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Abstract

Abstract

This thesis describes the generation and reactigityfunctionalised organozinc
carbenoids for cyclopropane synthesis with alkenes.

In the introductory chapter, a brief overview oé ttifferent methods for preparation of
heteroatom-functionalised cyclopropanes is presenteluding [2+1] cycloaddition
reactions using a carbene or carbenoid as a cypapating agent with an alkene, ionic
stepwise methods, and chemical modifications froxmstielg cyclopropanes. The
remainder of this chapter then focuses on prewenrk within our own group in this
area.

The second chapter presents the results obtaineddifferent areas of research in the
present study, the first of these being a deepeenstanding and extension of the
research work undertaken by my predecessor for deeelopment of the
cyclopropanation reaction using an “amidoorgandzicerbenoid derived fromiN,N
diethoxymethyloxazolidinones derivatives in the s@rece of a source of zinc and
chlorotrimethylsilane. Thus, the chemoselectivihd stereoselectivtity of the reaction
were fully studied, and a quadrant model was caostd to rationalise the
stereochemistry of the products obtained. The skgamt of this section outlines the
generation of new enantiopure organozinc carbengdscursors derived from
substituted chiral precursors followed by the sgsith of novel enantiopure highly
functionalised N-cyclopropyl oxazolidinones. The intramolecular sren of this
cyclopropanation reaction was then successfullydistl using diethoxylactam
derivatives as organozinc carbenoid precursors. iié#hodology was then applied to
the preparation of novel aminocyclopropyl functiised compounds selected as
interesting building blocks which can lead to tlyateesis of natural and biologically
active compounds. The fifth part of this chaptesalbes subsequent studies towards
the design of new carbenoid precursors containidditianal functional groups of
interest. Finally, a brief study on the potentibbha organozinc carbenoid to participate
in a novel [2,3] sigmatropic rearrangement was stigated.

The thesis concludes with a summary of the reslitained, a detailed description of
the experimental procedures used and the chamtien and analysis of the

compounds prepared, together with a full bibliogmap
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Introduction

1.0. Introduction

1.0.1. Background

The present thesis is concerned with the syntheSiheteroatom functionalised
cyclopropanes and, in particular, aminocycloprogaf®r this reason, in the following
introductory chapter, it is appropriate to provalérief review of the synthetic methods
which have been used in their construction. In@sé section a concise overview of
the chemistry which has been developed within aun group on the properties and

reactivity of organozinc carbenoids will also beganted.

1.0.2. Occurrence in nature and biosynthesis

As reported in a review by Donaldsorthe cyclopropyl unit is present in a large
number of biologically active natural products gsttarmaceuticals? Two examples

are illustrated below (Figure 1).

Solandelactone G' Curacin A'22
antimitotic agent

1 2

Figure 1

Heteroatom-substituted cyclopropanes are also présea wide range of biologically
active natural and unnatural compounds as illiestrabelow by the natural
immunosuppressant and antibacterial belactosB? And the alkoxycyclopropang a
potential inhibitor of PDE4 which is an isozyme @t in abundance in inflammatory
and immune cell$,and5, an agonist for group Il metabotropic glutamateeptors
The heteroatom-substituted cyclopropanes are udedstvely in medicinal chemistry

programmes due to their unique steric and eleatrpnoperties and their ability to

13



Introduction

function as alkene bioisosteres without the assedianetabolitic lability. Perhaps the
most abundant naturally-occurring cyclopropyl comnp is the aminocyclopropane
carboxylic acidé, a gem-disubstituted cyclic amino acid which iseg intermediate in

the production of the plant hormone ethylene (FeqR)’

0]
O
O _
H H Ni-©
H,N N\‘/ i, N\”‘\\\\“\ 5 |
2 IO
\/ H : 7
O COH o) 7 s
N=
OH
Belactosin A FsC CFs
Immunosuppressant and antibacterial
32 44
0O
6
Figure 2

Although the synthetic chemist has yet to rivaluna it is interesting to comment on
some studies in this area. Thus a biosynthetic waathfor the synthesis of the
cyclopropyl ring has been described by Cronan Justial. for the conversion of an
unsaturated fatty acid (UFA) of the membrane lipidbacteria into a cyclopropane fatty
acid (CFA) in membrane lipids of bacteria by a g closure reaction. This catalytic
insertion of a “methylene group” from AdoMet to aulbble bond enables tha situ

modification of the bacteria’s lipidic membrane li8me 1f

14
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H K
1 +
H™ g
Ade o .
HOOC NH, lH H1
H
n
H2
. . [E] H?
UFA-containing phospholipid
7 9
| -H+
Hl Hl
H2
H2
CFA-containing phospholipid
10
Scheme 1

Moreover, it has also been reported that the sgighed squalene, an intermediate in the
biosynthesis of cholesterol, proceeded followingeguence of reactions including the
formation of a cyclopropane ring as a key interratgdi The mechanism of this

transformation involved farnesyl pyrophosphatehasstarting material (Scheme2).

15
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OPP

Q/ Q{ OPP
N e

OPP

g ) Ci1H1e H

@
/_\‘(\)\/ Cy4H1g Yy M1 — C..H
B CyiHyo ~J 11 l e

e
~ CqH CH
_@ CriHio 1M1 11M19
1 12 13 14
ionisation‘
Ci1H1e
2 CyqH1g / CaiHig "
A H
= . A = C..H
P~ hydride A 1119
reduction P \6
Ci1H1e Cy1H19o C14H1g
squalene
18 17 16 15

Scheme 2

An enzyme containing a thiol group attadksby nucleophilic substitution to forrh2
which reacts with another molecule bf to form the TI complex13’. The loss of a
proton from13 leads tol4 which undergoes ionisation to give the primaryboaation
15. Rearrangement leads to the formation of theatgrtcarbocationl6é which can
undergo ring opening tb7, which after reduction affords squalet In the absence of
the reducing agent NADPH, squalene is not formed #ire cyclopropane can be

isolated®

1.0.3. Synthetic studies

The cyclopropyl unit has a wide appeal due to ésuorence in natural products as well
as its use in synthetic and medicinal chemistry.sAesh, there have been numerous
synthetic studies in the literature. They can lrengd by photochemical reactions and
enzymatic approaches, but in order to aid clantyhie discussion, we will focus in this
section on the formation of heteroatom-substitutgdlopropanes. Three distinct
approaches can be taken for the construction oferbatom-functionalised
cyclopropanes: by carbene and carbenoid [2+1] egltliion with an alkene, by ionic

stepwise methods, or by functional group manipafatf existing cyclopropanes.

16
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1.1. Carbenes and carbenoids

A cyclopropane can be obtained by [2+1] cycloadditbetween a carbene or carbenoid
and an alkene. In this section, carbenes and caideewill be discussed as a function of
the method used to generate them, followed by amnvgw of the methods available for

the synthesis of heteroatom-substituted cycloprepaising a carbene or a carbenoid.

1.1.1. Carbenes as cyclopropanating agents

Carbenes are neutral species containing a carloon aith 6 valence electrons: with
two pairs involved in the twe bonds and two further nonbonding electrons. Caben
are electron-poor entities which require another pé electrons to complete their
valence shell of electrons. Like carbocations, they electrophilic but they are, of
course, uncharged. This has consequences for pe di nucleophiles with which
carbenes choose to react. Carbenes may theretweweh compounds that would not
normally be considered as nucleophiles, such agplsimlkenes, by taking electrons
from the available HOMG.

Carbenes may be subdivided into two classes dtieettwo possible arrangements of
electrons in the empty shells (spin states) whieh tarmed triplet and singlet. The
orbitals are the same in both cases but tripldiezegs have two unpaired electrons, one
in each of the spand p orbitals, whilst singlet carbenes have a @laglectrons in the
nonbonding sporbital and also possess a vacant p orbital (Eig)f

s o
0 0

triplet carbene singlet carbene

Figure 3

17
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Carbene species react with alkenes to give a cyapgme in two distinct ways
depending on the electronic character of the carbefinglet carbenes add
stereospecifically to alkenes and triplet carbaeest as diradicals and hence can give

rise to nonstereospecific additions to alkenes ¢8&h3).

Me Me Me Me stereospecific
\—/ - v singlet carbene
( 1_9) 20
CRy >99% cis
singlet carbene
Me Me Me, Me
N \ MevMe . Me wMe
- > < \ /
CR
19 N 20 21
CRy stereoselective
triplet carbene triplet carbene
Scheme 3

A singlet carbene can readily be obtained by treatnof an appropriate substraia
deprotonation with a base amdelimination of the leaving group X from the same
carbon. The resulting species can cyclopropanatalkene by a [2+1] cycloaddition

reaction as shown below (Scheme 4).

RS R4 R R
P —

X X
2
H\~/R base ~ }/R2 RZ_R
R!

R1

Scheme 4

In 1862 Geuther reported on the use of haloformslilaalocarbene precursotsThe
mechanism involving the-elimination of chloroform by treatment with a basegive
dichlorocarbene was described in 1980he a-elimination process is more facile if the
substituents are capable of delocalising the negatharge. The reaction of a
dichlorocarbene, formedn situ with an olefin leads stereospecifically to a
dichlorocyclopropane (Scheme 8):2*3

18
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R? R? 7/
H \:_/
Cl\i/CI base CI\/Cl

Cl

Scheme 5

Carbene reactivity increases as a function of tamber of substituents and their
increasing electronegativity, confirming their pospd electrophilic character and
decreases with simple alkenes following the oreé#mrattri>unsym-di>sym- di>mono
alkyl substituted® In generalsyn (anti) addition occurs in most cases, except where a
carbene is substituted with a heavy halogen atohe feaction of cyclic strained

alkenes may induce rearrangements and the cyclapeoproduct is often not isolabfe.

1.1.2. Carbenoids as cyclopropanating agents

Free carbenes are typically highly reactive andharece short-lived species. However,
they can be stabilised by a metal making them rsar@ble for synthetic purposes as
outlined below. In contrast to carbenes, carbenaidslefined as carbon species bonded
to a metal and a leaving group. There are thragcipal sources of metallocarbenoid
precursors: geminal haloalkanes used in the preseinmetals, diazo compounds used
in conjunction with transition metals such as rhod,i copper or palladium and Fisher
carbenes as metal carbenoids. Those carbenoidedofram transition metals with

available vacant d orbitals are often called atigties (Scheme 8).

Ris
C=MLn
Ry~

alkylidene or transition metal carbenoid

MXo

20\
REA X

organometallic carbenoid

RL ..
RZ/C. +  MX,

Scheme 6
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1.1.2.1. Simmons-Smith reaction

The most famous method for the stereospecific gyolmanation of unsaturated
compounds using a metallocarbenoid precursor ssch geminal dihaloalkane in the
presence of a metal is the Simmons-Smith reactigoodered in 1958 using an

organozinc carbenoid.

The reagent is derived from the reaction betweeddmethane and a source of zinc.
(Scheme 7§°

Znl

|
Zn/Cu |

HoH

the Simmons-Smith reagent

CHoaly, Zn/Cu
e AN v Znl, + (Cu)

22 23

the Simmons-Smith reaction

Scheme 7

The key intermediate may be involved in a Schlgmle tequilibrium (Scheme 8).

| Znl
I Zn/Cu_| — N _-2n_~-lI + Znl
}<H \<H

s

H

Scheme 8: Structure of the Simmons-Smith reagents

The reaction is stereospecific, with respect to geemetry of the alkene. Studies
indicated that diiodomethane forms a 1:1 complexhwiinc (from a zinc-copper
couple) which is capable of forming cyclopropanathvalkenes. A representation of

the complex was proposed as shown below (Scherthe 9).

Zn/Cu |
CHoal» —_— CH5_i

Scheme 9

20
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The mechanism of this reaction has often been septed as proceedinga a
“putterfly-type” transition state (Scheme 10).

I
(3%~
/Zn
22

Scheme 10

The zinc carbenoid reagent will behave as a weegtrelphile and react more readily

with electron-rich olefins.

The cyclopropanation of a chiral allyl alcohol ugithe Simmons-Smith reaction is
highly stereoselective with the new methylene gradping to the same face of the
double bond as the alcohol group (Schemé®11).

HO HO.
\@ CHl,,Zn/Cu

24 25

63%
d.r. >99%

Scheme 11

Numerous variants of the original Simmons-Smith hndthave been reported in the
literature, including the use of Zn/CuCli@pf® Zn(Ag) couple/CHI,’
Zn/TiClJ/CH,Br,*® Zn/AcCI/CuCI/CHBr,*® and Zn/CHBr, under sonicaticf in order

to improve the reaction time and yields.

To avoid use of heterogeneous conditions, Furukasanmonstrated that a
cyclopropanating agent could be generated by awl a&kchange reaction between
diethyl zinc and a 1,1-dihaloalkafeThe additional major advantages of Furukawa’s
homogeneous system are that reagent formationpig ander mild conditions, the
reaction is suitable for the cyclopropanation afwiethers and similar substrates that
often undergo polymerisation under classic Simm®msth conditions, and finally that

the reaction is not restricted to the formatioraafon-functionalised cyclopropane and

21
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thus can be applied to a wider range of reagerfier example, the reaction between
cyclohexene and 1,1-diiodomethylbenzene gives aumaxofendo andexo isomers of a

functionalised cyclopropane (Scheme 12).

@ CgHsCHI,
Et,Zn, Et,O et

22 26
endo:exol7:1

67 %

Scheme 12

In a detailed study, Denmark and Edwards found ttmat(chloromethyl)zinc reagent,
prepared from CICH/Et,Zn, was even more reactive that the (iodomethyt)zin

analogue (Scheme 1%).

: _ Et,Zn (2 eq.), CICHJl (4 eq) m

DCE, 0 C, 15 min
27 28

94 % (GC yield)

Scheme 13

Compound28 was obtained in 94% vyield (according to GC ana)lysompared to the

12% obtained using Git as the dihalo compound under the same conditfons.

Different studies were carried out on the organozieagents by Shét al. who
demonstrated that when the acidity of RXH increadbe reactivity of the novel
organozinc species increased. Thuss@HkHZnNCH,l as a cyclopropanating agent is

generally very effectivé®

In a similar manner Charettet al. studied the reactivity of new reagents with
ArOZnCH,l (RX = ArO) and found that carbenoids possessilegteon-withdrawing
groups on the aromatic ring (F, Cl or Br in posit®, 4 and 6) also gave cyclopropanes
in higher yields (Scheme 1#).

22



Introduction

OH OZnCH,l Oznl
N 1. Et,Zn @
| J  2.CHyl, | _ ; :
x 2
R R
Ri
R1 \
-
R2 Z
S O R§ Re
3
Rs3
Scheme 14

Finally, it is interesting to note that Wittig reped a method for the generation of
Simmons-Smith like reagents using diazoalkaneszamdiodide. The cyclopropanating
agent is formed by the addition of diazomethane tsuspension of zinc(ll) halide
(Scheme 15%°

Zn|2 + CHzNz—r ICH22n|

ICH2Znl + CHyNy——»  ICH,ZNCH;

ICH,ZNCH,l
73%
22 23

Scheme 15

Other metals than zinc can also be used to genemaallocarbenoids for
cyclopropanation reactions. Organolithium carberuaid probably be formeid situ by
an a-elimination of a primary alkyl halide such @8 with a lithium base to induce a
cyclopropanation reaction. The intermediate cap &na alkene to form a cyclopropane.
Thus, cyclopropan81 was obtained in 78% in a 2syn/anti ratio, by reaction op-
methoxybenzylchlorid®9 with cis-butenel9 in the presence of LITMBO at reflux
(Scheme 163°
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Me
Me
3 >[Nj<
Li
MeO L

— OMe
29 7 q9 31
° 78 %
ether, 44 °C 21
Scheme 16

1.1.2.2. Diazoalkanes as cyclopropanating agents

Diazoalkanes can be used as carbenoid precursonnare specifically, diazomethane
can transfer a methylene group to an alkene ddudmelvia a metal catalysed reaction

to form a cyclopropane. The process can be appbed wide range of alkenes.

Different metal catalysts, either chiral or achiglch as copper, palladium, or rhodium
have all been used for cyclopropanation using dreethane. The transition metal

catalyst reacts initially with the diazo compounbetating N, thus generating a

transient electrophilic carbenoid which is mosenftepresented in the alkylidene form
(Scheme 175728

\,%R Yk
N =
R 32

R
LM ML~
R R
N2=<R /\\\ R y
2
'LnM/NﬁR
2

Scheme 17

In general, a-diazoketones ora-diazoesters are more commonly employed as
diazoalkanes to carry out cyclopropanation reasti@s they are sufficiently reactive,
but much less dangerous to handle. The reactiomediated by a wide range of chiral
or non-chiral catalysts containing metals such @gper, palladium, rhodium, cobalt,

ruthenium or osmium (Scheme ¥8).
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CO,Me
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Ph / pr’ /
- {
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33 34 35

Scheme 18

The first intramolecular version of a cyclopropaoatreaction using a diazoketone was

published by Stork in 1961 using copper to obtaimpound37 (Scheme 193°

0 o)
H
éi’\lz Cu bronze i}
N K
36 37 H
Scheme 19

Different examples using copper catalysts for titeamolecular reactions were initially
reported that required high temperatures and deimaed low selectivity* However

dirhodium tetracarboxylate catalysts now appear b® the most active for
cyclopropanation under mild reaction conditions aade hence become the reagents of

choice for these transformations (Scheme®20).

N,  Rhy(cap), )\
| — o i

(0]

T

38 39
100%

Scheme 20
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1.1.2.3. Fischer carbenes as cyclopropanating agent

Pettit and Jolly were the first to suggest thatgrgon metal carbenoid complexes might
serve as carbene transfer reagéhtBhus, the treatment of CpFe(GOH,OMe with

acid in the presence of cyclohexene produced reme28in 46% yield (Scheme 215.

< H* \ 22
| — ' - T
co-Fe__OMe X CozFes

co -MeoH CO
46%

Scheme 21

In general terms, the carbenoid intermediate isilainto that formed during a
cyclopropanation with diazo compounds. Fischer owpd this reaction and found that
the complexes (C@1=C(OMe)Ph, where M was chromium, molybdenum omggian
(Fischer carbenes), also reacted with activateehai to give cyclopropan&s®>3°

In the final analysis however, such atom ineffitiextoichiometric reagents often
required high temperatures and pressures and cimgpetetathesis reactions also
proved problematic. In consequence, they have aehadopted within the synthetic

community.

1.1.3. Heteroatom-functionalised cyclopropane syn#sis

There are two strategically different methods usedbtain a heteroatom substituted
cyclopropanevia a [2+1] cycloaddition reaction with a carbene arbenoid and an
alkene. The first employs a heteroatom-functioealialkene and a simple carbene or
carbenoid species whilst the second uses a hetendanctionalised carbene or
carbenoid and an alkene. The carbenoids are ddireedeither halo compounds, diazo

compounds or Fisher carbenes (Scheme 22).
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1.1.3.1. Reactions with heteroatom-functionalisedlkenes

1.1.3.1.1. Alkoxycyclopropanes

Introduction

NVAN

R! X

AN
R? R2

The simplest example of this approach can be faanthe the cyclopropanation of

vinyl ether40 in the presence of chloroform and potasstarttbutoxide which affords

the dichloroalkoxycyclopropangl in 50% vyield (Scheme 23J.

C2H5_O

\—

excess

40

C,Hs0
BuOK, CHCl,
50°C cl’ cl
a1
50 %
Scheme 23

The dihalocarbene intermediate was formadsitu by reaction of the base with

chloroform and subsequent trapping of the vinylett® give the corresponding

cyclopropane.
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Other reagents can be used to form the dichloreca&n situ such as ethyl
trichloroacetate and sodium methoxide. The chofageathod used for the generation of
the carbene depends on the nature of the vinyt.gitleyl trichloroacetate with sodium

methoxide is preferred in the case of the cyclognapion of an aryl vinyl ethet’

More recently, the Furukawa group has studied thairant of the Simmons-Smith
reaction and demonstrated that the reactivity oyMether towards zinc carbenoids was
better than dichlorocarbef®Coordination of the oxygen atom of the vinyl ettethe

zinc may stabilise the transition state and enhémeeeactivity (Scheme 243.

HoC—=CH,

O\—R
CHz-..7p
- \

s
»

[ Et

RL H Me H
> < CHyl,, Et,Zn >A<

H OR? H OR?
Scheme 24

Other metals such as mercury can also be usecthtragje metallocarbenoids and hence

alkoxycyclopropanes (Scheme %5)

AcO, L Hg(CH,Br),, benzene AcQ
23 days, 80-85C >
42 43
36%
Scheme 25

The carbenoid can also be generated from a diampaond for the cyclopropanation
of vinyl ethers using metals such as coffperand chromiunf®> Thus,
alkoxycyclopropand5 was obtained in 79% yield, (but with with low ssleity), from
vinyl ether37 and the diazocyclopropanating agédtusing a chromium based catalyst
(Scheme 26§
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]
)k/N;’N
o =

44 OC,Hs

OCoHs 1. [([CO)sCrL], CH,Cly, 5 C, 4 h H
ﬁ H
2.CH,Cl,, 20 C, 8 h EtO,C
40 45
18:1

L = cis-cycloctene 79 %

Scheme 26

Examples with rhodium catalysts have also beenrteg&’ Electron-rich double bonds
are preferred which demonstrates the electrophdiare of the metal carbenoid formed

during the reactiof?

Non-regioselective cyclopropanation of alkoxy- aadetoxybuta-1,3-dienes in the
presence of diazo compounds and a copper catadgstilso been reported (Scheme
27)44,45

[>\/\0Me

47
CuCl
/\/\OMG + CHoN, u—> 359
46 CH,Cl,, 0-10 °C [ [:
/\[>\0Me OMe
48 49
10% 40%

Scheme 27

The double bond which undergoes cyclopropanatieuah reactions depends critically
on the nature of the catalyst. For example, the |eslar terminal double bond is

cyclopropanated when a palladium catalyst was (Sedeme 28§*

[Pd]
AP 0siMes 4 CHN, e
CH,Cl, 0-10 °C OSiMes;
50 51
85%
EIZ7:4
Scheme 28
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An elegant tandem sequence involving the use ofisheF carbene to afford an
alkoxycyclopropane in a reaction with a vinyl etigethat shown by Ohe and Uemuata
al. The reaction can be catalysed by different metigh as chromium, platinum, or
rhodium (Scheme 29¥.

Ph Ph Ph

o cat M _— Z0R N

= O =
OR
= —
M]
52 - -
Scheme 29

1.1.3.1.2. Aminocyclopropanes

The reaction of an enamine with chloroform in prese of a base afforded a
dihaloaminocyclopropanéa in situ formation of a carbene (Scheme 30%®

Cl, Cl

\N/\r CHClj
| base \N

\

53 54
Scheme 30

Another example is the treatment of the bicycli@rarde 55 with a phase transfer
catalyst and an aqueous solution of sodium hydeoxido give the

dihaloaminocyclopropang6 in 85% yield (Scheme 31}.

Cl

Cl
benzyltriethylammonium chloride

X CHClj, ag. NaOH, r.t., 6h
NAc NAc
Cl Cl

Cl Cl

55 56
85 %

Scheme 31
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The [2+1] cycloaddition between an enamine andrher®id such as an organozinc

carbenoid using Simmons-Smith-Furukawa type comniit?>° or derived from a diazo
a,50,51

precurso can also afford the corresponding aminocycloprep@themes 32 and
33).
~, ~ R?
SN RZCHI,, EtyZn N
R' R
Scheme 32
R R
R R® [Cu]
Z SN R _R3
b N
R2 R* CH,N, or Ph,CN, R2 R
Scheme 33

A different catalyst such as a palladium salt céso e used. Hsungt al. have
described the cyclopropanation of chiral oxazotiti@s using dirhodium carbenoids
formedin situ from a diazoester leading to ttrans N-cyclopropyl oxazolidinon&8 as
the major product. The mixture of cyclopropa®@sand59 was obtained in 66% in a
4:1 trang/cis) ratio (Scheme 34}

Et02 \ EtO,C
)X\ A\\\Bn )k A\\\Bn
""Ph "”Ph
i 581t 59 ci
N,CHCO,Et, Rh,(OAc), rans cis
Bn
O\/JN/\/ 44 > dr [58+59:60+61]
/,///,’ CH20|2, r.t. EtOZC 0 EtOQC \H >95:5
Ph o H s
H e Iy
57 )kN ~°" 9" °N H
u H \J
60 trans 61cis _/

Scheme 34
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1.1.3.1.3. Thiocyclopropanes

Thiocyclopropanes are less common in the literatham their respective alkoxy and
aminocyclopropane counterparts. This stems fronr tieéative reactivity and the fact
that the lone pairs of the sulfur atom can reath whe carbene to give an ylide which
then leads to alternative products. However, tlaetren of unsaturated sulfides in the
presence of a dichlorocarbene generateditu to give thiocyclopropane has been
reported.The thiocyclopropan63 was synthesised in 61% yielth in situ formation of

dihalocarbene by reaction of sodium methoxide atiylerichloroacetate (Scheme
35)53,54,55

CeHsS
OS/ - NaOMe, C|3CC0202H5 \Y
0°C-r.t,16h
| |
62 63 chc

61 %
Scheme 35

Cyclopropanation of M-1-benzothiopyran64 was achieved as well, leading to the

corresponding dichlorocyclopropag (Scheme 365

@ Cl;CCO,C,H5, NaOMe ©E><CI
S petroleum ether, 0-25 °C S Cl
64 65
85 %

Scheme 36

In contrast, the cyclopropanation of vinyl sulfidesng metallocarbenoids derived from
diazo derivatives as cyclopropanating agents isasaffective as the related reactions
with vinyl ethers and enamines. Under the usualopyopanation reaction conditions,
the reaction can give two products, which are farnmecompetition: viz., the product

of addition (cyclopropane) and a major product fednby insertion (Scheme 3%)>’
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Q

o)
} EtS
EtS 150°c M€ S \ CH,
— + N,CHCO,CH; >=< +
6h H,C CH,

66 67 68
39% 5%

Scheme 37

The insertion produdd? is obtainedvia the intermediate ylide formed by attack of the
carbenoid on one of the lone pair electrons ofshkéur, followed by rearrangement.
This reaction is favoured with the vinyl sulfide somparison to the vinyl ether
(Scheme 38§°°7°%

H

H C5H

\ /5
H—=C) @3

:CHCOR! &S —C *R*RC=CR?SCH,CO,R’
SR*RC=CR?SCH,CH, 3R4RC=C\ CO,R! +
R? CH,=CH,

Scheme 38

Moreover, the resonance forif0 reveals that vinyl sulfides are considered to be
electron-rich. The structurél is also possible because of the ability of a swdfom to
expand its valence shell and this contribution realiance reactivity of sulfur atom

toward a electrophilic carbene (Scheme %39).

+

RS._~ RSy~ RSy~
69 70 71

Scheme 39

This character may have an influence on the rdaactof the sulfur atom with the
carbene. Moreover, it has been demonstrated teatdalbene attacks the sulfur 2.5-5
times quicker than the double botfd.

Finally Andoet al. have reported the reaction of ethyl diazoacetatle phenyl vinyl
sulfide to afford the corresponding cyclopropanelasively®’ In this instance, as
formation of the ylide is reversible and a subseduetramolecular rearrangement is

not possible, only the cyclopropane is formed (8uind0).
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Scheme 40

As outlined earlier, by using the Furukawa modiima it is possible to use the
organozinc carbenoid to cyclopropanate systems asatnamines or vinyl ethers. At
present however, to the best of our knowledge,utfoirsatom-substituted cyclopropane

has been synthesised by a Simmons-Smith or mod$iiednons-Smith protocol.

1.1.3.2. Cyclopropanation using heteroatom-functicalised carbenes or carbenoids

Whilst addition to a heteroatom-substituted alkenéhe classical approach, there are
also a variety of methods in the literature for fimenation of heteroatom-functionalised
carbenes and carbenoids and, in particular, forfdhmation of amino-, alkoxy- and
sulfur-substituted cyclopropanes. This has the g that there are a plethora of
substituted alkenes that are commercially availableadily prepared. In contrast, their
vinylic heteroatom substituted counterparts are. fewconsequence, there has been
considerable interest in the formation and redgtivof heteroatom-functionalised
carbenes or carbenoids which can trap an olefifoton a heteroatom-substituted

cyclopropane.
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1.1.3.2.1. Aminocarbenes and carbenoids

The first alkylaminocarbene was synthesised anldtist by Bertrandt al. in 2004. In
this case, only tertiary alkyl aminocarbenes aablstdue to potential 1A-migration
which occurres readily for singlet carbenes. Thmionm salt carbene precurséb was
synthesised by methylation @# despite the steric constrains and the reactioi5of
with LITMP 30 afforded the carben@6 in 30% yield over 2 steps which could be
recrystallised and stored indefinitelyubsequent reaction of “nucleophilic” carbefée
with methyl acrylater8 led stereoselectively to ttggn-cyclopropaneZ9 in 85% yield
(Scheme 415°

, oTf 7(}
Pr iPr N

| Li iPr
PrN MeOTf "Prll] 30 "Prlll
CH,CI N\ >
oCla, Et,0, -40°C '
-78 °C
74 75 76

95 % 35 % /\Cone
78
THF, -78 °C

ipy
t

| B

i bu .

RN < é:N(’Pr)z
©

77 79 CO,Me
85 %

Scheme 41
Another example of an aminocarbene, described lmn#gdet al., was formedn situ

from 80 and used in the intramolecular mode to furnishdaeyclopropane8l and82
(Scheme 425°
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);"%(OAC H oAc H oAc
N P(OEt );( );(
I o (OEY); T N,

30 % 12%
Scheme 42

Compound80 was obtained by reaction of 4-acetoxyazetidinorith vallyloxalyl

chloride. The carbene was obtained by two-elediransfer from the phosphorus atom

to the imide carbonyl oxygen.

Aminocyclopropanes can also be synthesised in arsuah reaction involving an

organosamarium aminocarbenoid generated from adeams reported by OgaWa.

This reaction was successful however only in thes@nce of an excess of styrene

(Scheme 43). In the presence of electron-deficozfins like ethyl acrylate, reduction

of the olefins by the couple Sm/Smiias preferred over the reduction of the amide.

Electron-rich olefins like butyl vinyl ethers weld#ewise unsuccessful and only the

deoxygenative coupling of amides was observed.

Ph
N Ph
X, —= . X
Ar NR, Sm/SmI2
67C, 4h A NR,
Scheme 43
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The diazo compound prepared from amitro ester is a useful rhodium carbenoid
precursor for trapping electron rich alkenes tooraff nitrocyclopropanes (Scheme
44)62,63,64

N, R'

OR [Rh(octanoate),], (0.5 mol %) ﬁyNOQ
O:N "COOR
o) alkene
CH,Cl,, rt., 2-4 h
Scheme 44

This method of course gives access to nitrocyclogmes and, in order to obtain the

aminocyclopropanes, a further reduction step i®ssary.

To the best of our knowledge, the only direct additof ana-amino functionalised
carbenoid to an alkene was recently reported byuBaga, who developed the first
intermolecular cyclopropanation of Fischer dialkglaocarbene complexes for the
synthesis of 1-aminocyclopropanecarboxylic acidvégives (Scheme 45,

CF(CO)5 \\\NRz
R5N - R/\ reflux 3
OR; 2 < Ry
o) 2.0
Scheme 45

The reaction was applicable to a wide range ofredkeand generally proceeded with
high diastereoselectivity.

In summary, with the exception of the particulaseaof the Barluenga Fischer
carbenoid and the isolated example of the generatiaghe organosamarium carbenoid
from an amide there is no general method for thditiath of aminocarbenes or

carbenoids to alkenes.

37



Introduction

1.1.3.2.2. Alkoxycarbenes and carbenoids

Alkoxycarbenes can be generated in situ by thesidalsapproach involving treatment
of ana-halo ether such & with a strong non-nucleophilic base such as LiTBIRO
give an organolithium carbenoid. This intermedicd@ subsequently be trapped by an

alkene as shown fa83 to afford the alkoxycyclopropangs in 35% yield with low

i

stereoselectivity (Scheme 48)°’

Li Me
30 MezCOC—O
N
0 g
83 >H‘\o/\0| 85
1.3:1
84 35 %
Scheme 46

A dihalo ether can also be used forsitu formation of an alkoxy carbenoid by lithium

halogen exchange as illustrated below (Schemé&*A%§!

OR
R! R3 ROCHCI,/MeLi.Lil R! R3
R2 R4 R2 R
Cl_O_
Cl /
N 86 0
MeLi, Et,O
33 87
Scheme 47

However due to the high toxicity of these ethdisse methods are not commonly used,

but clearly demonstrate the possibility of thisteou
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1.1.3.2.3. Thiocarbenes

In similar fashion,a-chloromethyl sulfides can be used as carbene e for

preparation of thiocyclopropanes (Scheme48}.%°

90
88
56 %
33 Ph S\Ph
catalyst phase transfer V
/S 50 % NaOH
Cl 88 91

70 %
Scheme 48

1.2. lonic stepwise methods

1.2.1. Ylide chemistry

1.2.1.1. Definition

Ylides react with electron-deficient double bondkickh are susceptible to Michael
additions such as,3-unsaturated ketones, esters, amides and relaséehsy; including
nitriles, sulfones, sulfonamides and nitro compayrto form cyclopropanés? The
reaction of a sulfur ylide with a double bond caad either to the formation of an

epoxide or to a cyclopropane depending on the eatiithe ylide (Scheme 48).
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93 92 94
81% 89%
Scheme 49

“Stabilised” ylides such a85 and sulfoxonium ylide prefer to react with the Higu
bond to give the cyclopropane. Although the fastaction will still be addition to the
carbonyl group, this is reversible, hence preventire formation of the epoxide. The
1,4-addition which leads to formation of the cyclgpane is kinetically slower but
thermodynamically more favorable and irreversililetie case of “stabilised” ylidés.
Moreover the ylide can react selectively with tessl hindered face of the alkene to give
one cyclopropane.

Thus, cyclopropane rings can be obtained by thpwsse reaction of a “stabilised”

sulfur ylide or a sulfoxonium ylide with an eleatrdeficient double bond (Scheme 50).

95 R3 A1
2 3
Rle R
O=/S—C\ + = —_—
R1 R4 A2 A2
3 p4
96 R* R

A', A2 = acceptor

Scheme 50

1.2.1.2. Synthesis of heteroatom substituted cyclapanes

This section focuses on the cyclopropanation readif o,3-unsaturated systems which
leads to heteroatom substituted cyclopropanes. ,Thaminocyclopropanes or
nitrocyclopropanes can be obtainagd 1,4 Michael addition of suitably constituted

amino unsaturated Michael acceptors (Scheme 51, @unsaturated nitroalkenes

(Scheme 523%7%7273
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?
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1 __p4 Me™ | CH \
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Scheme 51
?
1 M /S\cﬁ
R_No2 eI\I/Ie 2 R ﬁ NO,
R2> :R3 R2 R3
Scheme 52

To the best of our knowledge no example of thelsgis of alkoxycyclopropanes or
thiocyclopropanes using ionic, stepwise ylide clstryi have been reported in the

literature.

1.2.2. Titanium-mediated cyclopropanation

A new method has recently been developed for timhsgis of aminocyclopropanes
using a titanium-mediated reaction whose origirmstefrom the elegant work of
Kulinkovich, who developed the reaction of carbaxysters with Grignard reagents in
the presence of titanium(lV) alkoxides leading tgclopropanol derivatives. The
original reaction was carried out by addition cdaution of ethylmagnesium bromide
to an ester in the presence of a catalytic amodiriitanium(lV) isopropoxide. The

mechanism proposed is shown in Scheme 53 along thwtlhcatalytic cycle (Scheme
53).74,75
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1. EtMgBr (2 eq.), Ti(O'Pr)4 (5-10 mol %)
RCO,Me 1820 T, Et,0, 1 h K

2.5%aq. HySO, 5 C

76-95 %
R = alkyl
i
2 PrOMgBrH " R2
i J _Ti0'Ph),
2 R?CH,CH,MgBr RN
RZ
—_— . HO//
R 1 i | 2,
1) 2 R2CH,CH,MgBr, Ti(O'Pr), TiOP), RlAMRZ
HO, .
RICOOR 5 minor
R R2
. OH
major J\/\
R? R2
minor
Scheme 53

The key step of the reaction is the formation ef dhganotitanium species which reacts

with the ester to give the alkoxycyclopropane a&srttajor product.
Recently, de Meijere applied the original Kulinkcvi hydroxycyclopropanation

protocol to N,N-dialkylamides and thus developed a facile preparaof N,N-
dialkycyclopropylamines (Scheme 54).
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v\MgBr (O'Pr)s
X = O'Pror Me

Scheme 54

The de Meijere variant of the Kulinkovich reactioan be applied to a wide range of
carboxamide and Grignard compounds. In principiengry cyclopropylamines can be
easily synthesised by hydrogenolysis MfN-dibenzylcyclopropylamines. However,
since cyclopropyl rings are also hydrogenated with opening, this method cannot be
applied to all substrates, especially cyclopropaubstituted with an aromatic group

A recent improvement of the protocol lies in the wé methyltriisopropyloxytitanium
instead of tetraisopropyloxytitanium for cyclopropgion of an ester or a dialkylamide
and is preferable in terms of yieltf:"®

A further development is the generation of a titycéopropane intermediates by
alkene-ligand exchange which provides access to emabighly substituted
cyclopropylamines from cyclic and acyclic alkenalkadienes and even trienes. This
method enables the formation of functionalised wogganium species that cannot be
obtained directly from a Grignard compound. Thispiovement was initially
demonstrated by Kulinkovich for the cyclopropanatiof esters/’®7® The
titanacyclopropanes derived from cyclopentyl- angclahexylmagnesium halides
appear to be the best for alkene ligand exchangee(Be 55)°¢"®
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Q*MgBr + XTi(OPr), — (O‘Pr)ZTiQ
n n

n=1.2 92

X = O'Pr, Me or Cl

/=
R3
0
R & Y
XLV<NR2 R¥ "NR; (OiPr)zTi<LL
RS
Scheme 55

The titanium mediated approach can be also appbeditriles giving, in the same

fashion, the corresponding cyclopropylamines (SehB6)’°

EtMgBr
R—C=N _TIOPN.ELO  (oipr),Ti N BF3 OFt, y
OB o
R” "NH,

Scheme 56

In contrast with the reaction developed by De Meij¢he use of a Lewis acid is crucial
for the ring-contraction giving the cyclopropari& The reaction can be applied to a

wide range of functionalised nitrilé&>"*
The intramolecular variants of this cyclopropanatieaction have also been applied to

prepare  polycyclic  aminocyclopropanes from  suitablytethered N,N-

dialkylcarboxamides and carbonitriles (Scheme’8%§%#°
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Scheme 57

Although this method seems to be a most simple dmdct route to access
aminocyclopropanes, the process is limited to atikaly small number of substrates
due to the incompatibility of Grignard reagentshaither functional groups such as

carbonyl groups and halides.

1.2.3. 1,3-Ring-closure Reactions

The construction of cyclopropanes by a 1,3-ringsate reaction is a kinetically
favoured process in spite of the strain generatdedapproach which has often been
used features a starting material containing actrele-withdrawing group and a leaving
group in a 1,3-relationship. In the presence o&selthe cyclopropane is then obtained

by intramolecular displacement (Scheme 58).

x> "pwe —X

>—ewe

Scheme 58
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1.2.3.1. Cyclopropanes bearing nitrogen functionaly

The formation of nitrocyclopropanes by intramoleecul1,3-ring-closure under
Mitsonobu conditions using diethyl azodicarboxylated triphenylphosphine has been
reported, and when applied to thaitroalkanol103 led to inversion of configuration
(Scheme 59

\OH DEAD, Ph,P
THF, r.t.
NO,
103 104
92 %
Scheme 59

A major disadvantage of this method is that thetlsssis of the nitroalkanols requires
several steps.

Other methods for the formation of nitrocycloproparby 1,3-ring-closure feature the
use of bromonitromethane as a starting materiahd®e 60). The first of these
reactions requires an electrophilic alkene beatimg electron withdrawing groups in
the a- and p-positions,?? whilst the second, developed by the Ley groupyiges an
elegant demonstration of organocatalysis leadingnte@nantiopure nitrocyclopropane
(Scheme 60§°

O,N H
COPh H o H H | NO,
K,CO
Br._NO, [ 2rs ></COM9 ></COMe
coMe  MeCN,rt,30h phoc PhOC |,
105 106 107 108
88:12

96%

N\
N Vi
H  HN—N
Br\/N02 _|_ --nuuNO2
morpholine, %
CH,Cl,, 25 °C H

109 110 111
80%
ee 77%

Scheme 60
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Aminocyclopropanes can also be obtained directls Bimilar fashion by treatment of

chloro enamines with LiAl(Scheme 615°

NR?

NR2
cl _
LiAH,

Scheme 61

1.2.3.2. Thiocyclopropanes

Both cyclopropyl sulfides and sulfones can be fgajinthesised following classical

methodology involving 1,3-ring-closure (Schemesa6@ 63)842°

Sio~S "BuLi
[>—sPh
112 THF, -78 °C-0°C 113 77 %

Scheme 62

Et,0

Scheme 63

1.2.3.3. Alkoxycyclopropanes

In a similar fashion, an example of a 1,3-ring-alesis the treatment afl14 with
magnesium in the presence of magnesium bromideeasslLacid which affords the

alkoxycyclopropand 15 (Scheme 645°

)
>§\_)_/Br Mg, MgBr, HO/\W) m
R He+

114 115
Scheme 64

47



Introduction

1.3. Functional group modifications leading to het@atom

substituted cyclopropanes from existing cyclopropaes

Cyclopropanes bearing a heteroatom can also béesiaed by subsequent functional
group manipulation from an existing cyclopropané)ez by heteroatom nucleophilic

displacement or by a functional group interchange.
1.3.1. Direct displacement

The direct displacement of an existing functiorediscyclopropane affording a
heteroatom substituted cyclopropane is possibl@ faocyclopropane substituted by an

appropriate leaving group.

1.3.1.1. Cyclopropanes bearing a sulfur atom

A cyclopropyl sulfide can be obtained by direct pii&€ement of a substituted
cyclopropane halide by a thiolate anfSri*via reaction of a metallated cyclopropyl

anion with diorgany! disulfide¥’ or elemental sulfd?®° as illustrated by the following

three examples (Scheme 65).

MeSH, K* 1BuO-, 18-crown-6

DMSO, THF, 0 °C-r.t.

Cl SMe
H H
116 117
84 %
[ﬁx\ + g — Zﬁx\ + LiSR
Li SR
118
1. Mg/THF
> g AN
25 SH
3. LiAlH,, H*
119 120
30-45%
Scheme 65
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1.3.1.2. Cyclopropanes bearing an oxygen atom

By using a similar concept to the sulfur substduteyclopropanes, an alkoxy
cyclopropane can also be obtained by classicalidiiBon ether synthesis (Scheme
66)%°

D—Br
A

NaH, DMF R® 0O
38%

Scheme 66

1.3.1.3. Aminocyclopropanes

A synthesis of aminocyclopropanes by direct disghaent is described below and

involves reaction of an aryl amine with a bromoestytyclopropane (Scheme 6%7).

R2
et N

EtsN, CH,Cl,

Me ;SO OEt  pg,  Br_ OEt

—_—

1
121 122 R
BF3_Et20, NaBH4
THF,0°C tor.t.

O,
\R2
Scheme 67
The synthesis starts with the conversion of readigilable121 to the bromidel22
which, after reaction with an aromatic amine toegtiie N-arylcyclopropylamine and

reduction affords the aminocyclopropane. Unfortahatintermediatel22 is not stable

at room temperature and difficult to synthesise.
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We note parenthetically that a better approachNtarylcyclopropylamines isvia
palladium-catalysed C-N bond formation using argdrbides and coupling them to
commercially available cyclopropylamine, whereir thesired products are formed in

moderate to excellent yield (Scheme 83).

1
Br Pd,(dba);, BINAP, NaOtBu |
+ [>—NH, : AN
R Toluene, 80 °C, 24 h N
123 H
52-99%

Scheme 68

This method requires the use of the commerciallgilalle cyclopropylamine and

cannot afford aminocyclopropanes with other sulstits on the cyclopropane ring.

1.3.2. Functional group interchange

Although trivial, standard chemical transformatiohave certainly been used to

synthesise heteroatom substituted cyclopropanes.

1.3.2.1. Sulfur substituted cyclopropanes

Thus, vigorous reduction of a sulfone group witBBBL-H has enabled preparation of
the parent thiocyclopropane derivatii25 (Scheme 69)*87

DIBAL-H
Toluene, 115 °C, 72 h

SH
SO,Ph

124 125
93 %

Scheme 69
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1.3.2.2. Aminocyclopropanes

The formation of aminocyclopropanes by functionaup interconversion is by far the
most commonly employed method in the literaturee din part to the variety of
reactions that can be used to access the aming geithher from carboxylic acid
derivatives as in the Curtid3,Hoffmann® or Schmidt reaction$, as well as the

reduction of a nitro group (Scheme 70).

0
1
Curtius RMOH 1) SOCl,
R? RS 2) NaN;
R! AN=C=0 H,0 R! ANH:
0 R? RS R? RS
R1
Hoffman NH; Br, or Cl,
R2 R3 base
o)
1 1
Schmidt RNOH N R>A<NH2
R2 R3 H,S0, R? R®
R! NO H,, Pd/C R NH
Reduction 2>A< 32 z 2>A< 32
R R or Fe, HCI R R
Scheme 70

The Curtius and Hoffmann rearrangements are basetboversion of the carboxylic
acid derivatives into isocyanates. Treatment ofititermediate isocyanate with water
generates the required amine derival®. The Schmidt reaction has also been
employed whereby a primary amine is obtained bwttnent of a carboxylic acid
derivative with ammonia and sulfuric acf.

WeinstocR® developed an alternative method for the conversfaam carboxylic acid to
an isocyanate using mixed anhydrides to replacenthi chloride under milder
conditions. To overcome the dangerous propertiesodium azide, Yamadet al.
developed a modified Curtius reaction using diphgmysphoryl azide (Scheme 7).
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1) CICO,EL, EtN
2) NaN,
| 3) Toluene, 115 T

O

)J\ R\N:c:o

R OH

| |

(OPh)2PON3
Et3N, reflux

Scheme 71

The required cyclopropyl carboxylic acid used as #tarting material for these
reactions can readily be obtained by saponificabbithe corresponding cyclopropyl
ester commonly obtained by classical method suchedal-catalysed decomposition of

a diazo compound or the use of sulfur ylide chemi@cheme 723%:98:99.100.101,102,103,

CH,N,, Pd (Il
| ’
R
H N,CHCO,R'
/\/C02R' R/\
R /
H H ‘ Cu, Rh, Ru
+ . CO,R
| Me,S(0)-CH,
Scheme 72

As stated at the outset, the present thesis wilugo on the synthesis of
aminocyclopropanes, and as outlined in the pregedections, there are numerous
methods which already exist to prepare such congmumevertheless, careful
examination of the carbenoid approach reveals abwisadvantages, particularly in
terms of the use of precursors such as toxic géralalicompounds or explosive diazo
precursors. Most of all, perhaps, in terms of sgtithdisconnection, there appears to be
no more general route to functionalised carbenpaksessing a nitrogen substituent on
the carbenoid carbon. In consequence, the opptédsinior using a wide range of
stereochemically purg& or Z alkenes is lost, especially since this featurgeserally
translated into the stereochemistry of the product.

In generation of organozinc carbenoids from carbaoynpounds and their congeners

in various oxidation states there is therefore @ractive alternative, especially since
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organozinc reagents are generally considered tondmetoxic, mild, and highly

chemoselective.

1.4. Previous research within our group

Before addressing the previous work carried oubun own group, it is important to
recognise the mechanistic parallel which existshwihe classical Clemmensen

reduction.

1.4.1. Carbonyl compounds as cyclopropanating agentThe

Clemmensen reduction

The Clemmensen reduction using zinc amalgam andoblytbric acid is one of the
simplest methods for the reduction of a carbonglugrof ketones and aldehydes into a

methylene group (Scheme 755.

Zn(Hg), 40% HClI

R7 R,
R{ R> Toluene, 115 C

Scheme 73

The mechanism of this reaction has been the subfemhgoing debate and is still not
totally understood. The formation of a zinc carbdnas an intermediate is now
commonly acceptéd following work by Burdon in 1986 who proposed aatmanism

involving the zinc carbenoid intermediate (Schermg'?
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R
v, (1e) :r”o (1e) ?

Zn'Zn
R =H, Me
126 127 128

2 %20, - ZnCl,
Ar R
YR 2 HCl J/

zn Zn(2e
( )Ar

129 130

iy - H AN
/ ii)lc-H inserticN&(R = H only)
Ar-
= +
R HSO /\JJR Ar Ar
AN ] \

Me H
131 132 133

i) abstraction of H* by base (H,O, EtOH, ketone); ii)
rearrangement (1,2 H-shift). Neither i or ii occur for Ar= 4-
MeOCgH,4

Scheme 74

Products analysis and deuterium labelling expertmeanfirmed the intermediat9

as a zinc-carbenoid. Protonation D29, followed by reduction leads t@30. The

organozinc carbenoid29 can be deprotonated to give a vinyl-zinc spedig$ and

converted intal32 by rearrangement, or trapped by an alkene to giegclopropane
133

1.4.2. Carbonyl compounds as organozinc carbenoidgcursors

Whereas attempts by Burdon to capture the zincecenid intermediate with alkenes
other than styrenes failed, possibly due to sfagtors, the use of a carbonyl group as a
precursor of an organozinc carbenoid in the presefizinc and a Lewis acid had in

fact already been demonstrated by earlier work.
Thus, in 1969, Elphimoff-Felkin and Sarda publisliee cyclopropanation reaction of

an alkene using an aldehyde as a zinc carbenoais@ in the presence of metallic

zinc and boron trifluoride diethyl etherate as awiseacid, which could serve as a
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possible replacement for the proton source whicls wesponsible for the rapid
destruction of the carbenoid (Scheme *5).

o] @ » Zn(Hg)
22 major isomer
H - shown
BF3-OEt2, Etzo, r.t

43% 8 ' 1
134 26

Scheme 75

The specied35was proposed to be the intermediate involved im raction (Scheme
76) 106

O §)
o FB. ® FsB\O
)k BF3-OFEt, J\ Zn (2€’) Ar#\
Ar H H Ar H
2h®
134 135
Scheme 76

The formaiton of organozinc carbenoid derived farbonyl compound in presence

of Lewis Acid was then investigated in details mder to develop new reactions.

1.4.3. Evolution of organozinc carbenoid chemistras a

cyclopropanating agent within our group

Additionally, in 1973, Motherwell demonstrated theonversion of several
cyclohexanone derivatives in the presence of zimd¢ ehlorotrimethylsilane, to the
corresponding cyclohexenes. The behaviour of cytiywne in particular provided
strong presumptive evidence for the intermediacyamforganozinc carbenoid since
bicyclo-[3.3.0]-octane is most reasonably deriveg tibansannular C-H insertion
(Scheme 77§7718
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O
Zn(Hg), MesSiCl
Et,O,r. t.
X X=H 72% X
X=Br 48%

X =0Ac 60%

© +
137 138

Scheme 77

136

Further studies within the group demonstrated tédtictive McMurry-type dicarbonyl
coupling of certain aryl and,3-unsaturated carbonyl compounds to give alkenes can
also be accomplished using chlorotrimethylsilane amc at low temperature. The
mechanism was proved not to involve pinacolic cmgpénd diol deoxygenation but to
proceedvia a carbonyl ylide derived by trapping of the organo carbenoid with a

second molecule of carbonyl compound (Schemé®#8}?

C4Hg C4Hg
CIMe,Si(CH,),SiMe,Cl [
o _
Zn
139 140 [
7205 CaMo
Scheme 78

In both of the above reactions, it was thought #ratorganozinc carbenoid would be
generated directly and efficiently from a carboogimpound, by treatment with metallic
zinc in the presence of a silicon electrophile. Acmanistic pathway involving a series
of single electron transfer processes facilitatgdhe Lewis acidic silicon electrophile

as an oxaphilic reagent can be considered as shelonw (Scheme 79y
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R e R, A N
oS> >'—O R; 'Ri Clemmensen reduction
R? Zn R? H*

RL Zn
> /
Zn 3

le RZ Zn \{A*E3SiC|
CI

. SiM
Ra.O—SiMes yio cicf Ra OC 2 Ry, Cl
__MegSiCl SiMez — ><
R1 ZnCl R{ ZnCl R{ ZnCl
141

Scheme 79

The organozinc carbenoid intermedid#l thus generated was also used for a useful

range of reactions as described below.

1.4.4. Inter and intramolecular cyclopropanation

A variety of aryl andx,f-unsaturated carbonyl compounds, on treatmentzimt and a
silicon electrophile afford organozinc carbenoidscl may be trapped with alkenes to

give cyclopropanes both in amter- andintra-molecular fashion (Scheme 8g9:**12

? Ph ;
th/ Zn, Me3SiCl
142 33 143
11:1
59%
| CHO
' CIMe;Si(CH,)2SiMeCl
_ Zn
144 145 146
46% 30%
Scheme 80

Following on from this concept, it was shown thegtals and ketals can also be used as
direct precursors for organozinc carbenoid chemisand can afford either

cyclopropanes or C-H insertion produttdin this case, and in contrast to the reactions
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of carbonyl compounds, carbenoid formation does@mtire initial formation of a zinc
oxygen bond on the surface, but could involve dicedivery of electrons from zinc to
an oxocarbenium iorl48 as shown in Scheme 81. A typical cyclopropanateaction

is shown in Scheme 82°

R%R Me;SiCl >= o Zn R%R Me,SiCl R1><CI
5, OR ZnC|2 y/ “ZnCl -Me3SiOR K zncl
-M83S|OR
147 148 149
X =H, alkyl, OR, NR3COR,
Scheme 81
OMe
22
OMe
Zn(Hg), ZnCl,, Me3SiCl
MeO Et,0,44 C
150
endo: exo 23.5:1
65%
Scheme 82

As a logical consequence of the selection of asetatl ketals, the use of orthoformates
as alkoxyorganozinc carbenoid precursors then geavia very simple and practical

method for the preparation of alkoxycyclopropar&sheme 83)**

Zn(Hg), ZnCl,, Me3SiCl OMe
Et,0, 44 T Phw
/ >
PN leo. _oMe H
153 OMe 154

cis:trans 2:1
64%

Scheme 83
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1.4.5. Synthesis of aminocyclopropanes

More recent studies in the group have focused @n ube of this organometallic
chemistry because it is potentially more applicaiolea stereocontrolled synthesis of

amidocyclopropanes.
The aim was to design an organozinc carbenoid antlamino group attached in order
to have access to a wide range of functionaliseth@yclopropanes by a [2+1]

cycloaddition from different alkenes and not onlmathylene insertion (Scheme 84).

R R3

R ‘é\r\er3

e

&Y
R® 1

Zn R
c’
RZ. R® RS ZnCl
J
R1 R6 C|
Scheme 84

By analogy with the earlier work on orthoformatddt. Guillaume Bégis initially
worked on a new organozinc precursor containin@r@amo group such aks5 as the
carbenoid precursor. Unfortunately the reaction m@sconclusive (Scheme 855

\ OMe

/\l OMe
155 \N/

prr N X - Ph/\<f

153 Zn(Hg) or Smil,, Me;SiCl 156

Scheme 85
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After investigation, Mr. G. Bégis demonstrated ttie organozinc carbenoid attached
to an amino group capable of trapping an alkenéotm a cyclopropane could be
obtained from a molecule containing an additiot@tteon-withdrawing groupr to the
nitrogen atom in order to attenuate the strongtleedonating (nucleophilic) ability of
the nitrogen lone pair.

Thus, in an analogous fashion to ketals, acetats @thoformates, an organozinc
carbenoid containing amino functionality was obg¢airfrom N-diethoxymethylamide

derivatives (Scheme 86).

X I I
- R i j\ 2 -Me3SiOEt _R? Zn .- _R?
RYONTT _MesSICl - o\ R T8 Rl)kN@ RN
e '
EtO OEt EtO OEt EtO © EtO ZnCl
S & @
cl >tVes CISiMes
-Me3SIOEt
o)
.. R2
Cl)\ZnCI
Scheme 86

Careful experimentation by my predecessor, Mr Ggi8éhen established that the
diethoxymethyl derivative of pyrrolidinong57 was preferred over the selection of an
acyclic amide and that a useful range of alkenegdcthen undergo cyclopropanation

using this reagent as a carbenoid precursor (ScB@jte> 11
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1
R\/

R1

\/\

R3

1 (0]
R O\% EtO
R3Si\/ Eto)\ N &

— O

R1 R2 157 R1 )
\—/ R
Zn(Hg), ZnCl,, Me;SiCl
R! Et,0, 44 °C R

Scheme 87

Further studies then allowed him to carry out s@raiminary work using the closely
related but potentially more useful oxazolidinogstem158 (Scheme 88)->**

EtO
N O

o’ \__J ( LO
N

R1 158
\— H
Zn(Hg), ZnCl,, Me3SiCl H
Et,0, 44 °C R

Scheme 88

These studies paved the way for the present réspamgramme.
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Chapter 2: Results and Discussion
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2.0. Introduction

The discovery of the amidocyclopropanation and ttlesely related use oN-
diethoxymethyl oxazolidinones by my predecessorQdillaume Bégis had laid a very
strong foundation which indicated that this simmaction was of considerable value for
organic synthesi&->*16-11

Nevertheless, at the outset of the present workerak aspects of the reaction required
further study and clarification. Thus, it was nesagy to explore the reaction in terms of
its chemoselectivity and its tolerance to othercfional groups. For these reasons, the

following six alkenes (Figure 4) were selected#ssrates for cyclopropanation.

(0] | 0
N 4
EiO | = Sl'/\/ MeOW
Cl
159 160 161
O,
162 163

Figure 4

The cyclopropanation of these alkenes was of paaticinterest to extend the range of
chemoselectivity and stereoselectivity, as therakis9 contained both an electron-poor
and an electron-rich double bond, the alkeh&6 and 161 possess silyl and chloride

functionality and the alkenel62 and163 a cyclopropyl group, and an ester group which

could potentially have a directing influence on tlyelopropane formation.

A particular concern however, as we shall see,latas that it was not possible to predict
the stereochemical outcome for any given reactifoancalkene and an amidoorganozinc
carbenoid. A selection of the examples preparedbyBégis is shown in Table 1 and
illustrates the complexity involved with predictinghe stereoselectivity of the

cyclopropanation reactior>*®
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entry alkene Products
o
H
1 ‘Bu___
‘Bu
>05:5
164 168 (61%7)
. O L e
0
10:1
22 169 170
(66%?)
o
e b
H HY
>95:5
165 171 (66%")
Ay oty
[:::r/§> H Ph
4 Hﬂi>ﬁ 7i>ﬁ
Ph
1.1:1
33 172 173
(70%*°)
. o < §
11
166 174 175
(28"

1.3:1

167 175 177
(637

=

Table 1
a. Zn(Hg) method. b. Zn/CuCl method. c. The carimepoecursor was added by syringe pump over 2 h.
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For example, whilst cyclopropanation reactions Widd and22 favoured formation of the
trans or exo cyclopropane (Table 1, entry 1 and entry 2), ttead seems to be reversed in
the cyclopropanation df65 (Table 1, entry 3) and is not observed for theselyp related
cases of styreng83 (Table 1, entry 4)166 (Table 1, entry 5) and dihydronaphtaler@y
(Table 1, entry 65*>11°

2.1. Oxazolidin-2-one derivatives as carbenoid precsors

2.1.1. Synthesis of alkenes

Alkenes160 161 and 162 are commercially available, alked€3 was obtained in 65%
yield from the reaction of commercially availabtey¢lopent-2-enyl)acetic aciti78 with
ethanolic HCI (Scheme 84%®

O

O H OEt
AcCl, EtOH
0°C-68C,4h

65 %

178 163

Scheme 89

Diene 159 was synthesised from 6-methyl-5-hepten-2-@i8 by reaction with triethyl
phosphonoacetate in the presence of sodium hydritietrahydrofurart!® A mixture of
(E) and g) isomers was obtained in 89% overall yield (79228). The pureE isomer was
isolated by column chromatography and used for esuent cyclopropanation reactions
(Scheme 90).

NaH, triethyl phosphonoacetate )|

0 THF,0°C,1.5hthenrt., 16 h O -
N |

7525 E.Z
179 89 %

Scheme 90

65



Results and discussion

2.1.2. A preamble on the assignment of stereocheinys

The geometry of each cyclopropane synthesised et@srdined asrans, cis, exo or endo
by '"H NMR spectroscopy analysis. According to the Kaspéquation, the value of the
coupling constant of vicinal protons is relatedheir dihedral angle (Figure %3°
*J, =Kcos A- 028 for 0°C <A<90°C

*J,, = K'cos A- 028 for 90°C <A<180°C

3Jm=Acosg+Bcosg +C

12+

10+

JHH' {Hz)
j=e]

h

Figure 5

Figure 6
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The value of the dihedral angle between t® protons is O degrees and between two
trans protons 145 degrees (Figure 6), thus accordinth¢éoequation the value of the
coupling constant of vicinal protons is larger éisthan fortrans couplings™*

Jeis (vicinal)™> Jtrans (vicinal)
Analysis of the N-E proton of the cyclopropane unit and measuremeritsatoupling
constant allowed easy determination of the geonwdttiye cyclopropane.
For all the compounds synthesised, the range ofegabf the coupling constant measured
between twdrans cyclopropyl protons is 1.9 Hz &ans< 5.5 Hz and the range of values
of the coupling constant measured betweendwayclopropyl protons is 6.2 Hdg< 9.0
Hz.
The signal observed for the CHN proton in thens configuration is a doublet of triplets
with acis coupling constant and twtoans coupling constant. The signal observed for the
CHN proton in thecis configuration is a triplet of doublets with tvets coupling constants

and ondrans coupling constant.

2.1.3. Cyclopropanation studies

Diethoxymethyl oxazolidin-2-on&58 had previously been prepared in the laboratory by
reaction of oxazolidinone and triethyl orthoformatehe presence of aluminium chloride

and was used without further purification (Scherhp'& 2!

i i OEt
o NH AICl; (0.1 eq.), (EtO)3CH (15 eq.z 0 N/<

OEt
/ 150 C,22h \/

180 158
67%

Scheme 91

The cyclopropanation reaction was then carried usilhg zinc, copper chloride, zinc
chloride and trimethylsilyl chloride in diethyl ethheated at 44 °C for 16 hours in the
presence of the carbenoid precursd8and the mono-, di-, and trisubstituted alkebh®&g
160, 161, 162 and 163 to obtain the correspondinly-cyclopropyloxazolidinones in
stereoselective fashion in moderate to good yields.
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Pleasingly, under the reaction conditions usedmdselective cyclopropanation of the
more electron-rich double bond was observed forctfodopropanation 0159, confirming
our hypothesis on the essentially electrophilicuratof the carbenoid. Theis
cyclopropanel81 was the major product (38% yield) obtained wittato cis:itrans 11:1
based on the crudéd NMR spectrum. The ester group was tolerated utftereaction

conditions (Scheme 92).

7 Zn, CuCl :
O n, Cu
EtO - EQ J__ znCiMessic 181
* N~ O . 38%
E0’ '\ [/  Et,0,44°C, 16 h (L 38%
0
N
159 158 Ve
H
Me ~_CO,Et
182

Scheme 92

Based on the'H NMR spectrum of the isolated products resultingnf the
cyclopropanation reaction of allyltrimethylsilanel60, the trans N-cyclopropyl
oxazolidinonel83 and thecis diastereoisomet84 were obtained in a ratio of 2.5:1. The
25% vyield was calculated for the mixture of the taommers obtained after purification by

flash column chromatography (Scheme 93).

& (3
Zn, Cucl /Ko o)
| EtO ZnCl, Me3SiCl H N —\S' N
~ A~ )\ )k /

T+ N~ 0  Et,0,44T,16h H H

| EtO \ / N\ H

160 158 183 2.511 184

Scheme 93
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We were pleased to note that, in spite of the welpbilic nature of some of the

intermediates involved in carbenoid generationas\ywossible to use an allylsilane.

The cyclopropanation of alken61 led in low yield (11%) to the formation of the
cyclopropanel 85 (the major isomer) in which the smaller halogeadgcent to the amido
group (Scheme 94).

(o q
o | &

0 N~ O
O 0 Zn, CuCl H

)J\ ZnCly,Me,SiCl

MeO + )\N 0 S MeO H
Et,0, 44 °C, 16 h

C| ETO \ / O C|
MeO
0
161 158 185 186

16:1
1%

Scheme 94
Once again, the ester and halogen group were teteumder the reaction conditions.

The major diastereoisomer resulting from the cyappnation of162 was theendo
cyclopropanel87 obtained in 58% vyield (Scheme 95).

(0] Zn, CuCl H-

><j\ E& )k ZnCly,Me,SiCl H ’
+ N
e’ N9 E,0,44°C, 16h

162 158 187

Scheme 95

According to’H NMR spectroscopy studies, a strong preferencetier (87) of the four

possible diastereoisomers was observed.
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The two major diastereoisomers obtained and isbiten the cyclopropanation reaction
of 163 were the twaexo cyclopropanesl88 and189 obtained in a ratio 2.6:1 (based on
the crude'H NMR spectrum). The vyield of the reaction (34%)swalculated from the
total yield of isomers obtained after purificatidoy flash column chromatography
(Scheme 96).

OEt
Q o)
EtO Zn, CuCl
OEt ZnCly,Me;SiCl
+ N o - HH|
EtO \ / Et,0,44°C,16h 1740
o)

163 158 188
261
34%

Scheme 96

In this case, although four diastereoisomers camlgrinciple be obtained*H NMR
spectroscopy indicated a preference for only twthese.
The ability of the ester group to coordinate thgamozinc carbenoid and favour delivery

to the more hindered face of the alkene in thistrea was noteworthy.

First of all, in terms of the chemoselectivity betreaction, the above results confirm the
electrophilic character of the organozinc carbenpard prove that silyl, ester and halogen
functionality are all tolerated under the reactomnditions using zinc and trimethylsilyl
chloride!?

The rationalisation of the stereochemical outcomsuich reactions will be discussed later

(videinfra).

We also wished to investigate the cyclopropanatidnallenic substrates since the
formation of a methylene cyclopropane by amidogyapanation of an electronically
differentiated allene could lead to further traiesitmetal mediated cycloaddition reactions
as shown below and could be used for the designare complex molecules (Scheme
97).14’123
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X 48 48
q )*o [MLn] N N
COEt — g CO,Et
X o =L
. _-CO,Et é

NC

COOEt

X=CorO

Z = electron withdrawing group

Scheme 97

Allene 190 had been synthesised previously in the laboratoyy reaction of 3-
phenylpropanoyl chloride with ethoxycarbonylmetihdpphorane in presence of

triethylamine in dichloromethane (Scheme 98).

Ph . Ph
I 1. Et3N, CH,Cl,, 40 min, r.t.
Ph—P O~ _.I
Ph 5 EtOOC
2.Cl

o 190

CH,Cl,, 40 min, r.t.
Scheme 98

The cyclopropanation reaction was carried out usimgoxazolidin-2-one derivativé58
as a carbenoid precursor. Unfortunately no evideiocecyclopropane formation was

observed under the reaction conditions (Scheme 99).

EtO Zn, Cucl 0
Ph ZnCl, Me;SiCl N\)L
/ T Eto/LNJ\O 44 °02 Et3O 16n Ph oS
EtOOC - e
190 158 191
Scheme 99
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The only product observed was the alkd®d, obtained by the reduction of one of the
double bonds. The proposed mechanism explainirggrésult is shown below (Scheme
100).

Ph
[ RNV
T (1e) EtO—'( ClZn—0  \—
EtO
5 /o Ph
ClZn
190 192 193
Zn\(1 e-)
_ZnClI
0 ZnCl O
H /\)\)\
191 194
Scheme 100

The allenel90 was therefore reduced by two single electron femesrom zinc in the
presence of a proton source which is encouragethdoyormation of a conjugated zinc
ester enolate. Unfortunately, reduction of one d®udond of the allene was faster and
more favourable than trapping by the organozinbeaonid and led td91 This result is
different from the chemoselective cyclopropanatbithe more electron-rich double bond
of the dienel59 which yields a cyclopropane, and in which the tunsded ester moiety
did not react.

The replacement of trimethylsilyl chloride byAICI as a Lewis Acid and proton
scavenger would certainly be of interest as welbther allenes which do not contain the

0,-f unsaturated ester unit.

2.1.4. Stereochemistry

As indicated earlier, our thoughts now focused be more vexatious problem of
rationalising the stereochemical outcome of thesetrons.

When taken together with the results obtained ftbencyclopropanation of other alkenes
which had previously been studied within our gréwgm pyrrolidinone or oxazolidinone

precursors, overall comparison of the differentiltssclearly illustrates the complexity in

72



Results and discussion

predicting the stereoselectivity of the cycloprogi@m reaction which seems to depend on
the nature of the alkene (Table'®)!®

Entry alkene Products
{=o
H
t
1° Bu__ AH
Bu
>95:5
164 168 (61% ")
0
(/\QO \ (ko
|
I N
—Si
/
2.5:1
160 183 184
(25%
\n/OEt
0]
3 OEt [ [
HH O H Hy o
(_\F
O 2.6:1
163 188 189
(34%°)
e O C% p %
0]
10:1
22 169 170
(66%")
’ H H,
>95:5
165 171 (66%°)

73



Results and discussion

0
i W
Cl N O
6 MeO H

cl MeO H

O H

MO0 461
161 184 186
(11%°)

Ay
. N @H @Ph
Ph H
1.1:1

33 172 173
(70%"%)

HH HH
SR SN
a O
8 OIN) H

1:1

166 174 175
(28%°)
H Me
H Me
s (7 S
H o 0
1.2:1
167 176 177
(63%")
H Me
0 ><l "
1 0 N
T
>90:10
162 187 (58%°)
o) 0
: o (3
EtO = Me & _AH
11 | % H
Me | CO,Et Me ~CO,Et
11:1
159 181 182
(38%°)

a. Cyclopropanes synthesised previously in the gtoy Mr G. Bégis and Dr T. D. Sheppard b. Zn(Hg)

method. c. Zn/CuCl method. d. The carbenoid precussis added by syringe pump over 2 h.
Table 2
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In general, reaction with a monosubstituted alkiemels to favour formation of theans
product, and increasing bulk reinforces this betavi(Table 2, entries 1 and 2). The
trends for more substituted alkenes were morecditfito rationalise. Thesxo/trans
cyclopropane was the major isomer observed in @me ©f the cyclopropanation of
disubstituted alkene$63 and 22 (Table 2, entry 3 and entry 4) and the trisubtdu
alkenes162 (Table 2, entry 10) whereas tleado or cis cyclopropane was the major
isomer in the case of the cyclopropanation of tisalgbtituted alkenes65and161 (Table

2, entry 5 and entry 6) and the trisubstituted raék&59 (Table 2, entry 11). Moreover
cyclopropanation of other mono-, di- and trisulogéiti alkenes showed virtually no
stereoselectivity (Table 2, entry 7, entry 8 anthe8).

At first sight, there appeared to be little patterthe observed results, so in order to gain
insight we tried to explain the stereoselectivitsing a quadrant model in which the
guadrant A was largely unhindered, B sterically gested, and C and D moderately
hindered (Scheme 101). During the cyclopropanateaction with a monosubstituted
alkene, R(which is a proton) fits well in the quadrant Btmost sterically hindered) and
R' in the quadrant A (the most unhindered) which $edthe formation of &rans or exo
cyclopropane (Scheme 101, path A). Whereas fos disubstituted alkene, Rvould not

fit well in quadrant B due to steric interactiongdahe alternative approach of the alkene

would be preferred leading to this or endo cyclopropane (Scheme 101, path'8).

R2, R’ B B T A B A H H
“, N R R H H K7 -
H? ? *H /" WL H / /TR R? ? R’
~— CcC D cl —— D—

N._o I I N._o
T Mo N_o o
trans or exo g cis or endo
(M (ii)
path A path B
Scheme 101

Considering the related cyclopropanation usingotkezolidin-2-on€l58 as an organozinc
carbenoid precursor, two transitions state werggsed using the quadrant model and
placing the zinc atom in quadrant D. Coordinatidrih@ zinc to the oxygen atom of the
carbonyl group would then place the oxazolidindng m quadrant C, and the methylene
group in quadrant B, leaving quadrant A empty. Bgithe approach of a monosubstituted

alkene, the Rgroup would prefer to fit in quadrant A{#® a proton) giving rise totaans
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cyclopropane. However if a disubstituted alkene vegslopropanated, the second
transition state (ii) would be preferred to give #mdo cyclopropane where 'Rand R
would fit in the moderately sterically congestecgdrants D and C respectively occupied
by the zinc atom and the carbonyl group. This pathwould avoid the interaction
between Rand the methylene group alpha to the nitrogen attich takes place in the
exo transition state (i) (Figure 7).

) R, Ri / R, R4
\ . b

trans or exo

B A B A
} H H H H
(i /
/ =X M S — .
C R, % R \R2 . /YR cis or endo
o o}
r A,
O O\\‘ CI
Figure 7

Although semi empirical, this quadrant model masaigeexplain the different possible
approaches of the alkene to the organozinc carbefidiis model was aa posteriori

explanation and confirmed most of the results okeskr

2.2. Chiral oxazolidin-2-one derivatives as carbend precursors

On completion of the fundamental studies descrifi@ove, we then moved to a second
goal of our research programme which involves #sgh of a wider range of enantiopure
functionalised organozinc carbenoid precursorgdeioto have access to a wider range of

highly functionalisedN-cyclopropyl oxazolidinone (Scheme 102).

o)
D (] % A >\\
R Et
N B R TN O
o )_/ EtO
R ) Ri

R1

Scheme 102
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2.2.1. Synthesis of chiral carbenoid precursors

At this stage, the parent enantiopure oxazolidinoadbenoid precursot97 had also

previously been prepared within the group from caroally available (-)-2-amino-1,2-
diphenylethanol195 in two steps by an analogous route to that usedthfe achiral

compoundl58as outlined below (Scheme 103y1712

j\ i OEt
o Sy AlCk (0.1 eq), (E0);CH (15 eq) g N/kogt
\—/ 22 h,150 °C —
180 158
67%
Ph
HO._ «Ph Ph__o Q
J\ triphosgene, EtzN :[ o AICl; (0.15 eq.), (EtO)3CH (30 eq.) \A\
>': > Ph o
195 196 197 EtO OEt
85% 68%

Scheme 103

Whilst the yields of the above reactions were sidfit to allow subsequent synthetic
steps, the synthesis of other enantiopure carbeeitlrsors carried out by Mr. G. Bégis

had led to diminished yields and therefore posprbhlem (Tables 3 and 4

(0] (0]
OEt
OEt
155 T, 22 h \—<
R R
Oxazolidinone R Yield Product
198 CH,Ph 25% 200
199 'Pr 29% 201
Table 3
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o) o]

)l\ (EtO)sCHs, AICl3 )J\ PEL

Q H QN e
J 155-165 T, 16-18 h \_/ t

//R "f,R
Oxazolidinone R Yield Product

202 PMP 26% 206
203 Ph 33% 207
204 CO,Et 55% 208
205 CH,OTBDMS 60% 209

Table 4

As illustrated above, the conditions developed auphis point were capricious and not

convenient. Moreover application on large scale¢ento diminish the yield and the high

boiling point of triethyl orthoformate made it ddtilt to remove any excess at the end of
the reactiort®

Accordingly a range of other methods were investigan order to find better conditions
for the formation of these precursors under milanditions, with a smaller quantity of
triethyl orthoformate and more moderate reactionperatures. In the first instance, we
elected to add acetyl chloride to the reaction amxtwith the intention of facilitating the
departure of one of the ethoxy groups of triethyhoformate as shown in Scheme 104

and thus generating the more reactive haiti2zin situ.

Et
N
EtOYOv /ﬁ\d EtO)\%O

0] cr EtO Cl
T — 1
1

OEt OEt
210 21

Scheme 104
An initial result demonstrated thdi-diethoxymethyl oxazolidin-2-ond58 could be

obtained on a 10 g scale in good yield using aalgat amount” of acetyl chloride, and
only 2.6 equivalents of triethyl orthoformate abmotemperature (Scheme 105).
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rt,12h

O]
0 AcCl (0.1 eq.), (EtO);CH (2.6 eq.) (Ko
L )
; X

EtO OEt

180 158
reaction on 10 g scale 60%

Scheme 105

With a similar objective in mind, we also investgd the addition of

chlorotrimethylsilane in the presence of triphemgpphine as a genuine catalyst. This
combination was chosen since it is known that ets®&iective epoxide ring opening to
vicinal siloxychlorohydrins can be achieved at Ie@mperature in the presence of a

catalytic amount of triphenylphosphine in ethamekfchloroform (Scheme 108},

O}o TMSCI (1eq.), PPh; (0.4 mol %) O/OTMS
EtOH free CHClj, - 50 °C, 45 min ""’”CI
10 % wiw

213 214
99 %

Scheme 106
It was gratifying to note thati-diethoxymethyl pyrrolidin-2-on&57 was thus obtained in

good yield using a catalytic amount of trimethylsghloride and triphenylphosphine, and

triethyl orthoformate in dichloromethane at roomperature (Scheme 10%.

N

Me,SiCl (0.1 eq.), PPhs (0.2 mol %)
[>:o (EtO)sCH (2.6 eq.) o

N
H rt,12h
EtOJ\OEt
215 157
reaction on 10 g scale 61%
Scheme 107

Following these initial studies on inexpensive sgs$, we then applied these results to the
preparation of new chiral carbenoid precursorsthm hope of obviating the problems
outlined above.

The necessary chiral oxazolidin-2-one precursorseweadily prepared in good to

guantitative yield from natural amino acid derivag (Table 5 entries 1-3) and from
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commercially available unnatural amino acids de¢ives (Table 5, entries 5 and 6) by
standard literature protocols involving triphosganeé triethylamine (Table 5).

0]
HoN OH ) )k
\ _/ triphosgene H 0
R R EtsN ’Y\*‘/_
RI R2
Entry Aminoalcohol R! R® Yield Product
1 216 'Pr H 89% 199
2 217 CH, 'Pr H 99% 221
3 218 CH,Ph H 99% 198
4 219 CH; Ph 99% 222
5 220 C,Hs H 99% 223
Table 5

The oxazolidinone226 was obtained in 75% over 2 steps by reduction hod t
oxazolidinone 225 obtained by treatment with phosgene of serine yhettster
hydrochloride224 (Scheme 108)

Ccr (0]
+
N OH 4 KHCO,, H,0, rt., 10 min
> HN (0]
MeO 2. K,COg3, 10 % phosgene in toluene
(0] 2h, 0T MeO
(@]
224 295
91 %
NaBH,4
EtOH, 0 C-rt.,2h
X
HN (6]
HOJ_/
226
82%
Scheme 108
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As a result of the problems previously encounteiredhe synthesis of enantiopure
carbenoid precursors and in light of the encougdneliminary observations noted
above, we therefore decided to investigate altermabnditions for the synthesis of other
enantiopure precursors using three different cloixalzolidinones (Tables 6, 7 and 8). The
major problem of this reaction is that the corregpog orthoamide is not the exclusive
product.

2.2.1.1. Optimisation of reaction conditions usinghe oxazolidinone derived fromL-

valine

The synthesis of orthoami@®1 from oxazolidinonel99 was performed using a range of

different catalytic systems with different ratidemperatures and in different solvents

(Table 6).
(0] (@] (0]
EtO OEt (@) H
199 201 227
entry (EtO);CH eq. catalyst T solvent t NMR observations
1 10 AcCl (1 eq.) 50 neat 2h mixture of 199/227 (1:2)
2 10 AcCl (2 eq.) 90 T neat 1lh mixture of 199/201/227 (4.8:2:1)
3 30 AlCl3(0.15eq.) 100T neat 16 h mixture of 199/201/227 (14.8:1:2)
4 10 BF; (1 eq.) 40 T CH,Cl, 16 h decomposition
5 2.6 TMSCI (1.1 eq.)* 40 T CH,Cl, 16 h mixture of 199/227 (1:1.4:3)
6 3 AICl3(0.15eq) 110<T toluene 16 h 80 % conversion to 201

*PPhused as catalyst (0.15 eq.)
Table 6

Under the conditions employed using the oxazolidenaderived fromL-valine, the
formation of201 was observed only at high temperature (T>90 °@|& &, entries 2, 3
and 6). Changing the Lewis acid used did not imerdlwe conversion, and led to
decomposition of the starting material in the cab®F; (Table 6, entry 4). Finally the
best result (Table 6, entry 6) was observed at tegtperature (110 °C) with a catalytic
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amount of aluminium chloride (0.15 eq.) as Lewisdaand 3 equivalents of triethyl

orthoformate in toluene.

2.2.1.2. Optimisation of reaction conditions usinghe oxazolidinone derived fromL-
Leucine

A similar study was also performed on the synthesfisorthoamide229 through
modification of the reactions conditions (Lewis daciemperature, solvent and reaction
time) (Table 7).

/Q/(L %/k/(NLO A/L_NO)\O
N° PN PR

EtO OEt O H
221 228 229
entry (EtO)3CH eq. LA T solvent reaction time NMR observations
1 30 AICI5(0.15 eq.) 150 T / 18 h completion 48% yield
2 4 TiCl, (0.15eq) 40T  CH,Cl, 16 h mixt. 221/229 (1.7:1)
3 4 TiCl, (1 eq.) 40T CH,Cl, 16 h 221
4 6 AICI; (0.15 eq.) 110 C  toluene 16 h 50% conversion
5 6 BF; (0.15 eq.) 110 T  toluene 16 h no reaction
Table 7

Studies carried out with compou@@1 and triethyl orthoformate again demonstrated the
importance of high temperatures (table 7, entriaad 4). As before, catalytic aluminium

chloride was the best Lewis acid found.
Formamides227 and 229 were formed either by hydrolysis of the correspogd

diethoxymethylamide in the presence of a protorr®and water during the work up or
by nucleophilic attack using chloride anion (Schetrig)'??
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)CL OEt i ot ECt|CI i 0
0 N/koa _H .0 N/(H S 0 N/(H
_EtOH
= = =
H,0
Scheme 109

2.2.1.3. Optimisation of reaction conditions usinghe oxazolidinone derived from 2-

amino-1-butanol

Finally, some experiments were performed on theohdinone223 using trimethylsilyl

chloride as Lewis acid (Table 8).

NS H\/(NLO
; N

EtO OEt
223 230
entry  (EtO);CHeq. TMSCleg. T solvent 't NMR observations
1 2.6 11 r.t CH.CI, 16h 51% conversion
2 26 11 40T CH.Cl, 16h 73% conversion *
3 6.5 4.25 40 T CH,Cl, 72h 88% conversion *
4 3 3 rt. Toluene 16h 61% conversion
5 6 6 40 °C CH.CI, 16h 50% conversion

*PPhsused as catalyst (0.15 eq.)

Table 8

The side product formamide was never observedviiiig these conditions. Surprisingly
when oxazolidinon@223 derived from 2-amino-1-butan@R0was used, good conversion
was obtained at 40 °C using only trimethylsilyl afidle and triphenylphosphine in
dichloromethane (Table 8, entry 3). This result wagxpected considering the small

difference in the structure of the starting mater223 compared td 99 (Tables 6 and 8).

Despite further investigation into a range of reactconditions no significantly better
results than the current literature procedure veamd*?' Due to time constraints, we

therefore decided to continue our investigationsguthe classical methodology.
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Finally, improved yields of the carbenoid precusseere achieved using a large excess of
triethyl orthoformate (up to 40 equivalents) undeidic conditions at 165 °C for at least
18 hours. Working on small scale with very puretstg materials (less than 10 mmol of
the oxazolidin-2-one derivatives) was the best wayobtain the chiral carbenoid
precursors in moderate to good yields. We found ithaas important to remove excess
triethyl orthoformate under high vacuum, prior twther purification, since it could not be

completely separated from the desired productdshfichromatography (Table 9).

o} o} Et
L eomas T
0" "NH 0" N
g 165°C (o
R! R2 R1 R?
Oxazolidinone R1 R, Yield Product
199 H 'Pr 55% 201
221 H CH,Pr 63% 228
198 H Bn 53% 200
222 Ph Me 53% 231
223 H Et 55% 230
Table 9

Carbenoid precurso232 could not be synthesised using the literature itimmd with
aluminium chloride as the Lewis acid. Theref@®82 was synthesised in 22% yield from
an alternative procedure using triethyl orthoforenahdpara-toluenesulfonic acid heated
to reflux (Scheme 110).

0
i (Et0);CH, p-TsOH N \/OEI

Q” “NH o” "N
J 165 T, 6 h %o
226 232

Scheme 110
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Two diastereoisomers could have been obtained depgion the position of the ethoxy

group (Figure 8).

0 Q
H H
- H OEt
o] (¢}
OEt H
A B

Figure 8

However, the isolated product was not stable amthéu NMR analysis could not be

performed to determine the major isomer obtained.

2.2.2. Synthesis of chiraN-cyclopropyloxazolidinones

With the chiral carbenoid precursors in hand, weed our attention towards the

synthesis oN-cyclopropyl oxazolidinonega their reaction with different alkenes.
Previously within the group, only two chiral oxailithone had been used as organozinc

carbenoid precursors for preparation of enantiopcyelopropanes from a limited

selection of alkenes (Table 18}:**’
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Entry Product (major) dr? Yield
Ph
ot
O?/\N Ph
H

2

PMB
233 233:234

Ph
P
OJ\N Ph
H

2

Ph
235 235:236:237:238

87:9° 63%'
56:28%6%6"  54%'

3 N 76%

4 H b 70%'

N b
5 H_~0oMe 36%°
H

42%'

SiMe,Bn
242
a. Any diastereoisomers not observed by NMR spectrum were considered to be <2%. b. omg o
diastereoisomer was observed / isolated. ¢ The mdiastereocisomer wasteans/exo cyclopropane. d. The

minor diastereoisomer wasces/endo cyclopropane. f. Zn(Hg) was used. g. Zn/CuCl wsedu
Table 10
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Thus, it was of interest to extend the range othbdtiral carbenoid precursors and

functionalised alkenes for cyclopropanation reaxctibables 11 and 12).

R5 R6 R1
- by
j\ OEt R R R? N/Ko
0 Ny Zn, CuCl, ZnCl,,Me,SiCl H H
H Et,0, 44 °C, 16 h H
R1 RZ R3 R4
entry alkene Product(s) dr® Yield
O
\//(\/Qo
Ph N . 0% ° (3304°¢
1 X H >90:10  42%°(33%"9)
<X
Bn
153 244
2 &NQO >90:10 40%"
HH, ©
165 245
8
e :
3 A H >90:10 29%
H
164 246
0
4 )OL ﬁko 82:14° 13%"
. 0
PR 0 2 J&H
Ph 0
243 247 247:248
3 dn(
O~ N
5 O‘ %,H 59:37' 40% "9
HH
166 249 249:250
Ph
O N
Oé/\[\}”“" h b
6 X H 20%
Hﬁ
164 251
Table 11
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entry alkene Product(s) dr Yield
N
_— Nko e b
1 PR~ H 92:4 44%
Ay
Bn
153 254

AN
2 O/\ H N >00:10 47%°

3 MeO@—/: N " 44%°
H

253 256

4 MeO@—/: N | h 239%"

H
PMB
253 257
0
Oé/\N f b
5 _~_Ph H OMe 82:14" 29%"9
H@
Bn
154 258 258:259
OEt
OEt HO i
I 0/,°:9
6 E>—§O TR 26%
P F
0
163 260
Table 12

Table 11andTable 12 a. Any diastereoisomers not observed'HyNMR were considered to be <2%. b.
Zn/CuCl method. c. Zn(Hg) method. d. Reaction earout as a one-pot procedure from the oxazolidinon
199 and triethyl orthoformate. e. The stereochemisfrghe minor diastereoisomer was not determined. f.
The minor diastereoisomer wasrans/exo cyclopropane. g. yield calculated on the totakofners obtained

after purification by flash column chromatographyNo other diastereoisomers were observed/isalated
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The cyclopropanes were obtained in moderate to goeld with good stereoselectivity.
Examination of these results in the tables 11 arl reéveals that similar
diastereoselectivities were observed for the satkena when cyclopropanated using
different oxazolidinones (Table 11, entry 1 and [€al2 entry 1 and entry 5, Table 11,
entries 3 and 6 and Table 12 entries 3 and 4). Evtre case of very hindered system the
stereoselectivity of the reaction does not seenbeoaffected (Table 12, entry 5). In
general monosubstituted alkenes led to the formatfdhetrans cyclopropane (Table 11,
entries 1, 3, 4, 6, Table 12, entry 1-5). Howewsith more substituted alkenes,
stereoselectivity was dependant on the nature efatkene. When a cyclic disubstituted
alkene was used, thendo cyclopropane was obtained as the major produdbléTal,
entries 2, 5).

As shown previously for the cyclopropanation reatsi using a non chiral oxazolidinone
precursor, functional groups such as ester aregatel@ under the conditions reactions
(Table 11, entry 4 and Table 12, entry 6).

In most of the cases, only one product was isolatédf the four potential isomers. The
minor products are different depending on the matiirthe oxazolidinone and the alkene.
The cyclopropanation 0f153 gave an inseparable mixture of the twoans
diastereoisomers258 and 259 (Table 12, entry 5) after purification by column
chromatography whereas the cyclopropanatiob6@&gave a mixture of thendo 249 and
theexo 250isomers (Table 11, entry 5%°

Cyclopropanation of the alkeng63 (Table 12, entry 6) could give eight possible
diastereoisomers as shown in Figure 9. Unfortupatet were not able to isolate the
major diastereoisomer in sufficient purity for cheterization and instead only
cyclopropane&60 (Table 12, entry 6) was isolated in pure form. @bsolute geometry of
the major diastereoisomer could not be therefoteradgned. The reaction was repeated
using a large excess of the alkene to encouragesthation of the major isomer but
unfortunately none of diastereoisomers could bkated pure.
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267

Figure 9

Three minor products were often present in the e&rbtdMR spectrum and could not

always be removed by purification. These were tmmamide formed by “hydrolysis” of

the unreacted carbenoid precursor during work lup,axazolidinone which arose either

from hydrolysis of the unreacted carbenoid preaursos organozinc carbenoid

intermediate and th&l-methyl oxazolidinone probably formed by protonatiof the

organozinc carbenoid (by traces of HCI presenhenreaction) followed by its reduction
by zinc (Scheme 111¥°

O OFt
PN

H+
Y
o)
)k ZnCl ez
Q7 NN
R R2
i ZnCl o
n
0 NJ\

OiNj/ )
hay

0 Heo
0 o N
0
H,0 )J\ J
2 o) N//<H o NJ\
R R? ‘ ,\Rz
O O
O)kﬁﬂ H,0 0~ "NH
RT R2 R’ R?
o} 0
)J\ H* )J\ —
O: :N/\ZnCI O: :N
R R2 R! R?
Scheme 111
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From a practical point of view, it would be morengenient to avoid the preparation of
the orthoamide derived carbenoid precursors. Ash btite introduction of the
diethoxymethyl group itself and the subsequentayyrdpanation reaction were carried out
in the presence of Lewis acids, we therefore ingattd whether the two processes could
be combined into a one-pot reaction. Pleasinglyainpreliminary experiment the
cyclopropane244 was obtained in 33% yield directly from the oxadilone 199 using
zinc, copper chloride, zinc chloride, chlorotrimgdilane and triethyl orthoformate in one
pot. This compares favourably to the 28% vyield fesly obtained over two steps
(Scheme 112).

P
153 244

0
Zn/CuCl, ZnCl,,Me3SiCl, (Et0)sCH %o
0 N
\//(/K Et,0, 44 °C, 16 h H
o)

N

N )&H
199

Scheme 112

Two modifications to the reaction procedure werntimvestigated in order to obtain the
corresponding cyclopropane in one step from thealidinone.

Initially a mixture of zinc chloride, trimethylsilychloride, and oxazolidinon&99 were
heated to 44 °C in order to activate the carbepogétursor and make it more reactive to
zinc, copper chloride and the alkeb®3in diethyl ether added later on. However at this
stage the resulting mixture was a semi-solid urdeluin diethyl ether. Triethyl
orthoformate was then added dropwise over 6 hauthéd resulting mixture in order to
form the organozinc carbenoid in situ which couidn react with the alken53. This
modification led to formation of thB-cyclopropyl oxazolidinon244in 13% yield. In a
second attempt, to obviate the problem of insoliybiladdition of a solution of
oxazolidinonel99in triethyl orthoformate and dichloromethane dregawover 6 hours to
a mixture of zinc, copper chloride, zinc chloridblorotrimethylsilane and allylbenzene in
diethyl ether followed by heating at reflux for l&ours furnishedN-cyclopropyl
oxazolidinone244 in 33 % yield*?® With the benefit of hindsight it might have been
interesting to examine an experimental method Wagl the addition of
triphenylphosphine in order to further aid the fatimn of the organozinc carbenoid

during this one pot process.
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The cyclopropanation reaction of the alkelle8 was also performed following the first
procedure but using the cyclic urea, 1l-benzyl-irnadigin-2-one 268 A mixture of
products was formed including the desiréihns cyclopropane269 and the cis
cyclopropane270, the starting materia268 N-formyl compound271 and the alkoxy
cyclopropane272 formedvia the normal formation of the alkoxy organozinc esrtid
(Scheme 113).

Ph Ph

[jigk§o 5\Q§O

N

”)&H N
1 ZniCucl, Eztn(c);lﬂzn?%s% ISEtO)3CH Ph H
LN N 20,44 °C, 269 270

__/ P 0 OEt
268 153 A 0

QN% AH

H  pp
271 272
Scheme 113

The trans-cyclopropane was the major product formed, frth NMR spectroscopic
analysis of the crude reaction mixture, but onl96léould be isolated in pure form after
extensive chromatography. Due to time constraiotsdver, this potentially interesting

molecular scaffold was not pursued further.

2.2.3. Stereochemistry

The geometry of the cyclopropane was determineletorans, cis, exo or endo by *H
NMR spectroscopy analysis. The examples shown bslmw again all the complexity of

the stereoselectivity (Table 13y,116-117122.126
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entry alkene Product(s)
Ph Ph Ph Ph
oi oi 00— o—
X O/A/N Ph o/A/N Ph o‘ﬁ?wph 04\,\}'%
12 H Ph H Ph
H@ H@ H& H@
Ph H Ph H
56:28%:6%:6°
33 235 236 23 238
(63%°)
o) o)
(o Lo
H Ph
22 Pho~ H %H
Ph H
15 : 1
153 273 X 274
(57%"°)
o)
3 Ph\& H
H
Ph
>90:10
153 244 (429%")
o) o)
O%\N O%\_>““'
H OMe N H OM
e = S
H H
Ph Ph
82:144
153 258 o 259
(29%"°"
o)
0y
5a Ph_ H OMe
H@
Ph
>90:10
153 241 (36%")
0 o)
4\}< H N0
o)
e g

166

HH 59:37f

249
(40%"")
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>90:10
165 245 (40%")

a. cyclopropane synthesised previously in the groun/CuCl method. c. Zn(Hg) method. d. The minor
diastereoisomer wasteans/exo cyclopropane. e. The minor diastereoisomer weis/endo cyclopropane. f.

yield calculated on the total of isomers obtainidrgurification by flash column chromatography.

Table 13

As highlighted earlier in our examination of theukts obtained for the cyclopropanation
reaction using chiral organozinc precursors, mobsstuted alkenes seems to lead to the
formation of thetrans cyclopropane and with more substituted alkenesgsselectivity
was dependant on the nature of the alkene.

When the reaction was performed using a chiraleraslal precursor for alkents3 the
selectivity seems to be greater than with non-tlpracursors (Table 13, entries 2, 3, 4
and 5). Moreover, ancillary functionality in theirh oxazolidinone influenced the
selectivity (Table 13, entries 4 and 5) with thenfation of the two possiblérans
diastereoisomers favoured. At this stage, the asetectivity of the reaction was not easy
to predict. Therefore, we investigated a more adednquadrant model to explain the
results observed. Cyclopropanation of alkenes usimgal organozinc carbenoid can
potentially afford four diastereoisomers. The stehemistry of these isomers will be
based on the geometry of the cyclopropam&endo or trans/exo) and on the position of
the cyclopropane formed, relative to the chiralugroof the oxazolidinone (Scheme
114)1%°
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o} > \ o N R
\< _An~q \V\j’
o) o)

(ii)

trans or exo cis or endo
(iii) (iv)
Cl~—.----O Cl—
Z n
R R, EN%O —NH
RS /am ; c c H
HH RIH/ /‘\
Aﬂ“ 0 S / =4 /
H Y R”  RR /
A
0) B
Scheme 114

The R group of the oxazolidinone controls whichefa¢ the alkene was cyclopropanated:
the alkene preferred to approach the carbenoid fiteenopposite face to the R group
[transition state (i) and (ii)] which explained tlsrong preference for one of the 4
diastereoisomers observed in most cases (Table 13).

In the case of the cyclopropanation of a monostutiet alkene (R=H), transition state (i)
is preferred with Rfitting well in the less sterically hindered quadt A, leading to the
trans cyclopropane. In the case of a disubstituted @k@®#H) the transition (i) is
preferred (R and R occupying quadrants C and D), to the transitiatest (i) and (iii) in
which R, in quadrant B, would undergo a steric interactidgth the oxazolidinone ring.

As outlined earlier, the minor products seem toetelpon the nature of the oxazolidinone
and the alkene (Table 13). The formation of the pogsibletrans cyclopropanes was
favoured for the monosubstituted alkenes, excetfitarcase of styrer&8 which showed a
greater selectivity for the formation of tlues cyclopropane (Table 13, entry 1). The
difference in the selectivity between the cyclo@mo@241 and cyclopropaneds8, 259is
probably due to the difference in size of the stiglent group on the oxazolidinone which
is bigger in the case of the cycloprop@4d (Table 13, entries 5 and 4).

The geometry of the cyclopropanes were determingdtb NMR spectrum analysis
considering the coupling constant of the cycloptopyotons. However the relative
stereochemistry between the chiral centre of thazokdinone and those on the
cyclopropane could not be determined frdkh NMR spectrum but was assigned by
analogy with the X-ray crystal structures obtairfed 247 and 239*>**" which also

confirmed the absolute stereochemistry of the grdpane (Appendix 1).
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In summary the synthesis of enantiopiNeyclopropyl oxazolidinones was successful
and the stereoselectivity of the reaction was nafised by a further variant of our

guadrant model.

2.3. Intramolecular cyclopropanation

In view of the significant number of antiviral?’ antibacterid® and antitumor
compound¥® which contain an aminocyclopropyl ring within alymyclic framework it
was of particular interest to investigate the pb&trof the intramolecular variant of our

organozinc carbenoid reaction on suitably substitléctams (Scheme 115).

EQ Zn(Hg), Zn or Zn Cu(Cl) Clzn o

© OEt ZnCl,, Me,SiCl 0 .

N N L N

( 7 44 °C, Et,0, 16 h ( P h >
m m ! nHH
n n
m=1,23
n=1,2
Scheme 115

In recent times, a variety of approaches for theeparation of polycyclic
aminocyclopropranesia intramolecular reactions have been reported, diofu elegant
variants of the Kulinkovicl{:"reaction developed by de Meijétaising Ti(ll) mediated
coupling of tethered\,N-dialkylamides as shown in Chapter 1 Schemé&®37should be
noted however, as highlighted in Scheme 115, thatricyclic products produced in the
present method also contain useful lactam funclityrfar further elaboration, and that, in
contrast to the titanium mediated intramoleculasl@yropanation ofo-vinylimides®®® a
linearly fused tricyclic system is obtained.

An alternative approactia intermolecular transition metal-mediated cycloogtion of
enamines has also been used to provide accesdirtted range of such polycyclic
systems. Thus, the reactions of enamide derivatitle diazoacetates in the presence of a
catalytic amount of copper-bronze, gave 3-oxo-ez@lo [4.1.0] heptane derivatives

with high exo-selectivity (Scheme 116§°
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N,CHCOOR,
o} cub | R,00C
2 u pronze, xylene
$ R2 H CsH5
Scheme 116

Other strategies such as ionic 1,3-ring closureti@as can also be used to access the
same scaffold. However, this method requires thend&ion of a ring large enough to

enable 1,3 ring closure thus restricting the sadfbe reaction.

For example, the synthesis of polycyclic prod2i¢h containing a three membered ring by
1,3 syn-substitution of an iodide from a bicyclic precurdtas been reported (Scheme
117)5?

"0 "o
1 | DBU, Benzene -
N r.t., 5 min N i
H" €0,CH,Ph PhH,CO,C
274 275
85%
Scheme 117

In the case of the bicyclic compoud5, the cyclopropanation reaction occurred in 5
minutes due to the favourable geometry betweenptbéon and iodo group. These 2
substituents argans and can easily form the W-shaped transition statxled for a 1,3

ring closure (Figure 10).

Figure 10

Another example using a trimethylstannyl group andadjacent iminium ion has been
reported by Hanessiagt al. ** Reaction of275 with the Grignard reactant afforded a

hemiaminal which when treated with TFA at 0 °C gasens-cyclopropane277. This
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method required the presence of a stannane grotipeamolecule which required several

steps to synthesise (Scheme 1'£8).

SnMe, SnMe;
1. allyIMgBr, THF, -78 °C @ ,,,,,,,,,
0N 2. TFA, 0 °C, CH,Cl, S J Boc E;R
Boc OR / Boc OR
275 277
L 276 i 58 %
Scheme 118

2.3.1. Synthesis of the carbenoid precursors

Five diethoxymethylamide carbenoid precursors vpeepared in straightforward fashion
by the reaction of cyclic imides with an excesshef appropriate Grignard reagent derived
from either 4-bromobutene or 5-bromopentene. Tyhighesis gave firstly the magnesium
salt which by further reduction, acidification andutralisation affords the corresponding
lactams in moderate to good vield (47%-73%8)The lactams were then heated at 160 °C
in triethyl orthoformate using a catalytic amourit aduminium chloride (0.15 eq.) to
obtain the carbenoid precursors (Scheme 119). Téldsyfor these steps are given in
Table 14'**

0O
NaBH;CN, AcOH, THF, 5% ag. NaOH NH
OMgB =3 ( OH
gor pH= 3-7 Lm

n

AICl3, CH(OEt)3
160 °C (

NH

carbenoid precursor — -
m=1,2andn=1,2
Scheme 119
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An alternative procedure was used to synthesiséatttam279 (m=0 and n=1) using the
[2+2] cycloaddition of hexa-1,5-diene and chlorésnyl isocyanaté® The
corresponding diethoxymethylamide was then prepasdescribed above in 32% vyield
(Scheme 120).

1. CISO,NCO, rt., 7 days NH

/\/\/
2. Na2503, CH2C|2, pH =79
278

W N
3N
o\©

Scheme 120

Entry amide orthoamide

O o EtO
1 NH N)\OEt

¢

=
280 (64 %) 285 (46 %)

EtO

0
N’ ~OEt

NH

i

281 (73 %) 286 (59 %)
o) EtO
3 NH 3 N)\OE'[

= _—
282 (47 %) 287 (90 %)

(0] O OEt

= =
283 (66 %) 288 (42 %)
(0] O OEt
X X
284 (68 %) 289 (55 %)
EtO

o)
NH 0 OEt

—

{Z(Y
\

279 (37 %) 290 (32 %)
Table 14
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2.3.2. Intramolecular cyclopropanation reactions

With the carbenoid precursors in hand the cyclopnagion reaction was carried out using
Zn(Hg), zinc or zinc/copper couple, trimethylsilstloride and zinc chloride, and heated
at reflux in diethyl ether for 16 hours. After piication by flash column chromatography
the polycyclic cyclopropanes were formed with getereoselectivity in moderate to good
yields. Traces of side products were presentthe NH compound from hydrolysis of the
unreacted carbenoid precursor or the organozirtecaid intermediate and tiNemethyl

oxazolidinone due probably to the protonation @& trganozinc carbenoid (by traces of

HCI present in the reaction) followed by its redoitby zinc (Table 15)%°
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U 7, 44°C, Et,0, 16 h

0)
Et(g\ Zn(Hg), Zn or Zn Cu(Cl)
Oy OEt ZnCl,, Me,SiCl ( :
_ H
0] o) s
m=1,2,3 NH TN
n=1,2 ( 7 =
m n m n

Entry orthoamide product Yield
0]
EtO
0]
, o w
- HH
H
285 291
0]
0 Et(}\
2 N~ OEt N 41%"°
N H HH
286 292
O OFEt o
3 N/kOEt (;ﬁijgt 21%°
= HH
H
288 293
O OEt 0
4 N)\OEt <:?ﬁ:§§\ 26%°
X H HH
289 294
Et(i\ (0]
(0]
HH
= H
290 295
0] 0]
o) Etg\ H H
6 N~ OEt N (NS, L notisolated”
= H H
287 296 297
a. Zn(Hg) method. b. Zn dust without CuCl. ¢. ZndTmethod
Table 15
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It is noteworthy that the stereoselective formatmn6- and 7- membered rings was
equally viable. Selection of a tethergdactam derivative provided the highest yields
(Table 15, entries 1 and 2) irrespective of whettites organozinc carbenoid was
participating in formation of a bicyclo [4.1.0] xsmembered ring) or a [5.1.0] (seven
membered ring) subunit. In all cases, only onetdrasisomer was obtained. By way of
contrast the use of either the more conformatignalbbile tethered-lactams (Table 15,
entries 3 and 4) or of the relatively rigidactam (Table 15, entry 5) led to a significant
reduction in yield. Attempted cyclisation of compou287, containing a trisubstituted
alkene tether (Table 15, entry 6) did not howewsdl to the formation of desired
substituted cyclopropane ring. In this instanceixtume of the cyclic alkene&96 and297
was observed as evidenced by NMR analysis of tindecreaction mixture. The following

mechanism is suggested to explain their formatBohéme 121).

Scheme 121

In this case, the cyclisation of the trisubstitui@#iene onto the low energp-acyl
iminium cation298 must be faster than two electron reduction by presumably as a
consequence of the favourable formation of a tgrtarbocation. Proton loss followed by
Lewis acid mediated departure of the second ethgsgup will then furnish the
conjugated acyl iminium 0800, which can then be reduced to give the allylzipecses
301 Protonation 0B01gave then a mixture of the two alker286 and297.*%
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The cyclopropanation reaction was also investigdtedn the lactams280 and 283
avoiding the synthesis of the orthoamide but inta®t to our earlier success in the
intermolecular case, did not give satisfactory itesnly recovered starting material was

obtained after the reaction (Scheme 122).

0 0
NH Zn, CuCl, Me3SiCl, ZnCl,, (Et0);CH
> > (RN
m 44°C, Et,0, 16 h m H H
H
m=1, 280 m=1, 291
m=2, 283 m=2, 293
Scheme 122

2.3.3. Stereochemistry

Due to steric constraints onlyces substituted cyclopropane can be formed and ths wa
confirmed by'H NMR spectroscopy studies. Theptsignal is a doublet of doublets of
doublets with twocis coupling constants and oneans confirming the indicated
stereochemistry. From a stereochemical standpoigs important to determine whether
the cyclopropane unit was the more hindeeado isomer291 i.e located on the more
hindered concave face, as opposed to the sterieabycongesteeko diastereocisome302
(Figure 11).

0O
H6bH

N N

\

Heb!
3a HSa H H

291 302
Figure 11

Since these two isomers were not likely to be wijgtishable using simple NMR
techniques, a combined NMR calculation and moleamadelling approach was used to
determine which structural isomer provided the fiestith the NMR data.

The analysis undertaken to identify the stereock&yniof product formed is detailed

below, a similar process was applied to all comsuo assign the correct configuration.
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A detailed comparison of the obsentt'H coupling constants and nuclear Overhauser
enhancements (nOe) with values obtained from mtdecuechanics calculations using
the MMX force field*® followed by DFT calculations using B3LYP/6-31G(éyel of
theory was done for each compound by Dr A. Alied&termine the orientation ofsk
related to the cyclopropan&.Computational studies allowed prediction of the mé@x@s,
dihedral angles, chemical shifts and coupling camtstfor both conformations (Table 16),
showing two largéJ couplings on proton 3aH. Irradiation of proton éhhanced protons
Hi, Hs, Hia and H and the corresponding enhancement ratio for psoton
Ha/Ho (171 -3/ nr—2’) was 3.4 (Figure 12). From the B3LYP/6-31G(d) npsied geometry,
the internuclear distances, between &hd H and between Hand H- in theendo-C,,Cs
conformation were found to be 2.44 A and 3.09 Apeetively (Figure 12). Thus, using
the initial rate approximatioft’ based on the™® dependence of nOes as shown in the
Figure 12, the expected enhancement ratio is 4ithwdompared well with the measured
value of 3.4. The expected nOe ratio is only 0.thamalternativexo-C,,C3; conformation
(Figure 12).

291

Figure 12
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This study compared with the experimental resutiafioms that we have thendo
configuration of the 3-CHand the cyclopropane ring (noted endoeds).

291

endo-C,,Cg
NOE ratic Dihedral angles/® Coupling constants/Hz
nr-dnr.z HCCH® H*CCH J3za Jsaa
Predicted for end@<1 4.1 177 154 11.8(9.6) 10.3(8.2)
Predicted for ex@02 0.1 177 153 11.8(9.6) 10.2(7.9)
Observed 3.4 11.5 8.8

Table 16

Table 16 NMR assignment of stereochemistry. The predictddes are for the B3LYP/6-
31G(d) optimised geometries. Vicindhy couplings were predicted using a Karplus-type
equation->? accounting for the dependence °df; on both the dihedral angle and the
substituent electronegativities. The values showrbriackets are from the B3LYP/6-
311+G(2d,p) calculations of tllecouplings.

The preference for formation of the more hinderestlpct may possibly be rationalised
by consideration of the two possible transitiortegtashown in Figure 13 both of which
feature an “amidoorganozinc carbenoid” in which thyeygen atom of the lactam is
coordinated to the zinc atom. The observed stessoal outcome would result from the
less strained and less sterically congested approfaithe alkene to the carbenoid (A),
rather than the somewhat more hindered approactwifigh would lead to thexo isomer
(Figure 13)1*
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291 302
endo exo
Figure 13

In a similar manner Dr Abil Aliev confirmed the geetry of the predominant
conformation of each polycylic compound shown igufe 14 by a detailed comparison of
the observedH-'H coupling constants and nOe with values obtairmedh fmolecular
mechanics calculations using the MMX force fiéfdfollowed by DFT calculations

(Figure 14).
‘ i é

291 292

X7

293 294 295
Figure 14

Figure 14. The predominant conformations of polycylic compdsi291-295determined
from the combined analysis of the vicindfi-'H coupling constants, nOes and DFT

calculations.
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The results of this preliminary study clearly iratie that the amidoorganozinc carbenoids
derived from suitably constitutéd-diethoxymethyl lactams can successfully parti@pat

intramolecular reactions with simple monosubstdudtkene tethers.

2.4. Studies towards the preparation of novel amiracyclopropy!

functionalised compounds

In light of the good results obtained for the fotima of N-cyclopropyl oxazolidinone in
only two steps from readily available oxazolidinenewe decided to apply our
methodology to the synthesis of other highly fumetilised molecules which could in
turn, be used to generate interesting structuralesdns containing an aminocyclopropyl
unit.

2.4.1. Amino acid derived building blocks

The incorporation of a rigid aminocyclopropyl uimto a peptide backbone could provide
a control clement for a particular conformation ahds enable the incorporation of

specific functionalities in a selected directiom éxample is shown in Figure 15.

0]

H
N
HNW OH
o o
HZNJ NH
N/\”/
H
o)

303

Figure 15

We therefore wished to explore cyclopropanes comtgiamino alcohol and amino acid
units via ring opening of the enantiopurd-cyclopropyl oxazolidinone which had
previously been prepared.

The amino alcohol804 and 305 and the cyclopropyl amino acBD6 were accordingly

synthesised fromN-cyclopropyl oxazolidinone256 by the short sequence shown in
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Scheme 123. After the deprotection of the methorxyug such compounds were of

interest as unusual tyrosine analogues.

(@)
A 3, A L A I
" “NBoc
LiOH, H,0 RuO,, NalO,
EtOH, 44 °C
s CCI4|,_|I2VI(§CN,
r.t., 45 min
— 306
Boc,0 304 R=H, 67% 85%
CH,Cl,
44 °C, 24h

305 R=Boc, 80%
Scheme 123

Thus, oxazolidinon@56 was initially cleaved under basic conditions wit®H to afford
the amino alcohoB04 in good yield. The secondary amine thus obtained wen
protected under standard conditions with Boc antgdand the primary alcohol oxidised

126
6

to afford thetrans N-cyclopropyl substituted amino-acg0 This compound could be

used for further peptide coupling reactions.

2.4.2. Carbocyclic nucleoside building blocks

There are many reports of the activity of carbacyolicleosides as antiviral compounds
in the literaturé*®**42Chu et al. investigated the biological activity of cyclopropy
carbocyclic nucleosides such &2 and 313 (Scheme 124) as potential antiviral
compounds #3441 |n their research, the cyclopropanes were syrghdsfrom (D)-
glyceraldehyde acetonide using the Denmark vaonathe Furukawa modification of the
Simmons-Smith reaction as the key step on an alkentining a dioxolane group which
was then converted to the key aminocyclopropan¢epied with acis-hydroxymethyl

group (Scheme 124).
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H. .0 ><o ><o
[ 1. PhsP=CHCOOMe 0 OR 1.RuO,/NalO, o=——Hcon,

O>< 2. DIBAL-H 2. CICO,E, Et;N

3.NaN
3. Zn(Et),/ICH,CI A aNy 58 %
R=H,48%
R = TBDPSI 28%

309

1. Toluene, 100°C

2. NH;
0
x o1 L
NH >< H
| O HN™ “NH,
HO— "N~ ~O -~

38 % (over 4 steps from 309)

312 X=Me, 51% 310

313 X=H, 39%

1. Toluene, BnOH, 100°C
2. H,, Pd/C
<]
— e H NH,
311
83 %
Scheme 124

In the event, cyclopropar&08 required seven steps for elaboration to Xheyclopropyl
heterocycle®12and313 **3

We therefore considered that it would be usefuteproduce this type of skeleton by
applying our methodology to alkenes containing latddunctionalities in order to obtain
such carbocyclic analogues of the ribose unit sthese new mimics could be interesting

targets for anti-viral activity assays (Scheme 125)
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OEt
PN
— PO oP + N OEt
HOM /\H/\ Q

Scheme 125

We anticipated that these alkenes would be re&adipped by an organozinc carbenoid to
give interesting amido and aminocyclopropanes fanatised with hydroxyl groups after
deprotection.

In consequence, the necessary alc@id was synthesised in 70% vyield following a
literature procedure starting from triethyl phospbacetate and formaldehyde under basic
conditions™*® The ester was converted to 2-methylenepropanelitt|3316 by reduction
using DIBAL-H in 89% yield. Diol316 was then converted to the protected dibenzyl ether

317by treatment with sodium hydride and benzyl breer{@cheme 126}’
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o}
EtO ? J\ (aq.) i DIBAL-H,Et,0
~ ag. -H,
OEt K,CO3, 1h -78 °c-r.t.,1.5h
314 315 316

BnBr, "BuyNI, NaH

70 % 89 %
DMF, 40°C, 16 h ‘

Ph/\O/\H/\O/\Ph

317
72%

Scheme 126

The protected alcoh@22 was also synthesised by a literature proceduréeapto the
bromide 321,'*® which itself was synthesised from acrolein and Zogh bromide
according to a literature methdd. The protected alcoh®23 was obtained as a side
product (Scheme 127).

0]

O 0}
O
\)}\ + Br CHQCIZ \)O\ O/\/\Br
H N Br
318 319 320 321 30%

CH3COOK, aliquat
Toluene, 85 °C, 16 h

SiO,
(0] O 0 0
PPN
)ko/\/\o Ph 4+ Ph/u\o/\/\o)l\Ph
322 323
52% 20%

Scheme 127
With our alkene substrates in hand, we then attethfite cyclopropanation reactions

using N-diethoxyoxazolidin-2-onel58 as the carbenoid precursor. The results of these
reactions are shown in Table 17.
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E0  §  Zn/CuCl, ZnCl,Me,SiCl, (EtO);CH {\
/kN)ko Et,0, 44 °C, 16 h N/&
EtO

0
\ / R2 R? (6]
158 R%R ) RQQEHRZ

R3 RY

entry alkene NMR observations

Complex mixture
No identified products

Y N +

L Ph o”j(\o Ph .
o)

HO/WT«O/\[:j + *VMNJ%

L
317 324
Complex mixture
) HO/WT“OH plex mixtu
No identified products
316
O 0] .
Complex mixture
Ph™ O O" Ph No identified products
323
0]
O
{ o (o
N H
0 )OL H A ﬁH
H
4 Ao~ oten 0 inf
O Me
0]
1:2
<5%
322 325 326
0]
O
[_}Qo <L)>o
N H
i SN A
5 NN H O
B 0" Ph o]
' O Me Ph\\<
0
1:1
<5%
321 325 326

Table 17
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Unfortunately none of the expected cyclopropanesevabtained. To our surprise the
protected alcohoB17 was mono deprotected under the reactions condit{dable 17,
entryl) and the previously observddormyl derivative of the oxazolidinone was theynl
detectable product from the carbenoid precursocldpyopanation o816 and 323 was
also attempted but gave an intractable mixturerofipcts and no identifiable products
(Table 17, entry 2 and entry 3). The reaction utadten with alkene822 and321led to
the formation of the cyclopropan8g5and326, as determined from NMR analysis of the
crude reaction product (Table 17, entries 4 and 5).

Under the reaction condition321 and322 were initially converted to the alkeng27 and
328before undergoing cyclopropanation. We proposddt@wing mechanism to explain
these results. In the alkeng®2 and321 the allylic acetate and bromide groups were too
labile under the reaction conditions and after otidn of the oxonium by zinc in presence
of acidic proton gave alken&27 and 328 which afford the cyclopropan&®5 and 326
(Scheme 128).
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0]
0]
N
=
T Py
Zn: + X-
X = Br, OAc Zn
0o ZnX O
(\0)‘\© —_— \)\O)J\Q
ZnX
b H*
0 0
~O TG
327 328
0O
EtO
o)
EtO Zn, CuCl, ZnCl )J\
Zn, CuCl, ZnCl, )k Me,SiCl, E;0’ Eto)\ N P
Me;SiCl, Et,0 ng N0 /

(NLO (NO\A\O

H H
™ A H \AH
o)\O Me Ph\<o

325 © 326

Scheme 128

2.4.3.N-cyclopropyl heterocyclic carbenoids

Molecules containing a nitrogen-based heterocydtacled through nitrogen to a
cyclopropyl unit are potentially very interesting drug discovery programmé&®:14414°

As outlined in section2.4.2 Chu et al. accessed suclN-cyclopropyl heterocycle
nucleoside mimics by construction of the heterogyéfom an aminocyclopropyl
unit.**'** However Hegedus eil. have developed the cyclopropanation of electron-

deficient olefins using group 6 pyrrolocarbene ctares (Scheme 129). The
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pyrrolocarbene complexe was obtained from the spoeding alkoxycarbene complexes
by exchange with the lithium or potassium salt leé pyrrole. The cyclopropane was
obtained as a mixture of diastereoisomers togetiitbr side products resulting from CH

insertion (Scheme 1295

(y oy L)

U DBHT
j\ o 100 °C, THF A J\“ﬂ\ - )\Az

(OC)M” "R

Z = COOMe or CN 42-61 %

Scheme 129

The free-radical scavenger, DBHT, was used to sgsppolymerisation of the olefinic
substrate$>°

The synthesis dN-cyclopropyl heterocycles by these two methodtsvery convenient:
the first synthetic route is long, whilst the sedoone is limited to electron deficient
alkenes and requires the synthesis and use of tthehismetric transition metaN-
heterocyclic Fischer carbenoid. Moreover the cyappnation reaction using the-
heterocyclic carbenes has to be carried out undeshhconditions, in a sealed pressure
tube heated at 100 °C.

More recent studies were published on the dixecyclopropanation of heterocycles such
as pyrroles or indoles employing a cyclopropylbécoacid> or a cyclopropylbismuth
reagent (Scheme 13t However, a major drawback of this approach is they utilise a
cyclopropyl ring that does not possess any sulestitl The major disadvantage of this
latter method relates to the preparation of they¢topropylbismuth reagent which is not

stable for storag&***?
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10 mol % or 1 eq. Cu(OAc),,
NaHMDS, DMAP

7z Toluene, 95 °C, 48 h 7
S SO
A H x N

[>—B(0H),

28-93%
XU 10 mol % Cu(OAc),, BiPy, Na,CO; S\
R— | X 70 °C, DCE 2-6h R | X
A N S N
H [>—B(OH), E
X,Y=CHorN

36% to >99%

7 CuﬁOAc)z, Pyridine 7
r2l C—R' 50 °C, CH,Cl,, 18 h sz \\C—R1
Ly ./
H > N
Bi ﬁ

40-87%
Z =CH, N or CCO,Et
Scheme 130

To overcome the problems associated with thesatiitee methods our idea was to use the
methodology we had developed to accedsyclopropyl heterocycles fromN-
diethoxymethyl heterocycles as carbenoid precursmd functionalised alkenes. The
desiredN-cyclopropyl heterocycles containing substituentsspnt on the cyclopropane
ring could therefore be obtained in only two stdpsm the N-starting heterocycle
(Scheme 131).

X X\_  Zn/CuCl, ZnCl,, Me,SiCl  RZTY
R—1E X (EtO)CH, TsOH R—IE X E40,44°C, 16 h '
N > N T > N
N 160°C PR R H
Et0” “OEt RS\) R’
R3
X, Y=CHorN
Scheme 131
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In the event, seven carbenoid precursors derivewh freadily-availableN-heterocycles
were synthesised using literature or modified dtere procedures (Table
18) 1531541513615 ha carbenoid precursors were obtained in modévageod yield and
were found to be stable at room temperature. A®&rp, heterocycles containing an
electron-withdrawing group make the nitrogen atororenreactive which facilitates

incorporation of théN-diethoxy methyl group (Table 18).
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entry heterocycle Conditions Product(s) Yield
(EtO);CH 10 eq.
1 N p-tosic acid 0.1 eq. J\l\ 42%
H 85, 36 h EtO” “OEt
329 336
A\
N/fl:\) (EtO)sCH 1 eq. N@ 50%
H 140%C, 16 h Eto)\OEt
330 337
, @_\) (E0):CH 10 eq. QN\> 13%
N 160, 48 h £O ot
331 338
AN
@ (EtO)sCH 15.4 eq. (NlO 46%
4 N0
H 155, 24 h EtOAOEt
332 339
N
[rg (EtQ)ch 4.25 eq. (/;l 3 45
5 H p-tosic acid 0.03 eq. BN
130, 16 h EtO” "OFEt
333 340
/ \\_  OEt
/ \_OEt (Et0);CH 10 eq. N
6 N )\ o) 73%
H O 165<T, 6 days EtO” “OEt
334 341
o)
o) S S
, w (EtO)sCH 10 eq. { 85%
N 165, 60 h i
H EtO” “OEt
335 342
Table 18
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The zinc/MgSiCl-mediated cyclopropanation reaction was théengtted using a variety
of alkenes. To our initial surprise however, ondylienoid precursd@42 was able to trap

an alkene to form the desired cyclopropane (Ta8)e 1

Entry alkene Product Yield

) W Q7
©/\/ HMPh 18 %

Ph H
1.4:1
153 343 344
0]
W o
|
2 X N, 11 %
Hﬁ%b
164 345
S oy
3 Q /) Not isolated
N o—
H H,
165 346
Table 19

Although these noveN-cyclopropyl heterocycles were only obtained in Igreld,
depending on the nature of the alkene, the oveejuence requires only 2 steps and

hence is competitive with existing multistep altdimes.

In order to increase the yield of the reaction, tbaction was attempted using a larger
excess of the carbenoid precur8d2 (4 eq. instead of 2 eq.), but only the parint
heterocycle 335 was observed in the cruddH NMR spectrum with no trace of
cyclopropane. At the present time, in spite of salvattempts to correlate the success or
failure of the varioudN-diethoxymethyl heterocyclic systems prepared imgeof leaving
group ability, acidity, or other parameters we hane satisfactory explanation for the

above results.
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The cyclopropanation reaction was also attempteectdly from theN-heterocycles to
avoid the synthesis of tié-diethoxymethyl heterocycles but the results olgdiwere not
conclusive and only recovered starting material whtained as evidenced by NMR

examination of the crude reaction product (Schegiy.1

R1

R R2 Zn/CuCl, ZnCly, MesSiCl, (EtO)sCH R2
Et,0, 44 °C, 16 h
/ > a

N N
H
H R3\/ H&

R3

Scheme 132

2.5. A miscellany of novel carbenoid precursors

2.5.1. More highly functionalised derivatives

Previous research within our group had demonstrétatl an amidocyclopropanation
reaction using alN-formyl amide347 as the carbenoid precursor was a viable route to a
carbenoid but led to lower yield of the cycloprop&48 than the reaction using thé
diethoxymethyl derivativé57 (88%) (Scheme 133}°

0
Zn(Hg), Me;SiCl, ZnCl, N
Ph/\/ 44 °C, Etzo, 20 h H
0] e} H
153 )J\ Bh
H™ N

347 348

29%
Scheme 133

We therefore decided to investigate precursorsveérfrom a cyclic imide and a cyclic
amide or oxazolidinone and further functionalisegl @ second electron-withdrawing

group such as the carboethoxy or trifluoroacetgugr
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Our inspiration for this idea came from an obseovain the early literature by Brewster
who reported that the reduction of phthalimidesarn@dlemmensen reduction conditions

using zinc and a source of protons led to lactammétion (Scheme 1345®

ZnCl

° 7
N—R

0]

0]
Qi(( Zn(Hg), HCI
N—R N—R
or Zn, AcOH CE\;
0] 0]

Scheme 134

Given that we now know that the combination of zamzl a silicon electrophile leads to
the formation of an organozinc carbenoid from aboayl group, it was therefore
reasonable to propose such an intermediate froryttiee imide, and this is, of course, an

o amidoorganozinc carbenoid.

The idea was to use the same conditions to traglkame in the intramolecular mode to
obtain a tetracyclic compound.

Recently Bertuset al. have developed an intramolecular titanium- and ikeacid-
mediated cyclopropanation of imides, but this ofurse proceedssia a different
mechanism (Scheme 13%5.

0 1. cCqHy;MgCl
E\é/\/\ MeTi(OPr), /[}5
N N

(0]
(@]
349

2. BF,; OEt,

350
65%

Scheme 135
Therefore, cyclopropanation reactions were attechpte compounds351 and 352

containing an alkene and a carbenoid precursompgr@ampound51 was synthesised in

85% vyield by treatment of succinimide with sodiugdhde and 5-bromopentene aB83

121



Results and discussion

was synthesised previously in the lab by treatnoénghthalimide with sodium hydride

and 4 bromobutene (Scheme 136).

o]
351 352
Cl
AN \
Si Si
0 cr” \/\/ N
Zn(Hg), ZnCl,
X
N/\/\
44 °C, Et,0, 16 h N
o) O
353 354
9%
Scheme 136

In contrast to the Bertus procedure, the intramdéccyclopropanation of the parent
succinimide derivativ@51 did not give any satisfactory results, and onéytstg material

was recovered at the end of the reaction. Howeter phthalimide congener led to the
tetracyclic system354 albeit in only 9% vyield. This promising result deefurther

investigation to improve the yield and to underdtéime role of the aromatic ring in the
process. This result adds further weight to ourofiypsis that an organozinc carbenoid
was probably an intermediate in the reduction ef phthalimide using a source of zinc
under acidic conditions. However due to time caists, this avenue was not pursued

further.

An additional electron-withdrawing group adjacemtttie carbenoid should make it even
more susceptible both to reduction and to formatbra tetrahedral centre both in the
intermediates and in the cyclopropanated produsthErmore, chiral oxazolidinones of
the types355 were considered to be of special interest as enfiat source of a “chiral

glycine” carbenoid (Scheme 137).
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R2
X1 X
O o}
(X N)l\’( N - (xf °N ~
1 1
R x=0, 355 R x=0, 357
x=CH,, 356 x=C, 358
R
P 1
0 N CF3 -
/ /
359 360
Scheme 137

Carbenoid precursof361and362were accordingly synthesised from 2-oxazolidinone

and 2-pyrrolidinone (Scheme 138).

X .
. ° o}
o “NH 1.NaH, THF,0°C, 1 h O)\\NJ\’( ~
\/ 2.ethyl chlorooxoacetate \// o)
rt,12h
180 361
25%
0} 0 O
%NH 1.NaH, THF,0°C, 1 h NJ\”/O\/
2.ethyl chlorooxoacetate
rt,12h O
215 362
29%
Scheme 138

A range of conditions using different alkenes, Lewacid and zinc were then investigated
in order to synthesise cyclopropanes from theseetenid precursor861 and362 and the
observations are outlined below (Table 20).
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R
0 ) o
Zn/ZnCl,
(Xé“/%(ov alkene 2 eq., (X)\\N NG
© LA, U o)
x=0, 361 Et,0, 44 °C, 16 h x=0, 363
x=C. 362 -2 €d ? x=C. 364
entry alkene X reagents Lewis acid NMR observations
S CH : .
1 2 Zn13eq/znCl15eq ~ MesSiCI64eq. no reaction
252
\ o . .
2 Zn(Cu) 12.6 eq./ZnCl, 1.5 eq. Me3SiCl 6.4 eq. no reaction
252 (o) OH
S OFt
3 ></ o0  2Zn(Hg) 12.5 eq./znCl, 3 eq. BF;2eq. g N
NS
164 365

%
O

OH
)\\ OEt
Zn(Hg) 12.5 eq./ZnCl, 3 eq. BF; 6.4 eq. O\/l/\l

153
- 0
)\\ OEt
5 o) Zn(Hg) 12.5 eq./ZnCl, 3 eq. AICI; 6 eq. \J
153
A
Z CH, . ~
6 1.Zn(Hg) 12.5 eq./ZnCl, 1.5 eq. Me3SiCl6.3eq. O
MeO 2.7Zn 12.5 eq./CuCl 0.8 eq. N OEt
U1
0
253 366

%

o)
1. Zn(Hg) 12.5 €q./ZnCl, 1.5 eq. . )L OEt
O 2.Zn125eq/CuCl08eq. ~ MesSiCIB3ed. /™N
\J o)
164

O Zn(Hg) 12.5 eq./ZnCl, 1.5 eq. Si,CgH46Cl, 6.4 €q. no reaction

:

252
Table 20

To our disappointment, in all cases, the cyclopnepavas not formed but the use of

Zn(Hg) led to reduction of one carbonyl group te #icohol (Table 20, entries 3, 4, 5, 7).
The presence of the alcohol was clearly determfred the'H NMR spectrum and was
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also confirmed by a straightforward synthesis @ groductvia the alternative route

shown in Scheme 139.

0 (o) OH

)k AcOH, Toluene, r.t., 3h )\\ o
(0] NH o > 9 N ~N—
— \/} o

180 E‘OJ\!(H 365

0] 85%

o]

o) OH
AcOH, Toluene, r.t, 3 h
NH 5 > N O~
(0]
215 EtO 367
o 85%

Scheme 139

The alkene possessing an activated aromatic rinQl€T20 entry 6) led surprisingly to a
Friedel-Crafts type addition and so we investigatedre substrates, reagents and

conditions to confirm this initial finding (TablelL?

Ry
Q o) Ro
Zn/ZnCly, alkkene 1 eq., L.A.,
N O~ 44 C, Et,0 16 h o
(X
o ( o
x=0, 361 4 5¢q N—
x=C, 362 o
entry alkene X Zn/ZnCly LA NMR observations
1 C Zn 13 eq./ZnCl, 1.5 eq. Me3SiCl 6.4 eq. no reaction
~N
O
368
2 D (0] Zn(Cu) 12.6 eq./ZnCl, 1.5 eq. MezSiCl6.3 eq. no reaction
~
O O/
368
¢}
3 \O (o] Zn(Hg) 12.5 eq./ZnCl; 1.5 eq. CgH;4Cl,Si, 6.4 eq. 0

o )\ OEt
~ N

369
56%

Table 21
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As in the case of reaction with allyl anisole (T@Rl0, entry 6) only very electronic rich
aromatic compounds underwent the Friedel-Craftsti@a (Table 21). The successful
reaction of the allyl anisole derivative (Table 20try 6) stands in contrast to the failure
of anisole itself, and at this time, we have nas$attory explanation for this particular

observation.

In order to confirm that the Friedel-Crafts reastaccurredvia anN-acyl iminium cation,
compound367 was added to a solution of zinc chloride, triméiyl chloride and 4-
allylanisole253 (Scheme 140). As observed By NMR spectroscopy, the same product
resulted from this more classical Friedel-Crafectmsn.

0 H
Sy
(@]

ZnCl,, Me3SiCl
&//KH/ 44 T, Et,0, 16 h
IQ q 0

367 253 366

not isolated

Scheme 140

In essence, these observations would seem to itmalytwo electron delivery from zinc to
the desired carbonyl group is, as expected, a fabbel process. Further evolution
involving cleavage of the carbon oxygen bond appéabe much more problematic and
hence the desired carbenoid reactivity is not aleseand intermediatg71, on hydrolytic
work up gives the observed alcol3@7 (Scheme 141).
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Zn
o ©O 0 -0 o ©0®
O _ Zn(+e) o Zn (+e-) 5
N ~ NT* ~ N N
o) o) o)
362
Me;SiCl
OTMS
Zn
o)
Me,SiCl
2nCl o 20
é)gro\/ o &N)W/o\/
o)
Scheme 141

The trifluoroacetyl derivative was also examined as carbenoid precursor for
cyclopropanation reaction and efforts were also en&ol prepare the functionalised

diethoxytrifluoroethyl congene373 (Scheme 142).

j\ o O Zn(Hg), ZnCl, (L
o “np  TFAA 40T, 24h )LNJKCFg 44°C,CHChL 16N N
\ / O\/} /@/\/ H
F
180 359 MeO PMP; & CF3
80% 253 372
o} 0 o OEt
P 1. (COCI),, CH,Cl,, 0 T to 45 T, 18 h )\ Ot
o N7 cr o N cr
A 2. EtsN, EtOH, r.t, 4 h ]
359 373
Scheme 142

Unfortunately, in all of these cases, formatiorthad desired product was never observed.
The attempted cyclopropanation 89 gave a mixture of the 2-oxazolidinod80 and
recovered allyl anisole253 Further investigations are therefore required atlow

cyclopropanation using more substituted amidocaniolgprecursors.
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Within the framework of such donor acceptor carlb@mave were also intrigued by a
literature reaction in which a carbene speciesvddrifrom an oxalamide substrate by
treatment with triethylphosphite afforded a triggcl compound containing an

aminocyclopropyl group in an intramolecular reactass shown in Chapter 1 Scheme 42

and outlined again below (Scheme 123y°

r2 R®

R}
" P(OEt)g, xylene
reflux, 9 h

25-52%

Scheme 143

We therefore applied our methodology to an imi8@4, containing an electron-
withdrawing group (an ester) in the alpha positi@s, a carbenoid precursor. The
carbenoid precurs@74 was synthesised from lacté283 using sodium hydride and ethyl
oxalyl chloride in 65% yield. When the intramolemulcyclopropanation reaction was
attempted, a mixture of two products including tlesired product was formed (Scheme
144). Only a small amount of material was obtai(@tmg) after the first purification by
flash chromatography and due to time constraingésréaction was not repeated and the

desired cyclopropane could not be isolated. Thiactren also requires further

o) OEt Q
OEt
oEt Zn, CuCl, ZnCl,, P
MeSiCl OH
N
N
Et,0, 44 C,16 h
H H

283 374 375 376

65% analysed on crude
but not isolated

investigation.

NH
1.NaH

2.ethyl oxalyl chloride
THF,0 T rt, 16 h

Scheme 144
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2.5.2. Sulfonamido organozinc carbenoids

Instead of having a carbonyl group as the electvithdrawing group on the carbenoid
carbon we decided to design a new carbenoid preciusctionalised with a sulfonyl
group. Zhu et al. have reported theN-cyclopropanation of sulfonamides by
cyclopropylboronic acid to yield unfunctionalisedlfsnamidocyclopropanes (Scheme
145)1°1

10 mol % Cu(OAc),, BiPy, Na,CO3

o} 0 D o}
I 70 T, DCE 2-6h I Il
ﬁ—NHz ﬁ—NH ﬁ—N

o >—B(OH), o) o) W>

377 X.Y =CHor N 378 379

Scheme 145

Using our methodology we could potentially obtamf@amide-functionalised three
membered rings. A novel carbenoid precur88@ was therefore synthesised and the

cyclopropanation reaction was attempted (Schemg 146

NH, tosyl chloride H/ (EtO);CH, AICI5
Et,0, 0°C-r.t, 1Th 160 °C, 16 h
380 381
79%

n=0

O

C Zn, CuCl, ZnCl, » O\\S/Q/

8\02 OEt ) N \\O
N~< Me;SiCl, Et,O H
PhJ OFt 44 °C,16 h WAH

R2

382 83

51% R'=R?=CH,Ph
not isolated

Scheme 146
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Compound382 was synthesised in 40 % overall yield from benxyte 380 via N-
benzyl-4-methyl-benzenesulfonamide81'®® and subsequently reacted with triethyl
orthoformate in the presence of a Lewis acid. Wihencyclopropanation reaction 882
was attempted, the crudel NMR spectrum showed signals indicating the presesf a
cyclopropane (doublet of triplets at 1.83 ppm rasglfrom the NCH and two doublets of
doublets resulting from the GAh at 2.15 ppm and 2.6 ppm). Unfortunately we were
unable to isolate the compound in pure form duéhtovery small amount of material
obtained after the first purification by flash chratography and because of time
constraints, the reaction was not repeated. Howehes initial result was very

encouraging.

In similar vein, we were impressed by a recent ijgabibn from De Kimpeet al., who
developed an asymmetric synthesisNeyclopropyl sulfinamides in good yield and with
high diastereoselectivity from chirtlFsulfinyl a-chloro ketimines (Scheme 14%Y.

Bu o)
;Bu \/Sé
S HN/”" R'

O \ %
L ¢
R CH20|2 R
cl :Zg :g ‘21' E up to > 95:5

R = Me, Et
R'=Et, Ph

Scheme 147

Thus, we decided to examine our cyclopropanationthat®logy to gain access to a
functionalised cyclopropyl unit from a carbenoideqursor containing a sulfinic acid
group. Accordingly 4-methylbenzenesulfinic acid bgamide 386 was synthesised in
33% from 384%21% However when we investigated the conversion386 into a
carbenoid precursor we obtaind87, 388 and a trace of the orthoamiB89. Therefore,

the subsequent cyclopropanation was not attemfeltefne 148).
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v Q
Ph NHZ \/O/
R Q/_SOC'Z . Q 380 s

H

S % ————— p N
o~ Et,0, 0 Crt.,3h 0 t-r.t.
+Na Cl
384 385 386
(EtO)3CH, AICl,
160 °C, 16 h
Ly L
N~ H
O/\H OEt O/\H ﬁ/OEt
0
389 388 387
Scheme 148

2.6. Attempted rearrangement studies

In a further extension of our work on amidoorganoziarbenoids we wished to prepare a
compound such a390 which could pleasingly undergo a subsequent [gi@inatropic
rearrangement as outlined below and, in the ideahaio, generate a chiral quaternary
centre (Scheme 149).

Z R4 3
0 o R 0
)% Ji; RZJ\( : [2,3] LN

2” N - . N R?
R )<0Et ) >‘ (| | R
R TOEt | Ry "R R™
R" [/ =8 Yo
390 ZnCl
Zn
1
RZ” “NH
RN R®
Rg R*
391

Scheme 149

131



Results and discussion

We therefore prepare2D2 following an interesting literature procedure gsammixture of
cobalt chloride, 2 methyl but-3ene-1 ol, and acatibydride in acetonitrile at 80°C for 48
hours'® The subsequent reaction with triethyl orthoformtiten furnished the desired
precursor393in acceptable yield. This product was then subptd the same conditions
as for the cyclopropanation reaction, but unfortalya examination of the NMR spectrum
of the crude product did not give any conclusiveutlis and only the amid&92 was
obtained. Under the reaction conditions attempgétier the orthoamid@93 did not lead
to the formation of an organozinc carbenoid and Wwadrolysed under the reactions

conditions, or the organozinc carbenoid was forima&chydrolysed prior to intramolecular

trapping of the alkene to give the expected arBie(Scheme 150).
X ISP
OH  CoCl,H,0, MeCN i “)\ CH(OEY)5, AlCI )kN 7
>
o 0 80°C. 48 h N 165°C, 16 h o)\o
M | PERE
0

392 393
17% 42 %

Zn, CuCl, ZnCl, Me,SiCL
44°C, Et,0,16h K

Scheme 150

This reaction certainly requires much further inigegion. It would also be interesting to
try the reaction with a carbenoid precursor comtgira stronger electron-withdrawing
group alpha to the nitrogen atom in order to awmuhe reactivity of the lone pair and

avoid hydrolysis.
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Chapter 3: Conclusions and Future

Perspectives
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3. Conclusions and future perspectives

In summary, we have investigated the scope of tteztdcyclopropanation of alkenes
using racemic organozinc carbenoids derived fromzokdinones in detail in terms of
chemoselectivity and stereoselectivity, and as @seguence the results have been
rationalised using a quadrant model to explain tieserved geometry of the
cyclopropane as a function of the nature of theeradk (Scheme 151). In terms of
chemoselectivity, as expected more electron-rittereds are preferred over electron-

deficient ones.

: 3

R, EtO )
R + )\N )]\o Zn /ZnCl,, Me;SiCl, R,
2/ R* B0\ J 44 °C, Et,0, 16 h H
R 158 R' gt R?
Scheme 151

In order to study the asymmetric version of thislggropanation reaction, we prepared
a wide range of highly functionalised zinc carbenoprecursors as their
dialkoxymethylamide derivatives using both naturahd unnatural amino-acid
derivatives in moderate to excellent yield. Fromeaperimental standpoint, the overall
sequence is simple, inexpensive and robust anditisechlorotrimethylsilane mediated
cyclopropanation reaction occurs under mild cond#i thus paving the way for the
enantiopure preparation of novkighly functionalisedN-cyclopropyl oxazolidinone

systems that could not be readily obtained usingtieg methods (Scheme 152).
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o} 0
Jo = i M
EtO \ \/
R1\\ //RZ R\tl //Rz
22-63% N N
R2
L
R? N/Ko
Ho AH
"H
R3 ke
23-47%
Scheme 152

In most cases, only one diastereocisomer was isblgith diastereoselectivities of up to
95:5. The particular stereoselectivity in thesectieas was also rationalised using the

guadrant model previously established for the racewersion.

The direct synthesis of ld-cyclopropyl oxazolidinone without the need for paeation
of the intermediate orthoamide derived carbenoicmrsors was pleasing. The two
processes were successfully combined into a oneepotion and the cyclopropaBb6
was obtained in 33 % yield from an oxazolidinoneoive step (Scheme 153). Further

optimisation of this protocol should certainly bmnsidered.

PMB

H
H
Zn, CuCl, ZnCl,, Me;SiCl, (EtO);CH

O\V\N
44°C, Et,0, 16 h OW

33 %
256

Scheme 153
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This “one-pot process” was also a success foryhthesis of cylopropan269 containing
a functionalised urea group, and although onlye@xample was studied, this represents an

interesting molecular scaffold (Scheme 154).

Ph>
o) . N
)I\ Zn/CuCl, anlz,Me%&Cl, (EtO),CH / /K
Et,O, 44 °C, 16 h
TN ONH 2 N~ O

P
Ph N H
268 153 H
Ph

269
20%

Scheme 154

Moreover, for the sake of completeness, we incladeinitial result from Dr. Tom
Sheppard who showed that the synthesis of a catbdunactionalised cyclopropane was
possible using the same conditions from the carbaB88b. A mixture of rotamers of the

trans-cyclopropane8896 was obtained (Scheme 155).

O>\; Zn/CuCl, ZnCl,,Me3SiCl, (EtO);CH o
Q Et,0, 44 °C HN/KO
HoN H
Ph AH
395 153 PMB
396
26 %
Scheme 155

The synthesis of a cyclopropane functionalised &ittearbamate is, of course of great
interest since they can potentially lead to an aeynlopropane in one step by simple

deprotection.

These results are very encouraging and this approache direct preparation of amido
and aminocyclopropanes from readily available amide carbamates should be

optimised in the future.
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The investigation of new source of organozinc cao from a carbonyl group attached
to a nitrogen atom such 361 and 362 did not give any satisfactory results in terms of
intermolecular cyclopropanation reaction and thsirédd carbonyl group was reduced to

an alcohol (Scheme 156).

o} ) 0 OH
Zn/ZnCl
)k O 2 0.
(XU/H/ ~N— alke!ef_Leq,, (X&’/\I/k”/ ~N—
© LA, ©
x=0, 361 Et;0,44°C, 16 h x=0, 365
x=C, 362 x=C, 367

Scheme 156

The C-OSiMeg bond seems difficult to break to form the organozarbenoid, hence it
would be interesting to use ethyl 2-chloroooxoaeeta a sulfonyl chloride instead of
trimethylsilyl chloride in order to encourage the@rhation of an organozinc carbenoid
(Scheme 157).

. 0 o PN
EKN)H(OV Cl)k(’)‘/ %ﬁ)ﬁfo\/ - .

(XU l (XU J

x=0, 361 cr
x=C, 362
ik Cl 3\\ Cl. znCl
® 2 O~ Zn (+2¢€) )%ro\/
<xuN*r === ()
o} 0
cr
Scheme 157

These conditions could also be interesting for $tigation in the case of the imide

functionalised with a trifluoroacetyl group
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However, the generation of an organozinc carbefroith the carbonyl group attached
to the nitrogen atom of a cyclic imide can undeirgoamolecular cyclopropanation in
some cases (Scheme 158). At this stage howevsrapproach is not competitive with

the Kulinkovich-based alternative.
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Scheme 158

As a “divertissement”, the discovery of the Frie@ehfts reaction observed under the
cyclopropanation conditions with electron-rich aadio rings could be investigated for

a wider range of substrates (Scheme 159).
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It will also be interesting to know if this reaatiavorks with an enantiopure substrate

and to determine if there is any preferred stelleoseity in the reaction (Scheme 160).
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Scheme 160

The possibility of intramolecular cyclopropanatiamsing our methodology from
diethoxymethyl lactams as organozinc carbenoidyssers was successfully achieved for
the construction of a range of usefully functiosetl polycyclic amidocyclopropane
systems in moderate yield (21%-41%). The organozerbenoid was participating in
formation of a bicyclo [4.1.0] (six membered ringy) a [5.1.0] (seven membered ring)
subunit. In all cases thus for studied, only onastidireocisomer was isolated and the
stereochemical preference was for formation ofdeopropane on the more hindered

concave face of the molecule (Figure 16).

0 0 Q
N N N
HH H H HH
H H H H
291 294 295
Figure 16

The novel compounds obtained by the intramoleculgariant of the
amidocyclopropanation reaction could potentialljoaf a new range of productsa

subsequent stereoselective cycloaddition or ringpom reactions (Scheme 161).
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Conclusions and future perspectives

The further application of these results for theall@pment of novel targets containing the
aminocyclopropyl motif was also a success throulgh $ynthesis of cyclopropanes
containing aminoalcohols, amino acid motifs andNaoyclopropyl indole in two steps

allowing the design of further complex compoundgiFe 17).

304 306 343-346

Figure 17

Finally due to lack of time, the study of the reamgement reaction could not be
investigated in detail and was only tried oncewduld be very interesting to prepare
more material and also to try the reaction witheotbarbenoid precursors such38.

The N-COO bond should be easier to break than t¢ineegponding NC-C one and,
although no longer a sigmatropic rearrangement, rémection could give some

satisfactory results (Scheme 162).
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Scheme 162
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Chapter 4: Experimental
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Melting points were determined using a Reichert-dtagje apparatus and are

uncorrected. Optical rotations were measured usiRgrkin-Elmer 241 polarimeter or a

Perkin EImer Model 343 Polarimeter (using the sodiD-line, 529 nm) andod];

values are given in 10deg cm.g*, concentrationd) in g per 100 ml. Infrared (IR)
spectra were recorded on a Perkin-Elmer 1605 FHotraesform spectrometer or on a
PerkinElmer spectrum 100 FT-IR spectrometer as fihims. Absorption maxima are

reported in wavenumbers (&hn Only selected absorbances are reported.

'H NMR spectra were recorded at 300 MHz on a BruéiX300 spectrometer, at 400
MHz either on a Bruker AMX400 or Avance 400 specteter, at 500 MHz on a
Bruker Avance 500 spectrometer or at 600 MHz omr&& Avance 600 spectrometer
in the stated solvent using residual protic sSONM@HCl; (0= 7.26 ppm, s), DMSOJ=
2.56 ppm, gn) or BD (0= 4.79, s) as the internal standard. Chemicatsshife quoted
in ppm using the following abbreviations: s, singls doublet; t, triplet; g, quartet; gn,
quintet; m, multiplet; br, broad or a combinatidrtltese. The coupling constan® ére
reported as measured and recorded in Hertz. Cheshides (J) are quoted as parts per
million relative to TMS (tetramethylsilane) downfidfrom dTMS = 0 ppm.

13C NMR spectra were recorded at 75 MHz on a BruKeiiX800 spectrometer, at 100
MHz either on a Bruker AMX400 or Avance 400 specteter, at 125 MHz on a
Bruker Avance 500 spectrometer or at 150 MHz omr#k& Avance 600 spectrometer
in the stated solvent using the central referefic@HCl; (0= 77.0 ppm, t), DMSO{=
39.52 ppm, septet) as the internal standard. Cla¢rsifts are reported to the nearest

0.1 ppm.

Mass spectra and accurate mass measurements werdeg on a Micromass 70-SE
Magnetic Sector spectrometer at the University €yalLondon Chemistry Department
either by electrospray ionisation (ESI), fast atbambardment (FAB) using a cesium
ion gun in a thioglycerol matrix or were ionise@atonically (El) with an accelerating

voltage of approximately 6 kV.
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Elementary analyses were performed at UniversityleGe London Chemistry

Department. The X-Ray crystal structure was deteeohiusing a Diffractometer:

Nonius KappaCCD area detectgrdcans ando scans to fill asymmetric unit sphere) at
the University of Southampton, School of ChemisER,SRC National Crystallography
Service.

Purification was carried out by column chromatogsapising silica gel BDH (40-60

pm). Analytical thin layer chromatography was cadriout using Merck Kieselgel

aluminium-backed plates coated with silica gel 66, FComponents were visualised
using combinations of ultra-violet light, iodinegrec ammonium molybdate and

permanganate solutions.

All reactions using dry solvents were carried outoven-dried glassware under a
nitrogen atmosphere. Diethyl ether, tetrahydrofutatuene and dichloromethane were
used following purification from Anhydrous Enginewy zeolite drying apparatubsL,N
dimethylformamide was distilled under reduced pmessfrom calcium hydride and
stored over 4A molecular sieves. Triethylamine wiasilled from potassium hydroxide.
Petroleum ether refers to the fraction of petroleetimer that was distilled between
40 °C and 60 °C. Chlorotrimethylsilane was distilfeom calcium hydride immediately
prior to use. 3-Carene was distilled prior to Wediumpara-toluenesulfinate was dried
under vacuum at 120 °C prior to use. Cobalt(Il)odlle hexahydrate was dried at

100 °C for 4 hours prior to use.
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Zinc amalgam

Zinc dust (10.0 g, 153 mol) was added to a vigdsossrred solution of mercury (I1)
chloride (2.0 g, 7.20 mmol) and a solution of hydhoric acid (0.5 ml of a 12M
solution) in water (30 ml). The mixture was stirfedl 10 minutes, the zinc amalgam
filtered off and then washed with water (3 x 20,maetone (3 x 20 ml), ethanol (3 x 20
ml) and diethyl ether (3 x 20 ml) before being driender high vacuum. The zinc
amalgam was thereafter stored under vacuum, amdefldried under a stream of

nitrogen immediately prior to use.

Zinc dust

A suspension of commercially available zinc dustg(576.5 mmol) in 2% aqueous
hydrochloric acid (15 ml) was stirred for 10 miittered and washed with water (3 x 20

ml), acetone (3 x 20 ml), ethanol (3 x 20 ml) amethdyl ether (3 x 20 ml) and then

dried under vacuum.
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Ethyl 2-(cyclopent-2-enyl)acetate 163°

o )

o

Acetyl chloride (3.00 ml, 42.4 mmol, 2.7 eq.) wasdad dropwise to a solution of
ethanol (30 ml) at 0 °C. 2-(Cyclopent-2-enyl)acetied 178 (2.00 g, 15.9 mmol, 1 eq.)
was added dropwise to this solution at 0 °C, aedésulting mixture allowed to warm
to room temperature then heated at reflux for 4rfolfter concentration under
reduced pressure the residue was diluted with efdon (15 ml) and concentrated
again under reduced pressure to give a biphasitureixThe mixture was extracted
with dichloromethane (10 ml) and the organic layeas dried (MgSG) and
concentrated under reduced pressure. The crudeugirostas purified by flash
chromatography (petroleum ether: diethyl ether 4dlgive the estel63 as a pale
yellow oil (1.6 g, 65%).

IR (film): vmax 2907 (s), 1732 (s), 1614 (w), 1259 (s), 11481882 (s) crit; 'H NMR
(500 MHz, CDC#): 6 1.26 (t,J=7.2 Hz, 3H, CH), 1.42-1.50 (m, 1H, BHCHCH),
2.07-2.16 (m, 1H, CHCHCH,), 2.25-2.33 (m, 2H, C¥=0), 2.33-2.42 (m, 2H,
CH,CH=CH), 3.04-3.12 (m, 1H, ICH=CH), 4.14 (qJ=7.2 Hz, 2H, ®{,CHs), 5.65—
5.68 (m, 1H, G1=CH), 5.74-5.78 (m, 1H, I@=CH); **C NMR (125 MHz, CDGJ): ¢
14.3 (CH), 29.6 (CH), 31.8 (CH), 40.5 (CH), 41.8 (CH), 60.2 (Ch), 131.4
(CH=CH), 133.7 (CHEH), 173.0 (C=0); MS (El) m/z (%): 153 (M-H, 33), 785), 57
(100); HRMS:M-H, found 153.09115,,8,50, requires 153.09101.
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(E)-Ethyl 3,7-dimethylocta-2,6-dienoate 159°

EtO | =

Sodium hydride (60% mineral oil dispersion, 0.317@80 mmol, 1.3 eq.) was washed
three times with hexane. The resulting solid waspended in dry tetrahydrofuran (10
mL) and cooled to 0 °C. A solution of triethyl pipb®noacetate (1.75 g, 7.80 mmol,
1.3eq.) in tetrahydrofuran (6 ml) was added at D@ the mixture was stirred at this
temperature for a further 30 min. A solution of @thyl-5-hepten-2-on&79 (0.74 g,
5.90 mmol, 1leq.) in tetrahydrofuran (5 ml) was abded the resulting mixture was
stirred at 0 °C for 1 hour and then allowed to waomoom temperature and stirred for
16 hours. The reaction mixture was then poured antoixture of diethyl ether (50 ml)
and a saturated aqueous solution of ammonium deld20 ml). The ether layer was
separated and the aqueous layer extracted withylliether (2 x 20 ml). The combined
organic extracts were dried (Mg@QCand concentrated under reduced pressure. The
crude product (approximately 75:257) was purified by column chromatography (3%
'BuOMe in hexane) to give 1.03 g of a mixture Bf &nd (Z) isomers (64:3B:Z) as a
colourless oil and 187 mg of the pufasomer as a colourless oil (89% overall yield).

The pureE isomer was used in the cyclopropanation reaction.

IR (film): vmax 1643 (s), 1385 (W), 1223 (w), 1142 ¢ntH NMR (400 MHz, CDGJ): 6
1.28 (t,J=7.1 Hz, 3H, G5CH,), 1.60 (s, 3H, €3CCHs), 1.68 (s, 3H, CECCHs), 2.15
(s, 3H, GH3C=CH), 2.16 (m, 4H, 2 x CH, 4.15 (q,J=7.1 Hz, 2H, E1,CHs), 5.03-5.1
(m, 1H, CHCOO), 5.66 (br s, 1H, M@=CH); *C NMR (125 MHz, CDGJ): J 14.3
(CHs), 17.7 (CH), 18.8 (CH), 25.7 (CH), 26.0 (CH), 40.9 (CH), 59.5 (CH), 115.6
(CH=C), 123.0 CH=C), 132.5 C=CH), 159.8 C=CH), 166.9 (C=0); MS (El) m/z (%):
196 (M*,10), 151 (33), 123 (60), 97 (52), 83 (100); HRM®]*, found 196.14572,
C12H200, requires 196.14632.
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cis (E)-Ethyl 5-(2,2-dimethyl-3-(2-oxooxazolidin-3-yl)cytopropyl)-3-methylpent-2-
enoate 181

(e
N O
Me
H Y—
Me CO,Et

A solution of 3-diethoxymethyloxazolidin-2-orks8 (342 mg, 1.81 mmol, 2 eq.) in
diethyl ether (3 ml) was added dropwiga syringe pump (0.6 ml} to a vigorously
stirred refluxing mixture of zinc dust (1.19 g, 28nmol, 20 eq.), copper(l) chloride
(119 mg, 1.20 mmol, 1.3 eq.), zinc chloride (1.Gdlution in diethyl ether, 1.8 ml, 1.8
mmol, 2 eq.), chlorotrimethylsilane (1.16 ml, 9.60nol, 10 eq.) andg)-ethyl-3,7-
dimethyl-octa-2,6-dienoatE59 (178 mg, 0.90 mmol, 1 eq.) in diethyl ether (10.Mhe
reaction mixture was heated at reflux for 16 hothien quenched by the addition of a
saturated aqueous solution of sodium bicarbon&ten{}, filtered and the solids washed
with diethyl ether (10 ml). The biphasic mixturesnextracted with diethyl ether (3 x15
ml) and the combined organic extracts washed witheb(15 ml), dried (MgSQ),
filtered and concentrated under reduced pressure.cfude productl@1:182 11:1 as
determined by'H NMR spectrum) was purified by column chromatogwadiethyl
ether:petroleum ether 1:1) to give tRecyclopropyl oxazolidinoné81as a pale yellow
liquid (101 mg, 38%).

IR (mixture oftrans andcis, film): vmax 2955, 1759, 1709, 1643 (s) ¢ntH NMR (Cis,
500 MHz, CDC}): ¢ 0.74 (ddd,J=8.9, 7.6, 5.4 Hz, 1H, ECHN), 1.07 (s, 3H,
CH3CCH), 1.09 (s, 3H, CECCH3), 1.25 (br tJ=7.1 Hz, 3H, GsCH,), 1.34-1.44 (m,
1H, CHHCH,), 1.76— 1.84 (m, 1H, CHCH,), 2.10 (d,J=7.6 Hz, 1H, CHN), 2.14 (s,
3H, CH3C=CH), 2.16-2.22 (m, 1H, KHC=CH), 2.23-2.31 (m, 1H, GHC=CH),
3.43-3.56 (m, 2H, CHN), 4.12 (q,J=7.1 Hz, 2H, Gi,CHs), 4.22-4.30 (m, 2H,
CH,0C=0), 5.64 (br s, 1H, CHCOOYC NMR (cis, 125 MHz, CDCJ): 6 14.3 (CH),
14.9 (CH), 18.9 (CH), 19.5 (CH), 22.8 (C), 22.9 (Ch), 27.0 (CH), 27.8 (CH), 40.9
(CH,), 46.9 (CH), 59.5 (CH), 62.2 (CH), 115.8 CH=C), 159.5 C=CH), 160.4
(C=0), 166.7 (C=0)'H NMR (trans, 500 MHz, CDC}): § 0.52-0.57 (m, 1H), 3.94 (dd,
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2H), 4.49 (dd, 2H); MS (FAB) m/z (%): 296 (MH28), 250 (70), 219 (100), 163 (66),
154 (72); HRMS: [MH]J, found 296.18541, {gH2604N requires 296.18617.
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trans 3-[2-((trimethylsilyl)methyl)cyclopropylloxazolidi n-2-one 183 andcis 3-[2-
((trimethylsilyl)methyl)cyclopropyl]oxazolidin-2-on e 184

O

(/&o

\/Q \
A TR

A solution of 3-diethoxymethyloxazolidin-2-onE58 (497 mg, 2.60 mmol, 2 eq.) in
diethyl ether (2 ml) was added dropwiga syringe pump (0.6 ml}j to a vigorously
stirred refluxing mixture of zinc dust (1.72 g, 26mmol, 20 eq.), copper(l) chloride
(172 mg, 1.74 mmol, 1.4 eq.), zinc chloride (1.Gdlution in diethyl ether, 2.6 ml, 2.6
mmol, 2 eq.), chlorotrimethylsilane (1.67 ml, 13.Bhmol, 10 eqg.) and
allyltrimethylsilane160 (0.20 ml, 1.26 mmol, 1 eq.) in diethyl ether (5.nTlhe reaction
mixture was heated at reflux for 16 hours, themgbed by the addition of a saturated
aqueous solution of sodium bicarbonate (15 mierd and the solids washed with
diethyl ether (10 ml). The biphasic mixture wasragted with diethyl ether (3 x15 ml)
and the combined organic extracts washed with Hiseml), dried (MgSGQ), filtered
and concentrated under reduced pressure. The prodeict was purified by column
chromatography (diethyl ether:petroleum ether 3d)give thetrans N-cyclopropyl
oxazolidinonel83 as a pale yellow liquid (41 mg, 15%) and itie N-cyclopropyl
oxazolidinonel84 as a pale yellow solid (26 mg, 10%)

IR (trans, film): vmax 2953 (W), 1748 (s), 1483 (w), 1417, 1246, 1035 €3:'H NMR

(trans, 500 MHz, CDCJ): ¢ 0.01 (s, 9H, 3 x Ckj, 0.33 (dd,J=14.8, 8.4 Hz, 1H,
CHHSI), 0.48-0.52 (m, 1H, BHCHN), 0.75 (dd,J=14.8, 6.1 Hz, 1H, CHSIi), 0.87
(ddd, J=9.3, 5.5, 3.6 Hz, 1H, CHCHN), 0.92-0.99 (m, 1H, BCHN), 2.15 (dt,J=6.8,

3.4 Hz, 1H, CHN), 3.42-3.52 (m, 2H, GM), 4.22 (t,J=8.0 Hz, 2H, CHO): *C NMR

(trans, 125 MHz, CDCJ): 6 — 1.5 (3 x CHSi), 14.6 (CH), 15.0 (CH), 20.1 (Ch), 33.5

(CH), 45.7 (CH), 61.7 (CH), 158.3 (C=0);
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M.p. 93-96 °C (E£0); IR (cis, film): vmax 2956 (W), 1744 (s), 1430 (w), 1243 (s), 1136,
1082, 1033 (s), 839 (s) ém'H NMR (cis, 500 MHz, CDCJ): 6 0.02 (s, 9H, 3 x C),
0.04-0.08 (m, 1H, BHSI), 0.38-0.44 (m, 1H, BHCHN), 0.95-1.04 (m, 3H, CHS;i,
CHCHN, CHHCHN), 2.41 (td,J=7.3, 4.3 Hz, 1H, CHN), 3.58 (td=8.7, 7.2 Hz, 1H,
CHHN), 3.64 (td,J=8.7, 7.1 Hz, 1H, CHN), 4.26-4.30 (m, 2H, C}D); *C NMR (cis,
125 MHz, CDC}): § — 1.5 (3 x CHSi), 12.1 (CH), 13.9 (CH), 14.7 (Cb}, 30.3 (CH),
46.6 (CH), 61.9 (CH), 159.4 (C=0); MS (C) m/z (%): 214 (MH, 82), 198 (100),
159 (20), 144 (27); HRMS: [MH] found 214.12740, {gH2¢0:NSi requires 214.12633.
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cis Methyl 3-(1-chloro-2-(2-oxooxazolidin-3-yl)cyclopopyl)-2,2-dimethyl-
propanoate 185

0
o

Cl
H
MeO

A solution of 3-diethoxymethyloxazolidin-2-orks8 (427 mg, 2.26 mmol, 2 eq.) in
diethyl ether (4 ml) was added dropwiga syringe pump (0.6 ml} to a vigorously
stirred refluxing mixture of zinc dust (1.48 g, @2nmol, 20 eq.), copper(l) chloride
(148 mg, 1.50 mmol, 1.3 eq.), zinc chloride (1.Gdlution in diethyl ether, 2.2 ml, 2.2
mmol, 2 eq.), chlorotrimethylsilane (1.45 ml, 11Bnol, 10 eq.) and methyl 4-chloro-
2.2-dimethylpent-4-enoate61 (200 mg, 1.13 mmol, 1eq.) in diethyl ether (8 nilpe
reaction mixture was heated at reflux for 16 hothien quenched by the addition of a
saturated aqueous solution of sodium bicarbon&ten(}, filtered and the solids washed
with diethyl ether (10 ml). The biphasic mixturesnextracted with diethyl ether (2 x15
ml) and the combined organic extracts washed witheb(15 ml), dried (MgSQ),
filtered and concentrated under vacuum. The crudéyet (85186 16:1 as determined
by H NMR spectrum) was purified by column chromatodmap (diethyl
ether:petroleum ether 1:1) to give tNecyclopropyl oxazolidinond 85 as a colourless
solid (33 mg, 11%).

M.p. 46-49 °C (petroleum ether); IR (filmYmax 1634 (s), 1427 (w) cih 1H NMR
(trans, 500 MHz, CDCJ): 5 1.28 (s, 3H, ®CCHy), 1.29 (s, 3H, CECCHs), 1.36 (dd,
J=9.0, 7.9 Hz, 1H, BHCHN), 1.59 (dddJ=7.9, 5.5, 1.0 Hz, 1H, CHCHN), 2.01 (d,
J=15.2 Hz, 1H, GHCCHN), 2.11 (ddJ=15.2, 1.0 Hz, 1H, CHCCHN), 2.51 (dd,
J=9.0, 5.5 Hz, 1H, CHN), 3.56-3.64 (m, 1HHBN), 3.68 (s, 3H, CkD), 3.74-3.80
(m, 1H, CHIN), 4.25-4.37 (m, 2H, C}DCO); °C NMR (s, 125 MHz, CDCJ): 6
22.0 (CH), 25.8 (CH), 25.8 (CH), 36.7 (CH), 42.2 (C), 44.5 (C), 45.6 (QH48.5
(CHy), 51.9 (CH), 61.9 (CH), 158.5 (C=0), 177.1 (C=0); MS (GImiz (%): 278
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(MH* ®’Cl, 5), 276 (MH *ClI, 15), 244 (28), 216 (100), 180 (16); HRMS: [MHiound
276.09988, GH1404NCl requires 276.10025.
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8-endo-(2-Oxooxazolidin-3-yl)-1,4,4-trimethyltricyclo[5.10.0]octane 187

A solution of 3-diethoxymethyloxazolidin-2-onE58 (568 mg, 3.00 mmol, 2 eq.) in
diethyl ether (4 ml) was added dropwiga syringe pump (0.6 ml}j to a vigorously
stirred refluxing mixture of zinc dust (1.96 g, @dnmol, 20 eq.), copper(l) chloride
(196 mg, 1.98 mmol, 1.3 eq.), zinc chloride (1.Gdlution in diethyl ether, 3.0 ml, 3.0
mmol, 2 eq.), chlorotrimethylsilane (1.90 ml, 1m@nol, 10 eq.) and 3-caredé2 (200
mg, 1.50 mmol, 1 eq.) in diethyl ether (10 ml). Ti®action mixture was heated at
reflux for 16 hours, then quenched by the addivbra saturated aqueous solution of
sodium bicarbonate (15 ml), filtered and the soWashed with diethyl ether (10 ml).
The biphasic mixture was extracted with diethyleetf2 x 15 ml) and the combined
organic extracts washed with brine (15 ml), dristg$0,), filtered and concentrated
under reduced pressure. The crude produt87 (and minor undetermined
diastereoisomers) was purified by column chromaplgy (ethyl acetate:petroleum
ether 1:4) to give thé&l-cyclopropyl oxazolidinond 87 as a colourless solid (205 mg,
58%).

M.p. 60— 64 °C (petroleum etherly]f°—27.1 € 1, CHCE); IR (mixture, film): vmax
2864 (W), 1755, 1634, 1404 ém*H NMR (endo, 500 MHz, CDC}): ¢ 0.37 (td,J=9.4,
3.2 Hz, 1H, CHCMg), 0.43 (td J=9.4, 3.2 Hz, 1H, CHCMg, 0.77 (s, 3H, E3CCHN),
0.82 (m, 1H, EGICHN), 0.98 (s, 3H, B3CCH,), 1.02 (s, 3H, CkCCHs), 1.30 (dd,
J=15.7, 3.2 Hz, 1H, BHCCH;), 1.63 (ddd,J=15.7, 5.8, 3.2 Hz, 1HJAHCHCHN),
2.08 (d,J=7.7 Hz, 1H, CHN), 2.27 (ddJ=15.7, 9.4 Hz, 1H, CHCCH), 2.28 (dd,
J=15.7, 9.4 Hz, 1H, CHCHCHN), 3.63 (t,J=7.8 Hz, 2H, CHN), 4.24-4.28 (m, 2H,
CH,0); 1*C NMR (cis, 125 MHz, CDCYJ): § 13.9 (CH), 15.1 (CH), 16.1 (CH), 16.9
(C), 17.1 (C), 17.7 (CH), 20.3 (GH 21.3 (CH), 26.5 (Ck), 27.8 (CH), 38.1 (CH),
46.5 (CH), 62.4 (CH), 159.8 (C=0); MS (C) m/z (%): 236 (MH, 43), 149 (100),
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100 (22), 88 (48); HRMS: [MH] found 236.16482, GH»0.N requires 236.16505.
Anal. Calcd for GsH>1O-N: C, 71.46; H, 8.99; N, 5.95. Found: C, 71.54;92; N,
5.90.
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(1)-Ethyl 2-((1R,2S,5S,6R)-6-(2-oxooxazolidin-3-yl)bicyclo[3.1.0]hexan-2-y§cetate
188 and (¥)-ethyl 2-((R,2R,5S,6R)-6-(2-oxooxazolidin-3-yl)bicyclo[3.1.0]hexan-2-
yl)acetate 189

A solution of 3-diethoxymethyloxazolidin-2-orks8 (491 mg, 2.60 mmol, 2 eq.) in
diethyl ether (4 ml) was added dropwiga syringe pump (0.6 ml} to a vigorously
stirred refluxing mixture of zinc dust (1.70 g, &6nol, 20 eq.), copper(l) chloride (170
mg, 1.72 mmol, 1.3 eq.), zinc chloride (1.0 M swintin diethyl ether, 2.6 ml, 2.6
mmol, 2 eq.), chlorotrimethylsilane (1.66 ml, 18nol, 10 eq.) and ethyl 2-cyclopent-
2-enyl-acetatel 63 (200 mg, 1.30 mmol, 1 eq.) in diethyl ether (7 .mMhe reaction
mixture was heated at reflux for 16 hours, themgbed by the addition of a saturated
agqueous solution of sodium bicarbonate (15 mier#ld and the solids washed with
diethyl ether (10 ml). The biphasic mixture wasragted with diethyl ether (2 x 15 ml)
and the combined organic extracts washed with bfirte ml), dried (MgS@ and
concentrated under vacuum. The crude product wiafsgoby column chromatography
(diethyl ether:petroleum ether 9:1) to give pi-eyclopropyl oxazolidinond.88 as a
yellow oil (24 mg) and a mixture df88 189 and other diastereoisomers (80 mg). This
mixture was further purified by column chromatodraethyl acetate:petroleum ether
4:1) to giveN-cyclopropyl oxazolidinond.89 (28mg, >90% purity) as an pale yellow
oil (combined yield of diastereoisomers 104 mg, 34%

IR (188189 mixture 2.6:1, film)umax 2954, 1732 (s), 1417 (s) ¢m'H NMR (188, 500
MHz, CDCE): 6 1.20 (t,J=7.2 Hz, 3H, CH), 1.28-1.33 (m, 1H, BHCHCH,), 1.35—
1.45 (m, 1H, CHHICHCH,), 1.45-1.49 (m, 1H, BCHCH,), 1.69-1.72 (m, 1H,
CHCHN), 1.78-1.84 (m, 1H, BHCHCHN), 1.84-1.91 (m, 1H, GHCHCHN), 2.20
(dd,J=15.1, 8.2 Hz, 1H, BHCOO), 2.28 (1J=1.9 Hz, 1H, CHN), 2.32 (dd=15.1, 7.1
Hz, 1H, CHHCOO), 2.62 (br gJ=7.5 Hz, 1H, GICH,CO), 3.47-3.51 (m, 2H, Gi),
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Experimental

4.14 (q,J=7.2 Hz, 2H, ®,CHs), 4.22-4.27 (m, 2H, B,OCON); **C NMR (188 125
MHz, CDCL): 6 14.2 (CH), 24.7 (CH), 24.8 (Cb), 27.0 (CH), 29.7 (CH), 33.4 (CH),
36.5 (CH), 39.8 (Ch), 45.7 (CH), 60.3 (CH), 61.8 (CH), 158.3 (C=0), 172.5 (C=0).
'H NMR (189 500 MHz, CDCY): 6 0.68-0.77 (m, 1H, BHCHCH,), 1.26 (t,J=7.1 Hz,
3H, CH), 1.60-1.65 (m, 1H, BCHCH,), 1.69-1.73 (m, 1H, BCHN), 1.73-1.79 (m,
1H, CHHCHCH,), 1.79-1.88 (m, 1H, BHCHCHN), 1.95 (ddJ=12.9, 8.1 Hz, 1H,
CHHCHCHN), 2.28 (br t,J=1.9 Hz, 1H, CHN), 2.40 (ddJ=15.2, 7.1 Hz, 1H,
CHHCOO), 2.46 (ddJ=15.2, 7.6 Hz, 1H, CHCOO), 2.56-2.65 (m, 1H, ICH,CO),
3.43-3.51 (m, 2H, CHN), 4.14 (g,J=7.1 Hz, 2H, ®.CHs), 4.19-4.28 (m, 2H,
CH,OCON); **C NMR (189, 125 MHz, CDCJ): 6 14.3 (CH), 25.5 (CH), 27.0 (Ch),
27.6 (CH), 28.9 (CH), 30.8 (CH), 36.6 (CH), 37.8 (§H45.7 (CH), 60.3 (CH), 61.8
(CHy), 158.4 (C=0), 173.0 (C=0); MS (§Im/z (%): 254 (MH, 100), 208 (95), 166
(60), 88 (14); HRMS: [MH], found 254.13872, 8H»0OsN requires 254.13923.
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Experimental
(S)-4-1sopropyloxazolidin-2-one 19¢°°

0]

HN® O
]

~
~

—

Triphosgene (6.0 g, 20 mmol, 0.35 eq.) was addetiopwvise to a suspension of L-
valinol 216 (6.0 g, 58 mmol, 1 eqand triethylamine (18.0 ml, 129 mmol, 2.2 eq.) in
dry dichloromethane (210 ml) at 4 °C. The reactiomture was stirred for 15 min at
this temperature and then allowed to warm to roemperature and stirred for 16 hours
before being quenched with a saturated aqueousiolof ammonium chloride (200
ml). The aqueous layer was separated and the ortgg@r washed with water (100 ml).
The aqueous layer was extracted with dichlorometh@®0 ml) and the combined
organic extracts dried (MgSY) filtered and concentrated under reduced presture
give the title oxazolidinond99 as a yellow solid (6.68 g, 89%) used without farth

purification.

M.p. 65-68 °C, lit;**67-70 °C (E40); [a]* +8.92 € 1.1, CHC}), lit.,"**[o] * + 15.5 ¢

5.2, CHCS); IR (film): Vmax 3300 (W),2963, 1753 (s), 1240 ¢im’H NMR (300 MHz,
CDCls): 50.90 (d,J=6.8 Hz, 3H, EGisCHCHs), 0.96 (d,J=6.8 Hz, 3H, CHCHCHy),
1.73 (octet,)=6.8 Hz, 1H, CHMg), 3.53-3.65 (m, 1HCHNH), 4.10 (dd J=8.7, 6.3 Hz,
1H, CHHO), 4.44 (1,J=8.7 Hz, 1H, CHHO), 5.98 (br s, 1H, NH)**C NMR (75 MHz,
CDCly): 517.6 (CH), 18.0 (CH), 32.7 (CH), 58.3 (CH), 68.6 (GH 160.1 (C=0); MS
(CI") m/iz (%): 130 (MH, 100), 102 (2), 86 (7); HRMS: [MH] found 130.08634,
CsH1202N requires 130.08680.
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Experimental

(S)-4-1sobutyloxazolidin-2-one 221°%°

Triphosgene (1.77 g, 5.97 mmol, 0.35 eq.) was agadetionwise to a suspension of L-
leucinol217 (2.0 g, 17.0 mmol, 1 egand triethylamine (5.23 ml, 37.4 mmol, 2.20 eq.)
in dry dichloromethane (60 ml) at 4 °C. The reactwixture was stirred for 15 min and
then allowed to warm to room temperature beforengpejuenched with a saturated
aqueous solution of ammonium chloride (25 ml). @geeous layer was separated and
the organic layer washed with water (25 ml). Theemys layer was extracted with
dichloromethane (50 ml) and the combined organitaets dried (MgSg), filtered and
concentrated under reduced pressure to BRkas a yellow oil (2.47 g, 99%) used
without further purification

[a]* -11.6 € 1, CHCW), lit.,"*® (R)-isomer, p]* +11.9 € 0.6, CHC); IR (film): Vinax

3336 (s, br), 2980, 2871, 1750 (s), 1408 (w), 185 1028 (w) cri; *H NMR (300
MHz, CDCk): J 0.91 (d, J=4.1 Hz, 3H, CHsCHCHs), 0.94 (d,J=4.1 Hz, 3H,
CH3CHCH3), 1.34-1.44 (m, 1H, CHM# 1.50-1.71 (m, 2HCH,CHMe,), 3.89-4.00
(m, 2H,CHNH, CHHO), 4.49 (t,J=7.4 Hz, 1H, CHHO), 6.21 (br s, 1H, NH)}*C NMR
(75 MHz, CDCh): 622.1 (CH), 22.9 (CH), 25.1 (CH), 44.4 (C), 51.0 (CH), 70.7
(CH,), 159.9 (C=0); MS (ElyWz (%): 143 (M, 23), 130 (5), 86 (100); HRMS: [M]
found 143.09423, {H,50,N requires 143.09462.
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(S)-4-Benzyloxazolidin-2-one 198’

@)
HN)kO
-

N

o

Triphosgene (1.0 g, 3.5 mmol, 0.35 eq.) was adaetionwise to a suspension of L-
phenylalaninoR18 (1.5 g, 9.9 mmol, 1 egand triethylamine (3.02 ml, 21.7 mmol, 2.2
eq.) in dry dichloromethane (30 ml) at 4 °C. Thacten mixture was stirred for 15 min
and then allowed to warm to room temperature amcedtfor 2 hours before being
quenched with a saturated aqueous solution of anumonchloride (20 ml).
Dichloromethane (40 ml) was added to the reactibichvwas then stirred for 20 min.
The aqueous layer was separated and the orgaeicMagshed with a saturated aqueous
solution of sodium bicarbonate (25 ml) and bring (2l). The organic layer was dried
(MgS(Q), filtered and concentrated under reduced predsuge/e198 as a pale yellow
solid (1.71 g, 99%). A sample was purified by cotuchromatography (petroleum
ether:ethyl acetate 6:4).

M.p. 84-88 °C (petroleum ether) [{f85-87 °C (CHCI,) ;[a] “ - 63.1 € 1.02, CHCY),

lit.,**" [a] ® -62.0 €, 1.0, CHCY; IR (film): vimax 3261, 1751 (s), 1738 (s), 1700 (s),

1407, 1247, 1095 ch *H NMR (500 MHz, CDCY): §2.84 (dd,J=13.6, 8.2 Hz, 1H,
CHHPh), 2.90 (ddJ=13.6, 5.8 Hz, 1H, CHPh), 4.05-4.12 (m, 1H, lN), 4.16 (dd,

J=8.7, 5.6 Hz, 1H, 6HO), 4.49 (t,J=8.3 Hz, 1H, CH{O), 4.99 (br s, 1H, NH), 7.16-
7.20 (m, 2H, H-Ar), 7.26-7.30 (m, 1H, H-Ar), 7.3337 (m, 2H, H-Ar);"*C NMR (125

MHz, CDCk): d41.7 (CH), 53.9 (CH), 69.8 (Cb), 127.4 (CH-Ar), 129.0 (CH-Ar),
129.2 (CH-Ar), 136.0 (C-Ar), 158.9 (C=0).
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Experimental

(4S,5R)-4-Methyl-5-phenyloxazolidin-2-one 22%°

Triphosgene (1.22 g, 4.11 mmol, 0.35 eq.) was aguetionwise to a suspension of
(1R, 29-(-)-norephedrine hydrochloride (2.20 g, 11.7 mmdl eq.)and triethylamine
(5.23 ml, 37.5 mmol, 3.2 eq.) in dry dichlorometba40 ml) at 4 °C. The reaction
mixture was stirred for 30 min and then allowedwarm to room temperature and
stirred for 2 hours. The B hydrochloride precipitate was removed by filtoatiand
washed with dichloromethane (2 x 20 ml). The rasglfiltrate was washed with a
saturated aqueous solution of ammonium chloriden{fBQthen sodium bicarbonate (20
ml) and brine (20ml). The resulting organic extraas dried (MgSQ), filtered and
concentrated under reduced pressure to give thekazolidinone22 as a pale yellow
oil (2.12 g, 99%). A small sample was purified lfuznn chromatography (petroleum

ether:ethyl acetate 1:1) to gi2@2 as a pale yellow solid.

M.p. 116-119 °C (petroleum ether) fi£}116-117 °C ; §]* -163.8 ¢ 1.02, CHCY),

lit.,*** [o] ® -170 € 1.2); IR (film): Vimax 3269, 1719 (s), 1383, 1353, 1238 GniH

NMR (600 MHz, CDC}): §1.07 (d,J=6.6 Hz, 3H, CH), 4.19-4.25 (m, 1H, BCHy),

5.19 (br s, 1H, NH), 5.74 (d=8.0 Hz, 1H, CHO), 7.32 (di=7.3 Hz, 2H, H-Ar), 7.35-
7.39 (m, 1H, H-Ar), 7.42 (t}=7.3 Hz, 2H, H-Ar);"*C NMR (150 MHz, CDGJ): J17.6
(CHs), 52.3 (CH), 81.0 (CH), 125.9 (CH-Ar), 128.6 (CH)A134.8 (C-Ar), 158.9
(C=0).
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(S)-4-Ethyloxazolidin-2-one 223%

HN O
/

////‘

Triphosgene (5.82 g, 19.6 mmol, 0.35) was addetigmovise to a suspension of S-(+)-
2 amino-1-butanoR20 (5.00 g, 56.6 mmol, 1 eggnd triethylamine (17.2 ml, 123
mmol, 2.20 eq.) in dry dichloromethane (60 ml) at@ The reaction mixture was
stirred for 15 min and then allowed to warm to ro@mperature before being quenched
with a saturated aqueous solution of ammonium @do(50 ml). The aqueous layer
was separated and the organic layer washed witerya® ml). The aqueous layer was
extracted with dichloromethane (50 ml) and the cow organic extracts dried
(MgS(Q), filtered and concentrated under reduced pregsugeve 223 as a yellow oil
(3.9 g, 60%) used without further purification

[a]® ~7.24 €0.76, CHCY), lit.,"** [a] * -5.3 € 0.6, CHCH); IR (film): vmax2247 (W),

1749, 1248 (w) ci; *H NMR (400 MHz, CDCJ): 50.94 (t,J=7.5 Hz, 3H,CH3sCHb),

1.55-1.65 (m, 2HCH,CHs), 3.76-3.85 (m, 1HCHNH), 4.02 (dd,J=8.5 Hz, 6.1 Hz, 1H,
CHHO), 4.48 (t,J=8.5 Hz, 1H, CHHO), 6.28 (br s, 1H, NH)}*C NMR (75 MHz,
CDCly): § 9.3 (CHy), 28.2 (CH), 53.9 (CH), 70.0 (Ch), 160.3 (C=0); MS (C) m/z

(%): 116 (MH,100), 99 (4), 86 (8); HRMS: [MH] found 116.07058, i100:N

requires 116.07115.
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Experimental

(S)-Methyl-2-oxazolidinone-4-carboxylate 225

Serine methyl ester hydrochlorid&®4 (10.0 g, 64.3 mmol, 1 eq.) and potassium
bicarbonate (6.69 g, 66.9 mmol, 1.04 eq.) wereotiissl in water (100 ml) and the
solution stirred at room temperature for 10 mintaBsium carbonate (9.38 g, 67.8
mmol, 1.05 eq.) was added to the solution which thas cooled to 0 °C and treated
with a 20% solution of phosgene in toluene (44.384l0 mmol, 1.3 eq.) over 10 min.
The resulting mixture was stirred for 2 hours &) The toluene layer was separated
from the aqueous layer which was evaporated toedig/nThe resulting colourless solid
was extracted with dichloromethane (60 ml) andekieact dried (MgSQ), filtered and
concentrated under reduced pressure to gRkas a colourless oil (8.5 g, 91%) used

without further purification.

[a]® —19.2 € 4.59, CHCIy), lit.,'"" [a] ® —18.6 € 4.52, CHCL,); IR (film): Viax 3416

(s, br), 1738 (s), 1617 (w), 1436 (w), 1410 (w)3121059 (w) crt; *H NMR (400
MHz, CDCk): §3.82 (s, 3HCH30), 4.42 (ddJ=9.1, 4.6 Hz, IHCHCH,0), 4.52 (dd,
J=9.1 Hz, 4.6 Hz, 1H, BHO), 4.62 (tJ=9.1 Hz, 1H, CHHO), 6.05 (br s, 1H, NH)}*C
NMR (75 MHz, CDC}): J 53.1 (CH), 53.6 (CH), 66.6 (Cb), 158.6 (C=0), 170.4
(C=0); MS (El)m/z 145 (M', 36), 115 (3), 84 (100); HRMS: [M] found 145.03789,
CsH;O4N requires 145.0375.
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Experimental

(R)-4-(Hydroxymethyl)oxazolidin-2-one 226"

Sodium borohydride (177 mg, 4.69 mmol, 1.05 eq3 added portionwise to a solution
of the este225 (650 mg, 4.48 mmol, 1 eq.) in ethanol (10 ml) & The reaction
mixture was allowed to warm to room temperaturer &diours, then treated with a
saturated aqueous solution of ammonium chloride () and stirred at room
temperature for 30 min. The colourless solid wasaeed by filtration and the filtrate

concentrated under reduced pressure to 28as a colourless solid (0.43 g, 82%).

M.p. 77-81 °C, it;"° 96-99 °C (CHGJ); [a] ® +29.2 € 1.0, MeOH), lit;" [a] * +32.25

(c 1.044, MeOH); IR(film): Vimax 3276 (br, s), 1732 (s), 1418, 1259, 1037, 939:Ci
NMR (400 MHz, B,O): 03.58 (ddJ=12.0, 4.4 Hz, 1H , BHOH), 3.67 (ddJ=12.0, 3.7
Hz, 1H, CHHOH), 4.03-4.09 (m, 1HCHCH,0), 4.29 (ddJ=9.0,5.1 Hz, 1H, GIHO),
4.56 (t,J=9.0 Hz, 1H, CHHO); 3C NMR (75 MHz, DO): J 53.8 (CH), 62.6 (CH),
68.1 (CH), 159.9 (C=0); MS (Eljwz (%) 118 (MH 45), 106 (12), 97 (25), 91 (7), 86
(100); HRMS: [M[, found 117.04312, {£1;OsN requires 117.04259.
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Experimental

(S)-3-Diethoxymethyl-4-isopropyloxazolidin-2-one 201

g
PR
-/

)=

A mixture of the oxazolidinonel99 (195 mg, 1.51 mmol, 1 eq.) and triethyl
orthoformate (2.5 ml, 15 mmol, 10 eq.) was heatetb8 °C for 48 hours. The reaction
mixture was cooled to room temperature before bejognched with a saturated
aqueous solution of sodium bicarbonate (5 ml). Bkeparated aqueous phase was
extracted with diethyl ether (2 x 5 ml) and the bimed organic extracts washed with
brine, dried (MgSQ), filtered and concentrated under reduced presstite crude
product was purified by column chromatography (@etrm ether:ethyl acetate 4:1) to

give 201 as a pale yellow oil (192 mg, 55%).

[] * +35.9 € 1.18, CHCY); IR (film): vmax 3493, 2976, 2878, 1755 (s), 1634 (s), 1487,

1414, 1234, 1063 (s) ¢m*H NMR (500 MHz, DMSO):J 0.86 (d,J=7.0 Hz, 3H,
CH3CHCHg), 0.89 (d,J=7.0 Hz, 3H, CHCHCHj3), 1.19 (t,J=7.0 Hz, 3H,CHsCH,),
1.22 (t,J=7.0 Hz, 3H,CHsCH,), 2.16-2.24 (m, 1H, CHM#, 3.52-3.73 (m, 4H, 2 x
OCH,CHz), 3.97 (dddJ=9.0, 4.8, 3.3 Hz, 1H, @CH,0) 4.20 (dd,J=9.0, 4.8 Hz, 1H,
CHHO), 4.31 (t,J=9.0 Hz, 1H, CHHO), 5.71 (s, 1H, CH(OE#); **C NMR (125 MHz,
DMSO): d14.1 (CH), 14.7 (CH), 14.7 (CH), 17.6 (CH), 29.0 (CH), 55.8 (CH), 61.9
(CH,), 62.2 (CH), 63.1 (CH), 102.1 (CH), 157.1 (C=0); MS (EfWz (%): 254 (MN4,
100), 186 (68), 184 (10), 172 (79); HRMS: [MNajound 254.13712, GH2104NNa
requires 254.13712.
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Experimental

(S)-3-Diethoxymethyl-4-isobutyloxazolidin-2-one 228

g

O
/\o/L \)_J\/O

A mixture of the oxazolidinon@21 (1.38 g, 9.64 mmol, 1 eq.), aluminium chloride
(182 mg, 1.36 mmol, 0.14 eq.) and triethyl orthofate (55.0 ml, 330 mmol, 34 eq.)
was heated at 155 °C for 18 hours. The reactionturexwas cooled to room
temperature before being quenched with a saturatpteous solution of sodium
bicarbonate (15 ml). The separated aqueous phasextracted with diethyl ether (2 x
25 ml) and the combined organic extracts washet tiiine, dried (MgSg), filtered
and concentrated under reduced pressure. The prodeict was purified by column
chromatography (petroleum ether:ethyl acetate t&:tjive 228as a yellow oil (1.48 g,
63%).

[o]* +38.1 € 1.05, CHC); IR (film): Vmax 2960 (s), 1743 (), 1533 (w), 1470, 1410 (s),

1248 (s), 1067 (s), 899 (w) ¢h'H NMR (400 MHz, DMSO0):4 0.91 (d,J=6.6 Hz, 3H,
CH3CHCH), 0.93 (d,J=6.6 Hz, 3H, CHCHCHSa), 1.20 (q,J=7.1 Hz, 6H, 2 >CH3CH,),

1.37-1.46 (m, 1H, BHCHMe,), 1.56-1.69 (m, 1H, CHMg 1.82-1.90 (m, 1H,
CHHCHMey), 3.50-3.69 (m, 4H, 2 €H,CHs), 3.97-4.06 (m, 2H, BHO, CHCH,0),

4.48-4.52 (m, 1H, CHO), 5.70 (s, 1H, CH(OEJ); *C NMR (75 MHz, DMS0):514.6
(CHs), 14.6 (CH), 21.5 (CH), 23.4 (CH), 24.1 (CH), 42.2 (Ch), 50.3 (CH), 61.4
(CHy), 61.9 (CH), 68.0 (CH), 101.9 (CH), 156.9 (C=0); MS (FAB)z (%): 268
(MNa®, 100), 166 (56); HRMS{MNa]*, found 268.15269, GH,:04,NNa requires
268.15247.
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Experimental

(S)-3-Diethoxymethyl-4-ethyloxazolidin-2-one 230

o) Q
P
-/
) y

A mixture of the oxazolidinone223 (908 mg, 7.89 mmol, 1 eq.) and triethyl
orthoformate (13 ml, 78 mmol, 10 eq.) was heatetlét °C for 48 hours. The reaction
mixture was cooled to room temperature before bejognched with a saturated
aqueous solution of sodium bicarbonate (15 ml). $hparated aqueous phase was
extracted with diethyl ether (2 x 25 ml) and thenbined organic extracts washed with
brine, dried (MgSQ), filtered and concentrated under reduced presstite crude
product was purified by column chromatography @etrm ether:ethyl acetate 4:1) to

give 230as a pale yellow oil (932 mg, 55%).

[o]® +27.7 € 1.18, EtOAC); IR (film)max 2976 (s), 1757 (), 1412 (s), 1223, 1063 (s)

cm™; *H NMR (500 MHz, DMS0):d 0.87 (d,J=7.5 Hz, 3H,CHsCH,), 1.19 (t,J=7.0
Hz, 3H, CHsCH,0), 1.21 (t,J=7.0 Hz, 3H,CH3CH,0), 1.53-1.64 (m, 1H, BHCHs),
1.82-1.91 (m, 1H, CHCHz) 3.52-3.69 (m, 4H, 2 x CH,CHs), 3.93-3.99 (m, 1H,
CHCH0), 4.06 (ddJ=8.6, 6.0 Hz, 1H, BHO), 4.44 (t,J=8.6, 1H, CHHO), 5.70 (s,
1H, CH(OE®); ¥ NMR (125 MHz, DMS0):58.1 (CH), 14.7 (CH), 14.7 (CH), 25.8
(CHy), 52.4 (CH), 61.8 (Ch), 62.0 (CH), 67.0 (CH), 102.0 (CH), 157.0 (C=0); MS
(El) m/z (%): 240 (MN&, 100), 172 (30); HRMS: [MN4&] found 240.12164,
C10H1004NNa requires 240.12063.
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Experimental

(S)-4-Benzyl-3-diethoxymethyloxazolidin-2-one 200

)

)

PN
v O)\ N\_/

A mixture of the oxazolidinond98 (1.00 g, 5.65 mmol, 1 eq.), aluminium chloride
(112 mg, 0.84 mmol, 0.15 eq.) and triethyl orthofate (28.0 ml, 168 mmol, 30 eq.)
was heated at 155 °C for 18 hours. The reactiontur@xwas cooled to room

0]
0]

temperature before being quenched with a saturatpteous solution of sodium
bicarbonate (20 ml). The separated aqueous phasexttacted with ethyl acetate (3 x
25 ml) and the combined organic extracts washet tiiine, dried (MgSg), filtered
and concentrated under reduced pressure. The prodeict was purified by column
chromatography (petroleum ether:ethyl acetatet®:fjjve 200as a pale yellow oil (833
mg, 53%).

[0]® +51.5 € 1.22, CHCLy); IR (film): Vmax 2978 (W), 1753 (s), 1404, 1233, 1058 (s)

cm™; 'H NMR (400 MHz, DMSO0):d 1.20 (t,J=7.0 Hz, 3H, CHCH3), 1.21 (t,J=7.0
Hz, 3H, CHCHs), 2.78 (dd,JJ=13.6, 8.6 Hz, 1H, BHPh), 3.25 (ddJ=13.6, 2.6 Hz, 1H,
CHHPh), 3.52-3.71 (m, 4H, 2 xH3CHz), 4.00-4.05 (m, 1H, BHO), 4.17-4.22 (m,
2H, CHHO, CHCH,Ph), 5.74 (br s, 1H, CH(OR})) 7.23-7.28 (m, 3H, H-Ar), 7.32 (t,
J=7.6 Hz, 2H, H-Ar);"*C NMR (150 MHz, DMS0):J 15.2 (CH), 15.3 (CH), 52.7
(CH), 62.4 (CH), 62.4 (CH), 67.2 (CH), 102.5 (CH), 127.1 (CH-Ar), 129.0 (CH-Ar),
129.7 (CH-Ar), 136.9 (C-Ar), 157.1 (C=0); MS (FABYz (%): 302 (MN4, 74), 234
(100), 200 (23), 176 (21), 154 (25); HRM®INa]*, found 302.13687, fgH2104NNa
requires 302.13682.
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Experimental

(4S,5R)-3-(Diethoxymethyl)-4-methyl-5-phenyloxazolidin-2ene 231

y

@)

@)
A
N

A mixture of the oxazolidinon22 (1.00 g, 5.65 mmol, 1 eq.), aluminium chloride
(113 mg, 0.85 mmol, 0.15 eq.) and triethyl orthofate (28.0 ml, 168 mmol, 30 eq.)
was heated at 155 °C for 18 hours. The reactionturexwas cooled to room
temperature before being quenched with a saturatpteous solution of sodium
bicarbonate (20 ml). The separated aqueous phasextiacted with ethyl acetate (3 x
25 ml) and the combined organic extracts washet tiine, dried (MgSg), filtered
and concentrated under reduced pressure. The prodeict was purified by column
chromatography (petroleum ether:ethyl acetatet®:fjjve231 as a pale yellow oil (843
mg, 53%).

[0]© -38.03 ¢ 1.02, DCM); IR(film): Vmax 2979 (W), 1750 (s), 1386, 1244, 1223, 1059

(s) cm*; *H NMR (600 MHz, DMSO0):d 0.74 (d,J=6.4 Hz, 3H,CHs), 1.24 (t,J=7.1
Hz, 3H, CHCHs), 1.37 (t,J=7.1 Hz, 3H, CHCHa3), 3.51 (dg,J=9.6, 7.1 Hz, 1H,
CHHCHs), 3.57-3.67 (m, 3H, CHCHs, CH;CHs3), 4.31-4.36 (m, 1H, BCHs), 5.73-
5.75 (m, 2H, CHPh, CH(OE}) 7.31-7.33 (m, 2H, H-Ar), 7.35-7.39 (m, 1H, H)Ar
7.41-7.45 (m, 2H, H-An** NMR (150 MHz, DMS0):015.2 (CH), 15.2 (CH), 16.7
(CHs), 51.7 (CH), 62.2 (Cb), 62.5 (CH), 79.0 (CH), 102.3 (CH), 126.7 (CH-Ar),
128.8 (CH-Ar), 128.9 (CH-Ar), 135.8 (C-Ar), 156.6€0); MS (FAB)m/z (%): 302
(MNa", 100), 234 (77), 200 (31), 190 (27), 176 (18); HR¥MNa]*, found 302.13635,
CisH2104NNa requires 302.13682.
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Experimental

(7aR)-5-Ethoxy-dihydro-1H-oxazolo[3,4€]oxazol-3(5H)-one 232

v o
Odlwo

para-Toluenesulfonic acid monohydrate (162 mg, 0.85 m®Ad5 eq.) was added to a
solution of the alcoha226 (650 mg, 5.55 mmol, 1 eq.) in triethyl orthoformé&td ml).
The reaction mixture was heated at reflux (150 @) 6 hours. The triethyl
orthoformate was evaporated and the resulting mextypurified by column
chromatography (ethyl acetate:petroleum ether fiolyive 232 as an unstable pale
yellow liquid (205 mg, 22%).

[a] * +61.85 ¢ 1.24, CHCY); IR (film): Vimax 2925 (w), 1732 (s), 1410, 1242, 1033tm

'H NMR (400 MHz, DMSO0):61.19 (t,J=7.1Hz, 3H,CH3CH)), 3.62 (q,J=7.1 Hz, 2H,
CH,CHs), 3.76 (brt, J=7.8 Hz, 1H, GIHOCH), 4.26 (dd,J=8.3, 7.1 Hz, 1H,
CHHOCH), 4.31-4.41 (m, 2H, IBHOCO, CHNCO), 4.63 (ddJ=9.1, 7.5 Hz, 1H,
CHHOCO), 6.02 (s, 1H, EtOCHNJC NMR (75 MHz, DMSO): 5 14.6 (CH), 54.8
(CH), 60.4 (CH), 67.7 (CH), 69.8 (CH), 107.1 (CH), 159.5 (C=0); MS (§ImVz (%):
174 (MH', 28), 146 (30), 128 (100), 118 (93), 100 (17); HRMMH]*, found
174.07685, @H1,04N requires 174.07663.
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(9)-3-((1S,25)-2-Benzylcyclopropyl)-4-isopropyloxazolidin-2-one244

Ph% "

A solution of (S)-3-diethoxymethyl-4-isopropyloxdizin-2-one 201 (142 mg, 0.61
mmol, 1.4 eq.) in diethyl ether (1.5 ml) was addeapwisevia syringe pump (0.6 ml:h
Y to a vigorously stirred refluxing mixture of zimlist (400 mg, 6.12 mmol, 13.6 eq.),
copper(l) chloride (40 mg, 0.4 mmol, 1.1 eq.), zamtoride (1.0 M solution in diethyl
ether, 0.6 ml, 0.6 mmol, 1.3 eq.), chlorotrimethigise (0.40 ml, 3.13 mmol, 7 eq.) and
allylbenzenel53 (0.06 ml, 0.45 mmol, 1 eq.) in diethyl ether (6).nThe reaction
mixture was heated at reflux for 16 hours, themgbed by the addition of a saturated
aqueous solution of sodium bicarbonate (5 ml)efdd and the solids washed with
diethyl ether (10 ml). The biphasic mixture wasragted with diethyl ether (2 x 7 ml)
and the combined organic extracts washed with bfinml), dried (MgSQ), filtered
and concentrated under reduced pressure. The prodact 244 and undefined minor
diastereoisomers) was purified by column chromaplgy (diethyl ether:petroleum

ether 1:1) to give thiEl-cyclopropyl oxazolidinon@44 as a beige oil (49 mg, 42%).

[0] 2 —42.1 € 0.95, CHCY); IR (trans, film): vy 2962, 1755 (s), 1420 (s), 1227, 1051
cm™; *H NMR (trans, 500 MHz, CDCJ) : § 0.62 (d,J=7.0 Hz, 3H, E15CCH;), 0.76 (d,
J=7.0 Hz, 3H, CHCCHj3), 0.96-1.02 (m, 1H, BHCHN), 1.17-1.24 (m, 2H, CHCHN,
CHCHN), 1.49-1.59 (m, 1H, CHM} 2.23 (dtJ=7.0, 3.5 Hz, 1H, CHN), 2.28-2.34 (m,
1H, CHHPh), 2.86 (ddJ=14.5, 5.4 Hz, 1H, CHPh), 3.32 (dtJ=8.9, 3.9 Hz, 1H,
CHCH,0), 3.96 (ddJ=8.9, 3.9 Hz, 1H, &HO), 4.03 (t,J=8.9 Hz, 1H, CHHO), 7.18-
7.24 (m, 3H, Ar-H), 7.27-7.32 (m, 2H, Ar-H}°C NMR (rans, 125 MHz, CDCJ): &
14.1 (CH), 15.6 (CH), 17.6 (CH), 20.5 (CH), 27.5 (CH), 29.6 (CH), 38.2 (@H60.9
(CH), 62.4 (CH), 126.3 (CH-Ar), 128.3 (CH-Ar), 128.5 (CH-Ar), 140(C-Ar), 158.0
(C=0); MS (El) Wz (%) : 260 (MH, 100); HRMS: [MH], found 260.16466,
C16H220:N requires 260.16451.
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(49)-3-((1S,2R)-1,14a,6,6a-Tetrahydrocyclopropag]inden-1-yl)-4-

isopropyloxazolidin-2-one 245
&AO

N
il
H

H

A solution of (S)-3-diethoxymethyl-4-isopropyloxdirtin-2-one 201 (426 mg, 1.84
mmol, 1.3 eq.) in diethyl ether (2.5 ml) was addeapwisevia syringe pump (0.6 ml:h
Y to a vigorously stirred refluxing mixture of zimtust (1.20 g, 18.4 mmol, 13.4 eq.),
copper(l) chloride (120 mg, 1.21 mmol, 0.9 eqg.hczthloride (1.0 M solution in diethyl
ether, 1.8 ml, 1.8 mmol, 1.3 eq.), chlorotrimetiiglse (1.20 ml, 9.39 mmol, 6.9 eq.)
and indené.65 (157 mg, 1.37 mmol, 1 eq.) in diethyl ether (8.riife reaction mixture
was heated at reflux for 16 hours, then quenchetthdéyddition of a saturated aqueous
solution of sodium bicarbonate (8 ml), filtered ahd solids washed with diethyl ether
(10 ml). The biphasic mixture was extracted witlethyl ether (2 x 10 ml) and the
combined organic extracts washed with brine (10, mi)}ed (MgSQ), filtered and
concentrated under reduced pressure. The crudeigir@l5 and minor undetermined
diastereoisomers) was purified by column chromaplgy (diethyl ether:petroleum
ether 1:1) to give thé&l-cyclopropyl oxazolidinon@45 as a colourless solid (140 mg,
40%).

M.p. 87-89 °C (EO); [oa] ¥ -13.5 € 1.02, CHC}); IR(cis, film): vmax 2964 (W), 1744
(s), 1412, 1227, 1047 ¢lm*H NMR (endo, 500 MHz, CDCJ): & 0.76 (d,J=7.0 Hz,
3H, CH3CCH), 0.89 (d,J=7.0 Hz, 3H, CHCCHs), 2.00-2.07 (m, 1H, CHM#, 2.34
(qd, J=6.8, 1.2 Hz, 1H, BCH,Ar), 2.41 (dt,J=8.6, 3.1 Hz, 1H, BCH,0), 2.78 (id,
J=6.8, 1.4 Hz, 1H, CHAr), 2.83 (=6.8 Hz, 1H, CHN), 3.11 (br d=17.8 Hz, 1H,
CHHAr), 3.19 (dd,J=17.8, 6.8 Hz, 1H, CHAr) 3.48 (t,J=8.8 Hz, 1H, GIHO), 3.77
(dd, J=8.8, 2.8 Hz, 1H, CHO), 7.10-7.20 (m, 3H, Ar-H), 7.31 (d=6.6 Hz, 1H, Ar-
H); *C NMR (endo, 125 MHz, CDCJ): & 15.3 (CH), 17.5 (CH), 23.3 (CH), 29.0
(CH), 29.2 (CH), 31.7 (Ch), 32.9 (CH), 58.8 (CH), 63.4 (G} 124.2 (CH-Ar), 124.5
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(CH-Ar), 126.0 (CH-Ar), 126.7 (CH-Ar), 139.4 (C-Ar}44.2 (C-Ar), 159.2 (C=0). MS
(CI") m/z (%) : 258 (MH, 100), 142 (34), 129 (47), 85 (68); HRMS: [MHFound
258.14954, ¢H2002N requires 258.14886. Anal. Calcd foygB:140-N.H,0: C, 69.79;
H, 7.69; N, 5.09. Found: C, 69.89; H, 7.13; N, 4.78
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(9)-3-((1S,2R)-2-tert-Butylcyclopropyl)-4-isopropyloxazolidin-2-one 246

ey

A solution of (S)-3-diethoxymethyl-4-isopropyloxdizin-2-one 201 (448 mg, 1.94
mmol, 1.25 eq.) in diethyl ether (2.5 ml) was addiedpwisevia syringe pump (0.6
ml.h?) to a vigorously stirred refluxing mixture of zimtust (1.27 g, 19.4 mmol, 12.5
eq.), copper(l) chloride (127mg, 1.3 mmol, 0.8 egihc chloride (1.0 M solution in
diethyl ether, 1.6 ml, 1.6 mmol, 1 eq.), chloroteitmylsilane (1.24 ml, 9.70 mmol, 6.25
eg.) and 3,3-dimethylbut-1-eri®4 (0.20 ml, 1.55 mmol, 1 eq.) in diethyl ether (8.ml
The reaction mixture was heated at reflux for 16repthen quenched by the addition of
a saturated aqueous solution of sodium bicarbo(tatenl), filtered and the solids
washed with diethyl ether (10 ml). The biphasic tig was extracted with diethyl
ether (2 x 10 ml) and the combined organic extractshed with brine (10 ml), dried
(MgSQy), filtered and concentrated under reduced presdure crude product246,
227 and undefined minor diastereoisomers) was purifigdcolumn chromatography
(diethyl ether:petroleum ether 3:2) to give a migtwf N-cyclopropyl oxazolidinone
246 and Q-4-isopropylIN-formyloxazolidin-2-one 227 (92 mg, 246227 2:1 as
determined by*H NMR spectrum) and th&l-cyclopropyl oxazolidinone246 as a
colourless solid (31 mg). The yield 246 (102 mg, 29%) was calculated frdit NMR

spectrum.

M.p. 53-55 °C (petroleum ether)y][; —49.3 € 0.73, CHCY); IR(trans, film): v
2961, 1728 (s), 1423, 1236, 1055 (w) tmH NMR (trans, 500 MHz, CDCY): § 0.86
(br s, 9H, 3 x CCh), 0.87-0.92 (m, 9H, 2 x CHd;, CH,CHN, CHCHN), 2.20-2.25
(m, 1H, CHMe), 2.27 (dt,J=7.3, 3.6 Hz, 1H, CHN), 3.51-3.56 (m, 1HHCH,0),
4.02-4.11 (m, 2H, CHDCO); *C NMR (trans, 125 MHz, CDGJ): & 10.9 (CH), 14.0
(CHa), 17.7 (CH), 26.6 (CH), 27.9 (CH), 28.4 (GN{ 29.0 (C), 30.7 (CH), 61.2 (CH),
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62.2 (CH), 158.0 (C=0); MS (C) m/z (%) : 226 (MH, 56), 170(100), 149 (46), 85
(81); HRMS: [MHT', found 226.17987, GH»40.N requires 226.18070.
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((1S,29)-2-((S)-4-isopropyl-2-oxooxazolidin-3-yl)cycloprogl)methyl benzoate 247

A solution of (S)-3-diethoxymethyl-4-isopropyloxdizin-2-one 201 (448 mg, 1.94
mmol, 1.25 eq.) in diethyl ether (2.5 ml) was addiedpwisevia syringe pump (0.6
ml.h?) to a vigorously stirred refluxing mixture of zimtust (1.27 g, 19.4 mmol, 12.5
eq), copper(l) chloride (127 mg mg, 1.30 mmol, €f), zinc chloride (1.0 M solution
in diethyl ether, 1.94 ml, 1.94 mmol, 1.25 eq.)|locbtrimethylsilane (1.24 ml, 9.70
mmol, 6.25 eq.) and alker&3 (252 mg, 1.55 mmol, 1leq.) in diethyl ether (8 nilhe
reaction mixture was heated at reflux for 16 hothen quenched by the addition of a
saturated aqueous solution of sodium bicarbonatel)8filtered and the solids washed
with diethyl ether (10 ml). The biphasic mixture smaxtracted with diethyl ether (2 x
10 ml) and the combined organic extracts washel fitne (10 ml), dried (MgS§€),
filtered and concentrated under reduced pressire.ciude product was purified twice
by column chromatography (diethyl ether:petroleuthee 1:1 and petroleum:ethyl
acetate 3:2) to give47 as a colourless solid (60 mg, 13%).

M.p. 58-59 °C (E0); [a] 2 —9.6 € 0.8, CHC}); IR (trans, film): vyax 2885 (w), 1765
(s), 1726 (s), 1425, 1281, 1117 (w), 1049 (w)'chd NMR (trans, 500 MHz, CDGJ):

§ 0.72 (d,J=7.0 Hz, 3H, Gi3CCHs), 0.87 (d,J=7.0 Hz, 3H, CHCCHs), 1.09-1.14 (m,
1H, CHHCHN), 1.31-1.35 (m, 1H, CHCHN), 1.46-1.54 (m, 1H, BCHN), 2.18-2.25
(m, 1H, CHMe), 2.47 (dt,J=7.2, 3.6 Hz, 1H, €N), 3.56 (dt,J=8.9, 3.9 Hz, 1H,
CHCH,0), 3.88 (ddJ=11.7, 9.2 Hz, 1H, BHOCOPNh), 4.04 (ddJ=8.9, 3.9 Hz, 1H,
CHHOCO), 4.12 (t,J=8.9 Hz, 1H, CHHOCO), 4.56 (dd,J=11.7, 5.5 Hz, 1H,
CHHCOOPh), 7.42-7.48 (m, 2H, Ar-H), 7.55-7.60 (m, 1;H), 8.02-8.05 (m, 2H,
Ar-H); 3C NMR (trans, 125 MHz, CDCJ): 5 13.2 (CH), 14.2 (CH), 17.6 (CH), 17.9
(CH), 27.8 (CH), 29.3 (CH), 61.1 (CH), 62.5 (§H66.5 (CH), 128.4 (CH-Ar), 129.5
(CH-Ar), 129.9 (C-Ar), 133.2 (CH-Ar), 157.8 (C=Q)66.4 (C=0); MS (ElyWz (%)
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326 (MNa, 100), 301 (28), 247 (32), 212 (15), 182 (52), 188); HRMS: [MNal],
found 326.13712, GH»1:04NNa requires 326.13683.
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(S)-4-isopropyl-3-((1R,1aR,7bR)-1a,2,3,7b-tetrahydro-1H-
cyclopropala]naphthalen-1-yl)oxazolidin-2-one 249 =@ (S)-4-isopropyl-3-
((1S,1aR,7bR)-1a,2,3,7b-tetrahydro-1H-cyclopropa[a]naphthalen-iyl)oxazolidin-
2-one 250

A solution of (S)-3-diethoxymethyl-4-isopropyloxdizin-2-one 201 (444 mg, 1.92
mmol, 1.25 eq.) in diethyl ether (2.5 ml) was addedpwisevia syringe pump (0.6
ml.h?) to a vigorously stirred refluxing mixture of zimtust (1.26 g, 19.3 mmol, 12.5
eq.), copper(l) chloride (126 mg, 1.30 mmol, 0.8),eginc chloride (1.0 M solution in
diethyl ether, 1.92 ml, 1.92 mmol, 1.25 eq.), cotomethylsilane (1.23 ml, 9.62 mmol,
6.25 eqg.) and alken&66 (200 mg, 1.54 mmol, 1 eq.) in diethyl ether (8 .nThe
reaction mixture was heated at reflux for 16 hothen quenched by the addition of a
saturated aqueous solution of sodium bicarbonatel)8filtered and the solids washed
with diethyl ether (10 ml). The biphasic mixture smaxtracted with diethyl ether (2 x
10 ml) and the combined organic extracts washeH faitne (10 ml), dried (MgS§€),
filtered and concentrated under reduced pressure.cfude product was purified by
column chromatography (diethyl ether:petroleum ethé) to give theN-cyclopropyl
oxazolidinone249 together with §-4-isopropylN-formyloxazolidin-2-one227 (137
mg, 249227 1.1:1 as determined B NMR spectrum) as a colourless solid, a mixture
of diastereoisomers (24 mg) as an orange oil aadNibyclopropyl oxazolidinon250
(57 mg) as a yellow-orange oil. The combined y®idiastereoisomers (169 mg, 40%)

was calculated frotH NMR spectrum.
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250 [0] ¥ —50.6 € 0.8, CHCE); IR(film): vnex 2483 (W), 2928, 1747 (s), 1418 (s), 1229,
1107, 1051 cm; 249 *H NMR (endo, 500 MHz, CDCJ): & 0.67 (d,J=7.0 Hz, 3H,
CH3CCHg), 0.87 (d,J=7.0 Hz, 3H, CHCCHj), 1.87-2.00 (m, 1H, BCHN), 1.93-2.00
(m, 1H, GHHCH,Ar), 2.00-2.08 (m, 1H, BMe,), 2.26 (br t,J=8.2 Hz, 1H, CHN),
2.42-2.52 (m, 2H, BHAr, CHHCH,Ar), 2.58 (dt,J=8.7, 3.0 Hz, 1H, BCH,0), 2.70-
2.76 (m, 1H, CHiAr), 2.81 (t,J=7.4 Hz, 1H, CHAr), 3.75 (t)=8.8 Hz, 1H, GIHO),
3.86 (dd,J=9.0, 2.9 Hz, 1H, CHO), 7.08 (d,J=7.3 Hz, 1H, Ar-H), 7.13-7.17 (m, 2H,
Ar-H), 7.29-7.30 (m, 1H, Ar-H)249 °C NMR (endo, 125 MHz, CDC)): & 15.0
(CHs), 17.3 (CH), 17.4 (CH), 19.0 (CH), 19.5 (CH), 27.4 (GH 28.4 (CH), 35.4
(CH), 58.7 (CH), 63.7 (Ch, 126.0 (CH-Ar), 126.4 (CH-Ar), 129.0 (CH-Ar), 180
(CH-Ar), 132.6 (C-Ar), 135.6 (C-Ar), 159.2 (C=0250: 'H NMR (exo, 500 MHz,
CDCly): 6 0.86 (d,J = 7.0 Hz, 3H, GisCCH), 0.90 (d,J=7.0 Hz, 3H, CHCCH3), 1.77
(tdd, J=13.4, 6.0, 3.0 Hz, 1H, IHCH.Ar), 2.04-2.11 (m, 3H, CHAr, BCHN,
CHMey), 2.42 (ddtJ=13.4, 6.6, 1.9 Hz, 1H, GHCH,Ar), 2.46-2.57 (m, 1H, BHAT),
2.66 (t,J=3.0 Hz, 1H, CHN), 2.68-2.70 (m, 1H, EAr), 3.74 (dt,J=8.8, 3.9 Hz, 1H,
CHCH,0), 4.08 (ddJ=9.0, 4.3 Hz, 1H, BHO), 4.21 (1,J=8.9 Hz, 1H, CHHO), 7.02
(d, J=7.3 Hz, 1H, Ar-H), 7.11-7.18 (m, 2H, Ar-H), 7.2528 (m, 1H, Ar-H);250 **C
NMR (exo, 125 MHz, CDCJ): & 15.0 (CH), 17.6 (CH), 18.1 (CH), 22.7 (CH), 24.3
(CH), 26.0 (CH), 28.4 (CH), 32.6 (CH), 60.8 (CH), 63.0 (9H125.9 (CH-Ar), 126.2
(CH-Ar), 128.5 (CH-Ar), 128.9 (CH-Ar), 134.2 (C-Ar}34.9 (C-Ar), 157.8 (C=0); MS
(CI") miz (%) : 272 (MH, 100), 179 (37), 142 (40), 136 (24); HRMS: [MHfound
272.16374, GH2,0:N requires 272.16505.
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(4S,5R)-3-((1S,2R)-2-tert-Butylcyclopropyl)-4-methyl-5-phenyloxazolidin-2-ore 251

Ph

o—
04\N_>’m,
H
ku

A solution of (4S,5R)-3-diethoxymethyl-4-methyl-Bgnyloxazolidin-2-one231 (386
mg, 1.38 mmol, 1.25 eq.) in diethyl ether (2 ml)svealded dropwisga syringe pump
(0.6 ml.hY) to a vigorously stirred refluxing mixture of zimust (903 mg, 13.8 mmol,
12.5 eq.), copper(l) chloride (91.0 mg, 0.94 mm@aP® eq.), zinc chloride (1.0 M
solution in diethyl ether, 1.4 ml, 1.4 mmol, 1.3)eghlorotrimethylsilane (0.88 ml, 6.93
mmol, 6.3 eq.) and 3,3-dimethyl-but-1-eb@4 (93 mg, 1.1 mmol, 1 eq.) in diethyl ether
(6 ml). The reaction mixture was heated at reflax I6 hours, then quenched by the
addition of a saturated aqueous solution of soddgarbonate solution (8 ml), filtered
and the solids washed with diethyl ether (10 mbhe biphasic mixture was extracted
with diethyl ether (2 x 10 ml) and the combinedammg extracts washed with brine (10
ml), dried (MgSQ), filtered and concentrated under reduced pressline crude
product was purified twice by column chromatograggtiethyl ether:petroleum ether
7:3) to give251 together with(4S,5R)-4-methyl-5-phenyIN-formyloxazolidin-2-one
and (4S,5R)-3-(diethoxymethyl)-4-methyl-5-phenyloxazddiin-2-one 231 (127 mg,
251:(4S,5R)-4-methyl-5-phenylN-formyloxazolidin-2-one: 231 1.3:1:1.6 as
determined byH NMR spectrum) an@51 together with(4S,5R)-4-methyl-5-phenyl-
N-formyloxazolidin-2-one (21 mg, 251:(4S,5R)-4-methyl-5-phenylN-
formyloxazolidin-2-one 1.6:1 as determined B4 NMR spectrum). The yield d?51
(59 mg, 20%) was calculated frotd NMR spectrum.

179



Experimental

IR (film): vmax 2955, 1789, 1746, 1711, 1404, 1364, 1221, 115Q0 tm’; *H NMR
(trans, 600 MHz, CDCJ): 6 0.86 (d,J=6.7 Hz, 3H, CHEIl3), 0.91 (s, 9H, C(83)3),
0.95-1.00 (m, 3H, 8,CHN, CHCHN), 2.39 (dt,J=6.8, 3.8 Hz, 1H, CHN), 3.91-3.94
(m, 1H, CHCHs), 5.51 (d,J=7.5 Hz, 1H, CHO), 7.30-7.47 (m, 5H, Ar-HYC NMR
(trans, 150 MHz, CDCJ): 6 11.2 (CH), 14.2 (CH), 26.7 (CH), 28.5 (C¥J, 30.7 (CH),
57.4 (CH), 78.3 (CH), 125.9 (C-Ar), 128.6 (C-Ar)3419 (C-Ar), 157.7 (C=0); MS
(CI") m/z (%) : 274 (MH, 100), 230 (30), 178 (57), 134 (70); HRMS: [MHfound
274.17962, &H240:N requires 274.18070.
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(9)-3-((1S,29)-2-benzylcyclopropyl)-4-ethyloxazolidin-2-one 254

A solution of (S)-3-diethoxymethyl-4-ethyloxazoidR-one230 (345 mg, 1.59 mmol,
1.25 eq.) in diethyl ether (2.5 ml) was added drigpwia syringe pump (0.6 mIHj to a
vigorously stirred refluxing mixture of zinc dugt.04 g, 15.9 mmol,12.5 eq.), copper(l)
chloride (104mg, 1.10 mmol, 0.9 eq.), zinc chlori@l® M solution in diethyl ether, 1.6
ml, 1.6 mmol, 1.25 eq.), chlorotrimethylsilane (1m0, 7.8 mmol, 6.2 eq.) and
allylbenzenel53 (150 mg, 1.27 mmol, 1 eq.) in diethyl ether (8 .mhe reaction
mixture was heated at reflux for 16 hours, themgbed by the addition of a saturated
aqueous solution of sodium bicarbonate (8 ml)efdd and the solids washed with
diethyl ether (10 ml). The biphasic mixture wasragted with diethyl ether (2 x 10 ml)
and the combined organic extracts washed with Hideml), dried (MgSG@), filtered
and concentrated under reduced pressure. The cpudéuct 254 and minor
undetermined diastereoisomers) was purified by maoluchromatography (diethyl

ether:petroleum ether 1:1) to gi24 as a pale yellow oil (136 mg, 44%).

[a] 2 —34.2 € 1.0, CHC}); IR (trans, film): vy 2966 (W), 1755 (s), 1420, 1219 (w),
1061 cnt; *H NMR (trans, 500 MHz, CDCY): § 0.71 (t,J=7.5 Hz, 3H, CH), 0.94-1.00
(m, 1H, GHHCHN), 1.17-1.30 (m, 3H, CHCHN, CHCHN, CHHCHj), 1.33-1.41 (m,
1H, CHHCHy), 2.25 (dt,J=7.0, 3.5 Hz, 1H, CHN), 2.38 (dd=14.4, 7.8 Hz, 1H,
CHHPh), 2.83 (dd,J=14.4, 6.0 Hz, 1H, CHPh), 3.34-3.40 (m, 1H, {@CH,0), 3.88
(dd, J=8.6, 4.6 Hz, 1H, BHO), 4.17 (tJ=8.6 Hz, 1H, CHHO), 7.19-7.25 (m, 3H, Ar-
H), 7.28-7.33 (m, 2H, Ar-H)}*C NMR (trans, 125 MHz, CDCJ): & 8.0 (CHy), 15.4
(CHy), 20.4 (CH), 24.3 (Ch), 29.6 (CH), 38.2 (Ch), 57.6 (CH), 66.3 (Ch), 126.3
(CH-Ar), 128.3 (CH-Ar), 128.5 (CH-Ar), 140.7 (C-Ar}57.8 (C=0); MS (EljWz (%):
268 (MNa, 100), 246 (19); HRMS: [MN4] found 268.13074, gH:s0-Na requires
268.13080.
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(9)-3-((1S,2R)-2-cyclohexylcyclopropyl)-4-isobutyloxazolidin-2-oe 255

A solution of (S)-3-diethoxymethyl-4-isobutyloxambh-2-one 228 (200 mg, 0.82
mmol, 1.25 eq.) in diethyl ether (0.5 ml) was addiedpwisevia syringe pump (0.6
ml.h%) to a vigorously stirred mixture of zinc amalgaf34 mg, 8.20 mmol, 12.5 eq.),
zinc chloride (1.0 M solution in diethyl ether, 2.8nl, 0.82 mmol, 1.25 eq.),
vinylcyclohexane252 (0.09 ml, 0.66 mmol, 1 eq.), trimethylsilyl chlde (0.52 ml, 4.08
mmol, 6.25 eq.), in diethyl ether (4 ml) at reflbhe resulting mixture was left to stir at
reflux for 16 hours, cooled to room temperature &edted with a saturated aqueous
solution of sodium bicarbonate (3 ml). The resgltmixture was stirred for 10 min,
filtered and the separated zinc washed with etbgtade. The resulting aqueous phase
was extracted with ethyl acetate (2 x 3 ml) anddtsbined organic extracts washed
with brine, dried (MgSQ), filtered and concentrated under reduced pressLine
residue was purified by column chromatography (dieether:petroleum ether 1:1) to

give theN-cyclopropyl oxazolidinon@55as a pale yellow semi-solid (80 mg, 46%).

[a] ® =74.0 € 1.71, CHCY); IR (film): vmax 2928, 1751, 1418, 1261, 1070, 1018'cm

'H NMR (300 MHz, CDC}): 4 0.55-0.64 (m, 1H, BCHCHN), 0.70-0.77 (m, 2H,
CHCHN, CHHCHN), 0.90 (d,J=6.6 Hz, 3H, EsCCHs), 0.94 (d,J=6.6 Hz, 3H,
CH5CCHs), 0.95-0.97 (m, 1H, CHCHN), 1.00-1.05 (m, 1H, BHCHCH,), 1.08-1.20
(m, 4H, (HHCH,CH, CHHCH,CH, CHHCH,CH,, CHHCHCH,), 1.41 (ddd,J=13.3,
11.0, 4.3 Hz, 1H, BHCHMe,), 1.50-1.58 (m, 1H, CHM# 1.58-1.63 (m, 1H,
CHHCH,CHy), 1.65-1.72 (m, 3H, CHCH,CH, CHHCH,CH, CHHCHCH,), 1.76 (ddd,
J=13.3, 9.8, 2.9 Hz, 1H, GHCHMe,), 1.80-1.88 (m, 1H, CHCHCH,), 2.15 (dt,
J=6.5, 3.6 Hz, 1H, CHN), 3.56-3.66 (m, 1HHCH,0), 3.91 (ddJ=8.6, 4.6 Hz, 1H,
CHHO), 4.19 (dd,J=8.7, 8.3 Hz, 1H, BHO); *C NMR (75 MHz, CDC}): J 13.7

182



Experimental

(CHy), 21.7 (CH), 23.8 (CH), 24.7 (CH), 25.5 (CH), 25.9 (CH 26.0 (CH), 26.3
(CHyp), 28.8 (CH), 32.2 (Ch), 33.0 (CH), 40.7 (CH), 40.8 (Ch, 55.5 (CH), 67.1
(CHy), 157.7 (C=0); MS (E)wz (%): 266 (MH, 26), 182 (100), 126 (31), 113 (23);
HRMS: [M]", found 265.20434, gH,7O,N requires 265.20417.
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(9)-3-((1S,29)-2-(4-methoxybenzyl)cyclopropyl)-4-isobutyloxazotlin-2-one 256

MeO

A solution of (S)-3-diethoxymethyl-4-isobutyloxambh-2-one 228 (328 mg, 1.34
mmol, 1.02 eq.) in diethyl ether (5 ml) was addeab@isevia syringe pump (0.6 ml:h

Y to a vigorously stirred mixture of zinc amalgai07 g, 16.4 mmol, 12.5 eq.), zinc
chloride (1.0 M solution in diethyl ether, 1.63 mil63 mmol, 1.25 eq.), 4-allylanisole
253 (193 mg, 1.31 mmol, 1 eq.), trimethylsilyl chlceid1.05 ml, 8.22 mmol, 6.28 eq.)
in diethyl ether (10 ml) at reflux. The resultingxtare was heated at reflux for 16
hours, cooled to room temperature and treated wisaturated aqueous solution of
sodium bicarbonate (8 ml). The resulting mixtures\stirred for 10 min, filtered and the
separated zinc washed with ethyl acetate. The aegghaqueous phase was extracted
with ethyl acetate (2 x 7 ml) and the combined pigaxtracts washed with brine,
dried (MgSQ), filtered and concentrated under reduced presstie residue was
purified by column chromatography (diethyl ethettpleum ether 1:1) to give56as a
pale orange oil (173 mg, 44%).

[a]* +10.68 ¢ 1.46, CHCY); IR (film): Vmax 2959, 1755 (s), 1512, 1417 (w), 1248,

1038 cnt. *H NMR (400 MHz, CDCY): 50.67 (d,J=6.5 Hz, 3H, CHCHCHS3), 0.82 (d,
J=6.5 Hz, 3H, Ei3CHCH), 0.90-1.00 (m, 2H, B,CHN), 1.1-1.35 (m, 4H, CHMe
CH,CHMe,, CHCHN), 2.29 (dt,J=6.9, 3.4 Hz, 1H, CHN), 2.31 (dd=14.4, 7.4 Hz,
1H, CHHAr), 2.77 (dd,J=14.4, 5.8 Hz, 1H, BHAr), 3.42-3.51 (m, 1H, BCH,0),
3.79 (s, 3H, OCh), 3.89 (dd,J=8.5, 5.2 Hz, 1H, CHO), 4.19 (t,J=8.5 Hz, 1H,
CHHO), 6.85 (d,J=8.7 Hz, 2H, Ar-H), 7.13 (dJ=8.7 Hz, 2H, Ar-H):**C NMR (75
MHz, CDCk): J15.4 (CH), 21.0 (CH), 21.2 (CH), 23.6 (CH), 24.3 (CH), 29.2 (CH),
37.6 (CH), 40.5 (CH), 55.2 (CH), 55.2 (Ch), 67.8 (CH), 114.1 (CH-Ar), 129.4 (CH-
Ar), 132.7 (C-Ar), 157.7 (C-Ar), 158.1 (C=0); MS (T m/z (%): 304 (MH, 75), 182
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(22), 134 (58), 121 (100); HRMS: [MH] found 304.19154, H.0sN requires
304.19126.
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(R)-3-((1R,2R)-2-(4-methoxybenzyl)cyclopropyl)-4-(hydroxymethylpxazolidin-2-
one 257

0
5 %\D\/OH
H
H

OMe

A solution of (7#&)-5-ethoxy-dihydro-1H-oxazolo[3,dloxazol-3(5H)-one232 (80.0
mg, 0.46 mmol, 1.25 eq.) in diethyl ether (2 ml)svealded dropwis@a syringe pump
(0.6 ml.hY) to a vigorously stirred mixture of zinc (303 63 mmol, 12.5 eq.), zinc
chloride (1.0 M solution in diethyl ether, 0.46 l46 mmol, 1.25 eq.), 4-allylanisole
253(0.06 ml, 0.37 mmol, 1 eq.), trimethylsilyl chide (0.30 ml, 2.36 mmol, 6.4 eq.) in
diethyl ether (3 ml) at reflux. The resulting misduwas heated at reflux for 36 hours,
cooled to room temperature and treated with a atdraqueous solution of sodium
bicarbonate (3 ml). The resulting mixture was etirfor 10 min, filtered and the
separated zinc washed with ethyl acetate. The aegghaqueous phase was extracted
with ethyl acetate (2 x 5 ml) and the combined pigaxtracts washed with brine,
dried (MgSQ), filtered and concentrated under reduced presstine residue was
purified by column chromatography (ethyl acetate) give the N-cyclopropyl
oxazolidinone257 as a yellow oil (24 mg, 23%).

[o] * +13.0 £ 0.55, CHCY); IR (film): Vmay 3408, 3057, 2924, 1736 (s), 1612 (W), 1512,

1427, 1267, 1244, 1092 (w), 1036 ¢ntH NMR (500 MHz, CDC}): §0.91-0.96 (m,
1H, CHHCHN), 1.12-1.17 (m, 1H, CHCHN), 1.19-1.23 (m, 1H, BCHN), 2.25 (dt,
J=6.7, 3.5 Hz, 1H, CHN), 2.38 (dd=14.6, 7.6 Hz, 1H, CHPh), 2.72 (ddJ=14.6, 6.4
Hz, 1H, GHHPh), 3.33 (ddJ=10.7, 3.2 Hz, 1H, BHOH). 3.36 (ddJ=10.7, 5.0 Hz,
1H, CHHOH), 3.47-3.53 (m, 1H, BCH,0), 3.79 (s, 3H, OC}), 4.10 (dd,J=8.6, 4.2
Hz, 1H, GHHOCO), 4.16 (tJ=8.6 Hz, 1H, CHHOCO), 6.84 (d,J=8.7 Hz, 2H, Ar-H),
7.12 (d,J=8.7 Hz, 2H, Ar-H);*C NMR (125 MHz, CDGJ): J 15.4 (CH), 20.4 (CH),
29.6 (CH), 37.3 (Ch), 55.2 (CH), 57.5 (CH), 60.7 (CbJ, 64.6 (CH), 113.9 (CH-Ar),
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129.3 (CH-Ar), 132.6 (C-Ar), 158.1 (C-Ar), 158.2%0); MS (CI) m/z (%): 278
(MH*, 33), 161 (40), 134 (20), 121 (100); HRMS: [MHiound 278.13742, £H-c0sN
requires 278.13868.

187



Experimental

(R)-3-((1R,2R)-2-benzylcyclopropyl)-4-(4-methoxyphenyl)oxazolidi-2-one 258 and
(9)-3-((1R,2R)-2-benzylcyclopropyl)-4-(4-methoxyphenyl)oxazolidi-2-one 259

o) )
H H

Ph Ph

A solution of R)-3-diethoxymethyl-4-(4-methoxyphenyl)-oxazolidireBe (300 mg,
1.01 mmol, 1.25 eq.) in diethyl ether (2 ml) wasled dropwisevia syringe pump (0.6
ml.h™%) to a vigorously stirred refluxing mixture of zimtust (664 mg, 10.2 mmol, 12.5
ed.), copper(l) chloride (66.0 mg, 0.67 mmol, 08 ,ezinc chloride (1.0 M solution in
diethyl ether, 1.0 ml, 1.0 mmol, 1.25 eq.), chlaroethylsilane (0.65 ml, 5.12 mmaol,
6.4 eq.) and allylbenzent53 (96 mg, 0.8 mmol, 1 eq.) in diethyl ether (4mlheT
reaction mixture was heated at reflux for 16 hothien quenched by the addition of a
saturated aqueous solution of sodium bicarbonatel)5filtered and the solids washed
with diethyl ether (5 ml). The biphasic mixture wadracted with diethyl ether (2 x 3
mL) and the combined organic extracts washed witheb(10 ml), dried (MgS@),
filtered and concentrated under reduced pressure.r@sidue was purified by column
chromatography (diethyl ether:petroleum ether iolyjive an inseparable mixture of
258 and 259 (70 mg, 29%258259 5.9:1 as determined bYf NMR spectrum) as a

yellow oil.

IR(mixture cyclopropanes, filmpmax 2917 (w), 1747 (s), 1612, 1513, 1407, 1245 (s),
1176, 1028 (s) ci 258 *H NMR (500 MHz, CDCJ): § 0.71-0.8 (m, 1H, BHCHN),
1.10-1.28 (m, 2H, CHCHN, CHCH,Ph), 2.09 (dtJ=7.1, 3.5 Hz, 1H, @N), 2.35 (dd,
J=14.5, 6.2 Hz, 1H, BHPh), 2.46 (ddJ=14.5, 6.4 Hz, 1H, CHPh), 3.82 (s, 3H,
OCHg), 4.02-4.08 (m, 1H, BHO), 4.42-4.48 (m, 2H, CHO, CHCH,0), 6.81-6.92 (m,
2H, Ar-H), 6.96-7.08 (m, 3H, Ar-H), 7.09-7.30 (mH4Ar-H); 258 *C NMR (125
MHz, CDCk): 6 13.7 (CH), 20.1 (CH), 30.6 (CH), 37.8 (GH 55.4 (CH), 60.8 (CH),
69.7 (CH), 114.5 (C-Ar), 126.1 (C-Ar), 128.0 (C-Ar), 128(€-Ar), 128.5 (C-Ar),
130.6 (C-Ar), 140.2 (C-Ar), 157.9 (C-Ar), 159.9 (O 259 'H NMR (500 MHz,
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CDCl): 8 0.50-0.56 (m, 1H, BHCHN), 0.80-0.89 (m, 1H, CHCHN), 1.31-1.39 (m,
1H, CHCH,Ph), 2.14 (dtJ=7.1, 3.5 Hz, 1H, @N), 2.23 (dd,J=14.7, 8.0 Hz, 1H,
CHHPh), 2.78 (ddJ=14.7, 5.6 Hz, 1H, CHPh), 3.81 (s, 3H, OC#)}, 4.08-4.12 (m, 1H,
CHHO), 4.50-4.60 (m, 2H, CHO, CHCH,0), 6.81-6.92 (m, 2H, Ar-H), 6.96-7.08 (m,
3H, Ar-H), 7.09-7.30 (m, 4H, Ar-H)259 *C NMR (125 MHz, CDGJ): § 12.1 (CH),
20.6 (CH), 31.3 (CH), 38.0 (G} 55.4 (CH), 61.0 (CH), 69.8 (Ch), 114.5 (C-Ar),
126.1 (C-Ar), 128.1 (C-Ar), 128.2 (C-Ar), 128.3 @), 130.7 (C-Ar), 140.3 (C-Ar),
158.3 (C-Ar), 160.0 (C=0); MS (Ehvz (%) : 323 (M, 8), 232 (55), 134 (100), 121
(50), 91 (25); HRMS: [M], found 323.15083, £gH,:0:N requires 323.15083.
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Ethyl 2-((1S,2S,5R)-6-((S)-4-benzyl-2-oxooxazolidin-3-yl)bicyclo[3.1.0]hexai2-
yl)acetate 260

A solution of §)-4-benzyl-3-diethoxymethyloxazolidin-2-0200 (384 mg, 1.38 mmol,
1.25 eq.) in diethyl ether (2 ml) was added dropwia syringe pump (0.6 mi} to a
vigorously stirred refluxing mixture of zinc dus®00 mg, 13.8 mmol, 12.5 eq.),
copper(l) chloride (90 mg, 0.9 mmol, 0.8 eq.), zamboride (1.0 M solution in diethyl
ether, 1.4 ml, 1.4 mmol, 1.3 eq.), chlorotrimetiiglze (0.88 ml, 6.93 mmol, 6.25 eq.)
and ethyl 2-(cyclopent-2-enyl)acetdt@3 (170 mg, 1.10 mmol, 1 eq.) in diethyl ether (6
ml). The reaction mixture was heated at reflux i@ hours, then quenched by the
addition of a saturated aqueous solution of sodwsarbonate (8 ml), filtered and the
solids washed with diethyl ether (10 ml). The bghamixture was extracted with
diethyl ether (2 x 10 ml) and the combined orgatacts washed with brine (10 ml),
dried (MgSQ), filtered and concentrated under reduced presstine residue was
purified twice by column chromatography (diethyh@tpetroleum ether 7:3) to give the
cyclopropane260 (12 mg) as a pale yellow oil and a mixture of ispsncontaining the
cyclopropane260 as a pale yellow semi solid (85 mg). The totaldyief isomers was
26%.

[a] > +33.7 € 0.35, CHCY); IR(trans, film): vmax 2939 (W), 1754 (s), 1729 (s), 1414,

1258, 1181, 1096, 1030 ém*H NMR (600 MHz, CDC)): § 0.73-0.81 (m, 1H,
CHHCHCH,CO), 1.24 (t,J=7.1 Hz, 3H, CH), 1.74 (ddd,J=6.6, 4.4, 1.9 Hz, 1H,
CHCHCH,CO), 1.76-1.81 (m, 1H, CHCHCH,CO), 1.86-1.93 (m, 2H, IGCHN,

CHHCHCHN), 2.06-2.10 (m, 1H, CHCHCHN), 2.34 (t,J=1.9 Hz, 1H, CHN), 2.37
(dd, J=15.4, 9.1 Hz, 1H, BHCO), 2.49 (dd,)=15.4, 5.7 Hz, 1H, CHCO), 2.63-2.70
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(m, 2H, GHHPh, (HCH,CO), 3.24 (ddJ=13.4, 4.0 Hz, 1H, CHPh), 3.78-3.83 (m,
1H, CHCH,0), 3.99-4.04 (m, 2H, CiD), 4.11-4.22 (m, 2H, O&,CHs), 7.20-7.23 (m,
2H, Ar-H), 7.26-7.29 (m, 1H, Ar-H), 7.33-7.36 (mH2Ar-H); **C NMR (trans, 150
MHz, CDCL): 6 14.3 (CH), 27.1 (CH), 27.8 (CH), 27.9 (CH), 28.5 (CH), 28.6 (CH),
36.8 (CH), 38.0 (Ch), 38.1 (CH), 57.6 (CH), 60.5 (Ch), 65.9 (CH), 127.2 (CH-Ar),
128.9 (CH-Ar), 129.3 (CH-Ar), 135.7 (C-Ar), 157.8%0), 172.9 (C=0); MS (C) m/z
(%) : 344 (MH, 100), 298 (64); HRMS: [MH] found 344.18531, £gH,s04N requires
344.18618.
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1-Benzyl-3-((IR,2R)-2-benzylcyclopropyl)imidazolidin-2-one 269

oy

ot

Zinc chloride (1.0 M solution in diethyl ether, 2®l, 2.8 mmol, 2 eq.) and

Ph

chlorotrimethylsilane (2.50 ml, 19.6 mmol, 14 ewgre added to a solution of 1-
benzylimidazolidin-2-on€68 (492 mg, 2.79 mmol, 2 eq.) in diethyl ether (5 et
the resulting mixture was heated at reflux for lid.nThe flask was removed from the
oil bath, and zinc dust (1.37 g, 21.0 mmol, 15 ,ecppper(l) chloride (137 mg, 1.38
mmol, 1 eq.) and allylbenzeri®3 (165 mg, 1.39 mmol, 1 eq.) in diethyl ether (5 ml)
were added to the mixture which was then heatecefaix. A solution of triethyl
orthoformate (2.30 ml, 13.8 mmol, 10 eq.) was addiegwisevia syringe pump (0.6
ml.h?%) to the vigorously stirred refluxing mixture. Afteeating at reflux for 16 hours,
the mixture was quenched by the addition of a a&#draqueous solution of sodium
bicarbonate (10 ml), filtered and the solids washetth diethyl ether (10 ml). The
biphasic mixture was extracted with diethyl etifex(10 ml) and the combined organic
extracts washed with brine (10 ml), dried (MggCiltered and concentrated under
reduced pressure. The residue was purified by aoleghromatography twice (ethyl
acetate:petroleum ether 6:4 then diethyl ethetmin 269 (90% pure by'H NMR

spectrum) as a yellow oil (84 mg, 20%).

IR (film): vmax 3026, 2858, 1699 (s), 1489 (s), 1439 (s), 135631(8) cnt; 'H NMR
(500 MHz, CDC}): J 0.70-0.75 (m, 1H, BHCHN), 0.97 (dddJ=9.2, 5.6, 3.6 Hz, 1H,
CHHCHN), 1.25-1.33 (m, 1H, BCHN), 2.32 (dtJ=6.9, 3.6 Hz, 1H, CHN), 2.53 (dd,
J=14.7, 7.4 Hz, 1H, BHPh), 2.79 (ddJ=14.7, 6.6 Hz, 1H, CHPh), 3.10-3.15 (m, 2H,
CH;N), 3.05-3.10 (m, 2H, CHN), 4.31 (d,J=14.9 Hz, 1H, N&HPh), 4.35 (d,)=14.9
Hz, 1H, NCHHPh), 7.23-7.33 (m, 10H, H-Ar)*C NMR (125 MHz, CDGJ): 512.8
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(CHy), 19.9 (CH), 33.0 (CH), 38.1 (GH 42.2 (CH), 43.6 (CH), 48.2 (CH), 126.0
(CH-Ar), 127.3 (CH-Ar), 128.2 (CH-Ar), 128.3 (CH-Ar128.4 (CH-Ar), 128.5 (CH-
Ar), 129.0 (CH-Ar), 137.3 (C-Ar), 141.0 (C-Ar), 1&1(C=0); MS (El)nVz (%): 329
(MNa’, 100); HRMS]MNa]*, found 329.16199, £H.,0ON,Na requires 329.16243.
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4-(But-3-enyl)azetidin-2-one 2793

o)

tl\t///
—_—

A mixture of hexa-1,5-dien€78 (3.65 ml, 30.8mmol, 1 eq.) and chlorosulfonyl
isocyanate (2.70 ml, 31.0 mmol., 1 eq.) was stiaetbom temperature for 7 days. The
reaction mixture was dissolved in dichloromethab@ l) and added to a solution of
sodium sulphite (5.25 g, 41.7 mmol, 1.6 eq.) inevg25 ml) and dichloromethane
(12.5 ml). The pH was maintained between 7 and theyaddition of a solution of 10%
KOH (approx. 50 ml). Ethyl acetate (50 ml) was atidend the organic layer separated.
The aqueous phase was extracted with ethyl acate 25 ml) and the combined
organic extracts were dried (Mg@Qfiltered and concentrated under reduced pressure
The residue was purified by column chromatographgtllyl ether) to give279as an
orange oil (1.406 g, 37%).

IR (film): Vmax 3258, 3258, 2934, 1744 (s), 1641, 1416, 1188;cdi NMR (500 MHz,

CDCl): §1.70-1.77 (m, 2H, 8,CHNH), 2.09-2.15 (m, 2H, B,CH=CH,), 2.29 (ddd,
J=14.8, 2.4, 1.3 Hz, 1H, lGHCO), 3.06 (dddJ=14.8, 5.0, 2.3 Hz, 1H, QHCO), 3.61-
3.66 (m, 1H, CHNH), 5.00 (ddd=10.2, 3.0, 1.3 Hz, 1H, ldH=CH), 5.05 (dqg,)=17.1,

1.7 Hz, 1H, CHH=CH), 5.75-5.84 (m, 1H, B=CH,), 5.99 (s, 1H, NH)**C NMR (125
MHz, CDCk): § 30.7 (CH), 34.5 (CH), 43.6 (CH), 47.8 (CH), 115.6 GH,=CH),

137.2 CH=CH,), 167.8 (C=0); MS (C) m/z (%) : 126 (MH, 100), 83 (99); HRMS:
[MH] ™ found 126.09147, {4,,0N requires 126.09188.
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5-(But-3-enyl)pyrrolidin-2-one 280"

H
o-_N
REVAR N

Magnesium (3.92 g, 161 mmol, 5.3 eq.) was stirredoam temperature for 1 hour
before being suspended in tetrahydrofuran (40 Alsolution of 1-bromobut-3-ene
(12.3 ml, 121 mmol, 4 eq.) in tetrahydrofuran (40 mas added dropwise and the
resulting mixture heated at reflux for 30 min. Afoling to room temperature, the
mixture was added dropwisga cannula to a solution of succinimide (3.00 g, 30.3
mmol, 1 eq.) in tetrahydrofuran (60 ml) at 0 °C.eTinixture was allowed to warm to
room temperature, stirred for 16 hours before sadoyanoborohydride (1.90 g, 30.2
mmol,1 eq.) and a few drops of methyl orange welded. The mixture was acidified
with acetic acid until the indicator changed fromllgw to pink and stirred for 1.5
hours. Neutralisation (5% ag. NaOH) and removahefsolventsn vacuo gave a solid
residue that was dissolved in a saturated aquesduson of sodium bicarbonate (150
ml) and extracted with ethyl acetate (3 x 100 fMilje combined extracts were washed
with water (100 ml), brine (100 ml), dried (Mg@Qfiltered and concentrated under
reduced pressure. The residue was purified by aolcimomatography (1% methanol in

ethyl acetate) to give the title prod@80as a yellow oil (2.7g, 64%).

IR (film): Vimax 3219 (w), 2928 (w), 1692 (s), 1266 ¢ntH NMR (400 MHz, CDC}): &
1.55-1.66 (m, 2H, 8,CHNH), 1.70-1.77 (m, 1H, BHCH,CO), 2.07-2.17 (m, 2H,
CH,CH=CH,), 2.29-2.36 (m, 3H, CKO, CHHCH,CO), 3.60-3.70 (m, 1H, CHNH),
5.0 (dd,J=10.6, 1.5 Hz, 1H, BH=CH), 5.05 (dd,J=19.0, 1.5 Hz1H, CHH=CH),
5.71-5.87 (m, 1H, B=CH,), 6.14 (s, 1H, NH)}*C NMR (75 MHz, CDCJ): J 27.3
(CHy), 30.0 (CH), 30.4 (CH), 35.8 (CH), 54.0 (CH), 115.6 GH,=CH), 137.5
(CH=CH,), 179.5 (C=0); MS (C) m/z (%) : 140 (MH, 100), 138 (93), 100 (10);
HRMS: [MH]" found 140.10761, §:40ON requires 140.10753.
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5-(Pent-4-enyl)pyrrolidin-2-one 281'"*

H
O@N/\/\/
—

Magnesium (1.72 g, 70.8 mmol, 7 eq.) was stirredoatn temperature for 40 min
before being suspended in tetrahydrofuran (60 Al¥olution of 5-bromopent-1-ene
(6.00 ml, 50.6 mmol, 5 eq.) in tetrahydrofuran (20 was added dropwise and the
resulting mixture heated at reflux for 30 min. Afoling to room temperature, the
mixture was added dropwisga cannula to a solution of succinimide (1.00 g, 10.0
mmol, 1 eq.) in tetrahydrofuran (20 ml) at 0 °C.eTinixture was allowed to warm to
room temperature, stirred for 16 hours before sodiyjanoborohydride (634 mg, 10.09
mmol, 1 eq.) and a few drops of methyl orange veel@ged. The mixture was acidified
with acetic acid until the indicator changed frogllgw to pink and stirred for another 1
hour. Neutralisation (5% aqg. NaOH) and removalhef $olventsn vacuo gave a solid
residue that was dissolved in a saturated aquedusan of sodium bicarbonate (80
ml) and extracted with ethyl acetate (3 x 60 mheTombined extracts were washed
with water (60 ml), brine (60 ml), dried (MgQ) filtered and concentrated under
reduced pressure. The residue was purified by aolcimomatography (1% methanol in
ethyl acetate) to give81as a yellow oil (1.126 g, 73%).

IR (film): Vmax 3227, 2930, 1693 (s), 1460, 1265 mH NMR (500 MHz, CDC)): &

1.34-1.57 (m, 4H, 8,CHNH, CH,CH,CHNH), 1.65-1.73 (m, 1H, BHCH,CO), 2.04-
2.10 (m, 2H, ®,CH=CH,), 2.20-2.27 (m, 1H, CHCH,CO), 2.28-2.35 (m, 2H,
CH,CO), 3.59-3.66 (m, 1H, CHNH), 4.90 (d&10.2, 1.5 Hz, 1H, BH=CH), 5.00

(dd,J=17.1, 1.5 Hz, 1H, CH=CH), 5.72-5.82 (m, 1H, B=CH,), 6.55 (s, 1H, NH)**C

NMR (125 MHz, CDC)): § 25.1 (CH), 27.2 (CH), 30.2 (CH), 33.5 (CH), 36.1

(CH,), 54.5 (CH), 115.0GH,=CH), 138.1 CH=CH,), 178.4 (C=0); MS (El) m/z (%) :
154 (MH', 7), 124 (9), 110 (73), 97 (34), 84 (100), 56 (24RMS: [M]* found

153.11421, GH150N requires 153.11482.
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5-(4-Methylpent-3-enyl)pyrrolidin-2-one 282

H
o) N
W

Magnesium (894 mg, 36.8 mmol, 6 eq.) was stirretbam temperature for 16 hours
before being suspended in tetrahydrofuran (30 Al¥olution of 5-bromo-2-methyl-
pent-2-ene (4.00 g, 24.5 mmol, 4 eq.) in tetrahfgdemn (5 ml) was added dropwise and
the resulting mixture heated at reflux for 45 nAfter cooling to room temperature, the
mixture was added dropwiséa cannula to a solution of succinimide (607 mg, 6.13
mmol, 1 eq.) in tetrahydrofuran (15 ml) at 0 °C.eTinixture was allowed to warm to
room temperature, stirred for 16 hours before sadiyanoborohydride (385 mg, 6.13
mmol, 1 eq.) and a few drops of methyl orange veelded. The mixture was acidified
with acetic acid until the indicator changed frogllgw to pink and stirred for another
1.5 hours. Neutralisation (5% aq. NaOH) and rem@fahe solvents under vacuum
gave a solid residue that was dissolved in a dairaqueous solution of sodium
bicarbonate (40 ml) and extracted with ethyl aeefdtx 30 ml). The combined extracts
were washed with water (60 ml), brine (60 ml), drigMgSQ,), filtered and
concentrated under reduced pressure. The residue muaified by column
chromatography (5% methanol in ethyl acetate) e the produck82as a pale yellow
oil (481 mg, 47%).

IR (film): Vmax 3209, 2918, 2359, 1693 (s), 1423, 1263'cAH NMR (400 MHz,
CDCly): J 1.50-1.59 (m, 2H, B,CHNH), 1.61 (s, 3H, B3;CCHs), 1.70 (s, 3H,
CH3CCHs), 1.72 (m, 1H, G®HCH,CO), 2.00-2.07 (m, 2H, I8,CH=C), 2.20-2.38 (m,
3H, CH,CO, CHHCH,CO), 3.60-3.68 (m, 1H, CHNH), 5.05-5.12 (m, 1H{€C), 5.76
(s, 1H, NH);™*C NMR (125 MHz, CDGJ): 24.7 (CH), 25.7 (CH), 27.4 (CH), 30.0
(CH,), 36.7 (CH), 54.1 (CH), 123.0GH=C), 136.9 C=CH), 169.1 (C=0); MS (EI)
m/z (%) : 167 (M, 13), 124 (14), 110 (45), 97 (22), 24(100); HRMBt* found
167.13060, GH:7ON requires 167.13101.
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6-(But-3-enyl)-piperidin-2-one 283"

NH

Magnesium (1.72 g, 70.8 mmol, 7 eq.) was stirredoam temperature for 1 hour
before being suspended in diethyl ether (50 misohution of 4-bromobut-1-ene (5.10
ml, 50.2 mmol, 5 eq.) in diethyl ether (10 ml) wadded dropwise and the resulting
mixture heated at reflux for 45 min. After coolitgroom temperature, the mixture was
added dropwis@ia cannula to a solution of glutarimide (1.01 g, 1thfol, 1 eq.) in
tetrahydrofuran (30 ml) at 0 °C. The mixture wdswéd to warm to room temperature,
stirred for 16 hours before sodium cyanoborohyd(&gt mg, 10.1 mmol, 1 eq.) and a
few drops of methyl orange were added. The mixtmas acidified with acetic acid
until the indicator changed from yellow to pink amstirred for another 1 hour.
Neutralisation (5% aqg. NaOH) and removal of theralsin vacuo gave a solid residue
that was dissolved in a saturated aqueous solafi@odium bicarbonate (80 ml) and
extracted with ethyl acetate (3 x 60 ml). The carediextracts were washed with water
(60 ml), brine (60 ml), dried (MgSA filtered and concentrated under reduced pressure
The residue was purified by column chromatograg® (methanol in ethyl acetate) to

give the produck83as a yellow oil (1.01 g, 66%).

IR (film): Vimax 3209 (s), 2943 (s), 1663 (s), 1408, 1346'ciH NMR (500 MHz,

CDCl): 61.32-1.40 (m, 1H, BHCH,CH,CO), 1.54-1.61 (m, 2H, I&,CH,CH=CH,),

1.62-1.74 (m, 1H, BHCH,CO), 1.84-1.95 (m, 2H, CHCH,CH,CO, CHHCH,CO),

2.08-2.15 (m, 2H, B,CH=CH,), 2.27 (dddJ=17.8, 10.6, 5.9 Hz, 1H, IHCO), 2.34-
2.42 (m, 1H, CHICO), 3.34-3.42 (m, 1H, CHN), 5.00 (@10.1 Hz, 1H, GH=CH),

5.05 (dd,J=17.2, 1.3 Hz, 1H, CH=CH), 5.73-5.83 (m, 1H, B=CH,), 5.95 (s, 1H,
NH); **C NMR (125 MHz, CDG)): J 19.7 (CH), 28.3 (CH), 29.6 (CH), 31.3 (CH),

35.9 (CH), 52.6 (CH), 115.6GH,=CH), 137.2 CH=CH,), 172.3 (C=0); MS (El) m/z
(%) : 154 (MH, 100), 98 (8); HRMS: [MH] found 154.12271, §:6ON requires
154.12319.
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6-(Pent-4-enyl)piperidin-2-one 284

(0]
ii’\ﬁ/\/\
X

Magnesium (1.72 g, 70.8 mmol, 7 eq.) was stirredoam temperature for 1 hour
before being suspended in diethyl ether (50 migoAution of 5-bromopent-1-ene (5.95
ml, 50.2 mmol, 5 eq.) in diethyl ether (10 ml) wadded dropwise and the resulting
mixture heated at reflux for 45 min. After coolitgroom temperature, the mixture was
added dropwis@ia cannula to a solution of glutarimide (1.14 g, 1thol, 1 eq.) in
tetrahydrofuran (30 ml) at 0 °C. The mixture wdswéd to warm to room temperature,
stirred for 16 hours before sodium cyanoborohyd(&gt mg, 10.1 mmol, 1 eq.) and a
few drops of methyl orange were added. The mixtmas acidified with acetic acid
until the indicator changed from yellow to pink astirred for another 1.5 hours.
Neutralisation (5% ag. NaOH, 60 ml) and removathef solventsn vacuo gave a solid
residue that was dissolved in a saturated aquedusam of sodium bicarbonate (80
ml) and extracted with ethyl acetate (3 x 60 mheTombined extracts were washed
with water (60 ml), brine (60 ml), dried (MgQ) filtered and concentrated under
reduced pressure. The residue was purified by aolcimomatography (1% methanol in
ethyl acetate) to give the prodi84 as a pale yellow oil (1.0 g, 68%).

IR (film): Vmax 2937 (s), 2943 (s), 2360, 1666 (s), 1408, 1182cfw}; 'H NMR (500

MHz, CDCkL): 6 1.30-1.39 (m, 1H, BHCH,CH,CO), 1.40-1.52 (m, 4H,
CH,CH,CH=CH,, CH,CHNH), 1.62-1.73 (m, 1H, BHCH,CO), 1.84-1.95 (m, 2H,
CHHCH,CH,CO, CHHCH,CO), 2.04-2.1 (m, 2H, B,CH=CH,), 2.27 (ddd,J=17.8,

10.8, 6.0 Hz, 1H, BHCO), 2.35-2.42 (m, 1H, CHCO), 3.32-3.39 (m, 1H, CHN),
4.95-5.04 (m, 2H, 8,=CH), 5.73-5.82 (m, 1H, B=CH,), 5.85 (s, 1H, NH)**C NMR

(125 MHz, CDCH): d 19.8 (CH), 24.5 (CH), 28.4 (CH), 31.3 (CH), 33.4 (CH), 36.3

(CH,), 53.1 (CH), 115.1GH,=CH), 138.0 (CH=CH), 172.3 (C=0); MS (El) m/z (%) :
168 (MH', 100), 97 (5); HRMS: [MH] found 168.13890, HisON requires
168.13884.
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5-(But-3-enyl)-1-(diethoxymethyl)pyrrolidin-2-one 285

A stirred mixture of the amid@80 (713 mg, 5.13 mmol, 1 eq.), aluminium chloride
(103 mg, 0.77 mmol, 0.15 eq.) and triethyl orthofate (25.0 ml, 150 mmol, 29 eq.)
was heated at 155 °C for 18 hours. The reactionturexwas cooled to room
temperature before being quenched with a saturatpteous solution of sodium
bicarbonate (15 ml). The separated aqueous phasexttacted with ethyl acetate (4 x
20 ml) and the combined organic extracts were waskigh brine, dried (MgSg),
filtered and concentrated under reduced pressuhe ffiethyl orthoformate was
evaporated under high vacuum and as analysis by NMResidue indicated only 50%
conversion, the reaction was restarted by mixirg résidue with AIG (0.15 eq) in
triethyl orthoformate (36 ml), and heating at 1%5for 18 hours. After a similar work-
up, the residue was purified by column chromatdgyafaliethyl ether:petroleum ether
3:1) to give285as a yellow oil (565 mg, 46%).

IR (film): Vimax 2980, 1694 (s), 1418, 1262 (s), 1063’cit NMR (400 MHz, DMSO):
01.13-1.24 (m, 6H, 2 x C}Hs), 1.49-1.62 (m, 1H, BHCHN), 1.65-1.75 (m, 1H,
CHHCHN), 1.99-2.18 (m, 4H, B,CH,CO, CH,CH=CH,), 2.26-2.36 (m, 1H,
CHHCO), 2.39-2.47 (m, 1H, CHCO), 3.43-3.67 (m, 4H, 2 xK3CHs), 3.75-3.80 (m,
1H, CHN), 5.10 (ddJ=10.2, 1.6 Hz, 1H, BH=CH), 5.20 (dd,J=17.2, 1.6 Hz, 1H,
CHH=CH), 5.82-5.92 (m, 2H, CH(ORt)CH=CH,); **C NMR (75 MHz, DMSO):J
14.7 (CH), 23.5 (CH), 28.8 (CH), 29.9 (CH), 33.1 (CH), 53.8 (CH), 61.6 (Cb),
61.7 (CH), 99.1 (CH), 114.7GH,=CH), 138.2 CH=CH,), 174.8 (C=0); MS (C) m/z
(%) : 264(MN4, 34), 196 (100), 182 (19), 168 (55); HRMS: [MN&)und 264.15684,
Ci3H2303NNa requires 264.15701.
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1-(Diethoxymethyl)-5-(pent-4-enyl)pyrrolidin-2-one286

o 4

o)

Lo

A mixture of the amid&81 (894 mg, 5.84 mmol, 1 eq.), aluminium chloride (1§,
0.87 mmol, 0.15 eq.) and triethyl orthoformate (4@, 253 mmol, 43 eq.) was heated
at 155 °C for 18 hours. The reaction mixture wasle® to room temperature before
being quenched with a saturated aqueous soluti@oditim bicarbonate (30 ml). The
separated aqueous phase was extracted with e#tgta¢3 x 40 ml) and the combined
organic extracts were washed with brine, dried (MgS filtered and concentrated
under reduced pressure. The triethyl orthoformaas @vaporated under high vacuum
and the residue was purified by column chromatdgyggiethyl ether:petroleum ether

3:1) to give286as a yellow-orange oil (875 mg, 59%).

IR (film): Vimax 3076, 2976, 1705 (s), 1414 (s), 1105 (s)*edH NMR (500 MHz,
DMSO): J1.17 (t,J=7.0 Hz, 3H, OCHCHs), 1.19 (t,J=7.0 Hz, 3H, OCHCHj), 1.33-
1.50 (m, 3H, &,CH,CH=CH,, CHHCHN), 1.64-1.72 (m, 1H, BHCH,CO), 1.88-1.96
(m, 1H, CHHCHN), 2.04-2.15 (m, 3H, B,CH=CH,, CHHCH,CO), 2.29 (dddJ=16.9,
9.7, 5.8 Hz, 1H, BHCO), 2.40 (dddJ=16.9, 9.4, 7.3 Hz, 1H, QHCO), 3.45-3.64 (m,
4H, 2 x OCH), 3.73-3.80 (m, 1H, CHN), 4.99-5.03 (m, 1HHB=CH), 5.04-5.10 (m,
1H, CHH=CH), 5.80-5.90 (m, 2H, CH(OE#)CH=CH,); **C NMR (125 MHz, DMSO):
d 14.7 (CH), 14.8 (CH), 23.7 (CH), 30.1 (CH), 33.2 (CH), 33.7 (CH), 54.2 (CH),
61.6 (CH), 61.8 (CH), 100.0 (CH), 114.8GH,=CH), 138.6 CH=CH,), 175.2 (C=0);
MS (FAB) m/z (%) : 278 (MN§ 100), 248 (7), 199 (7), 173 (19); HRMS:
[MNa]*,found 278.17284, GH»s0sNNa requires 278.17320.
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Experimental

1-(Diethoxymethyl)-5-(4-methylpent-3-enyl)pyrrolidin-2-one 287

o 4

O

.

A mixture of the amid82 (130 mg, 0.78 mmol, 1 eq.), aluminium chloride (g,
0.15 mmol, 0.19 eq.) and triethyl orthoformate @5 30 mmol, 38.5 eq.) was heated at
155 °C for 18 hours. The reaction mixture was codteroom temperature before being
quenched with a saturated aqueous solution of sodicarbonate (15 ml). The
separated aqueous phase was extracted with etitgta¢4 x 20 ml) and the combined
organic extracts were washed with brine, dried (MgS filtered and concentrated
under reduced pressure. The triethyl orthoformaas @vaporated under high vacuum
and the residue was purified by column chromatdgyggiethyl ether:petroleum ether
3:1) to give287as a yellow-orange oil (189 mg, 90%).

IR (film): Vimax 2976, 1705 (s), 1413, 1263 (s), 1062'citH NMR (400 MHz, DMSO):
01.17 (t,J=7.1 Hz, 3H, OCHCHs), 1.19 (t,J=7.1 Hz, 3H, OCKCH3), 1.41-1.51 (m,
1H, CHHCH,CO), 1.63 (s, 3H, B3CCHg), 1.71 (s, 3H, CECCHa3), 1.72-1.76 (m, 1H,
CHHCH,CO), 1.88-2.06 (m, 3H, EHCH=C, CH,CHN), 2.09-2.16 (m, 1H,
CHHCH=C), 2.30 (dddJ=16.9, 9.6, 6.0 Hz, 1H, ldHCO), 2.41 (dddJ=16.9, 9.5, 7.1
Hz, 1H, CHHCO), 3.42-3.65 (m, 4H, 2 xK3CHs), 3.69-3.78 (m, 1H, CHN), 5.10-5.17
(m, 1H, CH=C), 5.85 (s, 1H, CH(OEp *C NMR (125 MHz, DMSO0):J 14.7 (CH),
14.8 (CH), 17.5 (CH), 23.4 (CH), 23.7 (CH), 25.5 (CH), 30.1 (CH), 34.3 (CH),
54.1 (CH), 61.7 (Ch), 61.8 (CH), 100.0 (CH), 123.9GH=C), 131.6 C=CH), 175.2
(C=0); MS (FAB) m/z (%) : 292 (MNa 100), 190 (12), 173 (27); HRMS: [MN3]
found 292.18933, H»7O3N requires 292.18885.
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6-(But-3-enyl)-1-(diethoxymethyl)piperidin-2-one 28

A mixture of the amid83 (965 mg, 6.30 mmol, 1 eq.), aluminium chloride (12§,
0.95 mmol, 0.15 eq.) and triethyl orthoformate (48, 276 mmol, 44 eq.) was heated
at 155 °C for 18 hours. The reaction mixture wasle® to room temperature before
being quenched with g (0.2 ml) and a saturated aqueous solution of usodi
bicarbonate (30 ml). The separated aqueous phasexttacted with ethyl acetate (3 x
40 ml) and the combined organic extracts were washigh brine, dried (MgSg),
filtered and concentrated under reduced pressuhe ffiethyl orthoformate was
evaporated under high vacuum and the residue w#gedwy column chromatography

(diethyl ether:petroleum ether 4:1) to gik@8as a pale yellow oil (671 mg, 42%).

IR (film): Vmax 2976 (s), 2359 (W), 1655 (s), 1439 (s), 1412, 129D3 (s), 1063 cth

'H NMR (500 MHz, DMS0):01.17 (t,J=7.0 Hz, 3H, OCHCHz), 1.18 (t,J=7.0 Hz,
3H, OCHCHys), 1.55-1.73 (m, 3H, BHCH,CO, CHHCHN, CHHCH,CH,CO), 1.80-
1.95 (m, 3H, CHICH,CO, CHHCHN, CHHCH,CH,CO), 1.96-2.06 (m, 1H,
CHHCH=CH,), 2.07-2.16 (m, 1H, CHCH=CH,), 2.26-2.43 (m, 2H, CkO), 3.40-
3.47 (m, 1H, OGIHCH;), 3.49-3.57 (m, 2H, OBHCHs;, OCHHCHj3), 3.62-3.68 (m.
1H, OCHHCHs), 3.68-3.74 (m, 1H, CHN), 5.01 (dd:10.4, 1.3 Hz, 1H, BH=CH),

5.10 (dq,J=17.2, 1.7 Hz, 1H, CH=CH), 5.80-5.88 (m, 1H, B=CH,), 6.25 (s, 1H,
CH(OEt)); **C NMR (125 MHz, DMSO):J 14.8 (CH), 15.4 (CH), 24.6 (CH), 30.0
(CHy), 30.8 (CH), 32.0 (CH), 48.7 (CH), 61.6 (Ch), 62.0 (CH), 100.2 (CH), 114.9
(CH,=CH), 138.2 CH=CH,), 170.1 (C=0); MS (C) m/z (%) : 278 (MN4 100), 232
(17), 176 (31); HRMS: [MN4] found 278.17413, {gH,s0sNNa requires 278.17321.
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Experimental

1-(Diethoxymethyl)-6-(pent-4-enyl)piperidin-2-one 89

A mixture of the amid&84 (975 mg, 5.83 mmol, 1 eq.), aluminium chloride (1@,
0.88 mmol, 0.15 eq.) and triethyl orthoformate (481, 258 mmol, 44 eq.) was heated
at 155 °C for 18 hours. The reaction mixture wasle® to room temperature before
being quenched with gt (0.2 ml) and a saturated aqueous solution of usodi
bicarbonate (30 ml). The separated aqueous phasexttacted with ethyl acetate (3 x
40 ml) and the combined organic extracts were washiéh brine, dried (MgSg),
filtered and concentrated under reduced pressuhe ffiethyl orthoformate was
evaporated under high vacuum and the residue w#sedy column chromatography
(diethyl ether:petroleum ether 4:1) to gik@9as a pale yellow oil (859 mg, 55%).

IR (film): Vmax 3481 (W), 3076, 2976 (s), 2930 (s), 2359, 16591439 (s), 1414 (s),
1292 cnt; *H NMR (500 MHz, DMS0):51.17 (t,J=7.0 Hz, 3H, OCHCHs), 1.18 (t,

J=7.0 Hz, 3H, OCHCHs), 1.28-1.36 (m, 1H, BHCH,CH=CH,), 1.36-1.45 (m, 1H,
CHHCH,CH=CH,), 1.51-1.63 (m, 2H, BHCHN, CHHCH,CH,CO), 1.63-171 (m, 1H,
CHHCH,CO), 1.77-1.90 (m, 3H, CHCHN, CHHCH,CH,CO, CHHCH,CO), 2.03-
2.09 (m, 2H, G,CH=CH,), 2.28-2.44 (m, 2H, CHO), 3.40-3.47 (m, 1H,
OCHHCHs), 3.47-355 (m, 2H, OBHCH; OCHHCHs), 3.60-3.67 (m, 1H,
OCHHCHj), 3.67-3.75 (m, 1H, CHN), 4.95-5.02 (m, 1HiB=CH), 5.07 (dddJ=17.2,

3.6, 1.7 Hz, 1H, CH=CH), 5.81-5.90 (m, 1H, B=CH,), 6.25 (s, 1H, CH(OE%); *C

NMR (125 MHz, DMSO):Jd 14.8 (CH), 15.4 (CH), 24.8 (CH), 25.0 (CH), 30.8

(CH,), 32.6 (CH), 33.1 (CH), 49.0 (CH), 61.5 (Ch), 61.9 (CH), 100.1 (CH), 114.9
(CH,=CH), 138.5 CH=CH,), 170.0 (C=0); MS (El) m/z (%) : 292 (MNal00), 278
(12), 246 (22), 190 (22); HRMS: [MNj]found 292.18912, &H,;0:NNa requires
292.18886
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4-(But-3-enyl)-1-(diethoxymethyl)azetidin-2-one 290

A mixture of the amid®79(1.0g, 8.0 mmol, 1 eq.), aluminium chloride (168,rh@6
mmol, 0.16 eq.) and triethyl orthoformate (59.0 885 mmol, 44 eq.) was heated at
155 °C for 36 hours. The reaction mixture was codteroom temperature before being
quenched with a saturated aqueous solution of sodicarbonate (30 ml). The
separated aqueous phase was extracted with etigta¢3 x 40 ml) and the combined
organic extracts were washed with brine, dried (MgS filtered and concentrated
under reduced pressure. The triethyl orthoformads evaporated under high vacuum
and the residue was purified by column chromatdgyggiethyl ether:petroleum ether
1:1) to give290as a pale yellow oil (580 mg, 32%).

IR (film): Vimax 2978, 1765 (s), 1641, 1381, 1063 ntH NMR (500 MHz, DMSO):d
1.18 (t,J=7.0 Hz, 3H, OCHCH3), 1.19 (t,J=7.0 Hz, 3H, OCHCH3), 1.57-1.66 (m, 1H,
CHHCHN), 1.90-1.98 (m, 1H, CHCHN), 2.08-2.20 (m, 2H, B,CH=CH,), 2.63 (dd,
J=14.9, 2.7 Hz, 1H, BHCO), 3.04 (ddJ=14.9, 5.4 Hz, 1H, CHCO), 3.52-3.65 (m,
4H, 2 x OGH,CH), 3.71-3.76 (m, 1H, CHN), 5.0-5.04 (m, 1H{HB=CH), 5.09 (ddd,
J=17.2, 3.6, 1.7 Hz, 1H, QHECH), 5.59 (s, 1H, CH(OE), 5.83-5.92 (m, 1H,
CH=CH,); **C NMR (125 MHz, DMS0):5 14.8 (CH), 29.4 (CH), 33.0 (CH), 41.2
(CHy), 49.0 (CH), 61.2 (Ch, 61.4 (CH), 97.4 (CH), 115.0 GH,=CH), 138.0
(CH=CH,), 166.2 (C=0); MS (C) m/z (%) : 228 (MH, 10), 182 (10), 155 (10), 103
(10); HRMS: [MHJ' found 228.15915, GH2,03N requires 228.15996.
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Experimental

Hexahydro-1H-cyclopropale]indolizin-6(7aH)-8-one 291

A solution of 285 (142 mg, 0.59 mmol, 1 eq.) in diethyl ether (2 mias added
dropwisevia syringe pump (0.6 ml} to a vigorously stirred mixture of zinc amalgam
(481 mg, 7.36 mmol, 12.5 eq.), zinc chloride (1.CsMution in diethyl ether, 0.74 ml,
0.74 mmol, 1.25 eq.), trimethylsilyl chloride (0.4M, 3.68 mmol, 6.2 eq.) in diethyl
ether (2 ml) at reflux. The resulting mixture wasred at reflux for 16 hours. A
mixture of zinc dust (481 mg) and copper(l) chleri@®0 mg) was then added and the
resulting mixture was stirred for an additional duls, cooled to room temperature,
treated with BN (1 ml) and was stirred for a further 30 min. TReulting mixture was
treated with a saturated aqueous solution of sodigarbonate (5 ml), stirred for a
further 10 min, filtered and the separated zinchedswith ethyl acetate. The separated
aqueous phase was extracted with ethyl acetate 12n¥) and the combined organic
extracts were washed with brine, dried (MggCiltered and concentrated under
reduced pressure. The residue was purified by aolcimomatography (2% methanol in
ethyl acetate) to give91 (36 mg, >95 % purity, 41%¥rontaminated by trace &f(but-

3-enyl)pyrrolidin-2-one 280(<5%), as a colourless oil.

IR (film): Vmax 3441, 2928, 2858, 1666 (s), 1444, 1279, 1014;c¢i NMR (500 MHz,
CDCly): 50.29 (ddd,J=6.7, 5.6, 3.3 Hz, 1H, H-1’), 0.90 (ddd9.5, 6.8, 5.6 Hz, 1H,
H-1), 1.02 (ddddJ=13.4, 12.8, 11.5, 4.5 Hz, 1H, H-3), 1.23 (ddd0.5, 7.8, 6.7, 1.2
Hz, 1H, H-1a), 1.45 (dddd=12.7, 10.9, 9.7, 8.8 Hz, 1H, H-4), 1.75 (dddd]3.4, 5.4,
2.6, 2.2 Hz, 1H, H-3"), 1.82 (ddd=13.9,12.8, 5.4 Hz, 1H, H-2), 1.99 (dddd13.9,
4.5, 2.2, 1.2 Hz, 1H, H-2), 2.13 (dddd;12.7, 9.2, 6.7, 2.2 Hz, 1H, H-4"), 2.24 (ddd,
J=16.8, 9.7, 2.2 Hz, 1H, H-5), 2.33 (ddi;16.8, 10.9, 9.2 Hz, 1H, H-5"), 2.92 (ddd,
J=7.8, 6.8, 3.3 Hz, 1H, H-6b), 3.24 (dddi511.5, 8.8, 6.7, 2.6 Hz, 1H, H-3a)'C
NMR (125 MHz, CDC}): 10.1 (CH), 11.2 (Ch), 20.7 (CH), 26.0 (CH), 26.3 (CH),
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29.2 (CH), 30.2 (CH), 55.2 (CH), 176.1 (C=0); MS (QIm/z (%) : 151 (M, 100),
136 (38), 96 (63); HRMS: [M] found 151.09928, ¢E150N requires 151.09971.
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Octahydro-7a-aza cyclopropale]azulen-7-one 292

A solution of 286 (239 mg, 0.94 mmol, 1 eq.) in diethyl ether (2 mias added
dropwisevia syringe pump (0.6 ml} to a vigorously stirred mixture of zinc amalgam
(765 mg, 11.5 mmol, 12.2 eq.), zinc chloride (1.CsMution in diethyl ether, 1.17 ml,
1.17 mmol, 1.25 eq.), trimethylsilyl chloride (0.#d, 5.87 mmol, 6.24 eq.) in diethyl
ether (4 ml) at reflux. The resulting mixture waisred at reflux for 16 hours, cooled to
room temperature, treated withz;Ht (1 ml) and stirred for a further 30 min. The
resulting mixture was treated with a saturated agsiesolution of sodium bicarbonate
(5 ml), stirred for a further 20 min, filtered atite separated zinc washed with ethyl
acetate (5 ml). The aqueous phase was separateeikxradted with ethyl acetate (3 x
10 ml) and the combined organic extracts were washigh brine, dried (MgSQ),
filtered and concentrated under reduced pressure.r@sidue was purified by column
chromatography (dichloromethane:acetone 4:1) te givmixture of the cyclopropane
292 and 1-methyl-5-(pent-4-enyl)pyrrolidin-2-one (73 mg, 292 1-methyl-5-(pent-4-
enyl)pyrrolidin-2-one 8:1 as determined by4 NMR spectrum) as a yellow solid. The
yield of 292 (65 mg, 41%) was calculated frdid NMR spectrum.

IR (film): Vimax 2922, 1782 (s), 1425, 1325, 1242°cmH NMR (500 MHz, CDC}Y): &
0.89 (dddJ=6.1, 5.5, 4.1 Hz, 1H, H-1’), 0.91 (ddd#;14.2, 11.3, 10.0, 1.4 Hz, 1H, H-
2), 0.94 (dddddJ=10.8, 7.2, 6.5, 6.1 Hz, 1H, H-1a), 1.13 (ddd8.0, 7.6, 5.5 Hz, 1H,
H-1), 1.38 (ddddJ=13.4, 12.3, 11.4, 3.1 Hz, 1H, H-4) 1.49 (ddddl4.0, 12.3, 11.3,
2.6, 1.3 Hz, 1H, H-3), 1.56 (dddd=12.7, 10.1, 2.9, 2.8 Hz, 1H, H-5), 1.74 (ddddd,
J=14.0, 6.5, 4.7, 3.1, 1.4 Hz, 1H, H-3'), 1.87 (dda3.4, 4.7, 2.9, 2.6 Hz, 1H, H-4),
2.21 (ddddJ=12.7, 9.9, 9.6, 8.5 Hz, 1H, H-5'), 2.24 (dd&16.7, 9.9, 2.8 Hz, 1H, H-
6'), 2.29 (ddddJ=14.2, 6.5, 6.5, 1.3 Hz, 1H, H-2), 2.34 (dd&7.6, 7.2, 4.1 Hz, 1H,
H-7b), 2.48 (dddJ=16.7, 10.1, 9.6 Hz, 1H, H-6), 3.65 (ddde11.4, 8.5, 2.9, 2.9 Hz,
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1H, H-4a);*C NMR (125 MHz, CDGJ): § 15.7 (CH), 17.3 (CH), 26.2 (Cb), 26.7
(CHy), 29.3 (CH), 30.7 (Ch), 31.2 (CH), 39.0 (CH), 62.4 (CH), 177.2 (C=0O); MS
(El) m/iz (%) : 165 (M, 55), 150 (86), 98 (97), 84 (100); HRMS: [M]found
165.11536, GH1sON requires 165.11482.
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Octahydro-7a-aza cyclopropaf]naphtalene-7-ene 293

A solution of the288 (503 mg, 1.97 mmol, 1 eq.) in diethyl ether (2 mBs added
dropwisevia syringe pump (0.6 ml to a vigorously stirred mixture of zinc (1.61 g,
24.6 mmol, 12.5 eq.), copper(l) chloride (161 m@31lmmol, 0.8 eq.), zinc chloride
(1.0 M solution in diethyl ether, 2.46 ml, 2.46 mimb.25 eq.), trimethylsilyl chloride
(1.57 ml, 12.4 mmol, 6.3 eq.) in diethyl ether (B at reflux. The resulting mixture was
stirred at reflux for 16 hours, cooled to room temgture, treated with g (1.7ml) and
stirred for a further 30 min. The resulting mixtwras treated with a saturated aqueous
solution of sodium bicarbonate (5 ml), stirred &offurther 20 min. The solution was
filtered and the separated zinc washed with etlvgtaie. The aqueous phase was
separated, extracted with ethyl acetate (3 x 10amd) the combined organic extracts
were washed with brine, dried (Mg®Q filtered and concentrated under reduced
pressure. The residue was purified by column chtognaphy (methanol:acetone:ethyl
acetate :1:1:50) to give a mixture of the cyclopmg 293 and 6-(but-3-enyl)-
piperidin-2-one 283 (300 mg,293 2831:3.7 as determined B NMR spectrum) as a
yellow oil. The yield 0f293 (68 mg, 21%)was calculated froMNMR spectrum4 mg

of 293 were also isolated (77% purity).

IR (film): Vimax 3458, 2939 (s), 1671 (s), 1447, 1416, 1344, 1180, ¢H NMR (500
MHz, CDCh): 60.31 (dddJ=6.9, 5.5, 3.7 Hz, 1H, H-1), 0.94 (ddd:9.4, 7.3, 5.5 Hz,
1H, H-1), 1.13 (dddd}=13.8, 13.2, 11.4, 5.0 Hz, 1H, H-3), 1.26 (dddiD.4, 7.8, 6.9,
5.4, 1.2 Hz, 1H, H-1a), 1.32 (dddd;13.4, 12.7, 10.7, 3.1 Hz, 1H, H-4), 1.60 (dddd,
J=13.8, 5.4, 2.1, 2.0 Hz, 1H, H-3'), 1.66 (ddddd13.0, 12.7, 12.2, 5.4, 2.6 Hz, 1H, H-
5), 1.80 (dddddJ=13.0, 6.2, 4.6, 3.1, 2.6 Hz, 1H, H-5'), 1.84 (dddd13.6, 13.2, 5.4,
5.4 Hz, 1H, H-2), 1.85 (dddd=13.4, 4.6, 2.6, 2.1 Hz, 1H, H-4"), 1.96 (ddde]13.6,
5.0, 2.1, 1.2 Hz, 1H, H-2"), 2.32 (dddz17.7, 12.2, 6.2 Hz, 1H, H-6), 2.50 (dddd,
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J=17.7, 5.4, 2.6, 2.1 Hz, 1H, H-6"), 3.08 (ddi7.8, 7.3, 3.7 Hz, 1H, H-7b), 3.11
(dddd, J=11.4, 10.7, 4.6, 2.0 Hz, 1H, H-3dC NMR (125 MHz, CDG): § 10.4
(CH,), 11.4 (CH), 20.0 (CH, 21.0 (CH), 29.3 (CH), 29.4 (CH), 30.7 (Ch), 33.7

(CHy), 55.3 (CH), 171.2 (C=0); MS (QIm/z (%) : 166 (MH, 100); HRMS: [MH]
found 166.12275, {gH160ON requires 166.12319.
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Decahydro-8a-aza benzaf]cyclopropajc]cyclohepten-8-one 294

A solution of 289 (400 mg, 1.49 mmol, 1 eq.) in diethyl ether (2 mias added
dropwisevia syringe pump (0.6 ml} to a vigorously stirred mixture of zinc (1.94 g,
29.7 mmol, 20 eq.), copper(l) chloride (194 mg61lm@mol, 1.3 eq. ), zinc chloride (1.0
M solution in diethyl ether, 2.97 ml, 2.97 mmoleg.), trimethylsilyl chloride (1.88 ml,
14.8 mmol, 10 eq.) in diethyl ether (5 ml) at raflThe resulting mixture was stirred at
reflux for 16 hours, cooled to room temperaturenttreated with a saturated aqueous
solution of sodium bicarbonate (5 ml), stirred #orfurther 20 min, filtered and the
separated zinc washed with ethyl acetate (5 mle ahueous phase was separated,
extracted with ethyl acetate (3 x 10 ml) and thenloimed organic extracts were washed
with brine, dried (MgSQ), filtered and concentrated under reduced pressLine
residue was purified by column chromatography (metiacetone:ethylacetate
:1:1:50) to give the cyclopropariz94 together with6-(pent-4-enyl)piperidin-2-one
284 (70 mg,294 2842.7:1 as determined B NMR spectrum) and pur294 (34 mg)

as a yellow solid. The yield a294 (70 mg, 26%) was calculated froti NMR

spectrum.

M.p. 54-58 °C (MeOH); IR (film):Vmax 2930, 1663 (s), 1411, 1331, 1186 tmH
NMR (500 MHz, CDC}): 50.74 (dddJ=6.1, 5.8, 4.3 Hz, 1H, H-1’), 0.97 (m, 1H, H-
1a), 1.01 (ddddj=14.3, 11.5, 9.4, 1.9 Hz, 1H, H-2), 1.14 (ddd8.3, 7.8, 6.1 Hz, 1H,
H-1), 1.51 (m, 1H, H-3), 1.64 (m, 1H, H-4), 1.66,(&H, H-5), 1.69 (m, 1H, H-4"),
1.70 (m, 1H, H-6"), 1.73 (m, 1H, H-3"), 1.80 (m, 1H-5), 1.85 (m, 1H, H-6), 2.22 (m,
1H, H-2"), 2.35 (ddJ=18.3, 10.0, 1.1 Hz, 1H, H-7), 2.40 (m, 1H, H-8B)§1 (m, 1H,
H-7"), 3.58 (m, 1H, H-4a)*C NMR (125 MHz, CDGJ): 4 16.4 (CH), 17.2 (CH),
17.5 (CH), 26.4 (Ch), 30.0 (CH), 30.1 (CH), 32.3 (CH), 34.4 (CH), 36.5 (CbJ, 60.5
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(CH), 172.6 (C=0); MS (C) m/z (%) : 180 (MH, 14), 168 (100), 98 (5); HRMS:
[MH] " found 180.13868, GH1sON requires 180.13884.
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1-Azatricyclo[5.2.0.0"“jnonan-9-one 295

A solution of 290 (256 mg, 1.13 mmol, 1 eq.) in diethyl ether (2.9 mas added
dropwisevia syringe pump (0.6 ml:} to a vigorously stirred mixture of zinc (921 mg,
14.1 mmol, 12.5 eq.), copper(l) chloride (92.0 @3 mmol, 0.8 eq.), zinc chloride
(1.0 M solution in diethyl ether, 1.4 ml, 1.4 mmadfimethylsilyl chloride (0.9 ml, 7.0
mmol, 6.2 eq.) in diethyl ether (7 ml) at refluxhd resulting mixture was stirred at
reflux for 16 hours, then cooled to room tempemgtureated with BN (1 ml) and
stirred for a further 30 min. The resulting mixtweas treated with a saturated aqueous
solution of sodium bicarbonate (5 ml), stirred #orfurther 20 min, filtered and the
separated zinc washed with ethyl acetate. The aguplbase was separated, extracted
with ethyl acetate (3 x 10 ml) and the combinedaarg extracts were washed with
brine, dried (MgS@), filtered and concentrated under reduced presdsire residue
was purified by column chromatography (diethyl efpetroleum ether 1:1) to give the
cyclopropane95 as a yellow oil (32 mg, > 90% purity, 21%) contaated by trace of
4-(but-3-enyl)azetidin-2-on279<10 %).

IR (film): Vimax 2932, 1747 (s), 1394, 1192 ¢mtH NMR (500 MHz, CDC}): §0.52
(ddd,J=6.7, 5.8, 3.1 Hz, 1H, H-3’), 0.85 (ddd9.3, 6.2, 5.8 Hz, 1H, H-3), 1.07 (dddd,
J=13.2,12.9, 11.1, 4.6 Hz, 1H, H-6), 1.12 (ddd#d.3, 7.9, 6.7, 4.8, 1.7 Hz, 1H, H-4),
1.87 (ddddJ=14.1, 12.9, 4.8, 4.7 Hz, 1H, H-5), 1.90 (dddd12.3, 4.7, 3.3, 3.2 Hz,
1H, H-6"), 2.03 (ddddJ=14.1, 4.6, 3.2, 1.7 Hz, 1H, H-5"), 2.34 (d&14.8, 1.8 Hz, 1H,
H-8'), 2.64 (ddddJ=7.9, 6.2, 3.1, 1.7 Hz, 1H, H-2), 3.00 (dd¢14.8, 4.6, 1.7 Hz, 1H,
H-8), 3.10 (ddddJ=11.1, 4.6, 3.3, 1.8 Hz, 1H, H-7%°C NMR (125 MHz, CDGJ):
9.4 (CH), 12.3 (Ch), 19.7 (CH), 24.0 (CH), 26.4 (Cb), 43.5 (CH), 45.7 (CH), 170.9
(C=0); MS (CI m/z (%) : 138 (MH, 100), 126 (13), 112 (8), 89 (94); HRMS: [MH]
found 138.09216, §H,,0N requires 138.09188.
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6-1sopropyl-1,7,8,8a-tetrahydro-H-indolizin-3-one 296

0]
ey

A solution of 287 (150 mg, 0.56 mmol, 1 eq.) in diethyl ether (2 mias added
dropwisevia syringe pump (0.6 ml} to a vigorously stirred mixture of zinc amalgam
(455 mg, 6.96 mmol, 12.5 eq.), zinc chloride (1.0sMution in diethyl ether, 0.7 ml,
0.7 mmol, 1.25 eq.), trimethylsilyl chloride (0.4%, 3.52mmol, 6.3 eq.) in diethyl ether
(5 ml) at reflux. The resulting mixture was stirrgidreflux for 16 hours, cooled to room
temperature, treated with §& (0.6 ml) and was stirred for a further 30 min.eTh
resulting mixture was treated with a saturated agsiesolution of sodium bicarbonate
(5 ml), stirred for a further 20 min, filtered atite separated zinc washed with ethyl
acetate (5 ml). The separated aqueous phase wastegt with ethyl acetate (3 x 10
ml) and the combined organic extracts were wash#dlwine, dried (MgSQ), filtered
and concentrated under reduced pressure. The eesihs purified by column

chromatography to give96 as a yellow oil (< 5%).

IR (film): Vmax 2928, 1693 (s), 1410, 1315 ¢tH NMR (400 MHz, CDC}): 61.03 (d,
J=6.5 Hz, 3H, ®sCCH,), 1.04 (d,J=6.5 Hz, 3H, CHCCHs), 1.46-1.52 (m, 1H,
CHHCHN), 1.57-1.66 (m, 2H, BHCH,CO, CHHCHN), 2.08-2.11 (m, 1H,
CHHC=CH), 2.16-2.29 (m, 3H, CHMgCHHC=CH, CHHCH,CO), 2.37-2.51 (m, 2H,
CH,CO), 3.59-3.66 (m, 1H, CHN), 6.64 (s, 1H, NCH=¢JC NMR (125 MHz,
CDCLk): § 21.0 (CH), 21.6 (CH), 24.2 (CH), 26.4 (CH), 29.0 (CH), 31.5 (CH),
32.7 (CH), 55.8 (CH), 114.9CH=C), 127.9 C=CH), 170.8 (C=0); MS (El) m/z (%) :
178 (M-H, 77), 164 (100), 138 (79), 127(25); HRMPd]"*, found 179.13122,
C11H170ON requires 179.13047.
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(9)-2-((1S,29)-2-(4-Methoxybenzyl)cyclopropylamino)-4-methylpenan-1-ol 304

MeO

Lithium hydroxide monohydrate (789 mg, 18.8 mmd,e2).) was added in one portion
to a suspension of tié-cyclopropyl oxazolidinon256 (190 mg, 0.57 mmol, 1 eqgn a
mixture of ethanol (8.55 ml) and water (3.8 ml)eTrieaction was heated at 84 °C for 36
hours and then allowed to cool to room temperafline. solution was concentrated to
ca. one third of its volume and an aqueous saturatkdisn of ammonium chloride (6
ml) was added. The separated aqueous phase wastedtwith dichloromethane (3 x 5
ml) and the combined organic extracts dried (Mg$S@ltered and concentrated under
reduced pressure. The residue was purified by aoluchromatography (2%
triethylamine in ethyl acetate) to give the amindopropane304 as a yellow solid (106
mg, 67%);

M.p. 56-59 °C (EtOAc); d]» +31.3 € 1.01, CHCY); IR (film): Vmax 3364 (W), 2959,

1612 (w), 1512, 1468 (w), 1265, 1246, 1177 (w), @i’ '"H NMR (400 MHz,

CDCly): 50.41-0.48 (m, 1H, BHCHN), 0.62 (ddd,)=8.8, 4.9, 3.8 Hz, 1H, CHCHN),

0.85 (d,J = 6.6 Hz, 3H, Gl;CHCHy), 0.87 (d,J=6.6 Hz, 3H, CHCHCHs), 0.92-1.00
(m, 1H, GHCHN), 1.16 (dtJ=13.9, 7.0 Hz, 1H, CHCHMe,), 1.36 (dddJ=13.9, 7.6,
6.6 Hz, 1H, GIHCHMe,), 153-1.63 (m, 1H, CHM#, 2.04 (dt,J=6.7, 3.3 Hz, 1H,
CHN), 2.10 (br s, 2H, NH, OH), 2.41-2.53 (m, 2HHA\), 2.62-2.70 (m, 1H,
CHCH,OH), 3.11 (dd,J=10.5, 6.7 Hz, 1H, CHOH), 3.50 (dd,J=10.5, 4.2 Hz, 1H,
CHHOH), 3.79 (s, 3H, OC}), 6.82 (d,J=8.7 Hz, 2H, Ar-H), 7.12 (d]=8.7 Hz, 2H, Ar-
H); 3C NMR (75 MHz, CDCY): 513.7 (CH), 22.6 (CH), 23.0 (CH), 22.4 (CH), 24.9
(CH), 35.2 (CH), 37.5 (Ch), 41.5 (CH), 55.3 (CH), 57.4 (CH), 63.2 (Ch), 113.8
(CH-Ar), 129.3 (CH-Ar), 133.5 (C-Ar), 157.9 (C-AMS (CI) miz (%): 278 (MH,
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100), 260 (18), 220 (12), 170 (14), 156 (90); HRMStH]", found 278.21125,
Ci17H280oN requires 278.21199.
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N-tert-Butoxycarbonyl-(S)-2-((1S,2S)-2-(4-methoxybenzyl)cyclopropylamino)-4-
methylpentan-1-ol 305

NBoc

MeO

A solution of ditert-butyl dicarbonate (96.0 mg, 0.44 mmol, 1.2 eq.) in
dichloromethane (2.5 ml) was added to a solutioarminocyclopropan&04 (104 mg,
0.37 mmol, 1 eq.) in dichloromethane (2.5 ml). Thsulting mixture was stirred at
reflux for 24 hours. The cooled reaction mixturesweeated with a saturated aqueous
solution of sodium bicarbonate (3 ml) and the safgal aqueous phase was extracted
with dichloromethane (2 x 4 ml). The combined oigaextracts were washed with
water (8 ml), brine (8 ml), dried (MgSY) filtered and concentrated under reduced
pressure. The residue was purified by column chtogmaphy (petroleum ether:ethyl
acetate 3:1) to give the boc-protected aminocyolpane305as a pale yellow oil (111
mg, 80%).

[o] 7 ~48.11 € 0.846, CHGJ); IR (film): Vmax 3019, 1685 (w), 1653 (w), 1513, 1216 (s)

cm™; *H NMR (500 MHz, CDCJ): §0.68-0.74 (m, 1H, BHCHN), 0.85 (d,J=6.6 Hz,
3H, CHCCHs3), 0.87 (d,J=6.6 Hz, 3H, G&5CCHg), 0.86-0.89 (m, 1H, CHCHN), 1.19-
1.28 (m, 1H, GICHN), 1.47 (s, 9H, 3 x CC# 1.48-1.55 (m, 2H, CHMe
CHHCHMe,), 1.61 (ddd,J=13.8, 8.7, 5.8 Hz, 1H, GHCHMe,), 2.30 (dt,J=6.9, 3.4
Hz, 1H, CHN), 2.35 (ddJ=14.5, 8.2 Hz, 1H, CHAr), 2.81 (dd,J=14.5, 5.6 Hz, 1H,
CHHAr), 3.45-3.58 (m, 2H, BCH,OH, CHHOH), 3.59-3.67 (m, 1H, CHOH), 3.78
(s, 3H, OCH), 6.83 (d,J=8.7 Hz, 2H, Ar-H), 7.11 (dJ=8.7 Hz, 2H, Ar-H):**C NMR
(125 MHz, CDC}): §16.2 (CH), 22.6 (CH), 22.9 (CH), 25.0 (CH), 28.3 (CH), 28.5
(CHs), 36.4 (CH), 37.0 (Ch), 37.1 (CH), 55.2 (CH), 60.1 (CH), 65.6 (Ch), 80.0 (C),
113.8 (CH-Ar), 129.7 (CH-Ar), 132.6 (C-Ar), 157.8-Ar), 158.0 (C=0); MS (C) m/z
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(%): 378 (MH, 97), 322 (99), 306 (65), 278 (100), 156 (54), (Z4); HRMS: [MHT,
found 378.26454, £H3604N requires 378.26442.
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N-tert-Butoxycarbonyl-((S)-2-((1R,2S)-2-(4-methoxybenzyl)cyclopropylamino)-4-
methylpentanoic acid 306

MeO

Sodium (neta)periodate (250 mg, 1.17 mmol, 4 eq.) was addetigmovise to a mixture

of aminocyclopropan805 (110 mg, 0.29 mmol, 1 eq.), ruthenium (IV) oxidgdrate
(2.2 mol%) in carbon tetrachloride (0.58 ml), acdiile (0.58 ml) and water (0.87 ml).
The resulting mixture was stirred vigorously for #bn at room temperature. Then
dichloromethane (3 ml) was added, and the phasesaed. The aqueous phase was
extracted with dichloromethane (3 x 3 ml) and tbmbined organic extracts were dried
(MgSQy), filtered and concentrated under reduced presdure resulting residue was
diluted with diethyl ether (6 ml), filtered throughcelite pad and concentrated under
reduced pressure. The crude product was purifieddbymn chromatography (acetic
acid:ethanol:dichloromethane 1:19:380) to give tlgelopropyl amino acid306 as a

pale brown oil (74 mg, 65%).

[a] 7 ~38.08 ¢ 0.73, CHCY); IR (film): vmax 3018, 1691 (w), 1512 (w),1215 (s) ¢m

'H NMR (500 MHz, CDC}): §0.69-0.75 (m, 1H, BHCHN), 0.85 (d,J=6.6 Hz, 3H,
CH3CHCHs3), 0.89 (d,J=6.6 Hz, 3H, G&3CHCH;), 0.93-1.00 (m, 1H, CHCHN), 1.33-
1.41 (m, 1H, GICHN), 1.47 (s, 9H, 3 x C#, 1.51-1.59 (m, 2H, CHMe
CHHCHMe,), 1.71-1.81 (m, 1H, BHCHMe,), 2.33 (ddJ=14.6, 8.5 Hz, 1H, BHAr),

2.36-2.41 (m, 1H, CHN), 2.86 (dd=14.6, 5.3 Hz, 1H, CHAYr), 3.79 (s, 3H, OCH),

3.92-4.09 (m, 1H, BCO,H) 6.83 (d,J=8.5 Hz, 2H, Ar-H), 7.12 (d}=8.5 Hz, 2H, Ar-
H); *C NMR (125 MHz, CDGJ): J 15.6 (CH), 21.8 (CH), 22.9 (CH), 25.1 (CH),
28.4 (CH), 29.7 (CH), 36.9 (CbJ, 36.9 (CH), 38.0 (CH), 55.2 (CHJ, 61.2 (CH), 81.1
(C), 113.8 (CH-Ar), 129.4 (CH-Ar), 132.9 (C-Ar), 8® (C-Ar), 179.6 (C=0); MS
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(CI") m/z (%): 392 (MH, 5), 336 (32), 292 (72), 170 (52), 121 (37); HRMSH] ",
found 392.24436, £H3405N requires 392.24369.
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Ethyl 2-(hydroxymethyl)acrylate 315

/\O)J\H/\OH

A saturated aqueous solution of potassium carbddad® g, 39.0 mmol, 1.7 eq.) was
added dropwise over 1 hour to a mixture of trigthgisphonoaceta®l4 (4.44 ml, 22.4
mmol, 1 eq.) and an aqueous solution of formaldeh{@¥%, 7.24 ml, 89.2 mmol, 4
eq.). At the end of the addition the temperaturached 35 °C and stirring was
continued for 1 hour. A saturated aqueous soluwioammonium chloride (20 ml) was
then added and the mixture was extracted with dieitiner (3 x 15 ml). The combined
organic extracts were dried (Mg@Qfiltered and concentrated under reduced pressure
The residue was purified by column chromatograuhetyl ether:petroleum ether 7:3)

to give315as a pale yellow oil (2.04 g, 70%)

IR (film): Vimax 3437, 2983, 1718 (s), 1468, 1446, 1386, 1235L(s)9 (s), 1020 (s) cm
1 14 NMR (500 MHz, CDC}): 4 1.30 (t,J=7.1 Hz, 3H, CH), 2.21 (br s, 1H, OH), 4.22
(g, 3=7.1 Hz, 2H, O®,CHs), 4.30-4.31 (m, 2H, B,OH), 5.80-5.81 (m, 1H, BH=C),
6.23-6.24 (m, 1H, CH=C); °C NMR (125 MHz, CDGJ): J14.1 (CH), 60.9 (CH),
62.6 (CH), 125.6 (CH), 139.5 (C), 166.3 (C=0); MS (QIm/z (%): 131 (MH, 100),
133 (12), 85 (40); HRMIMH] *, found 131.07043, 1,103 requires 131.07082.
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2-Methylenepropane-1,3-diol 318
Ho/\ﬂ/\OH

A solution of DIBAL-H (1.0 M in hexane, 33 ml, 33mol, 4.3 eq.) was added
dropwise to a solution &15(1.0 g, 7.7 mmol, 1 eq.) in diethyl ether (30 wai)-78 °C.
The resulting mixture was allowed to warm to ro@mperature and was stirred for a
further 1.5 hours. After cooling to 0 °C, the miduvas quenched by the addition of
acetone (15 ml) followed by powdered sodium sulphagéxahydrate (ground with a
pestle and mortar) until all reaction stopped. Té®ulting mixture was left to warm to
room temperature and stirred for a further 16 hofirsexcess of magnesium sulphate
was added, the mixture was filtered, solids washigld ethyl acetate, and the resulting
solution was evaporated under reduced pressure/¢d3@6 as a yellow oil (602 mg,
89%).

IR (film): Vmax 3294 (br), 2970, 1709, 1658, 1454, 1011 (s)'ct NMR (500 MHz,
CDCl): d 2.16 (br s, 2H, 2 x OH), 4.20 (1.0 Hz, 4H, 2 x ©&,0H), 5.11 (tJ=1.0
Hz, 2H, CH=C); **C NMR (150 MHz, CDGJ): §64.8 (CH), 112.4 CH,=C), 147.4
(C=CH).
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(2-Methylenepropane-1,3-diyl)bis(oxy)bis(methylenabenzene 317"

To a stirred solution of sodium hydride (60% in eria oil, 382 mg, 9.55 mmol, 9.4
eg.) inN,N dimethylformamide (4 ml) were added a solutiordiofi 316 (300 mg, 3.41
mmol, 3.3 eq.) iM\,N dimethylformamide (2ml), benzyl bromide (1.12 @150 mmol,
9.3 eq.) anch-tetrabutylammonium iodide (377 mg, 1.02 mmol, 1).edhe resulting
mixture was stirred at 40 °C for 16 hours and tgaanched by the addition of brine
and water. The separated organic phase was wastretirnme, dried (MgS@), filtered
and concentrated under vacuum. The residue wasfigguriwice by column
chromatography (petroleum ether: diethyl ether 8:9 : 1) to give317 as a yellow oil
(663 mg, 72%).

IR (film): Vmax 3030, 2854, 1496, 1453, 1364, 1071 (s)'rH NMR (600 MHz,

CDCl): § 4.09 (t,J=1.1 Hz, 4H, 2 x OCKC), 4.53 (br s, 4H, 2 x Cj®h), 5.29 (t,
J=1.1 Hz, 2H, CH=C), 7.29-7.33 (m, 2H, H-Ar), 7.33-7.38 (m, 8H, H)A*C NMR

(150 MHz, CDC}): 570.9 (CH), 72.2 (CH), 114.4 (CH), 127.7 (CH-Ar), 128.2 (CH-
Ar), 128.4 (CH-Ar), 138.3 (C-Ar), 142.6 (C); MS (GIm/z (%): 269 (MH, 100), 233
(28), 181 (15), 143 (17), 92 (11); HRMPBAH] ", found 269.15347, H,.0, requires
269.15415.
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(E)-3-Bromoprop-1-enylbenzoate 327

0]

©)J\O/\/\Br

A solution of benzoyl bromidd19(2.36 ml, 20.0 mmol, 1 eq.) was added to a saiutio
of freshly distilled acroleir318(1.33 ml, 20.0 mmol, 1 eq.) in dichloromethane G210

at 0 °C. The resulting mixture was allowed to wanroom temperature and was
stirred for a further 72 hours. The reaction migtwas then cooled to 0 °C and
qguenched by the addition of a saturated aqueous@olof sodium bicarbonate (30 ml).
The biphasic mixture was extracted with dichlordmaae (15 ml), and the extract dried
(MgSQy), filtered and concentrated under vacuum. Theduesiwas recrystallised

(hexane) to giv821as a colourless solid (1.46 mg, 30%).

M.p. 64-70 °C (hexane), it**74-76 °C (pentane); IRfilm): Vimnax 2831 (W), 2555 (w),
1664, 1600, 1453, 1264 ém'H NMR (600 MHz, CDC}): J 4.09 (dd,J=8.5, 1.0 Hz,
2H, CHBIr), 5.9 (dt,J=12.4, 8.5 Hz, 1H, BCH,Br), 7.48-7.52 (m, 2H, H-Ar), 7.62-
7.66 (m, 1H, H-Ar), 7.69 (dt)=12.4, 1.0 Hz, 1H, CHO), 8.11 (d&8.3, 1,4 Hz, 2H,
H-Ar); *C NMR (150 MHz, CDG): §28.7 (CH), 111.8 (CH), 128.5 (C-Ar), 128.7
(C-Ar), 130.1 (C-Ar), 133.9 (C-Ar), 139.4 (CH), 1@3(C=0); MS (Cl) m/z (%): 241
(M* Br, 14), 243 (M ®Br, 14), 161 (36), 137 (29), 106 (100); HRM®H] *, found
240.098650, ¢HyO.Br requires 240.98642.
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(E)-3-Acetoxyprop-1-enyl benzoate 322 ande(-prop-1-ene-1,3-diyl dibenzoate 323

O
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Potassium acetate (210 mg, 2.14 mmol, 1.1 eq.yepakd in a pestle and mortar, and
aliquat (78.0 mg, 0.19 mmol, 0.2 eq.) were stirfed 10 min. A solution of K)-3-
bromoprop-1-enyl benzoa821 (465 mg, 1.94 mmol, 1 eq.) in toluene (8 ml) waent
added and the resulting mixture was left to stir6 hours followed by heating at 85
°C for 16 hours. After Si®(1 g) was added, the mixture was filtered, thedsolashed
with diethyl ether (15 ml) and solvents evaporateder reduced pressure. The residue
was purified by column chromatography (petroleuimeet diethyl ether 9 :1) to give
322(223 mg, 52%) as a yellow solid aB&3 (116 mg, 20%) as a yellow oil.

322
M.p. 51-53 °C (E£0); IR (film): Vimax 3086 (W), 2951 (w), 1734 (s), 1677, 1602, 1452,
1228 (s), 1124 (s), 1048 ¢n'™H NMR (600 MHz, CDC}): J 2.10 (s, 3H, Ch), 4.66
(dd, J=7.4, 1.2 Hz, 2H, CkD), 5.78 (dtJ=12.5, 7.4 Hz, 1H, BCH,0), 7.48-7.52 (m,
2H, H-Ar), 7.62-7.64 (m, 1H, H-Ar), 7.65-7.68 (mii1CHOCO), 8.11 (dd) = 8.4, 1.2
Hz, 2H, H-Ar); *C NMR (150 MHz, CDG): §21.1 (CH), 61.2 (CH), 109.1 (CH),
128.5 (CH-Ar), 128.6 (CH-Ar), 130.1 (CH-Ar), 133&-Ar), 140.3 (CH), 163.4
(C=0), 170.8 (C=0).
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3237

IR (film): Vimax 2359, 1737 (s), 1453, 1256 (s), 1097 ‘o NMR (600 MHz, CDC):
d 4.92 (d,J=7.6 Hz, 2H, CHO), 5.91 (dtJ=12.5, 7.6 Hz, 1H, BCH,0), 7.47 (tJ=7.7
Hz, 2H, H-Ar), 7.50 (tJ=7.7 Hz, 2H, H-Ar), 7.59 (tJ=7.6 Hz, 1H, H-Ar), 7.64 (t,
J=7.6 Hz, 1H, H-Ar), 7.80 (d}=12.5 Hz, 1H, CHOCO), 8.10 (d=7.8 Hz, 2H, H-Ar),
8.12 (d,J=7.8 Hz, 2H, H-Ar);*C NMR (150 MHz, CDGCJ): §61.7 (CH), 109.2 (CH),
128.4 (CH-Ar), 128.6 (CH-Ar), 129.7 (CH-Ar), 130(GH-Ar), 133.1 (C-Ar), 133.9 (C-
Ar), 140.4 (C-H), 163.4 (C=0), 166.4 (C=0); MS (FAB/Z (%): 283 (MH, 22), 176
(17); HRMS:[MH] *, found 283.09652, GH150, requires 283.09703.
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9-(Diethoxymethyl)-9H-carbazole 336°°

A mixture of carbazol€29 (1.0 g, 6.0 mmol, 1 eq.), triethyl orthoformate (10, 60
mmol, 10 eq.) ang-toluene sulfonic acid (100 mg, 0.60 mmol, 0.1 eeps heated at
85 °C for 36 hours. The cooled reaction mixture vpasired into a mixture of a
saturated aqueous solution of ammonium chlorideie@mdammonical ice/water), and
then extracted with dichloromethane (4 x 8 ml). Toenbined organic extracts were
concentrated under reduced pressure and the resmludied by column
chromatography (petroleum ether:acetone 9:1) te 886 as an orange oil (675mg,
42%).

IR (film): Vimax 2977, 1699 (W), 1599, 1484, 1449 (s), 1318 (sp71() cm; *H NMR
(400 MHz, DMSO):4 1.11 (t,J=7.1 Hz, 6H, 2 x OChCHs), 3.45 (dqJ=9.7, 7.1 Hz,
2H, CH,CHj), 3.70 (dq,J=9.7, 7.1 Hz, 2H, E,CHs), 6.80 (s, 1H, CH(OEJ), 7.20-7.24
(m, 2H, H-Ar), 7.39-7.44 (m, 2H, H-Ar), 7.83 (d, 2BE8.3 Hz, H-Ar), 8.13 (d, 2H,
J=7.8 Hz, H-Ar);"*C NMR (125 MHz, DMS0):15.3 (CH), 62.1 (CH), 102.3 (CH),
111.9 (CH-Ar), 120.3 (CH-Ar), 120.6 (CH-Ar), 123B-Ar), 126.3 (CH-Ar), 139.0 (C-
Ar); MS (El) miz (%): 269 (M, 22), 224 (38), 196 (33); 167 (90), 140 (28), 10860),
75 (36); HRMS{M] *, found 269.13643, GH100:N requires 269.13607.
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1-(Diethoxymethyl)-1H-pyrazole 337°’

A mixture of pyrazolé830(3.4 g, 50 mmol, 1 eq.) and triethyl orthoformée3 ml, 50
mmol, 1 eq.) was heated at 140 °C and ethanollldéstirom the reaction during 16
hours. The resulting product was distilled undecuwen and purified by column
chromatography (petroleum ether: diethyl ether fiolgive337as a colourless oil (4.30
g, 50%).

IR (film): Vmax 2980 (w), 1513 (w), 1445.6 (w), 1373, 1316, 108pdm’; *H NMR

(400 MHz, DMSO):4 1.11 (t,J=7.1 Hz, 6H, 2 x OChCHs), 3.49 (dg,J=9.7, 7.1 Hz,
2H, CH,CH), 3.59 (dq,J=9.7, 7.1 Hz, 2H, E,CHs), 6.22 (s, 1H, CH(OE}), 6.33 (t,
J=2.0 Hz, 1H, CH=N), 7.50-7.52 (m, 1HHSCHN), 7.82 (d,J=2.40 Hz, 1H, CHN);
%C NMR (125 MHz, DMS0):514.6 (CH;), 61.5 (CH), 104.4 (CH), 106.0 (CH-ATr),
126.6 (CH-Ar), 139.0 (CH-Ar).
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1-(Diethoxymethyl)-1H-indole 338>

-8

A mixture of indole331 (1.50 g, 12.8 mmol, 1 eq.) and triethyl orthofoten&21.2 ml,
128 mmol, 10 eqg.) was heated at 160 °C for 48 holing resulting mixture was
concentrated under reduced pressure and the resmudied by column
chromatography (petroleum ether: diethyl ether 1olgive 338as a pale pink oil (354
mg, 13%).

IR (film): Vmax 2978 (w), 1459, 1303, 1222, 1103 (s), 1052 (s}31%) cni; 'H NMR
(500 MHz, DMSO):J 1.19 (t,J=7.1 Hz, 6H, 2 x OCkCH3), 3.55 (dq,J=9.7, 7.1 Hz,
2H, CH,CHs), 3.66 (dqJ=9.7, 7.1 Hz, 2H, 8,CHs), 6.52 (s, 1H, CH(OEH4), 6.54 (dd,
J=3.4, 0.7 Hz, 1H, B=CHN), 7.12 (tdJ=7.3, 1.1 Hz, 1H, H-Ar), 7.20 (ddd=8.2, 7.1,
1.2 Hz, 1H, H-Ar), 7.52 (dJ=3.4 Hz, 1H, CH=EIN), 7.61 (dt,J=7.8, 1.0 Hz, 1H, H-
Ar), 7.69 (dd,J=8.3, 0.9 Hz, 1H, H-Ar)**C NMR (125 MHz, DMSO0):J 14.8 (CH),
61.1 (CH), 101.8 (CH), 101.9 (CH-Ar), 111.4 (CH-Ar), 119(GH-Ar), 120.5 (CH-
Ar), 121.6 (CH-Ar), 125.3 (CH-Ar), 128.7 (C-Ar), 434 (C-Ar).
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1-Diethoxymethyl-1H-pyridin-2-one 339

Z 0]
~N._ O _~
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A mixture of 2-hydroxypyridine332 (1.00 g, 10.5 mmol, 1 eq.) and triethyl
orthoformate (27.0 ml, 162 mmol, 15.4 eq.) was éeait 155 °C for 24 hours. The
cooled mixture was poured into a saturated aqusoluion of sodium bicarbonate (20
ml) and the resulting mixture was extracted withyetacetate (15 ml). The combined
organic extracts were washed with brine (15 mihcemtrated under reduced pressure
and the residue purified by column chromatogragdetrbleum ether:ethyl acetate 1:1)

to give339 as a pale yellow oil (950 mg, 46%).

IR (film): Vmax 2979 (w), 1738 (w), 1661 (s), 1594, 1538, 137602059 (s) ci; *H
NMR (500 MHz, DMSO0):d 1.13 (t,J=7.1 Hz, 6H, 2 x OCkCH3), 3.51 (dqJ=9.7, 7.1
Hz, 2H, 2 x G{HCHs), 3.66 (dqJ=9.7, 7.1 Hz, 2H, 2 x CHCHs), 6.27 (td,J=7.1, 1.1
Hz, 1H, GH=CH), 6.37 (dtJ=9.2, 1.1 Hz, 1H, CH=8), 6.58 (s, 1H, CH(OE}), 7.40-
7.44 (m, 1H, GI=CH), 7.55 (ddJ=7.1, 2.1 Hz, 1H, B=CH); *C NMR (125 MHz,
DMSO): J15.1 (CH), 63.0 (CH), 99.8 (CH), 106.2 (CH-Ar), 120.4 (CH-Ar), 132.7
(CH-Ar), 141.0 (CH-Ar), 161.5 (C=0); MS (Ehvz (%): 197 (M, 97), 152 (97), 124
(66); 103 (100), 95 (92), 75 (60), 67 (70); HRMBI *, found 197.09990, {gH150sN
requires 197.9969.
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1-(Diethoxymethyl)-1H-imidazole 343>°
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A mixture of imidazole333(1.28 g, 18.8 mmol, 1 eqp;toluene sulfonic acid (100 mg,
0.58 mmol, 0.03 eq.) and triethyl orthoformate 8.&l, 80.0 mmol, 4.25 eq.) was
heated at 130 °C until no more ethanol distilleahfrthe reaction mixture and then
heated at 160 °C for 16 hours. After excess trietithoformate was removed under
vacuum, sodium carbonate (100 mg) was added tordsmlue which was then

fractionally distilled to give840as a colourless oil (1.45 g, 45%).

B.p 117-119 °C (0.7 mbar), [12>b.p 52 °C (0.02 Torr); IRfilM): Vmax 2979 (w), 1739
(w), 1218, 1060 (s) cihy 'H NMR (500 MHz, CDC}): J 1.22 (t,J=7.2 Hz, 6H, 2 x
OCH,CH3), 3.56 (q,J=7.2 Hz, 4H, O®,CHs), 6.02 (s, 1H, CH(OE), 7.06 (dd,
J=10.2, 1.1 Hz, 2H, B=CH, CH=CH), 7.70 (s, 1H, NCHN)}*C NMR (125 MHz,
CDCl): d14.7 (CH), 60.9 (CH), 101.4 (CH), 116.1 (CH-Ar), 129.5 (CH-Ar), 135.1
(CH-Ar); MS (El) m/z (%): 170 (M, 6), 125 (77), 103 (100), 75 (85); HRMB] ",
found 170.10006, §H,40,N, requires 170.10002.
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Ethyl 1-(diethoxymethyl)-1H-pyrrole-2-carboxylate 3413
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A mixture of ethyl pyrrole-2-carboxylatd34 (2.00 g, 14.4 mmol, 1 eq.) and triethyl
orthoformate (24.0 ml, 144 mmol, 10 eq.) was heaed 65 °C for 6 days. The
resulting mixture was concentrated under reducedsoire and the residue purified by
column chromatography (petroleum ether:ethyl aeef@tl) to give341 as a slightly
yellow oil (2.54 g, 73%).

IR (film): Vimax 2979 (w), 1699 (s), 1419, 1285, 1232, 1207, 16891057 (s) ci;, *H
NMR (400 MHz, DMSO):J 1.22 (t,J=7.1 Hz, 6H, 2 x OCbCH3), 1.35 (t,J=7.1 Hz,
3H, CHs), 3.55 (dq,J=9.5, 7.1 Hz, 2H, CHOB,CHs), 3.67 (dq,J=9.5, 7.1 Hz, 2H,
CHOCH,CHs), 4.28 (9,J=7.2 Hz, 2H, O®,CHs), 6.19 (br t,J=3.2 Hz, 1H, H), 6.98
(dd, J=3.8, 1.8 Hz, 1H, k), 7.02 (s, 1H, CH(OE}%), 7.34 (ddJ=2.7, 1.8 Hz, 1H, b);
13C NMR (150 MHz, DMSO):014.2 (CH), 14.7 (CH), 59.8 (CH), 62.0 (CH), 101.3
(CH), 108.7 (CH-Ar), 118.6 (CH-Ar), 121.4 (C), 134CH-Ar), 160.1 (C=0).; MS (El)
m'z (%): 264 (Mnd, 29), 196 (74), 182 (100); HRM3Mna]*, found 264.12174,
C12H1903NnNna requires 264.12063.
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Methyl 1-(diethoxymethyl)-1H-indole-3-carboxylate 342

A mixture of methyl indole-3-carboxylat&é35 (5.00 g, 28.5 mmol, 1 eq.) and triethyl
orthoformate (50.0 ml, 301 mmol, 10 eq.) was heattd60 °C for 60 hours. The
resulting mixture was concentrated under reducexgure and the residue purified
twice by column chromatography (petroleum ethetigieether 1:1) to give842 as a
pale orange oil (6.74 g, 85%).

IR (film): Vmax 2980, 1709 (s), 11537, 1460, 1377, 1205 (s), @2 'H NMR (500
MHz, DMSO): & 1.23 (t,J=7.1 Hz, 6H, 2 x OCKCHs), 3.55-3.63 (m, 4H, B,CHb),
3.92 (s, 3H, OCH), 6.29 (s, 1H, CH(OE4), 7.27-7.32 (m, 2H, H-Ar), 7.58-7.62 (m,
1H, H-Ar), 8.11 (s, 1H, CHN), 8.16-8.19 (m, 1H, H)A™C NMR (75 MHz, DMSO):
014.6 (CH), 50.8 (CH), 61.4 (CH), 102.3 (CH), 106.5 (C-Ar), 112.5 (CH-Ar), 120.6
(CH-Ar), 122.2 (CH-Ar), 122.9 (CH-Ar), 126.4 (C-Ar131.7 (CH-Ar), 134.5 (C-Ar),
164.3 (C=0); MS (ElyWz (%): 300 (Mn4, 38), 232 (100), 218 (37), 204 (69), 198 (20),
176 (38); HRMS{MNa]", found 300.12117, £H:s0sNNa requires 300.12063.
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trans-Methyl 1-(2-benzylcyclopropyl)-1H-indole-3-carboxyate 343 andcis-methyl
1-(2-benzylcyclopropyl)-1H-indole-3-carboxylate 344
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A solution of 1-diethoxymethylH-indole-3-carboxylic acid methyl est842 (703 mg,
2.54 mmol, 2 eq.) in diethyl ether (3 ml) was addedpwisevia syringe pump (0.6
ml.h%) to a vigorously stirred refluxing mixture of zidest (1.66 g, 25.4 mmol, 20 eq.),
copper(l) chloride (166 mg, 1.68 mmol, 1.3 eqg.hczthloride (1.0 M solution in diethyl
ether, 2.5 ml, 2.5 mmol, 2 eq.), chlorotrimethysi (1.62 ml, 12.7 mmol, 1.3 eq.) and
allylbenzenel53 (150 mg, 1.27 mmol, 1 eq.) in diethyl ether (6 .nhe reaction
mixture was heated at reflux for 16 hours, themgbed by the addition of a saturated
aqueous solution of sodium bicarbonate (8 ml)efdd and the solids washed with
diethyl ether (10 ml). The biphasic mixture wasragted with diethyl ether (2 x 10 ml)
and the combined organic extracts were washed lwitie (10 ml), dried (MgSg),
filtered and concentrated under vacuum. The residias purified by column
chromatography (diethyl ether:petroleum ether To3yive an inseparable mixture of
343 and 344 (70 mg, 18%jrans.cis 1.4:1 as determined by4 NMR spectrum) as a

pale yellow oil.

IR (mixture oftrans andcis, film): vimax 3005, 2947, 1699 (s), 1605 (w), 1533 (s), 1464
(s), 1375, 1317, 1196 (s) €m343 *H NMR (trans, 500 MHz, CDCJ): 1.07-1.13 (m,
1H, CHHCHN), 1.31 (ddd,J=9.6, 5.8, 3.8 Hz, 1H, CHCHN), 1.60-1.68 (m, 1H,
CHCHN), 2.77 (ddJ=14.4, 7.4 Hz, 1H, BHPh), 2.90 (ddJ=14.4, 6.7, 1H, CHPh),
3.22 (dt,J=7.2, 3.6 Hz, 1H, CHN), 3.89 (s, 3H, OgH7.10-7.15 (m, 2H, H-Ar), 7.21-
7.25 (m, 2H, H-Ar), 7.28-7.33 (m, 2H, H-Ar), 7.3539 (m, 2H, H-Ar), 7.74 (s, 1H,
CH=C), 8.11-8.13 (m, 1H, H-Ar)343 *C NMR (trans, 125 MHz, CDC})): J 13.3
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(CH), 21.5 (CH), 32.7 (Ch, 33.5 (CH), 51.0 (CH), 107.0 (C-Ar), 110.8 (C-Ar),
121.6 (C-Ar), 122.1 (C-Ar), 122.7 (C-Ar), 126.2 @), 126.7 (C-Ar), 128.6 (C-Ar),
128.8 (C-Ar), 134.3 (C-Ar), 137.7 (C-Ar), 139.8 @), 165.5 (C=0);344 'H NMR
(cis, 500 MHz, CD()): 6 1.15 (td,J=6.2, 4.4 Hz, 1H, BHCHN), 1.37-1.43 (m, 1H,
CHHCHN), 1.67-1.72 (m, 1H, BCHN), 1.90 (ddJ=15.1, 9.6 Hz, 1H, BHPh), 2.79
(dd, J=15.1, 5.0, 1H, CHPh), 3.55 (td,J)=7.3, 4.3 Hz, 1H, CHN), 3.92 (s, 3H, OgH
7.05-7.07 (m, 2H, H-Ar), 7.16-7.19 (m, 1H, H-Ar)28-7.33 (m, 4H, H-Ar), 7.52-7.55
(m, 1H, H-Ar), 7.84 (s, 1H, CH=C), 8.18-8.20 (m, IH+Ar); 344 °C NMR (cis, 125
MHz, CDCL): d11.1 (CH), 19.3 (CH), 32.7 (G} 33.5 (CH), 51.0 (CH), 107.1 (C-
Ar), 111.0 (C-Ar), 121.6 (C-Ar), 122.3 (C-Ar), 128(C-Ar), 126.6 (C-Ar), 126.8 (C-
Ar), 128.3 (C-Ar), 128.4 (C-Ar), 134.8 (C-Ar), 138(C-Ar), 140.2 (C-Ar), 165.4
(C=0); MS (El)m/z (%): 306 (MH, 100), 274 (17); HMRS: [MH] found 306.14782,
C20H2002N requires 306.14886.
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trans-Methyl 1-(2-tert-butylcyclopropyl)-1H-indole-3-carboxylate 345

A solution of 1-diethoxymethylH-indole-3-carboxylic acid methyl est842 (687 mg,
2.48 mmol, 2 eq.) in diethyl ether (2 ml) was addedpwisevia syringe pump (0.6
ml.h%) to a vigorously stirred refluxing mixture of zidast (1.62 g, 24.8 mmol, 20 eq.),
copper(l) chloride (162 mg, 1.64 mmol, 1.3 eqg.hczthloride (1.0 M solution in diethyl
ether, 2.5 ml, 2.5 mmol, 2 eq.), chlorotrimethgsg (1.60 ml, 12.5 mmol, 10 eq.) and
3,3 dimethylbut-1-end 64 (0.16 ml, 1.24 mmol, 1 eq.) in diethyl ether (6 nihe
reaction mixture was heated at reflux for 16 hothien quenched by the addition of a
saturated aqueous solution of sodium bicarbonatel)8filtered and the solids washed
with diethyl ether (10 ml). The biphasic mixture smaxtracted with diethyl ether (2 x
10 ml) and the combined organic extracts were washigh brine (10 ml), dried
(MgSQy), filtered and concentrated under vacuum. Theduesivas purified by column
chromatography (petroleum ether: diethyl ether 10lyive 342 as a yellow solid (35
mg, 10%).

M.p. 65-70 °C (EO); IR (film): Vmax 2948, 1691 (s), 1534, 1463, 1435, 1374, 1259,
1193 (s) crit; 'H NMR (trans, 600 MHz, CDCY): 61.06 (s, 9H, C(CH)3), 1.07-1.14
(m, 2H, G4,CHN), 1.38-1.42 (m, 1H, BC(CHy)s), 3.29 (dt,J=7.6, 3.7 Hz, 1H, CHN),
3.92 (s, 3H, OCH), 7.29-7.31 (m, 2H, H-Ar), 7.61-7.63 (m, 1H, H-A@}.81 (s, 1H,
CH=C), 8.15-8.17 (m, 1H, H-Ar)**C NMR (rans, 150 MHz, CDCY): 5 9.7 (CH),
28.5 (CCHa)3), 29.4 C(CHs)s), 30.6 (CH), 31.4 (CH), 51.0 (G} 106.8 (C-Ar), 110.8
(CH-Ar), 121.7 (CH-Ar), 122.1 (CH-Ar), 122.7 (CH-Ar126.7 (C-Ar), 134.5 (CH-Ar),
137.7 (C-Ar), 165.5 (C=0); MS (EhvVz (%): 271 (M, 100), 240 (30), 214 (100), 201
(27), 182 (22), 170 (28), 154 (53); HMRS: [Mjound 271.15197, GH2.0,N requires
271.15172.
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1-(Pent-4-enyl)pyrrolidine-2,5-dione 351
O J_/:
o
0]

Sodium hydride (60% in mineral oil, 2.24 g, 56.0 aipi.1 eq.) was added portionwise
to a solution of succinimide (5.00 g, 50.5 mmokdL) inN,N dimethylformamide (30
ml) at 0 °C and stirred at 0 °C for 5 minutes befararming to room temperature and
stirring for a further 1 hour. 5 Bromopentene (6rA) 50.6 mmol, 1 eq.) was added
dropwise to the mixture and the reaction mixture wstrred for 16 hours before being
poured into water (50 ml) and a saturated aqueolusi@an of ammonium chloride (50
ml). The resulting mixture was extracted with digtiether (3 x 25 ml) and the
combined organic extracts were washed with watex & ml), dried (MgS@) and
evaporated under reduced pressure. The residue mad#ied by column
chromatography (hexane:ethyl acetate 6:4 ) to gbieas a yellow oil (7.18g, 85%).

IR (film): Vimax 2941 (w), 1773 (w), 1690 (s), 1438, 1399, 1345012162, 1131 cih

'H NMR (500 MHz, CDC}): J 1.66 (dt,J=15.0, 7.4 Hz, 2H, B,CH,N), 2.02-2.07 (m,
2H, CH,CH=CH), 2.67 (s, 4H, 2 x G4€0), 3.50 (tJ=7.4 Hz, 2H, CHN), 4.96 (ddd,
J=10.2, 3.1, 1.3 Hz, 1H, ®H=CH), 5.02 (dddJ=17.2, 3.4, 1.7 Hz, 1H, QHECH),

5.77 (ddt,J=17.2, 10.3, 6.6 Hz, 1H, =CH,); *C NMR (150 MHz, CDGJ): §26.7
(CHy), 28.1 (CH), 31.0 (CH), 38.4 (CH), 115.3 CH,=CH), 137.4 CH=CH,), 177.3
(C=0); MS (C miz (%): 168 (MH,59), 114 (19), 101 (100); HRM$WH] *, found
168.10254, GH140;N requires 168.10245.
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1,1a,2,3-Tetrahydro-3a-aza cyclopropa[l,5]cyclopeall,2-alinden-4-one 354

A solution of 2-(but-3-enyl)isoindoline-1,3-dior&3 (200 mg, 1.00 mmol, 1 eq.) in
dichloromethane (3 ml) was added dropwisa syringe pump (0.6 mif to a
vigorously stirred refluxing mixture of zinc dusi.88 g, 21.1 mmol, 21.1 eq.),
copper(l) chloride (138 mg, 1.39 mmol, 1.4 eqg.hczthloride (1.0 M solution in diethyl
ether, 2.0 ml, 2.0 mmol, 2 eq.) and chlorotrimesiighe (1.90 ml, 14.9 mmol, 15 eq.)
in diethyl ether (5 ml). The reaction mixture wasated at reflux for 16 hours, then
quenched by the addition of a saturated aqueous@olof sodium bicarbonate (15 ml),
filtered and the solids washed with diethyl eth#d (nl). The biphasic mixture was
extracted with diethyl ether (2 x 10 ml) and thenbaned organic extracts were washed
with brine (10 ml), dried (MgS£) and concentrateish vacuo. The residue was purified
by column chromatography (diethyl ether:petroleuthee4:1) to give354 as a orange
oil (15 mg, 8%)

IR (film): Vmax 2956, 1679 (s), 1474, 1398, 1347, 1265, 1083;¢i NMR (500 MHz,

CDCl): 0 1.54 (dd,J=6.6, 5.6 Hz, 1H, EBHCN), 1.62 (dd,J=8.9, 6.6 Hz, 1H,
CHHCN), 2.02 (dt,J=8.9, 5.3 Hz, 1H, CHCN); 2.22 (ddd=12.9, 7.8, 1.4 Hz, 1H,
CHHCH.N), 2.36-2.45 (m, 1H, CHCH.N), 3.04 (ddd,J=12.5, 9.9, 7.8 Hz, 1H,
CHHN), 4.09 (dddJ=12.5, 9.9, 1.4 Hz, 1H, GHN), 7.14 (d,J=7.6 Hz, 1H, H-Ar),
7.41 (td,J=7.5, 1.0 Hz, 1H, H-Ar), 7.48 (td=7.5, 1.1 Hz, 1H, H-Ar), 7.82 (d=7.6

Hz, 1H, H-Ar); *C NMR (125 MHz, CDGJ): 4 15.6 (CH), 22.3 (CH), 31.4 (Cb),

38.4 (CH), 54.7 (C), 119.0 (CH-Ar), 124.0 (CH-Ar), 125.5-£C), 127.6 (CH-Ar),

131.2 (CH-Ar), 144.8 (C-Ar), 168.6 (C=0); MS (¢Im/z (%): 186 (MH, 100);

HRMS: [MH] ", found 186.09093, sH1;0N requires 186.091809.
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Ethyl 2-ox0-2-(2-oxooxazolidin-3-yl)acetate 361

O\ij\/NJ\[(O\/

)

A solution of oxazolidin-2-ond.80 (3.00 g, 34.5 mmol, 1 eq.) in tetrahydrofuran (20
ml) was added dropwise to a solution of sodium iagd{60% in mineral oil, 4.13 g,
103 mmol, 3 eq.) in tetrahydrofuran (80 ml) at Q T@e reaction mixture was stirred
for 1 hour at 0 °C. Ethyloxalyl chloride (5.75 ml1.6 mmol, 1.5 eq.) was then added
dropwise at 0 °C and the resulting mixture allowedvarm to room temperature and
stirred for 16 hours before being partitioned betwevater (50 ml) and ethyl acetate
(100 ml). The aqueous phase was separated andtexitra&ith ethyl acetate (50 ml).
The combined organic extracts were washed with tarat@d aqueous solution of
sodium carbonate (3 x 50 ml), dried (MggQiltered and concentrated under reduced
pressure to give61 together with 2-ethoxy-2-oxoacetic acid (1.9§,1: 2-ethoxy-2-
oxoacetic acid1:3 as determined b4 NMR spectrum) as a yellow oil, which was
used without further purification. The yield 861 (1.60 g, 25%) was calculated from
'H NMR spectrum.

IR (film): Vmax 2989 , 2925, 1792 (s), 1751 (s), 1705 (s), 142621(s), 1236 (s), 1018
(s) cm*; *H NMR (400 MHz, CDCY): §1.36 (t,J=7.2 Hz, 3H, CH), 4.04 (t,J= 8.0 Hz,
2H, CHN), 4.40 (q,J= 7.2 Hz, 2H, G1,CHs), 4.56 (t,J=8.0 Hz, 2H, CHO); °*C NMR
(75 MHz, CDC}): J 13.6 (CH), 40.7 (CH), 62.9 (CH), 63.7 (CH), 152.8 (C=0),
160.0 (C=0), 160.3 (C=0); MS (QInvz (%): 188 (MH, 66), 160 (37), 142 (51), 114
(62), 88 (100); HRMS : [MH], found 188.05586, E11¢0sN requires 188.05535.
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Ethyl 2-ox0-2-(2-oxopyrrolidin-1-yl)acetate 362
o o
@*ﬁ"“
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A solution of pyrrolidin-2-one15 (3.00 g, 35.3 mmol, 1 eq.) in tetrahydrofuran (29 m
was added dropwise to a solution of sodium hyd(&@26 in mineral oil, 4.23 g, 106
mmol, 3 eq.) in tetrahydrofuran (80 ml) at O °CeTreaction mixture was stirred for 1
hour at 0 °C. Ethyloxalyl chloride (5.90 ml, 52.9mwol, 1.5 eq.) was then added
dropwise at 0 °C and the resulting mixture allowedvarm to room temperature and
stirred for 16 hours before being partitioned bemvevater (50 ml) and ethyl acetate
(100 ml). The aqueous phase was separated andtexitra&ith ethyl acetate (50 ml).
The combined organic extracts were washed with tarat@d aqueous solution of
sodium carbonate (3 x 50 ml), dried (MgJQiltered and concentrated under reduced
pressure to give a pale brown semi-solid mixtur8@&# and 2-ethoxy-2-oxoacetic acid
(2.14 g,3622-ethoxy-2-oxoacetic acicb:1 as determined By NMR spectrum) which
was used without further purification. The yield 382 (1.87g, 29%) was calculated
from the’H NMR spectrum.

IR (film): Vmax 2914, 1750 (s), 1699 (s), 1355 (s), 1220 (s), 1018; 'H NMR (400
MHz, CDCk): 01.37 (t,J=7.2 Hz, 3H, CH), 2.18 (tt,J=8.1, 7.3 Hz, 2H, E,CH,N),
2.62 (t,J=8.1 Hz, 2H, CHCO), 3.82 (tJ=7.3 Hz, 2H, CHN), 4.39 (q,J=7.2 Hz, 2H,
OCH,CHs); **C NMR (75 MHz, CDGJ)): d 13.6 (CH), 17.7 (CH), 31.7 (CH), 43.3
(CH,), 62.4 (CH), 160.2 (C=0), 161.3 (C=0), 175.2 (C=0); MS 0z (%): 186
(MH®, 8), 112 (26), 31 (100); HRMS : [MH]found 186.07679, §l:,04N requires
186.07608.
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Ethyl 2-hydroxy-2-(2-oxooxazolidin-3-yl)acetate 365

b
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Oxazolidin-2-onel80 (430 mg, 4.94 mmol, 1 eq.) was added to a solutibethyl
glyoxalate (55% in toluene, 1.00 g, 4.94 mmol, 1),eacetic acid (0.28 ml, 4.94 mmol,
1 eq.) and toluene (10 ml). The resulting mixtuswstirred at room temperature for 3
hours before being concentrated, diluted with toéu@and evaporated under reduced

pressure to givB865as a colourless oil (778 mg, 83%).

IR (film): Vmax 3354 (br) , 2985, 1739 (s), 1485, 1425, 125216Y1, 1028 cr; 'H

NMR (500 MHz, CDC}): 1.35 (t,J=7.2 Hz, 3H, CH), 3.51 (ddJ= 8.4, 6.9 Hz, 1H,
CHHN), 3.77 (dd, 1H,=8.4, 7.6 Hz, 1H, CHN), 4.30-4.38 (m, 2H, OB,CHs), 4.39-
4.43 (m, 2H, CHOCO), 5.64 (s, 1H, CHN}*C NMR (75 MHz, CDCJ): 514.1 (CH),

40.5 (CH), 62.5 (CH), 63.0 (CH), 74.9 (CH), 157.8 (C=0), 169.2 (C=0); MS [LI
Mz (%): 190 (MH, 69), 173 (68), 134 (95), 114 (41), 103 (77), 89Q); HRMS :
[MH] ", found 190.07101, 811,05N requires 190.07154.
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Ethyl 2-(5-allyl-2-methoxyphenyl)-2-(2-oxopyrrolidin-1-yl)acetate 366

\
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A solution of oxo-(2-oxo-pyrrolidin-1-yl)-acetic &kt ethyl ester362 (469 mg, 2.21
mmol, 1.3 eq.) in diethyl ether (5 ml) was addea syringe pump over 4 hours to a
vigorously stirred mixture of zinc amalgam (1.384,1 mmol, 12.5 eq.), zinc chloride
(1.0 M solution in diethyl ether, 2.5 ml, 2.5 mmbl5 eq.), 4-allylanisol@53 (250 mg,
1.69 mmol, 1 eq.), trimethylsilyl chloride (1.35,M0.6 mmol, 6.25 eq.) in diethyl ether
(8 ml) at reflux. Zinc dust (1.00 g, 15.3 mmol, §.)eand copper(l) chloride (138 mg,
1.39 mmol, 0.8 eq.) were added and the resultingure heated at reflux for 16 hours.
After cooling to room temperature, a saturated agsesolution of sodium bicarbonate
was added and the mixture stirred for 10 min. Thiit®n was filtered and the
separated zinc washed with ethyl acetate. The aguémyer was separated and
extracted with ethyl acetate (3 x 5 ml) and the lom@d organic extracts were washed
with brine, dried (MgSQ), filtered and concentrated under reduced pressLine
residue was purified by column chromatography (dieether:petroleum ether 4:1) to
give 366 as a yellow oil (128 mg, 24%).

IR (film): Vmax 2968, 1739 (s), 1688 (s), 1502, 1420, 1263 ctid NMR (400 MHz,
CDCl): §1.22 (t,J=7.1 Hz, 3H, CHCH3), 1.80-1.91 (m, 1H, BHCH,N), 1.99-2.08
(m, 1H, CHHCH,N), 2.32-2.51 (m, 2H, CHN), 2.89-3.00 (m, 1H, BHCO), 3.31 (d,
J=6.7 Hz, 2H, ®&,CH=CHp), 3.54-3.59 (m, 1H, CHCO), 3.78 (s, 3H, OC#), 4.14-
4.25 (m, 2H, ©,CHy), 5.01-5.07 (m, 2H, B,=CH), 5.87-5.97 (m, 1H, IB=CH,), 6.03
(s, 1H, CHN), 6.83 (dJ= 8.4 Hz,1H, H-Ar), 7.0 (dJ= 2.2 Hz, 1H, H-Ar), 7.14 (dd}=
8.4, 2.2 Hz, 1H, H-A)*C NMR (75 MHz, CDCJ): 5 14.1 (CH), 17.9 (CH), 30.7
(CH,), 39.1 (CH), 44.4 (CH), 54.1 (CH), 55.4 (Ch}, 61.0 (CH), 110.9 (CH-Ar),
115.7 CH,=CH), 122.7 (C-Ar), 129.8 (CH-Ar), 131.0 (CH-Ar)32.3 (C-Ar), 137.2
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(CH=CH,), 155.7 (C=0), 170.2 (C-Ar), 175.C£0); MS (El) m/z (%): 317 (M, 2),
271 (15), 244 (100); HRMS : [M]found 317.161128, fgH,30:N requires 317.16216.
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Ethyl 2-hydroxy-2-(2-oxopyrrolidin-1-yl)acetate 367

2
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Pyrrolidin-2-one215 (420 mg, 4.94 mmol, 1 eq.) was added to a solutibethyl
glyoxalate (55% in toluene (1.00 g, 4.94 mmol, 1),eacetic acid (0.28 ml, 4.94 mmol,
1 eq.) and toluene (10 ml). The resulting mixtuswstirred at room temperature for 3
hours before being concentrated, diluted in toluand evaporated under reduced

pressure to giv867 as an orange semi-solid (787 mg, 85%).

IR (film): Vmax 3257 (br), 2983, 1751 (s), 1678 (s), 1421, 12709] 1035 cnt; *H
NMR (400 MHz, CDC}): 01.31 (t,J=7.1 Hz, 3H, CH)), 2.02-2.11 (m, 2H, B,CH;N),
2.43 (t,J=8.1 Hz, 2H, CHCO), 3.21-3.27 (m, 1H, GHN), 3.52.3.58 (m, 1H, CHN),
3.93 (s, 1H, OH), 4.30 (d=7.1 Hz, 2H, OGI,CHs), 5.74 (s, 1H, CHN)**C NMR (100
MHz, CDCk): J 14.2 (CH), 18.0 (CH), 30.9 (CH), 43.1 (CH), 62.8 (CH), 73.0
(CH), 170.1 (C=0), 175.8 (C=0); MS (Et)z (%): 188 (MH, 37), 170 (73), 142 (22),
114 (75), 86 (100); HRMS : [M] found 187.08488, £E11504N requires 187.08445.
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Ethyl 2-(3,4-dimethoxyphenyl)-2-(2-oxo-oxazolidin-3/l)acetate 370
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A solution of oxo-(2-oxo-oxazolidin-3-yl)-acetic idcethyl ester361 (230 mg, 0.98
mmol, 1.1 eq.) in diethyl ether (3 ml) was addegpsivisevia syringe pump (0.6 ml:h

to a vigorously stirred mixture of zinc amalgam6@mg, 10.6 mmol, 12.3 eq.), zinc
chloride (1.0 M solution in diethyl ether, 1.25 ml,25 mmol, 1.45 eq.), 1,2
dimethoxybenzen8&69 (0.11 ml, 0.86 mmol, 1 eq.), trimethylsilyl chide (0.68 ml,
5.32 mmol, 6.2 eq.) in diethyl ether (3 ml) at vefl The resulting mixture was heated at
reflux for 16 hours, cooled to room temperature edted with a saturated aqueous
solution of sodium bicarbonate. After stirring fd® min, the reaction mixture was
filtered and the separated zinc washed with etlvgtaie. The aqueous phase was
separated and extracted with ethyl acetate (2 %) amd the combined organic extracts
were washed with brine, dried (Mg®Q filtered and concentrated under reduced
pressure. The residue was purified by column chtognaphy (diethyl ether:petroleum
ether 4:1) to giv&70as a yellow oil (150 mg, 56%).

IR (film): Vmax 2912, 2837 (W), 1740 (s), 1737 (s), 1593, 1518114246, 1198, 1145,
1076, 1024 cif; *H NMR (500 MHz, CDC}): 1.25 (t,J=7.2 Hz, 3H, OCHCHz), 3.06-
3.14 (m, 1H, EHN), 3.86 (s, 3H, OCH), 3.87 (s, 3H, OCH), 3.89-4.00 (m, 1H,
CHHN), 4.19-4.28 (m, 3H, BHOCO, O®H,CHs), 4.33.4.39 (m, 1H, CHOCO), 5.64
(s, 1H, CHN), 6.77-6.80 (m, 2H, H-Ar), 6.84 @8.1 Hz, 1H, H-Ar);**C NMR (100
MHz, CDCk): J 14.0 (CH), 41.7 (CH), 55.9 (CH), 59.4 (CH), 61.6 (Ch), 62.4
(CHy), 120.7 (CH-Ar), 111.8 (CH-Ar), 111.2 (CH-Ar), 185 (C-Ar), 149.3 (C-Ar),
158.2 (C=0), 170.1 (C=0); MS (EiWz (%): 309 (M, 7), 263 (13), 236 (36), 220 (19),
205 (49), 192 (7), 174(42), 129 (76), 100 (100); R : [M]*, found 309.12018,
C1sH1906N requires 309.12123.
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3-(2,2,2-Trifluoroacetyl)oxazolidin-2-one 35&°
o o0
F
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A mixture of 2-oxazolidinonel80 (1.00 g, 11.5 mmol, 1 eqg.) and trifluoroacetic
anhydride (539 ml, 276 mmol, 24 eq.) was heate@faix for 24 hours. The resulting
mixture was concentratred vacuo and the residue was recrystallised from ethyl aeeta
to give359as a colourless solid (0.92 g, 80%).

M.p. 74-78 °C (EtOAc), lit}/©90-93.5 °C; IR (film):Vmax 1716 (s), 1699, 1475, 1416
(s), 1169 (s) , 1039 ¢ 'H NMR (400 MHz, CDC}): d4.14 (t,J=7.9 Hz, 2H,CH:N),
4.55 (t,J=7.9 Hz,2H, CH0); *C NMR (75 MHz, CDCJ): §43.1 (CH), 62.8 (CH),
114.8 (9.Jc.r 284 Hz, CR), 149.8 (qJcr 43 Hz, GOCFR), 155.9 (GO); MS (El)
mz (%): 183 (M, 32), 114 (93), 96 (13), 87 (17), 70 (100), 56)(FHRMS: [M]",
found183.01480, gH4O3NF; requires 183.01433.
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Ethyl 2-(2-(but-3-enyl)-6-oxopiperidin-1-yl)-2-oxoaetate 374

A solution 0f283 (397 mg, 2.59 mmol, 1 eq.) in tetrahydrofuran ) was added to a
mixture of sodium hydride (311 mg, 13.0 mmol, 5geghich was washed with hexane
three times, in tetrahydrofuran (3 ml) at 0 °C. Tkaction mixture was stirred for 1
hour at 0 °C. Ethyl oxalyl chloride (0.44 ml, 5.@0nol, 2 eq.) was added dropwise and
the mixture was allowed to warm to room temperatben stirred for 16 hours before
the addition of water (20 ml) and ethyl acetate (@§. The aqueous phase was
separated and extracted with ethyl acetate (3 ml}5The combined organic extracts
were washed with a saturated aqueous solutiondifisobicarbonate (20 ml), brine (20
ml), dried (MgSQ), filtered and concentrated under vacuum. Theduesiwvas purified
by column chromatography (petroleum ether:ethytaeel:1) to give374 as a yellow
oil (429 mg, 65%).

IR (film): Vmax 2958, 1742, 1690 (s), 1389, 1371, 1328, 1267, 14p51163 (s), 1018
(s) cmi*; *H NMR (600 MHz, CDC}): J 1.38 (t,J=7.2 Hz, 3H, CH), 1.63 (ddd,)=13.6,
9.7, 5.6, 1H, EIHCH,CH=CH,), 1.80-1.90 (m, 3H, BHCH,CH,CO, CHHCH,CO,
CHHCH,CH=CH,), 1.93-2.03 (m, 2H, CHCH,CH,CO, CHHCH,CO), 2.07-2.19 (m,
2H, CH,CH=CH,), 2.55-2.66 (m, 2H, C}O), 4.32-4.40 (m, 2H, Od;CHs), 4.40-
4.45 (m, 1H, CHN), 5.02 (ddd=10.3, 3.0, 1.3 Hz, 1H, l¥H=CH), 5.08 (dqJ=17.2,
1.6 Hz, 1H, CHH=CH), 5.82 (ddtJ=17.2, 10.3, 6.6 Hz, 1H,H=CH,); *C NMR (150
MHz, CDCk): J 13.8 (CH), 15.9 (CH), 24.3 (CH), 30.2 (CH), 31.6 (CH), 32.7
(CHy), 52.6 (CH), 62.3 (Ch), 115.6 CH»=CH), 136.9 CH=CH,), 161.6 (C=0), 163.2
(C=0), 173.0 (C=0); MS (C) Mz (%): 254 (MH, 100), 208 (55), 180 (59), 139 (31),
99 (21);[MH] ", found 254.13855, GH»0OsN requires 254.13923.
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N-Benzyl-4-methylbenzenesulfonamide 38%°

Benzylamine380 (2.2 ml, 20 mmol, 2 eq.) was added dropwise tolation of tosyl
chloride (1.9 g, 10 mmol, 1 eq.) in diethyl eth®0 (ml) at O °C. The resulting mixture
was allowed to warm to room temperature and stifoed. hour. An aqueous solution
of HCI (0.5 M, 50 ml) was added to the reaction tunig to dissolve the amine salt, and
the organic phase was separated and washed wafusous solution of HCI (0.5 M, 3
x 50 ml). The organic phase was dried (Mgb@nd concentrated under reduced
pressure and the residue was purified by columwnshtography (petroleum ether:
diethyl ether 3:2) to giv881as a colourless solid (2.07 g, 79%).

M.p. 112-118 °C (BD), lit.**°111-113 °C (EtOH); IRfilm): Vmax 3270, 1455, 1423,
1323 (s), 1178, 1165, 1060 ¢m*H NMR (500 MHz, CDCY): § 2.43 (s, 3H, Ch),
4.10 (d,J=6.2 Hz, 2H, CHPh), 4.65 (br tJ=5.8 Hz, 1H, NH), 7.16-7.19 (m, 2H, H-Ar),
7.21-7.27 (m, 3H, H-Ar), 7.29 (d=8.0 Hz, 2H, H-Ar), 7.74 (d)=8.3 Hz, 2H, H-Ar);
13C NMR (125 MHz, CDGCJ): §21.5 (CH), 47.3 (CH), 127.2 (CH-Ar), 127.8 (CH-
Ar), 127.9 (CH-Ar), 128.7 (CH-Ar), 129.7 (CH-Ar)36.2 (C-Ar), 136.8 (C-Ar), 143.5
(C-Ar); MS (CI") m/z (%): 262 (MH, 10), 155 (26), 139 (31), 106 (100), 91 (94);
HRMS: [MH] ", found 262.08965, gH160.NS requires 262.09017.
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N-Benzyl-N-diethoxymethyl-4-methylbenzenesulfonamide 382
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A mixture of N-benzyl-4-methyl-benzenesulfonami®81 (1.0 g, 3.8 mmol, 1 eq.),
triethyl orthoformate (30.0 ml, 180 mmol, 47 egndaaluminium chloride (77.0 mg,
0.58 mmol) was heated at 160 °C for 16 hours. Aftling the mixture was poured
into a saturated aqueous solution of sodium bicat®o (20 ml), and the resulting
mixture was extracted with ethyl acetate (15 mheTTombined organic extracts were
washed with brine (15 ml), concentrated under reduyressure and the residue purified
by column chromatography (petroleum ether: dietilier 9:1) to give882 as a yellow
oil (700 mg, 51%).

IR (film): Vimax 2978, 1496, 1455, 1340 (s), 1163 (s), 1055 (s};¢ NMR (500 MHz,
CDCl): J 0.92 (t,J=7.0 Hz, 6H, 2 x ChCH3), 2.46 (s, 3H, Ch), 3.34-3.41 (m, 2H, 2
x CHHCHs), 3.53 (dq,J=9.5, 7.0 Hz, 2H, 2 x BHCHs), 4.26 (s, 2H, CbPh), 5.8 (s,
1H, CH(OE®), 7.26-7.31 (m, 1H, H-Ar), 7.35 (§=7.5 Hz, 2H, H-Ar), 7.41 (d)=8.0
Hz, 2H, H-Ar), 7.45 (dJ=8.1 Hz, 2H, H-Ar), 7.75 (dJ=8.4 Hz, 2H, H-Ar);*C NMR
(125 MHz, CDC}): d14.2 (CH), 21.0 (CH), 45.0 (CH), 61.8 (CH), 104.3 (CH-Ar),
126.8 (CH-Ar), 127.4 (CH-Ar), 127.8 (CH-Ar), 128(GH-Ar), 129.4 (CH-Ar), 136.3
(C-Ar), 138.3 (C-Ar), 143.4 (C-Ar); MS (Eliwz (%): 386 (MN4, 38), 325 (75), 318
(100), 295 (50); HRMSMNa]*, found 386.14020, {gH,:0,NSNa requires 386.14190.
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N-Benzyl-4-methylbenzenesulfinamide 3842153
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To a suspension of sodiupara-toluenesulfinate384 (2.92 g, 16.4 mmol, 1 eq.) in
diethyl ether (15 ml) was added thionyl chloride2@ ml, 16.4 mmol, 1 eq.) at 0 °C
over 15 min. The reaction mixture was allowed torw# room temperature, stirred for
3 hours before being filtered and concentrated undeuum. The residue (1.74 g, 10.0
mmol, 1 eq.) was dissolved in diethyl ether (50 aml}l cooled to 0 °€’® Benzylamine
380 (2.2 ml, 20 mmol, 2 eq.) was then added dropwisé thhe resulting mixture
allowed to warm to room temperature. An aqueoustisni of HCI (0.5 M, 50 ml) was
added to dissolve the amine salt, and the orgdmsegwas separated and washed with
an aqueous solution of HCI (0.5 M, 2 x 50 ml). Trganic phase was dried (MgH0©
filtered and concentrated under reduced pressudetla® residue was purified by
column chromatography (petroleum ether:ethyl aee82) to give386 as a pale yellow
solid (1.32g, 33%).

M.p. 81-85 °C (petroleum ether) ,[tf380-81 °C (MeOH); IR(film): Vmax 3213, 1597
(w), 1497, 1455, 1417, 1086, 1051 (s)trtH NMR (300 MHz, CDCH): J 2.41 (s, 3H,
CHs), 3.90 (ddJ=14.7, 8.4 Hz, 1H, NH), 4.21-4.30 (m, 2H, gM), 7.26-7.36 (m, 7H,
H-Ar), 7.65 (d,J=8.0 Hz, 2H, H-Ar);"*C NMR (150 MHz, CDG): J21.4 (CH), 44.6

(CH,), 126.0 (CH-Ar), 127.7 (CH-Ar), 128.3 (CH-Ar), 128(CH-Ar), 129.7 (CH-Ar),

137.8 (C-Ar), 140.8 (C-Ar), 141.4 (C-Ar); MS (GIm/z (%): 246 (MH', 32), 197 (68),
140 (53), 107 (100), 92 (52); HRM$WH] *, found 246.09566, GH1cONS requires
246.09256.
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N-(3-Methylbut-2-enyl)acetamide 392
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N
H

2-Methyl but-3-ene-2 ol (861 mg, 10.0 mmol, 1 eq)l acetic anhydride (1.23 ¢,12.0
mmol, 1.2 eq.) were added to a solution of coldalgthloride (65 mg, 0.5 mmol, 0.05
eg.) in acetonitrile (120 ml) and then heated at@@dor 48 hours. After removal of the
solvent under reduced pressure, the residue wasldesl in ethyl acetate (50 ml),
washed with a saturated aqueous solution of sobicarbonate (5 x 20 ml), water (3 x
20 ml) and brine (30 ml). The organic phase wadr{NaSQ,), filtered and
evaporated under vacuum. The residue was purifigdcddumn chromatography
(petroleum ether:ethyl acetate 1:1) to gd@2 as a yellow oil (220 mg, 17%).

IR (film): Vmax 3280, 1647 (s), 1546 (s), 1440, 1374, 1284 (s};¢H NMR (600 MHz,
CDCls): J 1.69 (s, 3H, CCh), 1.74 (s, 3H, CCH), 2.00 (s, 3H, COCH), 3.84 (,J=5.9
Hz, 2H, CHN), 5.2 (it,J=7.2, 1.4 Hz, 1H, CH=C), 5.47 (br s, 1H, N} NMR (125
MHz, CDCk): J17.9 (CH), 23.2 (CH), 25.7 (CH), 37.7 (CH), 119.9 CH=C), 136.7
(C=CH), 170.0 (C=0).
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N-(Diethoxymethyl)-N-(3-methylbut-2-enyl)acetamide 393

2

PN

A mixture 0f392(217 mg, 1.70 mmol, 1 eq), triethyl orthoformat®& (ml, 90 mmol, 53
ed.) and aluminium chloride (34.0 mg, 0.25 mmal50eq.) was heated at 165 °C for 16
hours. After cooling the resulting mixture was pediinto a saturated agueous solution
of sodium bicarbonate (10 ml), and extracted withyleacetate (3 x 10 ml). The
combined organic extracts were washed with brisenfl), dried (MgSQ), filtered and
concentrated under reduced pressure. The crudeugiradas purified by column
chromatography (petroleum ether: diethyl ether folgive a yellow oil which was a 1 :
1 mixture of amide rotameB93 (163mg, 42%).

IR (mixture of rotamers 1:1, filmymax 3457 (W), 2971, 1739 (s), 1660, 1373 (s), 1217
(s), 1096, 1058 (s) ¢ *H NMR (mixture of rotamers 1:1, 600 MHz, CQEIJ 1.09-
1.15 (m, 6H, 2 x OCKCH3), 1.61-1.69 (m, 6H, 2 x CG) 1.99 (s, 1.5 H, COCH),
2.07 (s, 1.5 H, COC¥), 3.38-3.46 (m, 2H, 0O8,CHjs), 3.48-3.59 (m, 2H, O&,CHj),
3.75-3.83 (m, 2H, CN), 5.07-5.11 (m, 1H, CH=C), 5.68 (s, 0.5 H, CH(RE%6.20 (s,
0.5 H, CH(OE®); *C NMR (mixture of rotamers 1:1, 150 MHz, CREI515.0, 15.1,
15.2, 18.1, 22.3, 22.5, 25.9, 61.6, 61.8, 61.98,9904.4, 105.0, 121.0, 122.4, 122.9,
132.6, 133.3, 134.0, 162.3, 169.5, 171.6; MS (FAB)(%): 252 (MN4, 38), 230 (37),
185 (94), 177 (42), 155 (100); HRMB¥INa]*, found 252.15704, BH,30sN requires
252.15755.
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