boc-protection of 2-pyrrolidinone 384 was carried out in excellent yield followed by
reduction of the carbonyl moiety with triethylborohydride (Superhydride®) in 59% yield.

Formation of 383 using methylorthoformate also proceeded in excellent yield.

Reaction of allylTMS with N-Boc-2-methoxy-pyrrolidine 370 was carried out using the
method of Brocherieux-Lanoy et al. and the reaction was complete in 5 minutes at =78 °C

giving oxazinone 371 and allylated compound 372 in yields comparable to Brocherieux-

Lanoy et al.'®
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allylTMS, TiCl, (’)\/\
M - =
OMe + N

N

N
DCM, -78 °C
! |
Xo/go A SiMes Boc

O O
370 371; 54% 372; 13%

Scheme 114

3.8.2 Reactions with TIPSMCP.

The cyclisation reaction of N-Boc-2-methoxy-pyrrolidine 370 and TIPSMCP 175 was
carried out using TiCly and BF;-Et,O in DCM at —78 °C under an inert atmosphere and the
reactions were allowed to warm slowly as they were monitored by TLC. Two products

were formed (Scheme 115).

>< /& Q} ’ jS/ﬂps
TIPS DCM,-78°C O%\o TIPS o)\o
370

376 387

Scheme 115
Lewis acid® | Conditions Yield® of 376 Yield® of 387 |
TiCly 78°C—=0°C,6h 11 9
BE; Et,O -78°C —1t, 36 h 40 10

a) Reactions carried out with 0.476 mmo! of compound 370, 1.428 mmo!l of TIPSMCP 175 and 0.714 mmol of Lewis

acid in 5 mL of DCM. b) % yield of purified material after column chromatography.

Table 17

Both Lewis acids gave 5,7-bicycle 376 and 3,6-spirocycle 387 (Table 17). BF;Et,O

catalysed the reaction with much better mass balance, perhaps due to it being a less harsh
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Lewis acid. Interestingly, no products were formed from trapping of the allyl cation

intermediate by the Lewis acid.

To elucidate the stereochemistry of the double bond of compound 376 GOESY

experiments were performed (Figure 17).

Figure 17 GOESY studies of compound 376.

When Hc was irradiated it caused a 5.87% enhancement in HaHgp protons and no
enhancement in HpHg protons. Irradiation of Hg and Hp both caused no enhancement in
He. Trradiation of protons Ha and Hp caused 3.76% and 4.36% enhancements in Hc
respectively and neither caused enhancement to the TIPS group. Therefore the

stereochemistry of the double bond can safely be assumed to be that as shown.

The formation of 387 can be rationalised by the mechanism shown (Scheme 116). The
Lewis acid allows formation of N-acyliminium ion 373 which undergoes attack from
TIPSMCP. Rather than the cyclopropene opening to give the allyl cation intermediate, the
intramolecular trapping from the Boc group occurs directly onto the cyclopropyl cation
389. Loss of 2-methylpropene then leads to formation of 3,6-spirocyclic compound 388.

This result is surprising because cyclopropyl cation rearrangement is known to be very
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rapid139 but presumably, the increased stabilisation of the B-cation, owing to the electron-

donating TIPS group, permits this route.

Q\OMe TIPSMCP, L.A. N TIPS
Xoko DCM o)\o
370

387
SN PV b +NY
+ TIPS
PPN N S
o o 407 o
TIPS
a73 TIPS 388 H 389

Scheme 116

3.8.3 Reactions with 1,1-disubstituted methylenecyclopropane.

By using a 1,1-disubstituted methylenecyclopropane it was hoped that additional steric
hindrance on the cyclopropyl ring might aid ring opening to the allyl cation intermediate
thus enhancing the yield of 5,7-bicyclic systems. Additionally, the use of a less electron-
donating silyl group (e.g. TMS) might encourage the cyclopropyl B-cation to ring-open.
Thus two different Lewis acids were added to a stirring solution of 1,1-disubstituted
methylenecyclopropane 366 and N-Boc-2-methoxy-pyrrolidine 370 —78 °C in DCM. The
reactions were allowed to warm slowly as they were monitored by TLC. This time, only

one product was formed (Scheme 117).

N OMe L.A. N + N
p%e oow 7e0
oko TMS DCM, -78 °C o%\O TMS o)\o ™S
370

366 390 391
Scheme 117
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The yields of 390 are greatly improved when 1,1-disubstituted methylenecyclopropane is
used rather than TIPSMCP (Table 18). It can be assumed that 3,6-spirocyclic product 391
was not formed for two reasons. Firstly, the -cation not being stabilised with TMS as
much as with a TIPS group. Secondly, the presence of a sterically hindering propyl group

may have caused the cyclopropyl ring opening to be more facile.

Lewis acid® | Conditions Yield® of 390 Yield® of 391
TiCly —78 °C, 30 min 35 0
BF;-Et,O ~78°C —s 1t, 24 h 62 0

a) Reactions carried out with 0.238 mmol of compound 370, 0.714 mmol of 366 and 0.357 mmol of Lewis acid in 5 mL

of DCM. b) % yield of purified material after column chromatography.
Table 18

3.9 Conclusions.

Intermolecular reactions of methylenecyclopropane and N-acyliminium ions have proved
to be successful. A range of 5- and 6-membered rings with different substituents on the
nitrogen have undergone reactions with TIPSMCP with good to excellent optimised yields
with the allyl cation intermediate undergoing trapping from the Lewis acid. Although it
was not possible to facilitate intramolecular cyclisations onto the allyl cation intermediate
from either NH systems or from a nucleophilic aromatic ring, bicyclic structures were
formed for the NH systems when pushed with a strong base. However, for the acyclic
system 361, BF;-Et;O and SnCls were able to intramolecularly catalyse the formation of
pyrrolidines 363 and 364, thus showing that the intramolecular quench from the nitrogen

lone pair could compete with the quench from the Lewis acid.

Reactions of lactams 365 and 366 with 1,1-disubstituted methylenecyclopropane 366 were

mostly unsuccessful.
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Intermolecular reactions between TIPSMCP and Boc-protected lactam 383 underwent an
intramolecular quench by the Boc group to give 5,6-bicyclic compound 376 and
3,6-spirocyclic product 387. The formation of the 3,6-spirocyclic product could be halted
by using a 1,1-disubstituted methylenecyclopropane with TMS substitution due to the

intermediate not being as stabilised by the silyl group.
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4.1 General experimental.

Reactions requiring anhydrous conditions were conducted in oven-dried or flame-dried
glassware. For reactions at low temperatures acetone-card-ice baths were used. Materials
were purchased from commercial sources and used as received. When necessary, solvents

and materials were purified prior to use using standard techniques as described by Perrin

and Armarego.'*’

All anhydrous solvents were prepared by refluxing with an appropriate drying agent and
purified by distillation. THF was refluxed from sodium and benzophenoﬁe under argon
until a persistent purple colour was maintained. DCM and triethylamine were refluxed
from CaH,. Petroleum ether was distilled at fractional boiling point between 40 °C and
60 °C. Nitroethane was distilled before use. The distilled solvents were taken using the
usual syringe techniques. Methylenecyclopropane was handled using the experimental

methods as described by Thomas.*

Thin layer chromatography was performed on aluminium backed sheets coated with silica
gel (0.25 mm) containing the fluorescent indicator UV,s4. The plates were visualised under
UV lamp at 254 nm and/or using KMnO, or Ceric ammonium molybdate stains. Flash
chromatography was performed following the procedure outlined by Still,"" on Sorbil Cgq,

40-60 mesh Silica. The eluent solvent ratios are reported by volume prior to mixing.

4.2 Instrumentation.

Infrared spectra were obtained on a Golden Gate Bio-Rad FT-IR - spectrometer.
Absorptions are given in wavenumbers (cm). The relative intensity of the peaks are
reported within the brackets using the following abbreviations; broad (b), strong (s),

medium (m), weak (w).
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'H NMR spectra were recorded at 300 MHz on a Bruker AC 300 spectrometer or 400 MHz
on a Bruker DPX 400 spectrometer using the deuterated solvent as the lock and the
residual protons as internal standard. Peak positions are quoted against the 0 scale relative
to the residual chloroform signal (6 = 7.27), using the following abbreviations; singlet (s),
doublet (d), triplet (t), quartet (q), quintuplet (quin) and multiplet (m). BC NMR spectra
were obtained at 75.5 MHz on a Bruker AC 300 or at 100 MHz on a Bruker DPX 400
spectrometer using the solvent as lock and internal standard. “C spectra were proton
decoupled and the multiplicities of the signals are quoted within the brackets using the
following notation; quarternary (0), tertiary (1), secondary (2), primary (3), as supported by
DEPT experiments at 135°. 1D GOESY and 2D correlation NOE, COSY and HMQC were
carried out on some compounds to give conclusive assignment of the spectrum. Coupling

constants, J, are measured in Hertz (Hz).

Low resolution CI and EI spectra were obtained on a Thermoquest TraceMS gas
chromatography mass spectrometer, and ES” mass spectra were obtained on a Micromass
platform with a quadrupole mass analyser. High resolution CI and EI mass spectra were
obtained on a VG 70SE normal geometry double focusing mass spectrometer. High
resolution ES mass spectra were obtained on a Bruker Apex 11T FT-ICR mass spectrometer,
or on a Micromass Q-Tof 1 mass spectrometer. M/z signals are reported in atomic mass

units followed in brackets by the ion found and peak intensity.

X-Ray diffraction data was obtained on an Enraf Nonius KappaCCD diffractometer, and

the structures were determined by direct methods using the program SHELXS97 and

refined using SHELXI.97.
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4.3 Experimental for Chapter 2.

Methylenecyclopropane 1

A

Following the method described by Binger et alM!

Distilled methallyl chloride (280 mL, 2.84 mol) was added drop-wise over a 9 hour period
to a rapidly stirred suspension of sodium amide (139 g, 3.56 mol) in dry di"butyl ether
(400 mL) at 130 — 140 °C under a slow stream of nitrogen. The reaction flask was fitted
with a cold finger condenser (=70 °C) and 3 traps; the first trap was at room temperature
and the two subsequent traps at =78 °C. The reaction mixture was refluxed for a further
10 hours after addition. The cold finger condenser was warmed to 30 — 40 °C and products
were collected in the second trap. The upper layer of ammorﬁa was allowed to evaporate.
The lower layer contained a mixture of methylenecyclopropane 1 and methylcyclopropene

5 (100 mL, 52%) in a 4.7:1 ratio.
The resulting mixture was added to a solution of ‘BuOH (10 g, 0.13 mol) and distilled

DMSO (25 mL) at 0 °C under a slow stream of nitrogen. ‘BuOK (8 g, 0.07 mol) in DMSO
(25 mL) was added over a 3 hour period. The mixture was allowed to warm to 45 °C over
a 14 hour period under a cold finger condenser at 60 °C. The cold finger was allowed to
warm to 35 °C over 6 hours and methylenecyclopropane 1 (80 g, 100% from the mixture
of isomers) was collected in traps at =78 °C.

"H NMR (300 MHz, CDCly) 8y = 5.42 (2H, s, CHs), 1.08 (4H, s, CH,CH,) ppm.

BC NMR (75.5 MHz, CDCly) 8¢ = 131.2 (0), 103.2 (2), 2.9 (2) ppm.

Spectroscopic data agrees with Binger ef al.*!
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1-Phenyl-2-[2-trimethylsilyl-1-cyclopropenyl]ethanol 213

N
TMS

Following a method described by Sternberg et al.'®

"Butyllithium (2.37M, 16.0 mL, 25.6 mmol) was added to a stirring solution of
methylenecyclopropane (12.9 mL, 25.6 mmol) in dry THF (80 mL) at =70 °C under
nitrogen. The reaction mixture was warmed to room temperature over 1% hours, stirred at
room temperature for 15 minutes and then cooled to —70 °C. Freshly distilled TMSCI
(3.25 mL, 25.6 mmol) was added, the reaction mixture warmed to room temperature over
45 minutes, stirred at room temperature for 25 minutes before being cooled to =70 °C.
"Butyllithium (2.37 M, 16.0 mL, 25.6 mmol) was added and the warming process repeated
‘before addition of benzaldehyde (2.86 mL, 28.2 mmol) at =70 °C. The reaction was
allowed to warm to room temperature, stirred for 18 hours and was then quenched with
saturated ammonium chloride (40 mL). The aqueous layer was extracted with DCM,
washed with brine, dried (MgSQy,) and concentrated in vacuo to give the crude material as
a yellow oil. The crude material was purified by column chromatography (10% Et;O—PE)
to give the title compound 213 as a yellow oil (4.09 g, 69%).

Rf =0.73 (3:7 PE-Et,0).

FT-IR (solution) Viuy = 3347 (bw), 2952 (m), 2867 (m), 1790 (m), 1455 (m), 1244 (s),
999 (s), 839 (s) cm™.

"H NMR (300 MHz, CDCl3) 84 = 7.30 — 7.11 (5H, m, Ar), 4.85 (1H, t, J = 5.5 Hz,
CHOH), 2.90 (1H, dd, J = 5.5, 16.0 Hz, PhCHCH,Hg), 2.82 (1H, dd, J = 5.5, 16.0 Hz,
PhCHCHaHp), 2.05 (1H, OH), 0.66 (1H, d, J = 7.5 Hz, CHsH5C(TMS)), 0.62 (1H, d, J =
7.5 Hz, CHAHpC(TMS)), —0.07 (9H, s, Si(CH3)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 145.0 (0), 132.6 (0), 129.6 (1), 129.2 (1), 127.3 (1),
110.4 (0), 73.9 (1), 40.0 (2), 7.5 (2), 0.0 3) ppm. |
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LRMS (EI) m/z =73 [Si(CH3)3]" 100%, 232 [M]" 5%.
HRMS (EI) C14H20Si [M] requires 232.1283, found 232.1277.

1-Phenyl-2-[2-trimethylsilyl-1-cyclopropenyl]ethyl (trimethylsilyl) ether 214

Ph

OTMS

™S

Following the method of Corey.'"*

Et;N (0.23 mL, 1.72 mmol) was added to a stirring solution of 1-phenyl-2-[2-
trimethylsilyl-1-cyclopropenyl]ethanol 213 (200 mg, 0.86 mmol) in THF (6 mL) under
nitrogen. Freshly distilled TMSCI (0.163 mL, 0.13 mmol) was added and the reaction was
monitored by TLC. After 6%2 hours the reaction was quenched with water (5 mL). The
aqueous layer was extracted with Et,O, washed with brine, dried (MgSO,) and solvents
removed in vacuo. The crude liquid was purified by column chromatography (20%
Et,O-PE) to give the title compound 214 as a yellow liquid (197 mg, 75%).

Rf =0.73 (3:7 EtOAc—PE).

FT-IR (solution) Vmux = 2974 (m), 2882 (m), 1795 (m), 1244 (s), 1084 (m), 1069 (m),
904 (s), 834 (s), 729 (s) cm’"

"H NMR (300 MHz, CDCl3) 8 = 7.30 — 7.18 (5H, m, Ar), 4.90 (1H, t, J = 6.5 Hz,
CHO(TMS)), 3.02 (1H, dd, /= 6.5, 14.5 Hz, PACHCH4Hg), 2.87 (1H, dd, /= 6.5, 14.5 Hz,
PhCHCHaHj;), 0.72 (1H, d, J = 7.5 Hz, CH,HgC(TMS)), 0.67 (1H, d, J = 7.5 Hz,
CHAHRC(TMS)), 0.05 (9H, s, OS1(CH3)3), 0.00 (9H, s, Si(CHs)3) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 144.9 (0), 132.0 (0), 128.2 (1), 127.3 (1), 126.1 (1),
108.2 (0), 73.2 (1), 37.9 (2), 6.4 (2), 0.2 (3), 1.4 (3) ppm.

LRMS (E) m/z = 73 [Si(CH3)3] " 100%, 179 [PhCHOSi(CH3)s]" 100%, 231 [M]" 10%.
HRMS (EI) C17H330S1; requires 304.1679, found 304.1681.
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2-[2-(Dimethyl-phenyl-silyl)-cycloprop-1-enyl]-1-phenyl-ethanol 223

Following a method described by Sternberg et al.™®

"Butyllithium (2.31 M, 3.47 mlL, 8.0 mmol) was added to a stirring solution of
methylenecyclopropane (0.81 mL, 12.0 mmol) in dry THF (20 mL) at =70 °C under
nitrogen. The reaction mixture was warmed to room temperature over 12 hours, stirred at
room temperature for 15 minutes and then cooled to =78 °C. Dimethylphenylsilylchloride
(1.34 mL, 8.0 mmol) was added, the reaction mixture warmed to room temperature over
2% hburs, stirred at room temperature for 15 minutes before being cooled to —78 °C.
"Butyllithium (2.31 M, 3.47 mL, 8.0 mmol) was added and the warming process repeated
before addition of benzaldehyde (0.61 mL, 6.0 mmol) at —78 °C. The reaction was allowed
to warm to room temperature and stirred for 17 hours followed by a quench with saturated
ammonium chloride (20 mL). The aqueous phase was extracted with diethyl ether, washed
with brine, dried (MgSO,) and concentrated in vacuo to give the crude material as a yellow
oil. The crude material was purified by column chromatography (1% Et;O-PE) to give the
title compound 223 as a yellow oil (2.0 g, 85%).

Rf =0.32 (1:9 Et;0-PE).

FT-IR (solution) Vmux = 3372 (bw), 2956 (m), 2874 (m), 1797 (m), 1247 (m), 1113 (m),
1008 (m), 834 (s), 814 (s) cm™.

"H NMR (300 MHz, CDCl3) 8y = 7.48 — 7.18 (10H, m, Ar), 4.78 (1H, t, J = 6.5 Hz,
CHOH), 3.02 (1H, dd, J = 6.5, 16.0 Hz, PhCHCH,4Hg), 2.95 (1H, dd, J = 6.5, 16.0 Hz,
PhCHCHuHp), 2.05 (bd, J = 3.0 Hz, OH), 0.82 (1H, s, CH,CSi), 034 (6H, s,
SiPh(CHj),) ppm.
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BC NMR (75.5 MHz, CDCls) 8¢ = 143.6 (0), 137.7 (0), 133.8 (1), 133.1 (0), 129.4 (1),
128.6 (1), 128.0 (1), 127.8 (1), 125.8 (1), 106.9 (0), 72.4 (1), 38.6 (2), 7.0 (2),
-2.4 (3) ppm.

LRMS (ED) m/z = 135 [SiPh(CH;3),]" 100%, 294 [M]* 25%.

HRMS (EI) C19H»O0Si [M]* requires 294.1440, found 294.1429.

Trimethyl-{2-[2-phenyl-2-(tetrahydrofuran-2-yloxy)-ethyl]-cycloprop-1-enyl}-silane

231
Ph Ph
H'j ‘\\Hlj
LT
™S

A solution of 2-ethoxytetrahydofuran (26 mg, 0.237 mmol) in DCM (0.5 mL) was added to

1-phenyl-2-[2-trimethylsilyl-1-cyclopropenyl]ethanol 213 (50 mg, 0.215 mmol) in DCM
(0.5 mL) at =78 °C under nitrogen followed by addition of the Lewis acid. The reaction
was monitored by TLC and on completion the reaction mixture was quenched with water
(5 mL). The aqueous layer was extracted with DCM, washed with brine, dried (MgSQOy)
and concentrated in vacuo. The crude material was purified by column chromatography
(1% Et;O-PE) to give the title compound 231 as a colourless liquid (for yields and

conditions see Table 3).

Major diastereoisomer

Rf =0.47 (1:4 Et,O—PE).

FT-IR (solution) Vmyx = 2954 (m), 2875 (m), 1799 (m), 1454 (w), 1247 (s), 1024 (s),
918 (m), 838 (s), 755 (m), 699 (s) cm™. |

'H NMR (300 MHz, CDCls) 8y = 7.27 — 7.17 (5H, m, Ar), 4.95 — 4.84 (2H, m, OCHPh &
OCHO), 3.85 — 3.75 (2H, m, OCH,), 3.02 (1H, dd, J = 7.0, 15.0 Hz, PhCHCH4Hp), 2.81
(1H, dd, J = 7.0, 15.0 Hz, PhCHCHxHjp), 1.95 — 1.70 (4H, m, OCH,CH, and
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OCH,CH,CH,), 0.68 (1H, d, J = 7.5 Hz, CH,HsC(TMS)), 0.62 (1H, d, J = 7.5 Hz,
CHAH3C(TMS)), 0.00 (9H, s, Si(CH3)s) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 141.8 (0), 132.0 (0), 128.4 (1), 127.7 (1), 127.2 (1),
108.8 (0), 100.7 (1), 75.1 (1), 67.0 (2), 37.1 (2), 32.4 (2), 23.6 (2), 6.4 (2), —1.4 (3) ppm.

LRMS (CI) m/z = 71 [(CH,);CHO]" 12%.
HRMS (EI) C15H350,Si [M — H]" requires 301.1624, found 301.1612.

Minor diastereoisomer

Rf =0.41 (1:4 Et,0O—-PE).

FT-IR (solution) vy = 2955 (w), 2875 (w), 1799 (m), 1248 (m), 1035 (m), 839 (m) cm’.
'"H NMR (300 MHz, CDCls) 8y = 7.35 — 7.20 (5H, m, Ar), 5.32 (1H, m, OCHO), 4.85
(1H, t, J = 7.0 Hz, OCHPh), 3.71 (1H, dd, J = 7.0, 14.0 Hz, OCH,HgCH>), 3.63 (1H, dd,
J=16.0, 14.0 Hz, OCHaH;), 3.11 (1H, dd, J = 7.0, 15.5 Hz, PhCHCH4Hg), 2.95 (1H, dd,
J=17.0, 15.5 Hz, PhCHCHaHp), 2.05 — 1.78 (4H, m, OCH,CH, & OCH,CH,CH,), 0.72
(2H, s, CH»(TMS)), 0.08 (9H, s, Si(CH3)3) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 143.2 (0), 131.5 (0), 128.2 (1), 127.2 (1), 126.3 (1),
110.0 (0), 103.5 (1), 76.7 (1), 67.0 (2), 37.1 (2), 32.4 (2), 23.6 (2), 6.4 (2), —1.4 (3) ppm.
LRMS (CD m/z =71 [(CH,);CHO]™ 100.

HRMS (EI) C15H»50,Si [M — H]" requires 301.1622, found 301.1624.

Trimethyl-{2-[2-phenyl-2-(tetrahydrofuran-2-yloxy)-ethyl]-cycloprop-1-enyl}-silane
231 from 1-phenyl-2-[2-trimethylsilyl-1-cyclopropenyl]ethyl (trimethylsilyl) ether 214

Ph Ph
HH “HH
TN LT

TMS TMS

A solution of 2-ethoxytetrahydofuran (21 mg, 0.184 mmol) in DCM (0.5 mL) was added to
1-phenyl-2-[2-trimethylsilyl-1-cyclopropenyljethyl (trimethylsilyl) ether 214 (28 mg,
0.092 mmol) in DCM (0.5 mL) at =78 °C under nitrogen followed by addition of the Lewis
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acid. The reaction was monitored by TLC and on completion the reaction mixture was
quenched with water (5 mL). The aqueous layer was extracted with DCM, washed with
brine, dried (MgSQy) and solvents removed in vacuo. The crude liquid was purified by
column chromatography (1% Et,0-PE) to give the title compound 231 as a colourless
liquid (for yields and conditions see Table 4).

Spectroscopic data identical to that previously described.

[2-(2-[1-(tert-Butyl)-dimethylsilylJoxy-2-phenylethyl)-1-
cyclopropenyl](triisopropyl)silane 232

OTBDMS

AN

™S O

Imidazole (0.76 g, 11.2 mmol) was added to a stirring solution of 1-phenyl-2-[2-
trimethylsilyl-1-cyclopropenyl] ethanol 213 (1.3 g, 5.6 mmol) in THF (30 mL) at room
temperature under nitrogen. TBDMSCI (1.26 g, 3.4 mmol) was added and the reaction
was monitored by TLC. After 2 days there was no change to the reaction mixture so it was
quenched with water (5 mL) and extracted with Et,O. The organic layer was washed with
brine, dried (MgSQOy4) and solvents removed in vacuo. The liquid was purified by column
chromatography (0 — 10% Et,O-PE) to give the title compound 232 as a yellow liquid
(960 mg, 48%).

Rf =0.95 (1:4 Et,O-PE).

FT-IR (solution) Vpux = 2962 (m), 2859 (m), 1799 (m), 1468 (m), 1241 (s), 1074 (s),
837 (s) cm™.

'"H NMR (300 MHz, CDCl3) 8y = 7.30 — 7.20 (5H, m, Ar), 442 (1H, t, J = 6.5 Hz,
OCHPh), 3.00 (1H, dd, J = 6.5, 14.5 Hz, PhCH, Hp), 2.74 (1H, dd, J = 6.5, 14.5 Hz,
PhCHaHp), 0.82 (9H, s, Si(CH;),(CCHs)3), 0.72 (1H, d, J = 7.5 Hz, CH\HsC(TMS)),
0.68 (1H, d, J = 7.5 Hz, CHaHRC(TMS)) 0.05 — —0.25 (15H, m, Si(CH3)2(CCH3); &
Si(CH3)3) ppm.
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BC NMR (75.5 MHz, CDCl3) 8¢ = 145.2 (0), 132.0 (0), 128.1 (1), 127.2 (1), 126.1 (1),
73.3 (1), 40.0 (2), 25.9 (3), 18.3 (0), 6.5 (2), —1.5 (3), 4.5 (3) ppm.

LRMS (EIl) m/z = 73 [Si(CHz)s]" 100%, 346 [M]* 3%.

HRMS (ET") CyH3408Si; [M]" requires 346.2148, found 346.2160.

3,3-Dimethyl-1-[2-trimethylsilyl-1-cyclopropenyl] butan-2-ol 233

OH
TMSM

Following a method described by Sternberg et al.'®
"Butyllithium (2.32M, 5.17 mL, 12.0 mmol) was added to a stirring solution of

methylenecyclopropane (1.22 mL, 18.1 mmol) in dry THF (40 mL) at =70 °C under argon.
The reaction mixture was warmed to O °C over 1 hour, stirred at 0 °C for 15 minutes and
then cooled to =70 °C. Freshly distilled TMSCI (1.52 mL, 12.0 mmol) was added, the
reaction mixture warmed to O °C over 1 hour, stirred at 0 °C for 10 minutes before being
cooled to =70 °C. "Butyllithium (2.37 M, 5.06 mL, 12.0 mmol) was added and the reaction
mixture warmed to O °C over 1 hour, stirred at 0 °C for 10 minutes before addition of
pivaldehyde (1.30 mL, 12.0 mmol) at =70 °C. The reaction was monitored by TLC. After
30 minutes the reaction mixture was quenched with saturated ammonium chloride (40 mL)
and the aqueous phase extracted with diethyl ether. The organic phase was washed with
brine, dried (MgSQy) and concentrated in vacuo to give the crude material as a yellow oil.
The crude material was purified by column chromatography (4% Et,O—PE) to give the title
compound 233 as a colourless oil (1.11g, 44%).

Rf =0.34 (1:5 Et,O—-PE).

FT-IR (neat) vimx = 3495 (b), 2955 (w), 2872 (w), 1795 (m), 1479 (m), 1363 (m),
1247 (m), 994 (m), 834 (s) cm™.

"H NMR (300 MHz, CDCl3) 8y = 3.58 (1H, dd, J = 2.5, 10.0 Hz, CHOH), 2.79 (1H, dd,
J=12.5, 16.0 Hz, CH,HsCHOH), 2.60 (1H, dd, J = 10.0, 16.0 Hz, CH,HzCHOH), 1.85
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(bs, OH), 0.98 (OH, s, C(CHs)3), 0.64 (1H, d, J = 7.5 Hz, CHHpC(TMS)), 0.56 (1H, d,
J=7.5 Hz, CHAH3C(TMS)), 0.25 — 0.15 (9H, s, Si(CH3)3) ppm.

3¢ NMR (75.5 MHz, CDCL) 8¢ = 132.7 (0), 107.4 (0), 77.6 (1), 31.6 (2), 25.8 (3),
25.8 (3), 5.8 (2), ~1.3 (3) ppm.

LRMS (CD) m/z = 73 [Si(CH3) + H]* 100%, 213 [M + H]* 34%.

(2,2-Dimethyl-1{[2-trimethylsilyl-1-cyclopropenylJmethyl}propoxy)(trimethyl) silane
236

OTMS

TMSA)X

Following a method described by Corey.'"

EtN (0.52 mL, 3.74 mmol) was added to a stirring solution of 3,3-dimethyl-1-[2-
trimethylsilyl-1-cyclopropenyl] butan-2-ol 233 (400 mg, 1.87 mmol) in THF (12 mL)
under argon. Freshly distilled TMSCI (0.36 mL, 2.86 mmol) was added and the reaction
was monitored by TLC. After 3% hours the reaction was quenched with saturated
ammonium chloride (10 mL) and extracted with diethyl ether. The organic layer was
washed with brine, dried (MgSQy,), solvents removed in vacuo and the resulting yellow
liquid was purified by column chromatography (10% Et;O—PE) to give the title compound
236 as a yellow liquid (0.52 g, 98%).

Rf =0.69 (1:5 Et,O-PE).

FT-IR (neat) Vyax = 2955 (m), 2873 (w), 1797 (w), 1479 (w), 1248 (m), 1095 (m), 832 (s),
751 (m) cm™. ,

"H NMR (300 MHz, CDCl3) 8y = 3.52 (1H, dd, J = 4.5, 6.5 Hz, CHO(TMS)), 2.62 (1H,
dd, J = 45, 16.0 Hz, CH,HsCHO(TMS)), 2.44 (IH, dd, J = 6.5, 16.0 Hz,
CHAHzCHO(TMS)), 0.62 (9H, s, C(CH3;)3), 0.64 (1H, d, J = 7.5 Hz, CH\HgC(ITMS)), 0.55
(1H, d, J = 7.5 Hz, CHAHC(IMS)), -0.02 (9H, s, OSi(CH3)), —0.12 (9H, s,
CHSIi(CH3)3) ppm.
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BC NMR (75.5 MHz, CDCL) 8¢ = 133.9 (0), 106.1 (0), 79.0 (1), 35.8 (0), 33.1 (2),
26.1(3),26.0 (3),25.9 (3), 6.5 (2),0.7 (3), —1.2 (3) ppm.

LRMS (CI) m/z = 90 [0Si(CH3) + H]* 100%, 285 [M + H]" 30%.

HRMS (EI) CsH3,0Si; [M — HJ* requires 283.1914, found 283.1929.

3-Methyl-1-[2-trimethylsilyl-1-cyclopropenyl]-butan-2-ol 234

OH

Following a method described by Sternberg et al.'®

"Butyllithium (2.32M, 5.17 mL, 12.0 mmol) was added to a stirring solution of
methylenecyclopropane (1.22 mL, 18.1 mmol) in dry THF (40 mL) at =70 °C under argon.
The reaction mixture was warmed to 0 °C over 1 hour, stirred at 0 °C for 10 minutes and
then cooled to —70 °C. Freshly distilled TMSCI (1.52 mL, 12.0 mmol) was added, the
reaction mixture warmed to 0 °C over 1 hour, stirred at 0 °C for 10 minutes before being
cooled to =70 °C. "Butyllithium (2.37 M, 5.06 mL, 12.0 mmol) was added and the reaction
mixture warmed to 0 °C over 1 hour, stirred at 0 °C for 10 minutes before addition of
isobutraldehyde (0.86 mL, 12.0 mmol) at =70°C. The reaction was monitored by TLC.
After 30 minutes the reaction mixture was quenched with saturated ammonium chloride
(40 mL) and the aqueous phase extracted with diethyl ether. The organic phase was
washed with brine, dried (MgSQy) and concentrated in vacuo to give the crude material as
a yellow oil. The crude material was purified by column chromatography (2% Et,O-PE)
to give the title compound 234 as a yellow oil (1.50g, 63%).

Rf =0.38 (4:1 PE-Et;0).

FT-IR (solution) vy = 3423 (b), 2962 (m), 2875 (m), 1795 (w), 1252 (m), 997 (m),
839 (s), 758 (m) cm™"

"H NMR (300 MHz, CDCls) 8y = 3.68 (1H, m, CHOH), 2.80 (1H, dd, J = 4.0, 16.0 Hz,
CH4sHgCHOH), 2.61 (1H, dd, J = 8.0, 16.0 Hz, CH,HzCHOH), 1.82 — 1.70 (2H, m,
CHCH(CH3;), and OH), 0.98 (3H, d, J = 3.0 Hz, CH(CH3)CH3), 0.96 (3H, d, J = 3.5 Hz,
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CH(CHs)CH3), 0.78 (1H, d, J = 7.5 Hz, CH4HgC(TMS)), 0.75 (1H, d, J = 7.5 Hz,
CHAHC(TMS)), 0.18 (9H, s, Si(CH3)3) ppm.

BC NMR (100 MHz, CDCly) 8¢ = 131.8 (0), 107.6 (0), 74.9 (1), 33.7 (2), 33.2 (1),
18.9(3), 17.6 (3), 5.9 (2), -1.3 (3) ppm.

LRMS (CI) m/z = 73 [Si(CH3)3]" 30%, 199 [M + H]" 100%.

HRMS (EI) C;H,;0Si [M — H]* requires 197.1362, found 197.1359.

2-Methyl-1{[2-trimethylsilyl-1-cyclopropenyllmethyl}propyl)(trimethylsilyl) ether 237

OTMS
TMSA/H/

Following a method described by Corey.114

EtN (1.40 mL, 10.10 mmol) was added to a stirring solution of 3-methyl-1-[2-
trimethylsilyl-1-cyclopropenyl]-butan-2-ol 234 (1.0 g, 5.05 mmol) in THF (20 mL) under
argon. Freshly distilled TMSCI (0.96 mL, 7.57 mmol) was added and the reaction was
monitored by TLC. After 23 hours the reaction was quenched with saturated ammonium
chloride (10mL) and exracted with diethyl ether. The organic phase was washed with
brine, dried (MgSO,) and concentrated in vacuo to give a colourless liquid which was
purified by column chromatography (2% Et,O-PE) to give the title compound 237 as a
colourless liquid (570 mg, 42%j). .

Rf =090 (1:4 Et,O-PE).

FT-IR (neat) vmx = 2956 (m), 2886 (w), 1800 (w), 1152 (m), 1045 (m), 828 (s),
758 (m) cm™

"H NMR (300 MHz, CDCl3) 8y = 3.77 (1H, ddd, J = 4.5, 5.5, 6.5 Hz, CHO(TMS)), 2.76
(IH, dd, J = 6.5, 15.5 Hz, CH,HgCHO(TMS)), 2.69 (1H, dd, J = 5.5, 15,5 Hz,
CHAHCHO(TMS)), 1.70 (1H, dsept, J = 4.5, 7.0 Hz, CHCH(CH;),), 0.92 (3H, d,
J=7.0Hz, CH(CH;3)CHz), 0.88 (3H, d, /= 7.0 Hz, CH(CH3)CHs3), 0.76 (1H, d, / =7.5 Hz,
CHHgC(TMS)), 0.72 (1H, d, J = 7.5 Hz, CHAHzC(TMS)), 0.18 (9H, s, OSi(CH3)3), 0.10
(9H, s, CHSi(CHs3)3) ppm.
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BC NMR (75.5 MHz, CDCls) 8c = 132.4 (0), 106.8 (0), 75.5 (1), 34.3 (2), 32.9 (1),
19.5 (3), 16.8 (3), 6.3 (2), 0.5 (3), -1.3 (3) ppm.

LRMS (CI) m/z = 90 [OSi(CH3) + H])" 100%, 271 [M + H]* 38%.

HRMS (EI) [M]" C4H300Si; requires 270.1835 found 270.1839.

Trimethyl-{2-[3-methyl-2-(tetrahydrofuran-2-yloxy)-butyl]-cycloprop-1-enyl}-silane
240

WAL

A solution of 2-ethoxytetrahydrofuran (24 mg, 0.185 mmol) in solvent (0.5 mL) was added
to 2-methyl-1{[2-trimethylsilyl-1-cyclopropenyl]methyl } propyl)(trimethylsilyl) ether 237
(50 mg, 0.185 mmol) in solvent (0.5 mL) at —78 °C under argon followed by addition of
the Lewis acid. The reaction was monitored by TLC and on completion the reaction
mixture was quenched with saturated sodium bicarbonate (5 mL) and the aqueous layer
was extracted with DCM. The organic phase was washed with brine, dried (MgSO4) and
concentrated in vacuo to give a liquid which was purified by column chromatography (0 —
1% Et;,O-PE) to give colourless liquid 240 (for yields and conditions see Table 5).

Rf =0.76 (1:4 Et;,O-PE).

FT—IR Vi = 2960 (m), 2875 (m), 1798 (w), 1248 (m), 1022 (s), 841 (s) cm’™.

'H NMR (400 MHz, CDCl3) 8y = 5.05 (1H, t, J = 3.0 Hz, (‘Pr)CHOCHO), 3.75 — 3.60
(2H, m, OCH,CH,), 3.53 (1H, dd, J = 5.5, 11.0 Hz, OCH('Pr)), 2.58 (2H, m, (Pr)CHCH,),
1.80 — 1.65 (5H, i, OCH,CH>, OCH,CH,CH, and (CH3),CH), 0.77 (3H, d, J = 6.5 Hz,
CH(CH;)CH3), 0.75 (3H, d, J = 6.5 Hz, CH(CH3;)CHj3), 0.58 (2H, s, CH,(TMS)), 0.00 (9H,
s, Si(CHs3)3) ppm.

BC NMR (100 MHz, CDCly) 8 = 132.6 (0), 107.1 (0), 102.0 (1), 80.7 (1), 66.8 (2),
32.6(2),31.0(1),30.3 (2),23.7(2),19.1 (3), 19.0 (3), 6.5 (2), -1.2 (3) ppm.

LRMS (CI) m/z = 71 [(CH);OCH]* 100%, 269 [M + H]* 50%.

HRMS (ES™) [M + Na] " C;5H230,SiNa requires 291.17517 found 291.1756.
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For the other diastereoisomer the identifiable peaks in the NMR spectra are recorded
below:

"H NMR (400 MHz, CDCl3) 8y = 5.02 (1H, t, J = 3.0 Hz, (‘Pr)CHOCHO), 3.49 (1H, dd,
J =5.0,7.0Hz, OCH(i-Pr)), 2.71 (1H, dd, J = 5.0, 16.0 Hz, (‘Pr)CHCH,Hp), 2.62 (1H, dd,
J =17.0, 16.0 Hz, (‘Pr)CHCHH3), 0.73 (3H, d, J = 7.0 Hz, CH(CH3)CH3), 0.72 (3H, d,
J=7.0 Hz, CH(CH;)CHs), 0.59 (1H, d, ] = 8.0 Hz, CHsHg(TMS)), 0.55 (1H, d, J = 8.0 Hz,
CHAHR(TMS)) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 132.6 (0), 106.4 (0), 104.8 (1), 783 (1), 66.7 (2),
32.3(2),23.6(2),17.7 (3),17.2(3), 6.3 (2) ppm.

1-[2-(Trimethylsilyl)-1-cyclopropenyl] propan-2-ol 235

TMSA)\OH

Following a method described by Sternberg et al.'®

"Butyllithium (2.37M, 5.06 mL, 12.0 mmol) was added to a stirring solution of |

methylenecyclopropane (1.22 mL, 18.1 mmol) in dry THF (40 mL) at =78 °C under argon.
The reaction mixture was warmed to 10 °C over 1 hour, stirred at 10 °C for 15 minutes and
then cooled to =70 °C. Freshly distilled TMSCI (1.52 mL, 12.0 mmol) was added, the
reaction mixture warmed to 10 °C over 1 hour, stirred at 10 °C for 15 minutes before being
cooled to =78 °C. "Butyllithium (2.37 M, 5.06 mL, 12.0 mmol) was added and the reaction
mixture warmed to 0 °C over 1 hour, stirred at 0 °C for 10 minutes before addition of
freshly distilled acetaldehyde (0.86 ml, 12.0 mmol) at —70 °C. The reaction was
monitored by TLC. After 5 minutes (~78 °C) the reaction mixture was quenched with
saturated ammonium chloride (20 mL) and the aqueous phase extracted with diethyl ether.
The organic phase was wasfled with brine, dried (MgSQs4) and concentrated in vacuo to
give the crude material as a yellow oil. The crude material was purified by column
chromatography (1 — 2% Et,O—PE) to give the title compound 235 as a yellow oil (38 mg,
27%).

Rf =0.13 (4:1 PE-Et;0).
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FT-IR (solution) v = 3328 (bs), 2963 (m), 2876 (m), 1796 (m), 1411 (w), 1251 (s),
1012 (m), 850 (s) e

"H NMR (300 MHz, CDCl3) 8y = 4.10 (1H, ddd, J = 6.0, 6.0, 6.0 Hz, CHOH), 2.75 (1H,
dd, J=6.0, 16.5 Hz, CH.HgCHOH), 2.70 (1H, dd, J = 6.0, 16.5 Hz, CHAHsCHOH),
2.10 (bs, OH), 1.25 (3H, d, J = 6.0 Hz, CH5), 0.76 (1H, d, J = 7.5 Hz, CHsHzC(TMS)),
0.72 (1H, d, J = 7.5 Hz, CHAH3C(TMS)), 0.15 (9H, s, Si(CH3)3) ppm.

BC NMR (75.5 MHz, CDCL) & = 131.5 (0), 107.7 (0), 66.5 (1), 383 (2), 22.9 (3),
5.9 2),-1.4 (3) ppm.

LRMS (CI) m/z = 155 [M — CHs]* 70%, 171 [M + H]* 100%.

HRMS (CI) [M — CH3]" CoH;50Si requires 170.1127, found 170.1129.

1-Methyl-2-[2-trimethylsilyl-1-cyclopropenyl]ethyl(trimethylsilyl) ether 238

T™S

Following a method described by Corey.'*

EtzN (0.78 mL, 5.64 mmol) was added to a stirring solution of 1-[2-(trimethylsilyl)-1-
cyclopropenyl]-propan-2-ol 235 (480 mg, 2.82 mmol) in THF (10 mL) under argon.
Freshly distilled TMSCI (0.54 mL, 4.23 mmol) was added and the reaction was monitored
by TLC. After 1% hours the reaction was quenched with saturated ammonium chloride
(10mL) and extracted with diethyl ether. The organic phase was washed with brine, dried
(MgSO4) and concentrated in vacuo to give the crude material which was purified by
column chromatography (PE) to give the title compound 238 as a colourless liquid
(376 mg, 55%).

Rf =0.73 (1:4 Et,O-PE).

FT-IR (solution) vy = 2978 (m), 2871 (m), 1382 (m), 1110 (s), 901 (s), 721 (s) cm™.

'"H NMR (300 MHz, CDCl3) 8y = 4.08 (1H, m, CHO(TMS)), 2.78 (1H, dd, J = 5.0,
 15.5 Hz, CH4HgCHO(TMS)), 2.64 (1H, dd, J = 8.0, 15.5 Hz, CHAHzCHO(TMS)), 1.18
(3H, d, J = 6.0 Hz, CH3), 0.78 (1H, d, J = 7.5 Hz, CH.HzC(TMS)), 0.72 (1H, d,
J=7.5Hz, CHAH3C(TMS)), 0.18 (9H, s, OSi(CH3)3), 0.12 (9H, s, CHSi(CH3)3) ppm.
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BC NMR (75.5 MHz, CDCly) 8¢ = 132.2 (0), 107.1 (0), 67.2 (1), 38.8 (2), 23.9 (3), 6.2
(2),0.3 (3), -1.3 (3) ppm.

LRMS (CI) m/z = 90 [OSi(CH3) + H]" 100%, 243 [M + H]* 40%.

HRMS (ES") Co4H5,0,S14Na [2M + Na]* requires 507.2937, found 507.2939.

Trimethyl-{2-[2-(tetrahydrofuran-2-yloxy)-propyl]-cycloprop-1-enyl}-silane 241

AT

A solution of 2-ethoxytetrahydrofuran (24 mg, 0.185 mmol) in solvent (0.5 mL) was added

to 1-methyl-2-[2-trimethylsilyl-1-cyclopropenyljethyl(trimethylsilyl) ether 238 (50 mg,
0.185 mmol) in solvent (0.5 mL) at =78 °C under argon followed by addition of the Lewis
acid. The reaction was monitored by TLC and on completion the reaction mixture was
quenched with saturated sodium bicarbonate (5 mL) and the aqueous layer was extracted
with DCM. The organic phase was washed with brine, dried (MgS0O.) and concentrated in
vacuo to give the crude material which was purified by column chromatography (0 — 1%
Et;O-PE) to give colourless liquid 241 as a 1:1 mixture of diastereoisomers (for yields and
conditions see Table 5).

Rf =0.47 (1:4 Et,O-PE). ,

FT-IR Vo, = 2962 (s), 2881 (s), 1793 (m), 1244 (s), 1001 (s), 852 (s) cm™.

'"H NMR (400 MHz, CDCly) &y = 5.28 (1H, dd, J = 1.5, 4.5 Hz, CH;CHOCHO),
4.02 (1H, m, CH5CH), 3.92 — 3.82 (2H, m, OCH,CH,), 2.92 (1H, dd, / = 5.0, 15.5 Hz,
CH;CHCH4Hsg), 2.66 (1H, dd, J = 8.0, 15.5 Hz, CH;CHCHaHj), 2.00 — 1.82 (4H, m,
OCH(CHy)2), 1.24 (3H, d, J = 6.0 Hz, CH3), 0.75 (1H, d, J = 8.0 Hz, CHsHzC(TMS)),
0.71 (1H, d, J = 8.0 Hz, CHAHzC(TMYS)), 0.18 (9H, s, Si(CH3)3) ppm.

BC NMR (100 MHz, CDCL) 8¢ = 133.4 (0), 108.0 (0), 103.3 (1), 71.9 (1), 67.3 (2),
38.0(2),34.1 (1), 33.9 (2),23.3(3), 7.6 (2), 0.00 (3) ppm.

LRMS (CD) m/z =71 [(CH2);CHO]" 100%, 241 [M + H]* 2%.

HRMS (ES™) C36H4304Si;,Na [2M + Na]" requires 503.2983, found 503.2990.
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For the other diastereoisomer the identifiable peaks in the NMR spectra are recorded
below:

"H NMR (400 MHz, CDCls) 84 = 5.24 (1H, dd, J = 1.5, 4.5 Hz, CH;CHOCHO), 2.85 (1H,
dd, J = 5.5, 16.0 Hz, CH3CHCH,Hg), 2.62 (1H, dd, J = 7.0, 160 Hz,
CH3;CHCHaHp), 1.18 (3H, d, /= 6.0 Hz, CH3), 0.18 (9H, s, Si(CH3)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 133.5 (0), 108.5 (0), 104.3 (1), 72.7 (1), 68.1 (2),
36.8(2),24.9(1),24.8 (2),21.1 (3), 7.5(2),2.5 (3) ppm.

2-Ethoxytetrahydro-2H-pyran 242

Sae

2

Follwing the method of Dado and Gellman."
Dihydropyran (8.2 mL, 90 mmol) was added to ethanol (1.72 mlL, 30 mmol) and
p-toluenesulphonic acid (50 mg, 3 mmol) in 1,4-dioxane (50 mL) at room temperature.
After 2 hours the solution was neutralised with saturated aqueous NaHCOj and partitioned
between water and EtOAc. The organic phase was washed with brine, dried (MgSOs) and
concentrated in vacuo to give the crude material which was purified by column
chromatography (10% Et,O—PE) to give the title compound 242 as a yellow liquid (2.07 g,
53%).

Rf =043 (1:4 Et,0O-PE).

FT-IR (solution) Vmx = 2975 (m), 2881 (w), 1109 (m), 1035 (s) cm™.

"H NMR (300 MHz, CDCl3) 8 = 4.58 (1H, dd, J = 3.0, 4.5 Hz, CHOC,Hs), 3.92 - 3.75
(2H, m, CHOCH,CHy), 3.52 — 3.40 (2H, m, OCH,CH3), 1.90 — 1.45 (6H, m, 3 X CH>),
0.85 (BH, t, /=7.0 Hz, CH3) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 98.9 (1), 63.0 (2), 62.2 (2), 30.9 (2), 25.6 (2), 19.9 (2),
15.4 (3) ppm.

LRMS (EI) m/z = 85 [M — OEt]* 100%, 130 [M]" 4%.

Spectroscopic data agrees with that given by Booth and Readshaw.'"
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Trimethyl-{2-[2-phenyl-2-(tetrahydropyran-2-yloxy)-ethyl]-cycloprop-1-enyl}-silane
243

Ph
TMSJOO
o)

A solution of 2-ethoxytetrahydopyran (23 mg, 0.180 mmol) in MeCN (0.5 mL) was added
to 1-phenyl-2-[2-trimethylsilyl-1-cyclopropenyl]ethanol 214 (50 mg, 0.164 mmol) in
MeCN (0.5 mL) at =78 °C under argon followed by addition of the Lewis acid. The
reaction was monitored by TLC and on completion the reaction mixture was quenched
with saturated sodium bicarbonate (5 mL) and extracted with DCM. The organic phase
was washed with brine, dried (MgSQ,) and concentrated in vacuo to give the crude
material which was purified by column chromatography (0 — 1% Et,O-PE) to give the
colourless liquid 214 (for yields and conditions see Table 6).

Rf =0.80 (1:4 Et,O-PE).

FT-IR (solution) Vpx = 2956 (m), 2870 (m), 1800 (w), 1257 (m), 1116 (m), 1018 (s),
834 (s)cm’™.

"H NMR (400 MHz, CDCls) 8y = 7.30 — 7.15 (5H, m, Ar), 4.92 (1H, t, J = 7.0 Hz, PhCH),
440 (1H, t, J = 3.5 Hz, PhCHOCH), 3.82 (1H, ddd, / = 3.5, 8.5, 11.0 Hz, OCH,HsCH»),
3.42 (1H, m, OCH,H3CH>), 3.12 (1H, dd, J = 7.0, 14.5 Hz, PhCHCH4Hz), 2.91 (1H, dd,
J=17.0, 14.5 Hz, PhCHCHxHp), 1.90 — 1.35 (6H, m, 3 x CH,), 0.68 (1H, d, / =7.5 Hz,
CH4HgCTMS)), 0.64 (1H, d, J = 7.5 Hz, CH,HzCTMS)), 0.00 (9H, s, Si(CHs)3) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 141.8 (0), 131.0 (0), 131.7 (1), 127.3 (1), 126.2 (1),
108.3 (0), 95.2 (1), 75.1 (1), 62.0 (2), 37.1 (2), 30.7 (2), 25.7 (2), 19.3 (2), 6.6 (2),
—-1.47 (3) ppm.

LRMS (CI) m/z = 85 [(CH,)4OCH]" 100%, 317 [M + H]" 8%.

HRMS (ES") [M + Na]” C;sH»30,SiNa requires 339.1751, found 339.1752.

For the other diastereoisomer the identifiable peaks are recorded below:

117



Chapter 4 Experimental.

"H NMR (400 MHz, CDCls) 8y = 4.85 (1H, t, J = 6.5 Hz, PhCH), 4.78 (1H, t, J = 3.5 Hz,
PhCHOCH), 3.52 (1H, ddd, J = 3.5, 9.5, 11.5 Hz, OCH4HgCH,), 3.25 (1H, m,
OCHaH3CH,), 3.06 (1H, dd, J = 6.5, 15.0 Hz, PACHCH,Hp), 2.92 (1H, dd, J = 6.5,
15.0 Hz, PhACHCHuHj) ppm. )

BC NMR (100 MHz, CDCly) 8¢ = 143.1 (0), 131.7 (0), 97.9 (1), 76.5 (1), 61.9 (2),
36.2(2), 1.2 (3) ppm.

{2-[3,3-Dimethyl-2-(tetrahydropyran-2-yloxy)-butyl]-cycloprop-1-enyl}-
trimethylsilane 244

™S OO
, 0

A solution of 2-ethoxytetrahydopyran (24 mg, 0.185 mmol) in MeCN (0.5 mL) was added
to (2,2-dimethyl-1{[2-trimethylsilyl-1-cyclopropenyl]methyl }propoxy) (trimethyl) silane
236 (50 mg, 0.168 mmol) in MeCN (0.5 mL) at =78 °C under argon followed by addition
of Yb(OTf)s (12 mg, 0.02 mmol). The reaction was monitored by TLC and on completion
the reaction mixture was quenched with saturated sodium bicarbonate (5 mL) and extracted
with DCM. The organic phase was washed with brine, dried (MgSQ.) and concentrated in
vacuo to give the crude material which was purified by column chromatography (0 — 1%
Et;0-PE) to give the colourless liquid 244 as a 3:1 mixture of diastereoisomers (6 mg,
12%).

Rf =0.71 (1:4 Et,0-PE).

FT-IR (solution) Vo, = 2955 (w), 2875 (w), 1799 (m), 1248 (m), 1035 (m), 840 (s) cm’".
"H NMR (400 MHz, CDCly) 84 = 4.38 (1H, dd, J = 3.0, 4.5 Hz, OCHO), 3.76 (1H, m,
OCH,Hp(CH)3), 3.54 (2H, dd, J = 4.5, 55 Hz, OCHC(CHs);), 325 (1H, m,
OCHaHp(CHy)3), 2.65 (1H, dd, J = 4.5, 16.0 Hz, (Bu)CHCHHg), 2.48 (1H, dd, J = 5.5,
16.0 Hz, (Bu)CHCHaHp), 1.70 — 1.25 (6H, m, (CH,)3), 0.76 (9H, s, C(CHs)s), 0.64 ( 2H,
s, CH(TMS)), 0.02 (9H, s, S1(CHs3)3) ppm.
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BC NMR (100 MHz, CDCl3) 8¢ = 135.6 (0), 107.5 (0), 98.6 (1), 82.9 (1), 64.5 (2),
36.5 (0), 32.4 (2), 31.6 (2), 27.9 (3), 27.0 (2), 21.6 (2), 8.4 (2), 0.0 (3) ppm.

LRMS (CI) m/z =297 [M + H]" 100%.

HRMS (EI) C17H3,0,8i [M]” requires 296.2172 found 296.2161

Trimethyl-{2-[3-methyl-2-(tetrahydropyran-2-yloxy)-butyl]-cycloprop-1-enyl}-silane
245

™S O‘Q
0

A solution of 2-ethoxytetrahydopyran (26 mg, 0.203 mmol) in solvent (0.5 mL) was added
to 2-methyl-1{[2-trimethylsilyl-1-cyclopropenyl]methyl } propyl(trimethylsilyl) ether 237
(50 mg, 0.185 mmol) in solvent (0.5 mL) at —78 °C under argon followed by addition of
the Lewis acid. The reaction was monitored by TLC and on completion the reaction
mixture was quenched with saturated sodium bicarbonate (5 mL) and extracted with DCM.
The organic phase was washed with brine, dried (MgSO.4) and concentrated in vacuo to
give the crude material which was purified by column chromatography (0 — 1% Et;O—PE)
to give the colourless liquid 245 (for yields and conditions see Table 6).

Rf =0.75 (1:4 Et,O—PE).

FT-IR (solution) Vpx = 2960 (m), 2875 (w), 1790 (w), 1253 (m), 1022 (m), 836 (m),
756 (s) cm™

'"H NMR (400 MHz, CDCls) 8y = 4.60 (1H, m, OCHO), 3.95 (1H, m, COCH,HzCHy),
3.75 (1H, dd, J = 5.5, 11.0 Hz, OCH('Pr)), 3.50 (1H, m, COCHAH;CH>), 2.78 (2H, d,
J=5.5 Hz, (P)CHCH,), 1.98 — 1.50 (7H, m, 3 x CH, and (CH3),CH), 0.99 (3H, d,
J=6.0Hz, CH(CH;)CH;), 097 (3H, d, J = 6.0 Hz, CH(CH3)CHz), 0.72 (2H, s,
CH,(TMS)), 0.18 (9H, s, Si(CH3)3) ppm.

BC NMR (100 MHz, CDCLy) &: = 133.9 (0), 107.7 (0), 98.2 (1), 80.1 (1), 63.8 (2),
33.4(2),31.1 (2),27.0(2),21.2(2),20.3 (1), 19.5(3), 7.6 (2), 0.00 (3) ppm.
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LRMS (CI) m/z = 85 [(CH,)4OCH]" 100%, 283 [M + H]|" 70%.
HRMS (ES") C14H300,SiNa [M + Na]" requires 305.1907, found 305.1709.

For the other diastereoisomer the identifiable peaks are recorded below:

'"H NMR (400 MHz, CDCls) 8 = 3.68 (LH, dd, J = 5.0, 7.0 Hz, OCH(‘Pr)), 2.95 (1H, dd,
J =50, 160 Hz, (CH3)2CHCHCH,.§HB), 2.85 (1H, dd, J = 7.0, 16.0 Hz, (‘Pr)CHCHH ),
0.91 (3H, d, / = 6.5 Hz, CH(CH3)CH3), 0.72 (3H, d, / = 6.5 Hz, CH(CH3)CH3), 0.08 (9H,
s, Si(CHz)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 133.8 (0), 108.3 (0), 101.5 (1), 832 (1), 63.9 (2),
32.6 (2),32.4(2),21.1 (1), 18.3 (3), 7.6 (2), 2.45 (3) ppm.

Trimethyl-{2-[2-(tetrahydropyran-2-yloxy)-propyl]-cycloprop-1-enyl}-silane 246

A A

A solution of 2-cthoxytetrahydopyran (30 mg, 0.227 mmol) in MeCN (0.5 mL) was added
to 1-methyl-2-[2-trimethylsilyl-1-cyclopropenyl]ethyl (trimethylsilyl) ether 238 (50 mg,
0.207 mmol) in MeCN (0.5 mL) at =78 °C under argon followed by addition of the Lewis
acid. The reaction was monitored by TLC and on completion the reaction mixture was
quenched with saturated sodium bicarbonate (5 mL) and extracted with DCM. The organic
layer was washed with brine, dried (MgSQ,4) and solvents removed in vacuo to give a
liquid which was purified by column chromatography (0 — 1% Et,O-PE) to give the
colourless liquid 246 (for yields and conditions see Table 6).

Rf =0.60 (1:4 Et,;O-PE).

FT—-IR (solution) Vymx = 2957 (m), 2870 (m), 1793 (m), 1254 (s), 1020 (s), 827 (s), 990 (s)

1
cm .

"H NMR (400 MHz, CDCly) 8y = 4.58 (1H, dd, J = 3.0, 4.5 Hz, CH;CHOCHO), 3.90
(1H, m, CH3CH), 3.80 — 3.68 (2H, m, OCH,CH,), 3.40 — 3.30 (2H, m, OCH,CH), 2.81
(1H, dd, / = 4.5, 15.5 Hz, CH3;CHCH4Hg), 2.55 (1H, dd, J = 5.5, 15.5 Hz, CH;CHCHaH3),
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1.70 — 1.30 (4H, m, OCH(CH,),), 1.10 (3H, d, J = 6.0 Hz, CH3), 0.59 (1H, d, /= 8.0 Hz,
CH HgC(TMS)), 0.57 (1H, d, J = 8.0 Hz, CHAHC(TMS)), 0.00 (9H, s, Si(CH3)3) ppm.
BC NMR (100 MHz, CDCls) 8¢ = 133.3 (0), 108.2 (0), 97.9 (1), 71.8 (1), 64.2 (2),
63.7 (2), 38.0 (2), 32.6 (2),27.0(2), 23.1 (3), 7.6 (2), 0.00 (3) ppm.

LRMS (CI) m/z = 85 [(CH);OCH]" 100%, 255 [M + H]" 4%.

HRMS (ES") C23H5204Si-Na [2M + Na]* requires 531.3296, found 531.3297.

For the other diastereoisomer the identifiable peaks are recorded below:

"H NMR (400 MHz, CDCl3) 8y = 4.50 (1H, dd, J = 3.0, 4.5 Hz, CH;CHOCHO), 2.69 (1H,
dd, J =5.0, 15.5 Hz, CH;CHCHHg), 2.47 (1H, dd, J = 7.5, 15.5 Hz, CH;CHCHaH3), 1.02
(3H, d, J = 6.0 Hz, CH3), 0.57 (2H, s, CH,C(TMS)) ppm.

BC NMR (100 MHz, CDCly) 8¢ = 133.5 (0), 108.6 (0), 99.2 (1), 72.7 (1), 36.7 (2),
32.5(2),26.9(2),20.9 (3),7.5 (2) ppm.

Triisopropylsilane methylenecyclopropane 175

A

TIPS

Following the method described by Patient.”” *

"Butyllithium (302 mL of 25 M, 741 mmol in THF) was added to
methylenecyclopropane 1 (5 mL, 74.1 mmol) under argon at —78 °C. The reaction was
allowed to warm to 0 °C over 40 minutes and kept at room temperature over a further 40
minutes. The resulting yellow solution was cooled to —78 °C before the addition of
triisopropylsilyl chloride (15.8 ml, 74.1 mmol). The solution turned colourless and was
allowed to warm to room temperature overnight and quenched with saturated ammonium
chloride. The aqueous layer was extracted with diethyl ether, washed with brine, dried
(MgSQ,) and solvents removed in vacuo. The crude material was purified by column
chromatography (PE) to give the methylenecyclopropane derivative 175 as a colourless
liquid (15.1 g, 97%).

Rf =0.80 (1:1 PE-Et,0).
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FT-IR(s0lution) Vi = 2941 (m), 2864 (m), 1729 (w), 1468 (m), 881 (s) cm .

"H NMR (300 MHz, CDCls) 8y = 5.34 (1H, dt, J = 4.5, 2.0 Hz, CCHHg), 5.24 (1H, ddd,
J=1.0,2.0, 4.5 Hz, CCH\Hy), 1.33 — 1.24 (2H, m, CH,CH(TIPS)), 1.12 — 1.02 21H, m,
Si(CH(CH3),)3), 0.62 (1H, m, (TIPS)CHCCH,) ppm.

BC NMR (75.5 MHz, CDCly) 8¢ = 134.8 (0), 100.5 (2), 18.9 (3), 11.5 (1), 6.2 (2),
0.3 (1) ppm.

LRMS (EI) m/z = 167 [M — 'Pr]” 34%.

Spectroscopic data agrees with Patient.?

1-Phenyl-2-[2-(triisopropylsilyl)-1-cyclopropenyl]ethanol 247

OH
/\
TIPS O

Following a method described by Sternberg ef al.'®

"Butyllithium (2.54 M, 4.92 mL, 9.36 mmol) was added to a stirring solution of TIPSMCP

175 (2.00 g, 9.36 mmol) in dry THF (40 mL) at —78 °C under nitrogen. The reaction
mixture was warmed to 0 °C over 40 minutes and then cooled to —78 °C before the
addition of benzaldehyde (1.00 mL, 9.36 mmol). After 23 hours the reaction mixture was
quenched with saturated ammonium chloride (5 mL) and the aqueous phase extracted with
diethyl ether. The organic phase was washed with brine, dried (MgSOs) and concentrated
in vacuo to give the crude material as a yellow oil. The crude material was purified by
column chromatography (0 — 5% Et,O-PE) to give the title compound 247 as a yellow oil
(1.57g, 53%).

Rf =0.25 (1:4 Et,0O-PE).

FT-IR (neat) vmx = 3362 (b), 2938 (s), 2862 (s), 1793 (m), 1460 (m), 995 (s),
884 (s) cm™

'H NMR (300 MHz, CDCly) 8y = 7.42 — 7.25 (SH, m, Ar), 5.08 (1H, dd, / = 5.5, 7.5 Hz,
CHOH), 3.10 (1H, dd, J = 7.5, 15.0 Hz, PhCHCHHg), 3.05 (1H, dd, J = 5.5, 15.0 Hz,
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PhCHCHaH3), 2.28 (1H, bs, OH), 1.20 — 1.02 (21H, m, Si((CH(CHs3)2)3), 0.84 (1H, d,
J =7.5 Hz, CHsHgC(TIPS)), 0.81 (1H, d, J = 7.5 Hz, CHAHzC(TIPS)) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 143.7 (0), 131.7 (0), 128.6 (1), 127.8 (1), 125.9 (1),
105.6 (0), 72.5 (1), 38.8 (2), 18.9 (3), 11.5 (1), 6.9 (2) ppm.

LRMS (ED) m/z =273 [M — ‘Pr]" 65%, 316 [M]+ 6%.

HRMS (ET) C50H3,0Si [M — H]" requires 315.2144, found 315.2136.

Triisopropyl-{2-[2-phenyl-2-(tetrahydrofuran-2-yloxy)-ethyl]-cycloprop-1-enyl}-

silane 248
Ph Ph
~Hy Hy

TIPS TIPS

A solution of 2-ethoxytetrahydrofuran (403 mg, 3.481 mmol) in DCM (10 mL) was added
to 1-phenyl-2-[2-triisopropylsilyl-1-cyclopropenyl] ethanol 247 (1.00 g, 3.164 mmol) in
DCM (10 mL) at =78 °C under nitrogen followed by addition of In(OTf); (178 mg, 0.316
mmol). The reaction was monitored by TLC and after 4 hours the reaction mixture was
quenched with water (5 mL) and extracted with DCM. The organic phase was washed
with brine, dried (MgSQ,) and concentrated in vacuo. The crude liquid was purified by
column chromatography (2 — 10% Et,0-PE) to give products 248 as a mixture of

diastereoisomers.

Major diastereoisomer (578 mg, 48%).

Rf =0.67 (1:4 Et,O-PE).

FT-IR (solution) vy = 2942 (m), 2865 (m), 1727 (w), 1461 (w), 1019 (w), 905 (s),
729 (s) cm™.

"H NMR (300 MHz, CDCl3) 8y = 7.30 — 7.15 (5H, m, Ar), 4.95 (1H, dd, J = 6.5, 7.5 Hz,
OCHPh), 4.87 (1H, m, OCHO), 3.85 — 3.62 (2H, m, OCH>), 3.02 (1H, dd, / = 7.5, 14.5
Hz, PhnCHCH Hp), 2.82 (1H, dd, J = 6.5, 14.5 Hz, Ph\CHCHaHp), 2.00 — 1.71 (4H, m,
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OCH,CH, and OCH,CH,CH,), 1.05 - 0.85 (21H, m, Si((CH(CHs),)s), 0.76 (1H, d, J = 7.5
Hz, CHAHC(TIPS)), 0.67 (1H, d, J = 7.5 Hz, CHAH;C(TIPS)) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 141.8 (0), 133.2 (0), 128.2 (1), 127.8 (1), 127.2 (1),
104.5 (0), 1006 (1), 75.1 (1), 67.0 (2), 37.6 (2), 324 (2), 23.5 (2), 18.8 (3), 11.4 (1),
7.2 (1) ppm.

LRMS (CI) m/z = 71 [(CH2);CHO]" 100%, 343 [M — ‘Pr]” 8%, 387 [M + H]" 2%.

Minor diastereoisomer (289 mg, 24%).

Rf = 0.52 (1:4 Et,0-PE).

FT—IR (solution) Vg, = 2942 (w), 2864 (w), 1461 (w), 1020 (m), 905 (s), 728 (s) cm™.

'"H NMR (300 MHz, CDCl3) 8y = 7.30 — 7.12 (5H, m, Ar), 5.22 (1H, m, OCHO), 4.82
(1H, dd, J = 5.5, 7.0 Hz, OCHPh), 3.68 ~ 3.50 (2H, m, OCH,CH,), 3.01 (1H, dd, J = 7.5,
14.5 Hz, PhACHCHHg), 2.84 (1H, dd, J = 5.5, 14.5 Hz, PhACHCHH3), 1.89 — 1.90 (4H, m,
OCH,CH, & OCH,CH,CH>), 1.10 = 0.95 (21H, m, Si((CH(CHs),)3), 0.72 (1H, d, J = 7.5
Hz, CHsHsC(TIPS)), 0.66 (1H, d, J = 7.5 Hz, CHAH;C(TIPS)) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 143.6 (0), 132.9 (0), 128.2 (1), 127.2 (1), 126.2 (1),
104.7 (0), 103.3 (1), 76.9 (1), 67.0 (2), 37.2 (2), 32.6 (2), 23.4 (2), 18.8 (3), 11.5 (1),

7.5 (2) ppm.
LRMS (CI) m/z = 71 [(CH,);CHO]" 100, 343 [M — 'Pr]* 5%, 387 [M + H]" 2%.

1-Phenyl-2-(2-triethylsilyl-cycloprop-1-enyl)-ethanol 249

OH L 28
e
)
Following a method described by Sternberg et al!lg

"Butyllithium (1.6 M, 6.2 mlL, 9.9 mmol) was added to a stirring solution of
methylenecyclopropane (1.0 mlL, 14.8 mmol) in dry THF (20 mL) at —70 °C under
nitrogen. The reaction mixture was warmed to 10 °C over 1 hour and kept at 10 °C for 5

minutes before cooling to —70 °C. Chlorotriethyl silane (1.65 mL, 9.9 mmol) was added,
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the reaction mixture warmed to 10 °C over 1 hour and cooled to =70 °C. "Butyllithium
(1.6 M, 62mL, 99 mmol) was added and the reaction mixture warmed to room
temperature over 1 hour and cooled to —70 °C before addition of benzaldehyde (1.1 mL,
10.9 mmol). The reaction was quenched with saturated ammonium chloride (5 mL) and
the aqueous phase washed with ethyl acetate. After a normal workup the organic phase
was dried (MgS0.) and concentrated in vacuo to give the crude material as a yellow liquid.
The crude material was purified by column chromatography (0 — 10% EtOAc—hexane) to
give compound 249 as a colourless oil (863 mg, 32%).

Rf = 0.68 (1:4 EtOAc— hexane).

FT-IR (neat) vmux = 3476 (bw), 2955 (w), 2875 (w), 1738 (s), 1732 (m), 1255 (s),
1044 (m) cm™.

'"H NMR (400 MHz, CDCl3) 8y = 7.40 — 7.46 (5H, m, Ar), 5.03 (1H, m, CHOH), 3.07
(1H, dd, J = 7.0, 15.5 Hz, CHsHsCHOH), 3.02 (1H, dd, J = 5.0, 15.5 Hz, CHAH3CHOH),
222 (1H, bs, J = 2.0 Hz, OH), 0.93 (6H, t, J = 8.0 Hz, Si(CH;CHj3)3), 0.81 (1H, d,
J=7.5Hz, CH4HsCSi), 0.79 (1H, d, J = 7.5 Hz, CHAHzCSi), 0.63 (9H, g, J/ = 8.0 Hz,
Si(CH»,CH3)3) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 143.5 (0), 131.9 (0), 128.4 (1), 127.6 (1), 125.8 (1),
106.5 (0), 72.3 (1), 38.7 (2), 7.5 (3), 6.2 (2), 3.7 (2) ppm.

LRMS (ED) m/z =245 [M - Et]” 100%, 274 [M]” 36%.

HRMS (ES™) C17H,60Si [M]” requires 275.1835, found 275.1831.

Triethyl-{2-[2-phenyl-2-(tetrahydrofuran-2-yloxy)-ethyl]-cycloprop-1-enyl}-silane 253

SN
-6

A solution of 2-ethoxytetrahydrofuran (23 mg, 0.201 mmol) in DCM (0.5 mL) was added

to 1-phenyl-2-(2-triethylsilyl-cycloprop-1-enyl)-ethanol 249 (50 mg, 0.182 mmol) in DCM
(0.5 mL) at =78 °C under nitrogen followed by addition of In(OTf); (10 mg, 0.018 mmol).
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The reaction was monitored by TLC and after 1 hour at =78 °C it was quenched with water .
(5 mL) and extracted with DCM. After a normal workup the organic phase was dried
(MgSOy) and concentrated in vacuo to give the crude material as a yellow oil. The crude
material was purified by column chromatography (0 — 1% EtOAc—hexane) to give
colourless oil 253 as a mixture of diastereoisomers (33 mg, 52%).

Rf =0.38 (1:4 EtOAc— hexane).

'"H NMR (400 MHz, CDCls) 8y = 7.35 — 7.18 (5H, m, Ar), 5.00 — 495 (2H, m,
PhCHOCH and PhCHOCH), 3.86 (2H, m, OCH,CH;), 3.07 (1H, dd, J = 7.5, 14.5 Hz,
PhCHCH4Hg), 2.88 (1H, dd, J = 6.5, 14.5 Hz, PhCHCHaHp), 2.03 — 1.78 (4H, m,
OCH,CH; and OCH,CH,CH), 0.88 — 0.80 (9H, m, Si(CH,CHj3)3), 0.76 (1H, d, J = 8.0 Hz,
CHsHpCSi), 071 (1H, d, J = 8.0 Hz, CHaHzCSi), 0.06 — -0.01 (6H, m,
Si(CH;CHs);) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 141.8 (0), 132.8 (0), 128.4 (1), 127.7 (1), 127.2 (1),
106.4 (0), 100.7 (1), 75.0 (1), 67.0 (2), 37.2 (2), 32.4 (2), 26.5 (3), 23.5 (2), 6.8 (2),

=7.0 (2) ppm.
HRMS (ES™) C21H530,Si [M + H]” requires 345.2250, found 345.2239.

For the minor diastereoisomer the identifiable peaks are recorded below:

'H NMR (400 MHz, CDCl3) 8y = 529 (1H, d, J = 4.5 Hz, PhCHOCH), 4.86 (1H, t, J =
4.5 Hz, PhCHOCH), 3.68 (1H, dd, J = 8.0, 12.0 Hz, OCH.HpCH,), 3.61 (1H, dd, J/ = 6.0,
12.0 Hz, OCHaAH3CH,), 0.88 — 0.80 (9H, m, Si(CH,CH3)3), 0.76 (1H, d, J = 8.0 Hz,
SiCH4Hg), 0.71 (1H, d, J = 8.0 Hz, SiCHaH3), 0.06 — —0.01 (6H, m, Si(CH,CHs);) ppm.
C NMR (100 MHz, CDCl3) 8¢ = 103.5 (1), 76.7 (1), 36.7 (2), 32.6 (2), 23.4 (2), 7.0 (2),

—-6.9 (2) ppm.
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2-[2-(Isopropyl-dimethylsilyl)-cycloprop-1-enyl]-1-phenyl-ethanol 250

O~ P

Following a method described by Sternberg ef al.'®

"Butyllithium (1.6 M, 7.71 mL, 12.34 mmol) was added to a stirring solution of
methylenecyclopropane (1.25 mL, 18.51 mmol) in dry THF (20 mL) at =70 °C under
nitrogen. The reaction mixture was warmed to 10 °C over 1 hour and kept at 10 °C for 5
minutes before cooling to =70 °C. ‘Propyldimethylsilylchloride (1.67 g, 12.34 mmol) was
added, the reaction mixture warmed to 10 °C over 1 hour and cooled to —70 °C.
“Butyllithium (1.6 M, 7.71 mL, 12.34 mmol) was added and the reaction mixture warmed
to room temperature over 1 hour and cooled to —70 °C before addition of benzaldehyde
(1.51 mL, 13.57 mmol). After 30 minutes the reaction was quenched with saturated
ammonium chloride (5 mL) and the aqueous phase washed with ethyl acetate. After a
normal workup the organic phase was dried (MgSQ,) and concentrated in vacuo to give the
crude material as a yellow oil. The crude material was purified by column chromatography
(0.5 — 2% EtOAc—hexane) to give the title compound 250 as a colourless oil (1.37 g, 43%).
Rf =0.25 (1:4 EtOAc— hexane).

FT-IR (neat) Vi = 3457 (bw), 2954 (m), 2864 (m), 1741 (s), 1454 (m), 1373 (m),
1283 (s), 1045 (s), 1000 (m) e

"H NMR (400 MHz, CDCls) 8y = 7.31 — 7.17 (5H, m, Ar), 4.93 (1H, ddd, J = 2.5, 5.0,
7.5 Hz, CHOH), 2.97 (1H, dd, J = 7.5, 16.0 Hz, CH,HgCHOH), 2.92 (1H, dd, J = 5.0,
16.0 Hz, CHAHzCHOH), 2.10 (1H, d, J = 2.5 Hz, OH), 0.86 (6H, d, J = 6.5 Hz,
SiCH(CHj),), 0.81 — 0.75 (1H, m, SiCH(CH3)3), 0.72 (1H, d, J = 7.5 Hz, CH4HCS1), 0.69
(I1H, d, J=7.5 Hz, CHAH3CS1), 0.00 (6H, s, Si(CH3),) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 143.6 (0), 131.8 (0), 128.6 (1), 128.0 (1), 125.9 (1),
107.5 (0), 72.4 (1), 38.7 (2), 17.6 (3), 13.9 (1), 6.4 (2), -5.2 (3) ppm.

LRMS (ED) m/z =217 [M - ‘Pr]* 60%, 260 [M]* 20%.

HRMS (ES™) C14H250Si [M + H]" requires 261.1675, found 261.1685.
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Isopropyl-dimethyl-{2-[2-phenyl-2-(tetrahydrofuran-2-yloxy)-ethyl]-cycloprop-1-
enyl}-silane 254

e
>+

A solution of 2-ethoxytetrahydrofuran (25 mg, 0.216 mmol) in DCM (0.5 mL) was added
to  2-[2-(isopropyl-dimethylsilyl)-cycloprop-1-enyl]-1-phenyl-ethanol 250 (50 mg,
0.192 mmol) in DCM (0.5 mL) at =78 °C under nitrogen followed by addition of In(OTf);
(11 mg, 0.019 mmol). The reaction was monitored by TLC and after 1 hour at =78 °C it
was quenched with water (5 mL) and extracted with DCM. After a normal workup the
organic phase was dried (MgSQOs) and concentrated in vacuo to give the crude material as a
colourless oil. The crude material was purified by column chromatography (0 — 1%
EtOAc—hexane) to give colourless oil 254 as a mixture of diastereoisomers (30 mg, 47%).
Rf = 0.46 (1:4 EtOAc—hexane).
FT-IR (solution) Vmx = 2952 (m), 2863 (m), 1720 (m), 1454 (m), 1363 (m), 1248 (m),
1032 (s), 809 (s) cm™.
'"H NMR (400 MHz, CDCls) 8y = 7.35 — 7.18 (5H, m, Ar), 496 — 493 (2H, m,
PhCHOCH and PhCHOCH), 3.85 (2H, m, OCH,CH,), 3.06 (1H, dd, J = 7.5, 15.0 Hz,
PhCHCH,Hg), 2.87 (1H, dd, J = 6.5, 15.0 Hz, PhCHCHaHp), 2.03 — 1.75 (4H, m,
OCH,CH,; and OCH,CH,CH,), 0.94 — 0.84 (7H, m, SiCH(CHj3)»), 0.73 (1H, d, / = 8.0 Hz,
CHHgCSi), 0.69 (1H, d, J = 8.0 Hz, CHAHCSi), 0.05 — —0.02 (6H, m, Si(CH3),) ppm.
BC NMR (100 MHz, CDCls) 8¢ = 141.8 (0), 132.7 (0), 128.4 (1), 127.7 (1), 127.1 (1),
106.6 (0), 100.7 (1), 75.1 (1), 67.0 (2), 37.2 (2), 32.4 (2), 23.5 (2), 17.6 (3), 13.9 (1),

6.6 (2),-6.1 (3) ppm.
HRMS (ES™) C0H310,Si [M + H]” requires 331.2093, found 331.2083.
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For the minor diastereoisomer the identifiable peaks are recorded below:

"H NMR (400 MHz, CDCl3) 8y = 5.28 (1H, d, J = 5.5 Hz, PhACHOCH), 4.84 (1H, t,
J=6.5 Hz, PhCHOCH), 3.67 (1H, dd, J = 8.0, 13.5 Hz, OCHsHsCHy), 3.59 (1H, dd,
J=17.5,13.5 Hz, OCHAH5CH,) ppm.

BC NMR (100 MHz, CDCly) 8¢ = 103.6 (1), 76.7 (1), 36.7 (2), 32.6 (2), 23.4 (2),
6.7 (2) ppm.

2-[2-(tert-butyl-dimethylsilyl)-cycloprop-1-enyl]-1-phenyl-ethanol 251

N

O

Following a method described by Sternberg ez al.'®

"Butyllithium (1.6 M, 7.71 mlL, 12.34 mmol) was added to a stirring solution of

methylenecyclopropane (1.25 mL, 18.51 mmol) in dry THF (20 mL) at =70 °C under
nitrogen. The reaction mixture was warmed to 10 °C over 1 hour and kept at 10 °C for 5
minutes before cooling to =70 °C. ‘Butyldimethylsilylchloride (1.85 g, 12.34 mmol) was
added, the reaction mixture warmed to 10 °C over 1 hour and cooled to =70 °C.
"Butyllithium (1.6 M, 7.71 mL, 12.34 mmol) was added and the reaction mixture warmed
to room temperature over 1 hour and cooled to —=70 °C before addition of benzaldehyde
(1.51 mL, 13.57 mmol). The reaction was quenched with saturated ammonium chloride (5
mL) and the aqueous phase washed with ethyl acetate. After a normal workup the organic
phase was dried (MgSO,) and concentrated in vacuo to give the crude material as a yellow
oil. ~ The crude material was purified by column chromatography (0.5 — 2%
EtOAc—hexane) to give the title compound 251 as a colourless oil (937 mg, 28%).

Rf =0.30 (1:4 EtOAc— hexane).

FT-IR (neat) vix = 3440 (bw), 2953 (m), 2856 (m), 1741 (m), 1470 (m), 1373 (m),
1245 (s), 1045 (m), 1007 (s) cm™.
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'H NMR (400 MHz, CDCly) 8y = 7.31 — 7.17 (5H, m, Ar), 4.94 (1H, ddd, J = 3.0, 5.0,
8.0 Hz, CHOH), 2.98 (1H, dd, J = 8.0, 16.0 Hz, CH,HsCHOH), 2.91 (1H, dd, J = 5.0,
16.0 Hz, CHAHCHOH), 2.11 (1H, d, J = 3.0 Hz, OH), 0.80 (9H, s, SiC(CH3)3), 0.73 (1H,
d, J = 8.0 Hz, CH4HyCSi), 0.71 (1H, d, J = 8.0 Hz, CHaHsCSi), 0.00 (6H, s,
Si(CHj3)2) ppm.

BC NMR (100 MHz, CDCLy) 8¢ = 143.4 (0), 131.8 (0), 128.4 (1), 127.6 (1), 125.7 (1),
107.1 (0), 72.3 (1), 38.5 (2), 26.3 (3), 17.1 (0), 6.5 (2), =5.5 (3) ppm.

LRMS (EI) m/z = 245 [M - ‘Bu]" 100%, 274 [M]" 18%.

HRMS (ES™) C17H2;08i [M + H]" requires 275.1835, found 275.1831.

tert-Butyl-dimethyl-{2-[2-phenyl-2-(tetrahydrofuran-2-yloxy)-ethyl]-cycloprop-1-
enyl}-silane 255 |

oo

Y

o >
A solution of 2-ethoxytetrahydrofuran (23 mg, 0.201 mmol) in DCM (0.5 mL) was added
to 2—[2—(tert—butyl—dimethylsilyl)—Cycloprop—l-enyl]—l-phenyl—ethanol 251 (50 mg,
0.182 mmol) in DCM (0.5 mL) at —78 °C under nitrogen followed by addition of In(OTf)3
(10 mg, 0.018 mmol). The reaction was monitored by TLC and after 1 hour at =78 °C it
was quenched with water (5 mL) and extracted with DCM. After a normal workup the
organic phase was dried (MgSO,) and concentrated in vacuo to give the crude material as a
yellow oil. The crude material was purified by column chromatography (0 — 1%
EtOAc—hexane) to give colourless 0il 255 as a mixture of diastereoisomers (27 mg, 42%).
Rf =0.52 (1:4 EtOAc—hexane).
FT-IR (solution) Vipux = 2952 (m), 2874 (m), 1723 (w), 1455 (m), 1185 (s), 1015 (s) cm’™.
'"H NMR (400 MHz, CDCl;) 8y = 7.32 — 7.06 (5H, m, Ar), 492 — 4.89 (2H, m,

PhCHOCH and PhCHOCH), 3.80 (2H, m, OCH,CH,), 3.01 (1H, dd, J = 7.5, 14.5 Hz,
PhCHCHHg), 2.82 (1H, dd, J = 6.5, 14.5 Hz, PhCHCHaH3), 1.98 — 1.71 (4H, m,
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OCH,CH; and OCH,;CH,CH,), 0.88 — 0.80 (9H, m, SiC(CHj3);), 0.69 (1H, d, J = 8.0 Hz,
CH4HgCSi), 0.64 (1H, d, J = 8.0 Hz, CH5,H3CSi), 0.54 — —0.46 (6H, m, Si(CH3),) ppm.
BC NMR (100 MHz, CDCl3) 6c = 141.7 (0), 132.9 (0), 1284 (1), 128.1 (1), 127.1 (1),
105.6 (0), 100.6 (1), 74.9 (1), 66.9 (2), 37.3 (2), 32.3 (2), 23.4 (2), 7.5 (3), 6.4 (2), 3.8 (3),
1.1 (0) ppm.

LRMS (EI) m/z =345 [M + H]" 30%.

HRMS (ES™) C21H330,Si [M + H]" requires 345.2250, found 345.2247.

For the minor diastereoisomer the identifiable peaks are recorded below:

"H NMR (400 MHz, CDCl3) 8y = 523 (1H, d, J = 4.5 Hz, PhACHOCH), 4.80 (1H, t,
J=7.0 Hz, PhCHOCH), 3.62 (1H, dd, J = 7.5, 13.5 Hz, OCH,HpCH,), 3.53 (1H, dd,
J=17.5,13.5 Hz, OCH,HzCH,) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 103.5 (1), 76.7 (1), 36.8 (2), 32.5 (2), 23.4 (2), 6.6 (2),

1.1 (0) ppm.

2-[2-(Cyclohexyl-dimethyl-silyl)-cycloprop-1-enyl]-1-phenyl-ethanol 252

O 70

Following a method described by Sternberg et al.'®

"Butyllithium (1.6 M, 7.71 mL, 12.34 mmol) was added to a stirring solution of

methylenecyclopropane (1.25 ml, 18.51 mmol) in dry THF (20 mL) at =70 °C under
nitrogen. The reaction mixture was warmed to 10 °C over 1 hour and kept at 10 °C for 5
minutes before cooling to =70 °C. Chlorocyclohexyldimethylsilane (2.17 g, 12.34 mmol)
was added, the reaction mixture warmed to 10 °C over 1 hour and cooled to =70 °C.
"Butyllithium (1.6 M, 7.71 mL, 12.34 mmol) was added and the reaction mixture warmed
to room temperature over 1 hour and cooled to =70 °C before addition of benzaldehyde
(1.51 mL, 13.57 mmol). After 30 minutes the reaction was quenched with saturated

ammonium chloride (5 mL) and the aqueous phase washed with ethyl acetate. After a
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normal workup the organic phase was dried (MgSO4) and concentrated in vacuo to give the
crude material as a yellow oil. The crude material was purified by column chromatography
(0.5 — 2% EtOAc—hexane) to give the title compound 252 as a viscous yellow oil (1.89 g,
51%).

Rf =0.25 (1.4 EtOAc— hexane).

FT-IR (neat) vaux = 3343 (bw), 2917 (s), 2845 (m), 1797 (w), 1445 (m), 1245 (m),
1000 (m), 996 (m) cm™. ,

"H NMR (400 MHz, CDCLy) &y = 7.32 — 7.19 (5H, m, Ar), 4.95 (1H, t, / = 5.0 Hz,
CHOH), 2.99 (1H, dd, J = 7.5, 15.5 Hz, CH,HsCHOH), 2.93 (1H, dd, J = 5.0, 15.5 Hz,
CHAHCHOH), 2.15 (1H, bs, OH), 1.63 — 1.50 (6H, m, SiCHCH,CH,CH;CH>), 1.15 —
0.95 (4H, m, 2 x SiCHCH,), 0.73 (1H, d, J = 7.5 Hz, CH,HgCSi), 0.70 (1H, d, /=7.5 Hz,
CHaHCSi), 0.64 (1H, tt, J =3.0, 12.5 Hz, SICHCHj), 0.00 (6H, s, Si(CH3)2) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 143.6 (0), 131.7 (0), 128.5 (1), 127.8 (1), 125.9 (1),
107.6 (0), 72.4 (1), 38.7 (2), 28.0 (2), 27.5 (2), 27.0 (2), 25.7 (1), 6.4 (2), =5.0 (3) ppm.
LRMS (EI) m/z =217 [M — cyclohexyl]" 100%, 300 [M]" 38%.

HRMS (ES¥) C15H200Si [M + H]" requires 301.1988, found 301.1997.

Cyclohexyl-dimethyl-{2-[2-phenyl-2-(tetrahydrofuran-2-yloxy)-ethyl]-cycloprop-1-
enyl}-silane 256

A solution of 2-ethoxytetrahydrofuran (21 mg, 0.183 mmol) in DCM (0.5 mL) was added
to 2-[2-(cyclohexyl-dimethyl-silyl)-cycloprop-1-enyl]-1-phenyl-ethanol 252 (50 mg, 0.167
mmol) in DCM (0.5 mL) at =78 °C under nitrogen followed by addition of In(OTf); (10
mg, 0.017 mmol). The reaction was monitored by TLC and after 1 hour at —60 °C it was
quenched with water (5 mL) and extracted with DCM. The organic phase was dried

(MgSOy) and concentrated in vacuo to give the crude material as a colourless oil. The

132



Chapter 4 Experimental.

crude material was purified by column chromatography (0 — 1% EtOAc—hexane) to give
colourless o1l 256 as a mixture of diastereoisomers (20 mg, 33%).

Rf = 0.46 (1:4 EtOAc— hexane).

FT-IR (solution) Vpux = 2918 (m), 2846 (m), 1718 (m), 1446 (m), 1248 (m), 1025 (s),
835 (s) cm™.

'"H NMR (400 MHz, CDCly) 8y = 7.41 — 7.18 (SH, m, Ar), 498 — 494 (2H, m,
PhCHOCH and PhCHOCH), 3.87 (2H, m, OCH,CH,), 3.08 (1H, dd, J = 7.5, 14.5 Hz,
PhCHCH,Hg), 2.89 (1H, dd, J = 6.5, 14.5 Hz, PhnCHCHaH3), 2.15 — 1.77 (4H, m,
OCH,CH; and OCH,CH,CH,), 1.70 — 1.57 (4H, m, 2 x SiCHCH,), 1.25 — 0.98 (6H, m,
SiCHCH.CH,CH,CH>), 0.74 (1H, d, J = 6.5 Hz, CH,HpCSi), 0.69 (1H, d, J/ = 6.5 Hz,
CHAHBCS1), 0.10 = -0.03 (7H, m, SiCH and Si(CHj3),) ppm.

BC NMR (100 MHz, CDCly) 8¢ = 141.8 (0), 132.4 (0), 128.4 (1), 127.7 (1), 127.2 (1),
106.8 (0), 100.7 (1), 75.1 (1), 70.0 (2), 37.3 (2), 32.4 (2), 27.9 (2), 27.5 (2), 25.7 (2),
23.5(2), 6.7 (2), 1.0 (1),-6.1 (3) ppm.

HRMS (ES™) C3H350,Si [M + H]" requires 371.2406, found 371.2406.

For the minor diastereoisomer the identifiable peaks are recorded below:

"H NMR (400 MHz, CDCl3) 8y = 7.41 — 7.18 (5H, m, Ar), 531 (1H, d, / = 4.5 Hz,
PhCHOCH), 4.86 (1H, t, / = 7.0 Hz, PhCHOCH), 3.69 (1H, dd, / = 7.5, 13.5 Hz,
OCHHpCH»), 3.61 (1H, dd, /= 6.5, 13.5 Hz, OCHAH{3CH>) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 128.2 (1), 127.1 (1), 125.9 (1), 103.5 (1), 76.7 (1),
36.6 (2),32.6 (2),23.3(2),6.5 (2) ppm.
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Dimethyl-phenyl-{2-[2-phenyl-2-(tetrahydrofuran-2-yloxy)-ethyl]-cycloprop-1-enyl}-

Q XD O .,

silane 257

8
A solution of 2-ethoxytetrahydofuran (32 mg, 0.272 mmol) in DCM (0.5 mL) was added to
2-[2-(dimethylphenylsilyl)-1-cyclopropenyl]-1-phenyl ethanol 223 (40 mg, 0.136 mmol) in
DCM (0.5 mL) at =78 °C under nitrogen followed by addition of BF;-2AcOH (20 pL,
0.150 mmol). The reaction was monitored by TLC and after 15 minutes the reaction
mixture was quenched with water (5 mL). The aqueous layer was extracted with DCM,
washed with brine, dried (MgSO4) and solvents removed in vacuo to give a colourless
liquid. The crude material was purified by column chromatography (1 — 10% Et,O—PE) to

give the title compounds 257 as colourless oils.

Major diastereoisomer (18 mg, 35%).

Rf = 0.64 (1:4 Et;0-PE).

FT-IR (solution) Vi, = 2956 (m), 2875 (m), 1799 (w), 1428 (w), 1247 (w), 1034 (m),
814 (m), 699 (m) cm.

"H NMR (300 MHz, CDCly) 8y = 7.50 — 7.28 (10H, m, Ar), 5.05 — 4.95 (2H, m, OCHPh
& OCHO), 3.91 — 3.80 (2H, m, OCH,CHy,), 3.14 (1H, dd, J = 7.5, 15.0 Hz, PhACHCH,Hp),
2.94 (1H, dd, J = 6.5, 15.0 Hz, PhCHCHaHj), 2.04 — 176 (4H, m, OCH,CH, and
OCH,CH,CH,), 0.88 (1H, d, J = 9.0 Hz, CHsHC(S1)), 0.82 (1H, d, J = 9.0 Hz,
CHAHC(S)), 0.36 (6H, s, Si(CH;),Ph) ppm.

BC NMR (75.5 MHz, CDCly) 8¢ = 141.8 (0), 138.0 (0), 134.0 (0), 133.9 (1), 129.2 (1),
128.5 (1), 127.9 (1), 127.8 (1), 127.2 (1), 106.3 (0), 100.8 (1), 75.1 (1), 67.0 (2), 37.4 (2),
32.4(2),23.6 (2), 6.8 (2), =2.3 (3) ppm.
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LRMS (CI) m/z = 135 [SiMe,Ph]" 95%, 349 [M — CH3]" 6%.
HRMS (EI) C53H»0,Si [M — H]" requires 363.1782, found 363.1780.

Minor Diastereoisomer (4 mg, 3%).

Rf =0.55 (1:4 Et,0O-PE).

FT-IR (solution) Vgx = 2955 (m), 2876 (m), 1797 (m), 1427 (m), 1248 (m), 1032 (s),
812 (s), 697 (m) cm .

'"H NMR (300 MHz, CDCls) 8y = 7.40 — 7.18 (10H, m, Ar), 5.27 (1H, d, J = 3.5Hz,
OCHO), 4.85 (1H, t, J = 6.5Hz, OCHPh), 3.75 — 3.58 (2H, m, OCH,CH,), 3.14 (1H, dd,
J=06.5, 15.5 Hz, PhACHCH4Hp), 2.96 (1H, dd, J = 6.5, 15.5 Hz, PhACHCHaHp), 2.02 — 1.75
(4H, m, OCH,CH, and OCH,CH,CH,), 0.91 — 0.82 (2H, m, CH,C(S1)), 0.36 (6H, s,
Si(CHs),Ph) ppm.

BC NMR (75.5 MHz, CDCly) 8¢ = 143.0 (0), 140.4 (0), 133.9 (1), 133.7 (0), 129.2 (1),
128.2 (1), 127.9 (1), 127.2 (1), 126.3 (1), 107.5 (0), 103.5 (1), 76.7 (1), 67.1 (2), 36.5 (2),
32.6(2),23.4 (2),7.0(2),-2.3 (3) ppm.

LRMS (CI) m/z = 135 [SiMe,Ph]" 44%, 349 [M — CH;]" 4%.

HRMS (CI) C2;Hy50:Si [M — CHs] " requires 349.1624, found 349.1625.

3,3-Dimethyl-1-[2-triisopropylsilyl-1-cyclopropenyl] butan-2-ol 258

OH
TIPS/A\/K’<

Following a method described by Sternberg et al.'®

"Butyllithium (2.34M, 2.0 mL, 4.67 mmol) was added to a stirring solution of TIPSMCP

175 (1.0 g, 4.67 mmol) in dry THF (25 mL) at —78°C under nitrogen. The reaction
mixture was warmed to 10 °C over 1 hour before cooling to =78 °C followed by the
addition of pivaldehyde (0.44 mL, 5.13 mmol). The reaction was monitored by TLC and
after 1% hours the reaction mixture was quenched with saturated ammonium chloride (5

mL) and the aqueous phase extracted with diethyl ether. The organic phase was washed
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with brine, dried (MgSO.) and concentrated in vacuo to give the crude material as a yellow
oil. The crude material was purified by column chromatography (0 — 2% Et;O-PE) to give
the title compound as a colourless oil 258 (1.00g, 44%).

Rf =0.65 (1:4 EtO-PE).

FT-IR (neat) Vi, = 3500 (bs), 2940 (s), 2862 (s), 1789 (m), 1461 (m), 1363 (m), 994 (m),
880 (s) cm™.

"H NMR (300 MHz, CDCls) 8y = 3.62 (1H, dt, J = 10.0, 2.5 Hz, CHOH), 2.83 (1H, dd,
J=25,15.0 Hz, CH4HgCHOH), 2.65 (1H, dd, J = 10.0, 15.0 Hz, CHAH3CHOH), 1.84
(1H, d, /=2.5 Hz, OH), 1.22 - 1.04 (21H, m, Si(CH(CH3)2)3), 0.98 (9H, s, C(CH3)3), 0.88
(1H, d, J=17.5 Hz, CH HgC(TIPS)), 0.81 (1H, d, / = 7.5 Hz, CHAH3C(TIPS)) ppm.

BC NMR (75.5 MHz, CDCl;) & = 133.3 (0), 104.9 (0), 77.3 (1), 34.7 (0), 31.6 (2),
25.8(3),18.9(3), 11.5 (1), 6.6 (3) ppm.

LRMS (EI) m/z =253 [M — 'Pr]* 94%, 296 [M]" 24%.

HRMS (EI) C3H350Si [M — H]* requires 295.2457, found 295.2444.

3-Methyl-1-[2-triisopropylsilyl-1-cyclopropenyl]-butan-2-0l 259 & 2-methyl-1-[2-
methylene-1-(triisopropylsilyl)cyclopropyl|propan-1-ol 262

TIPS/A\;L/OH @;H

TIPS

Following a method described by Sternberg et al"®

"Butyllithium (2.34M, 2.0 mL, 4.67 mmol) was added to a stirring solution of TIPSMCP
175 (1.0 g, 4.67 mmol) in dry THF (25 mL) at —78 °C under nitrogen. The reaction
mixture was warmed to 10 °C over 1¥2 hours, stirred at 10 °C for 10 minutes and then
cooled to =78 °C. Isobutraldehyde (0.38 mL, 5.13 mmol) was added and the reaction was
monitored by TLC. After 3 hours the reaction mixture was quenched with saturated
ammonium chloride (5 mL) and the aqueous phase extracted with diethyl ether. The

organic phase was washed with brine, dried (MgSO4)'and concentrated in vacuo to give the
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crude material as a yellow oil. The crude material was purified by column chromatography

(0 — 2% Et,O-PE) to give three compounds:

Colourless liquid 259 (462 mg, 35%).

Rf =0.35 (1:4 Et,O-PE).

FT-IR (neat) Vmx = 3426 (bs), 2939 (m), 2862 (m), 1788 (w), 1461 (m), 1381 (m),
992 (s), 880 (s) cm’.

"H NMR (300 MHz, CDCl3) 8y = 3.72 (1H, m, CHOH), 2.83 (1H, dd, J = 4.5, 15.0 Hz,
CH,HsCHOH), 2.74 (1H, dd, J = 8.0,15.0 Hz, CH,HzCHOH), 1.80 (1H, d, / = 4.0 Hz,
OH), 1.74 (1H, m, CH(CHs);), 1.20 — 1.12 ( 21H, m, Si(CH(CHs)2)3), 0.99 (3H, d,
J=4.0 Hz, CH(CH3)CH3), 0.97 (3H, d, J = 4.0 Hz, CH(CH3)CH3), 0.85 (1H, d, /= 7.5 Hz,
CHAHgC(TIPS)), 0.81 (1H, d, J = 7.5 Hz, CHAHzC(TIPS)) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ =-132.4 (0), 104.9 (0), 74.8 (1), 33.7 (2), 33.3 (3), 18.9
(3),17.6 (1),11.5 (1), 6.8 (2) ppm.

LRMS (EI) m/z =239 [M - ‘Pr]” 100%, 282 [M]" 32%.

HRMS (EI) C17H3,0Si [M]" requires 282.2378 found 282.2382.

Colourless liquid 262 (49 mg, 5%).

Major diastereoisomer

Rf = 0.63 (1:4 Et;0—PE).

FT-IR (solution) Vyax = 3577 (bw), 2943 (s), 2864 (w), 1726 (w), 1462 (m), 1385 (m),
1132 (m), 985 (m), 882 (s) cm™.

"H NMR (400 MHz, CDCl3) 8y = 5.50 (1H, bs, CH,HCC(TIPS)), 5.32 (1H, dt, J = 0.5,
2.0 Hz, CHAHCC(TIPS)), 3.75 (1H, dd, J = 4.5, 5.5 Hz, CHOH,, 1.70 (1H, m, CH(CH3)2),
1.38 (2H, t, J = 3.5 Hz, CH,C(TIPS)), 1.20 — 1.00 (21H, m, Si((CH(CH3),)3), 1.00 (3H, d,
J = 6.5 Hz, CH(CH3)CH3), 0.95 (3H, d, J = 6.5 Hz, CH(CH;3)CH;) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 137.1 (0), 103.3 (2), 74.9 (1), 32.1 (1), 22.0 (3),
19.5 (3), 17.0 (3), 14.1 (0), 12.3 (1), 10.8 (3) ppm.

LRMS (EI) m/z =239 [M — 'Pr]* 15%, 282 [M]" 1%.

HRMS (EI) CisH3,0Si [M — CH;3]" requires 267.2144, found 267.2142.
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Colourless liquid 262 (75 mg, 7%).

Mindr diastereoisomer

Rf =0.59 (1:4 Et,0-PE).

FT-IR (solution) Vpx = 3462 (bs), 2943 (m), 2864 (m), 1735 (w), 1462 (m), 1381 (m),
1122 (m), 914 (m), 879 (s) cm’".

"H NMR (300 MHz, CDCl3) 8y = 5.49 (1H, t, J = 2.0 Hz, CH\HsCC(TIPS)), 533 (1H, t,
J= 2.0 Hz, CHAHCC(TIPS)), 3.65 (1H, dd, J = 4.5, 8.0 Hz, CHOH), 1.73 (1H, m,
CH(CHj3),), 1.28 = 1.18 (2H, m, CH,C(TIPS)), 1.17 = 1.05 (21H, m, Si((CH(CH;)2)3), 0.95
(3H, d, J= 6.5 Hz, CH(CH3)CHz3), 0.87 (3H, d, J = 6.5 Hz, CH(CH;3)CH3) ppm.

BC NMR (100 MHz, CDCly) 8¢ = 136.7 (0), 104.2 (2), 76.5 (1), 31.6 (1), 22.1 (3),
19.5 (3), 18.9 (0), 16.8 (3), 12.4 (1), 9.5 (2) ppm.

LRMS (EI) m/z =239 [M - 'Pr]* 25%, 282 [M]" 1%.

HRMS (EI) C4H»;,081 [M — iPr]+ requires 239.1831, found 239.1839.

1-[2-Triisopropylsilyl)-1-cyclopropenyl] propan-2-ol 260 &
1-[2-Methylene-1-(triisopropylsilyl)cyclopropyl jethanol 263

TiPS/A\/LOH

CH
TIPS

Following a method described by Sternberg et al. 8

"Butyllithium (2.34M, 2.0 mL, 4.67 mmol) was added to a stirring solution of TIPSMCP
175 (1.00 g, 4.67 mmol) in dry THF (25 mL) at —78 °C under nitrogen. The reaction
mixture was warmed to 0 °C over 1Yz hours, stirred at O °C for 10 minutes and then cooied
to —78 °C before the addition of freshly distilled acetaldehyde (0.38 mL, 5.13 mmol). The
reaction was monitored by TLC and after 3 hours the reaction mixture was quenched with
saturated ammonium chloride (5 mL) and the aqueous phase extracted with diethyl ether.

The organic phase was washed with brine, dried (MgSO,) and concentrated in vacuo to
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give the crude material as a yellow oil. The crude material was purified by column

chromatography (0 — 2% Et,0O—PE) to give two compounds:

Yellow oil 260 (188 mg, 16%).

Rf=0.13 (4:1 PE-Et,0).

FT-IR (solution) Vmux = 3357 (bw), 2939 (s), 2882 (s), 1791 (m), 1461 (m), 993 (m),
890 (s) cm™.

"H NMR (300 MHz, CDCl3) 84 = 4.16 (1H, ddd, J = 6.0, 6.0, 6.0 Hz, CHOH), 2.78 (1H, d,
J=6.0 Hz, CH,CHOH), 1.75 (bs, OH), 1.27 (3H, d, J = 6.0 Hz, CH3), 0.98 (21H, m,
Si((CH(CHx),)3), 0.84 (1H, d, J = 7.5 Hz, CH4HgC(TIPS)), 0.81 (1H, d, / = 7.5 Hz,
CHAHRC(TIPS)) ppm.

BC NMR (75.5 MHz, CDCly) & = 131.9 (0), 105.1 (0), 66.6 (1), 38.2 (2), 23.1 (3),
18.9 (3),11.5 (1), 6.7 (2) ppm.

LRMS (ED) m/z = 169 (CSi((CH(CH3)2)3]" 100%, 254 [M]" 10%.

HRMS (EI) C;5H300Si [M]" requires 254.2065, found 254.2071.

Colourless liquid 263 (82 mg, 7%).

Rt =0.32 (1:4 Et,O-PE).

FT-IR (solution) Vimux = 3466 (bs), 2942 (m), 28645 (s), 1728 (m), 1462 (m), 1382 (m),
1255 (m), 1124 (m), 1016 (w), 889 (s) cm ™.

'"H NMR (300 MHz, CDCl3) 8y = 5.52 (1H, m, CH,HgCC(TIPS)), 5.32 (1H, dt, J = 2.5,
8.0 Hz, CHAHzCC(TIPS)), 4.18 (1H, m, CHOH), 1.52 (1H, d, /= 4.0 Hz, OH), 1.30 - 1.10
(26H, m, CH,C(TIPS), CH; & Si(CH(CHs))s) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 136.7 (0), 103.6 (2), 67.2 (1), 20.5 (3), 20.0 (0),
19.4 (3), 12.3 (1), 9.7 (3) ppm.

LRMS (ET) m/z = 157 [Si('Pr)s]” 60%, 254 [M]" 2%.

HRMS (EI) [M - 'Pr]* C1sH»;0Si requires 211.1518, found 211.1519.
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{2-[3,3-Dimethyl-2-(tetrahydrofuran-2-yloxy)-butyl]-cycloprop-1-enyl}-
triisopropylsilane 264 & (5-tert-Butyl-2-methyl-4,5-dihydrofuran-3-yl)-

triisopropylsilane 265

D

TIPS

0
TIPS

A solution of 2-ethoxytetrahydrofuran (22 mg, 0.186 mmol) in DCM (0.5 mL) was added
to  3,3-dimethyl-1-[2-triisopropylsilyl-1-cyclopropenyl]-butan-2-0l ~ 258 (50  myg,
0.169 mmol) in DCM (0.5 mL) at =78 °C under nitrogen followed by addition of Yb(OTf)s
(10 mg, 0.019 mmol)). The reaction was monitored by TLC and on completion the
reaction mixture was quenched with water (5 mL) and extracted with DCM. The organic
phase was dried (MgSO4) and concentrated in vacuo.  Purification by column
chromatography (0 — 1% Et,0O-PE) was attempted. Although the presence of the acetal

264 was visible in the NMR spectra, it could not be separated from the starting material.

Furan 265 was isolated as a colourless liquid (7 mg, 14%).

Rf =0.81 (1:4 Et,0-PE).

FT-IR (solution) Vmax = 2943 (s), 2862 (s), 1736 (w), 1630 (s), 1436 (m), 1379 (m),
1201 (s), 983 (m), 882 (m) cm’™,

"H NMR (400 MHz, CDCls) 8y = 4.12 (1H, dd, J = 8.0, 10.0 Hz, CH(‘Bu)), 2.65-2.40 (2H,
m, (‘Bu)CHCH;), 1.82 (3H, s, CHj), 1.10 — 1.05 (21H, m, Si((CH(CH3),)3), 0.88 (9H, s,
C(CHsz)s) ppm.

“C NMR (75.5 MHz, CDCly) 8¢ = 160.9 (0), 94.7 (0), 883 (1), 37.4 (2), 34.4 (0),
25.2(3),18.9 (3), 152 (3), 12.2 (1) ppm.

LRMS (EI) m/z =253 [M — Pr]* 100%, 296 [M]* 10%.

HRMS (EI) C13H350Si [M] requires 296.2535, found 296.2542.
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Triisopropyl-(2-{3-methyl-2-[(tetrahydrofuran-2-yl)oxy]-butyl}-cycloprop-1-enyl)-
silane 266

b

0

TIPS

A solution of 2-ethoxytetrahydrofuran (23 mg, 0.195 mmol) in DCM (0.5 mL) was added
to 3-methyl-1-[2-triisopropylsilyl-1-cyclopropenyl]-butan-2-o0l 259 (50 mg, 0.177 mmol) in
DCM (0.5 mL) at =78 °C under nitrogen, followed by addition of In(OTf); (10 mg, 0.02
mmol). The reaction was monitored by TLC and after 2 hours the reaction mixture was
quenched with water (5 mL) and extracted with DCM. The organic phase was dried
(MgSO4) and concentrated in vacuo to give the crude material as a liquid. The crude
material was purified by column chromatography (0 — 1% Et,;O-PE) to give colourless
liquid 266 as mixture of diastereoisomers (27 mg, 44%).

Rf = 0.54 (1:4 Et;0-PE).

FT-IR (solution) Vugax = 2939 (m), 2863 (m), 1790 (m), 1461 (m), 1015 (s), 904 (s),
732 (s)cm™.

"H NMR (400 MHz, CDCls) 8y = 5.24 (1H, t, J = 3.0 Hz, OCHO), 3.90 - 3.78 (2H, m,
OCH,CH,), 3.85-3.75 (2H, m, OCH('Pr)), 2.87 (1H, dd, J = 6.0, 15.0 Hz, (Pr)CHCHHj),
2.78 (1H, dd, J = 7.0, 15.0 Hz, (‘Pr)CHCHaHj3), 2.05 — 1.95 (2H, m, OCH,CH,) 1.95-1.85
(2H, m, OCH,CH,CH>), 1.82 (1H, m, CH(CHj3),), 1.20-1.05 (21H, m, Si(CH(CH3)2)3),
1.02-0.08 (6H, m, 2 x CHj3), 0.82-0.76 (2H, m, CH,C(TIPS)) ppm.

BC NMR (100 MHz, CDCL) 8¢ = 134.2 (0), 104.8 (1), 104.1 (0), 80.5 (1), 67.1 (2),
32.5(1),32.2(1),31.0(2),24.0(2), 19.1 (3), 18.0(3), 17.4 (3), 11.8 (1), 7.8 (2) ppm.
LRMS (EI) m/z = 71 [(CH»);OCH]* 100%, 309 [M — Pr]* 55%.

HRMS (EI) C13H330,Si requires 309.2250, found 309.2256.

For the other diastercoisomer the identifiable peaks in the NMR spectra are recorded

below:
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'"H NMR (400 MHz, CDCl3) 8y = 5.17 (1H, t, J = 3.0 Hz, OCH(CH,),), 2.79 (1H, dd,
J=2.0, 15.0 Hz, (Pr)CHCHHp), 2.73 (1H, dd, J = 6.0, 15.0 Hz, (‘Pr)CHCHAH3) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 103.4 (0), 102.5 (1), 78.7 (1), 67.0 (2), 32.8(2), 31.3 (1),
23.9 (2), 7.6 (2) ppm.

(2-3,3-Dimethyl-2-[(trimethylsilyl)oxy|butyl-1-cyclopropenyl)(triisopropylsilane 267

TIPSAITMS

Et:N (0.65 mL, 4.72 mmol) was added to a stirring solution of 3,3-dimethyl-1-[2-

Following a method of Corey."™*

triisopropylsilyl-1-cyclopropenyl]-butan-2-o0l 258 (700 mg, 2.36 mmol) in THF (30 mL)
under nitrogen. TMSCI (0.45 mL, 3.55 mmol) was added and the reaction was monitored
by TLC. A product was formed and TLC analysis showed the concentration to be
increasing, with respect to the starting material. After 9 days there was no change to the
reaction, so it was quenched with water (5 mL) and extracted with Et;O. The organic
phase was washed with brine, dried (MgSQ,) and concentrated in vacuo. The liquid was
purified by column chromatography (0 — 10% Et,O-PE) to give the title compound 267 as
a yellow liquid (453 mg, 53%).

Rf =0.89 (1:4 Et,O-PE).

FT-IR (neat) Vimx = 2951 (m), 2863 (m), 1788 (w), 1736 (w), 1462 (m), 1248 (s),
1092 (s), 881 (s) cm™.

'"H NMR (300 MHz, CDCls) 84 = 3.75 (1H, dd, J = 5.0, 6.0 Hz, CHO(TMS)), 2.82 (1H,
dd, J = 5.0, 155 Hz, CHsHgCHO(TMS)), 2.60 (1H, dd, J = 6.0,15.0 Hz,
CH HsCHO(TMS)), 1.20 — 1.05 (21H, m, Si((CH(CH5),)3), 0.90 (9H, s (CH3)3), 0.10 (9H,
s, OSi(CH3)3) 0.82 — 0.80 (2H, m, CH,C(TIPS)) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 135.1 (0), 125.9 (0), 79.1 (1), 35.8 (0), 33.4 (2),
26.2(3), 189 (3), 11.6 (1), 7.6 (2), 0.8 (3) ppm.
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LRMS (EI) m/z = 73 [TMS]" 80%, 159 [C(‘Bu)OTMS]" 100%.
HRMS (EI) C51Has0Si; [M]" requires 368.2931 found 368.2936.

2-Methyl-1-[2-triisopropylsilyl)-1-cyclopropenyl]methylpropyl (trimethylsilyl) ether
268

TIPSAIOTMS

Et;N (0.62 mL, 4.46 mmol) was added to a stirring solution of 2-methyl-1-[2-methylene-1-

114

Following a method of Corey.

triisopropylsilyl)cyclopropyl]-propan-1-ol 259 (600 mg, 2.23 mmol) in THF (25 mL)
under nitrogen. TMSCI (0.42 mL, 3.35 mmol) was added and the reaction was monitored
by TLC. A product was formed and TLC analysis showed the concentration to be
increasing, with respect to the starting material. After 9 days there was no change to the
reaction, so it was quenched with water (5 ml) and extracted with Et;O. The organic
phase was dried (MgSQy) and concentrated in vacuo. The liquid was purified by column
chromatography (10% Et,O—-PE) to give the title compound 268 as a yellow liquid
(487 mg, 52%).

Rf =0.67 (1:4 Et,0O—PE).

FT—-IR (solution) Vmx = 2954 (m), 2863 (m), 1789 (m), 1462 (m), 1249 (s), 1048 (s),
880 (s), 731 (s) cm™.

'"H NMR (400 MHz, CDCls) 8y = 3.85 (1H, ddd, J = 4.0, 7.0, 6.0 Hz, CHO(TMS)), 2.79
(IH, dd, J = 7.0, 15.0 Hz, CH,HzCHO(TMS)), 2.69 (1H, dd, J = 6.0, 5.0 Hz,
CHAHzCHO(TMS)), 1.68 (1H, m, CH(CHs),), 1.20 — 1.05 (21H, m, Si((CH(CH5)2)3), 0.92
(3H, d, / = 7.0 Hz, CH(CH3)CHj3), 0.87 (3H, d, / = 7.0 Hz, CH(CH3)CH3), 0.80 (1H, d,
J=17.5Hz, CHsHzCHO(TMS)), 0.77 (1H, d, J=7.5 Hz, CHAHzCHO(TMS)) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 133.6 (0), 103.7 (0), 75.4 (1), 34.2 (2), 32.9 (1),
19.4(3), 189 (3), 16.6 (3), 11.6 (1), 7.1 (2), 0.5 (3) ppm.

LRMS (EI) m/z = 145 [(CH3),CHCHO(TMS)]" 100%, 354 [M]" 2%.

HRMS (ED) [M]* CyH420Si; requires 354.2772 found 354.2774.
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1-Phenyl-2-[2-triisopropylsilyl-1-cyclopropenyl]ethyl (trimethylsilyl) ether 269

O
/2\

TIPS OTMS

Following a method of Corey.'"

EtN (0.79 mL, 5.69 mmol) was added to a stirring solution of I1-phenyl-2-[2-
triisopropylsilyl-1-cyclopropenyl]ethanol 247 (900 mg, 2.84 mmol) in THF (30 mL) under
nitrogen. TMSCI (0.54 mL, 4.72 mmol) was added and the reaction was monitored by
TLC. A product was formed and TLC analysis showed the concentration to be increasing,
with respect to the starting material. After 8 days there was no change to the reaction, so
the reaction was quenched with NH4Cl (5 mL) and extracted with Et;O. The organic phase
was washed with brine, dried (MgSQ,) and concentrated in vacuo. The liquid was purified
by column chromatography (PE) to give the title compound 269 as a yellow liquid
(900 mg, 80%).

Rf =0.73 (1:4 Et;O-PE).

'"H NMR (300 MHz, CDCl3) 8y = 7.35 — 7.20 (5H, m, Ar), 5.02 (1H, t, J = 7.0 Hz,
CHO(TMS)), 3.08 (1H, dd, J = 7.5, 14.5 Hz, PhACHCH,Hg), 2.92 (1H, dd, /= 6.5, 14.5 Hz,
PhCHCHaHg), 1.10 — 0.82 (21H, m, Si((CH(CHs)z)3), 0.78 (1H, d, J = 7.5 Hz,
CHHC(TIPS)), 0.72 (1H, d, J = 7.5 Hz, CHAHzC(TIPS)), 0.01 (9H, s, OS1(CH)3) ppm.
BC NMR (75.5 MHz, CDCly) 8¢ = 144.9 (0), 133.1 (0), 128.2 (1), 127.3 (1), 126.1 (1),
104.6 (0), 73.3 (1),40.3 (2), 18.8 (3), 11.5 (1), 7.3 (2), 0.3 (3) ppm.

LRMS (EI) m/z =73 [TMS]" 80%, 179 [CH,CH(Ph)OTMS]* 100%, 288 [M]" 1%.
HRMS (ED) [M]" C53H4OSi, requires 388.2618, found 388.2611.
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2-Methoxytetrahydro-2H-pyran 270

OMe
CO

Following the method of Dado and Gellman.'**
Dihydropyran (8.2 mL, 90 mmol) was added to a mixture of MeOH (0.96 g, 30 mmol) and
p-toluenesulphonic acid (0.57 g, 3.0 mmol) in Et;0 (50 mL) at room temperature. The

reaction turned orange and after | hour was quenched with NH4Cl (10mL) extracted with
Et;O. The organic phase was washed with brine, dried (MgSQs4) and concentrated in
vacuo. The liquid was purified by column chromatography (10% Et;O-PE) to give the
title compound 270 as a colourless liquid (487 mg, 47%).

Rf =0.68 (1:4 Et,O-PE).

FT-IR (solution) Vmax = 2942 (m), 1736 (m), 1364 (w), 1034 (m) cm™.

'"H NMR (300 MHz, CDCls) BQ =450 (1H, t, J = 3.0 Hz, OCHCH,), 3.90 - 3.80 (1H, m,
CHOCHaHg), 3.57 — 3.47 (1H, m, CHOCHaH3), 3.40 (3H, s, CHz), 1.85 — 1.45 (4H, m,
OCHCH, & OCH,CH,CH;) ppm.

BC NMR (75.5 MHz, CDCL) 8¢ = 99.9 (1), 62.0 (2), 55.1 (3), 30.6 (2), 25.6 (2),

19.5 (2) ppm.
LRMS (EI) m/z = 85 [M — OCH;]" 100%, 115 [M — H]" 30%.

Triisopropyl-{2-[2-phenyl-2-(tetrahydropyran-2-yloxy)-ethyl]-cycloprop-1-enyl}-
silane 271

O\ M
@) @] TIPS

A solution of 2-ethoxytetrahydropyran (23 mg, 0.174 mmol) in DCM (0.5 mL) was added
to 1-phenyl-2-[2-triisopropylsilyl-1-cyclopropenyl]-ethanol 247 (50 mg, 0.158 mmol) in
DCM (0.5 mL) at —78 °C under nitrogen followed by addition of Yb(OTi); (10 mg,
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0.016 mmol). The reaction was monitored by TLC and after 22 hours the reaction mixture
was quenched with saturated ammonium chloride (5 mL) and extracted with DCM. The
organic phase was washed with brine, dried (MgSO4) and concentrated in vacuo. The
liquid was purified by column chromatography (0 — 2% Et,O—PE) to give 271 as a mixture
of two diastereoisomers as a colourless liquid (16 mg, 25%).

Rf =0.80 (1:4 Et,O—PE).

"H NMR (400 MHz, CDCl3) 8 = 7.35 — 7.20 (5H, m, Ar), 5.08 (1H, t, J = 7.0 Hz, PhCH),
4.48 (1H, t, /= 3.0 Hz, PhCHOCH), 3.85 (1H, ddd, / = 3.5, 9.0, 14.5 Hz, COCH4HpCH.),
3.50 (1H, m, COCH,H3CHy), 3.21 (1H, dd, J = 7.0, 14.5 Hz, PhnCHCHH3), 2.99 (1H, dd,
J = 7.0, 145 Hz, Ph\CHCHHp), 1.85 — 1.38 (6H, m, 3 x CHy), 1.10 — 0.78 21H, m,
Si(CH(CHs)2)3), 0.80 (1H, d, J = 7.5 Hz, CH4sHp(TIPS)), 0.74 (1H, d, J = 7.5 Hz,
CHAHp(TIPS)) ppm.

BC NMR (100 MHz, CDCL) 8¢ = 141.7 (0), 132.9 (0), 128.4 (1), 127.1 (1), 126.5 (1),
104.8 (0), 95.0 (1), 75.1 (1), 61.9 (2), 37.6 (2), 30.7 (2), 25.7 (2), 29.1 (2), 18.8 (3),
11.4 (1), 7.4 (2) ppm.

LRMS (EI) m/z = 85 [(CH2)sOCH]" 100%, 400 [M]* 8%.

HRMS (ED) [M - iPr]’L C22H330,81 requires 357.2250, found 357.2250.

For the other isomer the identifiable peaks in the NMR spectra are recorded below:

"H NMR (400 MHz, CDCl3) 8 = 5.00 (1H, t, J = 6.0 Hz, PhCH), 4.88 (1H, t, /= 3.0 Hz,
PhCHOCH), 3.58 (1H, m, COCH4HgCHy), 3.35 (1H, m, COCHAH3CH>»), 3.15 (1H, dd,
J=1.5,14.5 Hz, PACHCH4Hg), 2.95 (1H, dd, J = 5.5, 14.5 Hz, PhnCHCHsH3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 128.2 (1), 127.7 (1), 1273 (1), 97.9 (1), 76.7 (1),
37.0 (2), 18.8 (3), 11.4 (1) ppm.
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Triisopropyl-(2-methyl-5-phenyl-4,5-dihydrofuran-3-yl)-silane 272

el

The acid was added to 1-phenyl-2-[2-triisopropylsilyl-1-cyclopropenyljethanol 247

(50 mg, 0.158 mmol) in DCM (1 mL) at =78 °C under nitrogen. The reaction was
monitored by TLC and on completion the reaction mixture was quenched with water
(5 mL) and extracted with DCM. The organic phase was washed with brine, dried
(MgSO0y) and concentrated in vacuo. The liquid was purified by column chromatography
(0 — 1% Et,0—PE) to give colourless oil 272 (for yields and conditions see Table 7).

Rf =0.86 (1:4 Et,0O-PE).

FT-IR (solution) vmx = 2939 (s), 2861 (s), 1738 (w), 1629 (s), 1461 (m), 1196 (s),
1379 (m), 881 (s) cm™. ,

'H NMR (400 MHz, CDCl3) 0y = 7.40 — 7.25 (5H, m, Ar), 5.42 (1H, dd with fine splitting,
J=8.0,10.0 Hz, CHPh), 3.15 (1H, dd with fine splitting, J = 10.0, 12.0 Hz, PhCHCH,Hj),
2.68 (1H, dd, J = 8.0, 12.0 Hz, PhACHCHsH3), 1.95 (3H, s, CH3), 1.32 — 1.00 (21H, m,
Si((CH(CHs),)s) ppm.

C NMR (100 MHz, CDCl3) 8¢ = 160.9 (0), 144.1 (0), 128.9 (1), 127.8 (1), 125.9 (1),
95.3 (0), 82.1 (5),45.6 (2), 192 (3), 15.5 (3), 12.5 (1) ppm.

LRMS (EI) m/z = 2736 [M — "Pr]* 100%, 316 [M]* 10%.

HRMS (EI) C50H3,0Si [M]" requires 316.2222, found 316.2231.

Microanalysis Calculated for C19H3,0Si: C, 75.88; H, 10.19. Found C, 75.88; H, 75.86.
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(5-tert-Butyl-2-methyl-4,5-dihydrofuran-3-yl)-triisopropylsilane 265

O
3 TIPS

BF;-AcOH (26 pL, 0.186 mmol) was added to 3,3-dimethyl-1-[2-triisopropylsilyl-1-
cyclopropenyl]-butan-2-ol 258 (50 mg, 0.169 mmol) in DCM (1 mL) at =78 °C under
nitrogen. The reaction was monitored by TLC and after 5 minutes the reaction mixture
was quenched with water (5 mL) and extracted with DCM. The organic phase was dried
(MgS0Q,) and concentrated in vacuo. The liquid was purified by column chromatography
(0 — 1% Et,0—-PE) to give colourless liquid 265 (1 mg, 2%).

The data agrees with that previously given.

1-(4-Bromophenyl)-2-[2-(triisopropylsilyl)-1-cyclopropenyl] ethanol 277

OH

/2

TIPS O
Br

Following a method described by Sternberg ez al.'®
"Butyllithium (2.34M, 1.0 mL, 2.34 mmol) was added to a stirring solution of TIPSMCP

(0.50 g, 2.34 mmol) in dry THF (15 mL) at —78°C under nitrogen. The reaction mixture
was warmed to 10 °C over 1% hours and cooled to —78 °C before the addition of
p-bromobenzaldehyde (0.48 g, 2.57 mmol). The reaction was monitored by TLC and after
1% hours the reaction mixture was quenched with saturated ammonium chloride (5 mL)
and the aqueous phase extracted with diethyl ether. The organic phase was dried (MgSOs)
and concentrated in vacuo to give the crude material as a yellow oil. The crude material
was purified by column chromatography (0 — 2% Et,O—PE) to give colourless oil 278
(413 mg, 45%).

Rf =0.25 (1:4 Et;O-PE).
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FT-IR (neat) Vi = 3352 (bw), 2938 (m), 2861 (m), 1792 (m), 1461 (m), 1007 (s),
880 (s), 822 (m) cm™.

'"H NMR (300 MHz, CDCls) 8y = 7.48 (2H, d, J = 8.5 Hz, 2 x CHCBr), 7.25 (2H, d,
J=8.5Hz, 2 x CHCHCBr), 5.04 (1H, dt, J = 7.0, 3.0 Hz, CHOH), 3.07 (1H, dd, J = 7.0,
15.0 Hz, CH4HzCHOH), 3.00 (1H, dd, J = 6.0, 15.0 Hz, CH,H3CHOH), 2.28 (1H, d,
J=3.0 Hz, OH), 1.20 — 0.95 (21H, m, Si(CH(CH3)2)3), 0.82 (1H, d, J = 7.5 Hz,
CH4HgC(TIPS)), 0.77 (1H, d, J = 7.5 Hz, CH,H3C(TIPS)) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 142.8 (0), 131.6 (1), 131.2 (0), 127.7 (1), 121.7 (0),
106.7 (0), 71.9 (1), 38.7 (2), 18.8 (3), 11.4 (1), 6.9 (2) ppm.

LRMS (EI) m/z = 351 [M — 'Pr]" 20%, 394 [M]* 2%.

[5-(4-Bromophenyl)-2-methyl-4,5-dihydrofuran-3-yl]-triisopropylsilane 278

O
\ TIPS

Br

BF;2AcOH (19 pL, 0.139 mmol) was added to a solution of 1-(4-bromophenyl)-2-[2-
triisopropylsilyl-1-cyclopropenyl]ethanol 277 (50 mg, 0.127 mmol) in DCM (1 mL) at
—78 °C under nitrogen. The reaction was monitored by TLC and after ten minutes the
reaction mixture was quenched with water (5 mL) and extracted with DCM. The organic
phase was washed with brine, dried (MgSQ,) and concentrated in vacuo. The liquid was
purified twice by column chromatography (0 — 1% Et;O—PE) to give a colourless oil 278
(28 mg, 55%).

Rt =0.77 (1:4 Et,O-PE).

FT-IR (solution) Vmx = 2940 (s), 2861 (s), 1630 (s), 1487 (m), 1462 (m), 1379 (m),
1200 (s), 881 (m) cm™.

"H NMR (300 MHz, CDCl3) &y = 7.48 (2H, d, J = 8.5 Hz, Ar), 7.21 (2H, d, J = 8.5 Hz,
Ar) 538 (1H, dd, J = 7.5, 10.5 Hz, CH(Ar)), 3.18 (1H, ddd, J = 1.5, 10.5, 14.5 Hz,
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(Ar)CHCH,Hpg), 2.60 (1H, ddd, J = 1.5, 7.5, 14.5 Hz, (Ar)CHCHAHj), 1.98 (3H, s, CH3),
1.25 - 1.00 (21H, m, Si((CH(CHz),)) ppri.

BC NMR (75.5 MHz, CDCls) 8¢ = 161.5 (0), 143.9 (0), 132.5 (1), 128.0 (1), 122.0 (0),
95.6 (0), 81.5 (1), 45.6 (2), 18.9 (3), 15.3 (3), 12.3 (1) ppm.

LRMS (ED) m/z =351 [M = Pr]* 100%, 394 [M]"* 8%.

HRMS (EI) C20H3,08i"Br requires 394.1328, found 394.1329.

3-(3-Methoxyphenyl)-1-propanol 286

—~

0

A solution of 3-methoxyphenylacetic acid (5.00 g, 30 mmol) in THF (20 mL) was
carefully added to a suspension of LiAlH4 (1.72 g, 50 mmol) in THF (30 mL) at O °C.
After 3 hours the reaction was quenched with 2N sodium hydroxide solution until the
excess LiAlH, turned white. The mixture was washed with brine, dried (MgSO4) and
filtered. The solvents were removed in vacuo from the filtrate to yield the title compound
286 as a light yellow oil (4.45 g, 98%).

Rf =0.32 (1:4 Et,0O-PE).

FT-IR (solution) vy = 3355 (b), 2945 (m), 2838 (my), 1585 (s), 1492 (m), 1264 (s),
1148 (s), 1046 (s), 781 (m) cm™.

'"H NMR (300 MHz, CDCl3) 8y = 7.30 (1H, t, J = 7.5 Hz, Ar), 6.92 — 6.88 (3H, m, Ar),
3.89 2H, t, J = 6.5 Hz, CH,CH,OH), 3.86 (3H, s, OCH3), 2.90 (2H, t, J = 6.5 Hz,
CH,0H), 2.08 (bs, OH) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 159.7 (0), 140.2 (0), 129.6 (1), 121.4 (1), 114.8 (1),
111.7 (1), 63.6 (2), 55.2 (3),39.3 (2) ppm.

LRMS (CI) m/z = 153 [M + H]* 80%, 170 [M + H,0]" 100%. 7

HRMS (EI') CoH 20, [M]" requires 152.0837, found 152.0830.

This data agrees with Parker and Fokas.'*
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2-(3-Methoxyphenyl)acetaldehyde 279

o

e

Pyridinium dichromate (14.8 g, 39.5 mmol) was added to a rapidly stirring solution of 3-
(3-methoxyphenyl)-1-propanol 286 (4 g, 26.3 mmol) in DCM (50 mL) at 20 °C under
argon. After 24 hours ithe reaction mixture was quenched with saturated ammonium
chloride (50 mL) and extracted with DCM. The organic phase was washed with brine,
dried (MgSO4) and concentrated in vacuo. The liquid was purified by column
chromatography (5% Et;O-PE) to give colourless liquid 279 (451 mg, 12%).

Rf =0.60 (1:4 Et,O-PE).

FT-IR (solution) Vmsx = 2952 (w), 2835 (w), 1696 (s), 1584 (s), 1483 (m), 1259 (s),
1137 (m), 1036 (m), 746 (m) cm’™.

"H NMR (300 MHz, CDCls) 8y = 9.80 (1H, s, CHO), 7.28 — 7.20 (3H, m, Ar), 7.10 - 6.98
(1H, m, Ar), 3.68 (3H, s, OCH»), 3.61 (2H, s, CH;) ppm.

BC NMR (75.5 MHz, CDCL3) 8¢ = 192.3 (1), 160.2 (0), 139.1 (0), 130.2 (1), 123.7 (1),
121.7 (1), 114.8 (1), 64.4 (2), 55.6 (3) ppm.

LRMS (CI) m/z = 136 [M — CH3]" 100%.

This data agrees with Nelson.'*’

3-(3-Methoxyphenyl)-1-propanol 287

o

0O

A solution of 3-(3-methoxyphenyl)propionic acid (5.00 g, 28 mmol) in THF (20 mL) was
carefully added to a suspension of LiAlIH4 (1.60 g, 42 mmol) in THF (30 mL) at O °C.

After 3 hours the reaction was quenched with 2N sodium hydroxide solution until the
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excess LiAlHy turned white. The mixture was washed with brine, dried (MgSQO,) and
filtered. The solvents were removed in vacuo from the filtrate to yield the title compound
287 as a colourless liquid (4.45 g, 96%).

Rf =0.35 (1:4 Et,0O-PE).

FT-IR (solution) Vg = 3345 (b), 2941 (m), 2866 (m), 1585 (m), 1492 (m), 1269 (s),
1157 (s), 1036 (s), 836 (s) cm™.

"H NMR (300 MHz, CDCls) 8 = 7.71 (1H, t, J = 7.5 Hz, Ar), 7.35 — 7.21 (3H, m, Ar),
430 (3H, s, OCH3), 4.18 (2H, t, / = 7.0 Hz, CH,OH), 320 2H, t, / = 7.0 Hz,
CH,CH,CH;0H), 2.52 (bs, Of), 2.40 (quin, 2H, /= 7.0 Hz, CH,CH,OH) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 159.6 (0), 143.6 (0), 129.4 (1), 120.9 (1), 114.3 (1),
111.2 (1), 62.2 (2),55.2 (3),34.2 (2), 32.2 (2) ppm.

LRMS (CI) m/z = 167 [M + H]" 100%.

This data agrees with that of Manas and Smith.*

3-(3-Methoxyphenyl)propanal 280

@MO

0

Following a method described by Swern.'*

DMSO (2.79 m, 527 mmol) in DCM (15 mL) was added to a stirring solution of oxalyl
chloride (1.79 mL, 263 mmol) in DCM (50 mL) keeping the temperature below —60 °C
under nitrogen. This was stirred for 5 minutes before addition of 3-(3-methoxyphenyl)-1-
propanol 287 (3.8 g, 229 mmol) in DCM (15 mL) keeping the temperature below —60 °C.
The reaction mixture was stirred for 15 minutes before addition of EtsN (14.6 mlL,
0.105 mol) and the reaction was allowed to warm to room temperature over 4 hours. The
reaction was quenched with water (10 mL) and extracted with DCM. The organic layer
was washed with brine, dried (MgSQ,) and solvents removed in vacuo. The liquid was
purified by column chromatography (10% Et,O—PE) to give the title compound 280 as a
colourless oil (1.60 g, 43%).
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Rf = 0.58 (1:4 Et,0-PE)
FT-IR (solution) Vi, = 2936 (w), 2835 (w), 2363 (m), 1722 (s), 1600 (m), 1493 (m),
1254 (s), 1036 (m), 746 (m) cm’.

"H NMR (300 MHz, CDCl3) 8y = 9.83 (1H, t, J = 1.5 Hz, CHO), 7.20 (1H, m, Ar), 6.82 —
6.70 (3H, m, Ar), 3.80 (3H, s, OCH;), 2.95 2H, t, J = 7.5 Hz, CH,CHO), 2.87 2H, t, J =
7.5 Hz, CH,CH,CHO) ppm.

BC NMR (75.5 MHz, CDCLy) 8¢ = 201.7 (1), 159.9 (0), 142.1 (0), 129.6.(1), 120.9 (1),
114.3 (1), 111.6 (1), 55.3 (3), 45.3 (2), 28.3 (2) ppm.

LRMS (CI) m/z = 165 [M + H]" 40%, 182 [M + H,0]" 100%.

This data agrees with that of Manas and Smith."*®

Ethyl (2E)-3-[3,5-bis(methyloxy)phenyl]-2-propenoate 287

OMe

o Do

O

Following the method of Nikas et al. '*!

A solution of 3,5-dimethoxybenzaldehyde (2.5 g, 15.1 mmol) in THF (30 mL) was added
over a period of 30 minutes to a stirring solution -of (carbethoxymethylene)
triphenylphosphorane (7.86 g, 22.6 mmol) in THF (100 mL) at O °C under nitrogen. The
reaction mixture was allowed to warm to room temperature over 2 hours and quenched
with saturated ammonium chloride solution (10 mL). After a normal workup the organic
phase was dried (MgSO,) and concentrated in vacuo to give a white solid. The crude
material was purified by column chromatography (10 — 30% EtOAc—hexane) to give 289
as a white crystalline solid as a mixture of cis and trans isomers in a 3:97 ratio,
respectively (3.43 g, 96%).

Rf = 0.50 (1:4 EtOAc—hexane).

Melting point 45 — 46 °C.
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FT-IR (solution) Vugx = 2970 (w), 2840 (w), 1704 (s), 1591 (s), 1458 (m), 1352 (m),
1279 (s), 1326 (s), 1062 (m), 831 (m) cm’.

"H NMR (400 MHz, CDCls) 8y = 7.60 (1H, d, J = 16.0 Hz, Ar), 6.67 (2H, d, J = 2.0 Hz,
Ar), 649 (1H, t, J = 2.0 Hz, Ar), 6.41 (1H, d, J = 16.0 Hz, Ar), 427 (2H, q, /= 7.0 Hz,
CH,CHj3), 3.81 (6H, s, 2 x OCHj3), 1.34 (3H, t, J/ = 7.0 Hz, CH,CH;) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 166.9 (0), 161.0 (0), 144.6 (1), 136.3 (0), 118.8 (1),
105.9 (1), 102.5 (1), 60.6 (2), 55.4 (3) 14.3 (3) ppm.

LRMS (EI) m/z =236 [M]" 100%.

HRMS (ES™) C13H704 [M + H]* requires 237.1127, found 237.1127.

For the cis isomer the identifiable peaks are recorded below:

"H NMR (400 MHz, CDCl;) 8y = 6.84 (1H, d, J = 12.5 Hz, Ar), 6.78 (2H, d, J = 2.2 Hz,
Ar), 645 (1H, t, J = 22 Hz, (OMe)CCHC(OMe)), 593 (1H, d, J = 125 Hz,
CHCHCO,CHy), 4.19 (2H, q, J = 7.0 Hz, CH,CHj3), 3.80 (6H, s, 2 x OCH3), 1.25 (3H, t,
J=7.0 Hz, CH,CHj3) ppm.

Spectroscopic data agrees with that of Nikas er al.'*!

Ethyl 3-[3,5-bis(methyloxy)phenyl]propanoate 290

OMe
MeQ

Following a method of Nikas et al.'*!

EtOAc (50 mL) was added to a mixture of ethyl (2E)-3-[3,5-bis(methyloxy)phenyl]-2-
propenoate 289 ( 2.45 g, 10.38 mmol) and 10% Pd/C (834 mg, 50% water, 1.04 mmol).
The resulting suspension was stirred vigorously under a hydrogen atmosphere at 50 psi at
room temperature. After 12 hours the reaction mixture was filtered through celite and

washed with EtOAc. The solvent was removed in vacuo to reveal a colourless liquid. The
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liquid was purified by column chromatography (10% EtOAc-hexane) to give the title
compound 290 as a yellow liquid (1.73 g, 70%). |

Rf =0.43 (1:4 EtOAc—hexane).

FT-IR (solution) Vi = 2937 (w), 2839 (w), 1730 (s), 1595 (s), 1461 (m), 1204 (s),
1148 (s), 1066 (s), 831 (s) cm™".

'H NMR (400 MHz, CDCls) 84 = 6.36 (2H, d, J = 2.0 Hz, Ar), 6.31 (1H, t, / = 2.0 Hz,
Ar), 4.14 (1H, d, J = 7.0 Hz, CO,CHsHCH3), 4.12 (1H, d, J = 7.0 Hz, CO,CHAHzCH3),
3.77 (6H, s, 2 x OMe), 2.89 (2H, t, J = 8.0 Hz, CH,CO;Et), 2.61 (2H, t, J = 8.0 Hz,
CH,CH,CO,EY), 1.25 3H, t, / = 7.0 Hz, CO,CH,CHs3) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 172.9 (0), 160.8 (0), 143.0 (0), 106.3 (1), 98.2 (1),
60.5 (2),55.3(3),35.8(2),31.3(2) 14.3 (3) ppm.

LRMS (EI) m/z = 165 [M — COyEt]” 100%, 238 [M]" 70%.

HRMS (ES™) Ci3H904 [M + H]* requires 239.1283, found 239.1276.

Spectroscopic data agrees with that of Nikas et al.'*'

3-[3,5-bis(Methyloxy)phenyl]-1-propanol 291

OMe
MeO

Following the method of Nikas et al.'*!

To a solution of ethyl 3-[3,5-bis(methyloxy)phenyl]propanoate 290 (1.00 g, 4.20 mmol) in
THF (20 mL) was added to a stirred suspension of LiAlH,4 (333 mg, 5.46 mmol) in THF
(30 mL) at O °C under nitrogen. The reaction mixture was stirred vigorously for 6 hours at
0 °C before quenching by addition of 2N NaOH and EtOAc. The reaction mixture was
dried (MgSO, and filtered. The filtrate was reduced in vacuo to give the crude material as
a colourless liquid. The crude material was purified by column chromatography (30%

EtOAc—hexane) to give the title compound 291 as a colourless liquid (820 mg, 99%). ;
Rf =0.07 (1:4 EtOAc— hexane).
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FT-IR (solution) vay = 3423 (b), 2938 (m), 2840 (m), 1736 (s), 1595 (s), 1461 (m),
1372 (m), 1239 (s), 1149 (s), 1082 (s), 831 (m) cm™.

'H NMR (400 MHz, CDCly) 8y = 6.36 (2H, s, Ar), 6.31 (1H, s, Ar), 3.78 (6H, s, 2 x
OMe), 3.68 (2H, t, J = 7.0 Hz, CH,0H), 2.65 (2H, t, J = 7.0 Hz, CH,(A1)), 1.89 (2H, quin,
J=17.0Hz, CH,CH,0H), 1.34 (1H, bs, OH) ppm.

BC NMR (100 MHz, CDCl3) 8 = 160.8 (0), 143.3 (0), 106.5 (1), 97.8 (1), 62.3 (2),
55.3 (3), 34.0 (2), 32.4 (2) ppm.

LRMS (EI) m/z = 152 [M — (CH,),01* 100%, 196 [M]* 32%.

HRMS (ES*) C1H70; [M + H]* requires 197.1178, found 197.1171.

Spectroscopic data agrees with Nikas ef al.'*!

3-[3,5-bis(Methyloxy)phenyl]propanal 292

OMe

/©V\/O
MeO =

Following the method of Nikas ef al. '*!

A solution of 3-[3,5-bis(methyloxy)phenyl]-1-propanol 291 (600 mg, 3.07 mmol) in DCM
(15 mL) was added to a rapidly stirring solution of PCC (1.31 g, 6.06 mmol) in DCM
(20 mL) at room temperature under nitrogen. After 4 hours Et;O was added and the liquid
poured away from the black gum. The insoluble residue was washed with Et;O. The
combined organic layers were washed through a pad of silica and solvents were removed
in vacuo to give the crude material as a colourless liquid. The crude material was purified
by column chromatography (10% EtOAc—hexane) to give the title compound 292 as a
colourless liquid (360 mg, 77%).

Rf =0.43 (1:4 EtOAc—hexane).

"H NMR (400 MHz, CDCl3) 8y = 9.82 (1H, s, CHO), 6.35 (2H, d, J = 2.0 Hz, Ar), 6.32
(1H,d, J=2.0 Hz, Ar), 3.78 (6H, s, 2 x OMe), 2.90 (2H, t, J = 7.5 Hz, CH»(Ar)), 2.75 (2H,
t,J=7.5 Hz, CH,CHO) ppm.
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B¢ NMR (100 MHz, CDCL) 8¢ = 204.5 (1), 160.9 (0), 142.7 (0), 106.4 (1), 98.1 (1),

55.3(3),45.1(2),28.4 (2) ppm.
LRMS (ED) m/z = 194 [M]" 20%.
HRMS (ESH C;H;505 [M + H* requires 195.1021, found 195.1031.

This data agrees with that of Nikas et al.'*!

tert-Butyl N-(3-hydroxypropyl)carbamate 298

BocHN” > “0oH

Boc,O (14.3 g, 0.65 mol) was added to a stirring solution of 3-aminopropan-1-ol 297
(5 mL, 0.65 mol) in DCM (50 mL) at room temperature. After 2 hours the reaction was
quenched with saturated NaHCOj; solution (10 mL). The reaction mixture was dried
(MgSOy), filtered and solvents removed in vacuo to give a yellow oil. The oil was purified
by column chromatography (30% EtOAc-PE) to give the title compound 298 as a
colourless oil (1.03g, 97%).

Rf = 0.22 (Et;O).

FT-IR (solution) Vuyax = 3346 (bs), 2976 (m), 2936 (m), 2874 (m), 1682 (s), 1578 (m),
1365 (m), 1257 (m), 1165 (s), 1044 (m) cm™.

"H NMR (300 MHz, CDCl3) 8y = 4.82 (bs, NH), 3.65 (2H, q, J = 6.0 Hz, CH,OH), 3.31
(2H, q, J = 6.0 Hz, CH,NH), 3.12 (1H, t, J = 6.0 Hz, OH), 1.68 (2H, quin, J = 6.0 Hz,
CH;CH,0H), 1.45 (9H, s, (CH3)3) ppm.

BC NMR (75.5 MHz, CDCly) & = 157.4 (0), 79.8 (0), 59.3 (2), 36.9 (2), 33.0 (2),
28.5 (3) ppm.

LRMS (ES*) m/z = 130 (BocNHCH,)" 35%, 176 [M + H]* 10%, 198 [M + Na)™.

Spectroscopic data agrees with that of Lee and Miller. '’
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tert-Butyl N-(3-oxopropyl)carbamate 293

BocHN™ "¢

Following the method of Swern.'*

A solution of DMSO (0.372 mL, 7.03 mmol) in DCM (5 mL) was added to a stirring
solution of oxalyl chloride (0.209 mL, 3.52 mmol) in DCM (10mL) at ~78 °C under argon
ensuring that the temperature did not rise above —60 °C. The reaction mixture was stirred
for 5 minutes before addition of a solution of tert-butyl N-(3-hydroxypropyl)carbamate 298
(500 mg, 3.06 mmol) in DCM (5 mL) again ensuring that the temperature did not rise
above —60 °C. The reaction mixture was stirred for 45 minutes before addition of
triethylamine (1.964 mL, 14.08 mmol) and the reaction was allowed to warm to room
temperature overnight. The reaction mixture was quenched with water and after a normal
workup it was dried (MgSOy), filtered and solvents removed in vacuo to give a yellow
liquid. The liquid was purified by column chromatography (50% Et,O—PE) to give the title
compound 293 as a yellow oil (275 mg, 52%).

Rf = 0.33 (Et20).

"H NMR (300 MHz, CDCls) 8y = 9.82 (1H, s, CHO), 4.95 (1H, bs, NH), 3.42 (2H, q,
J=6.0 Hz, CH,CHO), 2.72 (2H, t, J = 6.0 Hz, CH,CH,CHO), 1.45 (9H, s, (CH3)3) ppm.
BC NMR (75.5 MHz, CDCly) 8¢ = 201.6 (1), 79.8 (0), 45.8 (0), 44.5 (2), 34.1 (2),
28.5 (3) ppm.

LRMS (ES") m/z =175 [2M + MeOH]" 73%.

Spectroscopic data agrees with that of Blaney et al."*

158



Chapter 4 Experimental.

3-4-[(Z)-1-Chloro-1-(triisopropylsilyl)methylidene]-6-phenyltetrahydro-2H-2-
pyranyl-1-propanol 299

Ph
TIPS

Cl OH

TiCly (14ul, 1.029 mmol) was added to a stirring solution of 1-phenyl-2-[2-
triisopropylsilyl-1-cyclopropenyl]ethyl  tetrahydro-2-furanyl ether 248 (50 mg,
0.129 mmol) in DCM (1 mL) at =78 °C under N;. The reaction immediately turned brown
and TLC showed decomposition so the reaction was quenched with water and extracted
with DCM. The organic layers were dried (MgSOy), filtered and solvents removed in
vacuo to give a brown oil. The oil was purified by column chromatography (0 — 5%
Et,O-PE) to give the title compound 299 as a colourless oil (11 mg, 23%).

Rf =0.11 (1:4 Et,0O-PE).

FT-IR (solution) vmyx = 3411 (b), 2944 (s), 2866 (s), 1738 (m), 1455 (m), 1365 (m),
1216 (m), 1063 (m) cm™.

"H NMR (400 MHz, CDCls) 8y = 7.35 — 7.15 (5H, m, Ar), 4.30 (1H, dd, J =2.0, 13.0 Hz,
PhCH), 3.59 (2H, t, J = 5.5 Hz, CH,OH), 3.48 (1H, m, PhCHOCH), 3.32 (1H, d,
J=13.5 Hz, CHsHgCH(CHa),), 2.64 (1H, d, J = 13.0 Hz, CHsHgCHPh), 2.17 (1H, t,
J =13.0 Hz, CHy\HyCHPh), 1.85 (1H, t, / = 13.5 Hz, CHAHzCH(CHaz)y), 1.72 - 1.61 (4H,
m, CH,CH,CH,0H), 1.80 — 1.42 (bs, OH - confirmed by D,0 shake), 1.38 - 1.25 (3H, m,
Si(CH(CHjs),)3), 1.05 - 0.90 (18H, m, Si(CH(CHj3)2)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 147.6 (0), 142.0 (0), 128.7 (1), 127.9 (1), 127.9 (0),
125.8 (1), 80.3 (1), 78.1 (1), 63.0 (2), 41.9 (2), 37.9 (2), 33.2 (2), 292 (2), 18.9 (3),
13.1 (1) ppm.

LRMS (ES") m/z =445 [M + Na]" 100%.

HRMS (ES™) C24H36Si0,CINa [M + Na]" requires 445.2300, found 445.2306.
Microanalysis Calculated for C24H39Cl10,Si: C, 68.13; H, 9.29. Found C, 67.80; H, 9.38.
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4.4 Experimental for Chapter 3.

5-Ethoxy-2-pyrrolidinone 316

e
07N O

H

Following the method described by Hubert ef al. '*®

Sodium borohydride (2.00 g, 26.10 mmol) was added to a stirring solution of succinimide
(1.72 g, 8.69 mmol) in EtOH (50 mL) at 0 °C. The reaction was stirred for four hours with
the addition of two drops of concentrated hydrochloric acid every fifteen minutes. The
EtOH was removed in vacuo and the desired compound was extracted from the residue
with DCM. The DCM was removed in vacuo to reveal a yellow oil. The solid was
purified using column chromatography (0 — 2% MeOH-DCM) to give the title compound
316 as a white solid (539 mg, 48%).

Rf =0.53 (1:9 MeOH-DCM).

Melting point 48 — 53 °C recrystallised from diiospropyl ether.

FT-IR (solid) Vmax = 3259 (m), 2975 (m), 1690 (s), 1454 (w), 1277 (w), 1063 (s),
984 (m) cm™.

'"H NMR (300 MHz, CDCls) 8y = 8.48 (1H, bs, NH), 4.92 (1H, dt, J = 6.0, 1.0 Hz,
CHOCH,), 3.55 (1H, dq, J = 9.0, 7.0 Hz, OCHsHsCH3), 3.35 (1H, dgq, J = 9.0, 7.0 Hz,
OCHaHpCHs), 2.53 - 1.95 (4H, m, 2 x CH,;), 1.17 (3H, t, J = 7.0 Hz, OCH,CHj;) ppm.

BC NMR (75.5 MHz, CDClL3) 8¢ = 179.1 (0), 85.7 (1), 62.7 (2), 28.5 (2), 28.4 (2),
15.3 (3) ppm. ‘

LRMS (ES") m/z = 130 [M + H]" 100%.

Spectroscopic data agrees with that of Hubert et al. 126
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6-Ethoxy-2-piperidinone 317

@)

mo/\
H

Following the method described by Hubert et al.'*®

Sodium borohydride (1.00 g, 26.54 mmol) was added to a stirring solution of glutarimide
(1.00 g, 8.85 mmol) in EtOH (25 mL) at 0 °C. The reaction was stirred for four hours with
the addition of two drops of concentrated hydrochloric acid every fifteen minutes. The
EtOH was removed in vacuo and the desired compound was extracted from the residue
with DCM. The DCM was removed in vacuo to reveal a white solid. The solid was
purified using column chromatography (0 — 10% MeOH-DCM) to give the title compound
317 as a white solid (639 mg, 50%).

Rf =0.36 (1:9 MeOH-DCM).

Melting point 45 °C recrystallised from diethyl ether.

FT-IR (solid) Vmax = 3193 (w), 2970 (w), 2897 (w), 1807 (s), 1679 (s), 1496 (w),
1409 (w), 1335 (m) cm™.

'"H NMR (400 MHz, CDCl3) 8y = 6.50 (1H, bs, NH), 4.67 (1H, t, J = 3.5 Hz, CHNH),
3.62 (1H, dq, J = 9.0, 7.0 Hz, OCHsHCH3), 3.43 (1H, dq, J = 9.0, 7.0 Hz, OCHAHCH3),
248 -1.65 (6H, m, 3 x CH>), 1.22 (3H, t, J/=7.0 Hz, CH3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 172.6 (0), 82.0 (1), 62.7 (2), 31.8 (2), 28.0 (2), 16.4 (2),
15.4 (3) ppm.

LRMS (ES*) m/z = 144 [M + H]" 100%, 207 [M + Na]” MeCN]" 90%.

Spectroscopic data agrees with that of Hubert ef al.'*®
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6-Methoxy-piperidin-2-one 318

Following a method described by Klaver er al.'*’

NaBH4 (3.14 g, 82.7 mmol) was added to a stirring solution of glutarimide 315 (1.50 g,
11.8 mmol) in MeOH (118 mL) at -5 °C under nitrogen. Every fifteen minutes a solution
of HCl in MeOH (492 uL, 2M) was added and after one and a half hours the reaction was
cooled to —30 °C and acidified (pH 2) with 2M HCl in MeOH. The mixture was stirred for
one hour at room temperature before the addition of water and extraction with DCM. The
organic layers were combined, dried (MgSQy), filtered and solvents removed in vacuo to
give a yellow oil. The oil was purified by column chromatography (0 — 10% MeOH-
DCM) to give the title compound 318 as a colourless oil (1.16 g, 69%).

Rf =0.67 (1.9 MeOH-DCM).

FT-IR (solution) vmx = 3202 (b), 2946 (w), 1640 (s), 1491 (w), 1308 (m), 1190 (m),
1125 (m), 1063 (s), 835 (m) cm ™.

'"H NMR (300 MHz, CDCl3) 8y = 7.95 (bs, NH), 4.52 (1H, m, NHCH), 332 (3H, s,
OCHj3), 2.40 - 1.60 (6H, m, 3 x CH>) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 173.5 (0), 82.9 (3), 54.8 (1), 31.5 (2), 27.6 (2),
16.1 (2) ppm.

LRMS (ES™) m/z = 152 [M + Na]* 100%.

HRMS (ES™) C¢H;1NO,Na [M + Na]* requires 152.0682, found 152.0679.

Spectroscopic data agrees with Nishitani er al.'®
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1-Methyl-pyrrolidine-2,5-dione 319

O
N—

o)

Following a method described by Marson et al. '**

A mixture of succinimide (875 mg, 8.84 mmol), methyl iodide (0.66 mL, 10.6 mmol) and
potassium carbonate (1.47 g, 10.62 mmol) was heated to reflux in anhydrous acetone
(20 mL) for 16 hours. After cooling, more methyl iodide (0.275 mL, 4.42 mmol) and
potassium carbonate (0.61 g, 4.42 mmol) were added and the mixture was again heated to
reflux for a further 7.5 hours. The reaction mixture was cooled to 0 °C and filtered, with
washings of acetone, before removal of solvent in vacuo to give a white solid. The solid
was recrystallised from EtOH to give the title compound 319 as a white solid (598 mg,
88%).

“Rf=0.32 (1:5 MeOH - DCM).

Melting point 67 — 69 °C recrystallised from EtOH.

FT-IR (solid) Viax = 2940 (w), 1770 (m), 1688 (s), 1427 (m), 1270 (m), 1115 (s), 941 (m),
816 (m), 670 (s) cm™.

"H NMR (300 MHz, CDCls) 8y = 2.99 (3H, s, NCH3), 2.72 (4H, s, 2 x CH,) ppm.

BC NMR (75.5 MHz, CDCl3) 8¢ = 177.5 (0), 28.4 (2), 24.9 (3) pprm.

LRMS (ES" m/z =113 [M]* 100%.

Spectroscopic data agrees with that of Hubert ef al 126

5-Methoxy-1-methyl-pyrrolidin-2-one 321

U
Following a method described by Klaver ez al.'”’
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NaBH, (4.70 g, 123.1 mmol) was added to a stirring solution of 1-methyl-pyrrolidine-2,5-
dione 319 (2.00 g, 17.69 mmol) in MeOH (176 mL) at —5 °C under nitrogen. Every fifteen
minutes a solution of HCI in MeOH (737 uL, 2M) was added and after one and a half
hours the reaction was cooled to —30 °C and acidified (pH 2) with 2M HCl in MeOH. The
mixture was stirred for one hour at room temperature before the addition of NaHCO3 and
extraction with DCM. The organic layers were combined, dried (MgSOy), filtered and
solvents removed in vacuo to give a yellow oil. The oil was purified by column
chromatography (0 — 10% MeOH-DCM) to give the title compound 321 as a colourless oil
(1.314 g, 58%).

Rf =0.68 (1:9 MeOH-DCM).

FT-IR (solution) Vi = 3472 (b), 2940 (m), 2832 (w), 1682 (s), 1447 (m), 1077 (s) cm™.
"H NMR (400 MHz, CDCl3) 84 = 4.80 (1H, dd, J = 1.5, 6.5 Hz, NCHOMe), 3.22 (3H, s,
OCHs3), 2.82 (3H, s, NCH3), 2.51 — 1.89 (4H, m, 2 x CH;) ppm

BC NMR (100 MHz, CDCly) 8¢ = 175.2 (0), 92.0 (3), 53.0 (1), 29.0 (2), 27.9 (3),
24.0 (2) ppm.

LRMS (ES%) m/z =130 [M + H]" 25%, 152 [M + Na]* 100%.

HRMS (ES*) C¢H1NO,Na [M + Na]* requires 152.0683, found 152.0682.

1-Methyl-2,6-piperidinedione 320

0
N—

0

Following the method described by Marson ef al. 128

A mixture of glutarimide (1.00 g, 8.84 mmol), methyl iodide (0.66 mL, 10.6 mmol) and
potassium carbonate (1.47 g, 10.62 mmol) was heated to reflux in anhydrous acetone
(20 mL) for 16 hours. After cooling more methyl iodide (0.275 mL, 4.42 mmol) and
potassium carbonate (0.61 g, 4.42 mmol) were added and the mixture was again heated to
reflux for a further 6 hours. The reaction mixture was cooled to O °C and filtered, with

washings of acetone, before removal of solvent in vacuo to give a white solid. The solid
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was purified using column chromatography to give the title compound 320 as a white solid
(861 mg, 88%).

Rf =0.32 (1:5 MeOH — DCM).

Melting point 30 — 31 °C recrystallised from EtOH.

FT-IR (solid) Vax = 2958 (w), 1721 (w), 1695 (s), 1415 (m), 1351 (my), 1293 (s), 1109 (s),
1042 (s) cm™.

'"H NMR (300 MHz, CDCLy) 8 = 3.15 (3H, s, NCHj), 2.66 (4H, t, J = 6.5 Hz, 2 x
CH,CO), 1.95 (2H, quin, J = 6.5 Hz, CH,CH,CO) ppm.

C NMR (75.5 MHz, CDCl3) 8¢ = 172.9 (0), 32.8 (2), 26.4 (3), 17.2 (2) ppm.

LRMS (ES) m/z =128 [M + H]* 12%, 160 [M + MeOH + H]" 100%.

Spectroscopic data agrees with that of Marson et al.'*®

6-Methoxy-1-methyl-piperidin-2-one 322

OiN/\I/O\

Following the method described by Klaver et al.'*’

NaBH4 (3.14 g, 82.7 mmol) was added to a stirring solution of 1-methyl-piperidine-2,6-
dione 320 (1.50 g, 11.8 mmol) in MeOH (118 mlL) at -5 °C under nitrogen. Every fifteen
minutes a solution of HCl in MeOH (492 pL, 2M) was added and after one and a half
hours the reaction was cooled to —30 °C and acidified (pH 2) with 2M HCl in MeOH. The
mixture was stirred for one hour at room temperature before the addition of NaHCO3 and
extraction with DCM. The organic layers were combined, dried (MgSOs), filtered and
solvents removed in vacuo to give a colourless oil. The oil was purified by column
chromatography (0 — 2% MeOH-DCM) to give the title compound 322 as a colourless oil
(1.163 g, 69%).

Rf = 0.67 (1:9 MeOH-DCM).

FT-IR (solution) Vi = 3471 (b), 2945 (m), 2830 (w), 1738 (m), 1646 (s), 1464 (m),
1355 (m), 1021 (m), 1073 (m) cm™.
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'H NMR (300 MHz, CDCL) 8y = 4.47 (1H, t, J = 3.0 Hz, NCHOMe), 3.32 (3H, s, OCH),
2.98 (3H, s, NCH3), 2.55 — 1.65 (6H, m, 3 x CH,) ppm.
BC NMR (75.5 MHz, CDCLy) 8c = 170.9 (0), 89.8 (3), 55.5 (1), 33.7 (3), 32.3 (2),

26.6 (2),16.3 (2) ppm.
LRMS (ES") m/z =144 [M + H]" 15%, 166 [M + Na]" 100%.
HRMS (ES™) C;H;3NO;Na [M + Na|* requires 166.0838, found 166.0837.

1-Phenyl-2,5-pyrrolidinedione 324

+0

Following a method described by Ho and Castagnoli, Jr."*’

Succinic anhydride (3.00g, 0.03 mmol) and aniline (2.73 mL, 0.03 mmol) were stirred in
refluxing toluene (100 mL) in the presence of 4A molecular sieves for 3 days. The
reaction mixture was filtered, solvents removed and the crude solid was recrystallised from
chloroform and hexane to give the title compound 324 as white needles (2.37 mg, 45%).

- Rt=0.65 (1:9 MeOH — DCM).

Melting point 156 — 158 °C recrystallised from CHCly/hexane.

FT-IR (solid) Viax = 2957 (W), 1695 (s), 1499 (m), 1388 (m), 1182 (s), 816 (m), 695 (s),
668 (s)cm™.

"H NMR (300 MHz, CDCls) 84 = 7.55 - 7.26 (5H, m, Ar), 2.91 (4H, s, 2 x CH,) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 176.3 (0), 131.9 (0), 129.4 (1), 128.8 (1), 126.6 (1),
28.5 (2) ppm.

LRMS (ES*) m/z =198 [M + Na]* 57%, 230 [M + MeOH + Na]" 100%.

Spectroscopic data agrees with that of Reddy et al.**
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5-Methoxy-1-phenyl-pyrrolidin-2-one 326

)
/O

Following a method described by Klaver et al.'”’

NaBH; (1.00 g, 571 mmol) was added to a stirring solution of 1-phenyl-2,5-
pyrrolidinedione 324 (2.00 g, 17.69 mmol) in MeOH (115 mL) at —5 °C under nitrogen.
Every fifteen minutes a solution of HCI in MeOH (470 pL, 2M) was added and after one
and a half hours the reaction was cooled to 30 °C and acidified (pH 2) with 2M HCl in
MeOH. The mixture was stirred for one hour at room temperature before the addition of
water and extraction with DCM. The organic layers were combined, dried (MgSOy),
filtered and solvents removed in vacuo to give a yellow oil. The oil was purified by
column chromatography (0 — 10% MeOH-DCM) to give the title compound 326 as a
colourless oil (578 mg, 53%).

Rf =0.13 (4:1 PE-Et;0).

FT-IR (neat) vpax = 2940 (w), 1701 (s), 1497 (m), 1395 (m), 1294 (m), 1194 (m),
1068 (s), 885 (m) cm™.

'"H NMR (300 MHz, CDCl3) 8y = 7.60 — 7.21 (5H, m, Ar), 5.37 (1H, dd, J = 1.0, 6.0 Hz,
NCH), 3.32 (3H, s, OCH3), 2.85 - 2.10 (4H, m, 2 x CH,) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 174.5 (0), 138.1 (1), 129.2 (1), 126.2 (1), 123.4 (1),
92.2 (1), 53.7 (3), 30.1 (2), 24.6 (2) ppm.

LRMS (ES") m/z =214 [M + Na]* 100%.

HRMS (ES™) C1;H;3NO;Na [M + Na]" requires 214.0838, found 214.0837.
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1-Benzy!-2,5-pyrrolidinedione 325

e

Following the method described by Ho and Castagnoli, Jr.'**

Succinic anhydride (5.00g, 0.05 mmol) and benzylamine (5.35 g, 0.05 mmol) were stirred
in refluxing toluene (250 mL) in the presence of 4A molecular sieves for 18 hours. The
reaction mixture was filtered, solvents removed and the crude éolid was recrystallised from
chloroform and hexane to give the title compound 325 as white needles (6.30 g, 67%).

Rf =0.95 (1:9 MeOH — DCM).

Melting point 102 — 103 °C recrystallised from CHClsy/hexane.

FT-IR (solid) Viax = 2951 (w), 1765 (m), 1691 (s), 1399 (s), 1342 (s), 1163 (s), 1081 (m),
1004 (w), 883 (m), 831 (m) cm’.

"H NMR (300 MHz, CDCls) 8y = 7.45 — 7.28 (5H, m, Ar), 4.67 (2H, s, CH,Ph), 2.71 (4H,
s, 2 x CH;) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 177.1 (0), 135.9 (0), 129.1 (1), 128.8 (1), 128.1 (1),
42.5(2),28.3 (2) ppm.

LRMS (ES™) m/z =212 [M + Na]" 100%.

Spectroscopic data agrees with that of Ho and Castagnoli, J r.1?

1-Benzyl-5-methoxy-pyrrolidin-2-one 327

Following the method described by Klaver er al.'’
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NaBH; (4.58 g, 121 mmol) was added to a stirring solution of 1-benzyl-pyrrolidine-2,5-
dione 325 (3.26 g, 17.24 mmol) in MeOH (172 mL) at -5 °C under nitrogen. Every fifteen
minutes a solution of HCI in MeOH (718 uL, 2M) was added and after three hours the
reaction was cooled to =30 °C and acidified (pH 3) with 2M HCI in MeOH. The mixture
was stirred for one hour at room temperature before the addition of NaHCOs and extraction
with DCM. The organic layers were combined, dried (MgSOQy), filtered and solvents
removed in vacuo to give a white solid. The solid was purified by column chromatography
(0 — 2% MeOH-DCM) to give the title compound 327 as a white solid (1.62 g, 50%).

Rf =0.66 (1:9 MeOH-DCM).

Melting point 114 — 115 °C.

FT-IR (solution) Vmax = 3151 (b), 2930 (w), 1636 (s), 1440 (m), 1326 (m), 1261 (m),
1076 (s), 948 (m), 696 (s), cm ™.

'"H NMR (300 MHz, CDCls) 8y = 7.40 — 7.26 (5H, m, Ar), 4.98 (1H, d, J = 14.5 Hz,
NCHHg), 4.74 (1H, dd, J = 1.5, 6.5 Hz, NCHCH,), 4.02 (1H, d, J = 14.5 Hz, NCHAHp),
3.22 3H, s, OCHj3), 2.60 (1H, dt, J = 17.5, 9.0 Hz, COCH4Hp), 2.48 (1H, ddd, / = 17.5,
5.5,9.5 Hz, COCHaHp), 2.18 = 1.95 (2H, m, COCH,CH>) ppm.

C NMR (75.5 MHz, CDCl) 8¢ = 175.1 (0), 136.6 (0), 128.8 (1), 128.6 (1), 127.7 (1),
89.1(3),53.0(1),43.9 (2),29.2(2),23.9 (2) ppm.

LRMS (ES™) m/z =206 [M + H]" 25%, 228 [M + Na]* 100%.

This data agrees with that of Klaver et al.'”’

5-Allyl-pyrrolidin-2-one 328

H
=
Following the method described by Polniaszek et al. '
TiCly (127 pL, 1.162 mmol) was added to a stirring solution of 5-ethoxy-2-pyrrolidinone
316 (100 mg, 0.775 mmol) and allyITMS (369 uL, 2.323 mmol) in DCM (10 mL) at

=78 °C under N; and monitored by TLC. After 8 hours (-10 °C), the reaction was

quenched with water and extracted with DCM. The organic layers were dried (MgSOu),
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filtered and solvents removed in vacuo to give the title compound 328 as a colourless oil
(63 mg, 65%).

Rf =0.51 (1:9 MeOH-DCM).

FT-IR (solution) Vix = 3346 (b), 2974 (m), 2936 (m), 1682 (s), 1517 (m), 1365 (m),
1251 (m), 1165 (s), 1044 (m) cm".

"H NMR (300 MHz, CDCl3) 8y = 6.95 (1H, bs, NH), 5.74 (1H, ddt, J = 17.0, 13.0, 7.0 Hz,
NHCHCH,CH), 5.14 — 5.06 (2H, m, NHCHCH,CHCH,), 3.70 (1H, quin, J = 6.5 Hz,
NHCH), 2.45-2.15 (5H, m, CH,CHsHgCHCH,), 1.82 — 1.65 (1H, m, CH,CHAH3CHCH,)
ppm. ‘

BC NMR (75.5 MHz, CDCl3) 8¢ = 178.5 (0), 133.7 (1), 118.4 (2), 53.9 (1), 41.0 (2), 30.4
(2),26.6 (2) ppm.

LRMS (ES™) m/z = 126 [M + H]" 30%, 148 [M + Na]™ 100%, 273 [2M + Na]" 60%.
HRMS (ES™) C;H;;NONa [M + Na]” requires 148.0733, found 148.0732.

This data agrees with that of Boto."°

6-Allyl-piperidin-2-one 329

OW
Following the method described by Ojima.'*
BF;-Et;0 (148 uL, 0.445 mmol) was added to a stirring solution of 6-methoxy-piperidin-2-
one 318 (55 mg, 0.370 mmol) and allylTMS (120 mL, 0.740 mmol) in DCM (2.5 mL) at
0 °C under N3 and monitored by TLC. The reaction mixture was allowed to warm to room
temperature and after 15 hours it was quenched with water and extracted with DCM. The
organic layers were dried (MgSQy), filtered and solvents removed in vacuo to give a
yellow oil. The oil was purified by column chromatography (2% MeOH-DCM) to give
the title compound 329 as a colourless oil (23 mg, 45%).
Rf =0.13 (4:1 PE-Et,0).
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FT-IR (solution) vy = 3193 (m), 3077 (w), 2944 (m), 1678 (s), 1637 (m), 1402 (m),
910 (m) cm ™.

'"H NMR (300 MHz, CDCl3) 8y = 5.92 (bs, NH), 5.72 (1H, dddd, J = 6.0, 8.5, 11.0,
16.5 Hz, NHCHCH,CHCH>), 5.20-5.12 (2H, m, NHCHCH,CHCH,), 3.39 (1H, dddd,
J=45,45,9.0, 9.0 Hz, NHCH), 2.45-2.20 (3H, m, COCH, & NHCHCH,HsCH), 2.12
(1H, m, NHCHCHAHCH), 1.98 — 1.62 (2H, m, COCH>CH,CHxHg), 1.45 — 1.30 (1H, m,
COCH,CH,CHxH5) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 172.3 (0), 133.4 (1), 119.4 (2), 52.3 (1), 41.5 (2),
31.4(2), 28.7 (2), 19.9 (2) ppm.

LRMS (ES") m/z = 140 [M + H]" 15%, 162 [M + Na]* 100%, 301 [2M + Na]" 10%.

This data agrees with that of Ojima.'*

5-Allyl-1-benzyl-pyrrolidin-2-one 330

N
Following the method described by Polniaszek ef al.'*
TiCly (40 pL, 0.366 mmol) was added to a stirring solution of 1-benzyl-5-methoxy-
pyrrolidin-2-one 325 (50 mg, 0.244 mmol) and allylTMS (116 pL, 0.737 mmol) in DCM
(5 mL) at -78 °C under N, and monitored by TLC. After 15 minutes the reaction was
quenched with water and extracted with DCM. The organic layers were dried (MgSQOy),
filtered and solvents removed in vacuo to give a yellow oil. The oil was purified by
column chromatography (1% MeOH-DCM) to the title compound 330 as a colourless oil
(45 mg, 86%).
Rf =0.58 (1:9 MeOH-DCM).
’FT—IR (solution) Vipax = 2936 (w), 1690 (s), 1418 (m), 1245 (m), 1171 (m), 1075 (m),
909 (w), 703 (s) cm™.
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'"H NMR (400 MHz, CDCl3) oy = 7.38 — 7.12 (5H, m, Ar), 5.57 (1H, ddt, J = 17.5, 9.5,
7.0 Hz, NCHCH,CH), 5.15 - 499 (2H, m, NCHCH,CHCH,;), 494 (1H, d, J = 15.0 Hz,
NCHHg), 3.92 (1H, d, J = 15.0 Hz, NCHaHp), 3.48 — 3.39 (1H, m, NCHCHy), 2.45 —
2.20 (3H, m, NCHCH,CH & CHHgCO), 2.15 - 1.89 (2H, CHAH3CO & COCH;CHHg),
1.70 (1H, m, COCH;CHaH3) ppm.

B¢ NMR (100 MHz, CDCl3) 8¢ = 175.3 (0), 136.7 (0), 132.7 (1), 128.7 (1), 128.0 (1),
127.6 (1), 118.9 (2), 56.3 (1), 44.3 (2), 37.2 (2), 30.2 (2), 23.3 (2) ppm.

LRMS (ES™) m/z =216 [M + H]" 10%, 238 [M + Na]" 100%, 453 [2M + Na]" 30%.
HRMS (ES™) C14H;7NONa [M + Na]” requires 238.1202, found 238.1199. '

Spectroscopic data agrees with Brown.""

5-Allyl-1-methyl-pyrrolidin-2-one 331

o~_N
=

Following the method described by Polniaszek.'”
TiCly (63 pL, 0.581 mmol) was added to a stirring solution of 5-methoxy-1-methyl-
pyrrolidin-2-one 321 (50 mg, 0.387 mmol) and allylTMS (1.84 pL, 1.162 mmol) in DCM
(5 mL) at —78 °C under N; and monitored by TLC. After 10 minutes the reaction was
quenched with water and extracted with DCM. The organic layers were dried (MgSOy),
filtered and solvents removed in vacuo to give a cloudy yellow oil. The oil was purified by
column chromatography (2% MeOH-DCM) to give the title compound 331 as a colourless
oil (44 mg, 81%).
Rf =0.47 (1:9 MeOH-DCM).
FT-IR (solution) Vmx = 3487 (b), 2974 (m), 2923 (m), 1674 (s), 1398 (m), 1302 (m),
1113 (m), 996 (m), 916 (m) cm’".
'"H NMR (400 MHz, CDCl) 8y = 5.64 (1H, ddt, J = 17.0, 10.0, 7.5 Hz, NCHCH,CH),
5.11 = 5.05 (IH, m, NCHCH,CHCH>), 3.52 (1H, quin, J = 8.0, 5.0, 3.5 Hz, N(Me)CH),
2.78 (3H, s, NCHj), 242 - 2.00 (5H, m, CH,CH,CHCHHg), 1.73 — 1.64 (1H, m,
CH,CH;CHCHaH3p) ppm.
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BC NMR (100 MHz, CDCls) 8¢ = 175.1 (0), 132.7 (1), 118.8 (2), 59.3 (1), 37.5 (2),
30.0 (2), 27.8 (3), 23.2 (2) ppm.

LRMS (ES*) m/z = 140 [M + H]" 12%, 162 [M + Na]* 62%.

HRMS (ES") Ci6H26N20,Na [2M + Na]™ requires 301.1886, found 301.1895.

5-Allyl-1-benzyl-pyrrolidin-2-one 332

S
Following the method described by Polniaszek ef al. '*
TiCly (43uL, 0.393 mmol) was added to a stirring solution of 5-methoxy-1-phenyl-
pyrrolidin-2-one 324 (50 mg, 0.262 mmol) and allylTMS (125 pL, 0.785 mmol) in DCM
(5 mL) at —78 °C under N, and monitored by TLC. The reaction mixture was allowed to
warm to room temperature and after 28 hours it was quenched with water and extracted
with DCM. The organic layers were dried (MgSQy), filtered and solvents removed in
vacuo to give the title compound 332 as a colourless oil (50 mg, 94%).
Rf =0.43 (1:9 MeOH-DCM).
FT-IR (solution) vy = 3069 (w), 2975 (w), 2923 (w), 1692 (s), 1498 (m), 1389 (m),
1295 (m), 751 (m) cm™.
'"H NMR (300 MHz, CDCls) 8y = 7.32 - 7.15 (5H, m, Ar), 5.57 (1H, ddt, J = 17.0, 10.0,
7.0 Hz, NCHCH,CHCHy), 5.02 — 4.91 (2H, m, NCHCH,CHCH,), 4.18 (1H, ddt, J = 5.0,
3.5, 8.0 Hz, NCH), 2.60 - 2.05 (5H, m, COCH,CHsHsCHCH,), 1.82 (1H, m,
COCH;CHxHzCHCH,) ppm.
BC NMR (75.5 MHz, CDCls) 8¢ = 174.5 (0), 137.6 (0), 132.7 (1), 129.2 (1), 126.0 (1),
1243 (1), 119 (2), 52.9 (1), 37.6 (2), 31.4 (2), 23.3 (2) ppm.
LRMS (ES") m/z =202 [M + H]" 5%, 224 [M + Na]* 100%, 425 [2M + Na]" 18%.
HRMS (ES+) Ca6H30N20;Na [2M + Na]" requires 224.1046, found 224.1043.
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5-[(Z)-2-(Chloromethyl)-3-triisopropylsilyl-2-propenyl]pyrrolidin-2-one 333

H
N - "TIPS
O
Cl

TiCly (127 uL, 1.162 mmol) was added to a stirring solution of 5-ethoxy-2-pyrrolidinone
316 (100 mg, 0.775 mmol) and TIPSMCP (487 mg, 2.323 mmol) in DCM (10 mL) at

—78 °C under N; and monitored by TLC. After 5 hours (-10 °C), the reaction was
quenched with saturated NaHCOs and extracted with DCM. The organic layers were dried
(MgSOy), filtered and solvents removed in vacuo to give a yellow oil. The oil was purified
by column chromatography (0 — 3% MeOH-DCM) to give the title compound 333 as a
colourless oil (81 mg, 69%).

Rf =0.71 (1:9 MeOH-DCM).

FT-IR (solution) Vm,x = 3208 (w), 2942 (m), 2804 (m), 1693 (s), 1462 (m), 1255 (w),
881 (m), 731 (m), 661 (m) cm™.

"H NMR (400 MHz, CDCls) 8, = 5.75 (1H, bs, NH), 5.41 (1H, s, CH(TIPS)), 4.00 (2H, d,
J = 1.0 Hz, CH,Cl), 3.88 (1H, quin, J = 7.0 Hz, NHCH), 2.52 (1H, ddd, J = 1.0, 6.0,
14.5 Hz, CH,HgCCH,Cl), 2.40 (1H, dd, J = 8.0, 14.5 Hz, NHCHCHaHp), 2.32 - 2.28
(2H, m, CH,CO), 228 - 2.18 (1H, m, COCH,CHsHgp), 1.80 - 1.68 (1H, m,
COCH,;CHaf3), 1.10 - 0.90 (21H, m, Si(CH(CHj3)2)3) ppm.

BC NMR (100 MHz, CDCL) 8¢ = 177.8 (0), 150.3 (0), 129.2 (1), 52.7 (1), 47.9 (2),
44.6 (2),30.3 (2),27.4 (2), 19.1 (3), 12.4 (1) ppm.

LRMS (ES") m/z =352 [M + Na]* 30%, 681 [2M + Na]" 100%.

HRMS (ES™) C;7H3,NOSiCINa [M + Na]* requires 352.1834, found 352.1845.
Microanalysis Calculated for C17H3;,NOSICl: C, 61.88; H, 9.77; N, 4.24. Found C, 61.52;
H, 9.83; N, 3.92.

X-ray Crystallography see appendix.
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6-[(Z2)-1-(Triisopropylsilyl)methylidene |perhydro-3-pyrrolizinone 334

0

m:/TIPS

5-(2-Chloromethyl-3-triisopropylsilyl-allyl)-pyrrolidin-2-one 333 (50 mg, 0.152 mmol)
was added to a stirring mixture Aof NaH (12.2 mg, 0.304 mmol, 60% in mineral oil) in THF
(5 mL) at =30 °C. The reaction mixture was warmed to room temperature and refluxed for
three days followed by a quench with water. The reaction mixture was neutralised with
2M HCI and extracted with DCM. The organic layers were dried (MgSQOy), filtered and
solvents removed in vacuo to give a yellow oil. The oil was purified by column
chromatography (0 — 2% MeOH-DCM) to give the title compound 334 as a colourless oil
(41 mg, 92%).

Rf =0.75 (1:9 MeOH-DCM).

FT-IR (solution) Vgax = 2940 (m), 2863 (m), 1963 (s), 1412 (m), 1298 (m), 881 (m),
725 (m), 660 (m) cm’™.

"H NMR (400 MHz, CDCls) 8y = 5.55 (1H, s, CH(TIPS)), 422 (1H, d, J = 16.5 Hz,
NCHHg), 3.99 (1H, m, CHN), 3.63 (1H, d, J = 16.5 Hz, NCHHj3), 2.72 - 2.68 (2H, m,
NCH,CCHsHp & COCHHp), 249 — 232 (3H, m, NCH,CCHaHp COCHaH3,
COCH,CHxHg), 1.79 (1H, m, COCH,CHaH3), 1.17 — 0.98 (21H, m, Si(CH(CHj3),)3) ppm.
BC NMR (100 MHz, CDCLy) &: = 174.1 (0), 156.7 (0), 118.0 (1), 60.4 (1), 46.5 (2),
44.9(2),34.9 (2),27.4 (2), 189 (3), 11.8 (1) ppm.

LRMS (ES") m/z =294 [M + H]* 10%, 316 [M + Na]* 60%, 609 [2M + Na]* 100%.
HRMS (ES*) C17H3,NOSi [M + H]" requires 294.2248, found 294.2248.

Microanalysis Calculated for C;7H;NOSi: C, 69.56; H, 10.64; N, 4.77. Found C, 69.25;
H, 10.49; N, 4.52.
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5-[(Z)-2-(Chloromethyl)-3-triisopropylsilyl-2-propenyl]-1-methyl-2-pyrrolidinone 337

\

N
OWTIPS

Cl

TiCly (63 pl, 0.581 mmol) was added to a stirring solution of 5-methoxy-1-methyl-
pyrrolidin-2-one 321 (50 mg, 0.387 mmol) and TIPSMCP (244 mg, 1.162 mmol) in DCM
(5 mL) at =78 °C under N, and monitored by TLC. After 30 minutes the reaction was
quenched with saturated NaHCOs5 and extracted with DCM. The organic layers were dried
(MgSO0y), filtered and solvents removed in vacuo to give a colourless oil. The oil was
purified by column chromatography (0 — 3% MeOH-DCM) to give the title compound 337
as a colourless oil (84 mg, 64%).

Rf =0.45 (1:9 MeOH-DCM).

FT-IR (solution) Vi = 2942 (m), 2864 (m), 1688 (s), 1461 (m), 1398 (m), 1254 (m),
881 (s), 660 (s) cmm™.

"H NMR (400 MHz, CDCls) &y = 5.53 (1H, s, CH(TIPS)), 4.12 (1H, d, J = 11.5 Hz,
CHAHpCl), 4.08 (1H, d, J = 11.5 Hz, CH5HCl), 3.79 (1H, m, NMeCH), 2.97 (1H, dd,
J=4.0, 14.5 Hz, CHCH,H5CC(TIPS)), 2.87 (3H, s, NCH3), 2.51 — 2.30 (2H, m, CH>CO),
223 (1H, dd, J = 10.0, 14.5 Hz, CHCHpHzCC(TIPS)), 2.16 — 2.05 (1H, m,
COCH,CH4Hg), 1.82 - 1.70 (1H, m, COCH,CHsHjz), 1.12 - 0.10 (21H, m,
Si(CH(CH),);) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 174.9 (0), 149.8 (0), 129.5 (1), 58.5 (1), 47.9 (2),
40.9 (2),29.8 (2),28.0(3),23.8 (2), 18.9(3), 11.6 (1) ppm.

LRMS (ES") m/z = 344 [M + H]" 40%, 366 [M + Na]* 70%, 709 [2M + Na]* 100%.
HRMS (ES") C1sH35sNOSiICl [M + H]" requires 344.2171, found 344.2182.
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5-((E)-1-Hydroxymethyl-2-triisopropylsilyl-vinyloxy)-1-methyl-pyrrolidin-2-one 338

/| OH
TIPS

In(OTf); (326 mg, 0.5801 mmol) was added to a stirring solution of 5-methoxy-1-methyl-
pyrrolidin-2-one 321 (50 mg, 0.387 mmol) and TIPSMCP (244 mg, 1.162 mmol) in DCM
(5 mL) at —78 °C under N; and monitored by TLC. After 3 hours the reaction was
quenched with water and extracted with DCM. The organic layers were dried (MgSO,),
filtered and solvents removed in vacuo. The crude oil was purified by column
chromatography (0 — 3% MeOH-DCM) to give the title compound 338 as a colourless oil
(67 mg, 54%).

Rf =0.13 (4:1 PE-Et;0).

FT-IR (neat) vimx = 3360 (b), 2939 (m), 2863 (m), 1669 (s), 1461 (m), 1400 (m), 832 (m),
727 (s) cm,

'"H NMR (400 MHz, CDCl3) 8y = 5.38 (1H, s, CH(TIPS)), 4.16 (1H, d, J = 12.5 Hz,
CHsHROH), 4.12 (1H, d, J = 12.5 Hz, CHAH3OH), 3.79 (1H, m, N(Me)CH), 2.95 (1H, dd,
J=16.0, 14.5 Hz, CH4HzCCH,0H), 2.85 (3H, s, NCHj3), 2.48 — 2.27 (2H, m, CH,CO), 2.20
- 2.03 (2H, m, CHAHzCCH,0H & COCH,CHHg), 1.78 (1H, m, COCH,CHaHp), 1.15 —
0.98 (21H, m, Si(CH(CHj3),)3) ppm.

BC NMR (100 MHz, CDCl) 8¢ = 175.3 (0), 154.1 (0), 126.1 (1), 65.7 (2), 58.9 (1),
41.1(2),29.9 (2), 28.1 (3), 23.8 (2), 19.0(3), 12.5 (1) ppm.

LRMS (ES") m/z = 348 [M + Na]* 100%, 673 [2M + Na]" 22%.

HRMS (ES") Ci3H35NO,SiNa [M + Na]* requires 348.2329, found 334.2333.
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1-Benzyl-5-((Z)-2-chloromethyl-3-triisopropylsilyl-allyl)-pyrrolidin-2-one 339

Ci

TIPS

TiCly (63 pL, 0.581 mmol) was added to a stirring solution of 1-benzyl-5-methoxy-
pyrrolidin-2-one 325 (50 mg, 0.387 mmol) and TIPSMCP (244 mL, 1.162 mmol) in DCM
(5 mL) at —78 °C under N; and monitored by TLC. After 4 hours (=30 °C) the reaction
was quenched with saturated NaHCO3 and extracted with DCM. The organic layers were
dried (MgSO.), filtered and solvents removed in vacuo to give a colourless oil. The oil
was purified by column chromatography (0 — 3% MeOH-DCM) to give the title compound
339 as a colourless oil (86 mg, 85 %).

Rf = 0.64 (1:9 MeOH-DCM).

FT-IR (solution) vy = 2941 (m), 2864 (m), 1686 (s), 1416 (m), 1251 (m), 881 (m),
733 (m) cm’™,

"H NMR (400 MHz, CDCls) 8y = 7.40 — 7.25 (5H, m, Ar), 5.42 (1H, s, CH(TIPS)), 5.03
(1H, d, J =15.0 Hz, CH4HgPh), 4.03 (1H, d, J = 15.0 Hz, CHxH3Ph), 4.00 (1H, d, /= 11.5
Hz, CHsHpCl), 3.89 (1H, d, J = 11.5 Hz, CH5H;3Cl), 3.61 (1H, m, N(Bﬁ)CH), 3.02 (1H,
dd, J = 2.5, 13.5 Hz, CH,HgCCH,Cl), 2.58 - 2.35 (2H, m, CH,CO), 2.11 (1H, dd,
/=105, 13.5 Hz, CHAHCCH,C), 2.02 (1H, m, CH.HpCH,CO), 178 (IH, m,
CHAHzCH,CO), 1.10 - 0.95 (21H, m, Si(CH(CHs3),)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 174.9 (0), 149.7 (0), 136.7 (0), 129.9 (1), 128.8 (1),
128.4 (1), 127.7 (1), 55.5 (1), 47.5 (2), 44.4 (2), 40.7 (2), 299 (2), 23.7 (2), 18.9 (3),
12.2 (1) ppm.

LRMS (ES¥) m/z = 420 [M + H]* 10%, 442 [M + Na]* 15%, 861 [2M + Na]" 100%.
HRMS (ES") C,4H33sNOSiCINa [M + Na]* requires 442.2303, found 442.2312.
Microanalysis Calculated for C,4H3sNOSICl: C, 68.62; H, 9.12; N, 3.33. Found C, 68.35;

H, 9.30; N, 3.02.
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1-Benzyl-5-((Z)-2-fluoromethyl-3-triisopropylsilyl-allyl)-pyrrolidin-2-one 340

BF;-Et;O (46 ul, 0.366 mmol) was added to a stirring solution of 1-benzyl-5-methoxy-
pyrrolidin-2-one 325 (50 mg, 0.244 mmol) and TIPSMCP (153 mg, 0.732 mmol) in DCM
(5 mL) at =78 °C under N, and monitored-by TLC. After 2 days the reaction was quenched
with water and extracted with DCM. The organic layers were dried (MgSOy), filtered and
solvents removed in vacuo to give a colourless oil. The oil was purified by column
chromatography (0 — 10% MeOH-DCM) to give the title compound 340 as a colourless oil
(58 mg, 58%).

Rf =0.12 (1:9 MeOH-DCM).

FT-IR (solution) Vipux = 2942 (m), 2865 (m), 1688 (s), 1417 (m), 1247 (w), 986 (w),
882 (m) cm™.

"H NMR (400 MHz, CDCly) 8y = 7.35 — 7.20 (SH, m, Ar), 5.47 (1H, s, CH(TIPS)), 4.98
(1H, d, J = 15.0 Hz, CH4HgPh), 4.76 (1H, dd, J = 11.0, 47.5 Hz, CHsHgF), 4.72 (1H, dd,
J= 110, 47.0 Hz, CHaH;F), 4.04 (1H, d, J = 15.0 Hz, CHaHgPh), 3.65 (1H, m,
N(Bn)CH), 2.87 (1H, dd, J = 3.5, 13.5 Hz, CH,HgCCH;F), 2.56 — 2.35 (2H, m, CH,CO),
2.11 (1H, dd, J = 10.5, 13.5 Hz, CHAHzCCH,F) 2.06 — 1.70 (2H, m, CH,CH,CO), 1.10 -
0.85 (21H, m, Si(CH(CHj3),)3) ppm.

BC NMR (100 MHz, CDCL) 8¢ = 175.1 (0), 149.8 (0), 136.9 (0), 129.7 (1), 128.3 (1),
128.2 (1), 127.6 (1), 84.8 (d, / = 163 Hz, 2), 56.1 (1), 44.5 (2), 40.9 (2), 29.9 (2), 23.7 (2),
18.9 (3), 12.4 (1) ppm.

LRMS (ES™) m/z = 404 [M + H]" 5%, 426 [M + Na]* 2%, 829 [2M + Na]" 100%.

HRMS (ES™) Co4H3oNOSIF [M + H]" requires 404.2779, found 404.2777.

179



Chapter 4 Experimental.

5-((Z)-2-Chloromethyl-3-triisopropylsilyl-allyl)-1-phenyl-pyrrolidin-2-one 341

Cl

.|'|PSM
@]

N

g

TiCly (43 pL, 0.393 mmol) was added to a stirring solution of 5-methoxy-1-phenyl-
pyrrolidin-2-one 324 (50 mg, 0.262 mmol) and TIPSMCP (154 mg, 0.785 mmol) in DCM
(5 mL) at —78 °C under N, and monitored by TLC. After 6 hours (=78 °C) the reaction was
quenched with water and extracted with DCM. The organic layers were dried (MgSQOa),
filtered and solvents removed in vacuo to give a colourless oil. The oil was purified by
column chromatography (1 — 103% MeOH-DCM) to give the title compound 341 as a
colourless oil (70 mg, 66%).

Rf =0.46 (1:9 MeOH-DCM).

FT-IR (solution) Vyax = 2943 (m), 2864 (m), 1700 (s), 1428 (m), 1389 (m), 1294 (w),
882 (m) cm™.

'"H NMR (400 MHz, CDCls) 8y = 7.40 — 7.10 (5H, m, Ar), 5.40 (1H, s, CH(TIPS)), 4.41
(1H, m, N(Ph)CH), 3.98 (1H, d, J = 11.5 Hz, CH HgCl), 3.93 (1H, d, J = 11.5 Hz,
CHaHpCl), 2.84 (1H, dd, J = 3.5, 14.5 Hz, CH,HgCCH,Cl), 2.57 (1H, ddd, J = 7.0, 9.5,
17.0 Hz, CH,HpCO), 2.46 (1H, ddd, J = 7.0, 9.5, 17.0 Hz, CH4HpCO), 2.19 (1H, m,
CHHpCH,CO), 2.10 (1H, m, CH,H3CCH,Cl), 1.84 (1H, m, CHAHzCH,CO), 1.12 - 0.95
(21H, m, Si(CH(CHj3)y)3) ppm.

BC NMR (100 MHz, CDCly) 8¢ = 174.1 (0), 149.8 (0), 137.5 (0), 129.7 (1), 129.2 (1),
126.0 (1), 123.9 (1), 58.3 (1), 47.9 (2), 41.7 (2), 31.2 (2), 23.8 (2), 19.0 (3), 12.5 (1) ppm.
LRMS (ES™) m/z = 406 [M + H]" 7%, 428 [M + Na]* 40%, 833 [2M + Na]* 100%.

HRMS (ES") Co3H3NOSiCINa [M + Na]" requires 428.2142, found 428.2149.
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6-((Z)-2-Chloromethyl-3-triisopropylsilyl-allyl)-piperidin-2-one 342

Cl
N @]
H

TiCly (64 uL, 0.580 mmol) was added to a stirring solution of 6-methoxy—piperidin—2—one

318 (50 mg, 0.387 mmol) and TIPSMCP (284 mg, 1.163 mmol) in DCM (5 mL) at —78 °C
under N; and monitored by TLC. After 8 hours (0 °C) the reaction was quenched with
water and extracted with DCM. The organic layers were dried (MgSOsy), filtered and
solvents removed in vacuo to give a yellow oil. The oil was purified by column
chromatography (10 — 50% EtOAc-PE) to give the title compound 342 as a colouriess oil
(44 mg, 32%).

Rf =0.50 (EtOAc).

FT-IR (neat) Vi = 2942 (m), 2865 (m), 1660 (s), 1462 (m), 1348 (m), 881 (m),
731 (s) cm’.

"H NMR (400 MHz, CDCls) 84 = 5.71 (1H, bs, NH), 5.54 (1H, s, CH(TIPS)), 4.07 (2H, s,
CH,Cl), 3.62 (1H, dddd, J = 4.5, 5.0, 9.5, 13.5 Hz, NHCH), 2.65 (1H, dd, /= 5.5, 14.5 Hz, |
CH HpCCH,Cl), 2.47 — 227 (3H, m, CH;CO & CHaHCCH,Cl), 1.95 (1H, m,
COCH,CH,CH,Hp), 179 - 168 (2H, m, COCH,CH,CH;), 130 (1H, m,
COCH,CH,CHaHp), 1.18 — 1.05 (21H, m, Si(CH(CH3)2)3) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 172.1 (0), 149.4 (0), 130.4 (1), 51.0 (1), 47.6 (2),
45.1 (2), 31.5(2),28.9(2),19.9(2),19.0 (3),12.2 (1) ppm.

LRMS (ES") m/z = 344 [M + H]" 18%, 366 [M + Na]* 18%, 709 [2M + Na]* 100%.
HRMS (ES™) C1gH35NOSiCl [M + H]" requires 344.2171, found 344.2179.
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6-((Z)-2-Fluoromethyl-3-triisopropylsilyl-allyl)-piperidin-2-one 343

F
Tlpsm
N" o
H

BF;-Et,0 (46 pl, 0.366 mmol) was added to a stirring solution of 6-methoxy-piperidin-2-
one 318 (50 mg, 0.357 mmol) and TIPSMCP (244 mg, 1.163 mmol) in DCM (5 mL) at

-78 °C under N, and monitored by TLC. After 8 hours (0 °C) the reaction was quenched
with water and extracted with DCM. The organic layers were dried (MgSOQs), filtered and
solvents removed in vacuo to give a yellow oil. The oil was purified by column
chromatography (50 — 100% EtOAc—PE) to give the title compound 343 as a colourless oil
(24 mg, 19%).

Rf = 0.50 (EtOAc). ‘

FT-IR (solution) Vmx = 2942 (m), 2865 (m), 1663 (s), 1463 (m), 983 (w), 882 (m),
729 (m) cm’. |

"H NMR (400 MHz, CDCls) 8y = 5.75 (1H, bs, NH), 5.58 (1H, s, CH(TIPS)), 4.46 (2H, d,
J =47.0 Hz, CH;F), 3.60 (1H, m, NHCH), 2.56 (1H, dd, J = 5.5, 14.5 Hz, CH,HgCCH,F),
2.45-2.22 (3H, m, CH,CO & CHAHzCCH,F), 2.10 — 1.30 (4H, m, CH,CH,CH,CO), 1.15
—0.95 (21H, m, Si(CH(CHj3)2)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 172.1 (0), 149.4 (0), 130.5 (1), 85.0 (d, J = 164.0 Hz,
2),51.3(1),45.4 (2),31.5(2),29.0(2),21.0 (2),20.0 (3), 12.4 (1) ppm.

LRMS (ES") m/z = 328 [M + H]" 10%, 350 [M + Na]" 45%, 677 [2M + Na]" 100%.
HRMS (ES™) C;13sH34NOSiFNa [M + Na]* requires 350.2286, found 350.2285.

182



Chapter 4 Experimental.

2-[1-Triisopropylsilyl-meth-(Z)-ylidene]-hexahydro-indolizin-5-one 344

0
iJ;D_/TIPS

6-((Z)-2-Chloromethyl-3-triisopropylsilyl-allyl)-piperidin-2-one 342 (75 mg, 0.219 mmol)

was added to a stirring mixture of NaH (17.5 mg, 0.438 mmol, 60% in mineral oil) in THF

(5 mL) at 0 °C. The reaction mixture was warmed to room temperature and refluxed for
102 hours followed by a quench with water. The reaction mixture was neutralised with 2M
HCI and extracted with DCM. The organic layers were washed, dried (MgSOy), filtered
and solvents removed in vacuo to give a yellow oil. The oil was purified by column
chromatography (5 — 30% MeOH-DCM) to give the title compound 344 as a colourless o1l
(63 mg, 94%).

Rf =0.72 (EtOAc).

FT-IR (solution) Vmx = 2942 (m), 2864 (m), 1643 (s), 1463 (m), 1324 (m), 882 (w) em’™.
'"H NMR (400 MHz, CDCly) 8y = 5.51 (1H, s, CH(TIPS)), 4.40 (1H, d, J = 18.0 Hz,
NCH4Hz), 3.88 (1H, d, J = 18.0 Hz, NCHaHp), 3.58 (1H, dddd, J = 4.0, 4.0, 9.5, 9.5 Hz,
CHN), 2.73 (1H, dd, J = 5.5, 145 Hz, NCHCH,HCCH,), 2.54 — 2.45 (2H, m,
NCHCHaHzCCH; & COCH4Hg), 2.30 (1H, ddd, J = 7.0, 12.5, 18.5 Hz, COCHaHp), 2.14
(IH, m, COCH,CH,CHsHg), 2.00 - 1.65 (2H, m, COCH,CH), 137 (1H, m,
COCH,CH;CHaH3), 1.20 - 0.95 (21H, m, Si(CH(CHj3),)3) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 168.9 (0), 1523 (0), 117.9 (1), 58.6 (1), 49.7 (2),
45.6(2),31.1 (2),29.4 (2),20.9 (2),18.9 (3), 11.8 (1) ppm.

LRMS (ES™) m/z =308 [M + H]" 25%, 330 [M + Na]™ 40%, 637 [2M + Na]" 100%.
HRMS (ES™) C3H33NOSiNa [M + Na]requires 330.2223, found 330.2228.

X-ray Crystallography see appendix.
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6-((Z)-2-Chloromethyl-3-triisopropylsilyl-allyl)-1-methyl-piperidin-2-one 345

Cl
TIPS\)\/Q
N @]

TiCly (57 pL, 0.524 mmol) was added to a stirring solution of 6-methoxy-1-methyl-
piperidin-2-one 322 (50 mg, 0.349 mmol) and TIPSMCP (210 mg, 1.047 mmol) in DCM
| (5 mL) at —78 °C under N, and monitored by TLC. After 2.5 hours (60 °C) the reaction
was quenched with water and extracted with DCM. The organic layers were dried
(MgSQOy), filtered and solvents removed in vacuo to give a yellow oil. The oil was purified
by column chromatography (1 — 10% EtOAc-PE) to give the title compound 345 as a
colourless oil (33 mg, 27%). '

Rf =0.61 (EtOAc).

FT-IR (neat) Vmax = 2943 (m), 2865 (m), 1640 (s), 1463 (m), 1332 (m), 882 (m),
732 (s)em™.

'"H NMR (400 MHz, CDCls) 8y = 5.49 (1H, s, CH(TIPS)), 4.10 (1H, d, J = 11.5 Hg,
CHHpCl), 4.05 (1H, d, J = 11.5 Hz, CHAH3Cl), 3.58 (1H, m, N(Me)CH), 3.02 - 2.95 (4H,
m, NCH; & CH,HgCCH,Cl), 2.48 — 2.30 (3H, m, CH,CO & CH HzCCH,CI), 1.95 - 1.65
(4H, m, COCH,CH,CH), 1.18 — 1.01 (21H, m, Si(CH(CH3)2)3) ppm. )

BC NMR (100 MHz, CDCls) 8¢ = 170.3 (0), 150.4 (0), 130.0 (1), 57.3 (1), 51.7 (2),
47.5(2),34.0 (3),32.0 (2),25.9(2),18.9 (3), 17.2 (2), 12.3 (1) ppm.

LRMS (ES™) m/z =737 [2M + Na]* 100%.

HRMS (ES*) C19H3;NOSICI [M + H]" requires 358.2327, found 358.2333.
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6-((Z)-2-Fluoromethyl-3-triisopropylsilyl-allyl)-1-methyl-piperidin-2-one 346

F
Tlpsm
NT o

BF;-Et;,O (66 ul., 0.522 mmol) was added to a stirring solution of 6-methoxy-1-methyl-
piperidin-2-one 322 (50 mg, 0.349 mmol) and TIPSMCP (210 mg, 1.047 mmol) in DCM
(5 mL) at —78 °C under N; and monitored by TLC. After 2 hours (-78 °C) the reaction was
quenched with water and extracted with DCM. The organic layers were dried (MgSQOy),
filtered and solvents removed in vacuo to give a yellow oil. The oil was purified by
column chromatography (50 — 100% EtOAc-PE) to give the title compound 346 as a
colourless oil (24 mg, 20%).

Rf = 0.31 (EtOAc).

FT-IR (neat) vy = 2943 (m), 2865 (m), 1639 (s), 1463 (m), 1331 (m), 980 (m),
881 (m) cm’.

"H NMR (400 MHz, CDCls) 8y = 5.53 (1H, s, CH(TIPS)), 4.85 (2H, d, J = 47.0 Hz,
CH;F), 3.56 (1H, m, N(Me)CH), 2.98 (3H, s, NCH3), 2.86 (1H, dd, J = 3.5, 13.5 Hz,
CH, HgCCH,F), 2.40 — 2.29 (3H, m, CH,CO & CHAHzCCH,F), 1.95 — 1.64 (4H, m,
CH,CH,CH,CO), 1.18 — 1.02 (21H, m, Si(CH(CHs);)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 170.3 (0), 150.5 (0), 129.7 (1), 85.1 (d, J = 164.0 Hz,
2),57.7 (1),40.8 (2),33.9 (3), 32.0 (2), 25.8 (2), 19.1 (3), 17.2 (2), 12.2 (1) ppm.

LRMS (ES") m/z =342 [M + H]" 2%, 705 [2M + Na]” 100%.

HRMS (ES™) Cy1sH37NOSIF [M + H]" requires 342.2623, found 342.2633.
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3-(3-Methoxybenzylamino)-propionic acid 351
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Succinic anhydride 323 (1.79g, 17.99 mmol) and 3-methoxybenzylamine 350 (2.30 mL,
17.99 mmol) were stirred in refluxing toluene (100 mL) in the presence of 4A molecular
sieves for 1.5 hours. The reaction mixture was filtered, solvents removed and the orange—
brown crude solid was recrystallised from chloroform and hexane to give the title
compound 351 as orange crystals (352 mg, 83%).

Rf =0.54 (1:9 MeOH-DCM).

Melting Point 121 — 123 °C recrystallised from CHCls/hexane.

FT-IR (solid) vgux = 3301 (s), 2944 (m), 1696 (s), 1400 (m), 1254 (s), 1154 (m),
1046 (m) em™.

"H NMR (300 MHz, CDCLy) 84 = 7.22 (1H, t, J = 8.0 Hz, Ar), 6.85 (bs, NH), 6.88 — 6.72
(3H, m, Ar), 6.10 (bs, CO,H), 4.40 (2H, d, J = 4.5 Hz, NHCH>), 3.78 (3H, s, OCHj3), 2.70
- 2.48 (4H, m, CH,CH,CO,H) ppm.

BC NMR (75.5 MHz, CDCly) 8¢ = 174.7 (0), 172.0 (0), 159.8 (0), 140.1 (0), 129.5 (1),
119.9 (1), 113.1 (1), 112.8 (1), 55.2 (3), 43.4 (2), 30.9 (2), 29.8 (2) ppm.

LRMS (ES™) m/z =260 [M + Na]" 100%.

1-(3-Methoxybenzyl)-pyrrolidine-2,5-dione 353

sdsl

o)

Following a method described by Reddy ef al.'**
A solution of freshly distilled HMDS (3.78 mL, 3.78 mmol) in toluene (75 mL) was added

over 30 minutes to a suspension of 3-(3-methoxybenzylamino)-propionic acid 351 (1.50 g,
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6.325 mmol) and zinc dichloride (sublimed, 850 mg, 6.325 mmol) in toluene (15 mL) at
80 °C. After reflux at 80 °C for 19 hours the reaction mixture was quenched with HCI (1N,
50 mL) and extracted with EtOAc. The water layer was washed with EtOAc and the
organic layers were combined and washed with saturated sodium bicarbonate and brine
sequentially. The organic layers were dried and solvents removed in vacuo to give a yellow
oil. The crude material was purified by column chromatography (10 — 50% EtOAc—PE) to
give the title compound 353 as a colourless oil (947 mg, 69%).

Rf =0.13 (4:1 PE-Et,0).

FT-IR (neat) Vix = 2942 (W), 2838 (w), 1698 (s), 1398 (m), 1166 (m), 903 (m) cm ™.

"H NMR (300 MHz, CDCls) 84 = 7.21 (1H, t, J = 9.0 Hz, Ar), 6.98 — 6.91 (2H, m, Ar),
6.81 (1H, dd, J = 2.5, 8.0 Hz, Ar), 4.63 (2H, s, CH,Ph), 3.78 (3H, s, OCHj), 2.70 (4H, s,
2 x CHy) ppm.

BC NMR (100 MHz, CDCly) 8¢ = 176.9 (0), 159.8 (0), 137.3 (0), 129.8 (1), 121.2 (1),
114.4 (1), 113.7 (1), 55.3 (3), 42.5 (2), 28.3 (2) ppm.

LRMS (ES") m/z =242 [M + Na]® 100%.

HRMS (ES") C12H;3NO3Na [M + Na]" requires 242.1787, found 242.0782.

5-Methoxy-1-(3-methoxybenzyl)-pyrrolidin-2-one 352

Following a method described by Klaver et al.'”’

NaBHy4 (364 mg, 9.60 mmol) was added to a stirring solution of 1-(3-methoxybenzyl)-
pyrrolidine-2,5-dione 353 (300 mg, 1.369 mmol) in MeOH (14 mL) at -5 °C under
nitrogen. Every fifteen minutes a solution of HCIl in MeOH (57 pL, 2M) was added and
after 10 minutes the reaction was cooled to —30 °C and acidified (pH 3) with 2M HCl in
MeOH. The mixture was stirred for one hour at room temperature before the addition of

water and extraction with DCM. The organic layers were combined, dried (MgSOs),
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filtered and solvents removed in vacuo to give a yellow oil. The oil was purified by
column chromatography (30 — 100% EtOAc-PE) to give the title compound 352 as a
colourless oil (1.16 g, 69%).

Rf =0.13 (4:1 PE-Et;0).

FT-IR (neat) Vmux = 2974 (m), 1701 (s), 1389 (s), 1165 (m), 1084 (m), 903 (s),
724 (s) cm’.

"H NMR (300 MHz, CDCly) 84 = 7.25 (1H, t, J = 7.0 Hz, Ar), 6.89 — 6.72 (3H, m, Ar),
4.95 (1H, d, J = 15.0 Hz, NCH4Hg), 4.72 (1H, dd, J = 6.0, 15.0 Hz, CH(OMe)), 3.78 (1H,
d, J = 15.0 Hz, NCHaH3;), 3.80 (3H, s, OCHj3), 3.22 (3H, s, OCH3), 2.65 — 1.90 (4H, m,
COCH;CH,) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 174.9 (0), 160.0 (0), 132.8 (0), 129.8 (1), 120.9 (1),
114.1 (1), 113.2 (1), 89.1 (1), 55.4 (3), 53.1 (3), 43.9 (2), 29.1 (2), 23.9 (2) ppm.

LRMS (ES™) m/z =258 [M + Na]* 100%, 493 [2M + Na]* 5%.

HRMS (ES™) Ci3H;7NOsNa [M + Na]” requires 258.1100, found 258.1098.

5-((Z)-2-Chloromethyl-3-triisopropylsilyl-allyl)-1-(4-methoxybenzyl)-pyrrolidin-2-one
353a

Cl

TIPS
O/

TiCly (49 pL, 0.319 mmol) was added to a stirring solution of 5-methoxy-1-(3-
methoxybenzyl)-pyrrolidin-2-one 352 (70 mg, 0.213 mmol) and TIPSMCP (189 mg, 0.638
mmol) in DCM (7 mL) at =78 °C under N; and monitored by TLC. After 24 hours (rt) the
reaction was quenched with water and extracted with DCM. The organic layers were dried
(MgSOy), filtered and solvents removed in vacuo to give a yellow oil. The oil was purified
by column chromatography (5 — 30% EtOAc-PE) to give the title compound 353a as a

colourless oil (43 mg, 50%).
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Rf = 0.77 (EtOAc).
FT-IR (neat) Vg, = 2942 (m), 2864 (m), 1688 (s), 1460 (m), 1261 (m), 903 (m),
732 (m) cm’.

"H NMR (400 MHz, CDCls) 8y = 7.25 (1H, m, Ar), 6.90 — 6.80 (3H, m, Ar), 5.43 (1H, s,
CH(TIPS)), 5.00 (1H, d, J = 14.0 Hz, CH4HgPh), 4.04 — 3.99 (1H, m, CHA\HzPh &
CHHgCl), 3.92 (1H, d, J = 11.5 Hz, CHAH3Cl), 3.80 (1H, s, OCHj3), 3.64 (1H, m,
NCHCHS,), 3.02 (1H, dd, J = 3.0, 14.0 Hz, CHsHsCCH,C]), 2.52 (1H, ddd, J = 7.0, 9.5,
17.0 Hz, CH4HpCO), 2.40 (1H, ddd, J = 6.0, 10.0, 17.0 Hz, CHAHzCO), 2.12 (1H, dd,
/=105, 140 Hz, CHAHzCCH,Cl), 2.02 (1H, m, COCH,CHHg), 1.78 (IH, m,
COCH,CHHjp), 1.26 —0.95 (21H, m, Si(CH(CHs),)3) pprm.

BC NMR (100 MHz, CDCls) 8¢ = 174.9 (0), 160.2 (0), 149.8 (0), 138.4 (0), 130.0 (1),
129.8 (1), 120.7 (1), 113.8 (1), 113.4 (2), 55.7 (1), 55.4 (3), 47.6 (2), 44.5 (2), 40.8 (2),
29.9 (2),18.9 (3), 12.2 (1) ppm.

LRMS (ES™) m/z = 472 [M + Na]* 100%, 921 [2M + Na]* 45%.

HRMS (ES™) C,5H.1NOSiF [M + H]" requires 434.2885, found 434.2889.

5-((Z)-2-Fluoromethyl-3-triisopropylsilyl-allyl)-1-(4-methoxybenzyl)-pyrrolidin-2-one
353b

TIPS
O/

BFs-Et;O (40 uL, 0.213 mmol) was added to a stirring solution of 5-methoxy-1-(3-
methoxybenzyl)-pyrrolidin-2-one 352 (50 mg, 0.213 mmol) and TIPSMCP (134 myg,
0.638 mmol) in DCM (5 mL) at =78 °C under N; and monitored by TLC. After 26 hours
(rt) the reaction was quenched with water and extracted with DCM. The organic layers
were dried (MgSOy), filtered and solvents removed in vacuo to give a yellow oil. The oil
was purified by column chromatography (10% EtOAc-PE) to give the title compound

353b as a colourless oil (42 mg, 49%).

189



Chapter 4 Experimental.

Rf =0.13 (4:1 PE-Et,0).

FT-IR (neat) Vmx = 2944 (m), 2866 (m), 1737 (m), 1690 (s), 1460 (m), 1365 (m),
1262 (m) cm™.

"H NMR (400 MHz, CDCls) 84 = 7.22 (1H, m, Ar), 6.88 — 6.78 (3H, m, Ar), 548 (1H, s,
CH(TIPS)), 4.95 (1H, d, J = 15.0 Hz, CHsHpPh), 4.88 (1H, dd, J = 11.5, 47.5 Hz,
CHAHpF), 4.71 (1H, dd, J = 11.5, 47.5 Hz, CHAH;F), 4.12 (1H, d, J = 15.0 Hz, CHaH5Ph),
3.88 (IH, s, OCHj3), 3.66 (1H, m, NCHCH,), 2.88 (1H, dd, J = 3.0, 13.5 Hg,
CH HgCCH,F), 2.55 - 2.35 (2H, m, CH,CO), 2.08 (1H, dd, J = 10.5, 13.5 Hz,
CHAHzCCHF), 2.00 - 1.69 (2H, m, CH,CH,CO), 1.05 - 080 (21H, m,
Si(CH(CHs)2)s3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 175.0 (0), 160.1 (0), 149.6 (0), 138.5 (0), 129.8 (1),
120.6 (1), 113.8 (1), 113.3 (1), 84.9 (d, J = 164.0 Hz, 2), 56.1 (1), 55.4 (3), 44.5 (2),
41.0(2),29.9 (2),23.7 (2),18.9 (3), 12.1 (1) ppm.

LRMS (ES") m/z = 456 [M + Na]” 95%, 890 [2M + Na]" 100%.

HRMS (ES™) Cy5H41NO,SiF [M + H]" requires 434.2885, found 434.2889.

Microanalysis Calculated for CosHyoNO,SiF: C, 69.24; H, 9.30; N, 3.23. Found C, 68.94;
H, 9.24; N, 2.94.

N-(1-Methoxy-ethyl)-acetamide 361

Following a method described by Klaver et al.'”’

NaBH4 (2.63 g, 0.069 mol) was added to a stirring solution of diacetamide (1.00 g,
0.010 mol) in MeOH (100 mL) at -5 °C under nitrogen. Every fifteen minutes a solution
of HC1 in MeOH (416 pL, 2M) was added and after two hours the reaction was cooled to
-30 °C and acidified (pH 2) with 2M HCI in MeOH. The mixture was stirred for one hour

at room temperature before the addition of water and extraction with DCM. The organic

layers were combined, dried (MgSO,), filtered and solvents removed in vacuo to give a
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colourless oil. The oil was purified by column chromatography (1 — 8% MeOH-DCM) to
give the title compound 361 as a colourless oil (264 mg, 23%).

Rf =0.12 (EtOAc).

FT-IR (neat) vmux = 3277 (m), 2986 (w), 2936 (w), 1657 (s), 1536 (s), 1374 (m),
1282 (m), 1131 (s), 1090 (s) cm™".

'H NMR (400 MHz, CDCl3) 8 = 5.80 (1H, bs, NH), 5.25 (1H, dq, J = 10.0, 6.0 Hz,
NHCH), 332 (3H, s, OCHj), 2.01 (3H, s, CH;CO), 131 (3H, d, J = 6.0 Hz,
NHCHCH5) ppm.

BC NMR (75.5 MHz, CDCly) 8¢ = 170.5 (0), 77.8 (1), 56.0 (3), 23.8 (3), 21.9 (3) ppm.

1-(5-Methyl-3-methylene-2-triisopropylsilyl-pyrrolidin-1-yl)-ethanone 363 &
1-{2-Methyl-4-[1-triisopropylsilyl-meth-(Z)-ylidene]-pyrrolidin-1-yl}-ethanone 364

‘/< TIPS 4 O:\/N

BF;-Et,O (81 uL, 0.641 mmol) was added to a stirring solution of N-(1-methoxy-ethyl)-
acetamide 361 (50 mg, 0.427 mmol) and TIPSMCP (269 mg, 1.282 mmol) in DCM (5 mL)
at =78 °C under N, and monitored by TLC. After 3 hours (—10 °C) the reaction was

O
N

quenched with water and extracted with DCM. The organic layers were dried (MgSOy),
filtered and solvents removed in vacuo to give a yellow oil. The oil was purified by
column chromatography (5 — 15% EtOAc—PE) to give two compounds.

Colourless 0il 363 (43 mg, 39%).

Rf =0.13 (4:1 PE-Et,0).

FT-IR (neat) Vux = 2944 (m), 2867 (s), 1638 (s), 1463 (m), 1400 (m), 1077 (w), 903 (s),
881 (s)cm’.

"H NMR (400 MHz, CDCl3) 8y = 4.86 (1H, s, CH(TIPS)), 4.77 (2H, s, CH(TIPS)CCH),
4.01 (1H, m, NCHCHa3), 2.89 (1H, dd, J = 8.5, 16.0 Hz, CH4Hzg), 2.47 (1H, m, CHaHp),
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2.06 (3H, s, CH;CO), 144 (3H, d, J = 6.5 Hz, CH;CHN), 1.20 — 0.85 (21H, m,
Si(CH(CHs)y)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 169.6 (0), 147.5 (0), 1042 (2), 54.5 (1), 53.9 (1),
42.7 (2),23.0(3),21.9 (3), 19.2 (3), 11.8 (1) ppm.

LRMS (ES™) m/z =318 [M + Na]” 100%, 613 [2M + Na]" 30%.

HRMS (ES™) C17H3;NOSiNa [M + Na]* requires 318.2223, found 318.2219.
Microanalysis Calculated for C;7H33NOSi: C, 69.09; H, 11.25; N, 4.74. Found C, 69.13;

H, 10.80; N, 4.46.

Colourless oil 364 as a mixture of two diastereoisomers (29 mg, 23%).

Rf =0.13 (4:1 PE-Et,0).

FT—-IR (neat) Vi = 2941 (m), 2864 (m), 1639 (s), 1415 (s), 882 (s) cm™.

'"H NMR (400 MHz, CDCls) 8y = 5.52 (1H, s, CH(TIPS)), 4.20 (1H, d, J = 17.5 Hz,
NCHaH3g), 4.07 (1H, m, NCHCH3), 391 (1H, d, J = 17.5 Hz, NCHaH3), 3.03 (1H, ddd,
J=2.0, 8.0, 15.0 Hz, NCHCH:Hp), 2.28 (1H, m NCHCHuHp), 2.10 (3H, s, CH;CO),
120-1.10 3H, m, CH3CHN), 1.18 — 0.95 (21H, m, Si(CH(CHa3),)3) ppm.

B3C NMR (100 MHz, CDCls) 8¢ = 168.6 (0), 153.3 (0), 119.0 (1), 53.4 (1), 49.0 (2),
45.1(2),21.6(3),21.0(3),18.9(3),11.9 (1) ppm.

LRMS (ES™) m/z =318 [M + Na]” 40%, 613 [2M + Na]* 100%.

HRMS (ES™) C17H33NOSiNa [M + Na]* requires 318.2223, found 318.2219.

For the other diastereoisomer the identifiable peaks in the NMR spectra are recorded

below:
'H NMR (400 MHz, CDCls) &y = 4.40 (1H, m, NCH,Hg), 4.02 (1H, m, NCHaH3), 2.89
(1H, ddd, J = 2.0, 8.0, 15.5 Hz, NCHCH Hg), 2.22 (1H, m NCHCHaH3), 2.01 (3H, s,

CH;CO) ppm.
BC NMR (100 MHz, CDCly) 8¢ = 154.2 (0), 118.7 (1), 51.4 (1), 51.3 (2), 43.8 (2),

22.8(3),19.3 (3) ppm.
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Trimethyl(2-methylene-1-propylcyclopropyl)silane 366

A

TMS

Following the method described by Patient.”

"Butyllithium (16.0 mL, 1.6 M, 25.6 mmol) was added to a stirring solution of
methylenecyclopropane 1 (12.8 mL, 25.6 mmol) in THF (80 mL) at —70 °C under argon.
The reaction mixture was allowed to warm to 0 °C over 40 minutes and stirred at 0 °C for
40 minutes. The reaction was cooled to =70 °C and TMSCI (3.25 mL, 25.6 mmol) added,
the reaction was allowed to warm to 0 °C over 40 minutes. The reaction mixture was
coéled to =70 °C before addition of "butyllithium (16.0 mL, 1.6 M, 25.6 mmol) and the
warming procedure repeated. The reaction was cooled to -70 °C before addition of
iodopropane (2.74 mL, 28.2 mmol) and allowed to warm to room temperature overnight.
The reaction was quenched with saturated ammonium chloride and extracted with Et;O.
Tthe organic layers were dried (MgSO,) and concentrated in vacuo. The crude material
was purified by column chromatography (PE) to give the title compound 366 as a
colourless oil (3.21 g, 74%).

Rf =0.13 (4:1 PE-Et,0).

'"H NMR (300 MHz, CDCls) &y = 523 (1H, s, CH4sHsCC(TMS)), 5.18 (1H, s,
CHAHCC(TMS)), 1.52 — 123 (4H, m, (CH»);CH3), 1.05 (1H, d, J = 7.0 Hgz,
CHsHpC(TMS)), 0.90 (3H, t, J = 7.0 Hz, CH3), 0.81 (1H, d, J = 7.0 Hz, CHAHpC(TMS)),
0.00 (9H, s, Si(CHs3)3) ppm.

BC NMR (100 MHz, CDCly) §c = 140.2 (0), 101.2 (2), 39.5 (2), 29.5 (2), 14.4 (3),
13.9 (0), 13.8 (2), 0.02 (3) ppm.

LRMS (EI) m/z = 73 [Si(CH3)3]" 100%, 168 [M]" 2%.

Spectroscopic data agrees with Patient.”
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1-Benzyl-5-(2-chloromethyl-3-triisopropylsilyl-hex-2-enyl)-pyrrolidin-2-one 368b &
1-Benzyl-5-(3-chloro-2-methylene-3-triisopropylsilyl-hexyl)-pyrrolidin-2-one 369b

o o)
N
o] N
cl
/ TIPS

TiCly (80 uL, 0.730 mmol) was added to a stirring solution of 1-benzyl-5-methoxy-

pyrrolidin-2-one 325 (100 mg, 0.488 mmol) and trimethyl(2-methylene-1-
propylcyclopropyl)silane 366 (246 mg, 1.464 mmol) in DCM (10 mL) at —78 °C under N,
and monitored by TLC. After 24 hours (—78 °C) the reaction was quenched with water and
extracted with DCM. The organic layers were dried (MgSOQs,), filtered and solvents
removed in vacuo to give a colourless oil. The oil was purified by column chromatography
(0 - 5% EtOAc-PE) to give a mixture of the title compounds 368b and 369b as a
colourless oil (110 mg, 60 %). The compounds were not separable by column
chromatography or by using HPLC methods so NMR data cannot be conclusively
assigned.

Rf =0.64 (1:9 MeOH-DCM).

FT-IR (solution) vV = 2956 (m), 1688 (s), 1418 (m), 1251 (m), 903 (m), 838 (s) cm™.
LRMS (ES™) m/z =399 [M + Na]" 100%, 779 [2M + Na]" 50%.

HRMS (ES™) C21H33NOSICI [M + H]" requires 400.1834, found 400.1826.

Pyrrolidine-1-carboxylic acid tert-butyl ester 382

Yo

Following the method described by Dieter and Li."”
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Pyrrolidine (3.56 g, 50.0 mmol), di'butyldicarbonate (12.15 g, 55.7 mmol), DMAP (6.60 g,
50.0 mmol) and EsN (7.5 mL, 50.0 mmol) were stirred in DCM (75 mL) at room
temperature under nitrogen. After 21 hours the reaction mixture was diluted with E,O
(120 mL), washed with 1M HCI and K;CO; and brine sequentially before being dried
(MgSOs). Solvents were removed in vacuo to give a brown oil which was purified by
column chromatography (0 — 3% MeOH-DCM) to give the title compound 382 as a
colourless oil (8.28 g, 97%).

Rf =0.60 (1:91 MeOH - DCM).

FT—IR (neat) Vmux = 2972 (i), 2874 (m), 1690 (s), 1396 (s), 1164 (s), 1100 (m), 876 (m),
771 (m) cm’.

'"H NMR (300 MHz, CDClsy) 8y = 3.34 — 3.29 (4H, m, 2 x CH,N), 1.83 (4H, m,
2 x CH,CH;N), 1.48 (9H, s, C(CH3)3) ppm.

BC NMR (75.5 MHz, CDCls) 8¢ = 154.8 (0), 78.9 (0), 45.9 (2), 28.7 (3), 25.5 (2) ppm.
LRMS (ES") m/z = 194 [M + Na]" 100%, 365 [2M + Na]* 18%.

HRMS (ES™) CoH17NO;Na [M + Na]" requires 194.1151, found 194.1153.

Spectroscopic data agrees with Dieter and Li.">

Pyrrolidin-2-one-1-carboxylic acid tert-butyl ester 385

Ty

Following the method of Flynn ef al.">*

A solution of 2-pyrrolidinone (3.00 g, 35.3 mmol), di‘butyldicarbonate (1538 g,
70.6 mmol), DMAP (4.30 g, 3529 mmol) and EtsN (4.91 mL, 35.29 mmol) in DCM
(180 mL) were stirred at room temperature for six hours under N,. The reaction was
quenched with HCI (30 mL, 2M) and extracted with DCM. The organic layer was washed
sequentially with saturated sodium bicarbonate and saturated brine solutions before being

dried (MgSOs) and solvents removed to give the title compound 385 as a red oil (5.87 g,

90%).
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Rf = 0.62 (EtOAc).
FT-IR (neat) Vuux = 2979 (m), 1782 (m), 1749 (m), 1712 (m), 1366 (m), 1309 (s),
1149 (s), 1018 (m) cm™.

'"H NMR (300 MHz, CDCly) 8y = 3.74 2H, t, J = 7.5 Hz, COCH,), 2.50 (2H, t,
J=7.5Hz, CH;N), 2.01 (2H, quin, J = 7.5 Hz, CH,CH,N), 1.52 (9H, s, C(CHs)3) ppm.

13C NMR (75.5 MHz, CDCL) 8¢ = 174.3 (0), 150.4 (0), 82.9 (0), 46.6 (2), 33.1 (2),
28.1(3),17.5(2) ppm.

LRMS (ES") m/z =208 [M + Na]™ 100%, 393 [2M + Na]* 60%.

Spectroscopic data agrees with Giovannini et al.'**

1-(2-Hydroxypyrrolidin-1-yl)-2,2-dimethylpropan-1-one 386

NS

Following the method of Sato er al. '

Lithium triethylborohydride (12.2 mL, 12.2 mmol, 1M), was added to a stirring solution of
pyrrolidin-2-one-1-carboxylic acid fert-butyl ester 385 (1.50 g, 8.10 mmol) in THF (20
mL) at —78 °C under Np. After 40 minutes at 78 °C the reaction was quenched with
NaHCO;. After warming to 0 °C, 30% H,0, (5 drops) was added to the reaction mixture
and stirred at O °C for 20 minutes. The solvents were removed in vacuo and the residue
was dissolved in DCM. The solution was dried (MgSQ4) and solvents removed in vacuo to
give a yellow oil. The crude material was purified by column chromatography (1%
MeOH-DCM) to give the title compound 386 as a yellow liquid (896 mg, 59%).

Rf =0.13 (4:1 PE-Et,0).

FT-IR (neat) Ve = 3421 (b), 3977 (m), 2835 (m), 1677 (s), 1390 (s), 1160 (s), 1100 (s),
905 (m) cm™.

"H NMR (300 MHz, CDCls) 84 = 5.43 (1H, bd, J = 16.0 Hz, OH), 3.72 (1H, m, NCHOH)
3.58 - 3.20 (2H, m, CH.N), 2.10 - 1.78 (4H, m, CH.CH.CHyN), 147 (9H, s,
C(CHs3)3) ppm.
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13C NMR (75.5 MHz CDCL) 8¢ = 1553 (0), 81.8 (1), 46.1 (2), 33.6 (2), 28.6 (3),
23.1 (2) ppm.

LRMS (ES") m/z =210 [M + Na]” 100%.

HRMS (ES™) CgH;7NO3Na [M + Na]" requires 210.1100, found 210.1098.

1-(2-Methoxy-pyrrolidin-1-yl)-2,2-dimethylpropan-1-one 383

L

Following the method described by Rassu et al.'*®

BF;-Et;0 (50 ulL, 0.534 mmol) was added to a stirring solution of 1-(2-hydroxypyrrolidin-
1-y1)-2,2-dimethylpropan-1-one 386 (0.775 g, 5.34 mmol) and methyl orthoformate
(0.44 mL, 5.34 mmol) in Et;O (37.5 mL) with 4A molecular sieves at room temperature.
After 30 minutes the reaction mixture was filtered and concentrated in vacuo followed
immediately by purification by column chromatography (10 — 50% EtOAc—PE) to give the
title compound 383 as a colourless oil (869 mg, 81%).

Rf =0.38 (1:1 EtOAc—PE).

FT-IR (solution) Vyax = 2937 (m), 1693 (s), 1451 (m), 1261 (m), 1078 (m) em™.

"H NMR (300 MHz, CDCl3) 8y = 5.13 (1H, bd, J = 22.0 Hz, NCHOCH3), 3.55 - 3.35 (2H,
m, CH,N), 3.33 (bs, 3H, OCHj3), 2.10 — 1.76 (4H, m, CH,CH,CH;N), 1.50 (9H, s,
C(CH3)3) ppm.

LRMS (ES™) m/z =224 [M + Na]* 100%.

HRMS (ES™) C1oH;9NO3;Na [M + Na]” requires 224.1257, found 224.1255.

This data agrees with Shono ez al."*®
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2-Allyl-pyrrolidine-1-carboxylic acid tert-butyl ester 372 and 3-Trimethylsilylmethyl-
hexahydro-pyrrolo[1,2-c][1,3]oxazin-1-one 371

Following the method described by Brocherieux-Lanoy.'*

TiCly (39 UL, 0.357 mmol) was added to a stirring solution of 1-(2-methoxy-pyrrolidin-1-
y1)-2,2-dimethylpropan-1-one 383 (50 mg, 0.238 mmol) and allylITMS (113 uL,
0.714 mmol) in DCM (5 mL) at —78 °C under N; and monitored by TLC. After 5 minutes
the reaction was quenched with sodium acetate and extracted with DCM. The organic
layers were dried (MgSQy), filtered and solvents removed in vacuo to give a cloudy yellow
oil. The oil was purified by column chromatography (5 — 50% EtOAc—PE) to give two

compounds.

Compound 372 as a colourless oil (7 mg, 13%).

Rf = 0.89 (EtOAc).

FT-IR (neat) Vux = 2972 (m), 2875 (w), 1692 (s), 1390 (m), 1170 (m), 1108 (m),
911 (w) cm’™.

"H NMR (400 MHz, CDCls) 8y = 5.76 (1H, ddt, J = 10.0, 17.0, 7.0 Hz, NCHCH,CH),
5.09 - 5.01 (2H, m, NCHCH,CHCH,), 3.82 (1H, m, NCHCH,), 3.35 (2H, m, NCH>), 2.50
(1H, m, NCHCH,HgCH), 2.12 (1H, m, NCHCHAHzCH), 1.92 — 1.70 (4H, m,
NCH,CH,CH>), 1.45 (SH, s, C(CH3)3) ppm.

BC NMR (100 MHz, CDCly) 8¢ = 154.7 (0), 135.4 (1), 117.1 (2), 79.2 (0), 56.9 (1),
46.6 (2), 38.8 (2), 29.8 (2), 28.7 (3), 23.4 (2) ppm.

LRMS (ES™) m/z = 234 [M + Na]* 100%.

HRMS (ES™) C12H21NOyNa [M + Na]” requires 234.1464, found 234.1462.
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Compound 371 as a racemic mixture; colourless oil (30 mg, 54%).

Rf = 0.46 (EtOAc).

FT-IR (neat) Viux = 2952 (m), 2889 (w), 1687 (s), 1427 (m), 1128 (m), 842 (s) cm™.

"H NMR (400 MHz, CDCl3) 8y = 425 (1H, m, OCH), 3.55 — 3.28 (3H, m, NCH, &
NCHCHy), 2.12 - 1.82 (3H, m, NCH,CHHg, NCHCH,4HgCHO & NCH,CH:CH4Hp),
1.35-0.95 (4H, m, NCH;CHaHp, NCH,CH,CHsHpz, NCHCHAHCHO & CHsHpg(TMS)),
1.90 — 1.81 (1H, m, CH,Hs(TMS), 0.00 (9H, s, Si(CH3)3) ppm.

BC NMR (100 MHz, CDCls) 8¢ = 154.2 (0), 77.0 (1), 57.4 (2), 47.2 (2), 37.6 (2), 34.2 (2),
34.0(2), 23.7 (2), 0.00 (3) ppm.

LRMS (ES™) m/z = 250 [M + Na]* 100%, 477 [2M + Nal* 75%

HRMS (ES*) C{{H,;NO,SiNa [M + Na]* requires 250.1234, found 250.1238.

For the other isomer the identifiable peaks are shown below:

'"H NMR (400 MHz, CDCl3) 8y = 4.51 (1H, m, OCH), 3.55 — 3.28 (3H, m, NCH, &
NCHCH,), 2.12 — 1.82 (3H, m, NCH,CH,H, NCHCH HsCHO & NCH,CH,CH,Hp),
179 — 181 (1H, m, NCHCHAHCHO), 135 — 095 (3H, m, NCH;CHsH;,
NCH,CH,CH\Hp & CHyHp(TMS)), 1.90 — 1.81 (1H, m, CHAH(TMS), 0.00 (9H, s,
Si(CH3)s) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 153.6 (0), 75.6 (1), 53.1 (2), 47.4 (2), 34.5 (2), 25.2 (2),

—-0.25 ppm.

4-[1-Triisopropylsilyl-meth-(Z)-ylidene]-hexahydro-pyrrolo[1,2-c][1,3]oxazin-1-one
376 & 3,6-spirocycle 387

N N

O)\ - TIPS O)\O

@)

TIPS

BF;-Et;0O (90 uL, 0.714 mmol) was added to a stirring solution of 1—(2—m¢thoxy-
pyrrolidin-1-yl)-2,2-dimethylpropan-1-one 370 (100 mg, 0.476 mmol) and TIPSMCP
(130 mL, 1.428 mmol) in DCM (10 mL) at =78 °C under N, and monitored by TLC. After
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Chapter 4 Experimental.

36 hours the reaction was quenched with sodium acetate and extracted with DCM. The
organic layers were washed with brine, dried (MgSQO,), filtered and solvents removed in
vacuo to give a yellow oil. The crude material was purified by column chromatography

(0 - 10% MeOH-DCM) to give two compounds.

Compound 376 as a colourless oil (16 mg, 11%).

Rf =0.42 (1.9 EtOAc—PE).

FT—IR (solution) vmx = 2941 (m), 2864 (m), 1659 (s), 1364 (m), 1216 (m), 903 (s),
723 (s) em’.

"H NMR (400 MHz, CDCls) 8y = 5.42 (1H, s, CH(TIPS)), 472 (1H, d, J = 13.5 Hz,
OCH4Hg), 4.42 (1H, d, J = 13.5 Hz, OCHaHp), 3.74 (1H, m, NCHCH,), 3.61 (1H, ddd,
J=4.0, 8.0, 11.5 Hz, NCH4Hp), 3.53 (1H, ddd, /=7.0, 9.5, 11.5 Hz, NCHaH3), 2.62 (2H,
m, OCH,CCH,), 2.15 (1H, dddd, J = 4.0, 6.5, 6.5, 12.5 Hz, NCH,CH,CHHs), 1.95 - 1.72
(2H, m, NCH:CH;), 1.60 (1H, m, NCH,CH,CHaHjp), 1.15 - 095 (21H, m,
Si(CH(CHs),)s) ppm.

BC NMR (100 MHz, CDCLy) 8¢ = 157.7 (0), 151.4 (0), 1252 (1), 71.8 (2), 58.9 (1),
49.2 (2),45.4 (2),34.2 (2),23.5(2),20.3 (3), 13.5 (1) ppm.

LRMS (ES™) m/z =324 [M + H]" 42%, 346 [M + Na]” 46%, 669 [2M + Na]™ 100%.
HRMS (ES") C13H33NO,SiNa [M + Na]” requires 346.2173, found 346.2177.

Compound 387 as a colourless oil (13 mg, 9%).

Rf =0.36 (1:9 EtOAc—PE).

FT-IR (neat) Vi = 2944 (m), 2866 (m), 1737 (s), 1709 (s), 1420 (m), 1364 (m), 1297 (s),
903 (s), 724 (s) cm™.

"H NMR (400 MHz, CDCls) 8y = 3.72 - 3.49 (3H, s, CH,N & CHN), 2.15 (1H, m,
NCHCHH5CH,), 2.01 — 1.76 (4H, m, NCH,CH, & NCHCH,CO), 1.53 (1H, m,
NCHCHaHCHy), 1.28 (1H, m, CH,HgCH(TIPS)), 1.15 — 0.85 (21H, m, Si(CH(CH3)2)3),
0.59 - 0.46 (1H, m, CHAHzCH(TIPS)) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 153.9 (0), 64.2 (0), 56.7 (1), 46.5 (2), 34.1 (2), 33.1 (2),
232(2),19.2 (2),15.0(2),12.0 (1), 7.1 (1) ppm.
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Chapter 4 Experimental.

LRMS (ES") m/z = 346 [M + Na]" 100%, 669 [2M + Na|" 65%.
HRMS (ES™) C15H33NO,SiNa [M + Na]™ requires 346.2173, found 346.2171.

4-(1-Trimethylsilyl-butylidene)-hexahydro-pyrrolo[1,2-cJoxazepin-1-one 390

BF;-Et;0 (45uL, 0.357 mmol) was added to a stirring solution of 1-(2-methoxy-pyrrolidin-
1-y1)-2,2-dimethylpropan-1-one 370 (50 mg, 0.238 mmol) and trimethyl(2-methylene-1-
propyleyclopropyl)silane 366 (119 mL, 0.714 mmol) in DCM (5 mL) at =78 °C under N»
and monitored by TLC. After 24 hours the reaction was quenched with sodium acetate and
~ extracted with DCM. The organic layers were washed with brine, dried (MgSO,), filtered
and solvents removed in vacuo to give a yellow oil. The crude material was purified by
column chromatography (0 - 10% MeOH-DCM) to give the title compound 390 as a
colourless oil (43 mg, 62%).

Rf =0.52 (1:9 EtOAc—PE).

FT-IR (solution) vy, = 2954 (m), 2893 (m), 1690 (s), 1416 (m), 1250 (m), 840 (s) cm’
"H NMR (400 MHz, CDCl3) &y = 4.71 (1H, d, J = 13.5 Hz, OCH,Hg), 438 (1H, d,
J=13.5 Hz, OCHaHp), 3.58 (1H, m, NCHCH,), 3.48 - 320 (4H, m, NCH; &
C(TMS)CH,CH,), 2.70 (1H, d, J = 14.0 Hz, NCHCH HzCC(TMS)), 2.12 (1H, dd,
J=12.0, 14.0 Hz, NCHCHAHzCC(TMS)), 1.98 — 1.00 (6H, m, 3 x CH>), 0.70 (3H, m,
CH,CH3) , 0.00 (9H, m, Si(CHj3)3) ppm.

BC NMR (100 MHz, CDCl3) 8¢ = 156.1 (0), 140.5 (0), 70.4 (2), 67.1 (0), 57.1 (0),
48.4 (2),45.5(2),35.2(2),33.6 (2),33.2 (2),22.1(2), 13.3 (3), 0.5 (3) ppm.

LRMS (ES™) m/z =304 [M + Na]" 100%.

Microanalysis Calculated for C1sH»,NO,Si: C, 64.01; H, 9.67; N, 4.98. Found C, 64.21;
H, 9.56; N, 4.77.
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Table 1. Crystal data and structure refinement.

h:{ EPSRC National Crystallography Service

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

grange for data collection
Index ranges

Retlections collected
Independent retlections
Completeness to 8=24.99°
Max. and min. transmission
Refinemnent method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [F* > 20(F%)]
R indices (all data)
Extinction coefticient
Largest diff. peak and hole

03sot0154

C,7H;,CINOSi

329.98

120(2) K

0.71073 A

Monoclinic

P21/C

a=20.667(14) A a=90°
b=8.105(4) A B=104.93(5)°
c=11.515(1) A ¥ =90°
1863.7(19) A3

q

1.176 Mg / m’

0.269 mm™"

720

Colourless; block

0.40 x 0.14 x 0.02 mm”®

3.06 — 24.99°

24<h<24,-9<k<9, —-13<]<13
10846

2865 [Ri = 0.1602]

87.2 %

0.9946 and 0.8999

Full-matrix least-squares on F~

2865/0/ 199

1.123

RI =0.1250, wR2 = 0.1660

RI =0.2428, wR2 = 0.2005

0.0057(10)

0.351 and —0.294 ¢ A™?

Diffractometer: Nonius KappaCCD area detector (¢ scans and @ scans to fill asymmetric unit sphere). Cell determination: DirAx
(Duisenberg, A.J.M.(1992). I. Appl. Cryst. 25, 92-96.) Data collection: Collect (Collect: Data collection software, R. Hooft, Nonius B.V.,
1998). Data reduction and cell refinement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (1997) Vol. 276:
Macromolecular Crystallography, part A, pp. 307-326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academic Press). Absorption correction:
SORTAV (R. H. Blessing, Acta Cryst. AS1 (1995) 33-37; R. H. Blessing, J. Appl. Cryst. 30 (1997) 421-426). Structure solution:
SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990) Ad6 467-473). Structure refinement: SHELXL97 (G. M. Sheldrick (1997), University
of Gottingen, Germany). Graphics: Cameron - A Molecular Graphics Package. (D. M. Watkin, L. Pearce and C. X. Prout, Chemical
Crystallography Laboratory, University of Oxford, 1993).

Special details:
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Table 2. Atomic coordinates [x 10*], equivalent isotropic displacement parameters [A? x 107 and site occupancy factors.
U,, is defined as one third of the trace of the orthogonalized U tensor.

Atom x y z Uy S.o.f.
C1 4784(4) 3326(9) 11732(9) 42(2) 1
C2 4480(4) 2135(10) 10749(8) 63(3) 1
C3 3995(4) 3107(10) 9841(7) 52(3) 1
Cc4 4107(6) 4906(12) 10198(9) 89(4) 1
C5 3588(5) 5985(11) 10108(8) 70(3) 1
C6 3080(5) 6141(10) 8914(8) 46(2) 1
Cc7 3257(4) 7176(10) 7975(8) 50(2) 1
C8 2515(5) 5318(11) 8692(8) 45(3) 1
C9 1211(4) 3728(10) 8026(7) 43(2) 1
C10 639(4) 2888(10) 7123(8) 57(3) 1
Cl11 943(4) 4612(10) 8961(7) 54(3) 1
C12 1412(4) 7006(10) 6703(7) 41(2) 1
Cl13 741(4) 6741(11) 5811(8) 57(3) 1
Cl4 1359(5) 8305(10) 7625(8) 65(3) 1
Cl5 2027(4) 3755(10) 6216(7) 46(2) |
C16 2342(4) 2154(10) 6748(8) 60(3) 1
C17 2481(4) 4612(12) 5553(8) 66(3) 1
N1 4558(4) 4801(10) 11377(7) 50(2) 1
01 5198(3) 3010(7) 12653(5) 38(2) l
Sil 1788(1) 5018(3) 7373(2) 38(1) 1
Cl1 3489(1) 9213(3) 8510(2) 63(1) 1
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Table 3. Bond lengths [f\] and angles [°].

C1-01 1.206(9) C3-C2-H2A 110.6
CI-N1 1.310(10) C1-C2-H2A 110.6
C1-C2 1.497(11) C3-C2-H2B 110.6
C2-C3 1.476(10) C1-C2-H2B 110.6
C2-H2A 0.9900 H2A-C2-H2B 108.8
C2-H2B 0.9900 C2-C3-C4 107.0(7)
C3-C4 1.516(11) C2-C3-H3A 110.3
C3-H3A 0.9900 C4-C3-H3A 110.3
C3-H3B 0.9900 C2-C3-H3B 110.3
C4-C5 1.367(12) C4-C3-H3B 110.3
C4-N1 1.438(11) H3A-C3-H3B 108.6
C4-H4 1.0000 C5-C4-N1 114.5(9)
C5-C6 1.506(11) C5-C4-C3 122.1(10)
C5-H5A 0.9900 N1-C4-C3 102.4(8)
C5-H5B 0.9900 C5-C4-H4 105.5
C6-C8 1.310(11) N1-C4-H4 105.5
C6-C7 1.488(11) C3-C4-H4 105.5
C7-Cli 1.783(8) C4-C5-C6 118.2(9)
C7-H7A 0.9900 C4-C5-H5A 107.8
C7-H7B 0.9900 C6—C5-H5A 107.8
C8-8il 1.857(9) C4-C5-H5B 107.8
C8-H8 0.90(6) C6-C5-H5B 107.8
C9—Cl1 1.512(10) H5A-C5-H5B 107.1
C9-C10 1.520(10) C8-C6-C7 121.2(8)
C9-8il 1.882(8) C8—C6-CS 120.8(9)
C9-H9 1.0000 C7-C6—C5 117.8(8)
C10-HI10A 0.9800 C6—C7-Cl1 111.4(6)
C10-H10B 0.9800 C6—C7-H7A 109.3
C10-H10C 0.9800 Cl1-C7-H7A 109.3
Cl11-H11A 0.9800 C6—C7-HTB 109.3
C11-H11B 0.9800 Cl1-C7-H7B 109.3
Cl1-H11C 0.9800 H7A-C7-H7B 108.0
C12—-C13 1.514(10) C6—C8-Sil 136.0(8)
C12-Cl4 1.519(10) C6—C8-H8 120(4)
C12-8il 1.867(8) Si1—C8-H8 104(4)
C12-H12 1.0000 C11-C9-C10 109.7(7)
C13-HI3A 0.9800 C11-C9-8il 114.0(6)
C13-H13B 0.9800 C10-C9-8il 115.9(6)
C13-H13C 0.9800 C11-C9-HS 105.4
Cl4-HI14A 0.9800 C10—-C9-H9 105.4
Cl14-H14B 0.9800 Sil—C9-HY 105.4
C14-H14C 0.9800 C9—C10-HI0A 109.5
Cl15-Cl16 1.509(11) C9-C10-H10B 109.5
C15-C17 1.521(10) H10A—C10-H]0B 109.5
C15-Sil 1.846(8) C9—C10-H10C 109.5
C15-H15 1.0000 H10A—C10-H10C 109.5
Cl6-H16A 0.9800 H10B—C10-H10C 109.5
Cl6-H16B 0.9800 C9-Cl11-HII1A 109.5
Cl6-H16C 0.9800 C9-C11-HI1B 109.5
C17-H17A 0.9800 H11A—Cl1-H11B 109.5
C17-H17B 0.9800 C9—Cl11-H11C 109.5
C17-H17C 0.9800 HIIA—Cl1-HI11C 109.5
NI-H1 0.78(10) H11B-C11-H11C 109.5
C13-C12-C14 110.7(7)
01-C1-N1 125.7(8) C13—C12-Sil 111.7(6)
01-C1-C2 126.3(7) C14-Cl12-Sil 114.0(6)
N1-C1-C2 107.8(8) C13—C12-H12 106.7
C3-C2-C1 105.5(7) Cl14-C12-H12 106.7
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Sil-C12-H12 106.7 C15-Cl6-H16B 109.5
C12-CI13-HI3A 109.5 HI6A-Cl6—-H16B 109.5
C12-C13-H13B 109.5 C15-Cle6-H16C 109.5
H13A-C13-H13B 109.5 H16A-Cl6—H16C 109.5
C12-C13-HI13C 109.5 HI16B-C16—-H16C 109.5
H13A-C13-H13C 109.5 C15-C17-H17A 109.5
H13B—-C13-H13C 109.5 C15-C17-H17B 109.5
Cl12-C14-HI14A 109.5 H17A-C17-H17B 109.5
C12-C14-H14B 109.5 C15-C17-H17C 109.5
H14A—-C14-H14B 109.5 HI17A-C17-H17C 109.5
Cl12-Cl14-H14C 109.5 H17B-C17-H17C 109.5
H14A-C14-H14C 109.5 CI1-N1-C4 116.2(8)
H14B—C14-H14C 109.5 C1-N1-H1 125(8)
Cl6—C15-C17 109.8(7) C4-N1-H1 119(8)
Cl16—C15-Sil 110.6(6) C15-8i1-C8 110.6(4)
C17-C15-8i1 115.0(6) C15-Si1-C12 109.9(4)
Cl6—Cl15-H15 - 107.0 C8-8i1-C12 112.8(4)
C17-C15-H15 107.0 C15-S8i1-C9 107.2(4)
Sil-C15-H15 107.0 C8-Si1-C9 102.1(4)
C15-C16-H16A 109.5 C12-Si1-C9 113.9(4)

Symmetry transformations used to generate equivalent atoms:

[§%]
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Table 4. Anisotropic displacement parameters [A*x 10°]. The anisotropic displacement
factor exponent takes the form: —27 *[h’a**U" + - + 2 h ka* b* U],

A[Om Ul] UZZ U33 U23 U13 Ul?.
Cl 26(5) 21(5) 73(7) 5) 2(5) 9(4)
c2 57(7) 30(5) 79(8) —14(5) ~21(5) -3(5)
c3 58(7) 55(6) 36(6) —12(5) -3(5) 7(5)
c4 107(9) 41(6) 81(8) —34(6) —43(7) 33(6)
Cs 71(8) 44(6) 70(8) 0(5) —26(6) 26)
Cé 49(6) 31(5) 52(7) -5(5) 2(5) 5(5)
C7 46(6) 48(6) 52(7) -3(5) 7(5) -3(5)
cs8 66(7) 29(6) 35(6) 25) 6(5) 0(5)
C9 47(6) 40(5) 40(6) —1(5) 9(5) 5(4)
C10 49(6) 54(6) 69(7) 0(5) 18(5) ~10(5)
Cl1 69(7) 53(7) 43(6) 3(5) 22(5) 6(5)
c12 46(6) 43(6) 38(6) 14(5) 15(4) ~1(4)
C13 36(6) 64(7) 60(7) 20(5) —4(5) -2(5)
Cl4 73(8) 38(6) 79(8) 10(6) 14(6) 10(5)
Cl15 42(6) 48(6) 44(6) —9(5) 4(4) 4(5)
C16 69(7) 52(6) 65(7) —21(6) 27(5) 6(5)
C17 59(7) 94(8) 49(7) -10(6) 24(5) —14(6)
N1 53(5) 32(5) 46(5) ~11(4) ~19(4) 8(4)
ol 58(5) 39(4) 59(5) 11(3) ~19(4) 53)
Sil 40(1) 40(1) 32(1) (1) 7(1) 4(1)
Cll 80(2) 43(1) 66(2) —4(1) 21(1) —10(1)
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Table 1. Crystal data and structure refinement.

Identification code 0450t0749

Empirical formula C3H53NOSI

Formula weight 307.54

Temperature 120(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2i/c

Unit cell dimensions a=15.03443) A
b=28.0698(2) A B=93.8650(10)°
c=15.1474(3) A

Volume 1833.57(7) A’

zZ 4

Density (calculated) 1.114 Mg / m®

Absorption coefficient 0.129 mm™

F(000) 680

Crystal Colourless Slab

Crystal size 0.60 x 0.25 x 0.08 mm’

@ range for data collection 2.95-125.03°

Index ranges —17<h<17,-9<k<9,-18<[<18

Reflections collected 29289

Independent reflections 3232 [Rins = 0.0462]

Completeness to §=25.03° 99.7 %

Absorption correction Semi—empirical from equivalents

Max. and min. transmission 0.9898 and 0.9268

Refinement method Full-matrix least-squares on F

Data / restraints / parameters 3232/0/196

Goodness-of-fit on F* 1.202

Final R indices [F* > 20(F)] R1=0.0498, wR2 = 0.1239

R indices (all data) R1=0.0598, wR2 = 0.1280

Largest diff. peak and hole 0.482 and ~0.277 ¢ A™

Ditfractometer: Nonius KappaCCD area detector (¢ scans and @ scans to fill asymmerric unit ). Cell determination: DirAx (Duisenberg,
AJM.(1992). J. Appl. Cryst. 25, 92-96.) Data collection: Collect (Collect: Data collection software, R. Hooft, Nonius B.V., 1998). Data
reduction and cell refinement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (1997) Vol. 276. Macromolecular
Crystallography, part A, pp. 307-326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academic Press). Absorption correction: Sheldrick, G. M.
SADABS - Bruker Nonius area detector scaling and absorption correction - V2.10 Structure solution: SHELXS97 (G. M. Sheldrick, Acta
Cryst. (1990) A46 467-473). Structure refinement: SHELXL97 (G. M. Sheldrick (1997), University of Gottingen, Germany). Graphics:
Cameron - A Molecular Graphics Package. (D. M. Watkin, L. Pearce and C. K. Prout, Chemical Crystallography Laboratory, University

of Oxford, 1993).

Special details: All hydrogen atoms were placed in idealised positions and refined using a riding model.
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Table 2. Atomic coordinates [X 10%], equivalent isotropic displacement parameters [A” x
10°] and site occupancy factors. Uy, is defined as one third of the trace of the orthogonalized

UY tensor.

“
°
e

Atom X y Z Ugg

Sil  2698(1)  1753(1)  1810(1) 16(1)
C2  3850(2) 1247(3)  14472)  21(1)
C3  4101(2) -565(3)  1650(2) 24(1)
C4  3941(2)  1601(4)  455(2) 26(1)
C5  2443(2)  4040(3)  1666(2)  22(1)
c6 1516(2)  4466(4)  1982(2) 31(1)
C7  3145(2)  5152(4)  2145(2) 32(1)
C8 1845(2)  481(3)  1109(2) 19(1)
Co 1506(2)  1395(3)  257(2) 24(1)
C10  1059(2) —144(4)  1607(2) 30(1)
Cll  2617(2)  1300(3)  3014(2) 19(1)
Cl2  3224(2)  1469(3)  3695(2) 18(1)
C13  4195(2)  1954(3)  3653(2) 20(1)
N14  4478(1)  2392(3)  4567(1) 19(1)
Cl15  3704(2)  2517(3) 512002 20(1)
Cl16  3048(2)  1308(3)  4666(2) 21(1)
C17  3992(2) 2216(3)  6083(2) 22(1)
C18  4791(2)  3305(3)  6358(2) 24(1)
C19  5576(2)  2886(3)  5808(2) 22(1)
C20  5345(2)  2544(3)  4833(2) 19(1)
021 5934(1)  2391(2)  4311(1) 25(1)

HHH)—A)—A)—A)—A)—A)—AHH)—A)—A)—AH)—AH)—AHHH
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Table 3. Bond lengths [A] and angles [°].

Sil-Cl11
Sil-C5
Sil-C2
Sil-C8
C2-C3
C2—-C4
C5-C7
C5-C6
C8-C10
C8—C9
Cl11-C12

C11-Si1-C5
Cl1-Si1-C2
C5-Si1-C2
C11-Si1-C8
C5-Si1-C8
C2-Si1-C8
C3-C2-C4
C3-C2-Sil
C4—-C2-Sil
C7-C5-Co6
C7-C5-Sil
C6—-C5-Sil
C10-C8-C9
C10-C8-Sil
C9-C8-Sil
C12-C11-Sil
Cl11-C12-C13

1.873(3)
1.895(3)
1.896(3)
1.908(3)
1.536(4)
1.545(4)
1.531(4)
1.541(4)
1.529(4)
1.543(3)
1.336(3)

106.01(12)
111.17(11)
111.01(12)
110.58(11)
109.65(11)
108.42(12)
109.5(2)

111.33(18)
112.61(18)
109.4(2)

112.87(18)
111.24(19)
110.3(2)

114.61(18)
112.32(18)
130.2(2)

127.1(2)

C12-C13
C12-Cl16
C13-N14
N14-C20
N14-C15
C15-C17
Cl5-Cle
C17-C18
C18-C19
C19-C20
C20-021

Cl1-C12-C16
C13-C12-C16
N14-C13-CI12
C20-N14-C13
C20-N14-C15
C13-N14-C15
N14-C15-C17
N14-C15-C16
C17-C15-C16
C12-C16-C15
C15-C17-C18
C17-C18-C19
C20-C19-C18
021-C20-N14
021-C20-C19
N14-C20-C19

14/12/04 16:15:47
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1.517(3)
1.518(3)
1.464(3)
1.343(3)
1.483(3)
1.513(3)
1.519(4)
1.523(4)
1.527(4)
1.519(3)
1.233(3)

125.7(2)
107.1(2)
103.99(19)
121.3(2)
127.3(2)
111.25(19)
110.4(2)
102.2(2)
118.0(2)
103.5(2)
109.9(2)
110.3(2)
115.8(2)
121.5(2)
121.0(2)
117.5(2)
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Table 4. Anisotropic displacement parameters [A*x 10”]. The anisotropic displacement
p p p p

factor exponent takes the form: 27 °[F°a**U" + . + 2 hk a* b* U]

Atom Ull U22 U33 U23 Ul3 U12
Sil 16(1) 18(1) 15(1) 0(1) 0(1) -1(1)
2 18(1) 22(1) 22(1) 2(1) 1(1) 2(1)
C3 21(1) 24(2) 26(1) 0(1) o(1) 1(1)
C4 26(1) 28(2) 24(1) 0(1) 6(1) 1(1)
Cs 26(1) 20(1) 20(1) 1(1) 0(1) 1(1)
C6 33(2) 28(2) 33(2) —6(1) 3(1) 8(1)
C7 39(2) 19(2) 36(2) 0(1) =5(1) -3(1)
C8 19(1) 20(1) 19(1) (1) —1(1) ~2(1)
C9 25(1) 26(2) 21(1) (D) —4(1) 1(1)
C10 25(1) 38(2) 28(2) -1(1) 1(1) -11(1)
Cl1 15(1) 22(1) 20(1) 2(1) 2(1) -2(1)
c12  19(D) 19(1) 17(1) 1(1) 2(1) 1(D)
C13  18(D) 27(1) 15(1) ~1(1) 2(1) ~1(D)
Ni4  17(1) 24(1) 15(1) 0(1) ~1(1) 1)
C15 19(1) 24(1) 17(1) 1(1) 4(1) 2(1)
Ci6  16(1) 29(2) 18(1) 3(1) 4(1) (1)
C17 22(1) 28(2) 16(1) 1(1) 3(1) 3(1)
c18 271 27(2) 17(1) -2(1) —1(1) 1(1)
C19 19(1) 26(1) 20(1) -1(1) ~3(1) ~2(1)
c20 21D 14(1) 20(1) 2(1) 2(1) ~2(1)
021 17(1) 38(1) 22(1) ~1(1) 4(1) —2(1)
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Table 5. Hydrogen coordinates [x 10%] and isotropic displacement parameters [A° x 10°].
p p p

Atom X y z U S.o.f.
H2 4288 1968 1793 25 1
H3A 3699 —-1300 1296 36 1
H3B 4048 787 2280 36 1
H3C 4717 764 1501 36 1
H4A 4560 1422 313 39 1
H4B 3771 2751 323 39 1
H4C 3549 852 98 39 1
H5 2434 4298 1020 26 1
H6A 1495 4165 2607 47 1
H6B 1058 3846 1628 47 1
Ho6C 1407 5657 1910 47 1
H7A 2985 6317 2043 48 1
H7B 3729 4934 1916 48 1
H7C 3172 4918 2781 48 1
HS8 2166 -527 915 23 1
HOA 1130 648 —-116 36 1
H9B 2016 1753 —66 36 1
HOC 1157 2366 413 36 1
H10A 737 803 1835 45 1
H10B 1281 —849 2100 45 1
HIOC 656 786 1203 45 1
H11 2056 885 3166 23 1
HI3A 4551 1016 3445 24 1
H13B 4258 2910 3252 24 1
H15 3450 3660 5060 24 1
H16A 3161 163 4880 25 1
H16B 2425 1616 4769 25 1
HI17A 4154 1035 6172 27 1
H17B 3494 2472 6456 27 1
HI18A 4965 3131 6993 28 1
HI8B 4627 4485 6272 28 1
HI1%A 6004 3819 5856 26 1
HI9B 5882 1899 6071 26 1
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Thermal ellipsoids drawn at the 50% probability level.
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Never, never, never give up.
Sir Winston Churchill (1874 - 1965)



