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Abstract
This thesis describes investigations into the dearomatising anionic cyclisation of five-

membered heterocycles and the application of the cyclisation to the synthesis of

biologically important molecules.

Chapter 2 describes the attempted dearomatising anionic cyclisation of N-protected
pyrroles, furans, thiophenes, indoles and benzofurans. Efforts to use this methodology
to synthesise analogues of the natural product Hinckdentine A are described. An
investigation into diastereoselective deprotonation was also pursued. Also discussed are
the problems we encountered during these investigations and the interesting

observations that were made.

Finally chapter 3 describes the dearomatising cyclisation onto sulfone-activated
naphthalenes and the application of these reactions towards the total synthesis of (£)-

podophyllotoxin.
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Chapter 1

Chapter 1
Introduction
1.1 The Aim of the Project
In 1998 the Clayden group made a serendipitous discovery in connection with their

work on atropisomeric amides.' Attempted ortholithiation of the naphthalene 1 resulted

in the tricyclic isoindolone 2 via a dearomatising anionic cyclisation (Scheme 1.1).

\/Ph
Oy N._Ph
i s-Buli, THF, -78 °C
ii. Mel, (40 %)
1
Scheme 1.1

Over the past 6 years the Clayden group has been involved in the generalisation,

exploitation and development of the dearomatising anionic cyclisation reaction. Using
simplified starting materials and procedures they have been able to study the
mechanistic aspects of organolithium reactions in detail and apply this methodology to

the synthesis of biologically important compounds.

To date these reactions have been confined to tertiary six-membered aromatic amides.
We wished to investigate the dearomatising anionic cyclisation reaction of five-
membered aromatic heterocycles 3 with a view to forming 5,5-fused heterocycles 4, of
the type found in a number of natural products, such as the indolizidine alkaloids
(Scheme 1.2).2

0 R O

P N/ 1. Cyclisation I E R
s S, ______________* 'l Y N,
o4\ pp 0B A
X X H Ph
3 4
Scheme 1.2

A variety of starting materials were synthesised; different heterocyclic rings both five-
membered and six-five fused were incorporated, pyrrole protecting groups were
explored, the amide substituents varied and chirality introduced. We also hoped to apply
this methodology to the synthesis of analogues of biologically important targets.

12




Chapter 1

1.2 Heterocyclic Organolithium Derivatives®

Although Grignard reagents have been widely use in catbocyclic chemistry, the direct
preparation of heterocyclic Grignard reagents by the standard route (halogenated
compounds and magnesium metal) is often difficult, particularly if a basic nitrogen is
involved. Haloimidazoles and halopyridines have been converted by exchange
reactions with Grignard reagents to the corresponding magnesiumn species, but these are

less reactive towards electrophiles than normal Grignard reagents.*

Lithio-heterocycles, which react as nucleophiles with the whole range of electrophiles in
a manner exactly comparable with Grignard reagents, have proved to be more useful as
they can often be prepared by direct metallation, as well as by halogen exchange
between halo-heterocycle and alkyllithium. The use of lithiated species is the most
convenient route to heterocyclic derivatives of less electropositive metals such as zinc,’

6 oq- . 8 . . . . .
boron,’ silicon’ and tin® which are widely used in coupling reactions.’

1.2.1 Direct Lithiation

Many heterocyclic systems react directly with alkyllithiums or with lithium amides to
give the lithio-heterocycle via proton abstraction. Although a ‘free’ anion is never
formed, the ease of lithiation correlates well with C-H acidity and with the stability of
the corresponding conjugate base (carbanion).'’ Lithiations by deprotonation are
therefore directly related to base-catalysed proton exchange." The detail of the
mechanism of metallation is under discussion, but it is thought to involve a four-centre

transition state 6 (Scheme 1.3).""

LiNR, |.-Li-..
/LLH - [/L “‘H"’NRz} ——*J\Li T RN
b 6 7
Scheme 1.3

The main factor giving increased acidity of heterocyclic C-H relative to benzenoid C-H
is the inductive effect of the heteroatoms, thus metallation occurs at the carbon o to the

heteroatom, where the inductive effect is strongest. This is the case unless other factors

intervene:

13




Chapter 1

Coordination of the metal counterion to the heteroatom
Stronger coordination between the metal of the base and a heteroatom leads to enhanced
acidity of the adjacent C-H. This is due to increased inductive withdrawal of electron

density and the effect is proportionately stronger for oxygen than for sulfur.

Lone pair interactions
Repulsion between the electrons in the orbital of the ‘anion’ and an adjacent heteroatom
lone pair has a destabilising influence. This effect is thought to be important in

pyridines and other azines. '

Substituent effects

Directed metallation,”® just as in carbocyclic chemistry, is extremely useful in
heterocyclic chemistry. Metallation ortho to the directing group is promoted by
inductive effects, chelation or a combination of these, and may overcome the intrinsic
regioselectivity of metallation of a particular heterocycle. This is by far the most

important additional factor influencing the regioselectivity of lithiation.

Lithiating agents

Lithiations are normally performed by alkyllithiums or lithium amides. The most
widely used alkyllithium is #-butyllithium, but #- and s-butyllithium are used when more
powerful reagents are required. Phenyllithium can be of value when a less reactive,
more selective base is required.* Lithium diisopropylamine (LDA) and lithium 2,2,6,6-
tertamethylpiperidine (LiTMP) are the most widely used lithium amides. LiTMP is
more basic and less nucleophilic. Alkyllithiums are stronger bases than lithium amides,
but usually react at slower rates. Metallations with lithium amides are reversible, so for

efficient conversion the substrate must have a pK, of two units lower than the base.

Solvents

Etheral solvents, Et,O and THF, are normally used. THF is more strongly coordinating
and increases the reactivity of the lithiating agent by increasing its dissociation. Trapp’s
solvent (a mixture of ether, THF and pentane) can be employed for very low
temperature reactions as THF alone freezes at —100 °C. To increase the reactivity of the
reagents even further, ligands such as HMPA or TMEDA can be added. HMPA strongly
and specifically coordinates to the metal cation, increasing deaggregation of the
organolithium. The role of TMEDA is uncertain and there is evidence that alkyllithiums
are deaggregated just as much by THF alone as by TMEDA and THF."

14




Chapter 1

1.2.2 Halogen-Lithium Exchange

Bromo- and iodo-heterocycles react rapidly with alkyllithinms, even at low
temperatures, to give the lithio-heterocycle. Where alternative exchanges are possible,
the site of reaction is governed by the stability of the ‘anion’ formed, just as for direct
lithiation by deprotonation. Exchange of fluorine is unknown and for chlorine it is rare
enough to assume it is inert. Mechanistically, the exchange process may involve a four-
membered transition state, or possibly proceed via an electron-transfer sequence. Direct
nucleophilic attack has been demonstrated in the case of iodobenzene 8, and is the most

likely mechanism for aryl iodides (Scheme 1.4).'¢

N I—R Li
sl o e e
8 9 10
Scheme 1.4

1.2.3 Tin-Lithium Exchange
Organolithiums react rapidly and reversibly with stannanes. The reaction is under
thermodynamic control forming the most stable organolithium. There is considerable
evidence that tin-lithium exchange proceeds via an ate complex as proposed by Still'?
and Seebach.'® The reaction of methyllithium with tetramethylstannane in THF at —80
°C produces a peak in the " Sn NMR at 8 0 corresponding to Me;Sn 11. However,
addition of HMPA causes a peak at & —277 to appear, in which the '** Sn nuclei are
coupled equally to fifteen H nuclei. The upfield shift for tin is characteristic of a
stannate complex. The addition of three equivalents of HMPA is sufficient to convert all

of the stannane to lithium pentmethylstannate 12 (Scheme 1.5)."

_ Me N 3equiv.HMPA e Y© .
Me—Li + °Sn | —————n ~SnMe Li
Me™ Me™ !

-

Me Me
11 12

Scheme 1.5

On warming the stannate to —20 °C coalescence is observed between the peaks in the 'H
NMR spectrum assigned to MeLi and MesSnLi indicating the exchange process is fast

at this temperature even on the NMR timescale.

15




Chapter 1

1.3 Lithiation of Five-Membered Aromatic Heterocycles

The inductive effect of the heteroatom allows direct a-lithiation of practically all five-
membered aromatic heterocycles. Despite the lower electronegativity of sulfur, and
hence weaker inductive effect, thiophene metallates as readily as furan, probably
because the higher polarisability of sulfur allows more efficient charge distribution;?® d-
orbital participation is thought to be unimportant in the stabilisation of carbanionic

centres adjacent to sulfur.

1.3.1 Pyrrole

Lithiation of pyrroles is complicated by the presence of an acidic N-H (pK, 17.5). The
pyrryl anion generated by deprotonation is nucleophilic at the heteroatom, providing a
means for the introduction of electrophilic groups on nitrogen.  The C-
deprotonation/lithiation of pyrroles requires the absence of the much more acidic N-H,
i.e. the presence of an N-substituent. Alkyl*'or removable protecting groups such as
phenylsulfonyl,”® carboxylate,” trimethylsilylethoxymethyl 14 (Scheme 1.6),* r-
butylaminocarbonyl® and #-butoxycarbonyl” have been used successfully. The latter
examples have the additional advantages of being easily removed, they are sufficiently
electron-withdrawing to acidify the a-hydrogen further and they provide chelation

assistance 15.%°

ﬂ NaH ﬂ n-BuLi ﬂ\u PRCOCI Y\ pp
N SEM-CI N 5100°C NT M (40 %) N
H SEM  (83%) Ld’ sem ©
13 14 15 (CH,),SiMe, 16

SEM-Cl= Me,Si(CH,),0CH,Cl
Scheme 1.6

Reactions of the species produced by the lithiation of N-substituted pyrroles are
efficient for the introduction of groups to the 2-position, either by reaction with

electrophiles or by coupling processes based on boron or palladium chemistry.”’

Metal/halogen exchange using 3-bromo-N-triisopropylsilylpyrrole 18 allows the
introduction of groups to the pyrrole -position 19. The intrinsic a-reactivity can be

effectively completely blocked with a very large substituent such as TIPS (Scheme
1.7)28

16
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Br CHO
D lequiv.NBS ;7 i.-Buli, THF,-25°C F\S
THF, -78 °C f?l ii. DMF (71 %) - rrl
Su -Pry Sii-Pry Sii-Pry
17 18 19
Scheme 1.7

1.3.2 Indole

As with pyrroles, the indole N-H is much more acidic (pK, 16.2) than that of an
aromatic amine. Any strong base will effect complete conversion of an N-unsubstituted
indole into the corresponding indolyl anion. Deprotonation of indole C-H requires the
presence of an N-substituent such as an alkyl group.”” Removable protecting groups

such as phenylsulfonyl,*’

dialkylaminomethyl,>

lithium carboxylate,”' t-butoxycarbonyl,?

12* and methoxymethoxy®® are widely

trimethylsilylethoxymethy
employed. These removable substituents also assist lithiation by intramolecular
chelation and in some cases by electron-withdrawal, reinforcing the intrinsic tendency

for metallation to proceed at the a-position.

One of the most convenient N-protecting groups to be used in indole a-lithiation is
carbon dioxide®' because the protecting group is installed in situ and removed during

work up.

3-Lithioindoles can be prepared by metal/halogen exchange® but the temperature must
be kept low to prevent isomerism to the more stable 2-lithio species. 3-Lithiation has
also been accomplished with ortho assistance from a 2-(2-pyridyl)® or a 2-carboxyl

group.®

The lithiation at other positions of the simple N-protected indoles has scarcely been
studied.’” Recent investigations by Fukuda et al*® have discovered that the 2,2-
diethylbutyryl (DEB) group 20 can promote unprecedented C-7 lithiation 21 under
kinetically controlled conditions;’® an example of regioselective lithiation via a
complex-induced proximity effect.*’ C-3 22 and C-2 23 lithiation can also be achieved
selectively with the DEB group.®® These results are interesting because the

regioselectivities are essentially controlled by the effects of the ligands employed

(Scheme 1.8).

17
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s-BulLi,
+-BuOK

1.3.3 Furan

Scheme 1.8

Chapter 1

Li )
DEB
21

Li
—
N
22 DEB

Furans are deprotonated by strong bases such as #-BuLi and LDA selectively at their o-

positions to give anions (eg. 24 — 25), which can then react with a range of

electrophiles to afford a-substituted furans 26. The metallation of furan was one of the

earliest examples of the now familiar practice of aromatic ring-metallation.”’ The

preference for a-lithiation is illustrated by the observation that 3-lithiofuran 28

equilibrates to the more stable 2-lithiofuran 25 if the temperature rises to greater than

—40 °C (Scheme 1.9).2

-Buli
Fy — 2 Y
o) E,0, heat Q\
24 25
“ >-40 °C
Br Li
n-BuL.i
Ny ——— |/ \§
o THF, -78 °C o
27 28
Scheme 1.9
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When furoic acid 29 is treated with two equivalents of LDA, selective formation of the
5-carbanion 30 is observed,43 whereas treatment with r-butyllithium, via ortho-

assistance, produces the lithium 3-carbanion 31 (Scheme 1.10).*

2 equiv. LDA 7\

it kel .
@ THF, -78 °C Li o~ TCO,Li

o~ ~CO,H 30

Li

29 2 equiv. n-BuLi /
i .
THF, -78 °C o~ TCO.Li

31

Scheme 1.10

Ortho direction of metallation to C-3 by 2-bisdimethylaminophosphate** and 2-

1,47 have also been described.

oxazolidine®® groups, and to C-2 by 3-hydroxymethy
Metallation at C-3 can be achieved via metal-halogen exchange.”® There are many
examples of the use of 2- and 3- lithiofurans in reactions with various electrophiles such
as aldehydes, ketones and halides.**”® Furan-2- and 3-boronic acids (which are useful
for palladium-catalysed coupling reactions) have been made by reaction of the lithiated

species with tributyl borate.”’

1.3.4 Benzofuran
In some of the earliest uses of n-butyllithium, 2-lithiobenzofuran was obtained by

metal-halogen exchange between 2-bromobenzofuran and #-butyllithium,>

or by
deprotonation of benzofuran.” Lithiation at the other hetero-ring position (3-) can be
achieved via halogen exchange of 3-bromobenzofuran 32, but low temperatures must be
maintained to prevent equilibration to the more stable 2-lithiated heterocycle.>* The
generation of 3-metallated benzofurans 33 generally results in fragmentation with the

production of 2-hydroxyphenylacetylene 34 at room temperature (Scheme 1.11).°%%*

Br Li
n-BuLi, E4,O ;) H,0 #
Ny — T . N | ——
o] RT 0’1 (67 %) OH
32 33 34

Scheme 1.11
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1.4 Heterocycle Formation via Anionic Cyclisations

The preparation of heterocyclic compounds from acyclic precursors constitutes one of
the most studied areas of research in organic chemistry.”> Approximately two-thirds of
known organic compounds have structures that incorporate at least one heterocyclic
component. Heterocyclic compounds have a wide range of applications: they are
predominant among the types of compounds used as pharmaceuticals, agrochemicals
and are central to life processes. They are also used as optical brightening agents, as
antioxidants, as dyestuffs and as corrosion inhibitors. Over the past two decades
significant advances have been made in the exploitation of main group organo-metallics

for this purpose.

The 5-exo-trig cyclisation of 5-hexenyllithiums 35 ¢ has been extensively studied as a
route to cyclopentyl-containing systems 36 (Scheme 1.12) and the preparation of
carbocycles via cyclisation of unsaturated organolithiums has been reviewed.”” Perhaps
surprisingly, the development of this methodology for the preparation of heterocyclic

compounds has received less attention.

Li
e/\ é
Li
35 36
Scheme 1.12

1.4.1 Oxygen Heterocycles

The first reports of carbolithiation of an unactivated carbon-carbon double bond for the
preparation of a heterocycle were two brief accounts from the 1970s describing the
intramolecular addition of a-oxyallylithiums®® and a-oxybenzyllithiums® to the carbon-
carbon m-bond of a norbornene. In 1980, Baldwin e al®® observed the novel
rearrangement of 37 to benzofuran 42 upon ortho-lithiation (Scheme 1.13). The
proposed mechanism for the transformation involved intramolecular addition of the

aryllithium 38 to the tethered n-bond.

20




Chapter 1

H ] i
OxyNepy, Lo N~ ph- N O
2 equiv. n-BuLi Li
————————— e ot
THF:TMEDA (1:1),
0" 60°CtoRT, o F o
37 24h 38 39 ]
.Ph .
HN ; NPh E oL
§ -
; Ph
o) 2 NH,CI OLi
— —— -
0 (o) o
42 41 40
Scheme 1.13

The parent system, 2-(2-propenoxy)-phenyllithium 44, rearranges upon warming in the
presence of TMEDA via 5-exo-cyclisation to give 45, and subsequent y-elimination

affords the lithium salt of 2-cyclopropylphenol 46 (Scheme 1.14).%!

Li
f t-BuLi Li i. TMEDA
CEO/\/ Pentane:Et,0 (3:2), @:O/\/ ii. Warm 0
43 -98°C 44 45 l
46
Scheme 1.14

The first systematic studies of intramolecular carbolithiation for the preparation of

heterocycles were the seminal reports by Broka et al.%

detailing the preparation of
substituted tetrahydrofurans by anionic cyclisation of olefinic a-alkoxy-organolithiums.
These cyclisations were found to be highly stereoselective as a consequence of their
progression through a rigid, chair-like transition state analogous to that observed in the

cyclisation of the parent 5-hexenyllithium.® %

Broka and co-workers examined the cyclization of a-alkoxyorganolithiums derived
from homoallylic (tri-#-butylstannyl)methyl ethers 47 with regard to a general route to
2,4-disubstituted tetrahydrofurans 49.°* Following generation of the organolithium by
low temperature tin-lithium exchange in THF, the organolithiums 48 were observed to

cyclise in a highly cis-selective manner upon warming (Scheme 1.15).
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= n-BuLi i.0°C
—
T n-CGHw\ZO\CLi n T C.H
n-CH, 3 OASnBua THF, -78 °C ii. H,O 513 O
47 48 49
Scheme 1.15.

Using reductive lithiation of O,S-thioacetals 50 as a route to secondary alkoxy
organolithiums, Broka and Shen® further demonstrated that trams-2,3-disubstituted
tetrahydrofurans 51 could be prepared with good stereocontrol via intramolecular
carbolithiation. Incorporation of a distal allylic leaving group improved both the

chemical yield and the stereoselectivity of the reaction (Scheme 1.16).

OCH

68 13
[J ki o=
—_—
o THF, 0 °C [—)‘R
s0

SPh 51
Scheme 1.16

More recently, Lautens and Kumanovic® extended the pioneering work of Broka to the
synthesis of bicyclo[5.3.0] systems. Treatment of the oxabicyclo[3.2.1] substrate 52
with five equivalents of methyllithium in THF at —78 °C, followed by warming to 0 °C,
afforded 53 in 75 % yield (Scheme 1.17). This elegant methodology leads to structures
containing up to five contiguous stereocentres, a bridgehead tertiary alcohol, and the
newly constructed ring. The intramolecular ring opening reaction is also applicable to
the preparation of N-methylpyrrolidine and thiophene moieties in the bicyclo[5.3.0]

systems.

HO

= =

i. MeLi, THF,

%oﬁ\ 780 0 °C o \,OH
/\
Bu,Sn~ ©
3 OH ii. H,0 n O

52 53

Scheme 1.17

Nishiyama and co-workers have conducted a related intramolecular Sn2 cyclisation in

the presence of chiral lithium alkoxides 54 (Scheme 1.18).%
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i. n-Buli, 78 °C, THF
e D
OQ Ph N
Y (5
@ Ph” OLi 54 I

Br iii. ~78 to 0 °C
55 56
69 %, 71 % ee

Scheme 1.18

In several instances, good chemical yields and modest enantioselectivites were obtained.
They also reported the preparation of cyclopenta[b]benzofurans 58 from chiral

precursors 57 (Scheme 1.19).%7

9 : n-Buli .o @
Br B
(V) weo

PhO
57 58 55%,>99 %ee

Scheme 1.19

R

In the preparation of carbocycles, Hoppe and co-workers observed that the cyclisation
of 6-phenyl-5-hexenyl-(a-carbamoyl)alkyllithiums proceeded with complete retention
of configuration at the carbanionic centre.®® Nakai demonstrated that cyclisation of
enantio-enriched a-(homoallyloxy)alkyllithiums, prepared from the corresponding
organostannanes 59, also proceeds with complete retention of configuration at the
carbanionic centre.?”’® Thus, a 9:1 mixture of frans- and cis-2,3-disubstituted
tetrahydrofurans 60 may be prepared with no loss of enantiomeric purity (Scheme 1.20).
The B-elimination of lithium methoxide, pioneered by Broka, was employed to facilitate
the reaction and increase the yield. The addition of a lithium halide also served to
improve the yield: intramolecular chelation of the lithium with the oxygen atom of the
substrate inhibits the lithium-alkene coordination essential for cyclisation (Figure 1.1).
Thus addition of a lithium halide, which can coordinate to the substrate oxygen atom,

leaves the lithium available for cyclisation (Figure 1.2).

e |

Figure 1.1 Figure 1.2
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rH SnBu, i.#-Buli, THF,-78°C g H | rH
ii. LiX, 0 °C — 7j
0 % > : \ +
N iii. H,0* © ©
90 % ee 90 % ce 90 % ee
59 60 Trans:Cis  88:12

15-45 % without additive
49 % with 3 equiv. LiBr
63 % with 3 equiv. LiCl

Scheme 1.20

1.4.2 Nitrogen Heterocycles
The extension of anionic cyclisation to the preparation of nitrogen-heterocycles has
proved fruitful and recent work has demonstrated that this technique is an efficient

method for diastereoselective and enantioselective synthesis of this compound class.

The Coldham group have extensively studied the preparation of pyrrolidines (Scheme
1.21).”""" Treatment of 61 with two equivalents of #-BuLi in THF leads to 62 in 46 %
yield with >25:1 cis:trans selectivity. When the cyclisation is conducted in 10:1
hexane:diethyl ether the yields are increased but at the expense of stereoselectivity. This
was attributed to the fact that tin-lithium exchange is not complete at —78 °C in hexane-

ether solution and cyclisation occurs at a higher temperature in this case.”

/
1. n-BuLi, -78 to 0 °C
N

N—, ii. H,0
< SnBu,
Ph Ph
61 02
Scheme 1.21

The presence of a chiral auxiliary on nitrogen in the anionic cyclisation of the a-amino-
organolithium was found to induce moderate enantioselectivity. Optimal conditions for
the cyclisation involved transmetallation at —78 °C in THF, followed by addition of (—)-
sparteine 63 dissolved in THF, which increased the diastereomeric ratio of 65:66 to
79:21 (Scheme 1.22). However, disappointingly low levels of enantioselectivity were

observed in the (—)-sparteine-mediated cyclisation of achiral analogues of 64.
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/ i. n-BuLi, -78 °C H o
\/ ii. 63, THF, -78 °C { < / ) <N
+
N—, iii. MeOH (74 %) N N C@Q
—-< SnBu, ph’j\ Ph/K H

Ph 63
64 65 66

(79:21)
Scheme 1.22

In 2003 Coldham et al. extended this methodology to the stereoselective synthesis of
complex cyclic amines, including those related to the kainoid natural pmducts.75 Tin-
lithium exchange of the amino-stannane 67 afforded the pyrrolidine products 68 and 69
in 4:1 ratio and 62 % yield (Scheme 1.23).

OMe
\
n-BuLi, Hexane:Et,O (4:1)
O‘“ N P B
YTUNT USBU oo toRT (62%)
© kPh

Scheme 1.23

Barluenga and co-workers reported that cyclisation of the vinyl lithium 71 derived from
N-protected substrates such as 70 delivers 3-methylene-4-pyrrolidines 72 in good yields
(Scheme 1.24).7

i. TMEDA
Br R +-BuLi, -78 °C L R ii. 0 °C
)\/N\/\ —_— }\/N\/\ B — N E
iii. B .
R
70 71 72

Scheme 1.24

The cyclic organolithium undergoes reaction with various electrophiles to provide
highly functionalised pyrrolidine nuclei. The protective group on nitrogen plays a
crucial role in the reaction, as rearranged products 76 were observed when the
vinyllithium 77 was generated from an arylamine substrate. It was postulated that when
the nitrogen bears an aryl group, the kinetically favoured 5-exo product, 74 may revert
to the acyclic vinyllithium 73 which then undergoes a slower 6-endo cyclisation

followed by irreversible cleavage to the lithium amide 76 (Scheme 1.25).”
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There are no examples of reversible 5-exo cyclisations of unsaturated organolithiums in
the literature; an alternative explanation of the mechanistic aspects of these reactions is

provided by Chamberlin et al.”®

As shown (Scheme 1.25) a reversible 3-exo cyclisation of 74, followed by rapid and
irreversible fragmentation of the strained intermediate 75, also accounts for the

rearrangement favoured by aromatic amines.

Li f[\r

)\/N\/\ B &AU

Ar-, . Ar
Ar\hQ/ \N% / 75
Li \
77 76
Scheme 1.25

Coldham ef al” have also demonstrated that bicyclic systems, such as 7-
azabicyclo[2.2.1]heptanes can be prepared by cyclisation of pyrrolidinyllithiums
tethered to a remote alkene (Scheme 1.26).*° Thus, treatment of the organostannane 78
with an excess of #-butyllithium in a 4:1:1 mixture of hexane:diethyl ether: THF at

~78 °C followed by warming to room temperature for 6 h afforded exo-2-substituted-7-
azabicyclo[2.2.1]heptanes 79. The bicyclic organolithium could subsequently be
trapped with a variety of electrophiles.

N@\/\ i. n-Buli, -78 °C to RT, Ph/\N

BuSn™™ = Hexane:Et,0: THF Lb/\E
. i

78 79

Scheme 1.26

Of the three types of nitrogen-positional isomers of the azabicyclo[2.2.1] heptanes the
1-aza system was the most conveniently accessed, by transmetallation and cyclisation of

the piperidinyl stannane 80, and was isolated as the picrate salt 81 (Scheme 1.27).%°

26




Chapter 1

i. n-BuLi, Hexane/Et,0
ii. TMEDA
> [ N

N iii. -78 °C to RT .H picrate
iv. Picric acid
Bu,Sn
81

Scheme 1.27

TMEDA was required to facilitate the cyclisation of the organolithium derived from 80.
The analogous carbocyclic cyclisation is known to be rapid, but significant rate

acceleration was observed upon the addition of TMEDA.¥!

Indolines and indoles can be conveniently synthesised by a variety of anionic
cyclisation techniques. As shown in Scheme 1.28, the aryllithium derived from an N-
allyl-2-bromoaniline 82 by lithium-bromine exchange,’* cyclises on warming to 0 °C in
the presence of TMEDA and quenching with a variety of electrophiles affords three-
substituted indolines 83 in good yield.*®

E
Br i. +-Buli, -78 °C : {
@N/\/’ ii. TMEDA, 0 °C N
\

1 FYYs -
82 R iii. E* 83 R

Scheme 1.28

A similar approach was employed in the synthesis of N-a-t~-Boc-benz[f]tryptophan 84, a

fluorescent amino acid probe, by Yokum and co-workers.®

CO,H
NHBoc
L
N
H
84
Metal-halogen exchange is not the sole means by which cyclisation to give indolines
may be initiated. Bailey and Carson have described a novel cascade reaction that

delivers 3,4-disubstituted indolines in modest yield.*

Barluenga et al. have demonstrated that 3,4-disubstituted indoles 86 may be prepared in
one-pot (thus avoiding oxidation of the indoline) via an analogous cascade involving

cyclisation of a vinyllithium-tethered benzyne derived from 85 (Scheme 1.29).%
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E
F i. #-Buli, THE, -78 °C
oy e L
fil/\( ii. E N

85 Br 86 \

Scheme 1.29

Indoles and pyrroles have also been prepared by cyclisation of dilithio-species such as
88, prepared by low temperature lithium-bromine exchange. On treatment with
TMEDA the dianion 88 underwent intramolecular carbometallation of the vinyllithium
moiety by the aryllithium to afford the dilithiated indoline derivative 89. Elimination of
lithium hydride and electrophilic quench furnished the 3-alkylated indoles 91. It was
revealed that 2,3-bifunctional indoles 93 could be prepared by careful control of the

organolithium stoichiometry (Scheme 1.30).%7-%8

Li
©EBF {-BulLi, Et20 ©:Li TMEDA, RT Cﬁ-l
—
/Y -78 °C /\K

N N

1

87 R Br 88 R L

-LiH

Li
orf - o
N
xs #-BuLi
@fg @fg
N ii. E,*

R
93

Scheme 1.30

In certain cases, a catalytic quantity of organolithium may be employed to effect a
lithinm-iodine exchange-mediated cycloisomerisation of an unsaturated iodide

substrate.¥*!
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Anionic cyclization of chiral organolithiums has been exploited for the synthesis of a
variety of nitrogen heterocycles. Coldham and co-workers found that transmetallation
of optically active stannane 94 in 10:1 hexane:diethyl ether proceeded with retention of
configuration at the carbanionic centre to give an organolithium that cyclised on
warming to provide (+)-pseudoheliotridane 95 with complete stereocontrol (Scheme
1.31).”2

i. n-BuLi, Hexane:Et,0,

H
O-‘\SnBua 7810 0 °C Og
N/ ii. MeOH N

94 95
96 % ee 96 % ee

Scheme 1.31

Hoppe et al.” demonstrated that the powerful technique of asymmetric deprotonation
may be coupled with the cyclisation of an unsaturated organolithium to afford
functionalised indolizidines in high enantiomeric excess. Similar chemistry has been
described for asymmetric deprotonation and cyclisation into allylic chlorides to prepare

3,4-divinylpyrrolidines in both good yield and enantiomeric excess.”

It has recently been shown that the ring closure of achiral organolithiums proceeds
enantioselectively in the presence of (-)-sparteine 63.”> ° Upon complexation with a
chiral bidentate ligand, the lithium atom of the olefinic organolithium 97 is rendered

stereogenic and may transmit this information in the cyclisation step to the product 98
(Scheme 1.32).

i. (-)-sparteine 63

H
@:Br t-BuLi, Pentane:Et,0 @EU ii. 40 °C ©f§
N 78°C NTNF il MeOH N
H H (70 %, 86 % ce) 8
9 l 97 | 98 \

Scheme 1.32
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1.5 Dearomatising Anionic Cyclisations

Although anionic cyclisations of organolithiums involving addition to alkenes and
alkynes to form carbocycles® and heterocycles” are well documented in the literature,
there are relatively few precedents of cyclisations of organolithiums onto an aromatic

ring’® and only a minority occur with dearomatisation.”’

In 1991, Schaumann et al. reported a dearomatising anionic cyclisation whilst
attempting a ring opening of an N-tosyl aziridine with allylic silyl anions.”® The o-
lithiation of sulfonamide 99 was facilitated by the stabilising effect of the phenyl group
on the a-anion 100 and the additional acidity of the three-membered aziridine proton.
The dearomatised tricyclic product 101 was also obtained in modest yield when o-

lithiation was affected with s-BuLi and TMEDA (Scheme 1.33).

STAN Q, ,Nq\
0=5 Ph 0=5 ‘Lj Ph

s-BuLi, TMEDA H,0
THF, -78 °C - (44 %)
929 100 101

Scheme 1.33

Recently Aggarwal et al. reported a similar reaction in which a cis di-substituted
aziridine 102 was lithiated at the benzylic postion 103 rather than a- to the silicon.”® The

tricyclic product 104 was formed in good yield on methyl quench (Scheme 1.34).

SiMe, SiMe,
O\
ozs’N Ph oz‘s’N [oPh
n-BuLi ~) Mel
E. —_—_—
THF, -78 °C (75 %)
102 | 103 B 104
Scheme 1.34
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1.6 Dearomatising Anionic Cyclisation within the Clayden Group

Following the discovery of the novel dearomatising anionic cyclisation reaction
(Scheme 1.1), investigation into the limitations and scope of this reaction were
performed. Early reports indicated #~Buli in the presence of HMPA or DMPU at —78
°C was required to effect lithiation,'* ' but later it became apparent that LDA at —20
°C with warming to 0 °C is sufficient to afford the lithiated product."®® The reaction

proceeds via a reactive a-lithiated species 107, which attacks the aromatic ring to form
an enolate intermediate 108. This is quenched with electrophiles, usually
stereoselectively, to give the dearomatised product 109.'"" In the case of naphthamides
105, the mechanism proceeds via lithiation ortho to the amide 106, followed by ortho-«

103

anion translocation 107 (Scheme 1.35).'” Analogous cyclisations of sulfonamides® and

phosphonamides'® have been reported.

Oy N._-Ph Oy -N._Ph O N__Ph
f-Buli or LDA Li Translocation ‘) Li
CO — 1 — 0
105 106 107
>0°C
o »4 o )<
B / N
E=H(82%)
E=Bn (72 %) H Ph EY H Ph
E = CH(OH)Ph (81 %) -
109 108
Scheme 1.35

Similarly, benzamides 110 undergo dearomatising anionic cyclisation to form
substituted isoindolones 113 (Scheme 1.36)."°"'%® The scope for modification of the
acceptor ring was explored and a variety of substituted benzamides were prepared and

cyclised. The N-z-butyl group could also be replaced with the acid labile cumyl group.

All compounds were obtained as a single diasterecoisomer with the phenyl group in a
cis-position (on the exo face) to the cis 6,5-ring junction. This results from attack of the
electrophile from the least hindered exo face of the enolate forming the more stable cis
ring junction. The ring closure is also diastereoselective, with the phenyl group and the

hydrogen lying cis to each other.

31




Chapter 1

The cyclisation was tolerant to electron-withdrawing and electron-donating groups and
the use of LDA allowed cyclisation of compounds containing functionality reactive
towards ~-BuLi such as bromo and nitrile (Table 1.1). This route provided access to a

wide range of functionalised, substituted and partially saturated isoindolones.

0 0
Nk +-BuLi or N >0°C
R — R —— R — .R
aErese @iJv @i%
110 111 H Ph
Scheme 1.36

= Yield R= Yield

4-Me 30% 4-Br 59 %

4-OMe 62 % 6-OMe 60 %

4-Ph 80 % 5-Br 44 %

4-CN 20 % 4,6-OMe 62 %

Table 1.1

An allylic stabilising group has also been employed in the cyclisation of naphthamides
114; this group was sufficient to stabilise the a-lithiated intermediate and resulted in the
formation of both a seven-membered ring product 115 and a pyrrolidine ring product
116 (Scheme 1.37).'% Structural similarity to the pharmaceutically important

benzazepin-2-one series is apparent.'”’

\P

O N\/\ i. t-BuLi 0 N AN
8 ii. DMPU H
iii. NH,Cl +
LI LI

114 115 (718%)
Scheme 1.37

116 (17%)

The major product is tetrahydroazepinone 115, formed by attack at the y-position of the
lithiated allyl group. Typically, seven-membered rings are slow to form by cyclisation
reactions and to our knowledge have never previously been made by organolithium

cyclisation onto a carbon-carbon double bond.
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1.6.1 Selectivity and Mechanism of the Cyclisation

The mechanism of the dearomatising anionic cyclisation was intriguing. As discussed
previously (Scheme 1.35) three new stereogenic centres were generated in the
cyclisation step and the products were obtained as single diastereoisomers. Two
alternative pathways, ionic or pericyclic, could explain the source of the

diastereoselectivity.

Initially the reaction was thought to proceed by an intramolecular conjugate addition
reaction'® of the benzylic anionic centre into the electron-deficient ortho position of the
aromatic ring. The stereochemistry was presumed to arise from the preference of the
phenyl group for the exo face of the forming bicyclic ring system. However, with this
interpretation, the cyclisation of lithiated benzamides and naphthamides has 5-endo-trig

character, which is Baldwin-disfavoured.'®

It has now been shown, for a related compound 117, with known conformation that the
mechanism 1s pericyclic and thus not subject to the usual stereoelectronic constraints
proposed by Baldwin. The oxygen substituent of the oxazolidine ring in the a-lithiated
intermediate 118 is forced to adopt a cis relationship with the bulky geminal dimethyl
group on the nitrogen by virtue of the fact that it is constrained within a ring system.'"
The initial cyclisation produces a cis-fused tricyclic ring system 120 (established via X-
ray crystallography), which is significantly less stable than the #rans-fused system 121
formed after epimerisation of the cis-fused system with 2 M HCl, under thermodynamic
control. A disrotatory thermal electrocyclic ring closure obeys the Woodward-

Hoffimann rules''" and leads to the observed product stereochemistry (Scheme 1.38).

o
S <o
N
g <;§&&g %
six electron electrocyclic HYLi

reaction six electron disrotatory
- \,T\O Lio
ok ey ol
_tBuli [ o H o wu
— —_— H e
DMPU H (60 %)
118 ' 119 120 121
Scheme 1.38
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Conclusive proof of the exact reaction pathway came from deuterium labelling studies
(Scheme 1.39).'° It was shown that the di-orthodeuterated benzamide 122 failed to
lithiate under the cyclisation conditions, recovering predominantly starting material, this

indicated that cyclisation was not possible if ortholithiation was blocked.

When both o- positions were deuterated 123, cyclisation was again prevented.
Ortholithiation was observed, but the kinetic isotope effect prevented ‘translocation’
into the a-position. The ortholithiated intermediate was quenched with iodomethane to
give 124 in good yield (Scheme 1.39). This indicated that translocation was necessary

for cyclisation and the reaction pathway was elucidated: ortholithiation, anion

\!/\O

translocation, cyclisation and quench.

Os N-/
i. s-BuLi, THF,
DMPU, —78 oc D D
ii. Mel (60 %)
122
o N7<° 0 N7<O
o D i s-Buli THF, D
DMPU, -78 °C D
—————————
ii. Mel (62 %)
123 124
Scheme 1.39

1.6.2 Enantioselective Dearomatising Anionic Cyclisation
Following the successful mechanistic studies into this interesting reaction the next stage
in its development was to make it enantioselective. Initially this was done in the

naphthamide series by attachment of a chiral auxiliary to the amide nitrogen.''> '*

The cyclisation bearing chiral N-substituents 1, proceeds with overall retention of
configuration at the newly formed tetrasubstituted chiral centre 125 (Scheme 1.40).
Overall, the cyclisation is stereospecific, with the configuration of the starting

trisubstituted stereogenic centre controlling the stereochemistry of the product.
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\/Ph
Oy N-_-Ph
i. +-BulLi, -78 °C,2 h

O O *  ji. DMPU, -78 °C, 16 h
iii. MeOH (49 %)

1

Scheme 1.40

The stereospecificity was thought to arise from either a configurationally stable
organolithium intermediate or because the starting amide 1 exists as two atropisomers at
—~78 °C, of which only one is lithiated. The remaining material is recovered starting

material, thus the overall yield is less than 50 %.

A phenylglycinol auxiliary'™''* has also been employed to control selectivity of the
reaction; naphthamide 126 gave the cyclised product 127 in 81 % yield with a 91:9 ratio
of diastereoisomers (Scheme 1.41). It is postulated that the selectivity arises from co-

ordination of lithium by the oxygen atom in the auxiliary.

HO/\/Ph HO

Ph
Oy N._Ph SN,
i.#BuLi,-78°C,2 h H
ii. DMPU, -78 °C, 16 h Ph
4@ QO
iii. NH,C1 (81 %)
126 127 91:9

Scheme 1.41

This stereoselective cyclisation of naphthamides was extremely versatile as both
enantiomers of phenylglycine are commercially available and the auxiliary could be
easily removed using a novel selenide oxidation-elimination protocol, therefore

providing a handle for further functionalisation 129 (Scheme 1.42).'"

HO}—
o Fh o yph 0
4 3N N N

i. 0-NO,C¢H,SeCN, H 3M HCI, EtOH, H
Ph Bu,P, THF Ph reflux Ph
90) 90O o)
ii. H,0,, THF, (65 %)
-40°C toRT
127 (70 %) 128 129

Scheme 1.42
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More recently, a chiral version of LDA 130 was employed to effect the cyclisations
asymmetrically.'”” Cyclisation of 131 achieved enantiomeric excesses greater than 80 %
and a single recrystallisation was enough to return 133 with greater than 99 % ee
(Scheme 1.43).

/LI}IAPh
Li

130

04 N._Ph
i. 130,-78 °C to RT,
THF, 1.5 h HCI, H,0
= ——————
ii. NH,CI (712 %)
OMe OMe
131 132

Scheme 1.43

It was shown that the enantioselectivity was determined before the cyclisation step.
Treatment of 131 with #~-BulLi generated the racemic a-lithiated intermediate 134. Chiral
amine 130 was added and after cyclisation, aqueous quench and acid work-up, it was
found that 133 was essentially racemic (Scheme 1.44). On treatment of racemic,
deuterium labelled 135 under the cyclisation conditions with chiral lithium amide 130

the reaction afforded >99 % deuterated 136 (Scheme 1.44).

i. 130,-78°CtoRT,1.5h

\P ii. NH,Cl, HCI, H,0
o

N._.Ph o N\{Ph 133 (10%ce)
{-BuLi, THF Li
78 °C

Me OMe CD.OD \1//
N Ph
134 ’ O3 My

0
131
p i 130,-78 °CtoRT,

1.5h

ii. NH,CI, HCl, H,0
OMe
135 136 (0 %ee)

Scheme 1.44
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This result is consistent with the primary kinetic isotope effect being of a high enough

value (greater than 100)''

to overturn the enantioselective effect of the chiral base,
implying that deprotonation was the enantioselective step. Thus, it was concluded that
the source of the enantioselectivity came from an asymmetric deprotonation of one of
the pair of enantiotopic protons of 131, giving a benzylic organolithium with sufficient

configurational stability to cyclise stereospecifically.

1.6.3 Synthetic Application of the Cyclisation

The enol ether product 138 from the dearomatising anionic cyclisation of methoxy-
substituted amides may be cleanly hydrolysed to enones such as 139'!7 and these have
proven to be versatile intermediates for the stercoselective synthesis of a range of
important heterocycles, principally in the kainoid family of amino acids. Kainic acid
itself is an extremely potent neuroexcitor which binds strongly to the kainite
neurotransmitter receptors leading to specific neuronal death.'" The neuroexcitory
properties are dependent on the cis C-3~C-4 relative stereochemistry that is set up in the

dearomatising anionic cyclisation step.

The general strategy for the synthesis of (—)-kainic acid 141 was to retain the new five-
membered ring of 139 but to sacrifice the six-membered ring, while exploiting the cis
ring junction as a means of ensuring the characteristic cis stereochemistry of the

substituents at C-3 and C-4 (Scheme 1.45).'7

Lk H P
137 138
‘HCl
NH o '
c Steps NG Steps 2
CO,H ) NBoc St N‘é
CO,H n o e - o ~/ on
H H
141 (-)-Kainic acid 140 COMe 159 Ph

Scheme 1.45
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Current research within the group includes the use of dearomatising anionic cyclisation

to target racemic and asymmetric versions of other members of the kainoid family,

namely domoic acid 142 and isodomoic acid C 143 (Scheme 1.46).""°

142 143

(-)-Domoic acid Isodomoic acid C

Scheme 1.46

1.6.4 Dearomatising Anionic Cyclisation onto Aromatic Heterocycles
The cyclisation was also applied to six-membered aromatic heterocycles and it was
shown that 3-substituted pyridines 144 and quinolines 145 act as acceptors but

rearomatisation to the bicyclic 146 and tricyclic 147 was prevalent (Scheme 1.47).'%

Ph
o N
]l\/ﬁ/U\N LDA, THF,40°C -~ N 0
N Sy NH,CI RPN
144 146 Pyridine (70 %)
145 147 Quinoline (72 %)

Scheme 1.47

The same rearomatisation was observed on attempted cyclisation of 2-substituted
pyridines 148 and quinolines 149 resulting in the formation of the aromatic bicycle 150
and tricycle 151 (Scheme 1.48).

o 0
r—'\LNj/N\N/K LDA, THF, 0 °C e i N y {
'.\\/, = kph NH4CI v =

Ph
148 150 Pyridine (45 %)
149 151 Quinoline (31 %)

-

Scheme 1.48
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Attempted cyclisation of 4-substituted pyridines 152 and quinolines 153 resulted in the

formation of novel spirocyclic systems 154 and 155 (Scheme 1.49).

'\@)‘\N LDA, THF, -40 °C ~F
Ph
Na kPh eocoa MeO\n/N P

o]
152 154 Pyridine (91 %)
153 155 Quinoline (72 %)

Scheme 1.49

39




Chapter 2
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Dearomatising Anionic Cyeclisation onto Five Membered Heterocycles

2.1 Pyrroles

Investigations into the cyclisation of N-protected pyrrole-3-carboxamides began with
the synthesis of the 3-substituted pyrrole ring. The reaction of commercially available
acyl chlorides 156-158 and N-tert-butylbenzylamine afforded the N-benzyl-N-tert-
butylacrylamides 159-161, in near quantitative yield. The acrylamides were subject to
cycloaddition with an equimolar amount of tosylmethylisocyanide (TosMIC) and excess
sodium hydride in DMSO and diethyl ether. Flash chromatography provided the 3-
substituted pyrroles 162-164 in good yield (Scheme 2.1).

Et;N, DMAP, \( TsCH,NC, Nall,
R\WCI CH,CI, R .= N._-Ph DMSQO, Etzo \*Ph

0 0
N""Ph
156 R=H H 159 (99 %) 162 (86 %)
157 R = Me 160 (100 %) 163 (58 %)
158 R =Ph 161 (99 %) 164 (43 %)
Scheme 2.1

The utility of TosMIC for the construction of heterocycles is well documented.'”!
TosMIC reacts under basic conditions with a,B-unsaturated ketones, esters or nitriles to
give, by concomitant loss of p-toluenesulfinic acid, 3-acylpyrroles, pyrrole-3-
carboxylates and 3-cyanopyrroles.'”” It has also been shown that TosMIC reacts with

acrylamides providing a short route to pyrrole-3-carboxamides.'”

2.1.1 Protecting Group Study

Protection of the pyrrole N-H was necessary in order to prevent N-lithiation under the
conditions required for the cyclisation reaction. It was initially proposed that N-acyl
pyrroles would promote cyclisation due their eclectron deficiency and reduced

nucleophilicity. The carbamate, #-butoxycarbonyl (Boc) protecting group was selected

due to the ease of N-protection and deprotection.
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Thus, reaction of the pyrrole-3-carboxamide 162 with di-tert-butyldicarbonate and

excess sodium hydride in THF afforded the Boc-protected pyrrole-3-carboxamide 165

in 68 % yield (Scheme 2.2).

o M-
N
[{L\‘Ph
N
H

162

Scheme 2.2

o
N
NaH, O, THF
(Boc), - L/—\g\ LPh
(68 %) N
OJ\O

165

However, attempted cyclisation of the N-Boc protected pyrrole-3-carboxamide 165

under the conditions optimised by the Clayden group proved unsuccessful.'**'% Efforts

using both LDA and #BuLi under various conditions (Table 2.1) did not afford the

desired cyclised product 166, instead the N-methyl compound 167 resulting from Boc

deprotection was observed in all cases (Scheme 2.3).

o M o
KN\HPh i Base,l\'I(‘HF mk
N N

o
N
f@w
\

\ ii. Mel Y H Ph
Boc Boc
165 166 167
Scheme 2.3
Base | Equiv. | Solvent | Temp. | Time Yield SM
°C (167) | Recovery
LDA 1.5 THF 0 3h 51 % 40 %
LDA 1.5 THF -40 O/N 0% 100 %
LDA 3.0 THF -40 O/N 56 % 30%
LDA 3.0 THF 0 3h 57 % 15 %
t-BuLi 1.3 THF -78to | l1hthen| 54 % 20 %
RT 2h
-BuLi 1.3 THF + -78 O/N 52 % 15 %
DMPU

Table 2.1
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Deprotection could be accounted for by considering the reaction of the amide anion, (i-
Pr); N' formed during the reaction, or ~-BuLi, with the starting material. It is believed
that these species may be reacting with the Boc group in one of two ways:
i Direct nucleophilic displacement at the electrophilic centre in the Boc group,
displacing the pyrrole nucleus.
il. A B-elimination process involving deprotonation of the #-butyl group of the
Boc moiety, with elimination of CO, and 2-methylpropene, expelling the
pyrrole anion as the leaving group (Figure 2.1).

\

Q
N
o
Fro (-
Foh )
Figure 2.1

The relative instability of the Boc protected pyrrole prompted the investigation of
alternative protecting groups. It was anticipated that an adamantyl protecting group
could not undergo the B-climination pathway based on the premise of Bredt’s Rule.'**
This is a consequence of the strain induced by planar bridgehead carbon atoms. Thus
the adamantyl-protected pyrrole-3-carboxamide 168 was prepared in 76 % yield from

pyrrole 162 and 1-adamantyl fluoroformate (Scheme 2.4).

.
N
o M Y “-pn
N\\ i. NaH, THF, 0 °C N
N fluoroformate,

H RT, O/N (76 %)
162 168

Scheme 2.4

Endeavours to cyclise the adamantyl protected pyrrole 168 using both LDA and #Buli
resulted in formation of the N-methyl pyrrole 167, no cyclised product was observed. It

can be speculated that the deprotection mechanism is that of direct nucleophilic

displacement and not a B-elimination process.
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The trisyl N-sulfonyl protecting group was also investigated as it was proposed that the
electron-withdrawing, arylsulfonyl group would stabilise negative charge at the 2-
position in the pyrrole ring and could not be subject to the B-elimination pathway. The
trisyl-protected pyrrole 169 was prepared in modest (45 %) yield, by reaction of
pyrrole-3-carboxamide 162 with 2,4,6-triisopropylbenzenesulfonyl chloride (Scheme
2.5).

(_?~ \pp i. NaH, THF, 0 °C - 0=8-0

ii. 2,4,6-triisopropyl
benzenesulfonyl chloride,

O/N (45 %)

162 169

Scheme 2.5

Sulfonamide derivatives are amongst the most stable of the nitrogen protecting groups
and they have the added bonus of being highly crystalline and are less susceptible to
nucleophilic attack than carbamate protecting groups. They are frequently used to
circumvent problems associated with nitrogen heterocycles; the powerful electron-
withdrawing effect reduces the susceptibility of the pyrrole nucleus to electrophilic
attack and oxidation, and replacement of the acidic N-H allows lithiation of the

heterocyclic nucleus.

Attempted cyclisation of the N-trisyl protected pyrrole 169 using LDA and #-BuLi was
unsuccessful and no cyclised product was obtained. Deprotection was not observed and
starting material was recovered in all cases. This is potentially due to the sterically
demanding, bulky isopropyl substituents in the protecting group, preventing lithiation at
the pyrrole 2-position.

Efforts to effect cyclisation of the N-methyl pyrrole 167, recovered from previous
cyclisation attempts, using LDA and #-BuLi were not auspicious and starting material
was recovered. It is postulated that cyclisation of the N-methyl pyrrole 167 is

unfavourable owing to the electron-donating nature of the methyl group which prevents

lithiation and subsequent cyclisation.
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The diethyl butyryl (DEB) group was chosen as an alternative protecting group for the
pyrrolecarboxamide 162, as a conformationally restricted bulky acyl group had not
previously been tested. It was anticipated that the DEB group would be stable to
deprotection owing to the absence of B-hydrogen atoms, thus preventing the [-
elimination pathway and the ethyl groups would be sufficiently bulky to prevent a
direct nucleophilic displacement pathway. The acyl group should also provide
sufficient electron-withdrawing character to encourage lithiation on the pyrrole ring.
Thus, DEB-pyrrole-3-carboxamides 170-172 were synthesised in good yields (Scheme
2.6).

J< T
Z—fu\ i. NaH, THF, 0 °C, 1h N

/ \
ii. DEB-CL, RT, ih N k
O)\ﬁ
162 Et 170 (74 %)
163 171 (84 %)
164 172 (89 %)
Scheme 2.6

The DEB-CI protecting group 177 was prepared by a four-step procedure as outlined by
Beak and Zajdel (Scheme 2.7).'%® Esterification of commercially available diethyl acetic
acid 173, followed by alkylation and ester elimination afforded the acid 176 which on
treatment with refluxing thionyl chloride gave DEB-CI1 177 in excellent yield.

0 0 0
EtOH LDA, THF
HO B EtOJ\,/ B EtoJ\l<E:
Et c.HCI B Etl (73 %)
56 %
173 ©6%) 174
KOBu, ‘BuOH,
H,0 (99 %)
o O
s~ o N
Et o
Et (81 %) Et
177 176

Scheme 2.7
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2.1.2 Attempted Cyclisation of DEB Profected Pyrrole—3—Carrbo.xamia’e:es126

Attempted cyclisation of the pyrrole-3-carboxamide 170 using #-BuLi in THF at —78 °C
resulted in decomposition, so the use of LDA was investigated. Interestingly, attempted
cyclisation using 3 equivalents of LDA at 0 "C for 3 h did not give the desired cyclised
product. Instead the 1,5-dihydropyirol-2-one 182 was formed in 81 % yield. The

cyclisation evidently followed the pathway shown in Scheme 2.8.

The expected benzylic lithiation gave 178, which cyclised by nucleophilic attack on the
2-position of the pyrrole ring. The product, the extended enolate 179, was unstable due
to extensive saturation in the 5,5-fused system. A decomposition pathway, which can be
rationalised as either a 5-endo-trig or an electrocyclic ring opening (Figure 2.2),
relieves the strain to generate 180. This product undergoes an intramolecular proton
transfer yielding a new extended enolate 181, which on proton quench generated 182.
The intermediacy of the extended enolate 181 was demonstrated by y-deuteration,
which gave 183, or a-allylation, which gave 184. It was important to avoid a large
excess of LDA, because with 6 equivalents 185 was formed in 20 % yield due to

conjugate addition of the LDA to the pyrrolinone ring system.

(—f\\ \pp _3cquiv.LDA [{L Mpp __3mocC / Vi N{
o)
DEB DEB

THF, 0 °C

DEB H pp
o
170 178 179 K
pes H Pn
ﬁﬁ*% e (\@K
(81 %)

Figure 2.2

/‘ﬁ“‘(

DEB Ny
181 180
DO Allyl bromide
(48 %) (50 %) H O
=
o \_ 0o DEB’NEthN“é
ﬁ@% ?@“K 1851-%N o
peg Ph pEB" Ph
183 184
Scheme 2.8

45
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This was an encouraging result as it was the first example of a dearomatising anionic
cyclisation onto a pyrrole ring. Various conditions were applied in order to both
optimise the yield of 182 and prevent the ring opening of the 5,5-bicyclic system (Table
2.2). Attempts to quench the cyclisations with different electrophiles (Me, Bn) were

unsuccessful and only protonated products 182 were observed.

Base Equiv. | E’ °C Time Results
182 185

t-BulLi 2.0 Mel -78 O/N Decomposition
LDA 6.0 | NH4Cl 0 3h 56 % 20 %
LDA 3.0 | NH,Cl 0 3h 81 %
LDA 1.3 | NH4Cl 0 3h 50 %
LDA 3.0 | NH4CI1 0 10 min 55 %
LDA 3.0 | NH4ClI 0 Immediate 35%

quench
LDA 3.0 |NH,Cl| -40 3h 48 %
LDA 3.0 | NH.CI -40 Immediate 46 %

quench
LTMP 3.0 | NH4Cl 0 2h 50 %

IS 30 |NH. 1| -78t0 0 4h 90 %
N
T 10
Table 2.2

As can be seen from Table 2, it proved impossible to isolate any cyclised product even
at —40 °C followed by immediate quench, indicating that the ring opening occurs
instantaneously. Although the chiral base lithium isopropyl-(1-phenylethyl)-amine 130
introduced no chirality into the molecule, it gave the highest yield of product 182,
without any adducts being formed. It is postulated that the hindered base was unable to
form any adduct as the bulky DEB group shields its attack.

2.1.3 Investigation into Ring Opening

We wished to explore the scope of the novel ring opening reaction and the formation of
1,5-dihydropyrrol-2-ones 182. The cyclisation (effectively a conjugate substitution of
the pyrrole nitrogen by the benzyllithium) was repeated using the 4-substituted pyrrole

carboxamides 171 and 172 and again good yields of the ring-opened products 186 and
187 were obtained (Scheme 2.9).
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Z/_& L_ph 3 equiv. LDA 2\@‘/{
N THE, 0 °C NH

BEB DEB’ Ph
171 186 (R = Me, 59 %)
172 187 (R =Ph, 75 %)

Scheme 2.9

Changing the protecting group to the more readily available pivaloyl group 188 resulted
in poorer yields of the 1,5-dihydropyrrol-2-one 189 (Scheme 2.10)

X 0
\—ph

) >L Q
N NaH, THF, 0 °C N 3 equi
LPh y , / \ equiv. LDA Y \ N
/A -
N Pivaloyl chloride N THF, 0°C
H
o/’l\ﬁ

(68 %) (14 %) Oj/:-' Ph
188 189

Scheme 2.10

162

Incorporation of the pyrrole into an indole nucleus 193 produced the aminophenyl-
substituted product 194 in high yield on cyclisation. Reaction of the indolyl Grignard
reagent with carbamoyl chloride 191 afforded the 3-substituted carboxamide 192,
which was readily DEB protected 193 (Scheme 2.11).

0 »l/

N —Ph
A\
N

o) #’
N
@ i. MeMgl, Et,0 @g NP Nat, DEB-CI
N 0 THF, O/N
. N B
H il.
CIJLNJ< H

(70 %)

190 L 192 193 DEB
191 “ph ‘

benzene, reflux, 67h 3 ;(]1_111}1?\:01;[():1;\,

65%) NH,CI (76 %)

0
K
\
NH
DEB Ph

194

Scheme 2.11
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In order to investigate the effect of replacing the benzylic group, oxazolidine substituted
pyrrolecarboxamide 198 was prepared in good yield from the acrylamide 196 (Scheme
2.12). The precedent for the use of the oxazolidine side chain arose because it was more
versatile than the N-#-butyl benzamide and a better precursor to a CO,H substituent. Its
use in the benzamide cyclisations revealed some deeper mechanistic aspects of the

reaction (Section 1.6.1).""°

Replacement of the N-fert-butylbenzyl group by an oxazolidine moiety proved
unsuccessful under the conditions required for cyclisation. When a DEB protecting
group 198 was employed only starting material was recovered. However if a Boc
protecting group 199 was used pyrrole deprotection followed by methylation to give
200 was observed. It was evident that the oxazolidine group did not undergo lithiation

and was therefore an inappropriate replacement.

0]
Q
Acryloyl chloride i. TosMIC, NaH 197 (86 % N>L’
HN% _L,. Q)‘\N% ( 0) g_g\ -0
N

3  ELN,CH,C, 0 i (Boc),0 (81 %)
195 (49 %) 196 199 | o
i. TosMIC, NaH 197 (86 %) 3 equiv. LDA,
ii. DEB-C1 (77 %) THEF, 0°C,
Mel (73 %)
0 * Q §L,
N N6
o)
!\ !\
N N
DEB !
198 200

Scheme 2.12

Attempted cyclisation of the recovered N-methy! pyrrole oxazolidine 200 with both LDA
and 7-BuLi resulted in starting material recovery. Again, the electron-donating methyl

group hindered lithiation of the pyrrole ring.

The dearomatising anionic cyclisation of pyrroles with subsequent ring opening to form

the 1,5-dihydropyrrol-2-ones 182 can be regarded as belonging to the general class of

rearrangements designated as ‘monocyclic rearrangement of heterocycles’ by Katritzky

et al. (Figure 2.3).'2"!%8
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These reactions cover many possible interconversions but are generally limited to
heterocycles containing an N-O bond; oxadiazoles, isoxazoles, triazoles, thiadiazoles,
tetrazoles, imidazoles and pyrazoles have all been prepared by monocyclic
rearrangement.'>’As far as we are aware ours is the first example in which there is a

carbon atom where the old ring is broken and the new ring formed.

=Y B=A
A} r
/JA _\< z-H == . H-D >F)S
B. -N N, Y
D z
Monocyclic
o} R' Rearrangenment
N 9
[y ate
N
R R'NH Ph
Figure 2.3

Whilst nucleophilic additions to, and substitution at, heteroaromatic rings are well
documented for 6-membered heterocycles such as pyridines, pyrazines and
pyrimidines'® it is less established for the electron-rich family of 5-membered
heterocycles."** The dearomatising anionic cyclisation of pyrroles can be regarded as an

intramolecular nucleophilic attack by the organolithium.

It was also demonstrated throughout the investigation that nucleophilic butyllithiums
could attack the pyrrole nucleus directly and treatment of the pyrrole-3-carboxamide
170 with »- and s- butyllithium in THF at —78 °C afforded the corresponding
dearomatised 2-substituted carboxamides 201 and 202 (Scheme 2.13).

3 ) 9 )
[g\k \—pp BuLi, THF, -78 °C [—gi \_pn
N
DEB

3h N~ CiH
DEB
170 n-201 (40 %)
5-202 (40 %)

Scheme 2.13
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Few methods achieve partial dearomatisation of heterocycles; Birch reduction!!3
allows only electrophilic functionalisation of the ring, dearomatisation is usually
achieved by nucleophilic addition to an electron-deficient aromatic ring lacking other

points of electrophilic reactivity.

It was previously demonstrated within the Clayden group'* that benzamides of 2,2,6,6-
tetramethylpiperidine 203 allow the addition of an organolithium and an electrophile
across a double bond of the aromatic ring to give the diene 204 (Scheme 2.14).
However, the phenomenon has not previously been reported for an electron-rich system

such as pyrrole.

O._N
i. s-BuLi, THF, -78 °C
ii.Mel
OMe OMe
203 204
Scheme 2.14

2.1.4 Selectivity within the Cyclisation
Although the cyclisation generates chiral products, an attempt to promote asymmetric
cyclisations of pyrrolecarboxamides using a chiral lithium amide base 130 in place of

LDA (a strategy which works well in the benzamide series)''>'*

was prevented by the
unavoidable formation of the achiral enolate 181 (Scheme 2.8). However, with the
chiral and enantiomerically pure amide 208, the cyclisation product 209 cannot re-form
an enolate, and indeed 209 is formed fully stereospecifically. The chiral pyrrole-3-
carboxamide 207 was readily prepared from the acrylamide 206 and subsequent DEB
protection gave 208 in good yield (Scheme 2.15). A fully substituted stereogenic centre
is incorporated into the ring system with >99 % ee when compared to the racemic
equivalent (%)-209 by stationary phase chiral HPLC (Chiralpak OT(+) column at 5 °C).

15 we propose that both the

In agreement with previous reports of similar cyclisations,
lithiation and cyclisation of 208 are stereospecific, and the intermediate organolithium
is configurationally stable on the timescale of the reaction. Configurational stability in

similar tertiary N-substituted organolithiums is well documented."*®
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O
HN J\ Et;N, CH,CI, \)]\NJ\ TsCH,NC, DMSO N

——
o Acryloyl chloride /l\Ph Et,0 / H\ )»‘ Ph
205 206 (85 %) 207 (75 %)
®)-205 (#)-206 (67 %) )-207 (54 %)
NaH, THF,
DEB-CI
o]
Y \ N/L 3 eqmv LDA <—§\\)*F’h
NH £ o
DER’ Ph THF, o C
209 (87 %) 208 (69 %)
(£)-209 (73 %) #)-208 (75 %)
Scheme 2.15

Remarkably it was also possible to cyclise 214 diastereoselectively, despite the late-
stage deprotonation/reprotonation of the benzylic centre. Reductive amination afforded
the chiral secondary amine 211, which was subjected to acrylamide formation 212
followed by TosMIC cycloaddition to generate pyrrole 213. Subsequent DEB protection
gave the target compound 214 with good overall yield (Scheme 2.16).

i. PhCHO, MeOH Acryloyl chloride
H,N -_ > HN \)k
ii. NaBH, L T ELN, CHLCL,
OMe (9 %) Ph OMe  (94%)

210 211

. TosMIC 213 (70 %)
ii. DEB-CI (54 %)

(0]
Me
/{}\]“b 3 equiv. LDA [—? \*Ph
EB'NH "Ph

THF, 0 °C
OMe (56 %)

214
Scheme 2.16

Attempts to quench the cyclisation of 214 with different electrophiles were unsuccessful

and decomposition or the protonated product 215 prevailed.
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The 1,5-dihydropyrrol-2-one 215 was formed as a single diastereoisomer. The relative
stereochemistry is predicted, with the phenyl group on the opposite face to the bulky
chiral auxiliary. The ‘auxiliary’ o-methyl-p-methoxybenzyl substituent of 214 controls
the facial selectivity of the final protonation of the extended enolate 218 (Scheme
2.17).1%7

Q >‘—Ar 0~ 0

N A
. ; YN
/N\ Ph 3 equiv. LDA j Ar Vi 1 N/(Ar
THEF, 0°C Ph .NH
DEB DEB DEB Ph
214 216 217
Ar= \©
OMe
0 OLi /L
7
/\&/N/LAI‘ NH,CI 4 . N Ar
% JNH
—— Ph DEB Ph
215 218
Scheme 2.17

2.1.5 Diastereoselective Deprotonation/Reprotonation

We wished to investigate whether this chiral auxiliary was able to govern the selectivity
of deprotonation/reprotonation of related pyrrolidinones. Allylation of the acrylamide
219 followed by ring closing metathesis'*® with the first-generation ruthenium based

Grubbs catalyst'’

afforded the pyrrolidinone 221, which was methylated a- to the
carbonyl group to provide a more accurate model system 222 (Scheme 2.18). If a slight
excess of LDA was used the by-product 223 was formed, indicating the electrophilic

quench would occur a- to the carbonyl moiety.

o]
Acryloyl chloride NaH DMF
H,N \)J\ ™™ N
Et;N CH,CL, Allyl bromide \)
OMe (98 %) (48 %) 220 OMe

210 Me
Grubbs catalyst,
CH,CI, (85 %)
0 o]
%N \&/ _ LDA, THF,0°C {LJN
= Mel (60%) \
223 (66 %) OMe 221 OMe

Scheme 2.18

52
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The pyrrolidinone 222 was subjected to the standard deprotonation conditions (3 equiv.
of LDA in THF at 0 °C) followed by an electrophilic quench (Scheme 2.19). With
deuterium the quench occurred y- to the carbonyl with complete diastereoselectivity
224, which was consistent with previous results (Scheme 2.17). The carbon-carbon
double bond of the product 224 is conjugated with the carbonyl group providing
additional stability. However with other electrophilic quenches 225-227, the quench
occurred a- to the carbonyl group (due to steric encumbrance) with modest
diastereoselectivity owing to the increased distance from the chiral auiliary. The relative
stereochemistry was assumed, based on previous results. If the reaction mixture was not

degassed the major product was the hydroxylated 228.

o) o)
\&/ 3 equiv. LDA, THF, 0°C, 3 h
N - N
\ B \
D
222 OMe OMe

224 (85 %, >99:1)

+
(@]
N
ﬁJD )
OH oM CMe
e
228 (76 %, 1:1) E=Et 225(58%,2:1)

E=Bn 226 (71 %, 3:1)
E = Allyl 227 (58 %, 2.5:1)

Scheme 2.19

It was anticipated that modification of the model pyrrolidinone 222 to a more
structurally similar system to the original 215 would increase the chance of a
diastereoselective quench. Thus [3,3] sigmatropic rearrangement of 227 provided the 5-
substituted pyrrolidinone 229 in good yield (Scheme 2.20). Deprotonation with LDA
followed by deuterium quench resulted in starting material recovery; it was postulated
that the protonated amine base provided an internal proton source.'*® When
deprotonation was performed with sodium hydride (in order to remove the internal
proton source) the deuterium quench occurred o- to the carbonyl with modest
diastereoselectivity 230. We postulate that steric hindrance from the allyl group causes

the a-deuterium quench and the increased distance from the chiral auxiliary results in

modest diastereoselectivity.
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(o} (0]
%N Xylene, reflux \ N NaH, THF, 0 °C
— -

48h CD,0D
OMe OMe
227 \

OMe

229 (60 %, 2:1) 230 (99 %, 2.5:1)
Scheme 2.20

It was anticipated that the phenyl group in the 5-position of the pyrrolidinone ring
system was an essential component for the diastereoselective control. It was envisaged
that the 2,3-dihydroisoindolone system 233 would undergo diastereoselective quench in
a comparable manner to the original system 215. Reductive amination of the chiral
amine 210 and N,N-diethyl-2-formylbenzamide 231'*! gave the imine 232 which on
treatment with phenyllithium afforded the dihydroisoindolone anfi-233 and syn-233
(Figure 2.4) in a ratio of 1:1.5 (Scheme 2.21).'*? Attempts to control the
diastereoselectivity of deprotonation of either a single diastereoisomer of 233 or a
mixture of 233 followed by deuterium quench were unsuccessful and only the
respective starting materials were recovered indicating that deprotonation had not

occured.

Oy N~ EtN._O
MeOH, 4 A sieves & N
CHO + - !
H,N (100 %) OMe
OMe
231 210 232

PhLi, THF, -78 °C,

3h
o o)
%hb Ph
OMe OMe
anti-233 (20 %) syn-233 (30 %)

Scheme 2.21
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syn-233 OMe

Figure 2.4 ORTEP representation of syn-233 X-ray structure.

2.1.6 Pyrrole-2-Carboxamides

In order to investigate the dearomatising anionic cyclisation of pyrrole-2-carboxamides,
235 was prepared by lithiation of N-methylpyrrole 234 with »-Buli in hexane at
ambient temperature,”! followed by reaction with carbamoyl chloride 191 (Scheme
2.22). The carbamoyl chloride 191 was prepared in excellent yield by reaction of N-
tert-butylbenzylamine and diphosgene.

i. n-BuLi, TMEDA, \\/
ﬂ Hexane, RT D\WN \/ph
Ee u;Dh/\NJOLm '?49 °
234 191 % (66 %) 235
Scheme 2.22

An alternative approach to the pyrrole-2-carboxamide allowing the introduction of an
electron-withdrawing N-protecting group involved reaction of Boc protected 2-
trichloroacetylpyrrole 237 and various amines in DMF. The precedent for this reaction

was the observation that 2-trichloroacetyl pyrrole 236 reacts with pyrrolidine to form a

pyrrole-2-amide 238 with the subsequent loss of °CCl; (Scheme 2.23).'*
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7\ cc, (Boc),0, THF 7\ cel, Pyrrolidine, DMF ﬂ\(@
N
H 0o

o, N
I}l % (99 %) i o (61 %)
Boc
237 236 238

Scheme 2.23

However, attempts with both N-tert-butylbenzylamine and dibenzylamine in place of
pyrrolidine afforded only starting material, even under forcing reaction conditions, due

to greater steric hindrance in the amine nucleophiles.

Another approach to the pyrrole-2-carboxamide 240, via the pyrrole-2-carbonyl chloride
239 was attempted, allowing the introduction of a variety of protecting groups.
Reaction of pyrrole with diphosgene in the presence of N,N-dimethylaniline afforded
the pyrrole-2-carbonyl chloride 239,'** which was subject to reaction with the secondary
amine albeit in poor yield to give 240 which was readily DEB protected 241 (Scheme
2.24).

O

CI/lLOCC| ﬁ\N/\ph \\/
[/ \S : (&\(CI 4H)— m N ‘\\
N" N N-dimethylaniline, N EtN, Toluene Ph

H Toluene, 0 °C (e (16 %) H o]
13 (80%) 239 240
DEB-CI, THF
(50 %)
/A \\N(
N I
| Ph
peg ©
241

Scheme 2.24
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2.1.7 Attempted Cyclisation of Pyrrole-2-Carboxamides

Attempted cyclisation of the N-methyl protected pyrrole-2-carboxamide 235 using LDA
or -BuLi resulted in the recovery of starting material. When the electron-withdrawing
DEB protecting group was in place attempted cyclisation resulted in the formation of
the deprotected, rearranged product 242 (Scheme 2.25). The electronics of the pyrrole-
2-carboxamide make it unsuitable for cyclisation onto the 3-position. Lithiation occurs
preferentially at the 5-position due to the inductive effect of the nitrogen and the
stabilising effect of chelation to the DEB carbonyl group. If lithiation and cyclisation
did occur (as with the pyrrole-3-carboxamides) the 5,5 fused intermediate enolate would
also be strained but no comparable ring-opening pathway is available.

\I(Ph

I\ NPM paTHROC o T\ N
N NH,CI (62 %) N

bes © Et,C 0
241 242
Scheme 2.25

2.1.8 N-Allyl Pyrrolecarboxamides

The ring opening of the pyrroles prevents the formation of the desired 5,5-fused
systems. It was previously demonstrated that the cyclisation of N-allyl substituted
naphthamides was able to generate a seven membered ring'*® and it seemed reasonable
to suppose that a 7,5-fused ring system might be much less strained. Thus N-allyl
pyrrolecarboxamides 247-249 were prepared by the cycloaddition of the acrylamides
244-246 with TosMIC followed by DEB protection to yield 250-252 (Scheme 2.26).

Q o] Q R
: 247 (R=R'=H) 30 %
i. NaH, DMF
\/B\NK - \/KNK _TosMIC, Nall N 248 (R =Me, R =H) 37 %
N B K\/L
N
H R

ii. RRC=CHCH,Br i DMSO, Et,0 249 (R =R'=Me) 58 %
|

243 R
R "R
244 (R=R'=H) 46 % NaH, THF,
245 (R =Me, R'=H) 58 % DEB-Cl

246 (R =R =Me) 30 %
Q
<—§LN/|< 250 (R=R'=H) 53 %
251 (R =Me, R =H) 45 %
[ Y ) 252 (R=R'=Me) 58 %
N o R
DEB

Scheme 2.26
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Treatment of the N-allyl pyrrolecarboxamides 250-252 with LDA gave coloured
allyllithiums 253a-c¢ which, with the exception of 253¢, cyclised over a period of 3 h at
0°C to yield the enolates 256a-b (Scheme 2.27). As anticipated, these enolates were
stable, and stereoselective alkylation yielded in every case essentially a single
diastereoisomer of the 7,5-fused pyrroloazepinones 257a-f (Table 2.3). The cis
stereochemistry at the ring junction was proved by X-ray crystallography (Figures 2.5
and 2.6). The cis stereochemistry at the third stereocentre (where R = Me) was assumed
due to the preference of larger groups for the exo face of the bicyclic system.
Protonation of 256a gave mainly the cis-fused 7,5-ring system (Figure 2.5),

accompanied by a small amount of the trans-fused by-product trans-257a.

Cyclisation of N-prenyl substituted carboxamide 253¢ gave no 7,5-fused products,
presumably due to the steric hindrance at the far end of the allylic system. The isolated
product was the pyrrolidinone 255, which was analogous to the products 182 obtained

from N-benzyl carboxamides (Scheme 2.8).

OLi (0]

/ 7 N”K NH,Cl _ 7~ N/K
% NH —
N H (56%) DEB
DEB
254 255

Q %R'
N ;

. 253a (R=R'=H)
3 equiv. LDA N — -
250252 — = [ § oy 2ob®RZMe R SH)
THF, 0 °C N 53¢ (R =R'=Me)
1
DEB
OLi JL
7N B
NN/ >
DEB H ¢
R
256 a-b

Scheme 2.27




Chapter 2

Cis-257  Trans-257 R E
a 70% 15% H H
b 100% 0% H Me
c 65% 0% H Allyl
d 85% 0% H Bn
e 56% 7% Me H
f 62% 0% Me Me
Table 2.3
O
DEB H
257a

Figure 2.5 Chem 3D representation of 257a X-ray structure.
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Figure 2.6 Chem 3D representation of 257d X-ray structure.

2.1.9 Chemistry of Products

We wished to investigate the chemistry of these novel bisenamides 257. Treatment of
¢/s-257b with aqueous acid hydrolysed only one of'the enamides to the amido aldehyde,
yielding 258. It is postulated that both enamides are subject to hydrolysis in an
equilibrium process but the five-ring enamide is fastest to reform. Hydrogenation by
contrast was selective for the more reactive double bond in the strained five-membered
ring, giving 259. Hydrolysis of 259 gave the pyrrolidine 260 (Scheme 2.28). Attempted
DEB deprotection of 260 with a view to forming indolizidine alkaloid type structures2

was unsuccessful and decomposition products prevailed.

90 %)
DEB 257b DEB 258
H2, Pd/C, MeOH,
RT, 3 days,
90 %)
(@) | oy~
1M HCl
CHO

93 %)

- DEB

259 260

Scheme 2.28
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2.1.10 Studies Towards an Analogue ofHinckdentine A 261

We wanted to apply this synthetic methodology to a natural product synthesis but the
novel ring systems are not prevalent in nature. It was envisaged that a structural isomer
of the Hinckdentine A core 262 could be formed by cyclisation of the indole-TV-allyl
system 264 which could in turn be prepared from 5,7-dibromoindole 266 (Scheme
2.29).

NH

261

Hinckdentine A is isolated from the bryozoan (a moss-like organism) Hincksinojlustra
denticulate (Figure 2.7) off the coast of Tasmania. ¥ The pharmacological properties of
Hinckdentine A are yet to be determined, but biologically important dihydrotryptamine
and dihydropyrimidine units are contained within the framework. Its unique structure

makes it an interesting and challenging target.

m
o
Figure 2.7
NH
Br
DEB
265
Scheme 2.29
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5,7-Dibromoindole was prepared in a two-step procedure as outlined by Lindwall and
Plieninger'*® and was subject to Grignard reaction with N-tert-butylisocyanate to afford
the indole-3-carboxamide 269 (Scheme 2.30). These reactions were modest yielding and

capricious so until a route to 264 was well established, reactions were performed on a

o}

model system without the two bromine atoms.

0 Br N
. Br H
@ i. Br,, EtOH 268 (50 %) @ MeMegl, benzene N
0o >
N ii. BH,.THF, 0 °C N £-BuNCO (40 %) N
(75 %) Br Br H
267 266 269
Scheme 2.30

The model intermediate 271 was prepared from TIPS protected indole 270, however
attempted allylation resulted in deprotection to give the N-allyl indole 272 and di-
allylated indole 273 in a ratio of 1.5:1. Alternative protecting groups including TBS
275, arylsulfonyl 276 and the required DEB 277 again resulted in indole deprotection
(Scheme 2.31).

¥ ¥

0 #/ 0
. . N N
i. ~Buli, TMEDA, H H
—_—————————
l\{ ii. #BuNCO N Allyl bromide N N
ii- (83 %) L
SIEPrs Sii-Pry 272 \\\\ 273 \\\\

271
(72 %) 1.5:1 from 271

TBAF, THF NaH, DMF, 0 °C, (65 %) 1.5:1 from 275
(75 %) Allyl bromide (70 %) 1.6:1 from 276

(77 %) 1.5:1 from 277

o

o y/

N

: NaH, THF, R-Cl ﬁ
\ akl, s A7 \
N
M N

\
R
274 275 R = TBS (45 %)
276 R = SO,Ar (90 %)
277 R = DEB (42 %)

270

Scheme 2.31
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Alternative routes to the N-allyl-indole-3-carboxamides were also unsuccessful. It was
anticipated that introduction of the N-ferz-butyl allyl group in a one-step procedure
would overcome these problems, but we were unable to synthesise the N-fert-butyl allyl

carbamoyl chloride required for Grignard reaction.

Unfortunately, we were unable to overcome the issue with protecting groups; shorter
reaction times, varying the solvents, base and temperature also had no effect on the
outcome. When the DEB protecting group was in place (277) LDA was used as
throughout the cyclisations the DEB group had remained intact. However LDA was
unable to deprotonate the amide, possibly due to steric encumbrance and only starting
material was recovered. Based on these results it was anticipated that allylation of the
DEB protected dibromo indole 265 required for cyclisation would also prove

unsuccessful so work in this area was discontinued.
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2.2 Furans and Benzofurans
We wished to apply our synthetic methodology to the dearomatising anionic cyclisation
of furan 2- and 3-carboxamides and benzofuran-2-carboxamides, with a view to forming

5,5-fused bicycles 279 (Scheme 2.32)

- \“ LDA, THF, 0 °C [SRERN
Ph -

OH Ph

Scheme 2.32

2.2.1 Furancarboxamides

In order to investigate the dearomatising anionic cyclisation reaction on a furan nucleus,
furan-2-carboxamide 282 and furan-3-carboxamide 283 were formed by reaction of the
commercially available furoic acids 280 and 281, with thiony! chloride followed by the
amine (Scheme 2.33), It was anticipated that the modest yield arose due to steric

hindrance in the reaction of the acyl chloride, with the bulky amine.

o} /K
W i. SOCI,, reflux, 4h (—B/[L
OH

0
i BN oHcl
2- 280 NP 2-282 (24 %)
3-281 3-283 (40 %)
Scheme 2.33

2.2.2 Furan-2-Carboxamides

Attempted dearomatising cyclisation of the furan-2-carboxamide 282 proved
unsuccessful. Treatment with LDA at —30 °C in THF, overnight, resulted in
decomposition. However, if the temperature was reduced to —78 °C, lithiation and
subsequent methylation at the 5-position of the furan ring was observed 284, in 50 %

yield after separation from the recovered starting material 282 (20 %) by preparative
HPLC (Scheme 2.34),

A( Ph  LDA, THF,-78°C A\/ Ph

/ \ N— . ’ / \ N
O 5 Mel, O/N (50 %) O

282 284

o

Scheme 2.34
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Attempted cyclisation of furan-2-carboxamide 282 with 1.5 equivalents of -BulLj, in the
presence of DMPU, in THF at —78 °C overnight, afforded starting material only. The
greater propensity for lithiation at the S-position on the furan ring, as opposed to a- to

the amide nitrogen, arises due to the increased electronegativity and inductive effect of

the furan oxygen.

2.2.3 Furan-3-Carboxamides

Attempted cyclisation of the furan-3-carboxamide 283 with LDA at both —30 and -78
°C in THE was also unsuccessful. We were unable to overcome the predisposition for
lithiation o- to the furan oxygen and the major products were resulting from 5- 285 and
2- 286 methylation (Scheme 2.35). Although lithiation occurred no cyclised products

were observed thus indicating the anion does not undergo translocation.'®®

o W o ¥ o
N i. LDA, THF, 0°C N N
0 o 0
283

285 (30 %) 286 (25 %)

Scheme 2.35

It was anticipated that cyclisation of the 2,5-disubstituted furancarboxamide 288 would
be effective as the favoured positions for lithiation are blocked. The 2,5-dimethyl furan

carboxamide 288 was readily accessible from the commercially available furoic acid

287 (Scheme 2.36).

Q
OH
I\& i. 8OCl,, reflux, 4h \KPh
0 ii. ﬁ/ Ei;N, CH,Cl,

HN Ph 0,
287 ~ (55%)

Scheme 2.36

Endeavours to cyclise the 2,5-disubstituted furancarboxamide 288 with either LDA or #-
BuLi were unproductive. The major product was 289, resulting from lithiation of the 2-
position methyl group. If the reaction mixture was not degassed prior to addition of the

base the major product was the hydroxylated 290 (Scheme 2.37).
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i. ~Buli, DMPU, THF, 0 >L o) >L

0
N>L ~78°C, O/N N N
7\ MPh T A ~ph J \ Ph
0 o 0",
289 290 (40 %)

Scheme 2.37
We were unable to encourage lithiation a- to the amide due to a combination of the
inductive effect of the O atom and the electron-withdrawing effect of the amide. Work

with the furans was not pursued further.

2.2.4 Benzofuran-2-Carboxamides
The reaction of commercially available benzo[blfuran-2-carboxylic acid 291 with

thionyl chloride and the secondary amine furnished the desired benzofuran-2-
carboxamide 292 in good yield (Scheme 2.38).

%OH i. SOCl,, reflux, O/N’ @_<N '—\Ph
(] Et;N, CH,CI @] [@]

O i » ly,
291 Y i 292

HN._Ph

Scheme 2.38

Attempted cyclisation of benzofuran-2-carboxamide 292 with both LDA and #-BuLi, in
THF at —78 °C overnight, resulted in the formation of 3-(2-hydroxyphenyl)-propynoic
acid benzyl-tert-butylamide 293 in 60 % and 57 % yield, respectively (Scheme 2.39).

LDA, -78 °C, O/N

N
292 7& o

t-BuLi, DMPU

THF, -78 °C, O/N
(57 %)

Scheme 2.39
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Q
’ 1
@f\Q—{O —_— @\/L 4
9 N Ph
A o
294 203

Figure 2.8

This alkyne product 293 arose from lithiation of the benzofuran ring at the 3-position
294, followed by fragmentation to the alkyne (Figure 2.8). This phenomenon has been
previously observed but only when ambient temperatures were reached.””* The
presence of the amide side chain at the 2-position must lower the energy barrier to
fragmentation, which is now able to occur at lower than ambient temperatures. The
product formed is conjugated and ring strain has been removed, both of which favour
the fragmentation reaction. It was postulated that lithiation was unlikely to occur at

temperatures lower than —78 °C, thus attempted cyclisation of the benzofuran-2-

carboxamides was not pursued.
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2.3 Thiophenes

We wished to extend the synthetic methodology of the dearomatising anionic
cyclisation to the thiophene nucleus. It was anticipated that ring opening, as observed
with the pyrrolecarboxamides (Scheme 2.8) would be avoided owing to the reduction in
the 5,5-ring strain on account of the larger bonding radius of sulfur. The bonding angles
of thiophene are larger than that of pyrrole and the angle strain is somewhat relieved, in
addition a contribution to the stabilisation involving the sulfur d-orbital participation
may be significant.”® The thiophene 2- and 3- carboxamides 297 and 298 were readily
accessible from the commercially available carboxylic acids 295 and 296 in good yields
(Scheme 2.40).

0

0
WOH i. SOCI,, reflux, 4h U)LNKJ(
S Ph

s
Y BN oRg,
HN._Ph

2-295 2-297 (84 %)
3-296 3-298 (50 %)

Scheme 2.40

2.3.1 Thiophene-2-Carboxamides

We were unable to provoke the dearomatising cyclisation of thiophene-2-carboxamide
297, treatment with either LDA or #-Bul.i in THF resulted exclusively in the recovery of
starting material. Varying the reaction conditions (temperature, solvent, time and base)
had no positive effect. This avenue of research was not continued as it was anticipated
that the cyclisation of thiophene-3-carboxamides would be more successful owing to the
inherent C-2 reactivity of thiophenes towards lithiation.'*®

2.3.2 Thiophene-3-Carboxamides'"

To our surprise dearomatising anionic cyclisation of thiophene-3-carboxamides 298 and
299 resulted in the formation of the ring-opened vinyl sulfides 300a-f and 301a-e

(Scheme 2.41). A variety of electrophilic quenches were applied in good yield (Table
2.4).

o Q
R .R
N i. 3 equiv. LDA, THF, 0°C, 3 h E N
_
[{L Ph ii. B, RT aa™
S SE
298 (R = +-Bu) 300 a-f
299 (R =i-Pr) 301 a-e

Scheme 2.41
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300 E Yield | 301 E Yield
a Me 60%{ a Me 65 %
b Et 65% | b Et 62 %
¢ Allyl | 60% | ¢ Allyl | 60 %
d Bn 55% | d Bn 67 %
e | 4BBn [ 50% | e |4-BtBn| 58%
f | 4-PhBn | 65 %

Table 2.4

Mechanistically the reaction is similar to that of the pyrrolecarboxamides (Scheme 2.8).
Treatment of the thiophene-3-carboxamide 298 with LDA at —78 °C followed by
methylation (via the ortholithiated intermediate 302) resulted in the formation of the 2-
methylated thiophenecarboxamide 303 in 60 % yield."” It was assumed therefore that
302 is the kinetically favoured lithiation product from 298. However, treatment of 298
with an excess (3 equiv.) of LDA at 0 °C gave, after electrophilic quench, good yields
of the rearranged products 300a-f. We propose the mechanism outlined in Scheme 2.42
for the formation of 300: where the benzylic organolithium 304 formed from the

ortholithiated 302 by “anionic translocation™ *'*!

undergoes dearomatising cyclisation
into the 2-position of the thiophene ring, by an electrocyclic mechanism (Figure 2.9a).
The bicyclic 5,5-fused enolate 305 is evidently strained and another electrocyclic
reaction (Figure 2.9b) gives the pyrrolinone 306. Excess LDA forms the dianion 307,
and alkylation yields the final products 300. Attempted protonation of 307 gave only a

complex mixture of products, arising from decomposition of the resulting thioaldehyde.

o Vo 0
N -
{ é *—Ph - ]s%

S

a. 6 7 electron, dis b. 6 & electron, dis

Figure 2.9

The regiochemistry of the final quench was in accord with previous alkylations of
related extended enolates.'®! Evidence that the electrophilic quench occurred - to the

carbonyl and not y- came from direct comparison of 301a and 311a (Scheme 2.43).
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The cis stereochemistry of the vinyl sulfide, preserved from the thiophene, was evident

from the coupling constants obtained by 'H NMR spectra.

Q >L LDA, THF,
N 78°C
_ \_ \_
l_gk Fh ({ A (_ﬁ e
s
298

302
LDA, THF,
0°C
o }L i
N - 3 N/K
s Li S H Ph Ph
304 305 3006
LDA, THF,
l 0°C
F&K Mﬁ
300 307
Scheme 2.42

Although this was not the desired outcome the heterocyclic compounds obtained were

unique and we wished to explore the scope of the reaction.

2.3.3 Stereospecific Cyclisation

It was possible to form an alternative regioisomeric series of pyrrolinones by
dearomatising cyclisation of 309, the benzylic methyl group prevented formation of the
equivalent enolate to 307 thus electrophilic quench occurs only once. In accordance
with previous results,"”® we propose that the cyclisation is stereospecific and must
proceed via an intermediate organolithium which can be represented as 310 and which
has configurational stability on the timescale of the cyclisation (Scheme 2.43)."* The
products 311a-e all have enantiomeric excesses >99 % when compared to the racemic
equivalents (£)-311a-d by chiral stationary phase HPLC (Chiralpak OT(+) column at 5
°C). A variety of electrophilic quenches were applied in good yield (Table 2.5).
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0 o 0
OH i socl, N e LDATHF | 2 N’k
7\ 7\ ) Y, /
s ii. Amine, Et,N, s 0°C ! Ph

CH,Cly, DMAF 309 (58 %) 310

(£)-309 (62 %)
E+

Q
/\Q/k
SE 2
Ph
311 a-e
(#)-311 a-d
Scheme 2.43
311 E Yield | (#)-311 E Yield
a Me 50 % a Me 60 %
b Et 60 % b Et 60 %
Allyl 70 % c Allyl | 60 %
d Bn 55% d Bn 55 %
e 4-BrBn | 70 %
Table 2.5

Dearomatising anionic cyclisation of achiral thiophene-3-carboxamides 298 with the
chiral base 130 used in the pyrrole series offered no advantages. Chirality was not

introduced into the products and the resulting yields were similar to those with LDA.

2.3.4 5-Substituted Thiophenes

In order to increase the complexity of the ring-opened products, we wished to introduce
a substituent into the 5-position of the thiophene ring thus providing cyclisation
products with a structure similar to the kainoid family. The 5-position substituent was
introduced via Suzuki coupling between the bromide 313 and methyl or phenylboronic
acid (Scheme 2.44). Dearomatising cyclisation of 314 and 315 followed by electrophilic
quench formed the pyrolinones 316a-c and 317a-e in good yield (Table 2.6).
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o 0
OH Br,, AcOH OH i SOCl \ﬁ
/ \ —  J\ Ph
s (75 %) Br s ii. Amine, CH2Cl2
Et,N, DMAP
308 312 (95 %)
RB(OH},, MeCN,

PdCly(dppf),

NaHCO,,

3 )

(0]
E /K . N
R/ N LDA, THF, 0 °C / \ \*Ph
= E* R
SE Ph S

316 a-c R=Me 314 R =Me (61 %)
317 a-e R=Ph 3i5R=Ph (88 %)
Scheme 2.44

316 E Yield | 317 E Yield

Me 66% | a Me 60 %
Allyl |75% | b Et 61 %
c Bn 56% | ¢ Allyl | 71 %
d Bn 50 %
e 4-BrBn | 60 %
Table 2.6

2.3.5 N-Cumyl Thiophenecarboxamides

It was anticipated that an N-cumyl group would be more readily removed than the N-¢-
butyl group, thus providing a handle for further modification of the ring-opened
products.'”® Benzylation of the cumyl-3-carboxamide 318 provided the precursor to
cyclisation 319. Direct reaction of thiophene-3-carboxylic acid with the secondary
amine 321 was low yielding thus a two-step procedure was utilized (Scheme 2.45).

Dearomatising anionic cyclisation and electrophilic quench afforded the ring-opened

products 320a-d in excellent yields (Table 2.7).
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o Yen o epn
N

" soa H DMF 2
1.
[ 3 E——— | N DWE 7\ \—pn
S ii. cumylamine, s BnBr (50 %) S
CH,Cl,, EL,N,
308 DMAP(82%) 18 319
i. s0Cl, L LEIZA, THF, 0 °C
ii. N-benzyl- .
cumylamine 321,
CH,Cl,, Et:N,
DMAP (16 %)

E T /k

4 N" ph

/ \ LPh
S
319

Ph
320 a-d

Scheme 2.45

320 E Yield | 320 E Yield
a Me 62% | ¢ Allyl | 66 %
b Et 5% | d Bn 62 %

Table 2.7

Unfortunately we were unable to remove the cumyl group of 320. Attempts using
concentrated hydrochloric acid, TFA or the milder formic acid"*® proved unsuccessful
and decompostion was prevalent even when dilute solutions and short reaction times
were employed. It was postulated that the thiol moiety was unstable to the acidic

conditions.

2.3.6 N-Allyl Thiophenecarboxamides

The original intention was to retain the thiophene ring and form bicyclic products
containing both nitrogen and sulfur. We therefore alkylated the amide 322 to form a
series of substituted N-allyl thiophenecarboxamides 323-325, which we speculated
would undergo dearomatising cyclisation to yield less strained seven-membered rings
(Scheme 2.46).'% We were unable to prepare the cinnamy! equivalent of 323 (where R
= H, R’ = Ph); harsher reaction conditions and longer reaction times did not provide the

desired product and only starting amide 322 was recovered.
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o o\

o\
OH i.socl, N NaH, DMF N
[ [ - 3 Ty
ii. +-BuNH,, CH,Cl,, RR'C-CHCH,Br s R
R

° Et,N, DMAP
308 (95 %) 322 323 R=R'= Me (56 %)
324 R =H, R' = Me (60 %)
325 R =R'=H (60 %)

Scheme 2.46

Exposure of the N-prenyl substituted thiophenecarboxamide 323 to the usual cyclisation
conditions (3 equiv. LDA, THF, 0 °C, 3 h) gave the 5,7-fused heterocycles 326a-f in
excellent yield (Scheme 2.47, Table 2.8).

o
N LDA, THF, 0°C
7\ \ E*
s
323

Scheme 2.47
326 E Yield | 326 E Yield
a H 71 % d Allyl 55 %
b Me 51 % e Bn 55 %
c Et 60 % f 4-BrBn | 50%

Table 2.8

A similar result was obtained for N-crotyl substituted thiophenecarboxamides 324, thus
cyclisation and electrophilic quench afforded good yields of the 5,7-fused bicycle 327a-
¢ (Scheme 2.48, Table 2.9). Cis stereochemistry was predicted by analogy to the

equivalent N-crotyl pyrrolecarboxamide cyclisations (Scheme 2.27).

30 =9 V.
N LDA, THF, 0 °C 7 :
N
[g L B s/

324 327 a-e
Scheme 2.48
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327 E Yield | 327 E Yield
H 65% | d Allyl | 65%
Me 2% | e Bn 50 %
¢ Et 55 %
Table 2.9

Mechanistically, allylic deprotonation yields 328. Subsequent cyclisation gives the
dearomatised enolate 329, which is sufficiently free of strain to be stable. Quenching

with electrophiles yields 326 and 327 without further rearrangement (Scheme 2.49).

323 and 324 326 and 327
Scheme 2.49

Cyclisation of the AN-allyl thiophenecarboxamide 325 under the same reaction
conditions resulted in a product 330 in which the thiophene ring was no longer intact

(Scheme 2.50, Table 2.10).

(_?‘N>L LDA, THF, 0°C . E i N)L
S

325 330 a-e
Scheme 2.50
330 E Yield | 330 E Yield
a Me 61% | d Bn 45 %
b Et 70% | e 4-BrBn | 50 %
¢ Allyl | 65%
Table 2.10

X-ray crystallography (Figure 2.10) proved that 330 was not merely the result of
thiophene ring opening instead a [3H]-azepinone was formed by a remarkable 1,5-shift

of the thiovinyl group from C-3 to C-7. 1t has previously been reported that [1,5]-shifts
154

of unsaturated groups are relatively fast.
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330e

Figure 2.10 Chem 3D representation of330e X-ray structure.

Scheme 2.51 suggests a mechanism for the rearrangement, in which a proton shift
(presumably mediated by LDA, and less favourable or impossible in prenyl 323 and
crotyl 324 derivatives) sets up the 7t-array 333 required to allow [L,5]-sigmatropic
rearrangement to give 334. Excess LDA results in further deprotonation to afford the

anionic azepine 335, which was alkylated to give 330a-e.

OLi
proton
LiS LiS
transfer
331 332 333
LDA
OLi [1,5]-sigmatropic
rearrangement
LiS
336
OLi
LDA
ES LiS i
330 a-e 335 334 1S

Scheme 2.51

Attempts to trap the intermediate enolate 335 with TMS-CI in order to further elucidate
the mechanism were unsuccessful and 337 was formed in good yield (Scheme 2.52).
This is further evidence that the initial lithiation occurs a- to the heteroatom and that

‘translocation’ is required for dearomatising anionic cyclisation.
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o o
(%N 3 equiv. LDA, THF, 0 °C, 3h N

B\ o e AR
s \ TMS-Cl (68 %) Me,Si~ g SiMes\
325

337

Scheme 2.52

It is known that protons at the 3-position of azepinones lack the usual acidity associated
with positions a- to a carbonyl group' and it is proposed that rearrangement takes
place in preference to formation of the anti-aromatic azepinoxy anion 336. However, an
azepinoxy anion 335 must be formed at some point in the sequence in order to allow a-

alkylation. It is possible that the rearrangement may occur after alkylation but we were

unable to verify either reaction pathway.

2.3.7 Chemistry of Products

In contrast to the pyrrole series, hydrogenation of 327b was selective to the more
electron-rich 7-membered enamide 338 and aqueous hydrolysis resulted in N-z-butyl
deprotection 339 (Scheme 2.53). ~-Butyl deprotection under aqueous acidic conditions
is not commonplace and usually much harsher conditions are required.””® We were
unable to achieve desulfurisation of the products with Raney nickel. A variety of

literature conditions were applied but decomposition products prevailed.'’

SIS P
H,, Pd/C B
6M HCl THF Vi N 2 N N
RT (80 %) SH“ Y MeOH (80 %) §—z

~ <

339 327b 338
Scheme 2.53




Chapter 2

2.4 Indoles

We wished to investigate whether we could affect dearomatising anionic cyclisation
onto the six-membered ring of the indole nucleus. It was anticipated that the
susbsequent ring opening would be avoided due to the reduction in strain of the 5,6
fused system as compared to the 5,5 fused system. The starting N-methyl indole 5- and
6- carboxamides were prepared from the commercially available 5- and 6- carboxylic
acids 340 and 341. Methylation followed by ester hydrolysis gave the N-methyl
carboxylic acids 344 and 345."® EDCI coupling with N-isopropylbenzylamine
furnished the desired carboxamides 346 and 347 in good yield (Scheme 2.54).'°
Interestingly, EDCI coupling with N-fert-butylbenzylamine (the standard amine used

throughout the cyclisations) was unsuccessful, presumably due to increased steric

encumbrance.
O@ NaH, DMF O@ 1 M LiOH 0@
R EE— —_———————— =
HO N Mel MeO N THF HO N
H \ \
5-340 5-342 (100 %) 5-344 (100 %)
6-341 6-343 (100 %) 6-345 (100 %) | Epcr, Amine,
HOB, Et,N,
DMAP, DMF

O
»—(j(\»
>—-N N
) \
Ph
5-346 (70 %)

6-347 (73 %)
Scheme 2.54

2.4.1 Indole-6-Carboxamides

As anticipated dearomatising anionic cyclisation of the indole-6-carboxamides 347 with
DA at 0 °C was successful, yielding the 5,6,5-fused tricycles 348a-d essentially as
single diastereoisomers with a variety of electrophilic quenches (Scheme 2.55, Table
2.11). Only in the case of E = methyl was the frans ring junction observed as a by-
product. X-ray crystallography confirmed the stereochemistry of the ring junction as cis
(Figure 2.11). When a benzaldehyde quench was applied, the cyclisation afforded a

single diastereoisomer with cis stereochemistry (Figure 2.12).




3 equiv. LDA, THF, 0°C,3 h

Chapter 2

Ph
Ph
347 348 a-d
LDA
'"Translocation'
Ph
Ph Ph
349 350 351
Scheme 2.55
E C/s-348 Trans-348

a H 67% 0%

b Me 60% 10%

C Bn 66% 0%

d PhCH(OH) 60% 0%

Table 2.11

Figure 2.11 Chem 3D representation of 348b X-ray structure.
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Figure 2.12 Chem 3D representation of 348d X-ray structure.

2.4.2 Ittdole-5-Carboxamides

We were unable to initiate dearomatising anionic cyclisation of indole-5-carboxamides
346. It was evident from the isolated product 353 that the di-lithiated intermediate 352
had formed but not cyclised and that the inherent C-2 reactivity of indoles towards
lithiation was greater than the benzylic lithiation when in the 5-position as compared to
the 6-position. Altering the conditions (base, temperature and time) had no positive

effect and the dimethylated product 353 was predominant.

However, when r-BuLi and DMPU were used an interesting benzylic deprotection
followed by methylation 354 was observed (Scheme 2.56). Attempts to cyclise the
dimethylated indole-5-carboxamide 353 were also unsuccessful and only starting

material was recovered.
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JI\@S LDA, THF )\ N\ Mel )\
) Jm N (50 %) Ph)”‘“

352
t-BuLi, DMPU,
-78 10 0 °C,
Mel (45 %)
P
T*@ﬁ
N
\
354
Scheme 2.56

2.4.3 N-Allyl Indole-6-Carboxamides

It was anticipated that dearomatising anionic cyclisation of AN-allyl indole-6-
carboxamides 356 would result in the formation of 7,6,5-fused tricycles. The N-allyl
indole-6-carboxamide 355 was prepared by EDCI coupling of N-fert-butylamine and
the indole-6-carboxylic acid 345, followed by allylation (Scheme 2.57).

EDCI, Amine,
A HOBt, Et;N A NaH, DMF
> 0
o N DMAP, DMF N Allyl bromide
OH

(85%) NH (43 %)

355
Scheme 2.57

Attempted cyclisation of 356 did not afford the desired tricyclic heterocycles but
instead a novel transformation was observed (Scheme 2.58). We postulate that the
aldehyde of 357 and 358 is formed by a nitrogen to carbon acyl transfer where the
organolithium 359 attacks the amide carbonyl group instead of the aromatic ring. This
forms an imine 360, which is hydrolysed on work-up, after further deprotonation and
electrophilic quench. With a methyl quench 357, moderate diastereoselectivity was
observed and the diastereoisomers were separable by column chromatography.
However with a benzyl quench 358 an inseparable 1:1 mixture of diastereoisomers

resulted. A similar rearrangement was observed in the naphthamide series.'®
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LDA, THF, 0°C, 3 h b
o@ 0 N
E* \
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R E
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ii. E*
iii. aqueous

N
N
\
356
LDA
work-up
o‘%/@? N-Cacyl transfer ¢ N\
\ \
a*@y | SN
Li 4\
359

Scheme 2.58

2.5 Conclusions

We have thoroughly investigated the methodology surrounding the dearomatising
anionic cyclisation of five-membered and some six-five-fused heterocycles. A variety
of substituted pyrroles, furans, thiophenes, indoles and benzofurans were examined and
numerous electrophilic quenches applied. Chirality was introduced into the starting

materials and was retained in the novel ring-opened heterocyclic products.

With N-DEB protected pyrrole and thiophene 3-carboxamides a novel ring opening
reaction occured after cyclisation in order to relieve the 5,5-ring strain from cyclisation
intermediates. This ring opening generated a variety of new and interesting heterocyclic
products. The dearomatising anionic cyclisation of N-allyl and N-crotyl pyrrole and
thiophene 3-carboxamides resulted in the formation of novel 5,7-bicyclic systems, with
the exception of N-allyl-thiophenecarboxamides, which underwent unusual
rearrangements to form substituted azepinones. Pyrrole and thiophene-2-carboxamides

were unreactive towards dearomatising anionic cyclisation.

Unfortunately we were unable to overcome the inherent C-2 reactivity of furans

towards lithiation and attempted dearomatising anionic cyclisation of both furan 2- and

3-carboxamides was unsuccessful.
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The cyclisation was also successfully applied to the six-membered ring of an N-methyl
indole nucleus, with a variety of electrophilic quenches. This was the first example of
dearomatising anionic cyclisation onto an N-benzyl substituted heterocyclic system
without concomitant ring opening. We wished to explore the chemistry of these
cyclisation products and we anticipate that chirality could be introduced into the starting

materials, but due to time constraints this chemistry was not fully realised.

Application of the dearomatising anionic cyclisation of N-allyl indole-3-carboxamides
to the synthesis of Hinckdentine A analogues was hindered by the incompatibility of
protecting groups with the conditions required for N-allylation. If this problem was

circumvented we envisage the remaining steps to the analogues would be facile.
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Chapter 3
Towards Podophyllotoxin

3.1 Organolithium Addition to Naphthalenes

Dihydronaphthalene derivatives have been extensively used in the synthesis of
biologically important targets.'”® The development of organolithium addition to
activated naphthalenes, delivering dihydronaphthalene systems has been of great

interest over the past 20 years.

The first published report on the addition of organolithiums to naphthalene came in
1964 from Dixon et al.'®® A pentane solution of naphthalene 361 and #-butyllithium
were heated at 60 °C for 28 h. On work up a mixture of alkylated naphthalenes 364 and
365 and dihydronaphthalenes 366-368 were observed. The result was explained by
addition of the organolithium to the naphthalene nucleus, forming the anions 362 and
363, which eliminated LiH forming the rearomatised naphthalenes 364 and 365 as

major products (Scheme 3.1).

O O +-BuLi “/Ll tBu  -LiH “ “/ Bu
Pentane, 60 °C

301
tBu tBu
366 367 368

Scheme 3.1

Major products

Stoyanovich et al. published the first example of organolithium addition to activated
naphthalenes.'®' Sulfone 369 reacted with n-butyllithium at 34 °C forming the sulfone
stabilised anion 370 arising from butyl addition to the 2-position of the naphthalene.
The anion could be quenched with water forming the dihydronaphthalene 371, or
carbon dioxide resulting in the naphthoic acid 373 by elimination of #-butylsulfinate

(Scheme 3.2). At —78 °C it was noted that ortho-lithiation was observed instead of

addition.
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Q\
oS o S co Li
EtZO 34°C
369
J H,0 l H,0"

2
0=S COH
371 373
Scheme 3.2

Meyers et al. reported dihydronaphthalene synthesis via organolithinm addition to
oxazoline-activated naphthalenes in 1984.'2 Addition of »-, s- and #-butyllithium to 1-
and 2-oxazoline substituted naphthalenes 374 proceeded in excellent yields (Scheme
3.3). An effective 1,2-tandem addition to naphthalene was achieved with excellent

diastereoselectivity when the reaction was quenched with an electrophile.

N\%
i. RLi, 45 °C
OO O iiMel
—_—————

(90-100 %)
374 375 376

R = n-Bu, s-Buy, ~Bu

Scheme 3.3

Good diastereomeric excess was achieved when a chiral oxazoline was employed. The
oxazoline 377 gave superior diastercomeric excess due to the methoxy substituents’
ability to coordinate (Scheme 3.4).'® Cleavage of the oxazoline from the
dihydronaphthalene gave adducts with high enantiomeric excess. Meyers applied this
methodology to the total synthesis of (—)-podophyllotoxin (see section 3.5'%).
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Ph S—OMe Ph S—OMe Phy & OMe

NL|

_nBuli, THE -BuLi, THF Bu
-80 oC (90 %, d.e. 94 %)

Scheme 3.4

3.2 Dearomatising Cyclisations onto Naphthalenes

Previous results within the Clayden group'®'®® have shown that activation of the
naphthalene ring is required for dearomatising cyclisation. Attempted dearomatising
cyclisation of a carbon-tethered organolithium onto an unactivated naphthalene 380
resulted in rearomatisation (Scheme 3.5) due to the instability of the cyclised anion 381

under the conditions of the reaction.

Li
Li H
e OO | OO0
RT (60 %)
380 381 382
Scheme 3.5

When an oxygen-tethered stannane 383 was used a 2,3-Wittig rearrangement'®”'" of

the organolithium 384 prevailed (Scheme 3.6). Attempts to inhibit 2,3-Wittig
rearrangement with a ‘blocking’ methoxy group in the ortho position 388 were
unsuccessful and the 2,3-Wittig rearrangement product 389 was predominant (Scheme

3.7).

0 -78°C, THF

383

[2,3-Wittig]

385

oL
i.-78°Cto RT i.-78 °C
i, H* (42 /:/ 1 it 1, (59 %)
387 !OH 386 !OH

Scheme 3.6
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Ph £h
OO rS"Bus MeLi, TMEDA O‘ OH
o 78 °C, THF
3gg  OMe e 389 OMe
Scheme 3.7

It was demonstrated that activating groups such as oxazolines and sulfones could be
used to mediate dearomatising anionic cyclisation of mefa-tethered organolithiums. The
reactions were generally very stereoselective, forming linear fused tricyclic products.
For instance, dearomatising anionic cyclisation of oxazoline activated naphthalene 390
with methyl iodide quench resulted in a single diastereoisomer of 392 (Scheme 3.8).'®

The stereochemistry was assigned after cleavage of the oxazoline.

N O NLi._ O
SOUEE NGO
—— O
o 1h (79 %)
390 OMe 391 OMe 392 OMe
Scheme 3.8

Dearomatising anionic cyclisation of sulfone-activated naphthalene 393 resulted in a
single diastereoisomer of 395. The sulfone-stabilised anion 394 was subject to benzyl
bromide quench. The initial alkylated methyl enol ether products were unstable so
hydrolysis with 2 M HCI to the stable ketone 395 was undertaken before purification
(Scheme 3.9).%¢ The stereochemistry was assigned from X-ray crystallography. A
major benefit of the use of sulfone activating groups is the ability of sulfones to be

easily synthetically manipulated.'”

SO,P
h SO Ph i BrBr
-78 °C if. 2 M HCI

(79%)
393 OMe 395 O

Scheme 3.9
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The sulfone cyclisation gave different diastereoisomers dependent on the proton source
and conditions used. When an ammonium chloride quench was applied the sulfone was
found to be on the exo face of the bicycle with a c¢is ring-junction 397a. With a
methanol quench and warming to room temperature the product had a cis ring-junction

but the sulfone was on the endo face of the bicycle 397b (Scheme 3.10).'6

Li. SO,Ph NH,CI SO,Ph SO,Ph

(e o QT QOTe
CH,OH
394 OMe 396a OMe 396b OMe
2 M HCl

SO,Ph SO,Ph

o} o)
397a O 397b O
Scheme 3.10

It was anticipated that the exo enol ether 396a arose from a kinetic protonation of the
sulfone-stabilised anion 394 by ammonium chloride, whereas the endo enol ether
product 396b was presumed to arise from epimerisation of the kinetic exo enol ether
396a on warming. This must proceed via deprotonation/reprotonation of the sulfone by
lithium methoxide produced after quenching. The selectivity of both kinetic protonation
and alkylation of the sulfone-stabilised anion 394 showed that both reacted on the endo-
face of the bicycle. This can be explained when considering the structure of sulfone
anions, which have the potential to be chiral. Due to the benzylic nature of the sulfone-
stabilised anion 394 it is anticipated that the structure is planar sp’. The anion 394 is
formed on 5-exo-trig cyclisation, which then reacts with electrophiles from the top face
398 (Scheme 3.11). The kinetic exo sulfone enol ether, obtained from ammonium
chloride protonation, must be unstable when warmed in the presence of lithium

methoxide. This is presumably due to the epimeric endo sulfone 396b being less

sterically hindered.
50,Ph .

L S oxf _pn| i e SO

O@ S-exo-trig S ii.2 M HCl @i'p
TR lalaablaatl o)
C 0
MeD

393 OMe 394 H 398 ©

Scheme 3.11
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3.3 Podophyllotoxin from Dearomatising Cyclisation

The products obtained from dearomatising cyclisation of oxygen-tethered
organolithiums onto sulfone and oxazoline activated naphthalenes contain the
naphthofuran skeleton present in lignan natural products, such as podophyllotoxin
399." We wished to investigate whether we could synthesise podophyllotoxin using

the sulfone-activation approach. The synthetic strategy is shown in section 3.6.

3.4 Biological Activity of Podophyllotoxin

Podophyllotoxin 399 is a natural lignan of the aryltetralin class,'”> which has a long
history of use in medicine and was originally used in ointments for the topical treatment
of genital warts. The chemotherapeutic properties of podophyliotoxin were investigated
and were attributed to inhibition of microtubule assembly. The adverse side effects
including nausea, fever, seizures and kidney failure prevented further development and

application of the treatment.

These toxicity problems were overcome with the development of novel derivatives.
Epipodophyllotoxin (the C-4 epimer of podophyllotoxin) is currently being used as a
precursor to semi-synthetic anti-cancer drugs etoposide 400 and teniposide 401 (Figure
3.1). These compounds have been used for the treatment of lung and testicular cancers
as well as certain leukaemias. Etoposide and teniposide both block the cell cycle in two
specific places: between the last division and the start of DNA replication (the G1
phase) and they block the replication of DNA (the S phase). They are topoisomerase II
inhibitors that induce cell death by enhancing the topoisomerase II-mediated DNA
cleavage through the stabilization of the transient DNA/topoisomerase II cleavage

complex.
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“%
0
MeO ; OMe

OH

Figure 3.1 Etoposide (R = Me) 400, Teniposide (R = 2-thiophene) 401

In addition, the podophyllotoxin skeleton is the precursor to over 200 new derivatives,
both natural and semi-synthetic that are being tested for the treatment of a variety of

conditions including rheumatoid arthritis, psoriasis and malaria.'”®

The total synthesis of podophyllotoxin on a commercial scale is an expensive process
and availability of the compound from natural resources is an important issue.
Currently, the commercial source of podophyllotoxin is the rhizomes and roots of
Podophyllum emodi, an endangered species from the Himalayas. Recent findings
concluded that the leaf blades of the North American mayapple (P. peltatum L.) might
serve as an alternative source, since the leaves are renewable organs that store lignans as

glucopyranosides.'”’

3.5 Previous Syntheses of Podophyllotoxin and its Analogues

The first asymmetric synthesis of (—)-podophyllotoxin 399, was achieved by Meyers et
al.'® The synthesis involved a diastereoselective addition of an aryl lithium to a chiral
oxazoline-activated naphthalene 402 which provided the dihydronaphthalene 403 in
excellent yield and diastereoselectivity 98:2 (Scheme 3.12). This was transformed into
(-)-podophyllotoxin 399 in 5 % yield over 24 steps. This approach to podophyllotoxin
is the only to use a dearomatising reaction in the synthesis of an advanced intermediate.

The modular introduction of the aryl D ring provides an opportunity to explore

structure-activity relationships.'”
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Scheme 3.12

Many groups have been concerned with flexible approaches to the podophyllotoxin
skeleton, allowing synthesis of simplified analogues of the natural product which
provide an insight into the importance of specific fragments of the skeleton by structure-

activity relationships.'”®

A Diels-Alder reaction was used to synthesise the simplified podophyllotoxin analogue
407. Durst et al. developed an intramolecular Diels-Alder reaction between an o-
quinodimethane and a crotonate moiety (Scheme 3.13).'” Thermolysis of the
cyclobutane 404 provided o-quinodimethane 405 which underwent a Diels-Alder
reaction forming the adduct 406. Cleavage of the methyl ester and urethane of 406
followed by diazotisation of the subsequent amine resulted in the analogue 407 in 35 %

yield from 404.

o)

Q/U\NH - OH
B i =
QI\OY - C§ @i]/ - 0
e .
COMe 7 "
404 405 406 pn COMe 407 pp O

Scheme 3.13

The most recently synthesised podophyllotoxin analogue is (—)-epipodophyllotoxin 411,
the C-4 epimer of (-)-podophyllotoxin by Linker et al. 180 The strategy was based on the
stereoselective introduction of the OH group at C-4 and the carbon substituent at C-3 in
the later steps of the synthesis, allowing 1,2-dihydronaphthalenes 408 to be employed as

precursors (Scheme 3.14). The elegant oxazoline strategy developed by Meyers'®* was

used to introduce the aryl substituent at C-1.
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The crucial step of the total synthesis was the regio- and stereoselective introduction of
a hydroxymethylene group 410 at C-3 using a silicon-tethered radical reaction.'®! The

synthesis was completed in 12 steps, with high stereoselectivities in 30 % overall yield.
i. AtLi, THF, 40 °C,

SO0, BB oy
0 Oy ii MeSO,H, McOH, - ¢ +Nco,Me
402 N\i Ar

65°C,48 h 408
{76 %, 96 %o ee)
i. dimethyldioxirane,

MeO CH,Cl,, 0°C
ii. LIN(SiMe,),, THF,
-78 °C (90 %)
OH i. NEt;, CISiMe,CH,Br, OH
<om OH CH,Cl, <0 l i

O < " CO.Me if. HSHBU3, AIBN, [e] g ': CO.Me

Ar z PhH, 80 °C Ar 2
410 iii. KF, KHCO,, Hy0,, THF 409

(68 %, 97 % ec)

ZnCl,, THE, 66 °C
(98 %, 97 % ee)

Scheme 3.14

3.6 Strategy for the Synthesis of Podophyllotoxin

The synthetic strategy we envisaged for the synthesis of podophyllotoxin 399 is
outlined in Scheme 3.15. Dearomatising cyclisation of the oxygen-tethered sulfone-
activated naphthalene 412 would provide the naphthofuran skeleton 413 required for the
natural product. It was anticipated that stereoselective reduction and protection would
give 414. Oxidative cleavage of the sulfone would provide ketone 415, which could be
used in a palladium catalysed coupling procedure via a vinyl triflate to introduce the
aryl D-ring. Allylic oxidation would introduce the a,B-unsaturated system 417 which
could be reduced and deprotected to form podophyllotoxin 399.
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Scheme 3.15

3.7 Synthesis of the Oxygen-Tethered Sulfone-Activated Naphthalene 412

The starting material 412 for the cyclisation was prepared from the 2,4-
dibromonaphthalene 425 (Scheme 3.16). The methylenedioxy substituted naphthalene
424 was prepared by a six-step procedure as outlined by El-Assal et al.'** from Stobbe
condensation of commercially available piperonal 418 and dimethyl succinate.
Cyclisation of 419 followed by ester hydrolysis furnished the phenol 421, which was
methylated to give 422. Ester hydrolysis followed by decarboxylation in refluxing
quinoline afforded the naphthalene 424 in 88 % yield over the six steps.
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(CH,CO,Me),,

]@/ t~Bu0K <O e CO,Me NaOAc, Acz < O O COMe
t»BuOH reflux,lh Q COZH reﬂux 5h
(100 %) 419 ( 100 %)
KOH, MeOH
(100 %)
CO.H
COH ! KOH,MeOH OO COMe _ MeSO, <O Oe 2
< OO T anw AcOH,K,CO, O
(53 %) OH
421
Cu, quinoline,
reflux (75 %)
0 Brz, CH,CI,
o) OO (100 %) OO Br
OMe
424 425
Scheme 3.16

The bromination step was regioselective; if only one equivalent of bromine was added
the 4-position was brominated 426 (Figure 3.2), the second bromination occurred at the
2- position to give 425 due to the activating methoxy group. Only when excess bromine
was added did bromination occur in the ring closest to the methylenedioxy group, to
give the tribromo 427 (Figure 3.3, Scheme 3.17).

Br
Q
4 Sg®
CH2C12 CH2C12 o Br
(100 %) (100 %)
425 OMe

Me

Br,, CH,Cl,
(100 %)

Br OMe
427

Scheme 3.17
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Figure 3.2 ORTEP representation of 426 X-ray structure.

Br
(@]
I
0 Br

Br OMe

427

Figure 3.3 ORTEP representation of 427 X-ray structure.

A regioselective bromine-lithium exchange with r-butyllithium in diethyl ether at —78
°C provided the thermodynamic lithio-intermediate 428, with the methoxy group
stabilising the ortho organolithium.'®® The organolithium 428 reacted with DMF to give

the aldehyde 429, which was subsequently reduced to furnish the alcohol 430 (Scheme
3.18).
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Br

»Buli,Et,0 | o DMF RT
s — =TT OO
=78 °C 0 SLi (65 %) CHO
, 428 Me-0~
NaBH,,
E(OH
(90 %)
Br
CI I
o OH
1 430 OMe
Scheme 3.18

TBS protection of the alcohol to give the silyl ether 431 was required to allow the
second bromine-lithium exchange to take place. Diphenyldisulfide quench formed the
sulfide 432, which was oxidised with m-CPBA to the sulfone 433. Deprotection with
TBAF provided the required alcohol 434 (Scheme 3.19).

i. n-BuLi, THF, SPh
TBS-CI DMF -78 °C,1h 0
OO 90
Imxdazole G- — ii. Ph,S,, RT 0 OTBS
(68 %) 62 %
( % ) 432 OMe

m-CPBA, EtOAc,

NaHCO, (50 %)
50,Ph SO,Ph
O o~ EXC
N OH 75%) o OTBS
434 OMe 433 OMe

Scheme 3.19

Alkylation of the alcohol 434 with iodomethyltributyltin'®** in DMF at room temperature
resulted in the recovery of starting material. However when silver oxide was added the
desired stannane 412 was formed in good yield (Scheme 3.20). It is postulated that the
sodium hydride required for anion formation coordinates to both the methoxy and
hydroxy groups thus preventing deprotonation. The presence of silver oxide prevents

the coordination allowing the desired deprotonation.'®®
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SO,Ph SO,Ph
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434 OMe 412 OMe
Scheme 3.20

Tin-lithium exchange was attempted using methyllithium and TMEDA in THF at —78
°C. It was obvious from the protodestannylated product 435 that the Sn-Li exchange had

taken place but no cyclisation had occurred (Scheme 3.21).

$0,Ph SO,Ph
<o rS“BUa MeLi, THF, TMEDA <O OO
o OO 0 18°C (50 %) o OMe
412 OMe 435 ove
Scheme 3.21

No improvement was observed when different temperatures (—40 °C), different
additives (DMPU and HMPA) or different reaction times (both longer and shorter) were
employed. The reason for the failure of 412 to undergo cyclisation (5-exo-trig) is
unclear; we anticipate that the introduction of a more electron-withdrawing group to the
sulfone moiety would increase the chance of cyclisation by increasing the stability of

the organolithium intermediate and decreasing the chance of rearomatisation.
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3.8 Introduction of an Electron-Withdrawing Group to the Sulfone

In order to increase the likelihood of cyclisation we wished to introduce an electron-
withdrawing group to the sulfone moiety. Three groups were chosen to replace the
benzene ring of the sulfone; m-fluorobenzene a, pentafluorobenzene b and 3,5-

di(trifluoromethyl)benzene ¢ (Figure 3.4).

F CF,
a b F F ¢
Ar= z,)ij\
F F CF,
F
Figure 3.4

The stannanes required for cyclisation were prepared as shown previously by bomine-
lithium exchange and disulfide quench 436a-c. Oxidation to the sulfone 437a-c, silyl
deprotection 438a-c and addition of the tin protecting-group provided the precursors to

cyclisation 439a-¢ (Scheme 3.22).

SO,Ar
i. n-Buli, THF,
-78°C, 1h OO m-CPBA, EtOAc OO
431 —
ii. Ar,S,, RT *OTBS NaHCO, OTBS
436a (79 %) 437a (65 %)
436b (78 %) 437b (86 %) TBAF
436¢ (86 %) 437 (40%) | [
SO,Ar SO,Ar
S“Bu __ NaH, DMF, AgO o
< < OH
ICH,SnBu, 0
OMe
4392 (68 %) 4382 (65 %)
439b (59 %) 438b (64 %)
439¢ (60 %) 438¢ (68 %)
Scheme 3.22

The m-fluorophenyl disulfide was commercially available and the pentafluorophenyl

disulfide 441 and 3,5-di(trifluoromethyl)phenyl disulfide 443 were readily accessible by

oxidation of the commercially available thiols with sodium perborate (Scheme 3.23).'%
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Scheme 3.23

Unfortunately attempted cyclisation by tin-lithium exchange was futile and in all cases

the protodestannylated material 444a-c was recovered (Scheme 3.24).

SO,Ar SO,Ar
0 rS"BUa MeLi, THF, TMEDA 0
< OO 0 - < OO
o -78°C 0
OMe OMe
439 a-c 444a (55 %)
444b (45 %)
444c (38 %)
Scheme 3.24

Attempts were made to synthesise an alternative non-aromatic sulfone substituent 446,
unfortunately the thiol 445 was unreactive towards the CF5 substitution and this route

was not continued (Scheme 3.25).

. F

i. n-Buli, THF, i. NH;, CF;l, -70 °C, $0:F
-78 °C,1h hy )

431 OTBS m——————— < OTBS
ii. S RT ii. m-CPBA, EtOAc, O
(75 %) NaHCO, OMe
445 446
Scheme 3.25
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3.9 Conclusions and Future Work

We were unable to promote dearomatising cyclisation by tin-lithium exchange on the
podophyllotoxin nucleus thus our route to (—)-podophyllotoxin was inaccessible. We
postulate that the presence of the methylenedioxy group significantly alters the
electronics of the ring and prevents dearomatising anionic cyclisation. We were unable
to overcome this inherent lack of reactivity by increasing the electron-withdrawing
groups on the sulfone moiety-one of the only groups on the podophyllotoxin nucleus
that could be modified without significantly altering the core structure or introducing
more steps to the synthesis. The identification of a suitable electron-withdrawing group
on the sulfone moiety is required in order for successful cyclisation. It is anticipated that

the subsequent steps in the synthesis of (—)-podophyllotoxin would be relatively

straightforward.
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Experimental Section

4.1 General Experimental

Melting points (m.p.) were measured using a Gallenkamp melting point apparatus and
are uncorrected. Optical rotations [a]p’ were measured with a Perkin-Elmer 241
Polarimeter using a cell with a path length of 0.25 dm. Concentrations (c.) are given in

grams per 100 mL..

Infra-red spectra were recorded on a Perkin-Elmer 1710 Fourier Transform
Spectrometer (225 to 4400 cm™). The samples were prepared as evaporated films on

sodium chloride disks. Absorption maxima (vmax) are quoted in wavenumbers (cm‘l).

'H and PC NMR spectra were recorded on a Varian Inova 300 Spectrometer operating
at ambient probe temperature using an internal deuterium lock (300 MHz for 'H NMR
and 75 MHz for “C NMR). Chemical shifts are reported in parts per million (8) at
lower frequencies relative to tetramethylsilane (TMS). They are reported as; position,
multiplicity, coupling constant (Hz) and assignment. Standard abbreviations are used
throughout (s-singlet, d-doublet, dd-doublet of doublets, t-triplet, -quartet, m-multiplet,
br-broad).

Mass spectra including chemical ionisation (C.I.) and electron impact (E.I.) were
recorded on a Micromass VG Trio 2000 quadrupole mass spectrometer. Accurate mass

measurements were recorded on a Kratos Concept-1S mass spectrometer and are correct
to £ 0.001.

The solvents used were either distilled over appropriate drying agents, or of analytical
grade. Petrol refers to the fraction of light petroleum ether boiling between 40-60 °C.
All other commercially available reagents were purified as necessary following standard
procedures.187

Flash chromatography'®® was performed using Apollo silica gel (40-63 microns).
Analytical thin layer chromatography (TLC) was carried out using ALUGRAM® SIL
G/UVas4 plates with visualisation using either UV light or alkaline potassium

permanganate.
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4.2 General Procedures

Method A- Acrylamide formation.

Triethylamine (6.0 mmol, 2.0 equiv.), amine (6.1 mmol, 2.2 equiv.) and DMAP (0.3
mmol, 0.1 equiv.) in CH;Cl; (10 mL) were stirred at 0 °C under a nitrogen atmosphere
for 15 min. A solution of the acryloyl chloride (3.0 mmol, 1.0 equiv.) in CH,Cl; (2 mL)
was added dropwise at 0 °C over 10 min and the solution stirred at room temperature for
14 h. 2 M HCI was added and the layers were separated. The organic layer was washed

with 2M HCI and water, dried (MgSOy4) and concentrated under reduced pressure to
yield the crude product.

Method B- Pyrrole formation using TosMIC.'*!

A solution of the acrylamide (0.9 mmol, 1.0 equiv.) and tosylmethylisocyanide (0.9
mmol, 1.0 equiv.) in DMSO (2 mlL) and diethyl ether (5 mL) was added dropwise to a
stirred suspension of sodium hydride (1.2 mmol, 1.3 equiv. of a 60 % suspension in oil)
in diethyl ether (2 mL) at 0 "C, under a nitrogen atmosphere. The reaction mixture was
stirred at room temperature for 4 h, and quenched with water and 1 M potassium
hydroxide solution. The mixture was extracted with diethyl ether and the combined
organic layers were washed with water, dried (MgSQ,4) and evaporated under reduced

pressure to yield the crude product.

Method C- Cyclisation using t-Butyllithium.

+-Butyllithivm (1.32 mmol, 2.5 equiv. of a 1.5 M solution in hexane) was added
dropwise to a stirred solution of the amide (0.53 mmol, 1.0 equiv.) and DMPU (3.2
mmol, 6.0 equiv.) in THF (5 mL) at —78 °C under a nitrogen atmosphere. The solution
was stirred at this temperature overnight and quenched with the electrophile (0.78
mmol, 1.5 equiv.). The temperature was maintained at ~78 °C for a further 10 minutes
and allowed to warm to room temperature. Water was added and the organic phase
separated. The aqueous layer was extracted with diethyl ether and the combined organic

extracts washed with water then brine, dried (MgSQ,), and solvents removed under

reduced pressure to yield the crude product.
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Method D- Cyclisation using LDA.

n-Butyllithinm (1.1 mmol, 3.0 equiv. of a 2.5 M solution in hexane) was added
dropwise to a stirred solution of diisopropylamine (1.1 mmol, 3.0 equiv.) in THF (2
mL) at 0 °C under a nitrogen atmosphere. The LDA solution was allowed to stir at this
temperature for 20 minutes, and a solution of the amide (0.38 mmol, 1.0 equiv.) in THF
(3 mL) was added via cannula at 0 °C. The mixture was stirred at 0 °C for 3 hours and
quenched with the electrophile (2.3 mmol, 6.0 equiv.). Water was added and the
organic phase separated. The aqueous layer was extracted with diethyl ether and the
combined organic extracts washed with water then brine, dried (MgSOs), and solvents

removed under reduced pressure to yield the crude product.

Method E- DEB protection.

A solution of the amide (3.7 mmol, 1.0 equiv.) in THF (10 mL) was added dropwise to
a suspension of sodium hydride (11.0 mmeol, 3.0 equiv. of 60 % suspension in oil) in
THF (10 mL) at 0 °C under a nitrogen atmosphere. The mixture was stirred at room
temperature for 1 h then cooled to 0 °C. A solution of DEB-CI'*® (5.0 mmol, 1.35
equiv.) in THF (10 mL) was added dropwise and the reaction stirred at room
temperature for 16 h and quenched with ammonium chloride. Water was added and the
organic phase separated. The aqueous layer was extracted with diethyl ether and the
combined organic extracts washed with water then brine, dried (MgSQy), and the

solvents removed under reduced pressure to yield the crude product.

Method F- Cyclisation using s-BuLi.

s-Butyllithium (1.8 mmol, 3.0 equiv. of a 1.5 M solution in hexane) was added dropwise
to a stirred solution of amide (0.59 mmol, 1.0 equiv.) in THF (15 mL) at —78 °C under a
nitrogen atmosphere. The mixture was stirred at —78 °C for 3 h and quenched with the
electrophile (3.5 mmol, 6.0 equiv.). After 10 min water was added and the mixture
extracted with EtOAc. Combined organic layers were washed with water, dried

(MgS0y) and concentrated under reduced pressure to yield the crude product.

Method G- Cyclisation using chiral base 130.
r-Butyllithium (25 mmol, 6.0 equiv.) was added dropwise to a stirred solution of chiral
base 130 (12.5 mmol, 3.0 equiv.) in THF (25 mL) at —78 °C, under a nitrogen

atmosphere, and the mixture allowed to warm to room temperature for 15 min.

103




Experimental

The solution was cooled to —78 °C and the amide (4.2 mmol, 1.0 equiv.) in THF (25
mL) added dropwise. The mixture was gradually allowed to warm to 0 °C over 5 h and
quenched by the addition of saturated aqueous NH,4CI solution. After 10 min water was

added and the mixture was extracted with Et;0. Combined organics were washed with

water, dried (MgSOs) and evaporated under reduced pressure to yield the crude product.

Method H- Allylation.

Amide (1.9 mmol, 1.0 equiv.) in DMF (2 mL) was added dropwise to a suspension of
sodium hydride (2.9 mmol, 1.5 equiv. of a 60 % suspension in oil) in DMF (2 mL) at 0
°C under a nitrogen atmosphere. The solution was stirred at room temperature for 30
min and a solution of the appropriate allyl bromide (2.4 mmol, 1.2 equiv.) in DMF (2
mL) was added dropwise at 0 °C. The solution was stirred at room temperature for 1 h
and quenched by the addition of water. The mixture was extracted with EtOAc and the
combined organic fractions washed with water, dried (MgSQOy) and concentrated under

reduced pressure to yield the crude product.

Method I- Deprotonation and selective quench with LDA.

n-Butyllithium (0.69 mmol, 1.0 equiv. of a 2.4 M solution in hexane) was added
dropwise to a solution of diisopropylamine (0.69 mmol, 1.0 equiv.) in THF (2.5 mL) at
0 °C under a nitrogen atmosphere. The LDA solution was stirred at 0 °C for 20 min and
a solution of the 1,5-dihydropyrrol-2-one (0.69 mmol, 1.0 equiv.) in THF (2.5 mL)
added dropwise. The solution was degassed and stirred at 0 °C for 3 h and quenched by
the addition of the electrophile (1.4 mmol, 2.0 equiv.). The mixture was allowed to
warm to room temperature for 30 min and water added. The mixture was extracted with
EtOAc and the combined organic layers washed with water, dried (MgSQ4) and

concentrated under reduced pressure to yield the crude product.

Method J- Amide formation from an acid chloride.

A solution of the carboxylic acid (27 mmol, 1.0 equiv.) in thionyl chloride (30 mL) was
heated at reflux for 16 h, under a drying tube. The thionyl chloride was removed in
vacuo, the residue dissolved in CH,Cl, (30 mL) and cooled to 0 °C. A solution of the
amine (40 mmol, 1.5 equiv.), EtsN (46 mmol, 1.7 equiv.) and DMAP (2.7 mmol, 0.1
equiv.) in CHyCl; (10 mL) was added dropwise and the mixture stirred at room

temperature for 3 days.




Experimental

CHxClz (20 mL) was added and the mixture washed with 2M HCI and water. The
organic layer was dried (MgSQO4) and concentrated under reduced pressure to yield the

crude product.

Method K- EDCI coupling procedure.'

Triethylamine (10.8 mmol, 6.0 equiv.) and hydroxybenzotriazole (2.7 mmol, 1.5 equiv.)
were added to a solution of the carboxylic acid (1.8 mmol, 1.0 equiv.) in DMF (20 mL)
at room temperature under a nitrogen atmosphere. EDCI (2.0 mmol, 1.1 equiv.) was
added and the mixture stirred at room temperature for 20 min. The amine (2.7 mmol,
1.5 equiv.) and DMAP (0.2 mmol, 0.1 equiv.) were added and the mixture was stirred at
room temperature for 24 h. EtOAc (10 mL) was added and the mixture washed with 10
% NaHSO; solution, saturated aqueous sodium hydrogen carbonate solution and water,

dried (MgS0O,) and concentrated under reduced pressure to yield the crude product.

Method L- Bromine-lithium exchange with disulfide quench.

n-Butyllithium (2.6 mmol, 1.1 equiv. of a 2.4 M solution in hexane) was added
dropwise to a solution of (8-Bromo-5-methoxynaphtho[2,3-d][1,3]dioxol-6-ylmethoxy)-
tert-butyldimethylsilane 431 (2.4 mmol, 1.0 equiv.) in THF (10 mL) at —78 °C under a
nitrogen atmosphere. The solution was maintained at —78 °C for 1 h and a solution of
the disulfide (2.9 mmol, 1.25 equiv.) in THF (5 mL) was added dropwise. The solution
was allowed to warm to room temperature over 12 h and quenched by the addition of
saturated ammonium chloride solution. Water was added and the mixture extracted with
EtOAc. Combined organic layers were washed with water, dried (MgSQO,) and

concentrated under reduced pressure to yield the crude product.

Method M- m-CPBA oxidation.

m-CPBA (0.98 mmol, 2.7 equiv.) was added portionwise to a solation of the sulfide
(0.37 mmol, 1.0 equiv.) and sodium hydrogen carbonate (2.4 mmol, 6.5 equiv.) in
EtOAc (10 mL) at room temperature under a nitrogen atmosphere. The solution was
stirred at room temperature for 12 h and quenched by the addition of saturated sodium
thiosulfate solution. The mixture was extracted with EtOAc. Combined organic layers

were washed with water, dried (MgSQ,) and concentrated under reduced pressure to

yield the crude product.
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Method N- TBAF deprotection.

Tetra-n-Butylammonium fluoride (0.26 mmol, 1.1 equiv.) was added dropwise to a
solution of the sulfone (0.24 mmol, 1.0 equiv.) in THF (10 mL) at room temperature
under a nitrogen atmosphere. The solution was stirred at room temperature for 1 h and
quenched by the addition of water. The mixture was extracted with EtOAc. Combined
organic layers were washed with water, dried (MgSQ,) and concentrated under reduced

pressure to afford the crude product.

Method O- Trialkylstannylmethyl ether formation.

The alcohol (0.15 mmol, 1.0 equiv.) in DMF (2 mL) was added dropwise to a
suspension of sodium hydride (1.0 equiv. of a 60 % suspension in oil) in DMF (2 mL) at
room temperature under a nitrogen atmosphere. The solution was stirred at room
temperature for 20 min. and a solution of iodomethyltributyltin'** (0.18 mmol, 1.2
equiv.) in DMF (2 mL) was added dropwise followed by silver oxide (0.15 mmol, 1.0
equiv.). The solution was stirred at room temperature for 12 h and water added. The
mixture was extracted with EtOAc. Combined organic layers were washed with water,

dried (MgSO,) and concentrated under reduced pressure to yield the crude product.

Method P- Meli promoted anionic cyclisation.

Methyllithium (0.15 mmol, 1.1 equiv.) was added dropwise to a solution of the stannane
(0.14 mmol, 1.0 equiv.) and TMEDA (0.15 mmol, 1.5 equiv.) in THF (5 mL) at —78 °C
under a nitrogen atmosphere. The solution was stirred at —78 °C for 2 h, at 0 °C for 2 h
and quenched by the addition of methanol. The solution was allowed to warm to room
temperature and 2M HCI added dropwise. The mixture was stirred at room temperature
for 16 h and water added. The mixture was extracted with EtOAc. Combined organic

layers were washed with water, dried (MgSO,) and concentrated under reduced pressure

to yield the crude product.
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4.3 Experimental Procedures
4.3.1 Experimental Details for Chapter 2.1

N-Benzyl-N-tert-butylacrylamide 159

\N<Ph
,//Yv

o

N-tert-Butylbenzylamine (6.0 mL, 32.6 mmol, 2.2 equiv.) and acryloyl chloride (1.2
mL, 14.8 mmol, 1.0 equiv.) were treated according to Method A to afford the title
compound (3.2 g, 99 %) as white needles: m.p. 56.2-57.4 °C; R{(1:1 Petrol:EtOAc) 0.60;
Viax(CHCL; Y em™ 1648 (C=0); 81:(300 MHz, CDCls) 7.40-7.43 (2H, m, ArH), 7.28-7.29
(3H, m, ArH), 6.37 (2H, dd, J 9.0 and 3.0, CHCH,), 5.56 (1H, dd, .J 9.0 and 3.0,
CHCHy), 4.66 (2H, s, CHyPh), 1.44 (9H, s, Bu); (75 MHz, CDCl3) 168.4, 139.3,
131.5, 128.7, 127.1, 126.9, 125.6, 57.6, 48.8, 28.4; m/z (C.I) 218 (100 %, M + H");
(Found: M', 217.1078. C1aH;oNO requires 217.1066).

But-2-enoic acid benzyl-fer-butylamide 160
O
/\)J\NJV
l\Ph

N-tert-Butylbenzylamine (3.87 mL, 21.0 mmol, 2.2 equiv.) and trams-crotonyl chloride
(1.0 g, 9.6 mmol, 1.0 equiv.) were treated according to Method A to afford the title
compound (222 g, 100 %) as a colourless oil: Rf1:1 Petrol:EtOAc) 0.50;
Vimax(CHClYem™ 2964 (CH), 1660 (C=0); 55(300 MHz, CDCls) 7.21-7.32 (5H, m,
ArH), 6.92 (1H, dq, J 13.0 and 7.0, CHCH3), 6.1 (1H, d, J 13.0, CHC(O)), 4.63 (2H, s,
CH,), 1.80 (3H, dd, J 7.0 and 1.5, CHj3), 1.47 (9H, s, Bu); dc(75 MHz, CDCls) 169.2,
141.2, 140.1, 139.6, 129.1, 128.9, 127.3, 126.0, 125.8, 57.8, 49.3, 28.8, 18.3; m/z (C.1.)
232 (100 %, M + H"); (Found: M*, 231.1623. C;5H,;N,O requires 231.1623).

N-Benzyl-N-tert-butyl-3-phenylacrylamide 161

Ph/\\\/lOLN/g
I\Ph

N-tert-Butylbenzylamine (1.21 mL, 6.6 mmol, 2.2 equiv.) and frans-cinnamoyl chloride
(0.50 g, 3.0 mmol, 1.0 equiv.) were treated according to Method A to afford the title
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compound (0.87 g, 99 %) as an off white solid: m.p. 108-109 °C; R«(1:1 Petrol:EtOAc)
0.55; Vmax(CHClz)/em™ 2962, 2360 (CH), 1651 (C=0); 8(300 MHz, CDCly) 7.73 (1H,
d, J 15.5, CHPh), 7.29-7.48 (10H, m, ArH), 6.72 (1H, d, J 15.5, CHC(O)), 4.88 (2H, s,
CH,Ph), 1.58 (9H, s, tBu); dc(75 MHz, CDCls) 169.1, 142.4, 139.9, 135.7, 131.3,
130.8, 129.6, 129.2, 128.9, 128.5, 127.9, 127.4, 126.1, 58.2, 28.9; m/z (C.1.) 294 (100
%, M + H"); (Found: M, 293.1778. Cy9H23NO requires 293.1779).

1H-Pyrrole-3-carboxylic acid benzyl-ferr-butylamide 162

o M
N
e
N
H

N-Benzyl-N-tert-butylacrylamide 159 (2.0 g, 9.17 mmol, 1.0 equiv.) was treated
according to Method B. The crude product was purified by flash column
chromatography (SiOy; 2:1 Petrol/EtOAc) to afford the title compound (2.0 g, 86 %) as
a white solid: m.p. 168.5-168.9 °C; Ry(1:1 Petrol:EtOAc) 0.40; Vima(CHCL3)/em™ 3192
(NH), 2963 (CH), 1598 (C=0); 3u(300 MHz, CDCls) 8.62 (1H, brs, NH), 7.24-7.26
(5H, m, ArH), 6.98 (1H, dd, J 5.0 and 2.5, H-5), 6.50 (1H, dd, J 5.0 and 2.5, H-2), 6.24
(1H, dd, J 5.0 and 2.5, H-4), 4.81 (2H, s, CH>), 1.39 (9H, s, /Bu); 8c(75 MHz, CDCls)
141.4,128.5, 126.5, 126.1, 117.6, 108.9, 57.8, 51.4, 28.6 (CHzs); m/z (C.I.) 257 (100 %,
M + H"); (Found: M", 256.1575. C;6H2oN;O requires 256.1575).

4-Methyl-1H-pyrrole-3-carboxylic acid benzyl-fert-butylamide 163

3 W
N
e
N
H

But-2-enoic acid benzyl-fert-butylamide 160 (2.22 g, 9.61 mmol, 1.0 equiv.) was treated
according to Method B. The crude product was purified by flash column
chromatography (SiOy; 6:1 Petrol/EtOAc) to afford the title compound (1.49 g, 58 %) as a
white solid: m.p. 96.8-97.2 °C; Ri(1:1 Petrol:EtOAc) 0.85; Viax(CHCL)em™ 3201 (NH),
2910 (CH), 1665 (C=0); du(300 MHz, CDCl;) 8.56 (1H, brs, NH), 7.25-7.38 (5H, m,
ArH), 6.71 (1H, dd, J 4.5 and 2.5, H-5), 6.43 (1H, brs, H-2), 4.80 (2H, s, CH>), 2.18 (3H,
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s, CH3), 1.71 (9H, s, Bu); 8¢(75 MHz, CDCls) 171.3, 141.3, 128.7, 127.0, 126.7, 125.6,
121.4,117.6, 116.5, 57.9, 51.8, 29.2, 10.9; m/z (C.I) 271 (100 %, M + H'); (Found: M",
270.1728. Cy7HoN,0 requires 270.1732).

4-Phenyl-1H-pyrrole-3-carboxylic acid benzyl-zert-butylamide 164

o
Ph N
I \-Pn
N
H

N-Benzyl-N-tert-butyl-3-phenylacrylamide 161 (0.87 g, 2.97 mmol, 1.0 equiv.) was
treated according to Method B. The crude product was purified by flash column
chromatography (Si0;; 3:1 Petrol/EtOAc) to afford the title compound (0.42 g, 43 %) as a
white solid: m.p. 124-125 °C; R{(1:1 Petrol:EtOAc) 0.50; vmax(CHCh)/cm'l 3336 (NH),
2922 (CH), 1601 (C=0); 6u(300 MHz, CDCls) 8.56 (1H, brs, NH), 7.38 (2H, d, J 7.5,
ArH), 7.29 2H, t,J 7.5, ArH), 7.1-7.23 (4H, m, ArH), 7.05 (2H, d, J 7.5, ArH), 6.88 (1H,
s, H-2), 6.71 (1H, s, H-5), 437 (2H, s, CHy), 1.37 (9H, s, Bu); 8c(75 MHz, CDCl;)
170.9, 140.7, 135.4, 128.6, 128.5, 127.7, 126.8, 126.4, 123.3, 120.8, 119.4, 115.8, 58.3,

51.2, 28.9; m/z (C.1) 333 (100 %, M + H"); (Found: M", 332.1889. C5,H2NO requires
332.8888).

3-(Benzyl-tert-butylcarbamoyl)-pyrrole-1-carboxylic acid-fert-butyl ester 165

o\
N
e
N
Boc

1H-Pyrrole-3-carboxylic acid benzyl-tert-butylamide 162 (0.20 g, 0.78 mmol, 1.0
equiv.) in THF (5 mL), was slowly added to a suspension of sodium hydride (70 mg,
1.56 mmol, 2.0 equiv.) in THF (10 mL) at room temperature and the mixture stirred for
30 min. Di-tert-butyldicarbonate (0.18 g, 0.74 mmol, 0.95 equiv.) was added portion-
wise and the reaction heated at 45 °C for 18 h. The mixture was diluted with water (3
mL) and extracted into EtOAc (4 X 5 mL), combined organic layers were washed with
water (5 mL), dried (MgSO,), and concentrated under reduced pressure. The crude
product was purified by flash column chromatography (SiOz; 5:1 Petrol/EtOAc) to
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afford the title compound (0.12 g, 68 %) as a yellow solid: m.p. 144.0-144.6 °C; R¢ (5:1
Petrol:EtOAc) 0.80; Vimax(CHChL)Yem™ 2976 (CH), 1747 (C=0), 1619 (C=0); 81(300
MHz, CDCl;) 7.44 (1H, dd, J 4.0 and 2.0, H-5), 7.34-7.37 (SH, m, ArH), 7.12 (1H, dd,
J 3.0 and 2.0, H-2), 6.36 (1H, dd, J 3.0 and 2.0, H-4), 4.80 (2H, s, CH,), 1.54 (9H, s,
fBu),1.52 (9H, s, Bu); 5c(75 MHz, CDCls) 168.4, 140.7, 128.6, 126.9, 125.9, 124.8,
121.2, 119.4, 111.2, 84.1, 77.4, 58.1, 28.5, 27.7; m/z (C.L) 357 (100 %, M + H");
(Found: M", 356.2099. C,;H2sN,05 requires 356.2099).

1-Methyl-1H-pyrrole-3-carboxylic acid benzyl-fert-butylamide 167

3 )=
N
"

Attempts to cyclise various N-protected pyrrole-3-carboxamides using Method C and
Method D resulted in the formation of the title compound as a yellow oil: Ry(1:1
Petrol:EtOAc) 0.45; Ve (CHCLYem™ 2959, 2923 (CH), 1622 (C=0); 5x(300 MHz,
CDCl) 7.42-7.24 (SH, m, ArH), 6.98 (1H, dd, J 5.0 and 2.5, H-2), 6.41 (1H, dd, J 5.0
and 2.5, H-5), 6.22 (1H, dd, J 5.0 and 2.5, H-4), 4.86 (2H, s, CH>), 2.58 (3H, s, NCH,),
1.45 (9H, s, Bu); 6c(75 MHz, CDCl3) 157.7, 142.9, 128.3, 127.7, 127.6, 127.1, 126.2,
107.5, 105.8, 74.4, 56.4, 30.4, 29.6, 29.4; m/z (C.1.) 271 (100 %, M + H"); (Found: M",
270.1713 Cy7H22N20 requires 270.1732).

N-(1-adamantyloxycarbonyl)-3-( Benzyl-fert-butylearbamoyl)-pyrrole 168

O
N
7\ L*Ph
N
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A suspension of pyrrole-3-carboxamide 162 (0.25 g, 0.98 mmol, 1.0 equiv.) in THF (10
mL) at 0 °C under a nitrogen atmosphere, was treated with sodium hydride (0.12 g of a

60% suspension in mineral oil, 3.03 mmol, 3.1 equiv.). The suspension was stirred at
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room temperature for 45 min then cooled to 0 °C and treated with 1-adamantyl
fluoroformate (0.29 g, 1.32 mmol, 1.35 equiv.). After stirring at room temperature
overnight (18 h), water (1.5 mL) was added dropwise and the THF removed under
reduced pressure. The resultant residue was dissolved in CH,Cl, (20 mL), washed with
brine (15 mL), dried (MgSQy), and concentrated under reduced pressure. Flash column
chromatography (SiO,; 3:1 Petrol/EtOAc) furnished the title compound (0.65 g, 76 %)
as a white solid; m.p. 170.8-108.7 °C: R{1:1 Petrol:EtOAc) 0.85; vmux(CHC!g,)/cm'1
2918 (CH), 1740 (C=0), 1620 (C=0); 6u(300 MHz, CDCl3) 7.38 (1H, dd, J 4.0 and
2.0, H-5), 7.26~7.29 (SH, m, ArH), 6.98 (1H, dd, J 4.0 and 2.0, H-2), 6.20 (1H, dd, J 4.0
and 2.0, H-4), 4.72 (2H, s, CHz), 2.12 (3H, brs, 3 x CH), 2.05 (6H, brs, 3 x CH,), 1.60
(6H, brs, 3 x OCCH,), 1.40 (9H, s, Bu); 5c(75 MHz, CDCls) 168.4, 147.6, 140.7,
128.5, 126.8, 125.9, 124.7, 121.2, 119.4, 111.7, 84.2, 58.0, 51.1, 41.0, 36.2, 36.0, 35.8,
30.8, 29.6, 28.4, 22.6; m/z (CL) 435 (100 %, M + H"); (Found: M", 434.2565.
Ca7H34N,05 requires 434.2569).

1-(2,4,6-Triisopropylbenzenesulfonyl)-1 H-pyrrole-3-carboxylic acid benzyl-tert-
butylamide 169

A suspension of pyrrole-3-carboxamide 162 (0.20 g, 0.78 mmol, 1.0 equiv.) in THF (5
mL) at 0 °C under a nitrogen atmosphere was treated with sodium hydride (0.10 g of a
60% suspension in mineral oil, 2.42 mmol, 3.1 equiv.). The suspension was stirred at
room temperature for 45 min, cooled to 0 °C and treated with 2, 4, 6-triisopropyl
benzenesulfonylchloride, (0.32 g, 1.01 mmol, 1.35 equiv.). After stirring at room
temperature overnight (18 h) water (1.5 mL) was added dropwise and the solvent
removed under reduced pressure. The resultant residue was dissolved in CH,Cl, (15
mlL), washed with brine (10 mL), dried (MgSOy), and concentrated under reduced
pressure. Flash column chromatography (SiOy; 3:1 Peﬁo@tOAc) furnished the title

N
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compound (0.18 g, 45 %) as a colourless oil: R{1:1 Petrol:EtOAc) 0.85; Viax
(CHCL)/em™ 2961 (CH), 1630 (C=0), 1174 (S=0); §5(300 MHz, CDCl;) 7.38 (H, dd,
J 3.5 and 2.0, H-4), 7.29-7.32 (SH, m, ArH), 7.19 (2H, s, ArH), 6.98 (1H, dd, J 3.5 and
2.0, H-2), 6.35 (H, dd, J 3.5 and 2.0, H-5), 4.78 (2H, s, CH>), 4.03 (2H, q, J 6.5,
CH(CHz3),), 2.94 (1H, dt, J 6.5, CH(CHs),), 1.49 (9H, s, tBu), 1.28 (6H, d, J 6.5,
CH(CHs),), 1.14 (12H, d, J 6.5, 2 x CH(CHj3)y); 8c(75 MHz, CDCl3) 172.4, 154.8,
154.7, 151.5, 151.3, 140.4, 140.3, 139.0, 133.9, 128.6, 126.8, 125.8, 125.4, 122.3,
111.6, 111.1, 51.1, 34.2, 29.5, 28.4, 24.3; m/z (C.I.) 523 (100 %, M + H"); (Found: M",
522.2767. C31H42N2SO5 requires 522.2759).

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid benzyl-zer¢-butylamide 170

0 >4
N
"
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1H-Pyrrole-3-carboxylic acid benzyl-tert-butylamide 162 (0.5 g, 1.95 mmol, 1.0 equiv.)
was treated according to Method E. The crude product was purified by flash column
chromatography (SiO; 8:1 Petrol/EtOAc) to afford the title compound (0.54 g, 74 %)
as an off-white solid: m.p.72.2-72.5 °C; R¢(1:1 Petrol:EtOAc) 0.80; Viax (CHCI;)/cm’1
2968 (CH), 1709, 1630 (C=0); 85(300 MHz, CDCl3) 7.53 (1H, d, J 4.0, A-5), 7.25-7.43
(6H, m, H-2 and ArH), 6.39 (1H, dd, J 4.0 and 1.5, H-4), 4.82 (2H, s, CH3), 1.54 (9H, s,
Bu), 1.25 (6H, q, J 7.5, 3 x CH>), 0.67 (O9H, t, J 7.5, 3 x CHj3); (75 MHz, CDCl;)
174.7, 170.9, 168.4, 140.8, 128.7, 126.8, 125.7, 124.6, 120.1, 119.9, 111.7, 58.1, 28.3,

14.0, 8.2; m/z (C.1.) 383 (100 %, M + H"); (Found: M*, 382.2631. Ca4H134N,0; requires
382.2620).
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1-(2,2-Diethylbutyryl)-4-methyl-1 H-pyrrole-3-carboxylic acid benzyl-fer¢-

butylamide 171
0 >L
N
?/__@ \—Ph
h
DEB

4-Methyl-1H-pyrrole-3-carboxylic acid benzyl-ters-butylamide 163 (1.0 g, 3.7 mmol,
1.0 equiv.) was treated according to Methed E. Purification by column chromatography
(Si0Oy; 5:1 Petrol/EtOAc) afforded the title compound (1.22 g, 84 %) as a white solid:
m.p. 123-124 °C; Ri(1:1 Petrol:EtOAC) 0.60; vun(CHCL;)/em™ 2966 (CH), 1702, 1638
(C=0); 8u(300 MHz, CDCl3) 7.30-7.41 (6H, m, ArH and H-5), 7.19 (1H, m, H-2), 4.75
(2H, s, CH,Ph), 2.18 (3H, s, CH3), 1.48 (9H, s, tBu), 0.9 (6H, q, J 7.5, 3 x CH,CHj),
0.64 (9H, t, J 7.5, 3 x CH,CHs3); 8c(75 MHz, CDCl3) 174.8, 169.4, 140.9, 128.9, 127.2,
126.1, 125.2, 121.4, 118.5, 52.4, 51.5, 28.9, 26.8; m/z (C.1) 397 (100 %, M + H");
(Found: M, 396.2784. C,5H36N,0, requires 396.1776).

1-(2,2-Diethylbutyryl)-4-phenyl-1 H-pyrrole-3-carboxylic acid benzyl-fers-

butylamide 172
0]
Ph N>L
7\ \‘Ph
N

DEB

4-Phenyl-1H-pyrrole-3-carboxylic acid benzyl-fert-butylamide 164 (0.42 g, 1.27 mmol,
1.0 equiv.) was treated according to Method E. Purification by column chromatography
(SiOy; 5:1 Petrol/EtOAc) afforded the title compound (0.52 g, 89 %) as a white solid:
m.p. 148.9-149.7 °C; R«(5:1 Petrol:EtOAc) 0.75; Vmax (CHCh)/em™ 2967 (CH), 1705,
1628 (C=0); du(300 MHz, CDCl3) 7.2-7.58 (12H, m, ArH, H-2 and H-5), 4.52 (2H, s,
CH,Ph), 1.54 (9H, s, Bu), 0.88 (6H, q, J 7.5, 3 x CH,CH3), 0.68 (SH, t, J 7.5, 3 x
CH,CHs3); 6c(75 MHz, CDCls) 174.9, 169.1, 140.3, 133.6, 128.8, 128.7, 127.5, 127.4,
127.1, 126.0, 124.5, 119.1, 117.6, 58.5, 52.6, 50.9, 28.8, 26.3, 8.5; m/z (C.1.) 459 (100
%, M + H"); (Found: M", 458.2940. C3,H33N,0, requires 458.2933).
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2-Ethylbutyric acid ethyl ester 174'%°
O

~ol

A solution of diethyl acetic acid (20 mL, 0.16 moles, 1.0 equiv.) in ethanol (80 mL) and
catalytic ¢.HCl was heated at reflux overnight. The reaction was allowed to cool to
room temperature, water (50 mL) added and the mixture extracted with diethyl ether (4
x 25 mL). The combined organic layers were washed with water (20 mL), dried
(MgSOQ,), and concentrated under reduced pressure to afford the title compound (12.2 g,
56 %) as a colourless oil: b.p. 150-152 °C (lit.,'*148-151 °C) ; R{1:1 Petrol:EtOAc)
0.85; Vmax(CHCl3)/em™ 2972 (CH), 1749 (C=0); 8yx(300 MHz, CDCl) 4.14 (2H, q, J
7.0, OCH>), 2.18-2.20 (1H, m, CH(Et),), 1.56 (4H, dq, J 7.0 and 14.5, 2 x CH,CH3),
1.25 (3H, t, J 7.0, CH3), 0.89 (6H, t, J 7.0, 2 x CH,CH3); dc(75 MHz, CDCls) 176.2,
59.7, 48.8, 24.9, 14.1, 11.6; m/z (C.1.) 162 (80 %, M" + NHy); (Found: M", 144.1156
CsH 605 requires 144.1150).

2,2-Diethylbutyric acid ethyl ester 1752
o]

/\OJKE\\

n-Butyllithium (21 mL of 2.5 M solution in hexane, 52.1 mmol, 1.5 equiv.) was added
dropwise to a stirred solution of diisopropylamine (7.3 mL, 52.1 mmol, 1.5 equiv.) in
THF (60 mL) at 0 °C, under a nitrogen atmosphere. The solution was stirred for 30 min
and then cooled to —78 °C. To this LDA solution was added a pre-cooled solution of 2-
ethylbutyric acid ethyl ester 174 (5.0 g, 34.7 mmol, 1.0 equiv.) in THF (40 mL) and the
mixture stirred at —78 °C for 4 h. The reaction was quenched by the addition of ethyl
iodide (6.0 mL, 69.4 mmol, 2.0 equiv.) and after stirring for 30 min, water (25 mL) was
added. The mixture was extracted with diethyl ether (4 X 25 mL). The combined
organic layers were washed with water (25 mL), dried (MgSQOy), and concentrated
under reduced pressure to leave the title compound (4.34 g, 73 %) as a colourless oil:
b.p. 177 °C (lit.,"® 176-178 °C); R{1:1 Petrol:EtOAC) 0.75; Vmax (CHCh)/em™ 2968,
2880 (CH), 1743 (C=0); 85(300 MHz, CDCl;) 4.14 (2H, q, J 7.5, OCH>), 1.60 (6H, q,
J 8.0, 3 x CHy), 1.26 (3H, t, J 7.0, CH3), 0.78 (9H, t, J 8.0, 3 x CHjz); 8¢(75 MHz,
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CDCly) 177.1, 59.8, 49.6, 25.9, 14.2, 8.1; m/z (C.1) 173 (80 %, M + H"); (Found: M",
172.1458. C1oH200; requires 172.1463).

2,2-Diethylbutyric acid 176'*
0]

Ho*@

Water (0.63 mL, 34.9 mmol, 2.0 equiv.) was added to a stirred suspension of potassium
tert-butoxide (19.6 g, 174 mmol, 10 equiv.) in fers-butanol (100 mL) at 0 °C and the
mixture stirred for 20 min. 2,2-Diethylbutyric acid ethyl ester 175 (3.0 g, 17.4 mmol,
1.0 equiv.) was added portionwise and the slurry stirred at room temperature for 30
min. The mixture was heated at reflux for 3 days, cooled to room temperature and
diluted with CH,Cl, (50 mL) and water (20 mL). The organic layer was separated and
the aqueous layer acidified with c.HCI (20 mL). The acidified solution was extracted
with EtOAc (4 x 50 mL) and the combined organics dried (MgSQ,) and concentrated
under reduced pressure to afford the title compound (2.51 g, 99 %) as a yellow oil: Ry
(5:1 Petrol:EtOAc) 0.85; Vimax(CHCl)em™ 3102 (OH), 2970, 2644 (CH), 1701 (C=0);
81(300 MHz, CDCLs) 11.4 (1H, brs, OH), 1.63 (611, g, J 7.5, 3 x CHa), 0.84 (9H, t, J
7.5, 3 x CHs); 8c(75 MHz, CDCl3) 177.1, 59.8, 49.6, 25.9, 14.2, 8.1; m/z (C.1.) 162
(100 %, M + NH;"); (Found: M", 144.1145. CgH,40, requires 144.1150).

2,2-Diethylbutyryl chloride 177
O

a

2,2-Diethylbutyric acid 176 (2.51 g, 17.4 mmol, 1.0 equiv.) in thionyl chloride (20 mL)
was heated at reflux, under drying tube, overnight (18 h). The solution was cooled to

room temperature and the thionyl chloride removed under reduced pressure to afford
the title compound (2.26 g, 81 %) as a brown oil: b.p. 172 °C/14 mmHg (lit.,'** 172 °C);
Vi CHCLYem™ 2961, 2872 (CH), 1792 (C=0); 5x(300 MHz, CDCls) 1.73 (6H, q, J
7.5, 3 x CHy), 0.87 (9H, t, J 7.5, 3 x CHsz); 8c(75 MHz, CDCl;) 177.1, 59.8, 14.2; m/z
(C.1.) 162.5 (100 %, M + NH4"); (Found: M", 162.1002. CgH;50Cl requires 162.0811).
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N-[2-(1-tert-Butyl-2-0x0-5-phenyl-2,5-dihydro-1H-pyrrol-3-yl)vinyl]-2,2-

diethylbutyramide 182
O
RO
.NH
DEB Ph

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid benzyl-fert-butylamide 170 (0.15
g, 0.39 mmol, 1.0 equiv.) was treated according to Method D with saturated aqueous
ammonium chloride quench. Purification by flash column chromatography (SiO,; 25:1
Petrol/EtOAc) afforded the title compound (0.12 g, 81 %) as needles: m.p. 120.8-121.4
°C; R(1:1 Petrol:EtOAc) 0.80; vma(CHCl)Yem™3210 (NH), 2964 (CH), 1677, 1641
(C=0); du(300 MHz, CDCl3) 12.2 (1H, d, J 10.5, NH), 7.38-7.22 (5H, m, ArH), 7.05
(14, t, J 10.5, NHCHCH), 6.48 (1H, d, J 2.5, CHC(H)Ph), 5.30 (1H, d, J 2.5,
CHC(H)Ph), 5.09 (1H, d, J 10.5, NCHCH), 1.75 (6H, q, J 7.5, 3 x CH>CH3), 1.40 (9H,
s, Bu), 0.80 (9H, t, J 7.5, 3 x CHaCH3); 8c(75 MHz, CDCl3) 175.6, 172.2, 141.6, 137.9,
134.3, 128.9, 127.9, 126.3, 125.8, 98.1, 65.7, 56.1, 49.8, 28.0, 26.1, 25.7, 8.2; m/z (C.1.)
383 (100 %, M + H"); (Found: M", 382.2626. C24H34N,0; requires 382.2620).

N-[2-(5-Deutero-1-tert-butyl-2-oxo-5-phenyl-2,5-dihydro-1H-pyrrol-3-yl)vinyl}-2,2-

diethylbutyramide 183
0]
aA'e
DEB’ NH D Ph

sec-Butyllithium (0.67 mL of a 1.18 M solution in hexane, 0.78 mmol, 1.5 equiv.) was
added dropwise to a stirred solution of 1-(2,2-diethylbutyryl)-1H-pyrrole-3-carboxylic
acid benzyl-tert-butylamide 170 (0.20 g, 0.52 mmol, 1.0 equiv.) and potassium fert-
butoxide (1.15 ml.,, 1.15 mmol, 2.2 equiv.) in THF (5 mL) at —78 °C, under a nitrogen
atmosphere. The solution was stirred at —78 °C for 1 h and quenched by the addition of
deuterated methanol (0.10 mL, 2.4 mmol, 5.0 equiv.). The mixture was stirred for 30
min and saturated aqueous ammonium chloride solution added (5 mL). The mixture
was allowed to warm to room temperature and extracted EtOAc (4 x 5 mL). Combined
organic layers were washed with water (5 mL), dried (MgSQ4) and concentrated under
reduced pressure. The crude product was purified by flash column chromatography

(SiOg; 10:1 Petrol/EtOAc) to afford the title compound (0.093 g, 48 %) as a clear oil:
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R«(5:1 Petrol:EtOAc) 0.55; v,.r.ax(CHCh)/cm'l 3205 (NH), 2976 (CH), 1692, 1639
(C=0); 8x(300 MHz, CDCls) 11.98 (1H, d, J 9.0, NH), 7.20-7.41 (5H, m, AtH), 7.0
(1H, t, J 9.0, NHCH), 6.41 (1H, s, CHCDPh), 5.05 (1H, d, J 9.0, NHCHCH), 1.78 (6H,
q, J 7.5, 3 x CH,CHg), 1.60 (9H, s, /Bu), 0.65 (9H, t, J 7.5, 3 x CH,CHs); 8c(75 MHz,
CDCL) 175.7, 168.4, 140.8, 134.4, 128.7, 128.2, 127.5, 126.6, 125.7, 120.1, 119.6,
111.7, 105.6, 101.3, 98.2, 58.1, 51.3, 50.8, 29.0, 28.3, 27.6, 8.2; m/z (C.L) 383 (100 %,
M +H"); (Found: M", 383.2685. C24H33N,0:D requires 383.2683).

N-[2-(5-Allyl-1-fert-butyl-2-0x0-5-phenyl-2,5-dihydro-1 H-pyrrol-3-yl)vinyl]-2,2-
diethylbutyramide 184

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid benzyl-fer#-butylamide 170 (0.15
g, 0.39 mmol, 1.0 equiv.) was treated according to Method G with allyl bromide (0.40
mlL, 4.72 mmol, 12 equiv.) quench. Purification by flash column chromatography
(S102; 25:1 Petrol/EtOAc) afforded the title compound (0.08 g, 50 %) as needles: m.p.
112.6-113 °C; Ri(5:1 Petrol:EtOAc) 0.75; Vmax(CHCL)em™ 3268 (NH), 2967 (CH),
1679, 1646 (C=0); 6u(300 MHz, CDCl;) 10.63 (1H, d, J 10.0, NH), 7.65-7.80 (5H, m,
ArH), 6.95 (1H, t, J 10.0, NHCHCH), 5.75-5.77 (1H, m, CH,CHCHy), 5.13-5.15 (2H,
m, CH,CHCH,), 5.10 (1H, s, CHCPh), 4.50 (1H, d, J 9.5, NHCHCH), 2.56 (2H, d, J
7.0, CH,CHCHy), 1.72 (6H, q, J 7.5, 3 x CH,CHs), 1.34 (9H, s, fBu), 0.84 (9H, t,.7 7.5,
3 x CHyCHs); dc(75 MHz, CDCl3) 183.2, 175.6, 145.7, 136.3, 132.9, 129.3, 128.7,
128.3, 125.2, 118.9, 116.3, 104.9, 58.7, 54.7, 50.0, 41.3, 30.3, 26.3, 8.5; m/z (C.1.) 423
(100 %, M + H"); (Found: M, 422.2940. Cy7H3sN,0; requires 422.2933).
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N-[2-(1-tert-Butyl-4-diisopropylamino-2-oxo-5-phenylpyrrolidin-3-yl)vinyl]-2,2-
diethylbutyramide 185

DEB.

N

H H
i-Pr,N o

N
Ph
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1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid benzyl-tert-butylamide 170 (0.15
g, 0.39 mmol, 1.0 equiv.) was treated according to Method D (with 6.0 equiv. of LDA)
with saturated aqueous ammonium chloride quench. Purification by flash column
chromatography (Si0;; 25:1 Petrol/EtOAc) afforded the title compound (0.04 g, 20 %)
as a colourless oil in a 1:1 mixture: R(5:1 Petrol:EtOAc) 0.55; v,mx(CHCh)/cm’1 3258
(NH), 2958 (CH), 1675, 1640 (C=0); 8u(300 MHz, CDCls) 10.55 (1H, d, J 9.0,
NHCHCH,), 10.25 (1H, d, J 9.0, NHCHCHg),7.38-7.21 (10H, m, ArH+s), 6.92 (1H,
td, J 9.0 and 2.5, NHCHCH,), 6.88 (1H, td, J 9.0 and 2.5, NHCHCHg), 4.88 (1H, s,
C(H)Phy), 4.76 (1H, dd, J 9.0 and 4.0,NHCHCH,), 4.62 (1H, s, C(H)Phg), 4.45 (1H,
dd, /9.0 and 4.0,NHCHCHsg), 3.90 (1H, ddd, J 4.0, 2.5 and 1.0, CHC(H)N-iPr; »), 3.80
(1H, ddd, J 4.0, 2.5 and 1.0, CHC(H)N-iPr; g), 3.20-3.10 (2H, m, 2 x CHC(H)N-iPr2),
1.88 (4H, m, 4 x CH(CH3),), 1.70 (12H, q, J 7.5, 6 x CH,CH3), 1.40 (18H, s, /Bu), 1.26
(12H, d, J 7.0, 2 x CH(CH3)»), 1.00 (12H, d, J 7.0, 2 x CH(CHs)y), 0.85 (18H,t,J 7.5, 6
x CHoCHs); 6c(75 MHz, CDCls) 178.7, 172.3, 138.8, 128.6, 128.3, 127.6, 127.2,
125.8, 125.3, 123.2, 122.9, 122.5, 112.3, 49.6, 49.2, 46.2, 44.8, 44.0, 43.4, 28.9, 26.7,
24.5,22.6,9.2, 8.9; m/z (C.1.) 484 (100 %, M + H"); (Found: M", 483.7412. C30HsN;0,
requires 483.7408).

N-[2-(1-fert-Butyl-2-o0x0-5-phenyl-2,5-dihydro-1H-pyrrol-3-yl)propenyl}-2,2-

dimethylpropionamide 186
(0]
%ﬁ”k
NH
DEB’ Ph

1-(2,2-Diethylbutyryl)-4-methyl-1H-pyrrole-3-carboxylic acid benzyl-fert-butylamide
171 (0.15 g, 0.38 mmol, 1.0 equiv.) was treated according to Method D and quenched
with saturated aqueous ammonium chloride. Purification by column chromatography

(S10;; 20:1 Petrol/EtOAc) afforded the title compound (0.088 g, 59 %) as a colourless
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oil: R{6:1 Petrol:EtOAc) 0.60; Vmax(CHCl3)/em™ 3472 (NH), 2967 (CH), 1650, 1638
(C=0); 3u(300 MHz, CDCls) 12.2 (1H, d, J 10.5, NH), 7.13-7.28 (SH, m, ArH), 6.88
(1H, 4, J 10.5, CHNH), 6.43 (1H, d, J 2.5, CHCHPh), 5.23 (1H, d, J 2.5, CHCHPh),
1.76 (3H, s, CHs), 1.63 (6H, q,J 7.5, 3 x CH>CH3), 1.33 (9H, s. Bu), 0.76 (OH, t, J 7.5,
3 x CHyCHa); 8c(75 MHz, CDCl3) 175.6, 144.3, 141.3, 138.2, 130.1, 129.1, 128.0,
126.4, 124.8, 104.8, 65.8, 56.3, 49.9, 28.1, 25.9, 21.1, 8.4; m/z (C.1.) 397 (100 %, M +
H"); (Found: M, 396.2770. C,5H36N205 requires 396.2776).

N-[2-(1-tert-Butyl-2-0x0-5-phenyl-2,5-dihydro-1H-pyrrol-3-yl)-2-phenylvinyl]-2,2-

P 9
RO
NH

DEB’ Ph

1-(2,2-Diethylbutyryl)-4-phenyl-1H-pyrrole-3-carboxylic acid benzyl-tfert-butylamide

dimethylpropionamide 187

172 (0.15 g, 0.33 mmol, 1.0 equiv.) was treated according to Method D and quenched
with saturated aqueous ammonium chloride. Purification by column chromatography
(Si04; 20:1 Petrol/EtOAc) afforded the title compound (0.113 g, 75 %) as a colourless
oil: Ri(6:1 Petrol:EtOAc) 0.80; vma(CHCL)/em™ 3584 (NH), 2966 (CH), 1655, 1627
(C=0); 84(300 MHz, CDCls) 12.0 (1H, d, J 10.0, NH), 7.28 (1H, d, J 10.0, CHNH),
7.10-7.26 (10H, m, ArH), 6.25 (1H, d, J 2.5, CHCHPh), 5.22 (1H, d, J 2.5, CHCHPh),
1.68 (6H, q, J 7.5, 3 x CH,CH3), 1.39 (9H, s. Bu), 0.83 (9H, t, J 7.5, 3 x CH,CHs);
dc(75 MHz, CDCl;) 175.9, 168.2, 144.5, 137.7, 136.1, 129.5, 129.1, 128.9, 128.2,
128.1, 127.8, 126.7, 126.4, 125.9, 65.9, 56.4, 50.1, 28.2, 26.0, 8.4; m/z (C.1.) 459 (100
%, M+ H"); (Found: M, 458.2929. C3oH3sN,0; requires 458.2776).
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1-(2,2-Dimethylpropionyl)-1 H-pyrrole-3-carboxylic acid benzyl-fert-butylamide

188
Q)
N
f
N
o)\ﬁ

1H-Pyrrole-3-carboxylic acid benzyl-fers-butylamide 162 (0.40 g, 1.56 mmol, 1.0
equiv.) in THF (5 mL) was slowly added to a suspension of sodium hydride (0.19 g,
4.69 mmol, 3.0 equiv.) in THF (5 mL) at room temperature and the mixture stirred for
30 min. A solution of 2,2-dimethyl-propionyl chloride (0.25 g, 2.11 mmol, 1.35 equiv.)
in THF (5 mL) was added dropwise and the reaction stirred at room temperature for 18
h. The mixture was diluted with water (3 mL) and extracted with EtOAc (4 x 5 mL).
The combined organic layers were washed with water (5 mL), dried (MgSQOs), and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (SiO»; 3:1 Petrol/EtOAC) to afford the title compound (0.34 g, 68 %) as
a white solid: m.p. 98.4-98.9 °C; Ry(1:1 Petrol:EtOAC) 0.85; Vmux(CHCL)/em™ 2962
(CH), 1709, 1625 (C=0); 6u(300 MHz, CDCls) 7.57 (1H, dd, J 4.5 and 2.5, H-5), 7.42
(1H, dd, J 4.5 and 2.5, H-2), 7.29-7.40 (5H, m, ArH), 6.44 (1H, dd, J 4.5 and 2.5, H-4),
4.84 (2H, s, CHy), 1.78 (9H, s, 1Bu), 1.24 (94, s, 1Bu); 5c(75 MHz, CDCl3)164.2, 141.1,
129.1, 127.2, 126.1, 125.0, 121.0, 112.3, 58.3, 51.5, 28.7, 28.4; m/z (C.1) 341 (100 %,
M + H"); (Found: M", 340. 2149. C3;H2sN,0; requires 340.2150).

N-[2-(1-tert-Butyl-2-oxo-5-phenyl-2,5-dihydro-1H-pyrrol-3-yl)vinyl]-2,2-

dimethylpropionamide 189
O
/\@k
OjNH Ph

1-(2,2-Dimethyl-propionyl)-1H-pyrrole-3-carboxylic acid benzyl-fert-butylamide 188
(0.20 g, 0.58 mmol, 1.0 equiv.) was treated according to Method G with saturated
aqueous ammonium chloride quench. Purification by flash column chromatography

(S10y; 25:1 Petrol/EtOAc) afforded the title compound (28.0 mg, 14 %) as a yellow oil:
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R{10:1 PetrolEtOAc) 0.75; Vmax(CHCl)em™ 3429 (NH), 2968 (CH), 1686, 1643
(C=0); 8u(300 MHz, CDCl3) 12.25 (1H, d, J 10.0, NH), 7.26-7.38 (3H, m, ArH), 7.19
(2H, d, J 4.5, ArH), 6.88 (1H, t, J 10.0, CHNH), 6.44 (1H, d, J 2.5, CHCHPh), 5.24
(1H, d, J 2.5, CHPh), 5.10 (1H, d, J 10.0, HC=CHNH), 1.39 (9H, s, /Bu), 1.30 (9H, s,
{Bu); 8c(75 MHz, CDCly) 177.3, 172.6, 142.2, 138.3, 131.6, 129.3, 128.7, 128.3, 126.8,
126.6, 126.1, 98.8, 66.1, 56.5, 39.5, 28.4, 27.6; m/z (C.1.) 341 (100 %, M + H"); (Found:
M, 340. 2149. C51HasN20; requires 340.2150).

N-tert-butyl-N-benzyl carbamoyl chloride 191'%
bi§
Ph” N7 Cl

A

N-benzyl tert-butylamine (2.28 mL, 12 mmol, 1.0 equiv.) and triethylamine (1.48 mlL,
11 mmol, 0.87 equiv.) were added dropwise to a stirring solution of diphosgene (0.86
mL, 7.12 mmol, 0.57 equiv.) in toluene (20 mL) at 0 °C under a nitrogen atmosphere.
The mixture was stirred at room temperature for 1.5 h before refluxing (110 °C)
overnight (16 h). After cooling to room temperature the slurry was poured onto 1M
HCI1 (20 mL). The aqueous layer was extracted with diethyl ether (3 x 30 mL). The
combined organic layers were washed with saturated aqueous sodium bicarbonate
solution (20 mL), dried (MgSQy), and concentrated under reduced pressure to afford the
title compound (2.60 g, 97 %) as an off-white solid: m.p. 85.4-87.8 °C (lit.,'"™ 85-89
°C); Re(5:1 Petrol:EtOAc) 0.80; viax(CHCL3)/em™ 2966 (CH), 1648 (C=0); 81(300
MHz, CDCl;) 7.24-7.27 (2H, m, ArH), 7.18-7.20 (3H, m, ArH), 4.79 (2H, s, CH>), 1.35
(9H, s, Bu); 8c(75 MHz, CDCl;) 164.3, 137.8, 128.6, 127.2, 125.8, 52.3, 48.1, 28.3;
m/z (C.1.) 190 (80 %, M"-CI).

1H-Indole-3-carboxylic acid benzyl-fert-butylamide 192

o
—Ph
@%
)

A solution of indole (0.21 g, 1.77 mmol, 2.0 equiv.) in benzene (2.5 mL) was added

dropwise to a stirring solution of methyl magnesium iodide (0.60 mL of 3 M solution in
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diethyl ether, 2.0 equiv.) in benzene (2.5 mL) at room temperature under a nitrogen
atmosphere. The reaction was stirred for 10 min and a solution of N-ferz-butyl-N-
benzyl carbamoyl chloride 191 (0.20 g, 0.88 mmol, 1.0 equiv.) in benzene (2 mL) added
dropwise. The mixture was heated under reflux for 67 h and cooled to room
temperature. EtOAc (5 mL) was added and the layers separated. The combined organic
layers were washed with water (5 mL), dried (MgSQ,) and concentrated under reduced
pressure. Purification by column chromatography (SiO;; 3:1 Petrol/EtOAc) afforded
the title compound (0.19 g, 65 %) as a white solid: m.p. 216-217 °C; Rg?2:1
Petrol:EtOAc) 0.55; Vumax(CHCl)/em™ 3387 (NH), 2963 (CH), 1654 (C=0); du(300
MHz, CDCl3) 8.22 (1H, brs, NH), 7.82 (1H, m, H-4), 7.16-7.33 (9H, m, Ar), 4.80 (2H,
s, CHy), 1.42 (94, s, 1Bu); 8¢(75 MHz, CDCl;) 154.3, 129.8, 129.5, 129.1, 128.8, 127.1,
126.7, 125.2, 123.1, 121.4, 121.0, 111.5, 51.9, 29.3; m/z (C.1.) 307 (100 %, M + H");
(Found: M", 306.1735. CoH2N,0 requires 306.1732).

1-(2,2-Diethylbutyryl)-1H-indole-3-carboxylic acid benzyl-fer¢-butylamide 193

o ¥
z N ph
A\
N
DEB

1H-Indole-3-carboxylic acid benzyl-fers-butylamide 192 (0.20 g, 0.65 mmol, 1.0 equiv.)
was treated according to Method E. Purification by column chromatography (SiOy; 5:1
Petrol/EtOAc) afforded the title compound (0.194 g, 70 %) as a white solid: m.p. 156-
157 °C; Ri(5:1 Petrol:EtOAC) 0.80; Vina(CHCl3)/em™ 2928 (CH), 1720, 1604 (C=0);
ou(300 MHz, CDCl3) 8.44-8.45 (1H, m, ArH), 7.87-7.88 (1H, m, ArH), 7.75 (1H, s, H-
2), 7.31-7.45 (7H, m, ArH), 4.82 (2H, s, CH,Ph), 1.62 (6H, q, J 7.5, 3 x CH,CHj3), 1.30
(9H, s, Bu), 0.86 (9H, t, J 7.5, 3 x CHCHs); 8c(75 MHz, CDCl3) 183.5, 176.6, 140.9,
129.2, 1274, 125.9, 125.8, 124.3, 122.8, 120.7, 118.5, 117.3, 58.7, 51.4, 50.1, 28.9,
26.2, 8.5; m/z (C.1.) 433 (100 %, M + H"); (Found: M*, 432.2768. CsH3¢N,0; requires
432.2776).
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N-[2-(1-tert-Butyl-2-oxo-5-phenyl-2,5-dihydro-1H-pyrrol-3-yl)phenyl]-2,2-

0
N
Lok
'NH
DEB Ph

1-(2,2-Diethylbutyryl)-1H-indole-3-carboxylic acid benzyl-fert-butylamide 193 (0.15 g,

dimethylpropionamide 194

0.35 mmol, 1.0 equiv.) was treated according to Method G with saturated aqueous
ammonium chloride quench. Purification by flash column chromatography (SiO,; 10:1
Petrol/EtOAc) afforded the title compound (0.114 g, 76 %) as a yellow oil: Ry(5:1
Petrol:EtOAc) 0.60; vimu(CHClYem™ 3277 (NH), 2967 (CH), 1662, 1577 (C=0);
du(300 MHz, CDCls) 10.1 (1H, s, NH), 7.86 (1H, d, J 8.0, ArH), 7.16-7.37 (7H, m,
Arf), 7.08 (1H, t, J 7.0, ArH), 6.84 (1H, d, J 2.0, CHCHPh), 5.37 (1H, d, J 2.0,
CHCHPh), 1.71 (6H, q, J 7.5, 3 x CH,CH3), 1.44 (9H, s, /Bu), 0.88 (9H, t, J 7.5, 3 x
CH,CH3); dc(75 MHz, CDCl;) 176.5, 172.7, 145.9, 137.6, 137.1, 136.5, 130.5, 129.5,
129.4, 128.5, 126.6, 125.9, 125.3, 124.9, 66.2, 56.7, 50.4, 28.7, 28.4, 26.4, 8.6; m/z
(C.1.) 433 (100 %, M + H"); (Found: M", 432.2785. C3H36N,0; requires 432.2776).

4,4-dimethyloxazolidine 195"

HN
Lo

Paraformaldehyde (4.04 g, 0.13 mol, 1.2 equiv.) and 2-amino-2-methyl-1-propanol (10
g, 0.11 mol, 1.0 equiv.) were dissolved in benzene (120 mL). The mixture was heated

at reflux (using Dean-Stark apparatus) for 20 h and the solvent removed under reduced

pressure. Purification by fractional distillation (120 °C) afforded the title compound
(8.34 g, 74 %) as a colourless oil: b.p. 123 °C (lit,,"”" 124-125 °C) ; Rg1:1
Petrol:EtOAC) 0.65; Ve (CHCl;)em™ 3460 (NH); 8u(300 MHz, CDCl3) 4.45 (2H, s,
H-2), 3.32 (2H, s, H-4), 1.19 (6H, s, 2 x CHj); 8c(75 MHz, CDCls) 84.8, 80.7, 60.1,
25.4; m/z (C1.) 102 (100 %, M + H"); (Found: M', 101.0846. CsH;;NO requires
101.0841).
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1-(4, 4-Dimethyloxazolidin-3-yl)propenone 196
L
o) NK
0]
4,4-Dimethyloxazolidine 195 (7.92 mL, 55.5 mmol, 2.2 equiv.) and acryloyl chloride
(2.0 mL, 25.2 mmol, 1.0 equiv.) were treated according to Method A. Purification by
flash column chromatography (SiO;; 3:1 Petrol/EtOAc) afforded the title compound
(1.62 g, 49 %) as a colourless oil: R(1:1 Petrol:EtOAC) 0.30; Vi (CHCL)/em™ 2861
(CH), 1656 (C=0}; du(300 MHz, CDCl3) 6.32 (1H, d, J 17.0, CHaHp), 6.08 (1H, dd, J
17.0 and 10.5, CH), 5.65 (1H, d, J 10.5, CHaHg), 5.04 (2H, s, OCH>N), 3.75 (2H, s,
OCHC), 1.44 (6H, s, 2 x CHs); 8c(75 MHz, CDCl3) 164.4 ,129.1, 127.7, 81.5, 80.3,
59.7, 23.1; m/z (C.1) 156 (100 %, M + H"); (Found: M", 155. 0946. CsH3NO, requires
155.0946).

(4,4-Dimethyloxazolidin-3-yl)-(1 H-pyrrol-3-yl)methanone 197

O
Y
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N
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1-(4,4-Dimethyl-oxazolidin-3-yl)propenone 196 (1.0 g, 6.45 mmol, 1.0 equiv.) was
treated according to Method B. The crude product was purified by flash column
chromatography (SiO,; 4:1 Petrol/EtOAc) to afford the title compound (2.0 g, 86 %) as
an off-white solid: m.p. 107.2-108 °C; R{1:1 Petrol:EtOAc) 0.30; vmax(CHClg)/cm']
3176 (NH), 1621 (C=0); 6u(300 MHz, CDCls) 10.18 (1H, brs, NA), 7.12 (1H, dd, J 5.0
and 2.5, H-5), 6.71 (1H, dd, J 5.0 and 2.5, H-2), 6.38 (1H, dd, J 5.0 and 2.5, H-4), 5.20
(2H, s, NCH,0), 3.80 (2H, s, OCH,C), 1.60 (6H, s, 2 x CH3); 8¢(75 MHz, CDCl3)
140.4, 128.7, 126.9, 125.7, 110.28, 110.25, 58.3, 50.9, 28.4; m/z (C.1.) 195 (100 %, M +
}F); (Found: M, 194.1053. CioH4N20, requires 194.1055).
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1-[3-(2,2-Dimethyloxazolidine-3-carbonyl)-pyrrol-1-yl]-2,2-diethylbutan-1-one 198

¥a
-

(4,4-Dimethyloxazolidin-3-yl)-(1 H-pyrrol-3-yl)methanone 197 (0.74 g, 3.81 mmol, 1.0
equiv.) was treated according to Method E. Purification by column chromatography
(Si0g; 5:1 Petrol/EtOAc) afforded the title compound (0.94 g, 77 %) as a colourless oil:
Ri(5:1 Petrol:EtOAc) 0.50; vipax(CHCl)/em™ 2969, 2341 (CH), 1710, 1630 (C=0);
du(300 MHz, CDCls) 7.82 (1H, dd, J 4.5 and 2.5, H-2), 7.43 (1H, dd, J 4.5 and 2.5, H-
5), 6.45 (1H, dd, J 4.5 and 2.5, H-4), 5.20 (2H, s, CH,0), 3.84 (2H, s, NCH,), 1.84 (6H,
q,J 7.5, 3 x CHyCH3), 1.62 (6H, s, 2 x CHs), 0.82 (9H, t, J 7.5, 3 x CHyCH3); 6c(75
MHz, CDCl3) 1754, 161.8, 123.8, 122.2, 120.8, 111.5, 81.3, 80.7, 60.9, 52.9, 27.1,
23.6, 8.6; m/z (C.1.) 321 (100 %, M + H"); (Found: M", 320.2103. C;3H2sN,0;3 requires
320.2099).

3-(4,4-Dimethyloxazolidine-3-carbonyl)-pyrrole-1-carboxylic acid fert-butyl ester

199
o)
o
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N
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DMAP (0.016 g, 0.125 mmol, 0.1 equiv.) and di-fert-butyldicarbonate (0.33 g, 1.49
mmol, 1.0 equiv.) were added to a stirred solution of (4,4-dimethyloxazolidin-3-yl)-
(1H-pyrrol-3-yl)methanone 197 (0.32 g, 1.65 mmol, 1.1 equiv.) in acetonitrile (4 mL) at
room temperature under nitrogen. The mixture was stirred for 24 h and the solvent
removed under reduced pressure. The crude product was purified by flash column
chromatography (SiOs; Petrol) to afford the title compound (0.265 g, 81 %) as a yellow
oil: R(100 % Petrol) 0.50; Vmax(CHCL3)/em™ 2978 (CH), 1750 (C=0), 1631 (C=0);

(300 MHz CDCIN 754 (10 dd 71 Sand 10 H-2\ 722 (1H dd 715 and 10 H-
u(300 MHz, CDCl3) 7.54 (1H, dd, J 1.5 and 1.0, H-2), 7.22 (1H, dd, J 1.5 and 1.0, H-

'5), 6.46 (1H, dd, J 1.5 and 1.0, H-4), 5.16 (2H, s, OCH;N), 3.81 (2H, s, OCH;C), 1.60
'OH, s, Bu), 1.58 (61, s, 2 x CHs); 5c(75 MHz, CDCL) 123.8, 121.3, 120.0, 111.4,
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84.7, 80.9, 80.5, 60.4, 27.8, 23.3; m/z (C.I.) 295 (100 %, M + H"); (Found: M",
294.1580. C5sH2oN2O4 requires 294.1579).

(4,4-Dimethyloxazolidin-3-yl)-(1-methyl-1H-pyrrol-3-yl)methanone 200
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Attempted cyclisation of 3-(4,4-dimethyloxazolidine-3-carbonyl)-pyrrole-1-carboxylic
acid fert-butyl ester 199 (0.15 g, 0.51 mmol, 1.0 equiv.) using Method D afforded the
title compound (99.6 mg, 73 %) as a yellow oil: Ry{1:1 Petrol:EtOAc) 0.30;
Vinax(CHCl3)/em™ 2934, 2859 (CH), 1635 (C=0); 8300 MHz, CDCls) 7.04 (1H, brs,
H-2), 6.56 (1H, dd, J 5.0 and 2.0, H-5), 6.33 (111, dd, J 5.0 and 2.0, H-4), 5.20 (21, s,
OCH,N), 3.81 (2H, s, OCH,C), 3.64 (3H, s, NCH3), 1.68 (6H, s, 2 x CH3); 8¢(75 MHz,
CDCl3) 162.2, 124.8, 120.7, 108.5, 81.0, 80.5, 60.3, 47.8, 36.3, 23.3, 22.1; m/z (C.L)
209 (100 %, M + H"); (Found: M", 208.1211 C;;H;¢N»O; requires 208.1217).

2-Butyl-1-(2,2-diethylbutyryl)-2,3-dihydro-1H-pyrrole-3-carboxylic acid benzyl-
tert-butylamide 201

n-Butyllithium (0.74 mL of a 1.6 M solution in hexane, 1.18 mmol, 3.0 equiv.) was
added dropwise to a stirred solution of 1-(2,2-diethylbutyryl)-1H-pyrrole-3-carboxylic
acid benzyl-tert-butylamide 170 (0.15 g, 0.39 mmol, 1.0 equiv.) in THF (5 mL) at —78
°C, under a nitrogen atmosphere. The mixture was stirred at —78 °C for 3 h and
quenched by the addition of saturated aqueous ammonium chloride solution (3 mL).
After 10 min water (5 mL) was added and the mixture extracted with EtOAC (4 x 5
mL). Combined organic layers were washed with water (5 mL), dried (MgSQ,) and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (SiOg; 25:1 Petrol/EtOAc) to afford the title compound (0.06 g, 40 %)
as needles: m.p. 121.8-122.5 °C; Ri(5:1 Petrol:EtOAc) 0.80; Vinax(CHCls)em™ 2963
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(CH), 1723, 1638 (C=0); 5x(300 MHz, CDCl;) 7.21-7.41 (5H, m, ArH), 6.87 (1H, dd, J
2.5 and 1.5, H-4), 5.28 (1H, dd, J 2.5 and 1.5, H-5), 4.83 (1H, m, H-2), 4.60 (2H, s,
CH,Ph), 3.92 (1H, dd, J 2.5 and 1.5, H-3), 1.60 (6H, q, J 7.5, 3 x CH,CH3), 1.45 (9H, s,
/Bu), 0.85-0.88 (9H, m, nBu), 0.78 (9H, t, J 7.5, 3 x CH,CH3); 8c(75 MHz, CDCL)
200.2, 176.9, 175.7, 172.4, 139.5, 129.1, 129.0, 128.9, 127.4, 126.3, 125.7, 120.3,
112.7, 58.7, 50.5, 49.6, 49.0, 44.1, 40.4, 33.2, 28.9, 26.5, 22.7, 14.2, 8.6; m/z (C.I.) 441
(100 %, M+ H"); (Found: M", 440.3381. C2sH4N,O; requires 440.3402).

2-sec-Butyl-1-(2,2-diethylbutyryl)-2,3-dihydro-1 H-pyrrole-3-carboxylic acid
benzyl-tert-butylamide 202

sec-Butyllithium (2.0 mL of a 1.18 M solution in hexane, 2.36 mmol, 3.0 equiv.) was
added dropwise to a stirred solution of 1-(2,2-diethylbutyryl)-1H-pyrrole-3-carboxylic
acid benzyl-tert-butylamide 170 (0.30 g, 0.78 mmol, 1.0 equiv.) in THF (10 mL) at —78
°C, under a nitrogen atmosphere. The mixture was stirred at —78 °C for 3 h and
quenched by the addition of saturated aqueous ammonium chloride solution (3 mL).
After 10 min water (5 mL) was added and the mixture exiracted with EtOAC (4 x 5
mL). Combined organic layers were washed with water (5 mL), dried (MgSO4) and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (SiOy; 50:1 Petrol/EtOAc) to afford the title compound (0.12 g, 40 %)
as needles: m.p. 126.4-127.0 °C; R«(5:1 Petrol:EtOAc) 0.85; vmax(CHClg)/cm'] 2966
(CH), 1645, 1614 (C=0); 6uy(300 MHz, CDCl3) 7.21-7.41 (5H, m, ArH), 6.84 (1H, dd, J
2.5 and 1.5, H-4), 5.42 (1H, dd, J 2.5 and 1.5, H-5), 5.05 (1H, dd, J 9.5 and 1.5, H-3),
4.60 (2H, d, J 4.0, CH,Ph), 4.40-4.41 (1H, m, H-2), 1.62 (6H, q, J 7.5, 3 x CH,CH3),
1.45 (9H, s, Bu), 0.98-1.02 (7H, m, sBu), 0.85-0.87 (2H, m, sBu), 0.78 (9H, t,J 7.5, 3 x
CH,CH;); dc(75 MHz, CDCl3) 174.4, 172.2, 139.0, 129.8, 129.1, 127.5, 125.8, 114.3,
65.5, 58.5, 51.6, 50.9, 49.9, 48.6, 38.9, 29.2, 28.7, 28.5, 26.2, 15.2, 13.0, 8.8; m/z (C.I.)
441 (100 %, M + H"); (Found: M", 440.3400. C3H44N,O, requires 440.3402).
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(R)-N-Isopropyl-N-(1-phenylethyl)acrylamide 206

A
APh

(R)-Isopropyl-(1-phenylethyl)amine (3.0 g, 15.1 mmol, 2.2 equiv.) was treated
according to Method A to afford the title compound (1.27 g, 85 %) as a colourless oil:
[a]p® =+392.4 (c = 0.98 in CHCL), R{(1:1 Petrol:EtOAc) 0.90; Viax(CHCL)em™ 2972
(CH), 1643 (C=0); 0u(300 MHz, CDCl3) 7.26-7.37 (5H, m, ArH), 6.52 (1H, brs, CH),
6.32 (1H, brd, J 16.5, CH), 5.59 (1H, brs, CHCH;Ph), 5.02 (1H, brs, CH), 3.78 (1H, brs,
CH(CHs),), 1.68 ( 3H, d, J 7.0, CH3), 1.39 (3H, d, J 7.0, CH3), 1.12 (3H, d, J 7.0, CH}3);
Oc(75 MHz, CDCl3) 166.6, 141.2, 130.7, 129.5, 128.5, 127.8, 127.3, 126.6, 56.4, 53.5,
47.1; m/z (C.I) 218 (100 %, M + H"); (Found: M, 217.1462. C;sH;oNO requires
217.1466).

(¥)-N-Isopropyl-N-(1-phenylethyl)acrylamide (£)-206

L
J*‘J\Ph

(*)-Isopropyl-(1-phenylethyl)amine (3.50 g, 17.6 mmol, 2.2 equiv.) was treated
according to Method A to afford the title compound (1.16 g, 67 %) as a colourless oil:
Ri(1:1 Petrol:EtOAc) 0.90; vina(CHCl3)/em™ 2973 (CH), 1645 (C=0); 8x(300 MHz,
CDCly) 7.26-7.37 (SH, m, ArH), 6.52 (1H, brs, CHCH,), 6.32 (1H, brd, J 16.5,
CHaHg), 5.59 (1H, brs, CH(CH3)Ph), 5.02 (1H, brs, CHaH3), 3.88 (1H, brs, CH(CHz3),),
1.68 (3H,d,J 7.0, CH3), 1.39 3H, d,J 7.0, CH3), 1.12 (3H, d, J 7.0, CH3); 8¢(75 MHz,
CDCl;) 166.8, 141.4, 130.9, 129.6, 128.6, 127.9, 127.5, 126.8, 53.7, 47.1, 21.1; m/z
(C.1) 218 (100 %, M + m; (Found: M", 217.1469. C4H;sNO requires 217.1466).
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(R)-1H-pyrrole-3-carboxylic acid isopropyl-(1-phenylethyl)amide 207
2
N
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N

(R)-N-Isopropyl-N-(1-phenylethyl)acrylamide 206 (0.91 g, 4.19 mmol, 1.0 equiv.) was
treated according to Method B. The crude product was purified by flash column
chromatography (Si0;; 2:1 Petrol/EtOAc) to afford the title compound (0.80 g, 75 %) as a
white solid: [a]p™” = +245.6 (¢ = 0.62 in CHCL); m.p. 144.6 °C; R (1:1 Petrol:EtOAc)
0.35; Vmax(CHCl3)/em™ 3190 (NH), 2968 (CH), 1592 (C=0); 81(300 MBz, CDCls) 9.45
(1H, brs, NH), 7.29-7.44 (5H, m, ArH), 7.09 (1H, dd, J 4.5 and 2.5, H-5), 6.68 (1H, dd, J
4.5 and 2.5, H-2), 6.42 (1H, dd, J 4.5 and 2.5, H-4), 5.42 (1H, brq, CHCH3Ph), 3.63 (1H,
brs, CH(CHzs),), 1.76 (3H, d, J 7.0, CH3), 1.49 (3H, d, J 7.0, Ci3), 1.23 (3H, d, J 7.0,
CHs); 8¢(75 MHz, CDCls) 168.4, 128.5, 127.5, 127.3, 120.8, 120.6, 118.2, 108.2, 48.8,
21. 7, 21.9, 18.4; m/z (C.I) 257 (100 %, M + H'); (Found: M", 256.1576. C;6H20N,0
requires 256.1575).

(¥)-1H-pyrrole-3-carboxylic acid isopropyl-(1-phenylethyl)amide (3)-207
3
N
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()-N-Isopropyl-N-(1-phenylethyl)acrylamide 206 (1.16 g, 5.35 mmol, 1.0 equiv.) was
treated according to Method B. The crude product was purified by flash column
chromatography (SiO»; 1:1 Petrol/EtOAc) to afford the title compound (0.74 g, 54 %) as a
white solid: m.p. 144.6-145.2 °C; R(1:1 Petrol:EtOAc) 0.35; Vmax(CHCl3)/em™ 3208
(NH), 2969 (CH), 1592 (C=0); 8u(300 MHz, CDCl5) 9.05 (1H, brs, NH), 7.24-7.42 (5H,
m, ArH), 7.11 (1H, dd, J 4.5 and 2.5, H-5), 6.70 (1H, dd, J 4.5 and 2.5, H-2), 6.40 (1H,
dd, J 4.5 and 2.5, H-4), 5.45 (1H, brs, CH(CH;)Ph), 3.63 (1H, brs, CH(CHs)), 1.73 (3H,
d, J 7.0, CH(CH5)Ph), 1.46 (3H, d, J 7.0, CHs), 1.21 (3H, d, J 7.0, CHj); 8(75 MHz,
CDCl;) 174.6, 144.9, 132.2, 128.6, 128.0, 127.6, 127.1, 126.7, 120.4, 119.9, 70.8, 48.0,
46.6, 21.6, 21.0, 20.4; m/z (C.I) 257 (100 %, M + H"); (Found: M, 256.1575.
Ci6H20N20 requires 256.1575).
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(R)-1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid isopropyl-(1-
phenylethyl)amide 208
o )

N
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N
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(R)-1H-pyrrole-3-carboxylic acid isopropyl-(1-phenylethyl)amide 207 (0.80 g, 3.13
mmol, 1.0 equiv.) was treated according to Method E. Purification by column
chromatography (SiO;; 5:1 Petrol/EtOAc) afforded the fitle compound (0.82 g, 69 %) as
a colourless oil: [a]p™ = +102.4 (¢ = 0.26 in CHCL); R«(5:1 Petrol:EtOAc) 0.50;
Vmax(CHCl3)/em™ 2970 (CH), 1708, 1626 (C=0); 84(300 MHz, CDCl) 7.79 (1H, s, H-
2), 7.46 (1H, dd, J 3.5 and 1.5, H-5), 7.30-7.40 (5H, m, ArH), 6.46 (1H, dd, J 3.5 and
1.5, H-4), 5.35 (1H, brs, CHCH3), 3.5 (1H, brs, CH(CHs;),), 1.80 (6H, q, J 7.5, 3 %
CH,CHs), 1.78 3H, d, J 7.0, CHz), 1.49 (3H, d, J 7.0, CH5), 1.23 (3H, d, J 7.0, CHy),
0.89 (9H, t, J 7.5, 3 x CH,CH3); 8¢(75 MHz, CDCl3) 175.3, 171.4, 166.5, 128.6, 127.5,
127.4, 124.5, 121.0, 120.6, 111.6, 60.6, 52.8, 48.9, 27.1, 21.5, 8.6; m/z (C.1.) 383 (100
%, M + H"); (Found: M, 382.2621. Ca4H34N,0; requires 382.2620).

(®)-1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid isopropyl-(1-phenylethyl)

amide (£)-208
o M
N
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h
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(x)-1H-pyrrole-3-carboxylic acid isopropyl-(1-phenylethyl)amide 207 (0.74 g, 2.87
mmol, 1.0 equiv.) was treated according to Method E. Purification by column
chromatography (SiO,; 10:1 Petrol/EtOAc) afforded the title compound (0.82 g, 75 %)
as a colourless oil: R{(5:1 Petrol:EtOAc) 0.60; Vmax (CHClL)em™ 2970 (CH), 1707,
1626 (C=0); (300 MHz, CDCls) 7.79 (1H, s, H-2), 7.42 (1H, dd, J 3.5 and 1.5, H-5),
7.30-7.38 (5H, m, ArH), 6.42 (1H, dd, J 3.5 and 1.5, H-4), 5.30 (1H, brs, CH(CH3)Ph),
3.53 (1H, brs, CH(CH3),), 1.82 (6H, q, J 7.5, 3 x CH,CHs), 1.73 (3H, d, J 7.0,
CH(CH3)Ph), 1.47 3H, d, J 7.0, CHs), 1.21 (3H, d, J 7.0, CH3), 0.80 (9H, t, J 7.5, 3 x
CH,CHs); 8¢ (75 MHz, CDCl3) 175.3, 171.4, 166.5, 141.1, 128.6, 127.5, 127.4, 124.2,
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121.0, 120.5, 111.5, 52.8, 48.9, 27.0, 21.5, 8.6; m/z (C.1.) 383 (100 %, M + H"); (Found:
M, 382.2623. Ca4H34N2O; requires 382.2620).

(R)-2,2-Diethyl-N-[2-(1-isopropy-5-methyl-2-oxo0-5-phenyl-2,5-dihydo-1 H-pyrrol-3-
yl)-vinyl]butyramide 209
O
7\ N/k
NH ke

DEB Ph
(R)-1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic  acid  isopropyl-(1-phenylethyl)
amide 208 (0.15 g, 0.39 mmol, 1.0 equiv.) was treated according to Method D and
quenched with saturated aqueous ammonium chloride. Purification by column
chromatography (SiOy; 5:1 Petrol/EtOAc) afforded the title compound (0.13 g, 87 %) as
a colourless oil: [(1]1322 = —229.6 (¢ = 0.57 in CHCl3); R«(3:1 Petrol:EtOAc) 0.70;
Via(CHCl)/em™ 3334 (NH), 2969 (CH), 1683, 1641 (C=0); 8u(300 MHz, CDCly)
12.25 (1H, d, J 10.0, N&), 7.24-7.39 (SH, m, ArH), 7.02 (1H, t, J 10.0, CHNH), 6.54
(1H, s, CHC(CH3)Ph), 5.15 (1H, d, J 10.0, CHCHNH), 3.32 (1H, qq, J 6.5,
CHC(CHzs),), 1.80 (3H, s, CH(CH3)Ph), 1.72 (6H, q, J 7.5, 3 x CH,CH3), 1.40 (3H, d, J
6.5, C(CHs)2), 1.23 (3H, d, J 6.5, C(CHs3),), 0.83 (9H, t, J 7.5, 3 x CH,CHy); 8¢(75
MHz, CDCl3) 176.1, 170.3, 147.1, 138.0, 134.5, 128.8, 128.4, 126.7, 126.1, 98.5, 68.5,
50.2, 46.0, 26.0, 21.3, 8.6; m/z (C.1.) 383 (100 %, M + H'); (Found: M', 382.2618.
C24H34N20; requires 382.2620).

(¥)-2,2-Diethyl-N-[2-(1-isopropy-5-methyl-2-oxo0-5-phenyl-2,5-dihydo-1H-pyrrol-3-
yl)-vinyl]butyramide (%)-209
o}
7\ N/k
.NH P

DEB h

(%)-1-(2,2-Diethylbutyryl) 1 H-pyrrole-3-carboxylic acid isopropyl-(1-phenylethyl)amide
208 (0.15 g, 0.39 mmol, 1.0 equiv.) was treated according to Method D with saturated
aqueous ammonium chloride quench. Purification by column chromatography (SiO,;
5:1 Petrol/EtOAc) afforded the title compound (0.11 g, 73 %) as a colourless oil: R(3:1
Petrol:EtOAc) 0.70; vmax(CHCL)em™ 3191 (NH), 2969 (CH), 1684, 1642 (C=0);
Ou(300 MHz, CDCl3) 12.22 (1H, d, J 10.0, NH), 7.26-7.36 (5H, m, ArH), 7.01 (14, t, J
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10.0, CHNH), 6.51 (1H, s, CHC(CH3)Ph), 5.12 (1H, d, J 10.0, CHCHNH), 3.30 (1H,
qq, J 6.5, CHC(CHs)y), 1.78 (3H, s, C(CH3)Ph), 1.69 (6H, q, J 7.5, 3 x CH,CHj), 1.38
(H, d, J 6.5, CH(CHs)), 1.20 3H, d, J 6.5, CH(CHa)y), 0.81 (9H, t, J 7.5, 3 x
CH,CHs); 8c(75 MHz, CDCls) 176.1, 1703, 147.1, 138.0, 134.5, 128.8, 128.4, 126.8,
126.1, 98.5, 68.5, 50.2, 46.0, 26.0, 21.4, 8.6; m/z (C.1.) 383 (100 %, M + H"); (Found:
M, 382.2619. Cp4H34N,0, requires 382.2620).

(S)-Benzyl-[1-(4-methoxyphenyl)-ethylJamine 211"

HN

J

Ph OMe
A mixture of (S)-(-)-1-(4-methoxyphenyl) ethylamine (0.50 g, 3.31 mmol, 1.0 equiv.)
and benzaldehyde (0.34 mL, 3.31 mmol, 1.0 equiv.) in methanol (10 mL) was stirred
over 4 A sieves for 4 h. The sieves were removed by filtration and washed with
methanol (5 mL). Sodium borohydride (0.13 g, 3.31 mmol, 1.0 equiv.) was added
portion wise and the mixture stirred at room temperature, under a nitrogen atmosphere,
for 16 h. The solvent was removed under reduced pressure and the residue dissolved in
CH,Cl; (10 mL). The organic layer was washed with water (10 mL), dried (MgSQO.),
filtered and concentrated under reduced pressure to afford the title compound (0.78 g,
98 %) as a colourless oil: [a]p®® = -64.0 (¢ = 0.171 in CHCLs); R(6:1 Petrol:EtOAc)
0.40; Vmax (CHCls)/em™ 3289 (NH), 2958 (CH); 6n(300 MHz, CDCl3) 7.30-7.41 (7H,
m, ArH), 6.96 (2H, d, J 8.5, ArH), 3.87 (3H, s, OCHs), 3.84 (1H, q, J 6.5, CHCH3), 3.68
(1H, d, J 9.5, CHAHgPh), 3.66 (1H, d, J 9.5, CHaHgPh), 1.95 (1H, brs, NH), 1.42 (3H,
d, J 6.5, CHCHs3), dc(75 MHz, CDCl3) 158.8, 140.9, 137.8, 128.7, 128.6, 128.4, 128.0,
127.9,127.7,127.2, 114.3, 65.2, 57.1, 55.5, 51.8, 24.8; m/z (C.1.) 242 (100 %, M + H");
(Found: M, 241.1462. C;sH9NO requires 241.1466).

(5)-N-Benzyl-N-[1-(4-methoxyphenyl)-ethyl]acrylamide 212

JI\NJ\@\
kF’h OMe

(S)-Benzyl-[1-(4-methoxyphenyl)-ethyl]amine 211 (0.96 g, 3.98 mmol, 2.2 equiv.) was
treated according to Method A to afford the title compound (0.49 g, 94 %) as a white
solid: m.p. 84.6-85.0 °C; [alp® = +207.0 (¢ = 0.15 in CHCl3), R{5:1 Petrol:FtOAc)

132




Experimental

0.70; Vaax(CHCl3Yem™ 2974 (CH), 1647 (C=0); 8u(300 MHz, CDCls) 7.10-7.30 (7H,
m, ArH), 6.85 (2H, d, J 8.5, ArH), 6.44-6.45 (1H, dd, J 6.5 and 1.0, CHCH,), 6.20 (1H,
d, J 6.5, CHCHaHg), 5.52 (1H, d, J 6.5, CHCHaHg), 4.18 (1H, d, J 18.0, CHsHgPh),
4.17 (1H, d, J 18.0, CHpHgPh), 3.80 (4H, s, OCH; and CHCH3), 1.46 (3H, d, J 6.5,
CHCHs); 8¢(75 MHz, CDCls) 167.4, 159.2, 138.8, 133.1, 129.1, 128.8, 127.7, 127.3,
126.2, 114.0, 55.5, 51.4, 46.9, 31.2, 19.4, 17.4; m/z (C.1.) 296 (100 %, M + H"); (Found:
M, 295.1575. C1oHyNO, requires 295.1572).

1H-Pyrrole-3-carboxylic acid benzyl-[1-(4-methoxyphenyl)-ethyl]amide 213

Ph OMe

s

(S)-N-Benzyl-N-[1-(4-methoxyphenyl)-ethyljacrylamide 212 (0.49 g, 1.66 mmol, 1.0
equiv.) was treated according to Method B. The crude product was purified by flash
column chromatography (SiO,; 6:1 Petrol/EtOAc) to afford the title compound (0.39 g,
70 %) as a white solid: m.p. 72.4-72.7 °C; [a]p?> = +78.0 (c = 0.078 in CHCls), R(6:1
Petrol:EtOAc) 0.55; Vimax(CHCl3)/em™ 3237 (NH), 2359 (CH), 1603 (C=0); 81(300 MHz,
CDCl;) 8.75 (1H, brs, NH), 7.20-7.28 (7H, m, ArH), 6.86 (2H, d, J 8.5, ArH), 6.70 (1H,
brs, H-2), 6.48 (1H, brs, H-5), 6.0 (1H, brs, H-4), 4.80 (1H, d, J 15.0, CHsHgPh), 4.05
(1H, brs, CHaHgPh), 3.80 (4H, brs, CH3 and CHCHs), 1.50 (3H, d, J 7.0, CHCHj); 6c(75
MHz, CDCl;) 159.0, 139.8, 133.5, 128.7, 128.5, 127.2, 126.8, 125.9, 121.5, 119.4, 118.3,
114.0, 55.5, 53.7, 47.3, 18.8; m/z (C.1.) 335 (100 %, M + H'); (Found: M", 334.1685.
C21H2oN20; requires 334.1681).

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid benzyl-[1-(4-methoxyphenyl)-

ethyll]amide 214
O
N
0 kk©
I}I Ph OMe
DEB

1H-Pyrrole-3-carboxylic acid benzyl-[1-(4-methoxyphenyl)-ethyllamide 213 (0.38 g,
1.14 mmol, 1.0 equiv.) was treated according to Method E. Purification by column
chromatography (SiOz; 10:1 Petrol/EtOAc) afforded the zitle compound (0.29 g, 54 %)
as a colourless oil: [o]p™ = +73.2 (¢ = 0.31 in CHCl), R{(5:1 Petrol:EtOAc) 0.60;
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Vaax(CHCl)em™ 2969 (CH), 1709, 1615 (C=0); 8u(300 MHz, CDCls) 7.70 (1H, brs,
H-2), 7.40 (1H, brs, H-5), 7.20-7.30 (7H, m, ArH), 6.88 (2H, d, J 8.5, ArH), 6.42 (1H,
brs, H-4), 6.0 (1H, brs, CH \HgPh), 5.82 (1H, brs, CHsHgPh), 4.14 (1H, q, J 7.0,
CHCHs), 3.80 (3H, s, OCHj3), 1.68 (6H, brs, 3 x CH,CH3), 1.46 (3H, d, J 7.0, CHCHj),
0.73 (9H, brs, 3 x CH,CHjs); oc (75 MHz, CDCls) 175.2, 171.4, 167.5, 159.2, 139.4,
133.1, 128.7, 127.1, 126.9, 122.5, 121.6, 120.6, 114.1, 112.2, 60.6, 55.5, 52.7, 26.9,
253, 21.3, 14.5, 8.6; m/z (Cl) 461 (100 %, M + HY); (Found: M', 460.2800.
CayH36N20;3 requires 460.2726).

2,2-Diethyl-N-(2-{1-[1-(4-methoxyphenyl)-ethyl]-2-oxo0-5-phenyl-2,5-dihydro-1H-
pyrrol-3-yl}-vinyl)butyramide 215

O
ar,

NH i

’ Ph
DEB OMe

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid benzyl-[1-(4-methoxyphenyl)-
ethyl]amide 214 (0.19 g, 0.41 mmol, 1.0 equiv.) was treated according to Method D
and Method G with saturated aqueous ammonium chloride quench. Purification by
flash column chromatography (SiO2; 20:1 Petrol/EtOAc) afforded the title compound
(0.084 g, 56 %) as a yellow oil: [a]p” = —34.7 (¢ = 0.27 in CHCl3), Ry (5:1
Petrol:EtOAc) 0.75; Vaux(CHCls)/em™ 3200 (NH), 2966 (CH), 1682, 1642 (C=0);
du(300 MHz, CDCl3) 12.05 (1H, d, J 10.0, NH), 7.27 (3H, m, ArH), 6.96-7.08 (6H, m,
ArH), 6.83 (1H, d, J 9.0, CANH), 6.44 (1H, d, J 3.0, CHCHPh), 5.54 (1H, q, J 7.0,
CHCH;), 5.12 (1H, d, J 10.0, CHCHNH), 4.67 (1H, d, J 3.0, CHCHPh), 3.82 (3L, s,
OCHs3), 1.68 (6H, q, J 7.5, 3 x CH>,CH3), 1.11 (3H, d, J 7.0, CHCHs), 0.80 (9H, t, J 7.5,
3 x CH2CH3); 8¢(75 MHz, CDCly) 176.1, 171.6, 159.3, 141.9, 136.1, 134.4, 133.4,
132.5, 129.1, 128.9, 128.8, 128.7, 128.5, 128.1, 127.8, 126.3, 126.1, 114.0, 98.2, 64.3,
55.5, 52.1, 50.9, 50.3, 28.2, 26.1, 18.0, 8.6; m/z (C.L) 461 (100 %, M + H"); (Found:
M, 460.2796. C29H3¢NOj3 requires 460.2726).
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N-[1-(4-methoxyphenyl)-ethyl]acrylamide 219
O
\)J\ N
H
OMe

(8)-(-)-1-(4-Methoxyphenyl) ethylamine (10.0 g, 66.2 mmol, 2.2 equiv.) was treated
according to Method A to afford the title compound (6.06 g, 98 %) as needles: m.p.
107.5 °C; [alp™ = —159.7 (¢ = 0.12 in CHCL); R«5:1 Petrol:EtOAc) 0.35;
Vma(CHClYem™ 3270 (NH), 2971 (CH), 1657 (C=0); 81(300 MHz, CDCl3) 7.23 (2H,
d, J 8.5, ArH), 6.83 (2H, d, J 8.5, AtH), 6.24 (1H, dd, J 17.5 and 1.5, CH;,HsCH), 6.10
(ZH, m, J 10.0, NH and CH,CH), 5.60 (1H, dd, J 10.0 and 1.5 CHaAHgCH), 5.15 (1H, q,
J 7.0, CHCH3), 3.78 (3H, s, OCHs), 1.50 (3H, d, J 7.0, CHCHz); 8c(75 MHz, CDCl3)
164.5, 158.7, 135.2, 130.9, 127.4, 126.4, 113.9, 109.9, 55.3, 48.2, 21.5; m/z (C.1.) 206
(100 %, M + H"); Found: M, 205.1104. C{2H,;5sNO; requires 205.1103.

N-Allyl-N-[1-(4-methoxyphenyl)-ethyl]acrylamide 220

oAy

‘WI OMe

N-[1-(4-Methoxyphenyl)-ethyl]acrylamide 219 (0.25 g, 1.22 mmol, 1.0 equiv.) was
treated according to Method H. Purification by flash column chromatography (SiOa;
15:1 Petrol/EtOAc) afforded the title compound (0.142 g, 48 %) as a clear oil: [a]p”* =~
86.0 (¢ = 0.02 in CHCl3); R«(5:1 Petrol:EtOAc) 0.35; Vmax(CHCl)/em™ 2971 (CH),
1676 (C=0); 6x(300 MHz, DMSO, 100 °C) 7.22 (2H, d, J 8.5, ArH), 6.90 (2H, d, J 8.5,
ArH), 6.65 (1H, dd, J 16.5 and 10.5, CHCH;), 6.18 (1H, dd, J 16.5 and 2.5,
CHCHaHg), 5.60-5.70 (3H, m, CHCH; and CH,CHCH), 5.0 (2H, m, CHCHa/p and
CH,CHCHy), 3.75 (3H, s, OCH3), 3.60-4.0 (2H, m, CH>CHCH,), 1.48 (3H, d, J 7.0,
CHCHs5); d¢(75 MHz, CDCl;) 158.5, 136.1, 133.0, 129.4, 128.6, 128.2, 115.9, 113.7,
55.1, 50.3, 44.8, 38.7, 16.9; m/z (C.1.) 246 (100 %, M + H"); (Found: M", 245.1420.
C15H1oNO; requires 245.1416).
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1-|1-(4-Methoxyphenyl)ethyl]-1,5-dihydropyrrol-2-one 221

O
&/N){@
OMe

Grubbs catalyst'*® (0.05 g, 0.061 mmol, 0.1 equiv.) was added portion wise to a solution
of N-Allyl-N-[1-(4-methoxyphenyl)-ethyl]acrylamide 220 (0.15 g, 0.61 mmol, 1.0
equiv.) in CHCl; (20mL) at room temperature under a nitrogen atmosphere. The
solution was heated under reflux for 12 h and concentrated under reduced pressure.
Purification by flash column chromatography (SiO,; 1:1 Petrol/EtOAc) afforded the
title compound (0.11 g, 85 %) as a yellow oil: [a]p™ = -122.0 (c = 0.15 in CHCl3); R¢
(5:1 Petrok:EtOAc) 0.20; Vimax(CHCl3)em™ 2934 (CH), 1687 (C=0); 83(300 MHz,
CDCls) 7.25 (2H, d, J 8.5, ArH), 7.02 (1H, dd, J 6.0 and 1.5, CH,CHCH), 6.85 (2H, d, J
8.5, ArH), 6.18 (1H, dd, J 6.0 and 1.5, CH,CHCH), 5.55 (1H, q, J 7.0, CHCH3), 3.80
(3H, s, OCH3), 3.58-4.0 (2H, dd, J 18.5 and 1.5, NCH,), 1.60 (3H, d, J 7.5, CHCH;);
dc(75 MHz, CDCl3) 171.2, 159.1, 143.0, 133.3, 128.4, 128.2, 114.2, 55.5, 48.8, 48.6,
18.4; m/z (C.L) 218 (100 %, M + H"); (Found: M", 217.1102. Cy3H,;sNO, requires
217.1103).

1-[1-(4-Methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 222

(@]
\{LJ“J\Q
OMe

1-[1-(4-Methoxyphenyl)ethyl]-1,5-dihydropyrrol-2-one 221 (0.15 g, 0.7 mmol, 1.0
equiv.) and iodomethane (0.10 mL, 1.4 mmol, 2.0 equiv.) were treated according to
Method 1. Purification by flash column chromatography (8iO,; 15:1 Petrol/EtOAc)
afforded the title compound (0.09 g, 60 %) as a yellow oil: [a]p™> = —124.2 (c = 0.15 in
CHCl3); Ri(1:1 Petrol:EtOAc) 0.60; Vimax(CHCl3)/em™ 2972 (CH), 1658 (C=0); 6u(300
MHz, CDCls) 7.25 (2H, d, J 8.5, ArH), 6.90 (2H, d, J 8.5, ArH), 6.62 (1H, d, J 1.0,
NCH,CH), 5.55 (1H, q, J 7.0, CHCHj3), 3.82 (3H, s, OCH3), 3.75 (1H, dd, 18.5 and 1.5,
NCH\HgCH), 3.45 (1H, dd, J 18.5 and 1.5, NCHAHsCH), 1.95 (3H, s, CH3), 1.60 (3H,
d, J 7.0, CHCHs); 8c(75 MHz, CDCls) 171.8, 159.1, 135.8, 135.4, 133.6, 129.2, 128.4,
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114.1, 55.5, 49.1, 46.6, 18.1, 11.6; m/z (C.1) 232 (100 %, M + H); (Found: M",
231.1266. C14H7NO, requires 231.1259).

1-[1-(4-Methoxyphenyl)ethyl]-3,3-dimethyl-1,3-dihydropyrrol-2-one 223
O
O

n-Butyllithium (1.04 mL of a 2.0 M solution in hexane, 2.1 mmol, 3.0 equiv.) was

OMe

added dropwise to a solution of diisopropylamine (0.29 mL, 2.1 mmol, 3.0 equiv.) in
THF (2.5 mL) at 0 °C, under a nitrogen atmosphere. The LDA solution was stirred at 0
°C for 20 min and a solution of 1-[1-(4-methoxyphenyl)ethyl]-1,5-dihydropyrrol-2-one
221 (0.15 g, 0.69 mmol, 1.0 equiv.) in THF (2.5 mL) added dropwise. The solution was
stirred at 0 °C for 3 h and quenched by the addition of iodomethane (0.26 mL, 4.14
mmol, 6.0 equiv.). The mixture was warmed to room temperature for 30 min and water
(5 mL) added. The mixture was extracted with EtOAc (4 x 5 ml) and the combined
organic layers washed with water (10 mL), dried (MgSO4) and concentrated under
reduced pressure. Purification by flash column chromatography (SiO;; 5:1
Petrol/EtOAc) afforded the title compound (0.11 g, 66 %) as a yellow oil: [o]p> =
~126.4 (¢ = 0.15 in CHCL3); R(5:1 Petrol:EtOAc) 0.25; Vmax(CHCl3)/em™ 2967 (CH),
1695 (C=0); 6u(300 MHz, CDCl;) 7.18 (2H, d, J 8.5, ArH), 6.85 (2H, d, J 8.5, ArH),
6.26 (1H, d, J 5.5, NCHCH), 5.35 (1H, q, J 7.0, CHCH3), 5.30 (1H, d, J 5.5, NCHCH),
3.80 (3H, s, OCH3), 1.55 (3H, d, J 7.0, CHCHs), 1.20 (3H, s, CH3), 1.17 (3H, s, CH3);
oc(75 MHz, CDCls) 182.3, 159.1, 133.3, 129.0, 128.7, 127.9, 126.8, 117.9, 114.2, 55.5,
48.7, 46.9, 26.1, 23.4, 18.9; m/z (C.I) 246 (100 %, M + H"); (Found: M’, 245.1412.
Cy5HoNO;, requires 245.1416).

1-[1-(4-Methoxyphenyl)ethyl]-3-methyl-S-deutero-1,5-dihydropyrrol-2-one 224

(@]
\@{@
D
OMe

1-[1-(4-Methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 222 (0.15 g, 0.65
mmol, 1.0 equiv.) and deuterium oxide (0.5 mL) were treated according according to

Method I. Purification by flash column chromatography (SiO,; 10:1 Petrol/EtOAc)
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afforded the title compound (0.11 g, 85 %) as a colourless oil: [alp™ = —-95.1 (¢ = 0.12
in CHCl3); R«(3:1 Petrol:EtOAc) 0.65; Vmax(CHCL)/em™ 2973 (CH), 1668 (C=0);
84(300 MHz, CDCl;) 7.25 (2H, d, J 8.5, ArH), 6.90 (2H, d, J 8.5, ArH), 6.65 (11, d, J
2.0, NCDCH), 5.55 (1H, q, J 7.0, CHCH3), 3.80 (3H, s, OCHs), 3.65 (1H, d, J 8.5,
NCDCH), 1.95 (3H, s, CHs), 1.60 (3H, d, J 7.0, CHCHj3); 8c(75 MHz, CDCl3) 171.9,
159.2, 136.1, 135.5, 135.4, 133.7, 128.5, 114.2, 55.6, 49.2, 18.2, 11.7; m/z (C.1.) 233
(100 %, M + H"); (Found: M", 232.1314. C14H;sNO,D requires 232.1317).

3-Ethyl-1-[1-(4-methoxyphenyl)ethyl]-3-methyl-1,3-dihydropyrrol-2-one 225

Sy

1-[1-(4-Methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 222 (0.10 g, 0.43
mmol, 1.0 equiv.) and iodoethane (0.05 mL, 0.52 mmol, 1.2 equiv.) were treated
according according to Method I. Purification by flash column chromatography (SiO;
50:1 Petrol/EtOAc) afforded the title compound (0.065 g, 58 %) as a yellow oil in a 2:1
ratio of diastereoisomers: R{5:1 Petrol:EtOAc) 0.35; Vuax (CHCl)em™ 2935 (CH),
1660 (C=0); 6u(300 MHz, CDCl;) 7.25 (2H, d, J 8.5, ArH), 6.92 (2H, d, J 8.5, ArH),
6.35 (1H, d, J 5.0, NCHCH), 5.45 (1H, q, J 7.0, CHCHs), 5.28 (1H, d, J 5.0, NCHCH),
3.85 (3H, s, OCH3), 1.75 (2H, q, J 7.5, CH,CH3), 1.62 (3H, 4, J 7.0, CHCHj), 1.25 (3H,
s, CH3), 0.82 (3H, t, J 7.5, CH,CH3), 0.75 (3H, t, J 7.5, CH2CHj3); 8¢(75 MHz, CDCls)
181.9, 159.3, 133.4, 129.2, 128.9, 128.3, 128.2, 127.8, 115.8, 114.6, 114.3, 114.2, 55.6,
51.7,48.9, 48.8, 31.6, 30.4, 22.6, 22.4, 19.2, 19.1, 9.5, 9.3; m/z (C.1.) 260 (100 %, M +
H"); (Found: M, 259.1563. CsH2iNO, requires 259.1567).

3-Benzyl-1-|1-(4-methoxyphenyl)ethyl]-3-methyl-1,3-dihydropyrrol-2-one 226

O
07y
OMe

1-[1-(4-Methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 222 (0.10 g, 0.43
mmol, 1.0 equiv.) and benzyl bromide (0.06 mL, 0.52 mmol, 1.2 equiv.) were treated
according according to Method 1. Purification by flash column chromatography (SiOs;
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25:1 Petrol/EtOAc) afforded the title compound (0.098 g, 71 %) as a yellow oil in a 3:1
ratio of diastereoisomers: Ri(1:1 Petrol:EtOAc) 0.85; Vmax (CHCL)/em™ 2968 (CH),
1688 (C=0); du(300 MHz, CDCl3) 7.10-7.30 (7H, m, ArH), 6.82 (2H, d, J 8.5, ArH),
6.65 (1H, d, J 5.0, NCHCHugjor), 6.55 (1H, d, J 5.0, NCHCHnpiner), 6.05 (1H, d, J 5.0,
NCHCHmzjor) 6.0 (1H, d, J 5.0, NCHCHuinor), 5.25 (1H, q, J 7.0, CHCHj3), 3.80 (3H, s,
OCHj3), 3.02 (1H, dd, J 13.0 and 3.5, CHsHgPh), 2.78 (1H, d, J 13.0 and 4.0,
CHaHgPh), 1.25 (3H, s, CH3), 1.15 (3H, d, J 7.0, CHCH;); 8¢(75 MHz, CDCl3) 181.0,
159.2, 137.4, 133.2, 130.5, 130.4, 128.2, 128.1, 128.0, 127.8, 127.6, 126.8, 115.3,
114.3, 114.1, 55.6, 52.6, 52.5, 48.6, 48.5, 43.9, 43.6, 23.2, 22.3, 19.2, 18.5; m/z (C.1.)
322 (100 %, M + H"); (Found: M, 321.1722. C2iHxNO, requires 321.1723).

3-Allyl-1-[1-(4-methoxyphenyl)ethyl]-3-methyl-1,3-dihydropyrrol-2-one 227

(0]
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1-[1-(4-Methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 222 (0.15 g, 0.65
mmol, 1.0 equiv.) and allyl bromide (0.08 mL, 0.97 mmol, 1.5 equiv.) were treated
according to Method I. Purification by flash column chromatography (SiO»; 30:1
Petrol/EtOAc) afforded the title compound (0.065 g, 58 %) as a colourless oil in a 2.5:1
ratio: Ry(5:1 Petrol:EtOAc) 0.65; vmu(CHCl)em™ 2968 (CH), 1698 (C=0); 8x(300
MHz, CDCl3) 7.22 (2H, d, J 7.0, ArH), 6.90 (2H, d, J 7.0, AtH), 6.30 (1H, d, J 4.97,
NCHCH), 5.65-5.66 (1H, m, CH,CHCHy), 5.40 (1H, q, J 7.02, CHCH3), 5.28 (1H, d, J
5.0, NCHCH), 5.03-5.05 (2H, m, CH,CHCH>), 3.80 (3H, s, OCHs), 2.35-2.36 (2H, m,
CH,CHCHy), 1.58 (3H, d, J 7.0, CHCHz), 1.20 (3H, s, CH3); 8c(75 MHz, CDCL)
181.2, 159.2, 133.7, 133.1, 128.5, 1284, 127.7, 121.7, 115.4, 55.5, 50.8, 48.7, 41.7,
21.8, 19.1, 18.9; m/z (C.1.) 272 (100 %, M + H"; (Found: M", 271.1560. C,7H,;NO;
requires 271.1572).
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5-Hydroxy-1-[1-(4-methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 228
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1-[1-(4-Methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 222 (0.10 g, 0.43
mmol, 1.0 equiv.) was treated according to Method 1 with saturated aqueous
ammonium chloride quench. Purification by flash column chromatography (SiO;; 25:1
Petrol/EtOAc) afforded the title compound (0.08 g, 76 %) as a yellow oil in a 1:1 ratio
of diastereoisomers: Ry(1:1 Petrol:EtOAc) 0.65; vmax (CHCL)Yem™ 3376 (OH), 2935
(CH), 1678 (C=0); du(300 MHz, CDCls) 7.40 (2H, d, J 8.5, ArH,), 7.32 (2H, d, J 8.5,
ArHg), 6.90 (2H, d, J 8.5, ArH,), 6.85 (2H, d, J 8.5, ArHp), 6.48 (1H, t, J 2.0,
CHC(H)OH,), 6.40 (1H, t, J 2.0, CHC(H)OHg), 5.48 (1H, d, J 9.0, CHC(H)OH,), 5.40
(1H, q, J 7.0, CHCHzsa), 5.22 (1H, q, J 7.0, CHCHs3g), 5.04 (1H, d, J 9.0, CHC(H)OHg),
3.78 (6H, s, 2 x OCH3a1n), 1.88 (6H, s, 2 x CH3a4s), 1.74 (3H, d, J 7.0, CHCH3,), 1.68
(3H, d, J 7.0, CHCH3g); dc(75 MHz, CDCl3) 170.6, 170.5, 159.3, 159.2, 138.5, 138.2,
137.7,137.2, 134.7, 133.2, 129.2, 128.8, 114.5, 114.2, 81.6, 81.2, 55.7, 50.4, 50.3, 19.3,
18.4, 11.3, 11.2, 0.4; m/z (C.1) 248 (100 %, M + H'); (Found: M', 247.1201,
C14H7NO;3 requires 247.1203).

5-Allyl-1-[1-(4-methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 229
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3-Allyl-1-{1-(4-methoxyphenyl)ethyl]-3-methyl-1,3-dihydropyrrol-2-one 227 (0.11 g,
0.41 mmol, 1.0 equiv.) in xylene (7 mL) was heated under reflux for 48 h and the
mixture concenfrated under reduced pressure. Purification by flash column
chromatography (SiO; 25:1 Petrol/EtOAc) afforded the title compound (0.06 g, 60 %)
as a colourless oil in a 2:1 mixture of diastereoisomers: [o]p?? = —113.7 (¢ = 0.15 in
CHCl3); Ri(10:1 Petrol:EtOAc) 0.35; Vmax(CHCLYem™ 2924 (CH), 1680 (C=0); 81(300
MHz, CDCls) 7.30 (2H, d, J 8.5, ArH), 6.90 (211, d, J 8.5, AtH), 6.55 (1H, t, J 2.0,
CHCHCHy), 5.53-5.55 (1H, m, CH,CHCHy,), 5.45-5.46 (2H, m, CH,CHCH,), 5.06-5.08
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(2H, m, CH,CHCHy), 5.02 (1H, d, J 2.0, CHCHCH,), 3.80 (31, s, OCHj), 1.94 (3H, s,
CH3), 1.70 (3H, d, J 7.0, CHCH); 8c(75 MHz, CDCls) 172.6, 159.0, 140.4, 134.9,
132.9, 132.8, 128.6, 118.6, 118.5, 113.9, 59.6, 55.5, 50.7, 36.8, 18.8, 11.5; m/z (C.I)
272 (100 %, M + H"); (Found: M", 271.1567. C17Hz;NO; requires 271.1572).

5-Allyl-5-deutero-1-[1-(4-methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrolo-2-
one 230
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5-Allyl-1-[1-(4-methoxyphenyl)ethyl]-3-methyl-1,5-dihydropyrrol-2-one 229 (0.13 g,
0.48 mmol, 1.0 equiv.) in THF (5 mL) was added dropwise to a suspension of sodium
hydride (0.04 g, 0.72 mmol, 1.5 equiv.) in THF (5 mL) at 0 “C under a nitrogen
atmosphere. The suspension was stirred at 0 °C for 3 h and CDsOD (1 mL) added
dropwise. The mixture was allowed to warm to room temperature and extracted EtOAc
(4 x 5 mL). The combined organics were washed with water, dried (MgSQO4) and
concentrated under reduced pressure. Purification by flash column chromatography
(SiOy; 1:1 Petrol/EtOAc) afforded the fitle compound (0.13 g, 99 %) as a colourless oil
in a 2.5:1 ratio of diastereoisomers: Ry(1:1 Petrol:EtOAc) 0.65; Vmax(CHCl)/cm™ 2926
(CH), 1684 (C=0); du(300 MHz, CDCl3) 7.25 (2H, d, J 8.5, ArH), 7.05 (1H, d, J 1.5,
CH), 6.90 (2H, d, J 8.5, ArH), 5.57-5.59 (1H, m, CH,CHCH>), 5.39-5.41 (2H, m,
CH,CHCH,), 5.09-5.10 (2H, m, CH,CHCH,), 4.82 (1H, q, J 7.0, CHCH3), 3.80 (3H, s,
OCH3), 1.94 (3H, s, CH3), 1.70 (3H, d, J 7.0, CHCHs5); 6c(75 MHz, CDCl3) 169.4,
161.2, 134.8, 132.0, 128.5, 128.1, 115.9, 113.4, 113.1, 105.2, 59.8, 48.5, 39.7, 36.4,
21.3, 19.7; m/z (C.1.) 273 (100 %, M-H"); (Found: M", 272.1638. C;7HNO,D requires
272.1635).
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N,N-Diethyl-2-formylbenzamide 231'*!
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N,N-Diethyl benzamide (2.0 g, 11.3 mmol, 1.0 equiv.) in THF (25 mL) was added
dropwise to a solution of sec-butyllithium (12.3 mL of a 1.1 M solution in hexane, 13.6
mmol, 1.2 equiv.) and TMEDA (2.05 mL, 13.6 mmol, 1.2 equiv.) in THF (25 mL) at —
78 °C. The solution was stirred at —78 °C for 1 h and DMF (1.74 mL, 22.6 mmol, 2.0
equiv.) added dropwise. The solution was allowed to warm to room temperature over 12
h. Water was added and the mixture extracted with EtOAc (4 x 25 mL). Combined
organic layers were washed with water (30 mL), dried (MgSO4) and concentrated under
reduced pressure. Purification by flash column chromatography (SiO,; 5:1
Petrol/EtOAc) afforded the title compound (1.41 g, 62 %) as a clear oil: Rf1:1
Petrol:EtOAc) 0.65; vma(CHCL)em™ 2947 (CH), 1664, 1626 (C=0); 84(300 MHz,
CDClL) 10.07 (1H, s, CHO), 7.98 (1H, dd, J 9.5 and 1.0, H-3), 7.65 (1H, dd, J 7.5 and
1.0, H-6), 7.55 (1H, dd, J 9.5 and 1.0, H-4), 7.38 (1H, dd, J 7.5 and 1.0, H-5), 3.62 (2H,
q,J 7.0, CH,CH3), 3.15 (2H, q, J 7.0, CH>,CH3), 1.30 (3H, t, J 7.0, CH,CHs), 1.05 (3H,
t, J 7.0, CH,CHs); 8¢(75 MHz, CDCls) 193.9, 138.6, 137.5, 133.2, 131.1, 130.5, 128.5,
126.9, 43.5, 39.1, 31.2, 13.9, 12.4; m/z (CI.) 206 (100 %, M + H); (Found: M,
205.1107. C12H5NO, requires 205.1103).

N,N-Diethyl-2-{[1-(4-methoxyphenyl)ethylimino]methyl}benzamide 232

.
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A mixture of N,N-diethyl-2-formylbenzamide 231 (0.50 g, 2.4 mmol, 1.0 equiv.) and
(S)-1-(4-methoxyphenyl)ethylamine (0.36 g, 2.4 mmol, 1.0 equiv.) in methanol (15 mL)
was stirred at room temperature, under a nitrogen atmosphere, over 4 A sieves for 12 h.
The sieves were removed by filtration and washed with EtOAc (10 mL). Combined
organics were dried (MgSO,) and concentrated under reduced pressure to afford the title

compound (0.83 g, 100 %) as a clear oil: [a]p™ = +236.0 (¢ = 0.12 in CHCL); Rg(1:1

142
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Petrol:EtOAc) 0.55; Vmax(CHCL)em™ 2971 (CH), 1667 (C=0), 1632 (C=N); 84(300
MHz, CDCl;) 8.40 (1H, s, HC=N), 8.05-8.06 (1H, m, AtH), 7.26-7.42 (5H, m, ArH),
6.88 (2H, d, J 6.5, ArH), 4.49 (1H, q, J 6.5, CHCH), 3.82 (3H, s, OCH3), 3.60 2H, q, J
7.0, CH,CHj3), 3.08 (2H, q, J 7.0, CH,CH3), 1.56 (3H, d, J 6.5, CHCHs), 1.26 (3H, t, J
7.0, CH,CH3), 0.98 (3H, t, J 7.0, CH,CH3); 8c(75 MHz, CDCl3) 170.0, 158.7, 156.8,
138.1, 137.2, 132.8, 130.5, 129.0, 127.9, 126.9, 126.3, 114.0, 69.4, 55.5, 43.3, 39.3,
24.8, 14.1, 13.2; m/z (C.L.) 339 (100 %, M + H"); (Found: M", 338.1994. CyHz6N>O>
requires 338.1994).

2-[1-(4-Methoxyphenyl)ethyl]-3-phenyl-2,3-dihydroisoindol-1-one syn-233
O
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Phenyllithium (0.82 mL of a 2.0 M solution in dibutyl ether, 1.62 mmol, 1.2 equiv.) was
added dropwise to a solution of N, N-diethyl-2-{[1-(4-methoxyphenyl)ethylimino]
methyl}benzamide 232 (0.46 g, 1.35 mmol, 1.0 equiv.) in THF (15 mL) at —78 °C under
a nitrogen atmosphere. The solution was stirred at —78 °C for 3 h, quenched by the
addition of saturated aqueous ammonium chloride solution (5 mL) and allowed to warm
to room temperature over 12 h. Water (5 mL) was added and the mixture extracted with
EtOAc (4 x 10 mL). Combined organics were washed with water (10 mL), dried
(MgSO4) and concentrated under reduced pressure. Purification by flash column
chromatography (SiO»; 50:1 Petrol/EtOAc) afforded the title compound (0.080 g, 30 %)
as a yellow oil: [a]p? = —-193.3 (¢ = 0.10 in CHCL); R{10:1 Petrol:EtOAc) 0.65;
Vimax(CHCL)/em™ 2924 (CH), 1687 (C=0); 8u(300 MHz, CDCls) 7.88 (1H, dd, J 5.5
and 2.5, ArH), 7.40-7.45 (2H, m, ArH), 7.18-7.22 (5H, m, ArH), 7.04 (1H, d, J 6.0,
ArH), 6.98 (2H, d, J 6.0, ArH), 6.68 (2H, d, J 8.5, ArH), 5.45 (1H, s, CHPh), 5.05 (1H,
q,J 7.5, CHCHa), 3.72 (3H, s, OCH3), 1.85 (3H, d, J 7.5, CHCHj3); 8c(75 MHz, CDCls)
169.5, 158.9, 146.9, 138.0, 134.3, 132.5, 132.1, 129.1, 128.9, 128.6, 128.1, 123.8,
123.3, 113.9, 65.1, 55.6, 52.7, 30.1, 19.0, 0.4; m/z (C.1.) 344 (100 %, M + H"); (Found:
MY, 343.1567. Cy3HyNO, requires 343.1572).
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2-[1-(4-Methoxyphenyl)ethyl]-3-phenyl-2,3-dihydroisoindol-1-one anfi-233

0
qw
Bh
OMe

Phenyllithiom (0.82 mL of a 2.0 M solution in dibutyl ether, 1.62 mmol, 1.2 equiv.) was
added dropwise to a solution of N, N-diethyl-2-{[1-(4-methoxyphenyl)ethylimino]
methyl}benzamide 232 (0.46 g, 1.35 mmol, 1.0 equiv.) in THF (15 mL) at —78 °C under
a nitrogen atmosphere. The solution was stirred at —78 °C for 3 h, quenched by the
addition of saturated aqueous ammonium chloride solution (5 mL) and allowed to warm
to room temperature over 12 h. Water (5 mL) was added and the mixture extracted with
EtOAc (4 x 10 mL). Combined organics were washed with water (10 mL), dried
(MgSOy4) and concentrated under reduced pressure. Purification by flash column
chromatography (SiO,; 50:1 Petrol/EtOAc) afforded the title compound (0.070 g, 20 %)
as a yellow oil: [o]p” = +171.9 (¢ = 0.08 in CHCl3); R((10:1 Petrol:EtOAc) 0.65;
Viax(CHCl)/em™ 2932 (CH), 1686 (C=0); 8x(300 MHz, CDCls) 7.90 (1H, dd, J 6.5
and 1.5, ArH), 7.38-7.44 (3H, m, ArH), 7.28-7.30 (2H, m, ArH), 7.12 (2H, d, J 8.5,
ArH), 7.0 (2H, dd, J 7.5 and 1.5, ArH), 6.95 (1H, d, J 7.5, ArH), 6.85 (2H, d, J 8.5,
ArH), 5.75 (1H, q, J 7.5, CHCHj3), 5.05 (1H, s, CHPh), 3.85 (3H, s, OCH,), 1.20 (3H, d,
J 7.5, CHCH3); 6c(75 MHz, CDCls) 168.2, 158.2, 146.4, 138.1, 131.7, 131.0, 129.5,
128.2, 1279, 127.7, 127.4, 127.3, 122.8, 122.2, 112.9, 62.4, 54.5, 49.6, 17.3, 0.5; m/z
(C.1) 344 (100 %, M + H"); (Found: M", 343.1566. Co3H21NO, requires 343.1572).

1-methyl-1H-pyrrole-2-carboxylic acid benzyl-fers-butylamide 235
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n-Butyllithium (1.01 mL of a 2.5 M solution in hexane, 2.52 mmol, 2.5 equiv.) was
added dropwise at room temperature to a stirred solution of N-methyl pyrrole (0.09 mL,
1.01 mmol, 1.0 equiv.) and TMEDA (0.40 mL, 2.52 mmol, 2.5 equiv.) in hexane (6
mL), under a nitrogen atmosphere. The mixture was stirred at room temperature for 30

min before the addition of carbamoyl chloride 191 (0.25 g, 1.11 mmol, 1.1 equiv.).




Experimental

After stirring for 30 min, water (3 mL) was added and the mixture extracted with EtOAc
(3 x 5 mL). The combined organic layers were washed with water (5 mL), dried
(MgS0,), and concentrated under reduced pressure. The crude product was purified by
flash column chromatography (SiO;; 2:1 Petrol/EtOAc) to afford the fitle compound
(0.17 g, 66 %) as a yellow oil: Ry(2:1 Petrol:EtOAc) 0.65; Viax (CHCL;)/em™ 2891 (CH),
1761 (C=0); 8u(300 MHz, CDCL) 7.26-7.27 (2H, m, ArH), 7.18-7.20 (31, m, ArH),
6.53 (1H, dd, J 5.0 and 3.5, H-5), 6.18 (1H, dd, J 5.0 and 3.5, H-3), 5.83 (1H, dd, J 5.0
and 3.5, H-4), 475 (2H, s, CHy), 3.67 (3H, s, NCH;), 1.40 (9H, s, 1Bu); dc(75 MHz,
CDCls) 166.6, 140.8, 128.4, 128.1, 126.7, 126.2, 125.6, 110.6, 106.5, 57.9, 51.8, 35.6,
28.7; m/z (C1) 271 (100 %, M + H'); (Found: M', 270.1733. C17H»N,O requires
270.1732).

2-Trichloroacetylpyrrole-1-carboxylic acid-fert-butyl ester 237 192
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2-(Trichloroacetyl)pyrrole (0.20 g, 0.943 mmol, 1.0 equiv.) dissolved in THF (20 mL)
was cooled to —78 °C. Triethylamine (0.18 mL, 1.4 mmol, 1.5 equiv.) was added to the
mixture followed by immediate addition of di-fertbutyl dicarbonate (0.30 g, 1.4 mmol,
1.5 equiv.) in THF (5 mL) and DMAP (10 mg, 0.094 mmol, 0.1 equiv.). The mixture

was warmed to room temperature and stirred overnight (14 h). The solvent was

removed in vacuo and the residue dissolved in EtOAc (50 mL), washed with water (4 x
50 mL), dried (MgSOs), and concentrated under reduced pressure to afford the title
compound (0.298 g, 99 %) as an orange oil: R«(5:1 Petrol:EtOAc) 0.80; viax (CHCl3)/
cm™ 2978 (CH), 1754 (C=0), 1665 (C=0); 5x(300 MHz, CDCls) 7.42 (1H, dd, J 4.0
and 2.5, H-5), 7.30 (1H, dd, J 4.0 and 2.5, H-4), 6.28 (1H, dd, J 4.0 and 2.5, H-2), 1.58
(9H, s, Bu); 8c(75 MHz, CDCl3) 129.2, 123.3, 1104, 85.8, 77.4, 76.9, 76.5, 27.4; m/z
(C1)312 (50 %, M + H".
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1H-pyrrole-2-carboxylic acid benzyl-fert-butylamide 240
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A solution of diphosgene (0.99 mL, 8.0 mmol, 0.6 equiv.) in toluene (10 mL) was added
dropwise to a stirred solution of pyrrole (1.0 ml, 14.4 mmol, 1.0 equiv.) and N,N-
dimethyl aniline (2.0 mL, 15.9 mmol, 1.1 equiv.) in toluene (10 mL) at 0 °C, under a
nitrogen atmosphere. After stiring for 2 h at 0 °C, a solution of N-fert-
butylbenzylamine (3.2 mL, 17.3 mmol, 1.2 equiv.) and triethylamine (2.2 mL, 15.9
mmol, 1.1 equiv.) in toluene (10 mL) was added dropwise. The reaction mixture was
stirred at room temperature for 18 h and water (10 mL) added. The mixture was
extracted with diethyl ether (4 x 15 mL). Combined organics were washed with water
(10 mL), dried (MgS0Os) and concentrated under reduced pressure. Purification by
column chromatography (SiOz; 5:1 Petrol/EtOAc) afforded the title compound (0.57 g,
16 %) as a white solid: m.p. 166.2-167 °C; R¢{(1:1 Petrol: EtOAc) 0.55; Vimax(CHCl3)/em™
3254 (NH), 2986 (CH), 1596 (C=0); 8u(300 MHz, CDCIls) 9.78 (1H, brs, NH), 7.26-
7.42 (5H, m, ArH), 6.90 (1H, m, H-5), 6.22 (1H, m, H-3), 6.07 (1H, m, H-4), 5.0 (2H, s,
CH>), 1.54 (9H, s, Bu); 3c(75 MHz, CDCls) 164.7, 140.2, 128.6, 126.7, 126.4, 125.9,
111.4, 109.4, 58.4, 50.7, 28.6, 28.4; m/z (C.1.) 257 (100 %, M + H"); (Found: M",
256.1575. Ci6H20N2O requires 256.1575).

1~(2,2-Diethylbutyryl)-1H-pyrrole-2-carboxylic acid benzyl-zert-butylamide 241
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1H-Pyrrole-2-carboxylic acid benzyl-fers-butylamide 240 (0.57 g, 2.23 mmol, 1.0

equiv.) was treated according to Method E. Purification by column chromatography
(Si04; 5:1 Petrol/EtOAc) afforded the title compound (0.43 g, 50 %) as a white solid:

m.p. 106-106.7 °C; Ry(1:1 Petrol:EtOAc) 0.45; Vimu(CHCl3)/em™ 2969 (CH), 1803, 1642
(C=0); 6u(300 MHz, CDCl3) 7.22-7.38 (6H, m, ArH and H-5), 6.16 (1H, dd, J 3.5 and
2.5, H-3), 6.0 (1H, dd, J 3.5 and 2.5, H-4), 1.65 (6H, q, J 7.5, 3 x CH>), 1.53 (9H, s,
Bu), 0.9 (9H, t, J 7.5, 3 x CHs3); &¢ (75 MHz, CDCl3) 176.5, 173.4, 167.3, 141.0, 132.4,
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128.6, 126.8, 126.2, 119.9, 110.7, 110.3, 51.7, 28.6, 26.0, 8.4; m/z (C.1.) 383 (100 %, M
+ H+); (FOllIld: M+, 382.2623. C24H34N202 requires 3822620)

5-(2,2-Diethylbutyryl)-1H-pyrrole-2-carboxylic acid benzyl-fert-butylamide 242
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1-(2,2-Diethylbutyryl)-1H-pyrrole-2-carboxylic acid benzyl-tert-butylamide 241 (0.15
g, 0.39 mmol, 1.0 equiv.) was treated according to Method D with saturated aqueous
ammonium chloride quench. Purification by column chromatography (SiOz; 25:1
Petrol/EtOACc) afforded the fitle compound (0.091 g, 62 %) as a colourless oil: R{6:1
Petrol:EtOAc) 0.80; vmax(CHCls)em™ 3433 (NH), 2964 (CH), 1701, 1641 (C=0);
81(300 MHz, CDCl3) 10.18 (1H, brs, NH), 7.28-7.41 (5H, m, ArH), 6.69 (1H, d, J 3.0,
H-3), 6.16 (1H, d, 3.0, H-4), 495 (2H, s, CH,), 1.76 (6H, q, J 7.5, 3 x CH,CHz), 1.50
(9H, s, 1Bu), 0.70 (9H, t, J 7.5, 3 x CH2CHs); 8¢(75 MHz, CDCls) 196.8, 164.3, 140.3,
131.0, 129.6, 129.1, 128.7, 127.3, 126.2, 114.2, 111.9, 92.6, 59.1, 54.1, 51.0, 28.6, 26.5,
8.5; m/z (C1) 383 (40 %, M + H"), 327 (100 %, M-56); (Found: M*, 382.2622.
C24H34N20; requires 382.2620).

N-tert-Butylacrylamide 243"
0
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N-tert-butylamine (6.18 mL, 58.9 mmol, 2.2 equiv.) was treated according to Method
A to afford the title compound (3.10 g, 91 %) as needles: m.p.126.0-127.9 °C (lit.,'”
126.2-127.8 °C); R{1:1 Petrol:FtOAc) 0.45; Vuma(CHCL)em™ 3253 (NH), 2962 (CH),
1655 (C=0); du(300 MHz, CDCls) 6.20 (1H, dd, J 16.5 and 0.5 CHCH,Hp), 6.05 (1H,
dd, J 16.5 and 10.0, CHCHy), 5.60 (1H, brs, NH), 5.56 (1H, dd, / 10.0 and 0.5,
CHCHaHg), 1.40 (9H, s, Bu); 3¢(75 MHz, CDCl3) 165.1, 132.3, 125.7, 51.5, 28.9; m/z
(C.1.) 128 (100 %, M + H"); (Found: M", 127.1001. C;H;3sNO requires 127.0997).
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N-Allyl-N-fert-butylacrylamide 244™*
O J<
A

3

N-tert-Butylacrylamide 243 (3.10 g, 24.4 mmol, 1.0 equiv.) was treated according to
Method H. The crude product was purified by flash column chromatography (SiO»;
30:1 Petrol/EtOACc) to afford the title compound (1.86 g, 46 %) as a yellow oil: R(1:1
Petrol:EtOAc) 0.85; Vimax(CHCl3)/cm™ 2968 (CH), 1653 (C=0); 81(300 MHz, CDCl;)
6.40 (14, dd, J 16.5 and 10.0, CHCHy), 6.18 (1H, dd, J 16.5 and 2.0, CHCHaHp), 5.84-
5.85 (1H, m, CH,CHCH,), 5.50 (1H, dd, J 10.0 and 2.0, CHCHxHg), 5.21 (1H, m,
CHCHaHg), 5.18 (1H, m, CHCHAHp), 3.85 (2H, m, CH,CHCHy), 1.42 (9H, s, /Bu);
oc(75 MHz, CDCls) 168.3, 136.2, 131.8, 126.6, 116.3, 57.4, 47.5, 28.7;, m/z (C.1.) 168
(100 %, M + H+); (Found: M*, 167.1313. C1oH7NO requires 167.1310).

N-But-2-enyl-N-fert-butylacrylamide 245
O J<
\)J\ N

N

N-tert-Butylacrylamide 243 (5.0 g, 39.4 mmol, 1.0 equiv.) and crotyl bromide (5.7 mL,
47.0 mmol, 1.2 equiv.) were treated according to Method H. The crude product was
purified by flash column chromatography (SiO; 30:1 Petrol/EtOAc) to afford the title
compound (3.95 g, 58 %) as a yellow oil: R(5:1 Petrol:EtOAc) 0.80; Vimax (CHCl3)/cm'™
2964 (CH), 1653 (C=0); 8u(300 MHz, CDCl) 6.50 (1H, dd, J 16.5 and 10.0, CHCH,),
6.25 (1H, dd, J 16.5 and 2.0, CHCH,), 5.44-5.68 (3H, m, CHCH,, CHCHCHj; and
CHCHCH3), 3.92-3.95 (2H, m, CH,CHCHCHj3), 1.74 (3H, dd, J 6.5 and 1.5,
CHCHCH3), 1.48 (91, s, Bu); dc(75 MHz, CDCls) 168.3, 131.9, 128.9, 127.2, 126.6,

57.5, 46.9, 28.8, 27.9, 24.2, 17.9; m/z (C1) 182 (100 %, M + H); (Found: M,
181.1470. C,H;sNOrequires 181.1467).




Experimental
N-tert-Butyl-N-(3-methylbut-2-enyDacrylamide 246
O J<
gl
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N-tert-Butylacrylamide 243 (1.0 g, 7.9 mmol, 1.0 equiv.) and prenyl bromide (1.1 mL,
9.5 mmol, 1.2 equiv.) were treated according to Method H. The crude product was
purified by flash column chromatography (SiO;; 40:1 Petrol/EtOAc) to afford the title
compound (0.43 g, 30 %) as a yellow oil: R(10:1 Petrol:EtOAc) 0.85; Vinax(CHCL)/cm'™
2968 (CH), 1650 (C=0); 6u(300 MHz, CDCl3) 6.42 (1H, dd, J 16.5 and 10.5, CHCH,),
6.15 (1H, dd, J 16.5 and 2.0, CHCHaHg), 5.48 (1H, dd, J 10.5 and 2.0, CHCHaHg),
5.05-5.06 (1H, m, CHC(CH3),), 3.88 (2H, d, J 5.5, CH,CHC(CHs);), 1.68 (3H, d, J 1.5,
CH3), 1.58 (3H, s, CH3), 1.40 (9H, s, Bu); 8c¢(75 MHz, CDCl3) 168.1, 133.0, 132.1,
126.1, 123.9, 57.3, 44.1, 28.9, 25.8, 18.2; m/z (C.L) 196 (100 %, M + H"); (Found
(E.D):M", 195.1620. C12H, NO requires 195.1623).

1H-Pyrrole-3-carboxylic acid allyl-fert-butylamide 247

3 )<
o

N-Allyl-N-fert-butylacrylamide 244 (1.85 g, 11.1 mmol, 1.0 equiv.) was treated
according to Method B. The crude product was purified by flash column
chromatography (SiOy; 7:1 Petrol/EtOAc) to afford the title compound (0.65 g, 30 %) as
a yellow oil: R¢(5:1 Petrol:EtOAC) 0.35; Vima( CHCl3)/em™ 3223 (NH), 2971 (CH), 1596
(C=0); du(300 MHz, CDCl3) 9.95 (1H, brs, NH), 7.05 (1H, dd, J 2.5 and 2.0, H-2), 6.58
(1H, dd, J 2.5 and 2.0, H-5), 6.40 (1H, dd, J 2.5 and 2.0, H-4), 595 (1H, m,
CHy,CHCHy), 5.25 (1H, m, CHCHxHg), 5.22 (1H, m, CHCHaHg), 4.22 (ZH, m,
CH,CHCH,), 1.50 (9H, s, Bu); dc(75 MHz, CDCl;) 170.7, 139.0, 130.4, 128.2, 121.3,
121.0, 118.0, 115.8, 108.6, 57.7, 50.2, 28.9; m/z (C.1.) 207 (100 %, M + H"); (Found
(E.D):M", 206.1417. C12HgN,O requires 206.1419).
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1H-Pyrrole-3-carboxylic acid but-2-enyl-ferf-butylamide 248

o W
R

N-But-2-enyl-N-tert-butylacrylamide 245 (3.94 g, 22.0 mmol, 1.0 equiv.) was treated
according to Method B. The crude product was purified by flash column
chromatography (SiO; 3:1 Petrol/EtOAc) to afford the title compound (1.59 g, 37 %) as
a yellow oil: R(1:1 Petrol:E1OAC) 0.30; vinax(CHCl3)/em™ 3233 (NH), 2964 (CH), 1599
(C=0); 8u(300 MHz, CDCl;) 9.40 (1H, brs, NH), 7.10 (1H, dd, J 5.0 and 2.0, /H-2), 6.65
(1H, dd, J 5.0 and 2.0, H-5), 6.42 (1H, dd, J 5.0 and 2.5, H-4), 5.60-5.63 (2H, m,
CHCHCHj; and CHCHCH3), 4.20 (2H, dd, J 3.0 and 1.5, CH,CHCHCH3), 1.75 (3H, d,
J 4.5, CHCHCHs3), 1.55 (9H, s, 1Bu); 6c(75 MHz, CDCl;) 174.4, 170.2, 131.5, 126.5,
123.9, 121.2, 117.9, 108.9, 49.3, 46.8, 36.5, 29.1, 18.1; m/z (C.1.) 221 (100 %, M + H),
(Found (E.I):M", 220.1574. C13HN,O requires 220.1576).

1H-Pyrrole-3-carboxylic acid fer-butyl-(3-methylbut-2-enyl)amide 249

(0]
N
/\\*%
N
H

N-tert-Butyl-N-(3-methylbut-2-enyl)acrylamide 246 (2.86 g, 14.7 mmol, 1.0 equiv.)
was treated according to Methed B. The crude product was purified by flash column
chromatography (S10,; 3:1 Petrol/EtOAc) to afford the title compound (1.94 g, 58 %) as
a yellow oil: R(1:1 Petrol:EtOAc) 0.35; vimux(CHCl3)/em™ 3244 (NH), 2967 (CH), 1610
(C=0); du(300 MHz, CDCl;) 9.42 (1H, brs, NH), 7.06 (1H, dd, /4.5 and 2.0, H-2), 6.62
(1H, dd, J 4.5 and 2.0, H-5), 6.40 (1H, dd, J 4.5 and 2.0, H-4), 5.28-5.29 (1H, m,
CHC(CHz3),), 4.18 (2H, brs, CH,CHC(CH;),), 1.74 (3H, s, CCHs), 1.54 (3H, s, CCHj),
1.50 (9H, s, Bu); (75 MHz, CDCl5) 170.0, 133.6, 132.6, 131.5, 126.5, 122.1, 121.5,
117.9, 108.9, 57.4, 46.5, 29.2, 25.8, 18.1; m/z (C.I.) 235 (100 %, M + H'); (Found
(E.I):M", 234.1734. C14HN,0 requires 234.1732).




Experimental

1-(2,2-Diethylbutyryl)-1 H-pyrrole-3-carboxylic acid allyl-fert-butylamide 250
2 )<
o
\
/ PEJ\ \
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1H-Pyrrole-3-carboxylic acid allyl-fert-butylamide 247 (0.65 g, 3.16 mmol, 1.0 equiv.)
was treated according to Method E. Purification by column chromatography (S5iO,; 7:1
Petrol/EtOAc) afforded the title compound (0.57 g, 53 %) as a white solid: m.p. 94.6-95
°C; R{(5:1 Petrol:EtOAC) 0.60; Vinax(CHCL)/em™ 2970 (CH), 1709, 1628 (C=0); 8:(300
MHz, CDCl;) 7.78 (1H, dd, J 2.5 and 2.0, H-2), 7.37 (1H, dd, J 2.5 and 2.0, H-5), 6.45
(1H, dd, J 2.5 and 2.0, H-4), 5.95 (1H, m, CH,CHCH,), 5.32 (1H, m, CH;CHCH,Hp),
5.29 (1H, m, CH,CHCHAHg), 4.12 (2H, m, CH,CHCHy), 1.80 (6H, q, J 7.5, 3 x
CH,CH3), 1.52 (9H, s, Bu), 0.77 (9H, t, J 7.5, 3 x CH,CH3); 8¢ (75 MHz, CDCly)
175.3, 168.6, 138.5, 125.1, 120.9, 120.2, 116.3, 112.0, 58.0, 52.7, 49.8, 28.8, 27.0, 8.6;

m/z (C.1) 333 (100 %, M + H"; (Found (E.I):M", 332.2466. CyH3,N,0, requires
332.2464).

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid but-2-enyl-fert-butylamide 251
o V.
N
[

N
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1H-Pyrrole-3-carboxylic acid but-2-enyl-fers-butylamide 248 (1.59 g, 7.22 mmol, 1.0
equiv.) was treated according to Method E. Purification by column chromatography
(SiOg; 10:1 Petrol/EtOAc) afforded the title compound (0.99 g, 45 %) as a white solid:
m.p. 112.4-113 °C; Rt (10:1 Petrol:EtOAc) 0.40; Vina(CHCL3)/em™ 2968 (CH), 1708,
1629 (C=0); 5u(300 MHz, CDCl;) 7.80 (1H, dd, J 3.5 and 1.5, H-2), 7.42 (1H, dd, J 3.5
and 1.5, H-5), 6.46 (1H, dd, J 3.5 and 1.5, H-4), 5.55-5.70 (2H, m, CHCHCH; and
CHCHCHs3), 4.10 (2H, dd, J 4.0 and 1.5, CH,CHCHCH3), 1.85 (3H, q, J 7.5, CH>CHj3),
1.78 (3H, dd, J 3.0 and 1.5, CHCHCHs), 1.65 (3H, q, J 7.5, CH>CH3), 1.55 (94, s, 1Bu),
0.78-0.9 (9H, t, J 7.5, 3 x CH2CH3); 8¢(75 MHz, CDCl3) 175.3, 173.4, 168.5, 131.0,
127.0, 1254, 124.7, 121.3, 120.8, 120.3, 112.1, 57.9, 52.8, 51.7, 49.0, 28.9, 28.8, 27.0,

25.9, 18.1, 8.6, 8.4; m/z (C.1.) 347 (100 %, M + H'); (Found (E.I): M, 346.2629.
C21H34N202 I equires 3462620)




Experimental

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid-ferr-butyl-(3-methylbut-2-

enyl)amide 252
o W
N
(3 "y
N
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1H-Pyrrole-3-carboxylic acid fert-butyl-(3-methylbut-2-enyl)amide 249 (1.94 g, 8.29
mmol, 1.0 equiv.) was treated according to Method E. Purification by column
chromatography (S8i0z; 15:1 Petrol/EtOAc) afforded the tirle compound (1.69 g, 58 %)
as a yellow oil: R{5:1 Petrol:EtOAc) 0.50; Vmax(CHCl)/em™ 2968 (CH), 1707, 1629
(C=0); 84(300 MHz, CDCl3) 7.74 (1H, dd, J 2.5 and 1.5, H-2), 7.40 (1H, dd, J 3.5 and
2.5, H-5), 6.46 (1H, dd, J 3.5 and 1.5, H-4), 5.26 (1H, m, CHC(CHz),), 4.10 (2H, dd, J
3.5 and 1.0, CH,CH(CHj3),), 1.84 (6H, q,J 7.5, 3 x CH,CH3), 1.77 (3H, d, J 1.5, CCH3),
1.46 (12H, s, Bu and CCHj3), 0.80 (9H, t, J 7.5, 3 x CH;CHs3); 3c(75 MHz, CDCl;)
175.3, 168.2, 132.5, 125.8, 125.6, 121.1, 120.3, 112.3, 57.8, 52.8, 46.3, 31.2, 28.9, 26.9,
25.8, 18.1, 8.6; m/z (C1) 361 (100 %, M + H"; (Found (E.I): M', 360.2773.
CHisN2O; requires 360.2776).

N-{2-[1-tert-Butyl-5-(2-methylpropenyl)-2-o0xo0-2,5-dihydro-1 H-pyrrol-3-yl]vinyl}-
2,2-diethylbutyramide 255
0]
7\ Nk

.NH
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1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic  acid-tert-butyl-(3-methylbut-2-enyl)
amide 252 (0.15 g, 4.16 mmol, 1.0 equiv.) was treated according to Method D with
saturated aqueous ammonium chloride (0.5 mL) quench. Purification by flash column
chromatography (SiO2; 50:1 Petrol/EtOAc) afforded the title compound (0.080 g, 56 %)
as a colourless oil: Ry (10:1 Petrol:EtOAc) 0.55; Vma(CHCL)em™ 3399 (NH), 2966
(CH), 1651, 1613 (C=0); 8u(300 MHz, CDCl;) 12.40 (1H, d, J 10.5, NH), 6.95 (1H, t, J
10.5, NHCHCH), 6.38 (1H, d, J 2.5, CH), 5.20 (1H, d, J 10.5, NHCHCH), 4.98 (1H, dd,
J 8.5 and 2.5, CHCHC(CHs),), 4.80 (1H, dt, J 8.5 and 1.5, CHCHC(CHs),), 1.77 (6H,
dd, J 3.5 and 1.0, C(CH5)p), 1.70 (6H, q, J 7.5, 3 x CH,CHj3), 1.50 (9H, s, tBu), 0.82
(9H, t, J 7.5, 3 x CH2CHs); 8c(75 MHz, CDCl3) 1759, 171.4, 139.5, 136.1, 134.8,
130.9, 125.6, 122.7, 111.9, 98.8, 60.7, 57.8, 55.6, 51.0, 50.0, 28.1, 26.4, 18.4, 8.8;
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m/z (C.1) 361 (100 %, M + H"); (Found (E.I): M', 360.2779. CzH3¢N20; requires
360.2776).

S-tert-Butyl-1-(2,2-diethylbutyryl)-3a,5,8,8a-tetrahydro-1H-pyrrolo[3,2-c]azepin-4-

one cis-257a
s W e
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1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid allyl-fers-butylamide 250 (0.15 g,
0.45 mmol, 1.0 equiv.) was treated according to Method D with saturated aqueous
ammonium chloride (0.5 mL) quench. Purification by flash column chromatography
(8i02; 50:1 Petrol/EtOAc) afforded the title compound (0.10 g, 70 %) as needles: m.p.
123.2-123.7 °C; R(10:1 Petrol:EtOAc) 0.90; vauex(CHCl)em™ 2966 (CH), 1726, 1649
(C=0); 3u(300 MHz, DMSO, 120 °C) 7.02 (1H, dd, J 4.5 and 2.0, H-9), 6.15 (1H, d, J
8.0, H-4), 5.62 (1H, q, J 8.0, H-3), 5.05-5.06 (1H, m, H-8), 4.75-4.77 (1H, m, H-1),
3.88-3.89 (1H, m, H-7), 2.58 (1H, m, H-2), 2.30 (1H, m, H-2), 1.60 (6H, q, J 7.5, 3 x
CH,CHjs), 1.40 (9H, s, Bu), 0.75 (9H, t, J 7.5, 3 x CHoCH3); (75 MHz, DMSO)
173.2, 132.2, 129.8, 119.5, 109.2, 70.7, 58.4, 55.4, 50.3, 31.0, 28.3, 28.1, 27.9, 8.6, 8.3;
m/z (C.L) 333 (100 %, M + H'); (Found (E.I): M, 332.2466. CyHz3N,O, requires
332.2464).

5-tert-Butyl-1-(2,2-diethylbutyryl)-3a,5,8,8a-tetrahydro-1H-pyrrolo[3,2-c]azepin-4-
one frans-257a

I -

DEB H 5 %

1-(2,2-Diethylbuty1yl)—lH-pyrrole-S-carb:)xylic acid allyl-ferr-butylamide 250 (0.15 g,
0.45 mmol, 1.0 equiv.) was treated according to Method D with saturated aqueous
ammonium chloride (0.5 mL) quench. Purification by flash column chromatography
(8102; 50:1 Petrol/EtOAc) afforded the title compound (0.02 g, 15 %) as a clear oil:
R(10:1 Petrol:EtOAc) 0.95; Vina(CHCL;)/em™ 2966 (CH), 1723, 1651 (C=0); 8u(300
MHz, DMSO) 7.05 (1H, dd, J 3.5 and 3.0, H-9), 6.18 (1H, d, J 10.5, H-4), 5.15 (1H, m,
H-3), 5.05 (1H, m, H-8), 4.0 (1H, m, H-1), 3.52 (1H, m, H-7), 3.30 (1H, m, H-2), 2.00
(1H, m, A-2), 1.54 (6H, q, J 7.5, 3 x CH>,CH3), 1.38 (9H, s, tBu), 0.62 (9H, t, J 7.5, 3 x
CHoCHf3); 8c(75 MHz, DMSO) 174.2, 171.8, 131.6, 127.6, 114.2, 107.6, 62.2, 58.3,
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53.7, 50.6, 35.8, 28.9, 26.1, 24.8, 21.7, 18.1, 9.1; m/z (C.1) 333 (100 %, M + H");
(Found (E.I): M, 332.2464. CaoH3oN,0, requires 332.2464).

5-tert-Butyl-1-(2,2-diethylbutyryl)-3a-methyl-3a,5,8,8a-tetrahydro-1H-pyrrolo[3,2-

c]azepin-4-one 257b
s ] <
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1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid allyl-fers-butylamide 250 (0.15 g,
0.45 mmol, 1.0 equiv.) was treated according to Method D with iodomethane (0.17 mL,
2.71 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 5:1
Petrol/EtOAc) afforded the title compound (0.156 g, 100 %) as needles: m.p. 106.6 °C;
R(5:1 Petrol:EtOAc) 0.85; via(CHCL)em™ 2967 (CH), 1649, 1615 (C=0); 5u(300
MHz, DMSO, 130 °C) 6.95 (1H, d, J 4.5 , H-9), 6.18 (1H, d, J 4.5, H-8), 5.52 (1H, q, J
8.0, H-3), 5.12 (1H, d, J 8.0, H-4), 4.23-4.24 (1H, m , H-1), 2.44-2.45 (1H, m, H-2),
2.22-2.23 (1H, m, H-2), 1.60 (6H, q, J 7.5, 3 x CH,CH3), 1.42 (9H, s, tBu), 1.22 (3H, s,
CH3), 0.78 (OH, t, J 7.5, 3 x CHxCHj3); 8¢(75 MHz, CDCl3) 175.5, 172.0, 129.8, 116.6,
58.7, 55.2, 50.3, 28.2, 27.4, 26.5, 25.6, 16.5, 8.7; m/z (C.1.) 347 (100 %, M + H");
(Found (E.I): M", 346.2621. Cy;H34N,O, requires 346.2620).

3a-Allyl-5-tert-butyl-1-(2,2-diethylbutyryl)-3a,5,8,8a-tetrahydro-1H-pyrrolo|3,2-

c]azepin-4-one 257¢
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1-(2,2-Diethylbutyryl)-1 H-pyrrole-3-carboxylic acid allyl-ters-butylamide 250 (0.15 g,

0.45 mmol, 1.0 equiv.) was treated according to Method D with allyl bromide (0.23

9

mL, 2.7 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO5;
40:1 Petrol/EtOAc) afforded the title compound (0.11 g, 65 %) as a colourless oil:
R{(10:1 Petrol:EtOAC) 0.75; Vmax(CHCL)em™ 2968 (CH), 1647, 1617 (C=0); 8u(300
MHz, CDCls, 60 °C) 6.98 (1H, d, J 4.5, H-9), 6.10 (1H, d, J 7.5, H-4), 5.60-5.61 (24,
m, CH>,CHCHb), 5.55 (1H, q, J 7.5, H-3), 5.18 (1H, d, J 4.5, H-8), 5.02 (3H, d, J 12.5,
CH,CHCH; and CH,CHCH,), 4.25 (1H, m, H-1), 2.70 (1H, m, H-2), 2.55 (1H, m, H-2),
1.58 (6H, q, J 7.5, 3 x CH,CHj3), 1.40 (94, s, Bu), 0.70 (9H, t, J 7.5, 3 x CH,CHy);
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8c(75 MHz, CDCly) 175.9, 173.1, 133.4, 128.5, 118.9, 117.9, 114.1, 59.5, 50.8, 44.9,
28.5, 28.3, 26.4, 26.0, 8.6; m/z (C.1.) 373 (100 %, M + H"); (Found (E.I): M", 372.2770.
Ca3H36N20; requires 372.2776).

3a-Benzyl-5-tert-butyl-1-(2,2-diethylbutyryl)-3a,5,8,8a-tetrahydro-1H-pyrrolo[3,2-
c]azepin-4-one 257d

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid allyl-zers-butylamide 250 (0.15 g,
0.45 mmol, 1.0 equiv.) was treated according to Method D with benzyl bromide (0.32
mL, 2.7 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO-;
50:1 Petrol/EtOAc) afforded the title compound (0.16 g, 85 %) as needles: m.p. 110.2-
110.9 °C; R(10:1 Petrol:EtOAc) 0.90; Vo (CHCl3)/em™' 2968 (CH), 1653, 1615 (C=0);
Ou(300 MHz, DMSO, 130 °C) 7.05-7.25 (5H, m, ArH), 6.88 (1H, d, J 4.5, H-9), 6.22
(14, d, J 8.0, H-4), 5.62 (1H, q, J 8.0, H-3), 5.22 (1H, m, H-1), 5.15 (1H, d, J 4.5, H-8),
4.45 (1H, m, H-2), 3.50 (1H, m, H-2), 2.80 (2H, m, CH,Ph), 1.50 (6H, q, J 7.5, 3 x
CH,CHj), 1.38 (9H, s, tBu), 0.68 (9H, t, J 7.5, 3 x CHxCHs); 8¢ (75 MHz, CDCls3)
176.2,172.9, 130.9, 130.5, 128.3, 128.1, 127.9, 126.9, 125.4, 118.6, 114.6, 113.5, 63.6,
59.6, 50.7, 28.8, 28.5, 27.9, 26.6, 26.0, 25.3, 8.6; m/z (C.1.) 423 (100 %, M + H");
(Found (E.I): M, 422.2990. Cy7H;3sN,0; requires 422.2933).

5-tert-Butyl-1-(2,2-diethylbutyryl)-8-methyl-32a,5,8,8a-tetrahydro-1 H-pyrrolo|3,2-
c]azepin-4-one 257¢
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1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid but-2-enyl-fert-butylamide 251
(0.15 g, 4.33 mmol, 1.0 equiv.) was treated according to Method D with saturated
aqueous ammonium chloride (0.5 mL) quench. Purification by flash column
chromatography (SiO,; 20:1 Petrol/EtOAc) afforded the zitle compound (0.084 g, 56 %)
as a colourless oil: R{10:1 Petrol:EtOAc) 0.70; v,m,_x(CHCl3)/cm'1 2968 (CH), 1655,
1622 (C=0); 81(300 MHz, CDCl5) 6.88 (1H, dd, J 2.5 and 1.5, H-9), 5.92 (1H, d, J 8.5,

H-4), 5.54 (1H, t, J 8.5, H-8), 4.96 (1H, dd, J 4.5 and 2.0, H-3), 4.94 (1H, dd, J 10.5 and
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3.0, H-1), 3.98 (1H, dt, J 10.5 and 2.5, H-7), 2.76 (1H, m, H-2), 1.60 (6H, q, J 7.5, 3 x
CH,CH3), 1.42 (9H, s, Bu), 1.16 (3H, d, J 7.5, CHCH3), 0.76 (9H, t, J 7.5, 3 %
CHyCHs); 8¢(75 MHz, CDCl3) 200.4, 176.8, 173.9, 172.7, 130.9, 129.7, 127.7, 126.5,
123.7, 109.9, 72.5, 63.1, 59.0, 54.9, 50.7, 28.5, 28.2, 26.6, 26.2, 16.5, 12.6, 8.7; m/z
(C1) 347 (100 %, M + H"); (Found (E.I): M, 346.2629. CoHsN20; requires
346.2620).

S-tert-Butyl-1-(2,2-diethylbutyryl)-8-methyl-3a,5,8,8a-tetrahydro-1H-pyrrolo[3,2-
c]azepin-4-one trans-257e

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid but-2-enyl-tert-butylamide 251
(0.15 g, 4.33 mmol, 1.0 equiv.) was treated according to Method D with saturated
aqueous ammonium chloride (0.5 mL) quench. Purification by flash column
chromatography (8i0»; 20:1 Petrol/EtOAc) afforded the title compound (0.012 g, 7 %)
as a colourless oil in a 2:1 mixture of diastereoisomers: Rg(10:1 Petrol:EtOAc) 0.65;
Vmax(CHCL)/em™ 2968 (CH), 1655, 1622 (C=0); 5x(300 MHz, CDCl;) 7.0 (1H, dd, J
4.5 and 2.5, H-940r), 6.93 (1H, dd, J 4.5 and 2.5, H-9inor), 6.05 (1H, d, J 1.0, H-4major),
6.01(1H, d, J 1.0, H-4niner), 5.34 (1H, dd, J 4.5 and 2.5, H-8ygj0r), 5.25 (1H, dd, J 4.5
and 2.5, H-8inor), 5.05 (1H, dd, J 10.5 and 5.0, H-3major), 4.94 (1H, dd, J 10.0 and 2.5,
H-3minor), 4.40 (1H, dd, J 10.0 and 5.5, H-1mgjor), 4.32 (1H, t, J 10.0, H-T1ngor), 3.66 (1H,
dt, J 10.0 and 2.5, H-1minor)> 3.52 (1H, dt, J 10.0 and 2.5, H-7minor), 2.55 (2H, m, H-2),
1.62 (12H, q, J 7.5, 6 x CH,CH3), 1.45 (18H, s, 2 x fBu), 1.28 (6H, d, J 7.0, 2 x CCH3),
0.85 (18H, t, J 7.5, 6 x CH2CHs3); 8c(75 MHz, CDCl3) 176.8, 173.9, 172.7, 130.9,
129.7, 127.7, 126.5, 123.7, 109.9, 72.5, 63.1, 59.0, 54.9, 50.7, 28.5, 28.2, 26.6, 26.2,
16.5, 12.6, 8.7, m/z (C.L) 347 (100 %, M + H"); (Found (E.I): M', 346.2629.
Cs1H34N»O; requires 346.2620).
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5-tert-Butyl-1-(2,2-diethylbutyryl)-3a,8-dimethyl-3a,5,8,8a-tetrahydro-1H-
pyrrolo[3,2-c]azepin-4-one 257f

o s 1 K

Z " "N

NN /4
DEB H 373

9

1-(2,2-Diethylbutyryl)-1H-pyrrole-3-carboxylic acid but-2-enyl-fers-butylamide 251
(0.15 g, 4.33 mmol, 1.0 equiv.) was treated according to Method D with iodomethane
(0.16 mL, 2.6 mmol, 6.0 equiv.) quench. Purification by flash column chromatography
(Si0y; 50:1 Petrol/EtOAc) afforded the title compound (0.09 g, 62 %) as a colourless

oil: R{(10:1 Petrol:EtOAC) 0.85: Ve CHClYem™ 2967 (CH). 1620 (C=0); Su(300
MHz, CDCls, 60 °C) 6.85 (14, d, J4'5, H-9), 6.00 (11, d, J 8.5, H-4), 5.45 (111, 1, J 4.5,

1

H-8), 5.18 (1H, m, H-1), 4.38 (1H, d, J 8.5, H-3), 2.65 (1H, q, J 8.5, H-2), 1.62 (6H, q, J
E

7.5, 3 x CH,CHj), 1.40 (9H, s, 1Bu), 1.24 (3H, s, CCHj), 1.08 (3H, d, J 8.5, CHCH3),

7
0.80 (9H, t, J 7.5, 3 x CHyCH3); d¢(75 MHz, CDCls) 176.4, 117.3, 59.2, 50.9, 28.4,
0.80 9H, t, J 7.5, 3 x CHyCHzs); 8¢(75 MHz, CDCls) 176.4, 117.3, 59.2, 50.9, 28.4,

27.8, 262, 8.7, m/z (CI) 361 (100 %, M + H); (Found (EI): M*, 360.2776.
C22H36N202 requires 360.2776).

1-(2,2-Diethylbutyryl)-2-(3-oxopropyl)-2,3-dihydro-1 H-pyrrole-3-carboxylic acid-
tert-butylamide 258
o M
% N
3

Fi/\«”

'}‘ 4 5 6]

DEB
5-tert-Butyl-1-(2,2-diethylbutyryl)-3a,5,8,8a-tetrahydro-1H-pyrrolo[3,2-c]azepin-4-one
257b (0.15 g, 0.45 mmol, 1.0 equiv.) in THF (5 ml.) was stirred with 1 M HCI (2 mL)
at room temperature under a nitrogen atmosphere for 14 h. Water was added and the
mixture extracted with EtOAc¢ (4 x 10 mL). Combined organic layers were washed
with water, dried (MgSO,4) and evaporated under reduced pressure leaving the title
compound (0.13 g, 90 %) as a colourless oil: R{10:1 Petrol:EtOAc) 0.65; Vmax
(CHCl3)/em™ 3362 (NH), 2966 (CH), 1723, 1646, 1514 (C=0); 81(300 MHz, CDCl;)
9.70 (1H, s, CHO), 6.38 (1H, dd, J 7.5 and 2.0, H-1), 5.72 (2H, brs and q, J 7.5, H-2 and
NH), 4.62-4.63 (1H, m, H-3), 3.58 (1H, m, A-4), 3.05 (1H, dd, J 18.5 and 10.5, H-6),
2.48 (1H, m, H-6), 2.40 (2H, dd, J 18.5 and 3.0, H-5), 1.80 (1H, m, A-5), 1.58 (6H, q, J
7.5, CH,CH3), 1.44 (9H, s, tBu), 0.80 (9H, t, J 7.5, CH2CH3); 8c(75 MHz, CDCis3)
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199.3, 174.5, 171.8, 129.8, 117.7, 56.6, 55.5, 47.7, 40.8, 40.6, 28.8, 27.1, 24.5, 7.0; m/=
(C.L) 351 (100 %, M + H"); (Found (EI): M, 350.2564. CyH34N.O3 requires
350.2569).

5-tert-Butyl-1-(2,2-diethylbutyryl)-3a-methyl-2,3,3a,5,8,8a-hexahydro-1H-
pyrrolo[3,2-c]azepin-4-one 259

DEE TI:? p_—
Palladium on carbon (0.16 g) was added portion wise to a solution of 5-tert-butyl-1-
(2,2-diethylbutyryl)-3a-methyl-3a,5,8,8a-tetrahydro-1H-pyrrolo[3,2-c]azepin-4-one
257b (0.16g, 4.62 mmol, 1.0 equiv.) in methanol ( 7 mL) at room temperature under a
nitrogen atmosphere. The flask was flushed with hydrogen and maintained under a
hydrogen atmosphere for 2 days. The mixture was filtered through celite, washed with
methanol (2 x 5 mL) and evaporated under reduced pressure leaving the title compound
(0.14 g, 90 %) as needles: mp. 171.4-172.1 °C; R(10:1 Petrol:EtOAc) 0.65; Vmax
(CHClz)/em™ 2965 (CH), 1648, 1619 (C=0); 51(300 MHz, CDCl;) 6.20 (1H, dd, J 7.5
and 1.0, H-4), 5.65 (1H, q, J 7.5, H-3), 4.28 (1H, dd, J 10.5 and 4.0, /-1), 3.88-3.89
(1H, m, H-9), 3.50-3.52 (1H, m, H-8), 2.82-2.83 (1H, m, H-9), 2.78 (1H, m, H-8), 2.02
(1H, m, H-2), 1.70 (1H, m, H-2), 1.60 (6H, q, J 7.5, CH,CHj3), 1.44 (9H, s, Bu), 1.38
(3H, s, CH3), 0.80 (9H, t, J 7.5, CH,CHs); 8c(75 MHz, CDCl3) 177.0, 174.2, 130.1,
118.4, 75.1, 59.2, 53.0, 50.4, 46.0, 39.4, 28.6, 27.3, 27.2, 25.7, 8.8; m/z (C.1.) 349 (100
%, M + H"); (Found (E.I): M", 348.5321. Cp1H36N,O, requires 348.5320).

1-(2,2-Diethylbutyryl)-3-methyl-2-(3-oxopropyl)pyrrolidine-3-carboxylic acid-fert-
butylamine 260

5-tert-Butyl-1-(2,2-diethylbutyryl)-3a-methyl-2,3,3a,5,8,8a-hexahydro-1H-pyrrolo[3,2-

c]azepin-4-one 259 (0.092 g, 0.264 mmol, 1.0 equiv.) in THF (5 mL) was stirred with 1
M HCI (2 mL) at room temperature under nitrogen for 14 h. Water was added and the
mixture exiracted with EtOAc (4 x 10 mL). Combined organic layers were washed
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with water, dried (MgSO4) and evaporated under reduced pressure leaving the title
compound (0.09 g, 93 %) as a colourless oil: R{10:1 Petrol:EtOAc) 0.65; vmax
(CHCl)/em™ 3435 (NH), 2965 (CH), 1720, 1661, 1609 (C=0); 83(300 MHz, CDCl;)
9.80 (1H, s, CHO), 5.62 (1H, brs, NH), 4.36 (1H, dd, J 9.0 and 2.5, H-3), 3.80 (1H, dd,
J9.5 and 2.0, H-1), 3.70 (1H, dd, J 9.5 and 2.0, H-1), 2.82 (1H, m, H-5), 2.55-2.50 (2H,
m, H-5 and H-2), 2.05 (1H, m, H-2), 1.80 (1H, m, H-4), 1.68 (7H, q, J 7.5, CH,CH; and
H-4), 1.42 (9H, s, Bu), 1.30 (3H, s, CHs), 0.80 (9H, t, J 7.5, CH2CHj3); 8c(75 MHz,
CDCl,) 202.6, 173.4, 64.9, 51.8, 50.8, 44.0, 41.6, 32.3, 29.7, 28.9, 25.3, 25.1, 24.7, 8.7,
1.3; m/z (C.I.) 367 (100 %, M + m; (Found (E.D): M, 366.2564. Cy1H3sN,05 requires
366.2569).

5,7-Dibromoisatin 268

0
Br

o
N
Br :
Bromine (2.4 mL, 41.7 mmol, 2.1 equiv.) was added dropwise to a stirring solution of
isatin (3.0 g, 20.4 mmol, 1.0 equiv.) in ethanol (40 mL) at 90 °C. The solution was
stirred under heating for 1 h and allowed to cool to room temperature. The precipitate
was filtered and washed with cold ethanol (10 mL} to afford the #itle compound (3.02 g,
50 %) as yellow needles: m.p. 248.9-250 °C (lit.,"*® 248-250 °C); R(1:1 Petrol:EtOAc)
0.40; Vinax(CHCL)/em™ 3430 (NH), 2251 (CH), 1659 (C=0); 8x(300 MHz, DMSO)
11.05 (1H, brs, NH), 7.82 (1H, d, J 2.0, H-4), 7.60 (1H, d, J 2.0, H-6); 8(75 MHz,
DMSO) 172.2, 141.1, 135.9, 129.6, 127.5, 114.9, 104.7, 97.3; m/z (C.1.) 300 (50 %, M-
Br”’-Br™®), 302 (100 %, M-Br”’-Br®"), 305 (40 %, M-Br*'-Br®); (Found (E.I): M",
302.8464. CgH3;NO,Br; requires 302.8447).

Br
0
H

Br

5,7-Dibromoindole 266

Z

Borane (2.0 mL of a 1.0 M solution in THF, 1.64 mmol, 2.0 equiv.) was added dropwise
to a stirring solution of 5,7-dibromoisatin 268 (0.25 g, 0.82 mmol, 1.0 equiv.) in THF (5
mL}) at —78 °C under a nitrogen atmosphere. The resulting solution was stirred at 0 °C
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for 24 h, poured into water (10 mL) and made slightly acidic (pH 5). The mixture was
extracted with Et;O (3 x 5 mL). Combined organics were washed with water (2 x 5
mL), dried (MgSO,4) and concentrated under reduced pressure. Purification by flash
column chromatography (SiOs; 35:1 Petrol/EtOAc) afforded the title compound (0.18 g,
75 %) as needles: m.p. 67.7-69.0 "C (lit.,"* 67-69 "C); R{(5:1 Petrol:EtOAc) 0.55; Vimax
(CHCLYcm™ 3432 (NH); 85 (300 MHz, CDCL) 8.40 (1H, brs, NH), 7.75 (1H, dd, J 1.5
and 0.5, H-4), 7.51 (1H, d, J 1.5, H-6), 7.30 (1H, dd, J 3.0 and 2.5, H-2), 6.61 (1H, dd, J
3.0 and 0.5, H-3); 8c(75 MHz, CDCl3) 133.8, 130.3, 126.8, 126.2, 122.8, 113.0, 105.3,
103.8; m/z (C.L) 273 (50 %, M-Br”°-Br’), 302 (275 %, M-Br">-Br*"), 277 (40 %, M-
Br*'-Br*"); (Found (E.I): M, 272.8777. CsHsNBr;, requires 272.8790).

5,7-Dibromo-1H-indole-3-carboxylic acid-fers-butylamide 269

o ¥

N

Br H

N

N
H
Br

5,7-Dibromoindole 266 (0.2 g, 0.73 mmol, 2.0 equiv.) in benzene (5 mL) was added
dropwise to a solution of methylmagnesium iodide (0.24 mL of a 3.0 M solution, 0.73
mmol, 2.0 equiv.) in benzene (2 mL). The solution was stirred for 10 min and a solution
of N-fert-butylisocyanate (0.05 mL, 0.36 mmol, 1.0 equiv.) in benzene (1 mL) added
dropwise. The mixture was heated at reflux for 67 h and then allowed to cool to room
temperature and water (5 ml.) added. The mixture was extracted with EtOAc (3 x 5
mL). Combined organics were washed with water (2 x 5 mL), dried (MgSQO4) and
concentrated under reduced pressure. Purification by flash column chromatography
(Si02; 25:1 Petrol/EtOAc) afforded the title compound (0.09 g, 40 %) as a colourless
oil: R{(5:1 Petrol:FtOAc) 0.25; Vi (CHCl)em™ 3421 (NH), 2965 (CH), 1634 (C=0);
ou(300 MHz, CDCls) 8.75 (1H, brs, NH), 8.20 (1H, dd, /2.0 and 0.5, H-4), 7.70 (1H, d,
J 2.0, H-6), 7.57 (1H, d, J 0.5, H-2), 5.70 (1H, brs, NH), 1.52 (9H, s, Bu); dc(75 MHz,
CDCL) 163.9, 134.1, 128.0, 127.7, 1229, 115.0, 105.7, 51.9, 29.4, 29.3, 14.5; m/z
(C.L) 373 (50 %, M-Br”-Br™), 375 (75 %, M-Br°-Br*"), 377 (40 %, M-Br*'-Br*);
(Found (E.I) M, 371.9545. C3H14N>OBr requires 371.9546).
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1-Triisopropylsilyl indole 270

9
N
Sii-Pr,

n-Butyllithiom (4.1 mL of a 2.5 M solution in hexane, 10 mmol, 1.2 equiv.) was added
dropwise to a stirred solution of indole (1.0 g, 8.55 mmol, 1.0 equiv.) in THF (25 mL) at
~20 °C, under a nitrogen atmosphere and the mixture stirred for 1 h. A solution of
triisopropylsilyl triflate (2.75 mL, 10 mmol, 1.2 equiv.) in THF (10 mL) was added
dropwise and the mixture stirred at -20 °C for 1 h and allowed to warm to room
temperature. Water (20 mL) was added and the mixture extracted with diethyl ether (3
X 10 mL). The combined organic layers were washed with water (10 mL), dried
(MgS0y,), and concentrated under reduced pressure. The crude product was purified by
flash chromatography (SiO,; 100 % Petrol) to afford the title compound (1.94 g, 83 %)
as a colourless oil: b.p.140 °C/0.2 mmHg (lit.,'"” 140.2-141 °C); R(Petrol) 0.25; Vyax
(CHCLYem™ 2940, 2840 (CH); 81(300 MHz, CDCl3) 7.65 (1H, dd, J 7.0 and 3.0, H-7),
7.58 (1H, dd, J 6.0 and 1.0, H-6), 7.32 (1H, dd, J 3.0 and 1.0, H-2), 7.14-7.24 (2H, m,
H-4 and H-5), 6.65 (1H, dd, J 3.0 and 1.0, A-3), 1.78 (3H, d, J 3.0, (CHMe,);), 1.10
(18H, d, J 8.0, (CHMe)3); 8c¢(75 MHz, CDCls) 131.3, 131.0, 121.2, 120.4, 119.6,
113.7, 104.6, 18.8, 18.1, 12.8; m/z (C.1) 273 (100 %, M + H"); (Found (E.I): M,
273.1916. C17H7NSi requires 273.1913).

1-Triisopropylsilanyl-1H-indole-3-carboxylic acid-fers-butylamide 271*%°

o]
Iz\é

A\
N

Sii-Pr.
(~Butyllithium (7.0 mL of a 1.6 M soluiion in hex;ne, 11.0 mmol, 1.5 equiv.) was added
dropwise to a stirred solution of 1-triisopropylsilyl indole 270 (2.0 g, 7.33 mmol, 1.0
equiv.) and TMEDA (2.0 mL, 13.0 mmol, 1.8 equiv.) in hexane (50 mL) at 0 °C, under
a nitrogen atmosphere and the mixture stirred for 3h. After cooling to —78 °C a solution
tert-butylisocyanate (2.5 mL, 22.0 mmol, 3.0 equiv.) in diethyl ether (10 mL) was added
dropwise and the solution stirred at —78 °C overnight. The mixture was allowed to warm
to room temperature, quenched with NH4C1 (5 mL) and extracted with EtOAc (5 x 15
mL). The combined organic layers were washed with water (10 mL), dried (MgSOy4)
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and concentrated under reduced pressure. The crude product was purified by flash
column chromatography (SiO,; 3:1 Petrol/EtOAc) to aftord the title compound (2.25 g,
83 %) as a white solid: m.p. 114.4 °C; R(1:1 Petrol:EtOAc) 0.65; Vimax (CHCl3)/em™
3351 (NH), 2960, 2868 (CH), 1628 (C=0); 3u(300 MHz, CDCl3) 7.82-7.85 (ZH, m, H-2
and H-5), 7.58 (1H, dd, J 7.0 and 1.5, H-7), 7.26-7.29 (2H, m, H-6 and H-4), 5.90 (1H,
brs, NH), 1.75-1.76 (3H, m, 3 x CH(CH3)y), 1.57 (9H, s, Bu), 1.20 (18H, d, J 7.5, 6 x
CHs); 0¢(75 MHz, CDCls) 165.2, 135.4, 121.9, 119.1, 114.6, 51.3, 29.2, 17.9, 12.6; m/z
(CL) 373 (100 %, M + H"); (Found (E.I): M', 372.2597. CyH3eN,OSi requires
372.2596).

1-Allyl-1H-indole-3-carboxylic acid-ferz-butylamide 272

1-Triisopropylsilanyl-1H-indole-3-carboxylic acid-fert-butylamide 271 (0.10 g, 0.27
mmol, 1.0 equiv.) in DMF (3 mL) was added dropwise to a suspension of sodium
hydride (0.02 g, 0.40 mmol, 1.5 equiv.) in DMF (2 mL) at 0 °C under a nitrogen
atmosphere. The suspension was stirred at room temperature for 1 h and allyl bromide
(0.04 mL, 0.46 mmol, 1.7 equiv.) in DMF (1 mL) added dropwise. The mixture was
stirred at room temperature for 16 h and water added (5 mL). The mixture was extracted
with EtOAc (3 x 5 mL). Combined organics were washed with water (4 x 5 mL), dried
(MgS04) and concentrated under reduced pressure. Purification by flash column
chromatography (Si0,; 15:1 Petrol/EtOAc) afforded the title compound (0.05 g, 45 %)
as a colourless oil: R¢(5:1 Petrol:EtOAc) 0.35; vmax(CHCh)/crn'1 3444 (NH), 2963 (CH),
1620 (C=0); 6u(300 MHz, CDCl3) 7.93-7.91 (1H, m, ArH), 7.70 (1H, s, H-2), 7.41-
7.29 (3H, m, ArH), 6.09-5.95 (1H, ddd, J 17.0, 10.0 and 5.5, CHCHy), 5.85 (1H, brs,
NH), 5.30 (1H, ddd, J 10.0, 2.5 and 1.5, CHCHsHg), 5.16 (1H, ddd, J 17.0, 2.5 and 1.5,
CHCHHg), 4.78 (2H, dt, J 5.5 and 1.5, CH,CHCH,); (75 MHz, CDCls) 132.6,
131.5, 122.7, 121.6, 120.1, 118.5, 114.2, 110.7, 49.4, 29.5; m/z (C.1.) 257 (100 %, M +
H"); (Found (E.I): M, 256.1647. C;6H20N20 requires 256.1648).
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1-Allyl-1H-indole-3-carboxylic acid allyl-fer-butylamide 273

Oy -N

N M

N
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1-Triisopropylsilanyl-1H-indole-3-carboxylic acid-ters-butylamide 271 (0.10 g, 0.27
mmol, 1.0 equiv.) in DMF (3 mL) was added dropwise to a suspension of sodium
hydride (0.02 g, 0.40 mmol, 1.5 equiv.) in DMF (2 mL) at 0 °C under a nitrogen
atmosphere. The suspension was stirred at room temperature for 1 h and allyl bromide
(0.04 mL, 0.46 mmol, 1.7 equiv.) in DMF (1 mi) added dropwise. The mixture was
stirred at room temperature for 16 h and water added (5 mL). The mixture was extracted
with EtOAc (3 x 5 mL). Combined organics were washed with water (4 x 5 mL), dried
(MgSQO4) and concentrated under reduced pressure. Purification by flash column
chromatography (SiOz; 15:1 Petrol/EtOAc) afforded the title compound (0.03 g, 27 %)
as a colourless oil: R{5:1 Petrol:EtOAc) 0.50; vmax(CHClg)/cm'] 2961 (CH), 1624
(C=0); 8u(300 MHz, CDCl3) 7.82-7.83 (1H, m, ArH), 7.49 (1H, s, H-2), 7.36-7.20 (3H,
m, ArH), 6.07-5.84 (2H, m, CHCH,), 5.29-5.13 (4H, m, 2 x CHCH>), 4.73 (2H, dt, J
5.5 and 1.5, CH,CHCH,), 4.24 (2H, dt, J 5.5 and 1.5, CH,CHCHy), 1.52 (9H, s, /Bu);
oc (75 MHz, CDCl) 138.9, 133.0, 129.1, 126.9, 122.6, 121.1, 121.0, 118.2, 116.0,
114.1, 110.1, 57.6, 50.7, 49.3, 29.9, 29.2; m/z (C.1.) 297 (100 %, M + H"); (Found (E.I):
M, 296.1964. C;9H4N,O requires 296.1961).

1H-Indole-3-carboxylic acid-fert-butylamide 274"

TBAF (2.96 mL of a 1.0 M solution in THF, 2.96 mmol, 1.1 equiv.) was added
dropwise to a solution of 1-triisopropylsilanyl-1H-indole-3-carboxylic acid-tert-
butylamide 271 (1.0 g, 2.69 mmol, 1.0 equiv.) in THF (25 mL) at 0 °C under a nitrogen

atmosphere. The solution was stirred at room temperature for 2 h and water (20 mL)

163
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added. The mixture was extracted with EtOAc (3 x 15 mL). Combined organics were
washed with water (2 x 15 mL), dried (MgSO,) and concentrated under reduced
pressure. Purification by flash column chromatography (SiO»; 2:1 Petrol/EtOAc)
afforded the title compound (0.41 g, 75 %) as needles: m.p. 188.8-189.1 “C (lit.,'*® 188-
189 "C); R(1:1 Petrol:EtOAc) 0.45; vima(CHCL)Yem™ 3400 (NH), 3218 (NH), 2968
(CH), 1630 (C=0); 8u(300 MHz, CDCl3) 9.78 (1H, brs, NH), 7.88 (1H, dd, J 7.5 and
3.5, H-4), 7.70 (14, d, J 2.5, H-6), 7.49-7.46 (1H, m, H-2), 7.30-7.25 (2H, m, H-7 and
H-5), 598 (1H, brs, NH), 1.58 (9H, s, Bu); 6¢(75 MHz, CDCl3) 165.6, 136.9, 128.6,
124.6, 122.9, 121.6, 119.4, 113.5, 112.6, 51.8, 29.6; m/z (C.I1) 217 (100 %, M + H");
(Found (E.I): M", 216.1258. Ci3H;¢N,O requires 216.1257).

1-(fert-Butyldimethylsilanyl)-1 H-indole-3-carboxylic acid-fer~-butylamide 275

TBS

n-Butyllithium (0.23 mL of a 2.0 M solution in hexane, 0.46 mmol, 1.0 equiv.) was
added dropwise to a solution of 1H-indole-3-carboxylic acid-ferf-butylamide 274 (0.10
g, 0.46 mmol, 1.0 equiv.) in THF (8 mL) at —20 °C under a nitrogen atmosphere. The
solution was stirred at —20 °C for 1 h and a solution of TBSOTf (0.11 mL, 0.46 mmol,
1.0 equiv.) in THF (2 mL) added dropwise. The mixture was maintained at —20 °C for 1
h and allowed to warm to room temperature. Water (10 mL) was added and the mixture
extracted with EtOAc (3 x 10 mL). Combined organics were washed with water (2 x 15
mL), dried (MgSQ,) and concentrated under reduced pressure. Purification by flash
column chromatography (SiO»; 10:1 Petrol/EtOAc) afforded the title compound (0.07 g,
45 %) as needles: m.p. 242.3-242.7 °C; R(1:1 Petrol:EtOAc) 0.75; vmm‘(CI-IC13)/01'11‘1
3366 (NH), 2950 (CH), 1625 (C=0); 8u(300 MHz, CDCl;) 7.86 (1H, dd, J 6.5 and 2.5,
H-4),7.79 (14, s, H-2), 7.58 (1H, dd, J 6.5 and 2.5, H-6), 7.28-7.24 (2H, m, H-5 and H-
7), 5.91 (IH, brs, NH), 1.57 (9H, s, tBu), 0.98 (9H, s, Bu), 0.66 (6H, s, 2 x CH3); dc(75
MHz, CDCl) 165.0, 141.9, 135.6, 127.7, 122.3, 121.6, 119.6, 115.9, 115.0, 51.7, 29.5,
26.5, 19.5, 3.6; m/z (CI1) 331 (100 %, M + H"); (Found (E.I): M, 330.2203.
CioH30N208i requires 330.2200).
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1-(2,4,6-Triisopropylbenzenesulfonyl)-1H-indole-3-carboxylic acid-fert-butylamide
276

1H-Indole-3-carboxylic acid-fert-butylamide 274 (0.10 g, 0.46 mmol, 1.0 equiv.) in
TIIF (2.5 mL) was added dropwise to a suspension of sodium hydride (0.02 g, 0.51
mmol, 1.1 equiv.) in THF (2.5 mL) at 0 °C under a nitrogen atmosphere. The suspension
was stirred at room temperature for 1 h and cooled to 0 °C. 2,4,6-Triisopropyl-
benzenesulfonylchloride (0.18 g, 0.60 mmol, 1.3 equiv.) in THF (1.0 mL) was added
dropwise and the solution stirred at room temperature for 48 h. Water (5 mL) was added
and the mixture extracted with EtOAc (3 x 5Sml.). Combined organics were washed with
water (2 x 5 mL), dried (MgSQO4) and concentrated under reduced pressure. Purification
by flash column chromatography (SiO,; 10:1 Petrol/EtOAc) afforded the fitle compound
(0.20 g, 90 %) as needles: m.p. 153.2-153.5 °C; R«(1:1 Petrol:EtOAc) 0.65; vmax
(CHCl;)/em™ 3343 (NH), 2963 (CH), 1642 (C=0); 513(300 MHz, CDCls) 7.99-8.02 (2H,
m, H-4 and H-2), 7.42 (1H, dd, J 7.5 and 1.0, H-6), 7.33-7.25 (2H, m, H-5 and H-7),
591 (1H, brs, NH), 4.15 (2H, m, 2 x CH(CHs),), 2.94 (1H, q, J 7.0, CH(CHs),), 1.53
(94, s, Bu), 1.27 (6H, d, J 7.0, CH(CHs),), 1.13 (12H, d, J 7.0, 2 x CH(CH3)2); 8c(75
MHz, CDCly) 163.3, 155.4, 151.8, 135.5, 131.0, 127.2, 125.1, 124.7, 123.8, 121.4,
117.5,112.9, 52.1, 34.5, 29.9, 29.4, 24.7, 23.7; m/z (C.1.) 483 (100 %, M + H"); (Found
(E.D): M, 482.2598. Cy3H3sN203S requires 482.2598).
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1-(2,2-Diethylbutyryl)-1H-indole-3-carboxylic acid-fer-butylamide 277
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PMDTA (0.52 mL, 2.47 mmol, 3.0 equiv.) was added to a solution of 1-(2,2-
diethylbutyryl) indole (0.2 g, 0.82 mmol, 1.0 equiv.) in diethyl ether (7 mL) and the
mixture cooled to —78 °C. s-Butyllithium (1.4 mL of a 1.2 M solution in hexane, 1.65
mmol, 2.0 equiv.) was added dropwise and the solution stirred at —78 °C for 1h, and
tert-butyl isocyanate (0.38 mL, 3.29 mmol, 4.0 equiv.) added dropwise. The mixture
was stitred for 1 h then quenched by addition of saturated aqueous NH4CI solution (5
mL) and warmed to room temperature. The mixture was extracted with EtOAc (4 x 5
mL) and the combined organic layers washed with water (5 mL), dried (MgSQ4) and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (Si0,; 100 % Petrol) to afford the title compound (0.11 g, 42 %) as an
off-white solid: m.p.149.5-149.7 °C; Ri(1:1 Petrol:EtOAc) 0.85; vnm(CHCb)/cm‘1 3349
(NH), 2963 (CH), 1703, 1634 (C=0); 6u(300 MHz, CDCl;) 8.55-8.56 (1H, m, H-7),
8.34 (1H, s, H-2), 7.75-7.76 (1H, m, H-4), 7.41-7.43 (2H, m, H-5 and H-6), 5.92 (1H,
brs, NH), 1.95 (6H, q, J 7.5, 3 x CH>CHz), 0.88 (9H, t, J 7.5, 3 x CH,CH3); 8c(75 MHz,
CDCl3) 176.6, 137.4, 128.2, 125.4, 125.1, 124.2, 118.6, 117.6, 53.4, 51.8, 50.2, 29.5,
29.0, 27.0, 8.4; m/z (C1.) 343 (100 %, M + H"); (Found (E.I) (E.L): M', 342.2310.
Co1H3oN2O; requires 342.2307).

4.3.2 Experimental Details for Chapter 2.2

Furan-2-carboxylic acid benzyl-fert-butylamide 282
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2-Furoic acid (2.0 g, 17.8 mmol, 1.0 equiv.) and N-fert-butylbenzylamine (4.94 mL,
26.7 mmol, 1.7 equiv.) were treated according to Method J. The crude product was
purified by flash column chromatography (SiOs; 4:1 Petrol/EtOAc) to afford the title
compound (1.09 g, 24 %) as an off-white solid: m.p. 112.4-113.0 °C; Ry (1:1
Petrol:EtOAc) 0.80; vimax(CHClz)em™ 2925 (CH), 1628 (C=0); 8u(300 MHz, CDCls)
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7.33-7.36 (5H, m, ArH), 7.34 (1H, dd, J 1.5 and 1.0, H-5), 6.80 (1H, dd, J 3.5 and 1.0,
H-3), 6.36 (1H, dd, J 3.5 and 1.5, H-4), 4.85 (2H, s, CH,), 1.50 (9H, s, Bu); 8¢ (75
MHz, CDCl) 163.4, 121.5, 120.1, 118.5, 107.9, 81.1, 80.5, 60.3, 23.4; m/z (C.1.) 258
(100 %, M + H"); (Found (E.I): M, 257.1412. C)sH;oNO; requires 257.1416).

Furan-3-carboxylic acid benzyl-fert-butylamide 283
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3-Furoic acid (2.0 g, 17.8 mmol, 1.0 equiv.) and N-fers-butylbenzylamine (4.94 mL,
26.7 mmol, 1.7 equiv.) were treated according to Method J. The crude product was
purified by flash column chromatography (SiOy; 4:1 Petrol/EtOAc) to afford the tifle
compound (1.80 g, 40 %) as an off-white solid: m.p. 112.6-113.0 °C; R¢ (1:1
Petrol:EtOAC) 0.80; Vmax(CHCL3)/em™ 2920 (CH), 1628 (C=0); 85(300 MHz, CDCl;)
7.58 (1H, dd, J 1.5 and 1.0, H-2), 7.42 (1H, dd, J 1.5 and 1.0, H-5), 7.29-7.33 (5H, m,
ArH), 6.53 (1H, dd, J 1.5 and 1.0, H-4), 4.80 (2H, s, CH;), 1.52 (9H, s, tBu); d¢c (75
MHz, CDCL) 158.4, 151.2, 145.8, 130.4, 128.3, 128.1, 126.8, 108.7, 48.9, 46.2, 39.6,
27.4; m/z (C.1.) 258 (100 %, M + H+); (Found (E.I):M+, 257.1414. C;sH;oNO; requires
257.1416).

5-Methylfuran-2-carboxylic acid benzyl-fer-butylamide 284
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Furan-2-carboxylic acid benzyl-ters-butylamide 282 (0.20 g, 0.77 mmol, 1.0 equiv.) was
treated according to Method D with iodomethane (0.85 mL, 4.62 mmol, 6.0 equiv.)
quench to afford the title compound (0.12 g, 50 %) as a yellow oil: R(1:1 Petrol:EtOAc)
0.85; Via(CHCL)/em™ 2978, 2962 (CH), 1628 (C=0); 8(300 MHz, CDCly) 7.32-7.19
(5H, m, ArH), 6.53 (1H, d, J 3.5, H-3), 5.83 (1H, dd, J 3.5 and 1.0, H-4), 4.78 (2H, s,
CH>), 2.08 (3H, s, CH3), 1.40 (9H, s, Bu); 8¢(75 MHz, CDCly) 154.0, 140.5, 128.3,
126.6, 126.0, 115.4, 107.1, 58.4, 50.5, 28.3, 15.6; m/z (C.I) 272 (100 %, M + H");
(Found (E.I): M, 271.1570. C 782N, requires 271.1572).




Experimental

5-Methylfuran-3-carboxylic acid benzyl-ferf-butylamide 285
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Furan-3-carboxylic acid benzyl-fers-butylamide 283 (0.20 g, 0.77 mmol, 1.0 equiv.) was
treated according to Method D with iodomethane (0.85 mL, 4.62 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (SiO,; 100 % Petrol) afforded the
title compound (0.06 g, 30 %) as an off-white solid: m.p.141.5-142.3 "C; Rg(5:1
Petrol:EtOAC) 0.55; Vina(CHCL)em™ 2971 (CH), 1638 (C=0); 55(300 MHz, CDCls)
7.50 (1H, s, H-2), 7.21-7.40 (§H, m, ArH), 5.80 (1H, s, H-4), 4.78 (2H, s, CH,Ph), 2.08
(3H, s, CH3), 1.38 (9H, s, Bu); 8¢(75 MHz, CDCl;) 165.8, 154.5, 149.6, 137.1, 129.5,
128.3, 128.1, 126.9, 103.2, 48.4, 46.8, 28.7, 15.2; m/z (C.L) 272 (100 %, M + H";
(Found (E.[):M", 271.3625. C7H2;NO; requires 271.3627).

2-Methylfuran-3-carboxylic acid benzyl-tert-butylamide 286
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Furan-3-carboxylic acid benzyl-fert-butylamide 283 (0.20 g, 0.77 mmol, 1.0 equiv.) was
treated according to Method D with iodomethane (0.85 mL, 4.62 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (SiO,; 100 % Petrol) afforded the
title compound (0.05 g, 25 %) as an off-white solid: m.p.144.2-145.0 °C; R{5:1
Petrol:EtOAc) 0.50; viex(CHCls)em™ 2971 (CH), 1636 (C=0); 81(300 MHz, CDCl)
7.40 (1H, d, J 1.5, H-5), 7.21-7.37 (5H, m, ArH), 6.48 (1H, d, J 1.5, H-4), 4.80 (2H, s,
CH,Ph), 2.25 (3H, s, CH3), 1.36 (9H, s, 1Bu); 6¢(75 MHz, CDCls) 165.4, 156.2, 146.6,
135.4, 129.5, 128.2, 128.1, 126.9, 102.8, 48.7, 47.2, 28.5, 15.2; m/z (C.1.) 272 (100 %,
M +H"); (Found (E.I):M", 271.3625. C7H2NO, requires 271.3627).
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2.5-Dimethylfuran-3-carboxylic acid benzyl-feri-butylamide 288
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2,5-Dimethyl-3-furoic acid (2.0 g, 14.3 mmol, 1.0 equiv.) and N-zert-butylbenzylamine
(3.96 mL, 21.4 mmol, 1.5 equiv.) were treated according to Methed J to afford the ritle
compound (2.10 g, 55 %) as a white solid: m.p. 87.2-87.6 °C; R«(5:1 Petrol:EtOAc)
0.60; Vina(CHCLs)/em™ 2925 (CH), 1759 (C=0); du(300 MHz, CDCly) 7.21-7.37 (5H,
m, ArH), 5.83 (1H, s, H-4), 4.78 (2H, s, CH,Ph), 2.38 (3H, s, CH3), 2.10 (3H, s, CH3),
1.43 (94, s, Bu); 8¢(75 MHz, CDCls) 169.0, 151.6, 149.7, 140.8, 128.8, 127.2, 126.6,
119.6, 105.6, 58.1, 51.3, 29.0, 13.5, 13.1; m/z (C.I.) 286 (100 %, M + H'); (Found (E.I):
M*, 285.1733. C1sHasNO requires 285.1729).

2-Ethyl-5-methylfuran-3-carboxylic acid benzyl-ferr-butylamide 289
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t-Butyllithium (1.25 mL of a 1.05 M solution in hexane, 1.32 mmol, 2.5 equiv.) was
added dropwise to a stirred degassed solution of 2,5-dimethylfuran-3-carboxylic acid
benzyl-tert-butylamide 288 (0.15 g, 0.53 mmol, 1.0 equiv.) and DMPU (0.41 mL, 3.16
mmol, 6.0 equiv.) in THF (5§ mL) at —78 °C under a nitrogen atmosphere. The solution
was stirred at —78 °C for 12 h and quenched by the addition of iodomethane (0.6 mL).
After warming to room temperature for 10 min water (5 mL) was added and the mixture
extracted with EtOAc (4 x 5 mL). Combined organics were washed with water (5 mL),
dried (MgSO4) and evaporated under reduced pressure. The crude product was purified
by flash column chromatography (SiO;; 10:1 Petrol/EtOAc) to afford the title
compound (0.087 g, 55 %) as a clear oil: R{(5:1 Petrol:EtOAc) 0.45; Vinax(CHCL)em™
2971 (CH), 1634 (C=0); 6u(300 MHz, CDCl3) 7.21-7.37 (5H, m, ArH), 5.82 (1H, s,
CH), 4.86 (2H, s, CH,Ph), 2.75 (2H, q, J 7.5, CH,CHs), 2.12 (3H, s, CH3), 1.44 (9H, s,
Bu), 1.23 (3H, t, J 7.5, CH,CHs3); 8c(75 MHz, CDCls) 168.7, 155.8, 149.2, 140.3,
128.4, 128.3, 126.9, 126.7, 126.3, 126.1, 118.4, 105.0, 57.7, 51.0, 28.6, 28.5, 20.5, 13.1,

169
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12.4; m/z (C.1) 300 (100 %, M + H"); (Found (E.I): M", 300.1959. CypHsNO; requires
300.1885).

2-Hydroxymethyl-5-methylfuran-3-carboxylic acid benzyl-fer-butylamide 290
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¢t-Butyllithium (0.88 mL of a 1.6 M solution in hexane, 1.32 mmol, 2.5 equiv.) was
added dropwise to a stirred solution of 2,5-dimethylfuran-3-carboxylic acid benzyl-tert-
butylamide 288 (0.15 g, 0.53 mmol, 1.0 equiv.) and DMPU (0.41 mL, 3.16 mmol, 6.0
equiv.) in THF (5 mL) at —78 °C under a nitrogen atmosphere. The solution was stirred
at —78 °C for 12 h and quenched with saturated aqueous ammonium chioride (2 mL).
After warming to room temperature for 10 min water (5 mL) was added and the mixture
extracted with EtOAc (4 x 5 mL). Combined organics were washed with water (5 mL),
dried (MgSQ4) and evaporated under reduced pressure. The crude product was purified
by flash column chromatography (SiO;; 20:1 Petrol/EtOAc) to afford the ftitle
compound (0.045 g, 40 %) as a yellow oil: R(5:1 Petrol:EtOAc) 0.45; Vax(CHCl)/em™
3371 (OH), 2965 (CH), 1616 (C=0); du(300 MHz, CDCls) 7.23-7.41 (5H, m, ArH),
5.81 (1H, s, H-4), 4.78 (2H, s, CH,0OH), 4.61 (2H, s, CH,Ph), 4.30 (1H, brs, OH), 2.18
(3H, s, CH), 1.24 (94, s, Bu); 8c(75 MHz, CDCly) 177.2, 169.2, 156.9, 150.4, 140.5,
129.0, 128.9, 128.8, 127.5, 127.3, 126.3, 121.5, 105.5, 58.7, 57.4, 51.4, 28.7, 13.5; m/z
(C.1.) 302 (100 %, M + H"); (Found (E.I):M", 301.1674. CsH23NOQ; requires 301.1678).

Benzofuran-2-carboxylic acid benzyl-fer-butylamide 292
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Benzo[b]furan-2-carboxylic acid (2.0 g, 12.3 mmol, 1.0 equiv.) and N-fert-butyl
benzylamine (3.43 mL, 18.5 mmol, 1.5 equiv.) were treated according to Method J.

The crude product was purified by flash column chromatography (8iOz; 2:1
Petrol/EtOAc) to afford the fitle compound (4.03 g, 71 %) as an off-white solid: m.p.

120.8-121.4 °C; R1:1 Petrol:EtOAC) 0.80; Vamax(CHCls)/em™ 2927 (CH), 1728 (C=0);
8n(300 MHz, CDCls) 7.61 (1H, dd, J 8.5 and 0.5 H-7), 7.52 (1H, dd, J 9.0 and 1.0, H-
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4), 7.44 (1H, dd, J 9.0 and 1.0, H-5), 7.18-7.25 (5H, m, ArH), 7.14 (1H, dd, J 8.5 and
0.5, H-6), 7.00 (1H, s, H-3), 4.80 (2H, s, CHb), 1.42 (9H, s, fBu); 8c(75 MHz, CDCls)
159.9, 154.2, 140.0, 128.5, 127.0, 126.8, 126.2, 125.9, 123.7, 123.2, 121.9, 113.8,
1123, 111.6, 109.43, 58.9, 52.3, 50.5, 28.3; m/z (C.L) 308 (100 %, M + H"); (Found
(E.):M", 307.1568. Co0HzNO; requires 307.1571).

3-(2-Hydroxyphenyl)propyneoic acid benzyl-fert-butylamide 293
O k
N

L

Ph
OH

Attempted cyclisation of benzofuran-2-carboxylic acid benzyl-fert-butylamide 292
using Methods C and D afforded the title compound (79 mg, 42 %) as a yellow oil: Ry
(1:1 Petrol:EtOAc) 0.70; Vima(CHCL3)/em™ 3061 (OH), 2967, 2213 (CH), 1602 (C=0),
1448 (CC); 8u(300 MHz, CDCl;) 7.34-7.12 (6H, m, ArH), 7.02 (1H, d, J 8.0, H-2), 6.85
(1H, d, J 8.0, H-3), 6.66 (1H, dd, J 14.0 and 7.5, F-1), 4.98 (2H, s, CHy), 1.37 (9H, s,
Bu); 8¢(75 MHz, CDCl3) 160.9, 143.1, 137.2, 133.5, 129.6, 128.3, 128.1, 126.8, 120.7,
115.3,109.5, 95.8, 88.2, 48.2, 46.4, 28.6; m/z (C.1.) 307 (100 %, M + H"); (Found (E.I):
M, 308.1573 C20H21NO; requires 308.1572).

4.3.3 Experimental Details for Chapter 2.3

Thiophene-2-carboxylic acid benzyl-fert-butylamide 297
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Thiophene-2-carboxylic acid (5.0 g, 39 mmol, 1.0 equiv.) and N-fert-butylbenzylamine
(10.8 mL, 58 mmol, 1.5 equiv.) were treated according to Method J. Purification by
flash column chromatography (SiO;; 10:1 Petrol/EtOAc) afforded the title compound
(8.89 g, 84 %) as needles: m.p. 141.4-141.8 °C; R{10:1 Petrol:EtOAc) 0.35;
Vimax(CHCL3)/em™ 2966 (CH), 1609 (C=0); 81(300 MHz, CDCl;) 7.40 (1H, dd, J 4.0
and 1.0, H-3), 7.28-7.36 (5H, m, ArH), 7.14 (1H, d, J 4.0, H-5), 6.84 (1H, dd, J 4.0 and
1.0, H-4), 4.90 (2H, s, CH,Ph), 1.48 (9H, s, Bu); 8c(75 MHz, CDCl;) 168.9, 141.9,
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140.7, 129.1, 129.0, 127.6, 127.4, 127.1, 126.5, 59.3, 52.1, 28.9; m/z (C.1.) 274 (100 %,
M + HY); (Found (EI):M", 273.1180. C;¢H;sNOS requires 273.1187).

Thiophene-3-carboxylic acid benzyl-fert-butylamide 298
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Thiophene-3-carboxylic acid (5.0 g, 39 mmol, 1.0 equiv.) and N-tert-butylbenzylamine
(10.8 mL, 58 mmol, 1.5 equiv.) were treated according to Method J. Purification by
flash column chromatography (SiO; 10:1 Petrol/EtOAc) afforded the title compound
(5.15 g, 50 %) as needles: m.p. 106.4-106.9 °C; R{10:1 Petrol:EtOAc) 0.55;
Vimax(CHCL3)/em™ 2964 (CH), 1626 (C=0); 8(300 MHz, CDCls) 7.40 (1H, t, J 2.5, H-
5), 7.32-7.38 (3H, m, ArH), 7.25-7.28 (4H, m, ArH), 4.70 (2H, s, CH,Ph), 1.50 (9H, s,
Bu); 8c(75 MHz, CDCls) 168.9, 140.5, 139.5, 128.7, 127.2, 126.9, 126.0, 125.3, 124.9,
58.3, 51.4, 28.6; m/z (C1) 274 (100 %, M + H"); (Found (E.I):M', 273.1180.
CisH1oNOS requires 273.1187).

Thiophene-3-carboxylic acid benzylisopropylamide 299

o -
g o
S

Thiophene-3-carboxylic acid (1.50 g, 11.7 mmol, 1.0 equiv.) and N-isopropyl
benzylamine (2.94 mL, 17.6 mmol, 1.5 equiv.) were treated according to Method J.
Purification by flash column chromatography (SiO,; 5:1 Petrol/EtOAc) afforded the
title compound (2.91 g, 96 %) as a colourless oil: R{5:1 Petrol:EtOAc) 0.35;
Vax(CHCL)em™ 2973 (CH), 1626 (C=0); 83300 MHz, CDCl;) 7.54 (1H, brs, H-5),
7.20-7.36 (7TH, m, ArH, H-2 and H-4), 4.68 (2H, s, CH,Ph), 4.40 (1H, brs, CH(CHs),),
1.20 (6H, brs, CH(CH3)2); (75 MHz, CDCl3) 167.9, 139.4, 137.7, 128.8, 128.2, 127.2,
126.1, 125.6, 60.3, 31.2, 21.4, 14.5; m/z (C.1.) 260 (100 %, M + H"); (Found (E.I):M",
259.1027. CysH7NOS requires 259.1031).
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1-tert-Butyl-3-methyl-3-(2-methylsulfanylvinyl)-5-phenyl-1,3-dihydropyrrel-2-one
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Thiophene-3-carboxylic acid benzyl-tert-butylamide 298 (0.15g, 0.55 mmol, 1.0 equiv.)
was treated according to Method D with iodomethane (0.21 mL, 3.3 mmol, 6.0 equiv.)
quench. Purification by flash column chromaiography (SiO; 50:1 Petrol/EtOAc)
afforded the fitle compound (0.10 g, 60 %) as a clear oil: R{10:1 Petrol:EtOAc) 0.65;
Vmax(CHCL)/em™ 2970 (CH), 1703 (C=0); 8x(300 MHz, CDCls) 7.40-7.45 (2H, m,
ArH), 7.33-7.38 (3H, m, ArH), 595 (1H, d, J 10.0, SCHCH), 5.55 (1H, d, J 10.0,
SCHCH), 5.35 (1H, s, CHCPh), 2.27 (3H, s, SCH3), 1.38 (3H, s, CH3), 1.33 (9H, s,
Bu); 8¢(75 MHz, CDCl3) 182.1, 144.3, 135.9, 128.4, 127.7, 127.0, 126.9, 126.5, 114.3,
56.7, 50.5, 29.1, 23.1, 17.2; m/z (C1) 302 (100 %, M + H); (Found (E.I): M",
301.1498. C3H2NOS requires 301.1500).

1-fert-Butyl-3-cthyl-3-(2-ethylsulfanylvinyl)-5-phenyl-1,3-dihydropyrrol-2-one
300b
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Thiophene-3-carboxylic acid benzyl-fers-butylamide 298 (0.15g, 0.55 mmol, 1.0 equiv.)
was treated according to Method D with iodoethane (0.26 mL, 3.3 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (SiO2; 25:1 Petrol/EtOAc)
afforded the title compound (0.11 g, 65 %) as a clear oil: Rf(10:1 Petrol:EtOAc) 0.60;
Vmax(CHCl3)/em™ 2966 (CH), 1700 (C=0); 3x(300 MHz, CDCls) 7.40-7.45 (2H, m,
ArH), 7.33-7.38 (3H, m, ArH), 6.02 (1H, d, J 10.0, SCHCH), 5.55 (1H, d, J 10.0,
SCHCH), 5.32 (1H, s, CHCPh), 2.65 (2H, q, J 7.5, SCH,CH3), 1.82 (2H, q, J 7.5,
CH,CH3), 1.32 (SH, s, Bu), 1.28 (3H, t, J 7.5, SCH,CHs3), 0.88 (3H, t, J 7.5, CH,CHj);
dc(75 MHz, CDCl;) 182.2, 146.2, 137.1, 128.9, 128.8, 128.1, 127.9, 127.7, 127.6,
113.2, 57.9, 56.4, 30.8, 30.2, 28.9, 15.4, 9.6; m/z (C.I.) 330 (100 %, M + H"); (Found
(E.D) (ED): M, 329.1808. CoHo7NOS requires 329.1808).
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3-Allyl-3-(2-allylsulfanylvinyl)-1-fert-butyl-5-phenyl-1,3-dihydropyrrol-2-one 300c

Thiophene-3-carboxylic acid benzyl-tert-butylamide 298 (0.15g, 0.55 mmol, 1.0 equiv.)
was treated according to Method D with allyl bromide (0.28 mL, 3.3 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (Si0O;; 50:1 Peirol/EtOAc)
afforded the title compound (0.09 g, 60 %) as a clear oil: R{(10:1 Petrol:EtOAc) 0.55;
Vima CHCL)/em™ 2975 (CH), 1703 (C=0); 8x4(300 MHz, CDCls) 7.35-7.45 (5H, m,
ArH), 6.00 (1H, d, J 10.0, SCHCH), 5.70-5.85 (2H, dd, J 7.0 and 3.0, 2 x CH,CHCH,),
560 (1H, d, J 10.0, SCHCH), 5.31 (1H, s, CHCPh), 5.05-5.18 (4H, m, 2 x
CH,CHCH>), 3.25 (2H, d, J 7.0, SCH,CHCH,), 2.55 (2H, dd, J 7.5 and 7.0,
CH,CHCH,), 1.32 (9H, s, Bu); 6c(75 MHz, CDCl) 181.9, 146.7, 137.3, 134.4, 133.3,
129.3, 128.5, 128.3, 127.5, 127.1, 118.7, 118.0, 113.3, 58.3, 55.9, 42.3, 37.8, 30.6; m/z
(CL) 354 (100 %, M + HY; (Found (E.I): M", 353.1811. CpHzNOS  requires
353.1808).

3-Benzyl-3-(2-benzylsulfanylvinyl)-1-fert-butyl-5-phenyl-1,3-dihydropyrrol-2-

one 300d
O
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Thiophene-3-carboxylic acid benzyl-fers-butylamide 298 (0.15g, 0.55 mmol, 1.0 equiv.)
was treated according to Method D with benzyl bromide (0.39 mL, 3.3 mmol, 6.0
equiv.) quench. Purification by flash column chromatography (SiO; 25:1
Petrol/EtOAc) afforded the title compound (0.08 g, 55 %) as a clear oil: R{10:1
Petrol:EtOAc) 0.55; vmax(CHC'13)lcm'1 2967 (CH), 1699 (C=0); 8u(300 MHz, CDCl3)
7.20-7.35 (15H, m, ArH), 6.08 (1H, d, J 10.0, SCHCH), 5.70 (1H, d, J 10.0, SCHCH),
5.35 (1H, s, CHCPh), 3.88 (2H, s, SCH,Ph), 3.10 (2H, d, J 12.5, CH,Ph), 1.10 (9H, s,
Bu); d¢(75 MHz, CDCls) 180.9, 145.7, 137.7, 136.7, 136.2, 130.7, 129.0, 128.9, 128.6,
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128.1, 127.9, 127.8, 127.6, 127.4, 1272, 126.8, 1264, 112.5, 57.7, 57.0, 47.8, 43.4,
38.9, 29.9, 20.8; m/z (C1.) 454 (100 %, M + H"); (Found (EI): M', 453.2198.
C30H3NOS  requires 453.2199).

3-(4-Bromobenzyl)-3-[2-(4-bromobenzylsulfanyl)vinyl}-1-fert-butyl-5-phenyl-1,3-
dihydropyrrol-2-one 300e

Thiophene-3-carboxylic acid benzyl-fers-butylamide 298 (0.15g, 0.55 mmol, 1.0 equiv.)
was treated according to Method D with 4-bromobenzyl bromide (0.80 mL, 3.3 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 25:1
Petrol/EtOAc) afforded the title compound (0.16 g, 50 %) as a colourless oil: Ry(10:1
Petrol:EtOAC) 0.50; Vima(CHCl)/em™ 2969 (CH), 1698 (C=0); 8x(300 MHz, CDCl3)
7.30-7.46 (9H, m, ArH), 7.22 (2H, d, J 8.5, ArH), 7.08 (2H, d, J 8.5, ArH), 6.05 (1H, d,
J 10.0, SCHCH), 5.72 (1H, d, J 10.0, SCHCH), 5.34 (1H, s, CHCPh), 3.82 (2H, s,
SCH,Ph), 3.10 (1H, d, J 12.5, CCHaHgPh), 3.00 (1H, d, J 12.5, CCH5HgPh), 1.08 (9H,
s, 1Bu); 8¢(75 MHz, CDCl3) 180.9, 146.5, 136.9, 136.7, 135.4, 132.6, 131.9, 130.8,
128.9, 128.6, 128.1, 127.9, 127.8, 127.6, 127.4, 127.2, 126.8, 126.4, 120.7, 112.5, 58.2,
57.0, 42.9, 38.6, 30.1; m/z (C.1.) 610 (100 %, M + H"); (Found (E.I}: M', 609.0335.
CioHooNOBI;S requires 609.0338).

3-Biphenyl-4-ylmethyl-3-[2-(biphenyl-4-ylmethylsulfanyl)vinyl]-1-fers-butyl-5-
phenyl-1,3-dihydropyrrol-2-one 300f

Thiophene-3-carboxylic acid benzyl-fert-butylamide 298 (0.15g, 0.55 mmol, 1.0 equiv.)
was treated according to Method D with p-bromomethylbiphenyl (0.81 g, 3.3 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 30:1
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Petrol/EtOAc) afforded the title compound (0.13 g, 65 %) as a colourless oil: R{10:1
Petrol:EtOAc) 0.55; Vina(CHCLs)/em™ 2968 (CH), 1696 (C=0); 8u(300 MHz, CDCl;)
7.25-7.68 (23H, m, ArH), 6.18 (1H, d, J 10.0, SCHCH), 5.80 (1H, d, J 10.0, SCHCH),
5.50 (1H, s, CHCPh), 3.98 (2H, s, SCH>Ph), 3.20 (1H, d, J 13.0, CCHaHgPh), 3.12 (1H,
d, J 13.0, CCHaHgPh), 1.18 (9H, s, Bu); d¢(75 MHz, CDCl;) 181.3, 146.1, 141.6,
140.9, 140.6, 139.7, 137.0, 136.9, 135.7, 131.4, 129.6, 129.2, 129.1, 128.9, 128.3,
128.1, 127.9, 127.8, 127.6, 127.4, 127.3, 127.2, 126.5, 126.4, 112.9, 58.1, 57.4, 43 .4,
38.9, 30.2; m/z (C.I.) 606 (100 %, M + H"); (Found (E.I): M, 605.8553. C4,H3NOS
requires 605.8562).

1-Isopropyl-3-methyl-3-(2-methylsulfanylvinyl)-5-phenyl-1,3-dihydropyrrol-2-one

301a
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Thiophene-3-carboxylic acid benzylisopropylamide 299 (0.15 g, 0.58 mmol, 1.0 equiv.)
was treated according to Method D with iodomethane (0.22 mL, 3.5 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (SiO,; 10:1 Petrol/EtOAc)
afforded the title compound (0.11 g, 65 %) as a colourless oil: R{5:1 Petrol:EtOAc)
0.50; Vmax(CHCL3)/em™ 2968 (CH), 1703 (C=0); 8x(300 MHz, CDCl;) 7.43-7.47 (5H,
m, ArH), 6.00 (1H, d, J 9.5, SCHCH), 5.60 (1H, d, J 9.5, SCHCH), 5.50 (1H, s,
CHCPh), 3.85 (1H, q, J 6.5, CH(CHs)), 2.29 (3H, s, SCH5), 1.44 (6H, d, J 6.5,
CH(CHs)2), 1.40 (3H, s, CCH3); 8c(75 MHz, CDCl3) 182.1, 144.6, 132.8, 129.9, 129.0,
128.7, 127.5, 112.9, 51.9, 46.4, 24.3, 20.3, 20.2, 18.4; m/z (C.1.) 288 (100 %, M + H");
(Found (E.I): M", 287.1338. C;7H2NOS requires 287.1344).

3-Ethyl-3-(2-ethylsulfanylvinyl)-1-isopropyl-5-phenyl-1,3-dihydropyrrol-2-one

301b
~o

~S Ph
Thiophene-3-carboxylic acid benzylisopropylamide 299 (0.15 g, 0.58 mmol, 1.0 equiv.)
was ftreated according to Method D with iodoethane (0.28 mL, 3.5 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (SiO; 10:1 Petrol/EtOAc)

afforded the title compound (0.11 g, 62 %) as a colourless oil: Ry5:1 Petrol:EtOAc)

176
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0.60; Via(CHCL;Yem™ 2965 (CH), 1702 (C=0); 8x(300 MHz, CDCls) 7.44-7.47 (5H,
m, ArH), 6.05 (1H, d, J 10.0, SCHCH), 5.62 (1H, d, J 10.0, SCHCH), 5.48 (1H, s,
CHCPh), 3.85 (1H, q, J 6.5, CH(CHs)y), 2.67 (2H, q, J 7.0, SCH,CHs), 1.87 2H, q, J
7.0, CCH,CH3), 1.41 (6H, d, J 6.5, CH(CHs),), 1.31 (3H, t, J 7.0, SCH,CHs), 0.90 (3H,
t, J 7.0, CCH,CHj3); 6c(75 MHz, CDCls) 181.3, 145.4, 133.0, 129.1, 128.9, 128.8,
128.1, 127.6, 110.6, 56.7, 46.5, 31.0, 29.2, 20.3, 20.2, 15.6, 8.9; m/z (C.I.) 316 (100 %,
M + H"); Found (E.D): M", 315.1651. C1oHsNOS requires 315.1657.

3-Allyl-3-(2-allylsulfanylvinyl)-1-isopropyl-S-phenyl-1,3-dihydropyrrol-2-one 301c

e
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Thiophene-3-carboxylic acid benzylisopropylamide 299 (0.15 g, 0.58 mmol, 1.0 equiv.)
was treated according to Method D with allyl bromide (0.29 mL, 3.5 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (SiO,; 15:1 Petrol/EtOAc)
afforded the title compound (0.12 g, 60 %) as a colourless oil: R{(5:1 Petrol:EtOAc)
0.60; Vmax(CHClz)em™ 2972 (CH), 1704 (C=0); 84(300 MHz, CDCl;) 7.40-7.48 (5H,
m, Arfl), 6.05 (1H, d, J 10.0, SCHCH), 5.80-5.82 (2H, m, 2 x CH,CHCH>), 5.65 (1H,
d, J 10.0, SCHCH), 5.47 (1H, s, CHCPh), 5.10-5.20 (4H, m, 2 x CH,CHCH,), 3.84
(1H, q, J 6.5, CH(CH3),), 3.30 (2H, d, J 7.0, SCH,CHCH,), 2.55 (1H, dd, J 13.5 and
7.0, CCH,HgCHCHy), 2.48 (1H, dd, J 13.5 and 7.0, CCHAHgCHCH,), 1.41 (3H, d, J
6.5, CH(CH3)2), 1.38 (3H, d, J 6.5, CH(CHs3),); 8¢(75 MHz, CDCl3) 180.6, 145.5,
134.3, 133.1, 132.8, 129.1, 128.8, 128.7, 127.2, 126.9, 118.7, 117.9, 110.5, 55.9, 46.5,
42.1, 37.6, 20.4, 20.3; m/z (C.1.) 340 (100 %, M + H"); (Found (E.I): M", 339.1651.
C21H25NOS requires 339.1657).

3-Benzyl-3-(2-benzylsulfanylvinyl)-1-isopropyl-5-phenyl-1,3-dihydropyrrol-2-one

301d
Ph—
A0
Phe " Ph
Thiophene-3-carboxylic acid benzylisopropylamide 299 (0.15 g, 0.58 mmol, 1.0 equiv.)
was treated according to Method D with benzyl bromide (0.41 mL, 3.5 mmol, 6.0
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equiv.) quench. Purification by flash column chromatography (SiO.; 15:1
Petrol/EtOAc) afforded the title compound (0.17 g, 67 %) as a colourless oil: Rr (5:1
Petrol:EtOAc) 0.55; Vimax(CHCls)/em™ 2968 (CH), 1699 (C=0); 81(300 MHz, CDCl5)
7.05-7.41 (15H, m, ArH), 6.10 (1H, d, J 10.0, SCHCH), 5.77 (1H, d, J 10.0, SCHCH),
5.49 (1H, s, CHCPh), 3.91 (2H, s, SCH,Ph), 3.54 (1H, q, J 7.0, CH(CHjs),), 3.16 (1H, d,
J 12.5, CCHsHgPh), 3.10 (1H, d, J 12.5, CCHaHgPh), 1.21 (3H, d, J 7.0, CH(CH3),),
1.05 (3H, d, J 7.0, CH(CHs),); 6c(75 MHz, CDCls) 180.0, 144.9, 137.9, 136.2, 132.8,
130.9, 129.1, 128.9, 128.8, 127.9, 127.7, 127.5, 127.3, 126.8, 126.6, 110.0, 57.3, 46.1,
43.6, 39.2, 20.2, 19.9; m/z (C.1.) 440 (100 %, M + H"); (Found (E.I): M", 439.1651.
CaoHooNOS requires 439.1657).

3-(4-Bromobenzyl)-3-{2-(4-bromobenzylsulfanyl)vinyl]-1-isopropyl-5-phenyl-1,3-
dihydropyrrol-2-one 301e

Br

Br: =
\ ) S Ph

Thiophene-3-carboxylic acid benzylisopropylamide 299 (0.15 g, 0.58 mmol, 1.0 equiv.)

was treated according to Method D with p-bromobenzyl bromide (0.86 g, 3.5 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO;; 10:1
Petrol/EtOAc) afforded the title compound (0.19 g, 58 %) as a colourless oil: R«(5:1
Petrol:EtOAC) 0.60; Vi (CHCl3)/em™ 2969 (CH), 1699 (C=0); 5u(300 MHz, CDCl;)
7.48 (2H, d, J 9.0, ArH), 7.34-7.42 (6H, m, ArH), 7.20 (2H, d, J 9.0, ArH), 7.08-7.10
(3H, m, ArH), 6.05 (1H, d, J 9.5, SCHCH), 5.73 (1H, d, J 9.5, SCHCH), 5.44 (1H, s,
CHCPh), 3.83 (2H, s, SCH,Ph), 3.56 (1H, q, J 7.0, CH(CH3;)), 3.10 (1H, d, J 12.5,
CCHaHgPh), 3.03 (1H, d, J 12.5, CCHaHgPh), 1.23 (3H, d, J 7.0, CH(CHs),), 1.07
(3H, d, J 7.0, CH(CH3)2); 8c(75 MHz, CDCls) 179.8, 145.5, 136.9, 135.2, 132.6, 132.5,
131.9, 130.8, 130.7, 129.1, 128.7, 128.6, 127.9, 127.3, 121.4, 120.8, 109.5, 60.7, 57.1,
46.3, 42.9, 38.5, 20.1, 19.9, 14.5; m/z (C.1) 580 (100 %, M + H"); (Found (E.I): M’,
597.0173. C29Hy7NOBI,S requires 597.0180).
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2-Methylthiophene-3-carboxylic acid benzyl-fers-butylamide 303

o W
0

Thiophene-3-carboxylic acid benzyl-fers-butylamide 298 (0.15g, 0.55 mmol, 1.0 equiv.)
was treated according to Method D at —78 °C with iodomethane (0.10 mL, 1.65 mmol,
3.0 equiv.) quench. Purification by flash column chromatography (SiOy; 25:1
Petrol/EtOAc) afforded the title compound (1.03 g, 48 %) as needles: m.p. 98.3-98.7 °C;
R{(10:1 Petrol:EtOAc) 0.65; Vmax(CHCL3)/em™ 2966 (CH), 1632 (C=0); 85(300 MHz,
CDCls) 7.20-7.45 (5H, m, ArH), 6.95-6.96 (2H, m, ArH), 4.62 (2H, s, CH,Ph), 2.50
(3H, s, CH3), 1.75 (94, s, 1Bu); 8¢ (75 MHz, CDCl;) 169.9, 140.2, 137.9, 136.4, 129.9,
128.8, 127.4, 126.6, 122.8, 121.3, 60.7, 58.5, 51.3, 29.1, 13.9; m/z (C.1.) 288 (100 %, M
+H'); (Found (E.I): M", 287.1336. C;/H2;NOS requires 287.1344).

(R)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309
o )
N
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Thiophene-3-carboxylic acid (5.0 g, 39 mmol, 1.0 equiv.) and (R)-isopropyl-(1-
phenylethyl)amine (11.7 g, 58.5 mmol, 1.5 equiv.) were treated according to Method J.
Purification by flash column chromatography (SiO,; 50:1 Petrol/EtOAc) afforded the
title compound (5.61 g, 58 %) as needles: [a]p? = +74.25 (¢ = 0.16 in CHCl3); m.p.
89.4-89.7 °C; R(10:1 Petrol:EtOAc) 0.50; Vmax(CHCl;)Yem™ 2974 (CH), 1710 (C=0);
Ou(300 MHz, CDCl3) 7.55 (1H, dd, J 3.0 and 1.0, H-5), 7.36-7.42 (5H, m, ArH), 7.29-
7.30 (2H, m, ArH), 5.10 (1H, brs, CHCH3), 3.50 (1H, brs, CH(CH3),), 1.72 (3H, d, J
7.0, CHCH3), 1.50 (3H, d, J 7.0, CH(CHs),), 1.20 (3H, d, J 7.0, CH(CH3),); dc(75
MHz, CDCl;) 167.4, 138.9, 135.8, 134.5, 128.5, 128.4, 127.7, 127.5, 126.7, 124.7, 21 4,
20.7, 18.2; m/z (C.1) 274 (100 %, M + H"); (Found (E.I): M", 273.1182. C13H;9oNOS
requires 273.1187).
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(+)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyDamide 309
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N
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Thiophene-3-carboxylic acid (1.52 g, 11.9 mmol, 1.0 equiv.) and (+)-N-isopropyl-(1-
phenylethyl)amine (3.55 g, 17.8 mmol, 1.5 equiv.) were treated according to Method J.
Purification by flash column chromatography (SiO;; 40:1 Petrol/EtOAc) afforded the
title compound (2.02 g, 62 %) as needles: m.p. 89.2-89.5 °C; R{10:1 Petrol:EtOAc)
0.50; Vmax(CHCl3)/em™ 2971 (CH), 1626 (C=0); 61(300 MHz, CDCls) 7.55 (1H, dd, J
3.0 and 1.0, H-5), 7.36-7.42 (5H, m, ArH), 7.30-7.32 (2H, m, ArH), 5.10 (1H, brs,
CHCHz3), 3.50 (1H, brs, CH(CHs)y), 1.72 (34, d, J 7.0, CHCHs;), 1.50 (3H, d, J 7.0,
CH(CH3),), 1.20 (3H, d, J 7.0, CH(CHs)2); 8c(75 MHz, CDCls) 167.3, 140.7, 139.1,
134.2, 128.6, 128.5, 127.7, 127.5, 126.7, 124.7, 21.4, 20.7, 18.2; m/z (C.1.) 274 (100 %,
M + H"); (Found (E.I): M", 273.1182. C13HoNOS requires 273.1187).

1-Isopropyl-5-methyl-3-(2-methylsulfanylvinyl)-5-phenyl-1,5-dihydropyrrol-2-one

31l1a
Q
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(R)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with iodomethane (0.21 ml, 3.3
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO; 25:1
Petrol/EtOAc) afforded the title compound (0.08 g, 50 %) as a colourless oil: [o]p™ =
+277.2 (¢ = 0.10 in CHCls); R{(10:1 Petrol:EtOAc) 0.40; Ve CHCL)Yem™ 2974 (CH),
1680 (C=0); 6u(300 MHz, CDCls) 7.32-7.40 (5H, m, ArH), 6.96 (1H, s, CHC(CH;3)Ph),
6.53 (1H, d, J 10.5, SCHCH), 6.40 (1H, d, J 10.5, SCHCH), 3.35 (1H, q, J 6.5,
CH(CHs)y), 2.44 (3H, s, SCH;), 1.84 (3H, s, CCH;Ph), 1.40 (3H, d, J 6.5, CH(CH:),),
1.22 (3H, d, J 6.5, CH(CHj3),); 6c(75 MHz, CDCls) 170.0, 147.2, 138.8, 135.1, 131.7,
128.9, 128.8, 128.2, 126.9, 113.8, 68.3, 45.5, 21.7, 20.8, 19.7, 18.7, m/z (C.1.) 288 (100
%, M+ H"); (Found (E.I): M, 287.1569. C,7H,;NOS requires 287.1572).
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3-(2-Ethylsulfanylvinyl)-1-isopropyl-5-methyl-5-phenyl-1.5-dihydropyrrol-2-one
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(R)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with iodoethane (0.26 ml, 3.3
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 10:1
Petrol/EtOAc) afforded the title compound (0.09 g, 60 %) as a colourless oil: [a]p? =
+240.4 (c = 0.10 in CHCl3); Ri(5:1 Petrol:EtOAC) 0.40; Vmax(CHCL)em™ 2974 (CH),
1683 (C=0); 6u(300 MHz, CDCl3) 7.30-7.38 (5H, m, ArH), 6.97 (1H, s, CHC(CHj3)Ph),
6.58 (14, d, J 10.5, SCHCH), 6.42 (1H, d, J 10.5, SCHCH), 3.30 (1H, q, J 6.5,
CH(CHzs),), 2.85 (2H, q, J 7.5, SCH,CHj3), 1.84 (3H, s, CCH3Ph), 1.40 (3H, d, J 6.5,
CH(CHs),), 1.34 (3H, t, J 7.5, SCH,CH3), 1.22 (3H, d, J 6.5, CH(CHs3)y); 6c(75 MHz,
CDClz) 170.0, 152.7, 147.2, 138.9, 133.2, 131.8, 128.9, 128.7, 127.9, 126.9, 113.9,
68.3, 45.5, 29.6, 21.7, 20.8, 19.7, 15.7; m/z (C.I.) 302 (100 %, M + H"); (Found (E.I):
M, 301.1498. CsH23NOS requires 301.1500).

3-(2-Allylsulfanylvinyl)-1-isopropyl-5-methyl-5-phenyl-1,5-dihydropyrrol-2-one
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(R)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with allyl bromide (0.28 ml, 3.3
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO;; 25:1
Petrol/EtOAc) afforded the title compound (0.11 g, 70 %) as a colourless oil: [o]p* =
+167.8 (¢ = 0.10 in CHCl3); Rf(10:1 Petrol:EtOAc) 0.55; Vmax (CHClz)/em™ 2973 (CH),
1680 (C=0); 6u(300 MHz, CDCl3) 7.30-7.38 (5H, m, ArH), 6.98 (1H, s, CHC(CH3)Ph),
6.53 (1H, d, J 10.5, SCHCH), 6.42 (1H, d, J 10.5, SCHCH), 5.85-5.86 (1H, m,
CH,CHCHy), 5.25-5.28 (2H, m, CH,CHCHy), 3.43 (2H, d, J 7.0, CH,CHCH,), 3.33
(1H, q, J 6.5, CH(CHz3)), 1.84 (3H, s, CCH;Ph), 1.41 (3H, d, J 6.5, CH(CH3)p), 1.23
(H, d, J 6.5, CH(CHs),); 5c(75 MHz, CDCL) 169.9, 147.3, 138.9, 133.7, 131.8, 131.7,
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128.8,128.2, 126.9, 118.6, 114.4, 68.3, 45.5, 37.9, 21.7, 20.8, 19.7; m/z (C.I) 314 (100
%, M -+ H"); (Found (E.I): M, 313.1495. C1sH2;NOS requires 313.1500).

3-(2-Benzylsulfanylvinyl)-1-isopropyl-5-methyl-5-phenyl-1,5-dihydropyrrol-2-one

311d
(o)
74 \ N’k
S "/

Phe Ph

(R)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with benzyl bromide (0.39 ml,
3.3 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiOy; 25:1
Petrol/EtOAc) afforded the title compound (0.10 g, 55 %) as a colourless oil: [o]p? =
+133.6 (c = 0.10 in CHCL); R(10:1 Petrol:EtOAC) 0.60; vinax (CHCL3)Yem™ 2973 (CH),
1680 (C=0); 6u(300 MHz, CDCl3) 7.30-7.38 (10H, m, ArH), 697 (1H, s,
CHC(CH3)Ph), 6.58 (1H, d, J 10.5, SCHCH), 6.42 (1H, d, / 10.5, SCHCH), 4.05 (2H, s,
SCH;Ph), 3.30 (1H, q, J 6.5, CH(CH3),), 1.83 (3H, s, CCHsPh), 1.40 (3H, d, J 6.5,
CH(CHs;)), 1.22 (3H, d, J 6.5, CH(CHs),); dc(75 MHz, CDCl3) 169.9, 147.5, 138.9,
137.3, 135.1, 132.1, 129.1, 129.0, 128.8, 128.6, 128.1, 127.8, 127.3, 126.9, 114.3, 68.3,
45.5, 39.5, 21.7, 20.8, 19.7; m/z (C.1) 364 (100 %, M + H); (Found (E.I): M",
363.5318. Co3H2sNOS requires 363.5322).

3-[2-(4-Bromobenzylsulfanyl)-vinyl}-1-isopropyl-5-methyl-5-phenyl-1,5-
dihydropyrrol-2-one 311e
O

Y
Br\@m,Ph

(R)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethy)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with 4-bromobenzyl bromide
(0.82 g, 3.3 mmol, 6.0 equiv.) quench. Purification by flash column chromatography
(810y; 10:1 Petrol/EtOAc) afforded the title compound (0.16 g, 70 %) as a colourless
oil: [a]p® =+204.3 (c = 0.10 in CHCly); R{10:1 Petrol:EtOAc) 0.50; Viax(CHCl3)em™
2973 (CH), 1678 (C=0); du(300 MHz, CDCl;) 7.50 (2H, d, J 8.5, ArH), 7.30-7.38 (5H,
m, ArH), 7.24 (2H, d, J 8.5, ArH), 6.95 (1H, s, CHC(CH3)Ph), 6.52 (1H, d, J 10.5,
SCHCH), 6.40 (1H, d, J 10.5, SCHCH), 3.98 (2H, s, SCH,Ph), 3.30 (1H, q, J 6.5,
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CH(CHg;),), 1.82 (3H, s, CCH3Ph), 1.40 (3H, d, J 6.5, CH(CH3)y), 1.22 (3H, d, J 6.5,
CH(CHs3),); 8c(75 MHz, CDCls) 169.8, 147.7, 138.8, 136.4, 132.2, 131.8, 131.6, 131.3,
130.8, 129.8, 128.8, 128.2, 126.9, 121.8, 114.9, 68.3, 45.5, 38.8, 21.7, 20.8, 19.7; m/z
(CL) 442 (100 %, M + H"); (Found (E.I): M', 441.0753. Cy3H24NOBtS requires
441.0762).

(#)-1-Isopropyl-5-methyl-3-(2-methylsulfanylvinyl)-5-phenyl-1,5-dihydropyrrol-2-

one ()-311a
O
7 "\ N/k

/S Ph

(®)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with iodomethane (0.21 mL, 3.3
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 25:1
Petrol/EtOAc) afforded the title compound (0.09 g, 60 %) as a colourless oil: R(10:1
Petrol:EtOAc) 0.40; v (CHCL) em™ 2971 (CH), 1684 (C=0); 3x(300 MHz, CDCL;)
7.32-7.40 (5H, m, ArH), 6.96 (1H, s, CHC(CH3)Ph), 6.53 (1H, d, J 10.5, SCHCH), 6.40
(1H, d, J10.5, SCHCH), 3.35 (1H, q, J 7.0, CH(CH3),), 2.44 (3H, s, SCH3), 1.86 (3H, s,
CCH;Ph), 1.40 (3H, d, J 7.0, CH(CHs3),), 1.22 (3H, d, J 7.0, CH(CH})2); dc(75 MHz,
CDCl;) 170.0, 147.2, 138.8, 135.1, 131.7, 128.9, 128.8, 128.2, 126.9, 113.8, 68.3, 45.5,
21.7, 20.8, 19.7, 18.7; m/z (C.1.) 288 (100 %, M + H"); Found (E.I): M", 287.1332.
Ci7H21NOS requires 287.1344.

(#)-3-(2-Ethylsulfanylvinyl)-1-isopropyl-5-methyl-5-phenyl-1,5-dihydropyrrol-2-
one (+)-311b
O

O
\/3 g‘Ph

(#)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with iodoethane (0.26 mL, 3.3
mmol, 6.0 equiv.) quench. Purification by (lash column chromatography (Si0;; 10:1
Petrol/EtOAc) afforded the title compound (0.09 g, 60 %) as a colourless oil: Ry(5:1
Petrol:EtOAc) 0.40; viuux(CHCLs)em™ 2974 (CH), 1685 (C=0); 81(300 MHz, CDCls)
7.30-7.39 (5H, m, ArH), 6.97 (1H, s, CHC(CH3)Ph), 6.58 (1H, d, J 10.5, SCHCH), 6.40
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(1H, d, J 10.5, SCHCH), 3.30 (1H, q, J 7.0, CH(CH,),), 2.85 (2H, q, J 7.5, SCH,CHs),
1.83 (3H, s, CCH3Ph), 1.40 (3H, d, J 7.0, CH(CH:),), 1.34 (3H, t, J 7.5, SCH,CH3),
1.22 (3H, d, J 7.0, CH(CHs),); 8(75 MHz, CDCly) 170.0, 152.7, 147.2, 1389, 1332,
131.8, 1289, 128.7, 127.9, 126.9, 113.9, 68.3, 45.5, 29.6, 21.7, 20.8, 19.7, 15.7; m/z
(CI) 302 (100 %, M + H"): (Found (EI): M', 301.1495. CisHysNOS requires
301.1500).

(£)-3-(2-Allylsulfanylvinyl)-1-isopropyl-5-methyl-5-phenyl-1,5-dihydropyrrol-2-

one (+)-311c
0]
7\ N/k

S
/\/ Ph

(¥)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with allyl bromide (0.28 mL, 3.3
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 25:1
Petrol/EtOAc) afforded the title compound (0.10 g, 60 %) as a colourless oil: Ry(10:1
Petrol:EtOAC) 0.55; Vina(CHCL;)/em™ 2974 (CH), 1681 (C=0); 83(300 MHz, CDCl;)
7.30-7.39 (5H, m, ArH), 6.98 (1H, s, CHC(CH3)Ph), 6.54 (1H, d, J 10.5, SCHCH), 6.42
(1H, d, J 10.5, SCHCH), 5.85 (1H, m, CH,CHCHy), 5.25 (2H, m, CH,CHCH,), 3.43
(2H, d, J 7.0, CH,CHCH_y), 3.33 (1H, q, J 7.0, CH(CHs),), 1.84 (3H, s, CCH5Ph), 1.41
(3H, d, J 7.0, CH(CHs),), 1.22 (3H, d, J 7.0, CH(CHj3)y); d¢ (75 MHz, CDCl;) 169.9,
147.3, 138.9, 133.7, 131.8, 131.7, 128.8, 128.2, 126.9, 118.6, 114.4, 68.3, 45.5, 37.9,
21.7, 20.8, 19.7; m/z (C.L) 314 (100 %, M + H"); (Found (E.I): M', 313.1495.
C19H23NOS requires 313.1500).

(£)-3-(2-Benzylsulfanylvinyl)-1-isopropyl-5-methyl-5-phenyl-1,5-dihydropyrrol-2-

one (+)-311d
O
7\ N/k

Ph S Ph
(%)-Thiophene-3-carboxylic acid isopropyl-(1-phenylethyl)amide 309 (0.15 g, 0.55
mmol, 1.0 equiv.) was treated according to Method D with benzyl bromide (0.39 mL,
3.3 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (Si0O»; 25:1
Petrol/EtOAc) afforded the title compound (0.10 g, 55 %) as a colourless oil: R{(10:1
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Petrol:EtOAc) 0.60; Vuax(CHCLYem™ 2974 (CH), 1679 (C=0); 5x(300 MHz, CDCl;)
7.30-7.39 (10H, m, ArH), 6.97 (1H, s, CHC(CH3)Ph), 6.58 (1H, d, J 10.5, SCHCH),
6.42 (1H, d, J 10.5, SCHCH), 4.05 (2H, s, SCH,Ph), 3.32 (1H, q, J 7.0, CH(CH;)y),
1.83 (3H, s, CCHsPh), 1.40 (3H, d, J 7.0, CH(CHs),), 1.22 (3H, d, J 7.0, CH(CHs),);
3c(75 MHz, CDCl) 169.9, 147.5, 138.9, 137.3, 135.1, 132.1, 129.1, 129.0, 128.8,
128.6, 128.1, 127.8, 127.3, 126.9, 114.3, 68.3, 45.5, 39.5, 21.7, 20.8, 19.7; m/z (C.L)
364 (100 %, M + H"); (Found (E.I): M, 363.1651. Cy3H2sNOS requires 363.1657).

5-Bromothiophene-3-carboxylic acid 312"’
o]

o
7\
Br

S

A solution of bromine (0.60 mL, 11.7 mmol, 1.0 equiv.) in glacial acetic acid (10 mL)
was added dropwise to a stirred solution of thiophene-3-carboxylic acid (1.5 g, 11.7
mmol, 1.0 equiv.) in glacial acetic acid (13 mL) at room temperature under a nitrogen
atmosphere. The solution was stirred for 30 min and poured into cold water. The
precipitate was collected by filtration and washed with water (3 x 10 mL) to afford the
title compound (1.85 g, 75%) as needles: m.p. 117.1-117.9 °C (lit.,'”” 117-118 °C); Ry
(1:1 Petrol:EtOAc) 0.35; Vima(CHClYem™ 3432 (OH), 1690 (C=0); 84(300 MFHiz,
CDCL) 8.16 (1H, d, J 1.5, H-2), 7.56 (1H, d, J 1.5, H-4); (75 MHz, CDCls) 166.3,
136.0, 133.2, 130.6, 113.6; m/z (C.L) 207 (100 %, M + H"; (Found (E.I): M',
205.9026. CsH3BrSO; requires 205.9032).

5-Bromothiophene-3-carboxylic acid benzyl-fer-butylamide 313

0
N
I\ \-ph
Br S

5-Bromothiophene-3-carboxylic acid 312 (1.0 g, 2.4 mmol, 1.0 equiv.) and N-fer#-butyl
benzylamine (1.34 g, 3.6 mmol, 1.5 equiv.) were treated according to Meihod J.
Purification by flash column chromatography (SiO»; 20:1 Petrol/EtOAc) afforded the
title compound (0.80 g, 95 %) as needles: m.p. 92.2-92.6 "C; Ri(5:1 Petrol:EtOAc) 0.65;
Vmax(CHCL)/em™ 2964 (CH), 1631 (C=0); 84(300 MHz, CDCl3) 7.27-7.43 (6H, m,
ArH and H-2), 7.16 (1H, d, J 1.5, H-4), 4.72 (2H, s, CH,Ph), 2.20 (9H, s, tBu); dc(75
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MHz, CDCl;) 167.8, 140.4, 140.2, 130.2, 129.0, 128.9, 127.4, 126.6, 126.3, 126.2,
112.7, 58.7, 51.6, 28.8; m/z (C.1.) 352 (100 %, M + H*-Br”) 354 (100 %, M + H"-Br*"),
(Found (E.I): M", 351.0364. C16H;sNOB:S requires 351.0366).

5-Methylthiophene-3-carboxylic acid benzyl-ferr-butylamide 314

o]
N
/ \ \‘Ph
S

A solution of sodium hydrogen carbonate (3.42 mL of a 1.0 M solution in water, 3.42
mmol, 6.0 equiv.) was added dropwise to a degassed solution of 5-bromothiophene-3-
catboxylic acid benzyl-fert-butylamide 313 (0.2 g, 0.57 mmol, 1.0 equiv.),
methylboronic acid (0.05 g, 0.79 mmol, 1.4 equiv.) and PdCly(dppf) (0.023 g, 0.028
mmol, 5 % mol) in acetonitrile (15 mL). The mixture was heated under reflux for 16 h,
cooled to room temperature and water added (10 mL). The mixture was extracted with
EtOAc (4 x 5 mL) washed with water (2 x 10 mL) and concentrated under reduced
pressure. Purification by flash column chromatography (SiO.; 15:1 Petrol/EtOAc)
afforded the title compound (0.10 g, 61 %) as needles: m.p. 89.3-89.6 °C; R«(5:1
Petrol:EtOAc) 0.60; Vime(CHCl)em™ 2963 (CH), 1632 (C=0); $x(300 MHz, CDClL)
7.25-7.38 (5SH, m, ArH), 7.13 (1H, d, J 1.5, H-4), 6.84 (1H, dd, J 1.5 and 1.0, H-2), 4.72
(2H, s, CH>Ph), 2.38 (3H, d, J 1.0, CH3), 1.47 (9, s, 1Bu); 5c(75 MHz, CDCl3) 169.4,
140.8, 140.0, 139.5, 129.0, 128.9, 127.2, 126.4, 125.7, 122.7, 58.4, 51.7, 28.8, 15.3; m/z
(CI1) 288 (100 %, M + HY); (Found (E.J): M', 287.1417. CsHyNOS requires
287.1344).

5-Phenylthiophene-3-carboxylic acid benzyl-fers-butylamide 315

Q
N
I\ “-Ph
Ph™ g

A solution of sodium hydrogen carbonate (34.2 mL of a 1.0 M solution in water, 34.2
mmol, 6.0 equiv.) was added dropwise to a degassed solution of 5-bromothiophene-3-
carboxylic acid benzyl-ferz-butylamide 313 (2.0 g, 5.7 mmol, 1.0 equiv.), phenylboronic
acid (0.97 g, 7.98 mmol, 1.4 equiv.) and PdCly(dppf) (0.23 g, 0.28 mmol, 5 % mol) in
acetonitrile (150 mL). The mixture was heated under reflux for 16 h, cooled to room

temperature and water added (25 mL). The mixture was extracted with EtOAc (4 x 50
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ml) washed with water (2 x 25 ml) and concentrated under reduced pressure.
Purification by flash column chromatography (SiOz; 15:1 Petrol/EtOAc) afforded the
title compound (1.75 g, 88 %) as needles: m.p. 100.2-100.6 "C; R(5:1 Petrol:EtOAc)
0.60; Vauax(CHCl)/em™ 2966 (CH), 1632 (C=0); 8u(300 MHz, CDCL;) 7.48 (2H, d, J
7.0, AtH) 7.27-742 (10 H, m, ArH), 4.78 (2H, s, CH,Ph), 1.54 (94, s, Bu); 6¢(75
MHz, CDClL) 169.1, 144.6, 140.7, 140.6, 133.9, 129.2, 128.9, 128.7, 128.1, 127.3,
126.4, 126.1, 124.2, 123.5, 58.6, 51.7, 28.8, 14.6; m/z (C.1) 350 (100 %, M + H");
(Found (E.I): M", 349.1573. C2oHx»NOS requires 349.1500).

1-tert-Butyl-3-methyl-3-(2-methylsulfanylpropenyl)-5-phenyl-1,3-dihydropyrrol-2-

one 316a
(@]
\/Qd”%
/S Ph

5-Methylthiophene-3-carboxylic acid benzyl-tert-butylamide 314 (0.124 g, 0.43 mmol,
1.0 equiv.) was treated according to Method D with iodomethane (0.16 mL, 2.6 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiOy; 15:1
Petrol/EtOAc) afforded the title compound (0.09 g, 66 %) as a colourless oil: R{(5:1
Petrol:EtOAc) 0.70; Vmax(CHCl3)/em™ 2965, 2923 (CH), 1704 (C=0); 81(300 MHz,
CDCl3) 7.31-7.39 (5H, m, ArH), 5.54 (1H, d, J 1.0, SC(CH3)CH), 5.31 (1H, s, CHCPh),
2.20 (3H, s, SCH3), 2.01 (3H, d, J 1.0, SC(CH3)CH), 1.37 (3H, s, CCH3), 1.33 (9H, s,
Bu); d¢(75 MHz, CDCls) 184.1, 145.1, 137.4, 134.0, 129.7, 129.0, 128.9, 128.3, 128.2,
128.1, 127.7, 116.5, 57.7, 51.3, 30.3, 25.6, 23.8, 14.5; m/z (C.I.) 316 (100 %, M + H";
(Found (E.I): M", 315.1657. C19H2sNOS requires 315.1651).

3-Allyl-3-(2-allylsulfanylpropenyl)-1-ferf-butyl-5-phenyl-1,3-dihydropyrrol-2-one
316b

Ph

5-Methylthiophene-3-carboxylic acid benzyl-ters-butylamide 314 (0.124 g, 0.43 mmol,
1.0 equiv.) was treated according to Method D with allyl bromide (0.22 mL, 2.6 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (8i0;; 15:1
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Petrol/EtOAc) afforded the title compound (0.12 g, 75 %) as a colourless oil: R(5:1
Petrol:EtOAC) 0.70; Vmax(CHCl)/em™ 2972, 2920 (CH), 1701 (C=0); du(300 MHz,
CDCl3) 7.31-7.41 (5H, m, ArH), 5.76-5.78 (2H, m, 2 x CH,CHCHy), 5.71 (1H, d, J 1.0,
SC(CH3)CH), 5.26 (1H, s, CHCPh), 5.06-5.21 (4H, m, 2 x CH,CHCH>), 3.33-3.35 (2H,
m, SCH,CHCHy), 2.55-2.56 (2H, m, CCH>CHCHy), 2.01 (3H, d, J 1.0, SC(CH3)CH),
1.31 (9H, s, Bu); 6c(75 MHz, CDCl3) 182.3, 145.9, 137.3, 134.6, 133.3, 129.2, 129.1,
129.0, 128.7, 128.3, 128.2, 128.1, 1274, 126.9, 117.3, 114.0, 55.1, 43.3, 34.4, 304,
29.1, 24.3; m/z (C.1.) 368 (100 %, M + H"); (Found (E.I): M, 367.1961. C3HoNOS
requires 367.1964).

3-Benzyl-3-(2-benzylsulfanylpropenyl)-1-fer--butyl-5-phenyl-1,3-dihydropyrrol-2-
one 316¢

5-Methylthiophene-3-carboxylic acid benzyl-zert-butylamide 314 (0.124 g, 0.43 mmol,
1.0 equiv.) was treated according to Method D with benzyl bromide (0.31 mL, 2.6
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO2; 20:1
Petrol/EtOAc) afforded the title compound (0.11 g, 56 %) as a colourless oil: Ry(5:1
Petrol:EtOAc) 0.65; Vma(CHCL)em™ 2968, 2920 (CH), 1698 (C=0); 51(300 MHz,
CDClL) 7.18-7.34 (15H, m, ArH), 5.73 (1H, d, J 1.5, SC(CH3)CH), 5.40 (1H, s,
CHCPh), 3.96 (2H, s, SCH,Ph), 3.04 (2H, s, CCH2Ph), 2.10 (3H, d, J 1.5, SC(CH3)CH),
1.06 (9H, s, Bu); 8c(75 MHz, CDCl3) 181.8, 145.3, 138.1, 136.9, 136.5, 133.2, 131.1,
130.9, 130.7, 130.2, 129.4, 129.2, 128.9, 128.7, 128.6, 128.2, 1279, 127.7, 1274,
127.2,127.1, 127.0, 126.6, 113.6, 57.7, 56.8, 44.5, 35.9, 30.1, 24.8; m/z (C1.) 468 (100
%, M+ H"); (Found (E.I): M, 467.2353. C3;H33NOS requires 467.2356).
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3-Methyl-1-(1-methyl-1-phenylethyl)-3-(2-methylsulfanyl-2-phenylvinyl)-5-phenyl-

1,3-dihydropyrrol-2-one 317a
O
%ﬁk
/S Ph

5-Phenylthiophene-3-carboxylic acid benzyl-fers-butylamide 315 (0.175 g, 0.50 mmol,
1.0 equiv.) was treated according to Method D with iodomethane (0.19 mL, 3.0 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 10:1
Petrol/EtOAc) afforded the title compound (0.11 g, 60 %) as a colourless oil: Ry (5:1
Petrol:EtOAC) 0.70; Vua(CHCl)/em™ 2967, 2924 (CH), 1665 (C=0); 8x(300 MHz,
CDCly) 7.30-7.60 (10H, m, ArH), 5.97 (1H, s, SC(Ph)CH), 5.38 (1H, s, CHCPh), 1.92
(3H, s, SCH>), 1.51 (3H, s, CCHs), 1.38 (911, s, Bu); 5c(75 MHz, CDCls) 183.9, 145.4,
140.4, 139.8, 137.8, 1374, 134.9, 129.1, 128.5, 128.3, 128.1, 125.4, 116.6, 57.7, 55.4,
52.0, 30.3, 29.1, 25.8, 15.9; m/z (C.1.) 378 (100 %, M + H"); (Found (E.I): M",
377.1886. CosHyyNOS requires 377.1813).

1-tert-Butyl-3-ethyl-3-(2-ethylsulfanyl-2-phenylvinyl)-5-phenyl-1,3-dihydropyrrol-

2-one 317b
O
Ak
-~ Ph

5-Phenylthiophene-3-carboxylic acid benzyl-fers-butylamide 315 (0.15 g, 0.43 mmol,
1.0 equiv.) was treated according to Method D with iodoethane (0.21 mL, 2.58 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiOy; 15:1
Petrol/EtOAc) afforded the title compound (0.11 g, 61 %) as a colourless oil: Rg(5:1
Petrol:EtOAc) 0.65; Vma(CHCL)Yem™ 2966, 2926 (CH), 1701 (C=0); 84(300 MHz,
CDCl3) 7.30-7.56 (10H, m, ArH), 5.99 (1H, s, SC(Ph)CH), 5.38 (1H, s, CHCPh), 2.38
(2H, q,J 7.5, SCH,CH3), 1.95 (2H, q, J 7.5, CCH>CH3), 1.39 (9H, s, 1Bu), 1.07 3H, t, J
7.5, SCH,CH3), 0.98 (3H, t, J 7.5, CCH,CH?3); dc(75 MHz, CDCl3) 182.8, 146.1, 140.4,
138.9, 1375, 135.6, 129.2, 128.4, 128.3, 128.2, 128.1, 127.9, 114.2, 57.9, 56.6, 32.3,
30.4,29.1, 26.7, 15.0, 8.9; m/z (C.1.) 406 (100 %, M + H"); (Found (E.I): M, 405.2194.
Ca6H31NOS requires 405.2197).
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3-Allyl-3-(2-allylsulfanyl-2-phenylvinyl)-1-ferf-butyl-5-phenyl-1.3-dihydropyrrol-2-
one 317¢

\ o/%
Ph-/ N

S ={
/\/ Ph

5-Phenylthiophene-3-carboxylic acid benzyl-tfert-butylamide 315 (0.15 g, 0.43 mmol,
1.0 equiv.) was treated according to Method D with allyl bromide (0.22 mL, 2.58
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO;; 15:1
Petrol/EtOAc) afforded the title compound (0.13 g, 71 %) as a colourless oil: Ry(5:1
Petrol: EtOAC) 0.70; vame(CHCL)/em™ 2973, 2920 (CH), 1700 (C=0); 8x(300 MHz,
CDCl3) 7.28-7.54 (10H, m, ArH), 6.03 (1H, s, SC(Ph)CH), 5.63-5.92 (2H, m, 2 x
CH,CHCHy), 5.38 (1H, s, CHCPh), 5.17-5.18 (2H, m, SCH,CHCH>), 4.85 (2H, dd, J
17.0 and 1.5, CH,CHCH>), 3.08 (1H, dd, J 13.5 and 7.0, SCHA\HgCHCH2), 3.04 (1H,
dd, J 13.5 and 7.0, SCHAHgCHCHy), 2.71 (1H, dd, J 13.0 and 7.0, CCH,HgCHCH?2),
2.58 (1H, dd, J 13.0 and 7.0, CCHsHeCHCHy), 1.37 (9H, s, fBu); dc(75 MHz, CDCI3)
182.2, 146.1, 140.2, 139.1, 137.3, 134.9, 134.2, 133.3, 129.2, 128.7, 128.5, 1284,
128.3, 128.2, 128.1, 118.9, 117.2, 114.1, 57.9, 55.8, 43.4, 35.9, 30.4, 28.9; m/z (C.I)
430 (100 %, M + H"); (Found (E.I): M", 429.2196. C25H3NOS requires 429.2199).

3-Benzyl-3-(2-benzylsulfanyl-2-phenylvinyl)-1-fert-butyl-5-phenyl-1,3-
ph—,
f/ld%

Ph-S Ph

dihydropyrrol-2-one 317d

5-Phenylthiophene-3-carboxylic acid benzyl-fert-butylamide 315 (0.15 g, 0.43 mmol,
1.0 equiv.) was treated according to Method D with benzyl bromide (0.31 mL, 2.58
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 25:1
Petrol/EtOAc) afforded the title compound (0.10 g, 50 %) as a colourless oil: Rg(5:1
Petrol EtOAC) 0.55; Vmax(CHCL)em™ 2970, 2924 (CH), 1698 (C=0); 6u(300 Mz,
CDCl3) 7.62 (2H, dd, J 8.0 and 1.5, ArH), 7.06-7.45 (18H, m, ArH), 6.18 (1H, s,
SC(Ph)CH), 5.50 (1H, s, CHCPh), 3.60 (1H, d, J 12.5, SCHAHgPh), 3.58 (1H, d, J 12.5,
SCHaHgPh), 3.06 (1H, d, J 12.5, CCHsHgPh), 3.05 (1H, d, J 12.5, CCHaHgPh), 1.09
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(9H, s, fBu); 5¢(75 MHz, CDCL) 181.7, 145.3, 140.4, 138.8, 138.4, 136.9, 136.4, 135.6,
131.1, 129.4, 129.1, 128.7, 128.6, 128.5, 128.3, 128.2, 127.9, 127.7, 127.1, 126.7,
113.8, 57.8, 57.5, 4.4, 37.5, 30.1; m/z (C.L) 530 (100 %, M + H*); (Found (E.J): M,
529.2515. C36H3sNOS requires 529.2512).

3-(4-Bromobenzyl)-3-[2-(4-bromobenzylsulfanyl)-2-phenylvinyl]-1-ferz-butyl-S-
phenyl-1,3-dihydropyrrol-2-one 317e

5-Phenylthiophene-3-carboxylic acid benzyl-fert-butylamide 315 (0.15 g, 0.43 mmol,
1.0 equiv.) was treated according to Method D with p-bromobenzyl bromide (0.64 g,
2.58 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO;
25:1 Petrol/EtOAc) afforded the title compound (0.18 g, 60 %) as needles: m.p. 71.3-
71.6 °C; R{5:1 Petrol:EtOAc) 0.55; vma(CHCl)em™ 2970, 2022 (CH), 1698 (C=0);
du(300 MHz, CDCl;) 7.54 (2H, dd, J 8.5 and 1.5, ArH), 7.28-7.43 (12H, m, ArH), 7.10
(2H, d, J 8.5, ArH), 6.86 (2H, d, J 8.5, ArH), 6.10 (1H, s, SC(Ph)CH), 5.43 (1H, s,
CHCPh), 3.53 (1H, d, J 13.0, SCHaHgPh), 3.33 (1H, d, J 13.0, SCH,HgpPh), 3.06 (1H,
d, J 13.0, CCHaHgPh), 3.05 (1H, d, J 13.0, CCHpHgPh), 1.11 (9H, s, /Bu); 8¢(75 MHz,
CDCl;) 181.4, 1459, 139.9, 138.8, 1374, 136.7, 135.2, 132.8, 131.6, 130.8, 129.1,
128.7, 128.5, 128.4, 128.3, 128.0, 120.9, 120.8, 113.2, 58.0, 57.2, 43.9, 36.7, 30.1; m/z
(C.L) 688 (100 %, M + H"); (Found (E.I): M', 687.0750. C3sH33NOB,S requires
687.0722).

Thiophene-3-carboxylic acid (1-methyl-1-phenylethyl)amide 318
A N>‘APh

d H

S

Thiophene-3-carboxylic acid (1.50 g, 11.7 mmol, 1.0 equiv.) and cumylamine (2.37 g,
17.6 mmol, 1.5 equiv.) were treated according to Method J. Purification by flash
column chromatography (SiOy; 5:1 Petrol/EtOAc) afforded the title compound (2.35 g,
82 %) as needles: m.p. 171.8-172.4 °C; R{5:1 Petrol:EtOAc) 0.35; Vinax (CHCl3)/em™
3303 (NH), 2973 (CH), 1629 (C=0); 6u(300 MHz, CDCl3) 7.86 (1H, dd, J 3.0 and 1.5,
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H-5), 7.49-7.52 (2H, m, ArH), 7.30-7.42 (SH, m, AtH), 6.30 (LH, brs, NH), 1.86 (6H, s,
C(CHs),); 8c(75 MHz, CDCl3) 162.3, 147.1, 138.8, 128.8, 128.2, 127.1, 126.7, 126.4,

125.0, 56.5, 29.5; m/z (C.1.) 246 (100 %, M + H"); (Found (E.I): M, 245.0869.
C14HsNOS requires 245.0874).

Thiophene-3-carboxylic acid benzyl-(1-methyl-1-phenylethyl)amide 319

8] Q/Ph
N
g e
S
Thiophene-3-carboxylic acid (1-methyl-1-phenylethyl)amide 318 (1.15 g, 4.7 mmol, 1.0
equiv.) in DMF (10 mL) was added dropwise to a suspension of sodium hydride (0.28
g, 7.1 mmol, 1.5 equiv.) at 0 °C under a niirogen atmosphere and the mixture was siirred
at room temperature for 14 h. The mixture was cooled to 0 °C and a solution of benzyl
bromide (0.95 mL, 8.0 mmol, 1.7 equiv.) in DMF (5 mL) added dropwise. The mixture
was stirred at room temperature for 4 days and quenched with water (10 mL). The
mixture was extracted with EtOAc (4 x 15 mL) and concentrated under reduced
pressure. Purification by flash column chromatography (SiOp; 20:1 Petrol/EtOAc)
afforded the title compound (0.71 g, 50 %) as needles: m.p. 117.8-118.2 °C; Ry(5:1
Petrol:EtOAc) 0.55; Vinax(CHClz)/em™ 2923 (CH), 1633 (C=0); 8;(300 MHz, CDCls)
7.21-7.50 (13H, m, AtH), 4.97 (2H, s, CH,Ph), 1.74 (6H, s, C(CHs),Ph); 8c(75 MHz,
CDCL) 168.4, 148.9, 140.2, 139.1, 129.0, 128.8, 128.2, 127.9, 127.6, 127.1, 126.8,
126.3, 126.1, 125.7, 125.6, 125.0, 124.5, 62.9, 52.2, 29.5, 28.9; m/z (C.1.) 336 (100 %,
M + H"); (Found (E.I): M, 335.1420. Cy;H,NOS requires 335.1417).

3-Methyl-1-(1-methyl-1-phenylethyl)-3-(2-methylsulfanylvinyl)-5-phenyl-1,3-

dihydropyrrol-2-one 320a
S

e Ph
Thiophene-3-carboxylic acid benzyl-(1-methyl-1-phenylethylamide 319 (0.15 g, 0.45
mmol, 1.0 equiv.) was treated according to Method D with iodomethane (0.17 mL, 2.68

mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO2; 15:1
Petrol/EtOAc) afforded the title compound (0.10 g, 62 %) as a colourless oil: Ry(5:1
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Petrol:EtOAc) 0.60; Vua(CHCLYem™ 2974, 2923 (CH), 1708 (C=0); 84(300 MHz,
CDCls) 7.08-7.20 (8H, m, ArH), 6.95 (2H, d, J 7.0, ArH), 5.98 (1H, d, J 10.0, SCHCH),
5.56 (14, d, J 10.0, SCHCH), 5.43 (1H, s, CHCPh), 2.30 (3H, s, SCH3), 1.75 (3H, s,
C(CHj3),Ph), 1.68 (3H, s, C(CH3),Ph), 1.45 (3H, s, CCHj3); 8¢(75 MHz, CDCl;) 182.7,
148.3, 145.7, 135.5, 129.7, 129.4, 128.5, 128.4, 128.2, 127.9, 127.7, 127.6, 126.6,
126.3, 1254, 124.7, 115.7, 62.1, 51.9, 31.5, 30.7, 24.5, 18.5; m/z (C.1.) 364 (100 %, M
+H"); (Found (E.I): M", 363.1728. C23HsNOS requires 363.1657).

3-Ethyl-3-(2-ethylsulfanylvinyl)-1-(1-methyl-1-phenylethyl)-5-phenyl-1,3-

Ak

~ Ph

dihydropyrrol-2-one 320b

Thiophene-3-carboxylic acid benzyl-(1-methyl-1-phenylethyl)amide 319 (0.15 g, 0.45
mmol, 1.0 equiv.) was treated according to Method D with iodoethane (0.22 mL, 2.68
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (Si0,; 10:1
Petrol/EtOAc) afforded the title compound (0.13 g, 75 %) as a colourless oil: Rg5:1
Petrol:EtOAC) 0.70; Vimax(CHCL)em™ 2968, 2927 (CH), 1707 (C=0); 8x(300 MHz,
CDCl;) 7.10-7.22 (8H, m, ArH), 6.96 (2H, d, J 7.0, ArH), 6.05 (1H, d, J 10.5, SCHCH),
5.56 (14, d, J 10.5, SCHCH), 541 (1H, s, CHCPh), 2.68 (2H, q, J 7.5, SCH,CH3), 1.88
(2H, dq, J 7.5 and 3.0, CCH>CHj3), 1.73 (3H, s, C(CH;),Ph), 1.69 (3H, s, C(CHs),Ph),
1.33 3H, t, J 7.5, SCH2CH3), 0.95 (3H, t, J 7.5, CCH,CH3); (75 MHz, CDCl3) 181.9,
148.3, 146.5, 135.7, 129.4, 128.3, 127.9, 127.8, 127.7, 127.6, 126.6, 125.5, 113.8, 62.2,
56.9, 31.5, 31.1, 30.7, 29.3, 15.7, 9.2; m/z (C.1) 392 (100 %, M + H"); (Found (E.]):
M, 391.2024. C2sHa9NOS requires 391.1970).
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3-Allyl-3-(2-allylsulfanylvinyl)-1-(1-methyl-1-phenylethyl)-5-phenyl-1,3-
dihydropyrrol-2-one 320¢

Ph

Thiophene-3-carboxylic acid benzyl-(1-methyl-1-phenylethyl)amide 319 (0.15 g, 0.45
mmol, 1.0 equiv.) was treated according to Method D with allyl bromide (0.22 mL,
2.68 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO;
10:1 Petrol/EtOAc) afforded the title compound (0.12 g, 66 %) as a colourless oil:
Ri(5:1 Petrol:EtOAC) 0.65; Vimu(CHCL;)em™ 2977, 2928 (CH), 1706 (C=0); 51(300
MHz, CDCl;) 7.08-7.21 (8H, m, ArH), 6.91 (2H, d, J 8.5, ArH), 6.03 (1H, d, J 10.0,
SCHCH), 5.80 (2H, m, 2 x CH;CHCH,), 5.60 (1H, d, J 10.0, SCHCH), 5.40 (14, s,
CHCPh), 5.15-5.24 (4H, m, 2 x CH,CHCH), 3.30 (2H, dd, J 3.0 and 1.0,
SCH,CHCHy), 2.64 (1H, dd, J 13.5 and 7.0, CCHsHgCHCHy), 2.52 (1H, dd, J 13.5 and
8.0, CCHAHgCHCHy), 1.72 (3H, s, C(CH3)2Ph), 1.68 (3H, s, C(CHj;),Ph); 6c(75 MHz,
CDCl;) 181.2, 148.2, 146.7, 135.5, 134.3, 133.4, 129.4, 128.3, 127.9, 127.8, 127.6,
127.2, 127.0, 126.6, 126.0, 125.6, 118.8, 117.9, 113.5, 62.3, 56.1, 42.3, 37.7, 31.5, 30.7;
m/z (C.L.) 416 (100 %, M + H"); (Found (EI): M', 415.2042. C2;HoNOS requires
415.1970).

3-Benzyl-3-(2-benzylsulfanylvinyl)-1-(1-methyl-1-phenylethyl)-5-phenyl-1,3-
dihydropyrrol-2-one 320d
O

Ph
ke
S

Ph-— Ph
Thiophene-3-carboxylic acid benzyl-(1-methyl-1-phenylethyl)amide 319 (0.15 g, 0.45
mmol, 1.0 equiv.) was treated according to Method D with benzyl bromide (0.32 mL,
2.68 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiOs;
20:1 Petrol/EtOAc) afforded the title compound (0.14 g, 62 %) as a colourless oil:
Ri(5:1 Petrol:EtOAC) 0.65; Vmax(CHCLz)/em™ 3025 (CH), 1704 (C=0); du(300 MHz,
CDCl3) 7.27-7.37 (10 H, m, ArH), 6.94-7.10 (6H, m, ArH), 6.68 (2H, d, J 6.5, ArH),
6.52 (2H, d, J 6.5, ArH), 6.12 (1H, d, J 10.0, SCHCH), 5.74 (1H, d, J 10.0, SCHCH),
5.46 (1H, s, CHCPh), 3.92 (2H, s, SCH,Ph), 3.14 (2H, dd, J 22.5 and 13.0, CCH,Ph),
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1.65 (3H, s, C(CH3),Ph), 1.37 (3H, s, C(CHs),Ph); 8c(75 MHz, CDCl;) 180.4, 1475,
1459, 137.6, 136.1, 134.8, 130.8, 129.0, 1289, 128.8, 128.6, 127.9, 127.7, 1273,
127.1, 127.0, 126.9, 126.6, 126.1, 125.2, 125.1, 112.5, 61.7, 57.2, 43.2, 38.9, 30.8, 29.8;
m/z (C.1.) 516 (100 %, M + H*); (Found (E.I): M, 515.2275. C35H33NOS requires
515.2283).

Benzyl-(1-methyl-1-phenylethyl)amine 321'*

X

MN™ “Ph
Ph

Cumylamine (0.50 g, 3.7 mmol, 1.0 equiv.) and benzaldehyde (0.38 mL, 3.7 mmol, 1.0
equiv.) in methanol (10 mL) were stirred at room temperature over 4 A molecular sieves
under a nitrogen atmosphere for 4 h. The sieves were removed by filtration and washed
with methanol (3 mL). Sodium borohydride (0.15 g, 3.7 mmol, 1.0 equiv.) was added
portion wise and the mixture stirred at room temperature for 14 h. The solvent was
removed under reduced pressure and the residue dissolved in CH>Cl, (10 mL), washed
with water (2 x 10 mL) and concentrated under reduced pressure to afford the title
compound (0.45 g, 55 %) as a colourless oil: R(5:1 Petrol:EtOAc) 0.35; Vimax
(CHCL3)/em™ 3392 (NH), 2966, 2913 (CH); 8x(300 MHz, CDCl3) 7.60 (2H, d, J 7.5,
ArH), 7.30-7.46 (8H, m, ArH), 3.60 (2H, s, CH>Ph), 1.60 (6H, s, C(CHs),Ph); 8¢(75
MHz, CDCl3) 148.1, 141.6, 128.7, 128.5, 128.4, 127.0, 126.6, 126.2, 56.4, 47.9, 30.1;
m/z (C.L) 226 (100 %, M + H"); (Found (E.I): MY, 225.1511. CisHoN requires
225.1517).

Thiophene-3-carboxylic acid-fert-butylamide 322

g Y

N

U H

s
Thiophene-3-carboxylic acid (5.0 g, 39 mmol, 1.0 equiv.) and tert-butylamine (6.15
mL, 58 mmol, 1.5 equiv.) were treated according to Method J. Purification by flash
column chromatography (SiO»; 10:1 Petrol/EtOAc) afforded the title compound (6.79 g,
95 %) as needles: m.p. 165.6-166.1 °C; R(10:1 Petrol: EtOAc) 0.50; Vinax (CHC13)/cm'1
3314 (NH), 2969 (CH), 1626 (C=0); 6u(300 MHz, CDCl3) 7.78 (1H, dd, J 2.5 and 1.5,
H-2), 7.32-7.34 (2H, m, H-4 and H-5), 5.80 (1H, brs, NH), 1.48 (9H, s, Bu); 8c(75
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MHz, CDClL;) 164.7, 139.2, 127.8, 126.7, 126.4, 51.9, 29.3; m/z (C.1.) 184 (100 %, M +
H"); (Found (E.I): M, 183.0718. CoH;3NOS requires 183.0712).

Thiophene-3-carboxylic acid-fert-butyl-(3-methylbut-2-enyl)amide 323

o Y-
oy

Thiophene-3-carboxylic acid-fert-butylamide 322 (2.0 g, 10.9 mmol, 1.0 equiv.) was
treated according to Method H. Purification by flash column chromatography (S5iOs;
50:1 Petrol/EtOAc) afforded the title compound (1.52 g, 56 %) as a yellow oil:

Ry(5:1 Petrol:EtOAc) 0.40; Vinu(CHCL)em™ 2968 (CH), 1632 (C=0); 815(300 MHz,
CDCl;) 7.43 (1H, dd, J 3.0 and 1.0, H-5), 7.25 (1H, dd, J 5.0, and 3.0, H-2), 7.16 (1H,
dd, J 5.0 and 1.0, H-4), 5.20-5.21 (1H, m, CH;CHC(CHs),), 3.95 (2H, d, J 5.5,
CH,CHC(CH3)), 1.70 (3H, s, CH,CHC(CHs)z), 1.50 (9H, s, fBu), 1.40 (3H, s,
CH;CHC(CHs),); 6¢(75 MHz, CDCls) 168.8, 140.3, 132.7, 127.4, 125.4, 125.0, 124.9,
57.7, 46.3, 28.9, 25.9, 17.9; m/z (C.1.) 252 (100 %, M + H"); (Found (E.I): M",
251.1338. C14HaNOS requires 251.1344).

Thiophene-3-carboxylic acid but-2-enyl-fert-butylamide 324

2
o

S

Thiophene-3-carboxylic acid-fert-butylamide 322 (3.5 g, 19.1 mmol, 1.0 equiv.) was
treated according to Method H. Purification by flash column chromatography (SiO,;
50:1 Petrol/EtOAc) afforded the title compound (2.52 g, 60 %) as a yellow oil:

Ry(15:1 Petrol:EtOAc) 0.45; Via(CHClz)em™ 2964 (CH), 1632 (C=0); 8;5(300 MHz,
CDCl3) 7.46 (1H, dd, J 3.0 and 1.0, H-2), 7.25 (1H, dd, J 5.0 and 3.0, H-5), 7.18 (1H,
dd, J 5.0 and 1.0, /7-4), 5.40-5.58 (2H, m, CHCHCH; and CHCHCH3), 3.95-3.96 (2H,
m, CH,CHCHCH3), 1.70 (3H, d, J 5.0, CHCHCH;), 1.55 (9H, s, Bu); 6c(75 MHz,
CDCL) 168.9, 140.2, 130.9, 130.4, 127.3, 125.6, 125.1, 124.7, 57.9, 49.3, 28.9, 18.0;
m/z (C.1) 238 (100 %, M + H"); (Found (E.I): M¥, 237.1182. Cy3HoNOS requires
273.1187).
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Thiophene-3-carboxylic acid allyl-ferf-butylamide 325

o )
oS

Thiophene-3-carboxylic acid-fers-butylamide 322 (6.79 g, 37 mmol, 1.0 equiv.) was
treated according to Method H. Purification by flash column chromatography (SiO-;
10:1 Petrol/EtOAc) afforded the title compound (4.72 g, 60 %) as a colourless oil:
Ry(15:1 Petrol:EtOAC) 0.30; v (CHCL;)em™ 2978 (CH), 1620 (C=0); 8u(300 MHz,
CDCl3) 7.50 (1H, dd, J 3.0 and 1.0, H-2), 7.26 (1H, dd, J 5.0 and 3.0, H-5), 7.20 (1H,
dd, J 50 and 1.0, H-4), 5.86-5.87 (1H, m, CH,CHCH;), 5.20-5.23 (2H, m,
CH,CHCHy), 4.00-4.03 (2H, m, CH,CHCHzy), 1.50 (9H, s, Bu); (75 MHz, CDCl3)
168.2, 140.1, 138.2, 127.4, 125.6, 124.8, 116.5, 58.1, 50.1, 28.9; m/z (C.1.) 224 (100 %,
M + H"); (Found (E.I): M, 223.1026. C;2H;sNOS requires 223.1025).

5-tert-Butyl-8,8-dimethyl-3a,5,8,8a-tetrahydrothieno|3,2-c]azepin-4-one 326a
O
Pa

/1

4

i

Thiophene-3-carboxylic acid-tert-butyl-(3-methylbut-2-enyl)amide 323 (0.15 g, 0.59
mmol, 1.0 equiv.) was treated according to Method D with saturated aqueous
ammonium chloride (0.19 mL, 3.6 mmol, 6.0 equiv.) quench. Purification by flash
column chromatography (SiOs; 20:1 Petrol/EtOAc) afforded the title compound (0.11 g,
71 %) as a colourless oil: R{(5:1 Petrol:EtOAc) 0.45; Vmu(CHCls)em™ 2968, 2919
(CH), 1632 (C=0); 85(300 MHz, CDCL) 7.48 (1H, dd, J 3.0 and 1.0, SCHCH), 7.28
(1H, dd, J 4.5 and 3.0, SCHCH), 7.20 (1H, dd, J 4.5 and 1.0, H-4), 5.22 (1H, m, H-2),
3.98-4.00 (2H, m, H-1 and H-3), 1.78 (3H, s, C(CH3),), 1.58 (9H, s, /Bu), 1.42 (3H, s,
C(CHs3)y); 6c(75 MHz, CDCl;) 168.9, 140.3, 132.7, 127.4, 125.4, 125.0, 124.9, 57.7,
46.4, 28.9, 25.9, 18.0; m/z (C1.) 252 (100 %, M + H"); (Found (E.I): M', 251.1347.
C14H2NOS requires 251.1344).
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5-fert-Butyl-3a 8 8-trimethyl-3a,5,8,8a-tetrahydrothieno[3,2-clazepin-4-one 326b

Thiophene-3-carboxylic acid-fert-butyl-(3-methylbut-2-enyl)amide 323 (0.15 g, 0.59
mmol, 1.0 equiv.) was treated according to Method D with iodomethane (0.22 mL, 3.6
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO»; 40:1
Petrol/EtOAc) afforded the title compound (0.10 g, 51 %) as a colourless oil: Ry(5:1
Petrol:EtOAc) 0.55; vimex(CHClz)/em™ 2967 (CH), 1634 (C=0); 81:(300 MHz, CDCls)
7.02 (14, d, J 5.0, SCHCH), 6.90 (1H, d, J 5.0, SCHCH), 5.08 (1H, m, H-2), 3.90-3.91
(2H, m, H-1 and H-3), 2.42 (3H, s, CCHs), 1.65 (3H, s, C(CH3)y), 1.55 (9H, s, 1Bu),
1.38 (3H, s, C(CHs)y); 8c(75 MHz, CDCls) 169.4, 137.1, 136.9, 132.9, 126.4, 122.6,
57.5, 45.9, 29.1, 25.9, 17.7, 13.8; m/z (C.1.) 266 (100 %, M + H"); (Found (E.I): M",
265.1497. C,sHa3NOS requires 265.1500).

S-fert-Butyl-3a-ethyl-8,8-dimethyl-3a,5,8,8a-tetrahydrothieno[3,2-c]azepin-4-one
326¢

Thiophene-3-carboxylic acid-fers-butyl-(3-methylbut-2-enyl)amide 323 (0.15 g, 0.59
mmol, 1.0 equiv.) was treated according to Method D with iodoethane (0.29 mL, 3.6
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 40:1
Petrol/EtOAc) afforded the title compound (0.14 g, 60 %) as a colourless oil: R{5:1
Petrol:EtOAc) 0.55; Vimax(CHCLYem™ 2967 (CH), 1634 (C=0); 8x(300 MHz, CDCls)
7.02 (1H, d, J 5.0, SCHCH), 6.85 (1H, d, J 5.0, SCHCH), 5.08 (1H, m, H-2), 3.90-3.91
(2H, m, H-1 and H-3), 2.85 (2H, q, J 7.5, CH>CHjs), 1.70 (3H, s, C(CH3),), 1.55 (9H, s,
Bu), 1.37 (3H, s, C(CHz)), 1.26 (3H, t, J 7.5, CHyCH3); 8c(75 MHz, CDCl3) 171.4,
144.7, 136.1, 132.8, 126.2, 123.9, 122.4, 60.7, 57.4, 45.9, 29.1, 25.9, 22.1, 17.7, 16.2,
14.5; m/z (C.1.) 280 (100 %, M + H"); (Found (E.I): M", 279.1651. C1sH2sNOS requires
279.1657).
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3a-Allyl-5-feri-buty]-8,8-dimethyl-3a,5,8,8a-tetrahydrothieno[3,2-clazepin-4-one
326d

Thiophene-3-carboxylic acid-tert-butyl-(3-methylbut-2-enyl)amide 323 (0.15 g, 0.59
mmol, 1.0 equiv.) was treated according to Method D with allyl bromide (0.30 mL, 3.6
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 40:1
Petrol/EtOAc) afforded the title compound (0.10 g, 55 %) as a colourless oil: Rg5:1
Petrol:EtOAc) 0.55; Vimax(CHCL)Yom™ 2968, 2922 (CH), 1634 (C=0); 8u(300 MHz,
CDCl3) 7.15 (1H, d, J 5.0, SCHCH), 6.85 (1H, d, J 5.0, SCHCH), 5.78-5.98 (ZH, m,
CH,CHCH,), 5.05-5.08 (4H, m, H-2, CH,CHCH; and CH,CHCH3y), 3.90-3.92 (2H, m,
H-1 and H-3), 1.70 (3H, s, C(CHs3)2), 1.58 (9H, s, Bu), 1.40 (3H, s, C(CHs)y); 8c(75
MHz, CDCl3) 169.1, 145.1, 140.7, 136.2, 132.6, 126.2, 124.3, 123.1, 117.0, 115.5, 57.5,
46.3, 43.6, 41.2, 29.0, 25.9, 17.9; m/z (C.1.) 292 (100 %, M + H"); (Found (E.I): M",
291.1652. C17HsNOS requires 291.1657).

3a-Benzyl-5-fert-butyl-8,8-dimethyl-3a,5,8,8a-tetrahydrothieno[3,2-c]azepin-4-one
326e

Thiophene-3-carboxylic acid-fert-butyl-(3-methylbut-2-enyl)amide 323 (0.15 g, 0.59
mmol, 1.0 equiv.) was treated according to Method D with benzyl bromide (0.43 mlL,
3.6 mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 40:1
Petrol/EtOAc) afforded the title compound (0.10 g, 55 %) as a colourless oil: Ry(5:1
Petrol:EtOAc) 0.55; Vi CHCl3Yem™ 2962, 2913 (CH), 1632 (C=0); 8u(300 MHz,
CDCl;) 7.22-7.38 (5H, m, ArH), 7.10 (1H, d, J 5.5, SCHCH), 6.92 (1H, d, J 5.5,
SCHCH), 4.99 (1H, m, H-2), 420 (2H, s, CH,Ph), 3.75-3.76 (2H, m, H-1 and H-3),
1.66 (3H, s, C(CHs),), 1.54 (9H, s, iBu), 1.36 (3H, s, C(CHs),); 8¢(75 MHz, CDCly)
169.2, 141.8, 140.3, 137.0, 132.6, 129.2, 128.6, 128.4, 126.8, 126.4, 124.1, 123.3, 57.5,
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46.0, 34.5, 29.0, 25.9, 17.8; m/z (C.1) 342 (100 %, M + H"); (Found (E.I): M',
341.1800. C2;Hy7NOS requires 341.1813).

3a-(4-Bromobenzyl)-5-fert-butyl-8,8-dimethyl-3a,5,8,8a-tetrahydrothieno[3,2-
cljazepin-4-one 326f

Thiophene-3-carboxylic acid-fers-butyl-(3-methylbut-2-enyl)amide 323 (0.15 g, 0.59
mmol, 1.0 equiv.) was treated according to Method D with p-bromobenzyl bromide
{0.892 g, 3.6 mmol, 6.0 equiv.) quench. Purification by flash column chromatography
(SiO2; 30:1 Petrol/EtOAc) afforded the title compound (0.10 g, 50 %) as a colourless
oil: Ri(5:1 Petrol:EtOAc) 0.45; Vimax(CHCly)em™ 2962, 2913 (CH), 1632 (C=0); 811(300
MHz, CDCl) 7.45 (2H, d, J 8.5, ArH), 7.20 (2H, d, J 8.5, ArH), 7.12 (1H, d, J 5.5,
SCHCH), 6.90 (1H, d, J 5.5, SCHCH), 4.95 (1H, m, H-2), 4.18 (2H, s, CH,Ph), 3.78-
3.79 (2H, m, H-1 and H-3), 1.68 (3H, s, C(CH3),), 1.58 (9H, s, /Bu), 1.38 (3H, s,
C(CH3)3); dc(75 MHz, CDCls) 168.9, 141.3, 139.3, 137.2, 132.8, 132.7, 131.8, 131.2,
1304, 127.4, 126.5, 124.8, 123.9, 123.5, 120.7, 57.6, 46.1, 33.9, 29.0, 25.9, 17.8; m/z
(C.L) 421 (100 %, M + H"; (Found (EI): M, 420.4211. Cy;HyNOBIS requires
420.4219).

S-fert-Butyl-8-methyl-3a,5,8,8a-tetrahydrothieno[3,2-clazepin-4-one 327a
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Thiophene-3-carboxylic acid but-2-enyl-fers-butylamide 324 (0.15 g, 0.63 mmol, 1.0
equiv.) was treated according to Method D with saturated aqueous ammonium chloride
(0.5 mlL) quench. Purification by flash column chromatography (SiOg; 25:1
Petrol/EtOAc) afforded the title compound (0.10 g, 65 %) as a colourless oil: Ry(5:1
Petrol:EtOAc) 0.55; Vimax(CHCl3)em™ 2964 (CH), 1631 (C=0); 8u(300 MHz, CDCl;)
7.48 (1H, dd, J 3.0 and 1.0, SCHCH), 7.28 (1H, dd, J 5.0 and 3.0, SCHCH), 7.20 (1H,
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dd, J 5.0 and 1.0, H-5), 5.42-5.58 (2H, m, H-1 and H-2), 3.96-3.98 (2H, m, A-3 and H-
4), 1.74 (3H, d, J 5.0, CHCHs3), 1.55 (9H, s, Bu); (75 MHz, CDCl3) 169.1, 140.2,
130.5, 127.3, 125.5, 124.7, 57.9, 49.4, 28.9, 18.1; m/z (C.1.) 238 (100 %, M + H");
(Found (E.I): M", 237.1180. C3HoNOS requires 237.1187).

5-tert-Butyl-3a,8-dimethyl-3a,5,8,8a-tetrahydrothieno[3,2-c]azepin-4-one 327b
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Thiophene-3-carboxylic acid but-2-enyl-tert-butylamide 324 (0.15 g, 0.63 mmol, 1.0
equiv.) was treated according to Method D with iodomethane (0.24 mL, 3.79 mmol, 6.0
equiv.) quench. Purification by flash column chromatography (SiO;; 15:1
Petrol/EtOAc) afforded the title compound (0.08 g, 52 %) as a colourless oil: Ry (5:1
Petrol:EtOAC) 0.65; Vi (CHClz)/em™ 2964 (CH), 1634 (C=0); 83(300 MHz, CDCl;)
7.05 (1H, d, J 5.5, SCHCH), 6.89 (1H, d, J 5.5, SCHCH), 5.34-5.38 (2H, m, H-1 and H-
2), 3.87-3.89 (2H, m, H-3 and H-4), 2.45 (3H, s, CCH3), 1.67 (3H, d, J 4.5, CHCHj),
1.56 (94, s, Bu); (75 MHz, CDCls) 169.5, 137.0, 129.7, 127.5, 126.4, 122.5, 57.7,
49.2, 29.1, 17.9, 13.8; m/z (C.1.) 252 (100 %, M + H"); (Found (E.I): M, 251.1338.
Ci14HNOS requires 251.1344).

S-tert-Butyl-3a-ethyl-8-methyl-3a,5,8,8a-tetrahydrothieno[3,2-c]azepin-4-one 327¢
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Thiophene-3-carboxylic acid but-2-enyl-fert-butylamide 324 (0.15 g, 0.63 mmol, 1.0
equiv.) was treated according to Method D with iodoethane (0.30 mL, 3.79 mmol, 6.0
equiv.) quench. Purification by flash column chromatography (SiO; 25:1
Petrol/EtOAc) afforded the title compound (0.085 g, 55 %) as a colourless oil: Ry (5:1
Petrol:EtOAC) 0.55; Vmax(CHCls)em™ 2965 (CH), 1634 (C=0); 53(300 MHz, CDCl)
7.07 (1H, d, J 5.5, SCHCH), 6.88 (1H, d, J 5.5, SCHCH), 5.37-5.39 (2H, m, H-1 and H-
2), 3.87-3.89 (2H, m, H-3 and H-4), 2.86 (2H, q, J 7.5, CH,CH3), 1.68 (3H, d, J 4.5,
CHCH3), 1.56 (9H, s, fBu), 1.32 (3H, t, J 7.5, CH2CHj3); 8¢(75 MHz, CDCl3) 169.5,

201
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144.7, 135.9, 129.9, 127.4, 126.4, 122.3, 57.7, 49.3, 29.1, 22.1, 17.9, 16.2; m/z (C.L)
266 (100 %, M + H"); (Found (E.I): M", 265.1489. C;sH»sNOS requires 265.1500).

3a-Allyl-5-tert-butyl-8-methyl-3a,5,8,8a-tetrahydrothieno[3,2-c]azepin-4-one 327d
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Thiophene-3-carboxylic acid but-2-enyl-ters-butylamide 324 (0.15 g, 0.63 mmol, 1.0
equiv.) was treated according to Method D with allyl bromide (0.32 mL, 3.79 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiOz; 25:1
Petrol/EtOAc) afforded the title compound (0.11 g, 65 %) as a colourless oil: R (5:1

| Petrol:EtOAC) 0.55; Vinax(CHCLz)/em™ 2966 (CH), 1634 (C=0); 5x(300 MHz, CDCl;)
7.12 (14, d, J 5.5, SCHCH), 6.90 (1H, d, J 5.5, SCHCH), 6.11-6.12 (1H, m,
CH,CHCH,), 5.88-5.90 (2H, m, CH,CHCH,), 5.40-5.41 (2H, m, CH,CHCH,), 3.85-
3.86 (2H, m, H-i and H-2), 3.36-3.38 (2H, m, H-3 and H-4), 1.69 (3H, d, J 6.5,
CHCHs3), 1.56 (9H, s, Bu); oc(75 MHz, CDCls) 169.2, 147.2, 140.7, 136.1, 130.2,
128.3, 125.6, 123.8, 118.2, 117.0, 115.5, 59.5, 30.7, 29.4, 18.7; m/z (C.1.) 278 (100 %,
M + HY); (Found (E.I): M, 277.1417. CsHxNOS requires 277.1500).

3a-Benzyl-5-fert-butyl-8-methyl-3a,5,8,8a-tetrahydrothieno[3,2-c]azepin-4-one

327e
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Thiophene-3-carboxylic acid but-2-enyl-fert-butylamide 324 (0.15 g, 0.63 mmol, 1.0
equiv.) was treated according to Method D with benzyl bromide (0.45 mL, 3.79 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 25:1
Petrol/EtOAc) afforded the #itle compound (0.09 g, 50 %) as a colourless oil: Ry(5:1
Petrol:EtOAc) 0.45; Vmau( CHCl)/em™ 2965 (CH), 1632 (C=0); 8x(300 MHz, CDCl)
7.32-7.37 (5H, m, ArH), 7.09 (1H, d, J 5.0, SCHCH), 6.92 (1H, d, J 5.0, SCHCH),
5.37-5.47 (2H, m, H-1 and H-2), 4.20 (2H, s, CH,Ph), 3.76-3.78 (2H, m, J 1.5, H-3 and
H-4), 1.66 (3H, dd, J 6.5 and 1.5, CHCHs5), 1.55 (9H, s, Bu); 8c(75 MHz, CDCls)
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169.2, 147.4, 140.2, 136.8, 129.9, 128.8, 128.6, 128.3, 127.8, 127.5, 126 .4, 123.3, 57.8,
493, 34.5, 29.0, 21.0, 17.9; m/z (C.L) 328 (100 %, M + H'); (Found (EI): M,
327.1651. CyoHasNOS requires 327.1657).

1-fert-Butyl-3-methyl-7-(2-methylsulfanylvinyl)-1,3-dihydroazepin-2-one 330a
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Thiophene-3-carboxylic acid allyl-fert-butylamide 325 (0.15 g, 0.67 mmol, 1.0 equiv.)

was treated according to Method D with iodomethane (0.25 mL., 4.02 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (SiQz; 15:1 Petrol/EtOAc)
afforded the fitle compound (0.10 g, 61 %) as a colourless oil: Rf (5:1 Petrol:EtOAc)
0.60; Vimax(CHCL)/em™ 2972 (CH), 1667 (C=0); 85(300 MHz, CDCl;) 6.38 (1H, dd, J
4.0 and 1.5, H-6), 6.15 (1H, ddd, J 9.5, 4.0 and 1.5, H-5), 6.06 (1H, d, J 10.5, H-9), 6.02
(14, 4, J 10.5, H-8), 5.55 (1H, dd, J 9.0 and 4.0, H-4), 2.80-2.82 (1H, m, H-3), 2.38
(3H, s, SCH3), 1.47 (9H, s, Bu), 1.35 (3H, d, J 7.0, CHCH3); 8¢ (75 MHz, CDCls)
175.3, 139.8, 136.6, 128.9, 125.9, 125.2, 125.1, 60.0, 41.6, 29.3, 18.9, 14.4; m/z (C.1.)
252 (100 %, M + H"); (Found (E.I): M, 251.1338. C4H2NOS requires 251.1344).

1-tert-Butyl-3-ethyl-7-(2-methylsulfanylvinyl)-1,3-dihydroazepin-2-one 330b
0
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Thiophene-3-carboxylic acid allyl-fers~butylamide 325 (0.15 g, 0.67 mumol, 1.0 equiv.)
was treated according to Method D with iodoethane (0.33 mL, 4.02 mmol, 6.0 equiv.)
quench. Purification by flash column chromatography (SiOz; 15:1 Petrol/EtOAc)
afforded the title compound (0.13 g, 70 %) as a colourless oil: Ry (5:1 Petrol:EtOAc)
0.60; Vinax(CHCL3)/em™ 2964 (CH), 1666 (C=0); 8x(300 MHz, CDCls) 6.40 (1H, dd, J
4.0 and 1.5, H-6), 6.18 (1H, ddd, J 9.5, 4.0 and 2.0, H-5), 6.10 (1H, d, J 10.5, H-9), 6.05
(1H, d, J 10.5, H-8), 5.58 (1H, dd, J 9.5 and 5.0, H-4), 2.78 (2H, q, J 7.0, SCH,CH3),
2.58-2.59 (1H, m, H-3), 2.05 (1H, dq, J 21.0 and 7.0, CHCHAHgCHs), 1.70 (1H, dq, J




Experimental

21.0 and 7.0, CHCHoHCH3), 1.47 (9H, s, fBu), 1.35 (3H, t, J 7.0, SCH,CH3), 1.00
(3H, t, J 7.0, CHCH,CH3); 8c(75 MHz, CDCl3) 174.2, 139.9, 135.4, 127.0, 126.4,
125.5, 125.1, 60.1, 49.1, 29.7, 29.3, 22.3, 15.8, 12.5; m/z (C.1.) 280 (100 %, M + H");
(Found (E.I): M, 279.1651. CgHysNOS requires 279.1657).

3-Allyl-7-(2-allylsulfanylvinyl)-1-fer#-butyl-1,3-dihydroazepin-2-one 330c

Thiophene-3-carboxylic acid allyl-ferz-butylamide 325 (0.15 g, 0.67 mmol, 1.0 equiv.)
was treated according to Method D with allyl bromide (0.34 mlL, 4.02 mmol, 6.0
equiv.) quench. Purification by flash column chromatography (SiO;; 15:1
Petrol/EtOAc) afforded the title compound (0.13 g, 65 %) as a colourless oil: Ry (5:1
Petrol:EtOAC) 0.65; Vi CHCls)/em™ 2972 (CH), 1666 (C=0); 81(300 MHz, CDCl;)
6.41 (1H, dd, J 4.0 and 1.5, H-6), 6.18 (1H, ddd, J 9.5, 4.0 and 2.0, H-5), 6.10 (1H, d, J
10.5, H-9), 6.05 (1H, d, J 10.5, H-8), 5.85-5.87 (2H, m, 2 x CH,CHCH,), 5.62 (1H, dd,
J 95 and 5.0, H-4), 5.10-5.11 (4H, m, 2 x CH,CHCH,), 3.37 (2H, d, J 6.5,
SCH,CHCHy), 2.80-2.83 (2H, m, CHCH,CHCHy), 2.49-2.51 (1H, m, H-3), 1.47 (94, s,
Bu); 6c(75 MHz, CDCls) 173.9, 139.9, 136.9, 134.7, 134.1, 126.6, 125.8, 125.5, 125.3,
118.3, 116.4, 60.3, 46.6, 37.9, 33.4, 29.3; m/z (C.L) 304 (100 %, M + H"); (Found (E.I):
M, 303.1652. C13HasNOS requires 303.1657).

3-Benzyl-7-(2-benzylsulfanylvinyl)-1-fert-butyl-1,3-dihydroazepin-2-one 330d
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Thiophene-3-carboxylic acid allyl-fert-butylamide 325 (0.15 g, 0.67 mmol, 1.0 equiv.)
was freated according to Method D with benzyl bromide (0.48 mL, 4.02 mmol, 6.0
equiv.) quench. Purification by flash column chromatography (SiO,; 25:1
Petrol/EtOAc) afforded the ritle compound (0.11 g, 45 %) as a yellow oil: R(25:1
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Petrol:EtOAC) 0.55; Via CHCLYem™ 2968 (CH), 1663 (C=0); 55(300 MHz, CDCls)
7.20-7.38 (10H, m, ArH), 6.35 (1H, d, J 3.5, H-6), 6.14-6.16 (2H, m, H-5 and H-8),
6.08 (1H, d, J 4.5, H-9), 5.68 (1H, dd, J 9.0 and 4.5, H-4), 3.96 (2H, s, SCHPh), 3.44
(1H, dd, J 9.0 and 4.5, H-3), 3.08 (2H, s, CHLPh), 1.48 (9H, s, Bu); 5¢(75 MHz,
CDCl;) 173.8, 140.5, 139.8, 137.8, 134.7, 129.5, 129.2, 128.8, 128.6, 127.7, 127.1,
126.4, 126.2, 125.7, 125.4, 124.7, 113.8, 60.4, 48.6, 39.5, 35.1, 29.3; m/z (C.1.) 404 (100
%, M + H'); (Found (E.I): M", 403.1964. CpsHaoNOS requires 403.1970).

3-(4-Bromobenzyl)-7-[2-(4-bromobenzylsulfanyl)vinyl]-1-fert-butyl-1,3-
dihydroazepin-2-one 330e

Br

Thiophene-3-carboxylic acid allyl-fers-butylamide 325 (0.15 g, 0.67 mmol, 1.0 equiv.)
was treated according to Method D with p-bromobenzyl bromide (1.0 g, 4.02 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO;; 25:1
Petrol/EtOAc) afforded the title compound (0.19 g, 50 %) as needles: m.p. 133.5-133.8
°C; R{(25:1 Petrol:EtOAc) 0.50; Vimax(CHCL)em™ 2968 (CH), 1663 (C=0); 81(300
MHz, CDCls) 7.48 (2H, d, J 8.5, ArH), 7.40 (2H, d, J 8.5, ArH), 7.20 (2H, d, J 8.5,
ArH), 7.14 (2H, d, J 8.5, ArH), 6.30 (1H, d, J 3.5, H-6), 6.14 (1H, dd, J 4.0 and 1.5, H-
5), 6.06 (1H, d, J 21.0, H-8), 6.02 (1H, d, J 21.0, H-9), 5.62 (1H, dd, J 9.0 and 5.0, H-
4), 3.85 (2H, s, SCH,Ph), 3.38 (1H, dd, J 18.0 and 10.5, H-3), 2.98 (2H, s, CCH>Ph),
1.45 (94, s, Bu); 6¢(75 MHz, CDCIl3) 173.2, 139.8, 139.6, 136.9, 134.4, 132.1, 131.5,
131.3, 130.8, 127.2, 126.0, 125.7, 125.3, 121.6, 119.9, 60.6, 48.7, 38.7, 34.5, 29.2; m/z

(C.L) 560 (100 %, M + H); (Found (E.I): M', 559.0177. CysHy/NOBS requires
559.0181).
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2,5-Bistrimethylsilanylthiophene-3-carboxylic acid allyl-ferf-butylamide 337
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Thiophene-3-carboxylic acid allyl-zerz-butylamide 325 (0.15 g, 0.67 mmol, 1.0 equiv.)
was treated according to Method D with chlorotrimethylsilane (0.51 mL, 4.04 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO;; 25:1
Petrol/EtOAc) afforded the title compound (0.16g, 68 %) as a yellow oil: R(5:1
Petrol:EtOAc) 0.80; vinax(CHCl3)em™ 2957 (CH), 1641 (C=0); 81(300 MHz, CDCl;)
7.20 (1H, s, H-4), 5.74-5.84 (1H, ddt, J 17.0, 10.0 and 5.5, CH,CHCH,), 5.13 (1H, ddd,
J 100, 3.0 and 1.0, CH,CHCHAHg), 5.05 (1H, ddd, J 17.0, 3.0 and 1.0,
CHCHCHg), 3.91 (2H, dt, J 5.5 and 1.0, CH>CHCH,), 1.59 (9H, s, /Bu), 0.37 (9H,
s, 3 x CHs), 0.32 (9H, s, 3 x CHj3); 8c(75 MHz, CDCls) 170.9, 147.9, 145.1, 143.9,
137.8, 134.8, 130.0, 116.2, 57.9, 50.6, 28.9, 0.4; m/z (C.1.) 368 (100 %, M-H"); (Found
(E.D): M7, 367.1894. C;3H33NOSSi, requires 367.1890).

5-tert-Butyl-3a,8-dimethyl-3a,5,6,7,8,8a-hexahydrothieno[3,2-c]azepin-4-one 338
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Palladium on carbon (0.15 g, 0.59 mmol, 1.0 equiv.) was added portionwise to a
solution of S-fert-butyl-3a,8-dimethyl-3a,5,8,8a-tetrahydrothieno[3,2-cJazepin-4-one
327b (0.15g, 0.59 mmol, 1.0 equiv.) in methanol (7 mL) at room temperature under a
nitrogen atmosphere. The flask was flushed with H; and maintained under a H,
atmosphere for 2 days. The mixture was filtered through celite, washed with methanol
(2 x 5 mL) and concentrated under reduced pressure leaving the title compound (0.12 g,
80 %) as a colourless oil: R(5:1 Petrol:EtOAc) 0.65; vmx(CHClg.)/t‘,m'1 2961, 2928
(CH), 1634 (C=0); 6u(300 MHz, CDCl;) 7.03 (1H, d, J 5.0, SCHCH), 6.87 (1H, d, J
5.0, SCHCH), 3.23-3.24 (2H, m, H-4 and H-3), 2.43 (3H, s, CCH3), 2.36 (1H, d, J 11.5,
H-1), 1.55 (9H, s, Bu), 1.42 (1H, dd, J 11.5 and 7.0, H-1), 1.06 (2H, dt, J 11.5 and 7.0
H-2), 0.74 (3H, dd, J 14.5 and 7.0, CHCHs); 8¢(75 MHz, CDCls) 168.9, 136.7, 136.1,
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126.3, 126.2, 124.3, 122.4, 122.3, 56 .8, 46.7, 34.2, 28.9, 19.7, 13.4; m/z (C.1.) 254 (100
%, M -+ H+)§ (Found (E.I): M, 253.1573. C14H23NOS requires 253.1500).

3a,8-Dimethyl-3a,5,8,8a-tetrahydrothieno|3,2-c]azepin-4-one 339
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5-tert-Butyl-3a,8-dimethyl-3a,5,8,8a-tetrahydrothieno[3,2-c]azepin-4-one 327b (0.15g,
0.59 mmol, 1.0 equiv.) and 6 M HCI (2 mL) in THF (5 mL) were stirred at room
temperature for 3 days. Water (5 mL) was added, the mixture extracted with EtOAc (4 x
5 mL) and the combined organic layers washed with water (10 mL), dried (MgSQOy4) and
concentrated under reduced pressure. Purification by flash column chromatography
(Si0y; 15:1 Petrol/EtOAc) afforded the title compound (0.11 g, 80 %) as a colourless
oil: R{(5:1 Petrol:EtOAc) 0.40; Vmax(CHCl)em™ 3314 (NH), 2920 (CH), 1632 (C=0);
ou(300 MHz, CDCl3) 7.07 (1H, d, J 5.5, SCHCH), 6.98 (1H, d, J 5.5, SCHCH), 5.82
(1H, brs, NH), 5.63-5.64 (1H, m, H-1), 5.49-5.50 (1H, m, H-2), 3.92.-3.93 (2H, m, H-4
and H-3), 2.68 (3H, s, CCH;), 1.68 (3H, dd, J 6.0 and 1.0, CHCH;); 8c(75 MHz,
CDCl3) 164.6, 144.8, 132.1, 128.9, 127.2, 126.5, 124.3, 122.1, 41.8, 18.0; m/z (C.1.) 196
(100 %, M + H"); (Found (E.I): M", 195.0712. C10H;3NOS requires 195.0711).

4.3.4 Experimental Details for Chapter 2.4

1-Methyl-1H-indole-5-carboxylic acid methyl ester 3425
O

N
\

Indole-5-carboxylic acid (0.50 g, 3.10 mmol, 1.0 equiv.) in DMF (10 mL) was added
dropwise to a suspension of sodium hydride (0.38 g, 9.30 mmol, 3.0 equiv.) in DMF (15
mL) at room temperature under a nitrogen atmosphere. The suspension was stirred for
30 min. and iodomethane (2.0 mL, 31.0 mmoi, 10 equiv.) added dropwise. The solution
was stirred at room temperature for 16 h and water (10 mL) added. The mixture was
extracted with EtOAc (3 x 15mL). Combined organics were washed with water (4 x 15
mL), dried (MgSO4) and concentrated under reduced pressure to afford the title
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compound (0.60 g, 100 %) as needles: m.p. 104.8-106.4 °C (lit.,"**105-106 °C); R«(1:1
Petrol:EtOAc) 0.70; Vimex(CHCl)cm™ 2923 (CH), 1706 (C=0); 8u(300 MHz, CDCl;)
8.38 (1H, dd, J 1.5 and 1.0, H-4), 7.88 (1H, dd, J 8.5 and 1.5, H-6), 7.28 (1H, d, J 8.5,
H-7), 7.05 (1H, d, J 3.0, H-2), 6.52 (1H, dd, / 3.0 and 1.0, H-3), 3.88 (3H, s, OCH3),
3.76 (3H, s, NCHs); 8c(75 MHz, CDCl3) 168.4, 162.7, 139.3, 130.5, 128.2, 124.0,
121.5, 109.1, 102.8, 51.9, 36.6; m/z (C.L) 190 (100 %, M + H"); (Found (E.I): M,
189.0792. C;;H11NO; requires 189.0790).

1-Methyl-1H-indole-6-carboxylic acid methyl ester 343"

N
MeO N\
0

Indole-6-carboxylic acid (0.50 g, 3.10 mmol, 1.0 equiv.) in DMF (10 mL) was added
dropwise to a suspension of sodium hydride (0.38 g, 9.30 mmol, 3.0 equiv.) in DMF (15
mL) at room temperature under a nitrogen atmosphere. The suspension was stirred for
30 min. and iodomethane (2.0 mL, 31.0 mmol, 10 equiv.) added dropwise. The solution
was stirred at room temperature for 16 h and water (10 mL) added. The mixture was
extracted with EtOAc (3 x 15mL). Combined organics were washed with water (4 x 15
mL), dried (MgSO4) and concentrated under reduced pressure to afford the title
compound (0.60 g, 100 %) as needles: m.p. 88.5-89.7 °C (lit.,"”® 89°C); Ry(1:1
Petrol:EtOAc) 0.70; Viax(CHCL;)/em™ 2924 (CH), 1706 (C=0); du(300 MHz, CDCl;)
8.10 (1H, d, J 0.5, H-7), 7.80 (1H, ddd, J 8.5, 1.5 and 1.0, H-4), 7.62 (1H, dd, J 8.5 and
0.5, H-5), 7.22 (1H, d, J 3.0, H-2), 6.52 (1H, dd, J 3.0 and 1.0, H-3), 3.95 (3H, s,
OCHz3), 3.85 (3H, s, NCH3); 8c(75 MHz, CDCls) 168.5, 162.8, 136.3, 132.4, 123.3,
120.6, 120.5, 111.9, 101.6, 52.1, 36.7; m/z (C.I) 190 (100 %, M + H"); (Found (E.I):
M, 189.0783. C H{NO; requires 189.0790).

1-Methyl-1H-indole-5-carboxylic acid 344"
O

N

\
Lithium hydroxide (15 mL of a 1.0 M solution in water) was added to a solution of 1-
methyl-1H-indole-5-carboxylic acid methyl ester 342 (0.60 g, 3.10 mumol, 1.0 equiv.) in
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THF (15 mL) at room temperature under a nitrogen atmosphere. The solution was
stirred at 50 °C for 24 h and diluted with EtOAc (10 mL). The mixture was extracted
with saturated sodium hydrogen carbonate solution (2 x 15 mL) and the aqueous layer
acidified to pH 1 with 6 M HCI. The acidic layer was extracted with EtOAc (4 x 10
mi.). Combined organics were washed with water (4 x 15 mL), dried (MgSO4) and
concentrated under reduced pressure to afford the title compound (0.56 g, 100 %) as
needles: m.p. 167.9-168.8 °C (lit.,"”® 168°C); R{1:1 Petrol:EtOAc) 0.45;
Vax(CHClYem™ 3472 (OH), 2919 (CH), 1663 (C=0); 8x(300 MHz, CD;0OD) 8.36
(14, dd, J 2.0 and 0.5, H-4), 7.90 (1H, dd, J 8.5 and 2.0, H-6), 7.38 (1H, d, J 8.5, H-7),
7.20 (1H, d, J 3.0, H-2), 6.56 (1H, dd, J 3.0 and 0.5, H-3), 4.82 (1H, brs, OH), 3.84 (3H,
s, NCH3); 6c(75 MHz, CD;0D) 170.6, 139.5, 130.6, 124.1, 123.0, 121.3, 108.9, 102.4,
32.5; m/z (C.1.) 176 (100 %, M + H'); (Found (E.I): M", 175.0631. CoHgNO; requires
175.0628).

1-Methyl-1H-indole-6-carboxylic acid 345™°

S

HO N

5 \

Lithium hydroxide (15 mL cof a 1.0 M solution in water) was added to a solution of 1-
methyl-1H-indole-6-carboxylic acid methyl ester 343 (0.60 g, 3.10 mmol, 1.0 equiv.) in
THF (15 mL) at room temperature under a nitrogen atmosphere. The solution was
stirred at 50 °C for 24 h and diluted with EtOAc (10 mL). The mixture was extracted
with saturated sodium hydrogen carbonate solution (2 x 15 mL) and the aqueous layer
acidified to pH 1 with 6 M HCI. The acidic layer was extracted with EtOAc (4 x 10
mL). Combined organics were washed with water (4 x 15 mL), dried (MgSQ4) and
concentrated under reduced pressure to afford the title compound (0.56 g, 100 %) as
needles: m.p. 190.4-192.0 °C (lit.,'>® 190 °C); Rf1:1 Petrol:EtOAc) 0.40; Vpax
(CHCl)/em™ 3445 (OH), 2916 (CH), 1661 (C=0); 85(300 MHz, CD;0D) 8.10 (1H, s,
H-7), 7.76 (14, d, J 8.0, H-5), 7.60 (1H, d, J 8.0, H-4), 7.35 (1H, d, J 3.0, H-2), 6.52
(1H, d, J 3.0, H-3), 4.98 (1H, brs, OH), 3.85 (3H, s, NCHz); 8c¢(75 MHz, CD;0D)
168.6, 139.4, 130.5, 128.2, 124.2, 123.1, 121.6, 109.1, 102.9, 52.1; m/z (C.1.) 176 (100
%, M+ H"); (Found (E.I): M, 175.0627. C;0HoNO; requires 175.0628).
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1-Methyl-1H-indole-5-carboxylic acid benzylisopropylamide 346

1-Methyl-1H-indole-5-carboxylic acid 344 (0.36 g, 2.06 mmol, 1.0 equiv.) and N-
isopropylbenzylamine (0.51 mL, 3.09 mmol, 1.5 equiv.) were treated according to
Method K. Purification by flash column chromatography (SiO;; 2:1 Petrol/EtOAc)
afforded the title compound (0.44 g, 70 %) as a colourless oil: Rf(1:1 Petrol:EtOAc)
0.80; Vimax(CHClL3)/em™ 2966 (CH), 1624 (C=0); 61(300 MHz, CDCls) 7.80 (1H, s, H-
4), 7.39-7.35 (6H, m, ArH and H-6), 7.29 (1H, d, J 2.5, H-7), 7.14 (1H, d, J 3.0, H-2),
6.57 (1H, d, J 3.0, H-3), 4.74 (2H, s, CH,Ph), 4.42 (1H, brs, CH(CHj3),), 3.83 (3H, s,
NCHj3), 1.20 (6H, d, J 5.0, CH(CHs),); 6c(75 MHz, CDCl3) 173.9, 139.9, 137.2, 130.2,
128.7, 128.2, 127.3, 126.9, 120.6, 119.7, 109.5, 101.9, 33.2, 21.6; m/z (C.1.) 307 (100
%, M+ H"); (Found (E.I): M, 306.1805. CzHaoN,O requires 306.1804).

1-Methyl-1H-indole-6-carboxylic acid benzylisopropylamide 347

Phﬁ
Ty

1-Methyl-1H-~indole-6-carboxylic acid 345 (0.32 g, 1.83 mmol, 1.0 equiv.) and N-
isopropylbenzylamine (0.46 mL, 2.74 mmol, 1.5 equiv.) were treated according to
Method K. Purification by flash column chromatography (SiO;; 2:1 Petrol/EtOAc)
afforded the fitle compound (0.41 g, 73 %) as a colourless oil: Rg(1:1 Petrol:EtOAc)
0.75; Vaa(CHCLYem™ 2970 (CH), 1626 (C=0); 8x(300 MHz, CDCl3) 7.68 (1H, d, J
1.5, H-5), 7.52 (1H, s, H-T), 7.40-7.23 (6H, m, ArH and H-4), 7.15 (1H, d, J 3.0, H-2),
6.55 (1H, s, H-3), 4.74 (2H, s, CH>Ph), 4.42 (1H, brs, CH(CHs),), 3.80 (3H, s, NCHs),
1.22 (6H, brs, CH(CH3),); 6c(75 MHz, CDCls) 173.8, 139.9, 136.5, 130.7, 129.5, 128.7,
127.3, 127.0, 120.9, 117.9, 108.4, 101.3, 33.1, 31.2, 21.5; m/z (C.1) 307 (100 %, M +
H"); (Found (E.I): M, 306.1807. C30H2oN,O requires 306.1804).
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(5aR 85,8a5)-8,8a-dihydro-7-isopropyl-1-methyl-8-phenylnyrrolo[3,4-glindol-
6(1H,5aH,7H)-one 348a

1-Methyl-1H-indole-6-carboxylic acid benzylisopropylamide 347 (0.10 g, 0.33 mmol,
1.0 equiv.) was treated according to Method D with saturated aqueous ammonium
chloride (0.1 mL, 1.96 mmol, 6.0 equiv.) quench. Purification by flash column
chromatography (SiO;; 2:1 Petrol/EtOAc) afforded the title compound (0.06 g, 67 %) as
needles: [o]p™ = +85.2 (¢ = 0.75 in CHCL3), m.p. 134.6-135.2 °C; R{1:1 Petrol:EtOAc)
0.75; Vmax (CHCL)/em™ 2970 (CH), 1684 (C=0); 8:(300 MHz, CDCl3) 7.44-7.33 (5H,
m, ArH), 6.52 (1H, dd, J 9.5 and 3.0, H-4), 6.37 (1H, d, J 2.5, H-2), 6.03 (1H, d, J 2.5,
H-3), 5.46 (1H, dd, J 9.5 and 2.5, H-5), 4.45 (1H, d, J 8.5, CHPh), 3.80 (1H, q, J 7.0,
CH(CHzs),), 3.70 (1H, ddd, J 3.0, 2.5 and 2.0, H-6), 3.52 (1H, dd, J 8.5 and 2.0, H-7),
2.63 (3H, s, NCH3), 1.27 (3H, d, J 7.0, CH(CH3)»), 1.04 (3H, d, J 7.0, CH(CH3),); 8c(75
MHz, CDCl;) 176.5, 141.0, 129.3, 128.9, 128.4, 126.2, 124.1, 122.5, 116.7, 115.4,
105.2, 69.2, 46.9, 46.5, 41.8, 32.9, 20.1, 20.0; m/z (C.1.) 307 (100 %, M + H"); (Found
(E.I): M, 306.1805. CaoH2,N,O requires 306.1805).

(5aR,85,8a5)-8,8a-dihydro-7-isopropyl-1,5a-dimethyl-8-phenylpyrrolo[3,4-glindol-
6(1H,5aH,7H)-one cis-348b

1-Methyl-1H-indole-6-carboxylic acid benzylisopropylamide 347 (0.10 g, 0.33 mmol,
1.0 equiv.) was treated according to Method D with iodomethane (0.13 mL, 1.96 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 3:1
Petrol/EtOAc) afforded the title compound (0.06 g, 60 %) as needles: [a]p™> = +104.2 (c
= 0.90 in CHCl;), m.p. 122.5-123.1 °C; R{1:1 Petrol:EtOAc) 0.70; Vmax(CHCl3)/em'™
2923 (CH), 1687 (C=0); du(300 MHz, CDCls) 7.42-7.31 (5H, m, AcH), 6.48 (1H, d, J
9.5, H-4), 6.38 (1H, d, J 2.5, H-2), 6.05 (1H, d, J 2.5, H-3), 5.34 (1H, dd, J 9.5 and 0.5,
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H-5),4.25 (14, d, J 9.0, CHPh), 3.70 (1H, q, J 7.0, CH(CH3),), 3.12 (1H, d, J 9.0, H-7),
2.60 (3H, s, NCH3), 1.30 (3H, s, CCH3), 1.27 (3H, d, J 7.0, CH(CHs),), 1.03 (3H, d, J
7.0, CH(CH3)2); 6c(75 MHz, CDCl3) 178.9, 140.9, 129.3, 129.1, 128.4, 125.9, 122.7,
121.8, 121.3, 116.3, 105.5, 104.9, 67 .4, 49.5, 46.8, 32.8, 22.9, 20.0; m/z (C.1.) 321 (100
%, M+ H"); (Found (E.I): M, 320.1960. C1H4N,0 requires 320.1961).

(5a5,85,8a8)-8,8a-dihydro-7-isopropyl-1,5a-dimethyl-8-phenylpyrrolo[3,4-glindol-
6(1H,5aH,7H)-one trans-348b

1-Methyl-1H-indole-6-carboxylic acid benzylisopropylamide 347 (0.10 g, 0.33 mmol,
1.0 equiv.) was treated according to Method D with iodomethane (0.13 mL, 1.96 mmol,
6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 3:1
Petrol/EtOAc) afforded the title compound (0.01 g, 10 %) as a colourless oil: [a]p® =
+99.7 (¢ = 0.80 in CHCl3), R(1:1 Petrol:EtOAc) 0.50; Vmax(CHClYem™ 2925 (CH),
1685 (C=0); 6u(300 MHz, CDCl;) 7.43-7.40 (5H, m, AcH), 6.77 (1H, d, J 9.5, H-4),
6.40 (14, d, J 3.0, H-2), 6.10 (1H, d, J 3.0, A-3), 5.52 (1H, dd, J 9.5 and 1.0, H-5), 4.00
(1H, d, J 8.5, CHPh), 3.68 (1H, q, J 7.0, CH(CHs)y), 3.12 (1H, d, J 8.5, H-7), 2.61 (3H,
s, NCHs), 1.34 (3H, s, CCH3), 1.29 (3H, d, J 7.0, CH(CHs),), 1.07 (3H, d, J 7.0,
CH(CH3),); 0¢(75 MHz, CDCl3) 176.3, 139.8, 131.3, 129.2, 127.6, 126.0, 123.0, 121.8,
120.7, 116.4, 105.4, 101.3, 66.2, 49.7, 47.4, 32.9, 23.3, 20.1; m/z (C.1.) 321 (100 %, M
+H"); (Found (E.I): M, 320.1959. C3H24N,O requires 320.1961).

(5aR.85,8a.5)-5a-benzyl-8,8a-dihydro-7-isopropyl-1-methyl-8-phenylpyrrolo[3,4-
glindol-6(1H,5aH,7H)-one 348¢

3
N
N

\

\

1-Methyl-1H-indole-6-carboxylic acid benzylisopropylamide 347 (0.10 g, 0.33 mmol,
1.0 equiv.) was treated according to Method D with benzyl bromide (0.23 mL, 1.96
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mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO,; 10:1
Petrol/EtOAc) afforded the title compound (0.08 g, 66 %) as needles: [a]p2=+113.3 (c

= 0.95 in CHCL). m.n. 130.8-131.9 °C: R{5:1 PetrolFtOAC) 0.70: Ve CHCL:Vem™
2968 (CH), 1686 (C=0); 63(300 MHz, CDCls) 7.37-7.20 (10H, m, ArH), 6.54 (1H, d, J

29,5, H-4), 6.36 (1H, d, J 2.5, H-2), 6.04 (1H, d, J 2.5, H-3), 5.50 (1H, dd, J 9.5 and 0.5,
% H.5), 415 (1H, d, J 8.5, CHPh), 3.70 (1H, q, J 7.0, CH(CHs)y), 3.52 (11, d, J 13.5,
H Cm,phy, 3.21 (1H, 4, 78.5, H-7), 2.51 (3H, s, NCHy), 2.45 (1H, d, J 13.5, CHyPh), 1.18
C3H, 4, 7 7.0, CH(CHs),), 095 (3H, d, J 7.0, CH(CHs)); 8c(75 MHz, CDCl) 176.7,
3141.4,137.5, 1308, 129.0 128.8, 128.6, 128.5, 128.2, 126.9, 126.1, 123.1, 122.5, 121.2,
116.6, 1049, 67.2, 54.5, 46.5, 43.2, 40.7, 32.7, 20.3, 19.7; m/z (C.1) 397 (100 %, M +
116.6, 104.9, 67.2, 54.5, 46.5, 43.2, 40.7, 32.7, 20.3, 19.7; m/z (C.1.) 397 (100 %, M +

H"); (Found (E.I): M, 396.2276. C7H2gN,0 requires 396.2274).

(5aR,88,8a.5)-8,8a-dihydro-5a-((R)-hydroxy(phenyl)methyl)-7-isopropyl-1-methyl-
8-phenylpyrrolo|3,4-g]lindol-6(1H,5aH,7H)-one 348d

i-Methyl-1H-indole-6-carboxylic acid benzylisopropylamide 347 (0.10 g, 0.33 mmol,
1.0 equiv.) was treated according to Method D with benzaldehyde (0.20 mL, 1.96
mmol, 6.0 equiv.) quench. Purification by flash column chromatography (SiO2; 5:1
Petrol/EtOAc) afforded the title compound (0.08 g, 60 %) as needles: [a]p>> =+105.4 (c
= 0.90 in CHCl3), m.p. 117.3-118.5 °C; R{1:1 Petrol:EtOAc) 0.65; vmax(CHClg)/cm"l
3412 (OH), 2930 (CH), 1667 (C=0); u(300 MHz, CDCL) 7.35-7.19 (10 H, m, ArH),
7.08 (1H, brs, OH), 6.54 (1H, d, J 9.5, H-4), 6.17 (1H, d, J 2.5, H-2), 5.80 (1H, d, J 2.5,
H-3), 5.62 (iH, dd, J 9.5 and 1.0, H-5), 4.89 (1H, s, CH(OH)Ph), 4.20 (iH, d, J 8.5,
CHPh), 3.74 (1H, q, J 7.0, CH(CHs),), 3.50 (1H, d, J 8.5, H-7), 2.48 (3H, s, NCHj),
1.25 (34, d, J 7.0, CH(CHs),), 1.03 (3H, d, J 7.0, CH(CHs)y); 6c(75 MHz, CDCl3)
177.5, 140.8, 140.2, 128.8, 127.7, 127.5, 126.8, 126.1, 1259, 125.8, 121.9, 117.0,
116.4, 104.8, 67.7, 57.2, 46.8, 42.2, 32.5, 20.2, 19.9; m/z (C.1.) 413 (100 %, M + H");
(Found (E.I): M, 412.2226. Cy7H2gN,0, requires 396.2224).
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1,2-Dimethyl-1H-indole-5-carboxylic acid isopropyl-(1-phenylethyl)amide 353

o)

Saess

Ph/l”‘M N\
1-Methyl-1H-indole-5-carboxylic acid benzylisopropylamide 346 (0.10 g, 0.33 mmol,
1.0 equiv.) and iodomethane (0.06 mL, 0.98 mmol, 3.0 equiv.) were treated according to
Method C. Purification by flash column chromatography (SiO,; 2:1 Petrol/EtOAc)
afforded the title compound (0.06 g, 50 %) as an off-white solid: m.p. 171.4-172.0 °C;
Ri(1:1 Petrol:EtOAC) 0.60; Vimax(CHClYem™ 2971 (CH), 1624 (C=0); 8u(300 MHz,
CDClL;) 7.65 (1H, d, J 2.0, H-4), 7.28-7.42 (7TH, m, ArH, H-6 and H-7), 6.33 (1H, s, H-
3), 5.05 (1H, q, J 6.5, CH(CH3)Ph), 3.70 (3H, s, NCH}3), 3.55 (1H, brs, CH(CHs)y), 2.45
(3H, s, CCH3), 1.70 (34, d, J 6.5, CH(CH3)Ph), 1.50 (3H, d, J 7.0, CH(CHs),), 1.20
(3H, d, J 7.0, CH(CHs)2); dc(75 MHz, CDCls) 173.2, 141.4, 138.2, 137.6, 130.3, 128.4,
127.7, 127.5, 127.3, 120.1, 118.9, 117.7, 109.5, 108.9, 101.8, 100.4, 29.8, 21.5, 21.3,
20.7, 18.0, 13.0; m/z (C.1.) 335 (100 %, M-H"); (Found (E.I): M, 334.2113. CoHasNoO
requires 334.2118).

1-Methyl-1H-indole-5-carboxylic acid isopropylmethylamide 354

1-Methyl-1H-indole-5-carboxylic acid benzylisopropylamide 346 (0.20 g, 0.65 mmol,
1.0 equiv.) and iodomethane (0.12 mL, 1.95 mmol, 3.0 equiv.) were treated according to
Method C with warming to 0 °C before the quench. Purification by flash column
chromatography (SiO;; 1:1 Petrol/EtOAc) afforded the title compound (0.09 g, 45 %) as
a colourless oil: R(1:1 Petrol:EtOAc) 0.35; Vimax(CHCls)/em™ 2971 (CH), 1620 (C=0);
81(300 MHz, CDCls) 7.70 (1H, s, H-4), 7.34 (1H, d, J 8.5, H-6), 7.27 (1H, dd, J 8.5 and
1.5, H-7), 7.12 (1H, d, J 3.0, H-2), 6.54 (1H, dd, J 3.0 and 0.5, H-3), 4.20 (1H, brs,
CH(CH3)»), 3.82 (3H, s, NCH3), 2.95 (3H, s, NCH3), 1.20 (6H, brd, J 6.0, CH(CHs),);
dc¢(75 MHz, CDClLs) 173.1, 137.2, 130.1, 129.8, 128.5, 128.1, 120.7, 119.8, 109.3,
101.8, 33.2, 20.3; m/z (CI) 231 (100 %, M-H"); (Found (E.I): M, 230.1494.
Ci14H1sN20 requires 230.1492).
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1-Methyl-1H-indole-6-carboxylic acid-fer-butylamide 355

%
HNY@';\>

o 1

1-Methyl-1H-indole-6-carboxylic acid 345 (0.83 g, 4.74 mmol, 1.0 equiv.) and N-tert-
butylamine (0.75 mL, 7.11 mmol, 1.5 equiv.) were treated according to Method K.
Purification by flash column chromatography (SiO»; 2:1 Petrol/EtOAc) afforded the
title compound (0.93 g, 85 %) as needles: m.p. 106.8-107.7 °C; R{1:1 Petrol:EtOAc)
0.70; Vinax(CHCl3)/em™ 3351 (NH), 2966 (CH), 1636 (C=0); 8u(300 MHz, CDCl;) 7.96
(1H, d, J 1.5, H-7), 7.61 (1H, d, J 8.5, H-4), 7.38 (1H, dd, J 8.5 and 1.5, H-5), 7.17 (1H,
d, J 3.0, H-2), 6.52 (1H, d, J 3.0, H-3), 6.14 (1H, brs, NH), 3.85 (3H, s, NCH;), 1.54
(%H, s, Bu); 8¢(75 MHz, CDCls) 168.0, 162.8, 136.7, 131.5, 130.9, 129.2, 120.6, 117.2,
109.7, 101.3, 51.8, 36.7, 33.2, 29.3; m/z (C.1.) 231 (100 %, M + H"); (Found (E.I): M,
230.1491. Cy4H1sN2O requires 230.1492).

1-Methyl-1H-indole-6-carboxylic acid allyl-Zer-butylamide 356

Nes
N

1-Methyl-1H-indole-6-carboxylic acid-fers-butylamide 355 (0.60 g, 2.60 mmol, 1.0
equiv.) and allyl bromide (0.44 mL, 5.22 mmol, 2.0 equiv.) were treated according to
Method H. Purification by flash column chromatography (SiO,; 10:1 Petrol/EtOAc)
afforded the title compound (0.30 g, 43 %) as a colourless oil: R(10:1 Petrol:EtOAc)
0.55; Vmax(CHCl3)/em™ 2965 (CH), 1632 (C=0); 85(300 MHz, CDCl3) 7.60 (1H, dd, J
8.0 and 1.0, H-4), 7.45 (1H, s, H-7), 7.15 (1H, d, J 8.0 and 1.0, A-5), 7.12 (1H, d, J 3.0,
H-2), 6.50 (1H, d, J 3.0, H-3), 5.80-5.90 (1H, m, CH,CHCH,), 5.10-5.16 (2H, m,
CH,CHCH>), 4.03-4.05 (2H, m, CH,CHCH,), 3.82 (3H, s, NCH3), 1.62 (9H, s, Bu);
oc(75 MHz, CDCl;) 175.2, 138.3, 136.4, 133.1, 130.4, 129.2, 120.7, 119.7, 118.1,
115.9, 108.1, 101.2, 57.7, 50.7, 33.1, 29.1; m/z (C.I) 271 (100 %, M-H"); (Found (E.I):
M, 270.1802. C17H2N,0 requires 270.1805).
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2.3-Dimethyl-4-(1-methyl-1 H-indol-6-y1)-4-oxobutyraldehyde 357

o N
N
\

~0

1-Methyl-1H-indole-6-carboxylic acid allyl-terz-butylamide 356 (0.10 g, 0.37 mmol, 1.0
equiv.) and iodomethane (0.14 mL, 2.2 mmol, 6.0 equiv.) were treated according to
Methed D. Purification by flash column chromatography (SiO,; 10:1 Petrol/EtOAc)
afforded the title compound (0.08 g, 73 %) as a colourless oil: R«5:1 Petrol:EtOAc)
0.55; Vma(CHCl3)/em™ 2966 (CH), 1718, 1661 (C=0); 81(300 MHz, CDCls) 9.90 (1H,
d, J2.0, CHO), 8.10 (1H, s, H-7), 7.79 (1H, dd, J 8.5 and 1.5, H-4), 7.72 (1H, d, J 8.5,
H-5), 7.30 (1H, d, J 3.0, H-2), 6.58 (1H, dd, J 3.0 and 1.5, H-3), 3.92 (3H, s, NCH3),
3.83-3.85 (1H, m, CHCH3), 3.00 (1H, dq, J 7.0 and 2.0, CH(CH3)CHO), 1.35 3H, d, J
7.0, CHCH3), 1.18 (3H, d, J 7.0, CH(CH;)CHO); 8¢(75 MHz, CDCl3) 204.7, 202.9,
133.2, 132.8, 130.2, 120.9, 119.9, 110.8, 107.6, 101.7, 48.9, 42.3, 33.4, 16.6, 12.9; m/=
(C.1.) 244 (100 %, M-H"); (Found (E.I): M", 243.1336. C;5H7NO; requires 243.1332).

2,3-Dimethyl-4-(1-methyl-1H-indol-6-yl)-4-oxobutyraldehyde frans-357

A\
o N
\

0

1-Methyl-1H-indole-6-carboxylic acid allyl-tert-butylamide 356 (0.10 g, 0.37 mmol, 1.0
equiv.) and iodomethane (0.14 mL, 2.2 mmol, 6.0 equiv.) were treated according to
Method D. Purification by flash column chromatography (SiO»; 10:1 Petrol/EtOAc)
afforded the title compound (0.01 g, 9 %) as a colourless oil: R(5:1 Petrol:EtOAc) 0.50;
Vmax(CHCl3)/em™ 2926 (CH), 1719, 1663 (C=0); 84(300 MHz, CDCls) 9.85 (1H, s,
CHO), 8.08 (1H, s, H-7), 7.79 (1H, dd, J 8.5 and 1.5, H-4), 7.72 (1H, d, J 8.5, H-5),
7.27 (18, d, J 3.0, H-2), 6.56 (1H, dd, J 3.0 and 1.5, H-3), 3.97-3.99 (1H, m, CHCH),
3.90 (3H, s, NCH3), 2.98 (1H, dq, J 7.0 and 2.0, CH(CH3)CHO), 1.32 (3H, d, J 7.0,
CHCH3), 1.24 (3H, d, J 7.0, CH(CH3)CHO); 8c(75 MHz, CDCl;) 204.6, 203.3, 136.7,
133.0, 130.5, 120.9, 119.8, 110.8, 110.3, 101.7, 48.9, 41.9, 33.3, 15.5, 11.1; m/z (C.I.)
244 (100 %, M-H"); (Found (E.I): M, 243.1333. C;5H;7NO, requires 243.1332).
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2,3-Dibenzyl-4-(1-methyl-1 H-indol-6-y1)-4-0xobutyraldehyde 358

A\
o N
\
o)
Ph “pp

1-Methyl-1H-indole-6-carboxylic acid allyl-fert-butylamide 356 (0.10 g, 0.37 mmol, 1.0
equiv.) and benzyl bromide (0.26 mL, 2.2 mmol, 6.0 equiv.) were treated according to
Metihod D. Purification by flash column chromatography (Si0O2; 10:1 Petrol/EtOAc)
afforded the title compound (0.06 g, 45 %) as a colourless oil in a 1:1 ratio: Rg(5:1
Petrol:EtOAC) 0.60; Ving(CHCL)em™ 2930 (CH), 1717, 1660 (C=0); 8 (300 MHz,
CDCl3) 10.1 (1H, d, J 1.0, CHO,), 9.90 (1H, d, J 2.0, CHOg), 7.89 (1H, d, J 0.5, H-7,),
7.71 (1H, d, J 0.5, H-Tg), 7.20-7.63 (24H, m, ArHa+p, H-4a+p and H-54.8), 7.00 (1H, d,
J 3.5, H-24), 6.98 (1H, d, J 3.0, H-2g), 6.56 (1H, dd, J 3.0 and 1.0, H-3,), 6.51 (1H, dd,
J 3.5 and 1.0, H-3g), 4.20-4.27 (4H, m, CH>Pha:s), 3.84 (3H, s, NCH3,), 3.77 (3H, s,
NCH3g), 3.26-3.30 (4H, m, CH>Phasp), 3.06-3.14 (2H, m, CHCH;a+s), 2.89 (1H, dt, J
3.5 and 1.0, CHA(Bn)CHO), 2.72-2.73 (1H, m, CHp(Bn)CHO); 8c(75 MHz, CDCl)
204.1, 203.1, 202.1, 201.9, 139.6, 139.1, 136.5, 136.4, 133.4, 133.2, 132.9, 132.7,
130.8, 130.3, 129.9, 129.6, 129.5, 129.3, 129.2, 129.1, 128.9, 128.8, 128.7, 128.5,
128.3, 127.9, 127.3, 126.9, 126.8, 126.7, 120.9, 120.8, 119.9, 119.8, 111.1, 110.9,
101.7, 101.6, 65.7, 55.0, 52.6, 50.2, 49.2, 47.7, 36.9, 35.5, 33.8, 33.3, 31.2, 21.0; m/z
(C.1.) 396 (100 %, M-H"); (Found (E.I): M", 395.1960. Cy7H2sNO, requires 395.1958).

4.3.5 Experimental Details for Chapter 3
2-Benzo[1,3]dioxol-5-ylmethylene succinic acid methyl ester 419'%

o - CO:Me

T

o CO,H
A solution of piperonal (15 g, 99.0 mmol, 1.0 equiv.) and dimethyl succinamide (17.5 g,
119.8 mmol, 1.2 equiv.) in fert-butanol (25 mL) was added dropwise to a refluxing
solution of potassium zert-butoxide (16.7 g, 149 mmol, 1.5 equiv.) in ters-butanol (60
mL) over 15 min. The solution was heated at reflux for 1 h, cooled to room temperature

and acidified with 10 M HCI (25 mL). The solvent was removed under reduced pressure
and water (50 mL) added. The mixture was extracted with EtOAc (4 x 50 mL).
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Combined organics were washed with water (50 mL), dried (MgSO.) and concentrated
under reduced pressure to afford the title compound (26.4 g, 100 %) as a yellow oil: Ry
(1:1 PetrokEtOAc) 0.45; Vmax(CHCl3)/em™ 3075 (OH), 2906 (CH), 1714, 1617 (C=0);
81(300 MHz, CDCL) 7.87 (1H, s, ArH), 7.30 (1H, d, J 7.5, AtH), 7.22 (1H, d, J 7.5,
AtH), 6.90 (1H, s, HC=C(CO;Me)), 6.05 (2H, s, OCIH;0), 3.90 (3H, s, OCH3), 3.60
(2H, s, CH,CO,H); 8c(75 MHz, CDCl3) 176.4, 168.2, 148.5, 148.0, 142.6, 128.6, 124.1,
123.6, 109.1, 108.7, 101.5, 52.4, 29.7; m/z (C.L) 265 (100 %, M + H"); (Found (E.I):
M, 264.2418. C3H;,06 requires 264.2420).

8-Acetoxynaphtho[2,3-d][1,3]dioxole-6-carboxylic acid methyl ester 420'%

4 1
0 CO,Me
SO0,
3
OAc

2-Benzo[1,3]dioxol-5-ylmethylene succinic acid methyl ester 419 (26.4 g, 99 mmol, 1.0
equiv.) and sodium acetate (9.0 g, 110 mmol, 1.1 equiv.) in acetic anhydride (170 mL)
were heated at reflux for 5 h, cooled to room temperature and water (50 mL) added. The
mixture was extracted with EtOAc (4 x 50 mL). Combined organics were washed with
water (2 x 50 mL) and saturated aqueous sodium carbonate solution (3 x 50 mL), dried

(MgSO,) and concentrated under reduced pressure to afford the zitle compound (28.8 g,
100 %) as a yellow oil: Ri(1:1 Petrol:EtOAc) 0.55; Viuax(CHCL:)/em™ 2919 (CH), 1767,
1717 (C=0); du(300 MHz, CDCls) 8.38 (1H, s, H-1), 7.75 (1H, s, H-2), 7.22 (1H, s, H-
3), 7.20 (1H, s, H-4), 6.10 2H, s, OCH,0), 4.02 (3H, s, OCHs), 2.50 (3H,s, OAc); 8¢
(75 MHz, CDCl3) 169.3, 166.6, 150.3, 148.7, 146.1, 131.1, 127.6, 126.8, 126.0, 116.8,
105.3, 101.8, 97.9, 52.3, 29.7, 20.9; m/z (C.1.) 289 (100 %, M + H"); (Found (E.I): M",
288.2704. CisH20Og requires 288.2710).
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1-(8-Hydroxynaphtho[2,3-d][1,3]dioxol-6-yl)ethanone 421'%

4 1
fo) CO,H
.
3
OH
A solution of 8-Acetoxynaphtho[2,3-d][1,3]dioxole-6-carboxylic acid methyl ester 420
(28.8 g, 98.6 mmol, 1.0 equiv.) in 15 % aqueous-methanolic potassium hydroxide (61 g
in 185 mL H,0O: 185 ml. CH;0H) was heated at reflux for 3 h. The mixture was cooled
to room temperature and the solvent removed under reduced pressure. The solution was
acidified with 10 M HCI (50 mL) and the resulting precipitate filtered off and dried,

affording the title compound (23.2 g, 100 %) as yellow solid. The product was directly

methylated as decomposition was reported.'™

8-Methoxynaphtho|2,3-d][1,3]dioxole-6-carboxylic acid methyl ester 422'%
4 1

Oz CO,Me
<0 - ,
3
OMe

A solution of 1-(8-Hydroxynaphtho[2,3-d][1,3]dioxo0l-6-yl)ethanone 421 (23.2 g, 100
mmol, 1.0 equiv.), dimethyl sulfate (52.1 mL, 550 mmol, 5.5 equiv.) and potassium
carbonate (93.8 g, 680 mmol, 6.8 equiv.) in acetone (600 mL) were heated at reflux for
12 h. The mixture was cooled to room temperature and the volume reduced in vacuo.
The mixture was extracted with EtOAc (4 x 75 mL) and combined organic layers
washed with water (3 x 50 mL), dried (MgSO4) and concentrated under reduced
pressure. Purification by flash column chromatography (SiO;; 25:1 Petrol/EtOAc)
afforded the title compound (13.6 g, 53 %) as a yellow solid: m.p. 107.6 °C; R«(10:1
Petrol:EtOAc) 0.75; Vinax (CHCL)/em™ 2952 (CH), 1714 (C=0); 5y(300 MHz, CDCL)
8.02 (1H, s, H-1), 7.58 (1H, s, H-2), 7.32 (1H, s, H-3), 7.18 (1H, s, H-4), 6.08 (2H, s,
0OCH;0), 4.02 (3H, s, CO,CHs»), 3.98 (3H, s, OCHs); 8c(75 MHz, CDCl;) 167.0, 154.4,
148.7, 148.0, 125.7, 124.5, 122.2, 104.4, 102.1, 100.9, 98.7, 55.3, 51.7, 26.4; m/z (C.L.)
261 (100 %, M + H"); (Found (E.I): M", 260.2522. C14H;,0s requires 260.2531).
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8-Methoxynaphtho|2,3-d}[1,3]dioxole-6-carboxylic acid 4233

e) : . CO,H
XX
3 OMe
A solution of 8-Methoxynaphtho[2,3-d][1,3]dioxole-6-carboxylic acid methyl ester 422
(13.6 g, 52.0 mmol, 1.0 equiv.) in 15 % aqueous-methanolic potassium hydroxide (31.5
g in 95 mL HO: 95 mL CH30H) was heated at reflux for 3 h. The mixture was cooled
to room temperature and the solvent removed under reduced pressure. The solution was
acidified with 10 M HCI (50 mL) and the resulting precipitate filtered off and dried, to
afford the title compound (12.9 g, 100 %) as an off-white solid: m.p. 247.7 °C; R¢ (10:1
Petrol:EtOAc) 0.55; Vua(CHClYem™ 3205 (OH), 2954 (CH), 1707 (C=0); 8u(300
MHz, CDCl) 8.02 (1H, s, H-1), 7.48 (1H, s, H-2), 7.35 (1H, s, H-3), 7.22 (1H, s, H-4),
6.08 (2H, s, OCH;0), 4.00 (3H, s, OCHs3); 8¢(75 MHz, CDCl3) 172.0, 154.0, 152.1,
151.8, 129.4, 125.3, 123.6, 121.0, 106.9, 100.8, 100.1, 91.7, 56.5; m/z (C.1.) 247 (100
%, M+ H"); (Found (E.I): M", 246.0530. C,3H,¢0s requires 246.0528).

5-Methoxynaphtho[2,3-d][1,3]dioxole 424'%
5 1

0 2
<o 3
4 OMe

A mixture of 8-methoxynaphtho[2,3-d][1,3]dioxole-6-carboxylic acid 423 (24.2 g, 98.4
mmol, 1.0 equiv.) and copper powder (12.5 g, irregular mesh, 196.7 mmol, 2.0 equiv.)
in quinoline (400 mL) was heated at reflux for 30 min and copper powder (12.5 g,
irregular mesh, 196.7 mmol, 2.0 equiv.) added portionwise over 1.5 h. The mixture was
maintained at reflux for 3 h and cooled to room temperatue. The mixture was extracted
with EtOAc (4 x 100 mL). Combined organics were washed with water (2 x 100 mL), 2
M HCI (2 x 100 mL), saturated aqueous sodium hydrogen carbonate solution (2 x 100
mL) dried (MgSO4) and concentrated under reduced pressure. Purification by flash
column chromatography (SiOs; 10:1 Petrol/EtOGAc) afforded the title compound (14.5 g,
75 %) as a yellow solid: m.p. 183.2 °C; R(10:1 Petrol:EtOAc) 0.65; Vmax(CHCl3)/em™
2956 (CH); ou(300 MHz, CDCl3) 7.58 (1H, s, H-4), 7.25-7.27 (2H, m, H-2 and H-1),
7.12 (1H, s, H-5), 6.78 (1H, dd, J 6.0 and 2.5, H-3), 6.05 (2H, s, OCH;0), 3.98 (3H, s,
OCH3); 8¢(75 MHz, CDCl3) 153.8, 150.9, 149.6, 131.2, 124.8, 122.2, 118.8, 106.4,
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101.9, 101.0, 91,4, 56.4; m/z (C.1.) 203 (100 %, M + H"); (Found (E.I): M, 202.0643.
C2H1003 requires 202.0630).

6,8-Dibromo-5-methoxynaphtho[2,3-d][1,3]dioxole 425
Br

OMe

Bromine (1.02 mL, 19.8 mmol, 2.0 equiv.) was added dropwise to a solution of 5-
methoxynaphtho[2,3-d][1,3]dioxole 424 (2.0 g, 9.9 mmol, 1.0 equiv.) in CH,Cl, (65
mL) and the mixture stirred at room temperature under a nitrogen atmosphere for 2 h.
Saturated aqueous sodium metabisulfite solution (25 mL) was added and the mixture
extracted with CH2Cl, (4 x 25 mL). Combined organics were washed with water (2 x
25 mL), dried (MgSO4) and concentrated under reduced pressure to afford the ritle
compound (3.55 g, 100 %) as needles: m.p. 130.5-131.1 °C; R«(5:1 Petrol:EtOAc) 0.75;
Vmax (CHClz3)/em™ 2899 (CH); 81(300 MHz, CDCL) 7.78 (1H, s, H-1), 7.50 (1H, s, H-
2), 7.40 (1H, s, H-3), 6.15 (2H, s, OCH;0), 3.95 (3H, s, OCH); 5c(75 MIiz, CDCl)
152.5, 149.7, 149.4, 131.8, 130.0, 127.3, 117.0, 111.0, 104.7, 104.2, 102.1, 99.4, 61.6;
m/z (C.L) 358 (100 %, M + H"); (Found (E.I): M', 357.8813. C,H30sBr, requires
357.8811).

5-Bromo-8-methoxynaphtho|2,3-d}[1,3]dioxole 426
Br

E-N

Q. = Y, 1
< N

0 |/2

3
OMe

Bromine (0.04 mL, 0.74 mmol, 1.0 equiv.) was added dropwise to a solution of 5-
methoxynaphtho[2,3-d][1,3]dioxole 424 (0.15 g, 7.4 mmol, 1.0 equiv.) in CHxCl, (5
mL) and the mixture stirred at room temperature under a nitrogen atmosphere for 2 h.
Saturated aqueous sodium metabisulfite solution (5 mL) was added and the mixture
extracted with CH,Cly (4 x 5 mL). Combined organics were washed with water (2 x 5
mL), dried (MgSO4) and concentrated under reduced pressure to afford the #itle
compound (0.22 g, 100 %) as needles: m.p. 123.3 °C; Ry«(5:1 Petrol:EtOAc) 0.70;
Vima(CHCL)/em™ 2937 (CH); 81(300 MHz, CDCly) 7.55 (1H, s, H-4), 7.53 (1H, s, H-3),
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7.50 (1H, d, J 8.5, H-1), 6.60 (1H, d, J 8.5, H-2), 6.08 (2H, s, OCH;0), 3.95 (3H, s,
OCH;); 5c(75 MHz, CDCly) 154.9, 149.4, 147.9, 130.2, 128.3, 123.5, 112.6, 104.2,

102.1, 101.6, 99.9, 55.9; m/z (C.I.) 280 (100 %, M + H");(Found (E.I): M", 279.9737.
C12HoOsBrrequires 279.9735).

4,6,7-Tribromo-5-methoxynaphtho|2,3-d][1,3]dioxole 427

Br
ST
0O = Br
Br OMe

Bromine (0.12 mL, 2.1 mmol, 3.0 equiv.) was added dropwise to a solution of 5-
methoxynaphtho[2,3-d][1,3]dioxole 424 (0.15 g, 7.0 mmol, 1.0 equiv.) in CHxCl, (5
mL) and the mixture stirred at room temperature under a nitrogen aimosphere for 2 h.
Saturated aqueous sodium metabisulfite solution (7 ml) was added and the mixture
extracted with CH,Cl, (4 X 5 mL). Combined organics were washed with water (2 x 5
ml), dried (MgSO4) and concentrated under reduced pressure to afford the tirle
compound (0.23 g, 85 %) as needles: m.p. 204 °C; Ry(5:1 Petrol:EtOAc) 0.75;
Vmax(CHClz)/em™ 2937, 2251, 2125 (CH); 85(300 MHz, DMSO) 7.98 (1H, s, H-3), 7.42
(1H, s, H-6), 6.22 (2H, s, OCH,0), 3.70 (3H, s, OCHjs); 8¢(75 MHz, DMSQO) 148.6,
132.9, 117.3, 114.1, 104.2, 103.1, 79.0, 62.5; m/z (C.1.) 440 (100 %, M + H"); (Found
(E.I): M, 439.7939. C,,H;03Br; requires 439.7945).

8-Bromo-5-methoxynaphtho[2,3-d][1,3]dioxole-6-carbaldehyde 429

Br
3
CI)
0 > CHO
OMe

n-Butyllithium (0.23 mL of a 2.4 M solution in hexane, 0.56 mmol, 1.0 equiv.) was
added dropwise to a solution of 6,8-dibromo-5-methoxynaphtho[2,3-d][1,3]dioxole 425
(0.2 g, 0.56 mmol, 1.0 equiv.) in diethyl ether (7 mL) at —78 °C under a nitrogen
atmosphere. The mixture was stirred at —78 °C for 30 min and DMF (0.5 ml) added
dropwise. The solution was stirred at room temperature for 2 h and quenched by the
addition of saturated aqueous ammonium chloride solution (2 mL). The mixture was

extracted with EtOAc (4 x 5 mL) and combined organic layers washed with water
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(5 mL), dried (MgSO4) and concentrated under reduced pressure. Purification by flash
column chromatography (SiO5; 20:1 Petrol/EtOAc) afforded the title compound (0.11 g,
65 %) as needles: m.p. 184.9-185.2 °C; R¢(5:1 Petrol:EtOAc) 0.55; Vmax(CHCL)/cm™
2855 (CH), 1676 (C=0); 8u(300 MHz, CDCl3) 10.42 (1H, s, CHO), 8.05 (1H, s, H-2),
7.62 (1H, s, H-1), 7.55 (1H, s, H-3), 6.18 (2H, s, OCH,0), 4.08 (3H, s, OCH3); 8c(75
MHz, CDCl3) 188.5, 161.0, 151.9, 149.4, 134.8, 126.3, 125.8, 124.7, 117.9, 105.5,
102.5, 100.1, 65.8; m/z (C.1.) 308 (100 %, M + H"); (Found (E.I): M", 307.9683.
C13HgO4Brrequires 307.9684).

(8-Bromo-5-methoxynaphtho|2,3-d][1,3]dioxol-6-yl)methanol 430

OMe

8-Bromo-5-methoxynaphtho[2,3-d][1,3]dioxole-6-carbaldehyde 429 (4.57 g, 14.7
mmol, 1.0 equiv.) was dissolved in ethanol (200 mL) and stirred with sodium
borohydride (0.61 g, 16.2 mmol, 1.2 equiv.) at room temperature under a nitrogen
atmosphere for 14 h. The mixture was quenched by the addition of saturated aqueous
ammonium chloride solution (25 mL) and the solvents removed under reduced pressure.
Water (50 mL) was added and the mixture extracted with EtOAc (4 x 50 mlL).
Combined organics were washed with water (50 mL), dried (MgSQ,) and concentrated
under reduced pressure. Purification by flash column chromatography (SiO;; 20:1
Petrol/EtOAc) afforded the title compound (4.12 g, 90 %) as an off-white solid: m.p.
215.0-215.6 °C; R(5:1 Petrol:EtOAc) 0.35; Ve CHCls)Yem™ 3060 (OH), 2349 (CH);
Ou(300 MHz, CDCl;) 7.68 (1H, s, H-2), 7.55 (1H, s, H-1), 7.40 (1H, s, H-3), 6.10 (2H,
s, OCH,0), 4.85 (2H, s, CH,OH), 3.95 (3H, s, OCHs3); 8c(75 MHz, CDCl;) 149.5,
130.6, 129.1, 117.0, 104.6, 101.9, 99.2, 62.8, 60.6; m/z (C.1.) 310 (100 %, M + H");
(Found (E.I): M, 309.9843. C;3H;,04Br requires 309.9841).




Experimental

(8-Bromo-5-methoxynaphtho|2,3-d]{1,3]dioxol-6-ylmethoxy)-fers-

butyldimethylsilane 431
3 Br
)
0 oTBS
2 OMe

A solution of fert-Butyldimethylsilyl chloride (0.14 g, 0.89 mmol, 1.2 equiv.) in DMF
(1 mL) was added dropwise to a stirred solution of (8-bromo-5-methoxynaphtho[2,3-
d]{1,3]dioxol-6-yl)methanol 430 (0.23 g, 0.75 mmol, 1.0 equiv.) and imidazole (0.13 g,
1.86 mmol, 2.5 equiv.) in DMF (2 mL). The solution was stirred at room temperature
under a nitrogen atmosphere for 18 h and water (2 mL) added. The mixture was
extracted with EtOAc (4 x 5 mL) and the combined organic layers washed with water
(10 mL), dried (MgSO4) and concentrated under reduced pressure. Purification by flash
column chromatography (SiOy; 20:1 Petrol/EtQAc) afforded the title compound (0.21 g,
68 %) as an off-white solid: m.p. 86.8-87.3 °C; R{5:1 Petrol:EtOAc) 0.85;
Vmax(CHClz)/em™ 2967 (CH); 85(300 MHz, CDCly) 7.75 (1H, s, H-2), 7.55 (1H, s, H-1),
7.38 (1H, s, H-3), 6.08 (2H, s, OCH0), 4.87 (2H, s, CH,OTBS), 3.90 (3H, s, OCHs),
0.95 (9H, s, Bu), 0.18 (6H, s, 2 x CH3); 8c(75 MHz, CDCls) 152.0, 149.2, 148.7, 130.1,
129.7, 128.7, 126.3, 116.9, 104.6, 101.8, 99.1, 62.4, 59.8, 26.3, 18.7, 4.9; m/z (C.1.) 426
(5 %, M + H"), 354 (50 % M-(fBu + Me)Br*') 352 (50 % M-(1Bu + Me)Br”"); (Found
(E): M", 424.0708. C9H,504SiBr requires 424.0706).

fert-Butyl-(5-methoxy-8-phenylsulfanylnaphthel2,3-d}[1,3]dioxol-6-
ylmethoxy)dimethylsilane 432

SPh
3
CII!
0 OTBS
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(8-Bromo-5-methoxynaphtho[2,3-d][1,3]dioxol-6-ylmethoxy)-fert-butyldimethylsilane

431 (0.25 g, 0.58 mmol, 1.0 equiv.) was treated according to Method L. Purification by
flash column chromatography (SiO,; 50:1 Petroi/EtOAc) afforded the title compound
(0.16 g, 62 %) as a clear oil: Rf(10:1 Petrol:EtOAC) 0.65; Vimax (CHCl3)/cm™ 2953 (CH);
ou(300 MHz, CDCls) 7.84 (1H, s, H-2), 7.78 (1H, s, H-1), 7.48 (1H, s, H-3), 7.15-7.22
(5H, m, ArH), 6.08 (2H, s, OCH;0), 4.96 (2H, s, CH,OTBS), 4.00 (3H, s, OCHj;), 0.98
(9H, s, Bu), 0.20 (6H, s, 2 x CHj); dc(75 MHz, CDCl;) 153.9, 149.0, 148.5, 138.1,
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133.5, 132.9, 131.1, 129.2, 129.1, 129.1, 129.0, 128.0, 127.1, 125.0, 104.4, 1034,
101.6, 99.7, 62.5, 60.4, 26.3, 18.7, 4.89; m/z (C.L) 455 (5 %, M + H"), 384 (50 % M-
(fBu + Me)) 382 (50 % M-(fBu + Me)); (Found (E.I): M', 454.1634. C,5H3p04SiS
requires 454.1633).

(8-Benzenesulfonyl-5-methoxynaphtho|2,3-d][1,3]dioxol-6-ylmethoxy)-fert-butyl-
dimethylsilane 433
SO,Ph

3
CT 0
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tert-Butyl-(5-methoxy-8-phenylsulfanylnaphthof2,3-d][1,3]dioxol-6-ylmethoxy)-
dimethyisilane 432 (0.20 g, 4.41 mmol, 1.0 equiv.) was treated according to Method M.
Purification by flash column chromatography (SiO; 4:1 Petrol/EtOAc) afforded the
title compound (0.10 g, 50 %) as a white solid: m.p. 130.8-131.3 °C; Ry(1:1
Petrol:EtOAc) 0.85; vmax(CHClg)/cm" 2952 (CH); 6y(300 MHz, CDCl;) 8.50 (1H, s, H-
2), 8.05 (1H, s, H-1), 7.98 (2H, dd, J 6.5 and 1.0, ArH), 7.48-7.52 (3H, m, ArH), 7.45
(14, s, H-3), 6.18 (2H, s, OCH>0), 4.98 (2H, s, CH,OTBS), 3.95 (3H, s, OCH3), 1.00
(%H, s, Bu), 0.2 (6H, s, 2 x CHs); 8¢(75 MHz, CDCl;) 157.5, 149.8, 148.6, 142.2,
134.0, 133.2, 130.8, 130.5, 130.1, 129.7, 129.4, 128.5, 128.2, 127.5, 126.4, 102.0, 99.7,
62.6, 59.9, 26.2, 18.6, 4.9; m/z (C.1) 504 (100 %, M + 18); (Found (E.I): M, 486.1536.
C25H30065i1S requires 486.1532).

(8-Benzenesulfonyl-S-methoxynaphtho|2,3-d][1,3]dioxol-6-yl)methanol 434

(8-Benzenesulfonyl-5-methoxynaphtho-[2,3-d][1,3]dioxol-6-ylmethoxy)-zteri-

butyldimethylsilane 433 (0.10 g, 0.19 mmol, 1.0 equiv.) was treated according to
Method N. Purification by flash column chromatography (SiO;; 2:1 Petrol/EtOAc)
afforded the title compound (0.05 g, 75 %) as a white solid: m.p. 197.2-197.8 °C; R(1:1
Petrol:EtOAc) 0.25; Viax(CHCLYem™ 3502 (OH), 2914 (CH); 81(300 MHz, CDCl)
8.45 (1H, s, H-2), 7.98 (3H, dd, J 6.5 and 1.0, ArH), 7.58 (1H, s, H-1), 7.44-7.52 (2H,
m, ArH), 7.38 (1H, s, H-3), 6.05 (2H, s, OCH>0), 4.90 (2H, s, CH,0H), 3.95 (3H, s,
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OCHs), 2.30 (1H, brs, OH); 5c(75 MHz, CDCl;) 158.6, 149.9, 148.7, 141.9, 133.1,
130.7, 130.0, 129.3, 127.9, 127.5, 127.3, 126.5, 101.9, 101.8, 99.7, 62.9, 60.4, 29.4; m/z
(C.1) 390 (100 %, M + 18); (Found (E.I): M*, 372.0667. C1oH,606S requires 372.0668).

(8-Benzenesulfonyl-5-methoxynaphtho|2,3-d][1,3]dioxol-6-ylmethoxymethyl)
tributylstannane 412
SO,Ph

3
o) SnBu
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(8-Benzenesulfonyl-5-methoxynaphtho[2,3-d][1,3]dioxol-6-yl)methanol 434 (0.15 g,
0.40 mmol, 1.0 equiv.) was treated according to Method O. Purification by flash
column chromatography (SiOz; 20:1 Petrol/EtOAc) afforded the title compound (0.14 g,
56 %) as a yellow oil: Rt (5:1 Petrol:EtOAc) 0.70; Vina(CHCL)/em™ 2923 (CH); 81:(400
MHz, CDCl;) 8.45 (1H, s, H-2), 7.92-7.98 (3H, m, H-1 and ArH), 7.42-7.55 (4H, m, H-
3 and ArH), 6.05 (2H, s, OCH0), 4.62 (2H, s, CH,OCH,Sn), 3.95 (3H, s, OCH3), 3.85
(2H, apparent t due to Sn coupling, CH,OCH,Sn), 1.55 (6H, qt , J 8.0 and 7.5, SnBus),
1.30 (6H, tt, J 8.0 and 7.5, SnBus), 0.95 (6H, t, J 8.0, SnBus), 0.88 (9H, t, J 7.5, SnBuy);
0c(75 MHz, CDCl3) 158.7, 149.6, 148.3, 142.1, 132.8, 130.9, 130.2, 129.0, 127.6,
127.2, 126.4, 125.4, 101.7, 99.8, 62.9, 62.2, 29.1, 29.0, 27.3, 13.7, 9.0; m/z (C.L.) 676
(100 %, M + 18); (Found (E.I): M, 675.4628. C3;H440sSSn requires 675.4630).

8-Benzenesulfonyl-S-methoxy-6-methoxymethylnaphtho[2,3-d][1,3]dioxole 435

(8-Benzenesulfonyl-5-methoxynaphtho[2,3-d][1,3 ]dioxol-6-ylmethoxymethyl)-

tributylstannane 412 (0.055 g, 0.081 mmol, 1.0 equiv.) was treated according to
Method P. Purification by flash column chromatography (SiOz; 50:1 Petrol/EtOAc)
afforded the title compound (0.015 g, 50 %) as a colourless oil: Ri(5:1 Petrol:EtOAc)
0.45; Vimax(CHCL3)/em™! 2922 (CH); 81(300 MHz, CDCls) 8.50 (1H, s, H-2), 7.98-8.01
(4H, m, ArH and H-1), 7.50-7.52 (3H, m, ArH and H-3), 6.10 (2H, s, OCH,0), 4.70
(2H, s, CH,OCHzs), 4.00 (3H, s, OCHj), 3.55 (3H, s, CH;OCHj5); 8c(75 MHz, CDCls)
157.5, 149.8, 149.5, 138.5, 133.5, 129.5, 127.8, 127.1, 126.5, 124.0, 123.1, 112.2,
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106.1, 100.6, 91.3, 68.4, 56.7, 53.5; m/z (C.1.) 387 (100 %, M + H); (Found (E.I}: M",
386.0819. CyoH;506S requires 386.0824).

tert-Butyl-[8-(3-fluorophenylsulfanyl)-S-methoxynaphtho|2,3-d][1,3]dioxol-6-

ylmethoxyl]dimethylsilane 436a
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(8-Bromo-5-methoxynaphtho[2,3-d][1,3]dioxol-6-ylmethoxy)-fert-butyldimethylsilane
431 (0.20 g, 0.47 mmol, 1.0 equiv.) and bis(3-fluorophenyl)disulfide (0.15 g, 0.59
mmol, 1.25 equiv.) were treated according to Method L. Purification by flash column
chromatography (Si0; 100 % Petrol) afforded the title compound (0.17 g, 79 %) as a
clear oil: Ri(5:1 Petrol:EtOAc) 0.85; vmax(CHClz)/em™ 2951 (CH); 81(300 MHz,
CDCly) 7.87 (1H, s, H-2), 7.68 (1H, s, H-1), 7.47 (1H, s, H-3), 7.20 (1H, dd, J 8.0 and
2.0, ArH), 6.94 (1H, dd, J 8.0 and 1.0, ArH), 6.70-6.82 (2H, m, ArH), 6.08 (2H, s,
0CH;0), 4.96 (2H, s, CH,0OTBS), 3.98 (3H, s, OCH3), 0.97 (9H, s, /Bu), 0.17 (6H, s, 2
x CH3); 6c(75 MHz, CDCl3) 154.4, 149.2, 148.6, 141.0, 134.4, 133.1, 130.4, 129.6,
128.5, 126.3, 114.2, 112.6, 104.4, 103.4, 101.6, 99.7, 62.5, 60.4, 26.3, 18.7, 4.89; m/z

(CL) 473 (100 %, M + H"); (Found (EI): M, 472.1533. CysHaoO4SSiF requires
472.1534).

tert-Butyl-(5-methoxy-8-pentafluorophenylsulfanylnaphtho[2,3-d][1,3]dioxol-6-
ylmethoxy)dimethylsilane 436b

(8-Bromo-5-methoxynaphtho[2,3-d][1,3]dioxol-6-ylmethoxy)-fert-butyldimethylsilane
431 (0.15 g, 0.35 mmol, 1.0 equiv.) and bis(pentafluorophenyl)disulfide (0.17 g, 0.44

mmol, 1.25 equiv.) were treated according to Method L.
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Purification by flash column chromatography (SiO,; 100 % Petrol) afforded the title
compound (0.15 g, 78 %) as a colourless oil: Ry5:1 Petrol:EtOAc) 0.80;
Vmax(CHCl3)/em™ 2930 (CH); 81(300 MHz, CDCly) 7.49 (1H, s, H-2), 7.42 (1H, s, H-1),
7.15 (1H, s, H-3), ), 6.07 (2H, s, OCH,0), 4.97 (2H, s, CH,OTBS), 3.94 (3H, s, OCHs),
1.02 (9H, s, fBu), 0.19 (6H, s, 2 x CH3); 8¢(75 MHz, CDCls) 154.9, 149.1, 148.2, 147.1,
132.4, 131.9, 131.7, 129.3, 128.7, 125.6, 120.6, 111.9, 104.4, 102.6, 101.3, 99.6, 98.8,
62.3, 60.3, 26.3, 18.7, 4.93; m/z (C.L) 545 (100 %, M + H"); (Found (E.I): M",
544.1165. CasHas04S8SiF5 requires 544.1163).

[8-(3,5-Bistrifluoromethylphenylsulfanyl)-5-methoxynaphtho|[2,3-d][1,3]dioxol-6-
ylmethoxy]-Zert-butyldimethylsilane 436¢
CF,

S CF,
3
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(8-Bromo-5-methoxynaphtho[2,3-d][ 1,3 ]dioxol-6-ylmethoxy)-tert-butyldimethylsilane
431 (0.60g, 1.40 mmol, 1.0 equiv.) and bis(trifluoromethylphenyl)disulfide (0.86 g, 1.76
mmol, 1.25 equiv.) were treated according to Method L. Purification by flash column
chromatography (SiO2; 100 % Petrol) afforded the title compound (0.71 g, 86 %) as a
colourless oil: Ry(5:1 Petrol:EtOAc) 0.80; vuex(CHCL)/em™ 2953 (CH); 8 (300 MHz,
CDClL;) 7.90 (1H, s, AtH), 7.62 (1H, s, H-2), 7.60 (1H, s, H-1), 7.48 (2H, s, ArH), 7.13
(1H, s, H-3), 6.05 (2H, s, OCH,0), 4.96 (2H, s, CH,OTBS), 3.93 (3H, s, OCH5), 1.00
(94, s, Bu), 0.18 (6H, s, 2 x CHs); 8c(75 MHz, CDCl3) 171.4, 154.9, 152.5, 151.6,
149.5, 148.2, 142.8, 141.2, 134.9, 123.6, 131.7, 129.7, 129.2, 128.6, 125.7, 124.9,
119.5, 119.1, 105.7, 104.4, 102.6, 101.9, 99.5, 60.7, 26.2, 14.4, 4.9; m/z (C.1.) 591 (100
%, M-NH,"); (Found (E.I): M, 590.1389. Ca7HsFs04SSi requires 590.1382).
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tert-Butyl-I8-(3-fluorobenzesulfonyl)-5-methoxynaphtho[2,3-d}{1,3}dioxol-6-

o
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tert-Butyl-[8-(3-fluorophenylsulfanyl)-5-methoxynaphtho[2,3-d][ 1,3 ]dioxol-6-
ylmethoxyl]dimethylsilane 436a (0.16 g, 0.34 mmol, 1.0 equiv.) was treated according
to Method M. Purification by flash column chromatography (SiOz; 25:1 Petrol/EtOAc)
afforded the title compound (0.12 g, 65 %) as a white solid: m.p. 122.6-123.4 °C; R(5:1
Petrol:EtOAC) 0.75; Vimax(CHClz)/em™ 2930 (CH); 83(300 MHz, CDCl3) 8.52 (1H, s, H-
2), 8.00 (1H, s, H-1), 7.78 (1H, dd, J 8.0 and 1.5, ArH), 7.64 (1H, dd, J 8.0 and 0.5,
ArH), 7.46 (1H, s, H-3), 7.28-7.20 (2H, m, ArH), 6.10 (2H, s, OCH;0), 4.97 (2H, s,
CH,OTBS), 3.95 (3H, s, OCHj3), 1.00 (9H, s, fBu), 0.2 (6H, s, 2 x CH3); 8¢(75 MHz,
CDCls) 170.6, 164.3, 157.7, 149.9, 148.7, 144.4, 134.1, 133.2, 130.8, 130.5, 130.1,
129.7, 129.4, 128.5, 128.2, 126.4, 102.0, 99.8, 62.6, 59.9, 26.2, 18.6, 4.9; m/z (C.1.) 373
(100 %, M - OTBS); (Found (E.I): M", 504.1778. CysHas04SiSF requires 504.1776).

yimethoxy|dimethylsilane 437a

tert-Butyl-(5-methoxy-8-pentafluorobenzenesulfonylnaphtho[2,3-d][1,3]dioxol-6-
ylmethoxy)dimethylsilane 437b

F
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tert-Butyl-(5-methoxy-8-pentafluorophenylsulfanylnaphtho{2,3-d][ 1,3 ]dioxol-6-

ylmethoxy)dimethylsilane 436b (0.15 g, 0.27 mmol, 1.0 equiv.) was treated according
to Method M. Purification by flash column chromatography (SiOq; 50:1 Petrol/EtOAc)
afforded the tirle compound (0.14 g, 86 %) as a white solid:. m.p. 142.6-143.9 °C; R(5:1
Petrol:EtOAc) 0.75; Vimax(CHClz)/em™ 2930 (CH); 85(300 MHz, CDCl3) 7.48 (1H, s, H-
2), 7.30 (1H, s, H-1), 7.15 (1H, s, H-3), 6.08 (2H, s, OCH;0), 4.96 (2H, s, CH,OTBS),
3.93 (3H, s, OCHs3), 0.99 (9H, s, Bu), 0.17 (6H, s, 2 x CHj3); 8¢ (75 MHz, CDCls)
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170.7, 163.4, 150.3, 148.9, 144.2, 134.9, 134.1, 130.5, 128.6, 126.6, 123.2, 120.7,
114.9, 102.2, 100.3, 99.9, 26.2, 5.03; m/z (C.1.) 577 (100 %, M + H"); (Found (E.I): M",
576.1059. Ca5HasO6SSiFs requires 576.1061).

[8-(3,5-Bistriflnoromethylbenzenesulfonyl)-5-methoxynaphtho[2,3-d][1,3]dioxol-6-
ylmethoxy]-fert-butyldimethylsilane 437¢
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[8-(3,5-Bistrifluoromethylphenylsulfanyl)-5-methoxynaphtho{2,3-d][ 1,3 ]dioxol-6-
ylmethoxy]-fert-butyldimethylsilane 436¢ (0.71 g, 1.2 mmol, 1.0 equiv.) was treated
according to Method M. Purification by flash column chromatography (SiO; 50:1
Peirol/EiOAc) allorded the fitle compound (0.22 g, 40 %) as a colourless oil: Ry (5:1
Petrol:EtOAc) 0.75; Vimax(CHCL)Yem™ 2931 (CH); 8x(300 MHz, CDCly) 8.55 (1H, s,
ArH), 8.38 (2H, s, ArH), 8.05 (1H, s, H-2), 7.96 (1H, s, H-1), 7.13 (1H, s, H-3), 6.11
(2H, s, OCH;0), 4.96 (2H, s, CH,OTBS), 3.94 (3H, s, OCHjs), 0.99 (9H, s, /Bu), 0.17
(6H, s, 2 x CHs3); 8¢(75 MHz, CDCl3) 158.3, 150.5, 148.9, 145.2, 133.4, 132.9, 130.4,
128.7, 127.7, 127.5, 126.8, 126.6, 102.3, 101.1, 100.0, 62.6, 59.7, 26.0, 18.5, 5.0; m/z
(C.I) 623 (100 %, M-NH;"); (Found (E.I): M", 622.1284. Cy/HagFsOsSSi requires
622.1280).

[8-(3-Fluorobenzenesulfonyl)-S-methoxynaphtho]2,3-d]{1,3]dioxo-6-yljmethanol

438a
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tert-Butyl-[8-(3-fluorobenzesulfonyl)-5-methoxynaphtho[2,3-d][ 1,3 ]dioxo0l-6-
ylmethoxy]dimethylsilane 437a (0.12 g, 0.23 mmol, 1.0 equiv.) was treated according
to Method N. Purification by flash column chromatography (SiOs; 5:1 Petrol/EtOAC)
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afforded the title compound (0.06 g, 65 %) as a white solid: m.p. 184.6-185.9 °C; R(1:1
Petrol:EtOAc) 0.25; Vi (CHCl3)/em™ 3503 (OH), 2920 (CH); 81(300 MHz, CDCl;)
8.48 (1H, s, H-2), 7.94 (1H, s, H-1), 7.98 (1H, dd, J 8.0 and 1.5, AxH), 7.62 (1H, dd, J
8.0 and 1.0, ArH), 7.28-7.20 (2H, m, ArH), 7.44 (1H, s, H-3), 6.11 (2H, s, OCH;0),
495 (2H, s, CH,OH), 3.99 (3H, s, OCHs3), 2.40 (1H, brs, OH); 8c(75 MHz, CDCls)
164.3, 158.9, 150.3, 148.9, 144.2, 131.3, 130.4, 127.8, 126.6, 123.2, 120.7, 114.9,
102.2, 101.8, 99.9, 63.0, 60.5; m/z (C.1) 391 (100 %, M + H"); (Found (EI): M,
390.0569. C19H;506SF requires 390.0573).

(5-Methoxy-8-pentafluorobenzenesulfonylnaphtho{2,3-d][1,3]dioxol-6-yl)methanol
438b
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tert-Butyl-(5-methoxy-8-pentafluorobenzenesulfonylnaphtho[2,3-d][1,3]dioxol-6-~
ylmethoxy)dimethylsilane 437b (0.15 g, 0.25 mmol, 1.0 equiv.) was treated according
to Method N. Purification by flash column chromatography (SiO,; 100 % EtOAc)
afforded the title compound (0.07 g, 60 %) as a colourless oil: R1:1 Petrol:EtOAc)
0.25; Vaax(CHCL)/em™ 3328 (OH), 2923 (CH); 81(300 MHz, CDClL3) 8.47 (1H, s, H-2),
7.95 (1H, s, H-1), 7.43 (14, s, H-3), 6.08 (2H, s, OCH,0), 4.95 (2H, s, CH>0OH), 3.99
(3H, s, OCHj3); dc(75 MHz, CDCl;) 170.7, 163.4, 150.3, 148.9, 144.2, 133.9, 134.7,
130.1, 128.6, 126.6, 123.2, 120.7, 114.9, 102.2, 100.4, 97.9, 67.2, 61.9, 48.6; m/z (C.1.)
463 (100 %, M + H"); (Found (E.X): M", 462.0190. C19H;06SiFs requires 462.0196).
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[8-(3,5-Bistrifluoromethylbenzenesulfonyl)-5-methoxynaphtho|2,3-d][1,3]dioxol-6-
yllmethanol 438c
CF,
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[8-(3,5-Bistrifluoromethylbenzenesulfonyl)-5-methoxynaphtho[2,3-d][1,3]dioxol-6-
ylmethoxy]-tert-butyldimethylsilane 437¢ (0.22 g, 0.35 mmol, 1.0 equiv.) was treated

CF,

according to Method N. Purification by flash column chromatography (SiO,; 2:1
Peirol/EIOAC) afforded the title compound (0.12 g, 68 %) as a colourless oil: R1:1
Petrol:FtOAc) 0.60; Vmax(CHCl)Yem™ 3499 (OH), 2928 (CH); 8u(300 MHz, CDCls)
8.53 (1H, s, ArH), 8.40 (2H, s, ArH), 8.06 (1H, s, H-2), 7.89 (1H, s, H-1), 7.43 (1H, s,
H-3), 6.13 (2H, s, OCH>0), 4.97 (2H, s, CH,0OH), 4.00 (3H, s, OCHs), 2.58 (1H, brs,
OH); 3¢(75 MHz, CDCl3) 171.6, 159.4, 150.7, 149.1, 145.0, 133.4, 132.9, 130.9, 128.4,
128.1, 128.0, 127.8, 127.0, 127.6, 126.8, 126.5, 124.4, 122.2, 63.0, 60.7, 60.2; m/z (C.1.)
509 (100 %, M-H"); (Found (E.I): M, 508.0450. C2;H;4FO¢S requires 508.0451).

Tributyl-[8-(3-flnorobenzenesulfonyl)-5-methoxynaphtho[2,3-d][1,3]dioxol-6-

ylmethoxymethyl]stannane 439a
; Q
O’S
< o ~-SnBu,

[8-(3-Fluorobenzenesulfonyl)-5-methoxynaphtho[2,3-d}[ 1,3]dioxo-6-yljmethanol 438a
(0.06 g, 0.15 mmol, 1.0 equiv.) was treated according to Method O. Purification by
flash column chromatography (SiO.; 50:1 Petrol/EtOAc) afforded the title compound
(0.07 g, 68 %) as a white solid: m.p. 162.8-163.5 °C; R«(5:1 Petrol:EtCAc) 0.75;
Vana(CHCL)/em™ 2930 (CH); 81(300 MHz, CDCl3) 8.47 (1H, s, H-2), 7.96 (1H, s, H-1),
7.79 (1H, dd, J 8.5 and 1.0, ArH), 7.64 (14, dd, J 8.0 and 2.5, ArH), 7.49-7.38 (2H, m,
ArH), 7.28 (1H, s, H-3), 6.11 (2H, s, OCH)0), 4.66 (2H, s, CH,OTBS), 3.99 (34, s,
0OCH,), 3.87 (2H, apparent t due to Sn coupling, CH,OCH,Sn), 1.63 (6H, qt, J 8.0 and
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7.5, SnBugs), 1.36 (6H, tt, J 8.0 and 7.5, SnBu3), 0.93 (64, t, J 8.0, SnBus), 0.89 (9H, t,J
7.5, SnBu3); 8c(75 MHz, CDCl3) 158.7, 149.2, 148.0, 142.7, 132.4, 130.7, 130.5, 129.1,
127.6, 127.2, 126.4, 125.4, 101.7, 99.8, 62.9, 62.4, 29.4, 29.0, 27.6, 13.9, 9.3; m/z (C.L.)
694 (100 %, M + H"); (Found (E.I): M", 693.4521. C3,H4306SSnF requires 693.4519).

Tributyl-(5-methoxy-8-pentafluorobenzenesulfonylnaphtho[2,3-d][1,3]dioxol-6-
ylmethyoxymethyl)stannane 439b

(5-Methoxy-8-pentafluorobenzenesulfonylnaphtho[2,3-d][ 1,3 |dioxol-6-yl)methanol
438b (0.07 g, 0.15 mmol, 1.0 equiv.) was treated according to Method O. Purification
by flash column chromatography (SiO;; 1:1 Petrol/EtOAc) afforded the title compound
(0.07 g, 59 %) as a colourless oil: Ry(1:1 Petrol:EtOAc) 0.45; Vinax (CHCL)/em™ 2650,
2558 (CH); 8u(300 MHz, CDCls) 9.10 (1H, s, H-2), 8.46 (1H, s, H-1), 7.95 (14, s, H-
3), 6.08 (2H, s, OCH0), 4.95 (24, s, CH,OCH,Sn), 4.00 (3H, s, OCH3), 3.12 (2H,
apparent t due to Sn coupling, OCH,Sn), 1.68 (6H, qt , J 8.0 and 7.5, SnBus), 1.40 (6H,
tt, J 8.0 and 7.5, SnBuj), 1.30 (6H, t, J 8.0, SnBus), 0.93 (9H, t, J 7.5, SnBus); dc(75
MHz, CDCls) 158.5, 148.6, 148.3, 142.1, 140.1, 138.6, 132.8, 130.9, 130.2, 129.0,
128.7, 128.5, 127.6, 127.2, 126.4, 125.4, 101.7, 99.8, 62.9, 62.2, 29.1, 29.0, 27.3, 13.7,
9.0; m/z (C.L) 766 (100 %, M-H"); (Found (E.I): M', 765.1412. C3H3oFs0655n
requires 765.1408).
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[8-(3,5-Bistrifluoromethylbenzenesulfonyl)-5-methoxynaphthol2,3-d][1,3]dioxol-6-
ylmethoxymethyl]tributylstannane 439¢

CF,

a
o

s oS | CF,
<0 OO O._-SnBu,

2 OMe
[8-(3,5-Bistrifluoromethylbenzenesulfonyl)-5-methoxynaphtho[2,3-d][ 1,3]dioxol-6-
yl]lmethanol 438c (0.12 g, 0.24 mmol, 1.0 equiv.) was treated according to Method O.
Purification by flash column chromatography (SiO; 50:1 Petrol/EtOAc) afforded the
title compound (0.11 g, 60 %) as a colourless oil: R{5:1 Petrol:EtOAc) 0.75; vimax
(CHCl3)/em™ 2923 (CH); 81(300 MHz, CDCl;) 8.50 (1H, s, ArH), 8.36 (2H, s, ArH),
8.04 (1H, s, H-2), 7.85 (1H, s, H-1), 7.43 (1H, s, H-3), 6.10 (2H, s, OCH-0), 4.90 (2H,
s, CH,OCH,Sn), 3.98 (3H, s, OCHs), 3.87 (2H, apparent t due to Sn coupling,
CH,OCH,Sn), 1.65 (6H, qt , J 8.0 and 7.5, SnBug), 1.33 (6H, tt, J 8.0 and 7.5, SnBus),
0.89 (6H, t, J 8.0, SnBus), 0.84 (9H, t, J 7.5, SnBus); 8c(75 MHz, CDCl;) 158.4, 149.7,
148.2, 141.5, 138.7, 136.4, 132.4, 131.8, 130.7, 130.5, 129.4, 129.1, 127.6, 127.2,
127.0, 126.8, 126.4, 125.4, 101.7, 99.8, 65.7, 62.9, 62.4, 40.8, 29.4, 29.0, 27.6, 13.9,

10.7, 9.3; m/z (C.1) 811 (100 %, M + H'); (Found (E.I): M", 812.1630. C3sH42F¢06SSn
requires 810.1627).

Bis(pentafluorophenyl)disulfide 441'¢
F
c F F
o
F F F
F
Sodium perborate (3.08 g, 20 mmol, 2.0 equiv.) was added portion wise to a solution of
pentafluorothiophenol (2.0 g, 10 mmol, 1.0 equiv.) in acetic acid (40 mL) and water (16
mL) at room temperature. The solution was stirred for 2 h and CH,Cl; (15 mL) added.
The mixture was extracted with CH,Cl; (4 x 10 mL). Combined organic layers were

washed with saturated aqueous sodium hydrogen carbonate solution (2 x 10 mL), water

(2 x 10 mL), dried (Mg30,) and concentrated under reduced pressure to afford the title

234




Experimental

compound (1.66 g, 50 %) as a wax: m.p. 48.8-50 °C (lit.,"*® 49.5 °C); R(5:1
Petrol:EtOAc) 0.65; Vimax(CHCL)cm™ 1637, 1514, 1487, 1093; 8c(75 MHz, CDCls)
149.4, 146.0, 142.5, 139.7, 137.3; m/z (C.1) 399 (100 %, M + H"); (Found (E.I): M,
398.9276. C2F 105, requires 398.9282).

Bis(3,5-trifluoromethlphenyl)disulfide 443"
CF,

F,C A T

Sodium perborate (1.25 g, 8.1 mmol, 2.0 equiv.) was added portion wise to a solution of
3,5-trifluoromethyl thiophenol (1.0 g, 4.05 mmol, 1.0 equiv.) in acetic acid (20 mL) and
water (8.0 mL) at room temperature. The solution was stirred for 2 h and CH,Cl, (15
mL) added. The mixture was extracted with CH,Cl, (4 x 10 mL). Combined organic
layers were washed with saturaied sodium hydrogen carbonate solution (2 x 10 mL),
water (2 x 10 mL), dried (MgSOs) and concentrated under reduced pressure to afford
the title compound (0.86 g, 43 %) as a wax: m.p. 74.2-75.5 °C (lit.,'”® 74-75 °C); R«(5:1
Petrol:EtOAc) 0.55; Vumax(CHCls)/em™ 1355, 1281, 1134, 1100, 890; 8y(300 MHz,
CDCl;) 7.96 (2H, s, H-2 and H-6), 7.81 (1H, s, H-4); 8c(75 MHz, CDCl3) 139.2, 133 4,
132.9, 127.7, 124.8, 122.0, 121.1; m/z (C.L) 491 (100 %, M-H"); (Found (E.I): M,
490.9720. C;6¢HgF 128, requires 490.9714).

8-(3-Fluorobenzenesulfonyl)-5-methoxy-6-methoxymethylnaphtho[2,3-

d][1,3]dioxol 444a
o L.
F

\\S
307
0] 1
I owe
2
OMe

Tributyl-[8-(3-fluorobenzenesulfonyl)-5-methoxynaphtho[2,3-d][1,3]dioxol-6-

ylmethoxymethyl]stannane 439a (0.07 g, 0.10 mmol, 1.0 equiv.) was treated according
to Method P. Purification by flash column chromatography (SiO»; 1:1 Petrol/EtOAc)
afforded the #itle compound (0.04 g, 55 %) as a colourless oil: R1:1 Petroi:EtOAc)

235




Experimental

0.60; Viax(CHCly)/em™ 2923 (CH); 81(300 MHz, CDCly) 8.48 (1H, s, H-2), 7.95 (1H, s,
H-1),7.78 (1H, dd, J 8.0 and 1.0, ArH), 7.65 (1H, dd, J 8.0 and 2.5, ArH), 7.52 (1H, m,
ArH), 7.48 (1H, s, H-3), 7.26 (1H, ddd, J 8.0, 2.5 and 1.0, AtH), 6.12 (2H, s, OCH;0),
4,70 (2H, s, CH,OCHj3), 4.00 (3H, s, OCHs), 3.54 (3H, s, OCHjs); 8c(75 MHz, CDCl3)
164.3, 160.9, 159.3, 148.8, 144.3, 131.3, 130.9, 129.8, 126.7, 1253, 123.2, 120.6,
119.4, 114.9, 114.6, 102.2, 100.9, 69.3, 63.2, 58.9; m/z (C.L) 422 (100 %, M-NH,");
(Found (E.I): M, 422.1068. C20H17FQ6S-NH, requires 422.1068).

5-Methoxy-6-methoxymethyl-8-pentafluorobenzenesutfonylnaphtho|2,3-
d][1,3]dioxole 444b

Tributyl-(5-methoxy-8-pentafluorobenzenesulfonylnaphtho[2,3-d][ 1,3 ]dioxol-6-
ylmethyoxymethyl)stannane 439b (0.07 g, 0.10 mmol, 1.0 equiv.) was treated according
to Method P. Purification by flash column chromatography (SiO;; 1:1 Petrol/EtOAc)
afforded the title compound (0.04 g, 45 %) as a colourless oil: Ri(1:1 Petrol:EtOAc)
0.55; Vimax(CHClz)/em™ 2930 (CH); 85(300 MHz, CDCl3) 8.55 (1H, s, H-2), 7.93 (1H, s,
H-1), 745 (1H, s, H-3), 6.06 (2H, s, OCH0), 4.75 (2H, s, CH,OCHs), 3.97 (3H, s,
OCHs), 3.47 (3H, s, OCH3); 8c(75 MHz, CDCl3) 154.5, 148.6, 148.3, 142.1, 140.1,
138.6, 132.8, 130.9, 129.7, 129.2, 128.7, 128.5, 127.6, 127.2, 101.7, 99.8, 67.7, 62.8,
59.4; m/z (C.L) 477 (100 %, M-NH/'); (Found (E.I): M", 476.0358. CyoHi3F506S
requires 476.0353).
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8-(3,5-Bistrifluoromethylbenzenesulfonyl)-5-methoxy-6-methoxymethyl-
naphtho{2,3-d]{1,3]dioxole 444¢
CF,

Q.
5 3 O,S 1 CF,
< OO OMe
© 2
OMe

[8-(3,5-Bistrifluoromethylbenzenesulfonyl)-5-methoxynaphtho[2,3-d][1,3]dioxol-6-
ylmethoxymethyl]tributylstannane 439¢ (0.11g, 0.14 mmol, 1.0 equiv.) was treated
according to Method P. Purification by flash column chromatography (SiOz; 1:1
Peirol/EIOAc) allorded the title compound (0.03 g, 38 %) as a colourless oil: Rq(1:1
Petrol:EtOAc) 0.50; Vinau(CHCL)em™ 2923 (CH); 85(300 MHz, CDCl) 8.57 (1H, s,
ArH), 8.47 (2H, s, ArH), 8.08 (1H, s, H-2), 7.88 (1H, s, H-1), 7.40 (1H, s, H-3), 6.08
(2H, s, OCH,0), 4.86 (2H, s, CH,OCHs), 3.97 (3H, s, OCHs), 3.84 (3H, s, OCHs);
6c¢(75 MHz, CDCl;) 1704, 158.2, 150.5, 149.3, 144.6, 133.7, 132.3, 131.1, 1284,
128.2, 127.9,127.7, 127.0, 127.6, 126.8, 126.5, 124.4, 122.2, 69.2, 63.0, 60.7, 58.3; m/z

(C1) 523 (100 %, M-H"); (Found (EI: M, 522.0369. CpHieFOeS requires
522.0372).

7-(tert-Butyldimethylsilanyloxymethyl)-8-methoxy-naphtho|2,3-d][1,3]dioxole-5-
thiol 445

9 SH
<O OO 1 OTBS
° 3
OMe
n-Butyllithium (0.16 mL of a 2.4 M solution in hexane, 0.38 mmol, 1.1 equiv.) was
added dropwise to a solution of (8-bromo-5-methoxynaphtho[2,3-d][1,3]dioxol-6-
ylmethoxy)-tert-butyldimethylsilane 431 (0.15 g, 0.35 mmol, 1.0 equiv.) in THF (3 mL)
at —78 °C under a nitrogen atmosphere. The solution was maintained at —78 °C for 1 h
and added dropwise to a suspension of sublimated sulfur (0.02 g, 0.35 mmuol, 1.0 equiv.)
in THF (3 mL) at —78 °C. The mixture was stirred at —78 °C for 3 h and 2 M HCl (0.2

mL, 0.38 mmol, 1.1 equiv.) added. The mixture was allowed to warm to room

temperature and extracted with EtOAc (4 x 5 mL). Combined organics were washed
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with water (2 x 5 mL), dried MgSO4) and concentrated under reduced pressure.
Purification by flash column chromatography (SiO»; 30:1 Petrol/EtOAc) afforded the
title compound (0.10 g, 70 %) as needles: m.p. 116.9-118.2 °C; R(5:1 Petrol:EtOAc)
0.70; Vaux(CHCL)Yem™ 3297 (SH), 2930 (CH); 83(300 MHz, CDCly) 7.48 (11, s, H-3),
7.41 (1H, s, H-2), 7.15 (1H, s, H-1), 6.08 (2H, s, OCH,0), 4.96 (ZH, s, CH,OTBS), 3.93
(3H, s, OCHj;), 0.99 (9H, s, 1Bu), 0.18 (6H, s, 2 x CHs); 8¢(75 MHz, CDCl;) 152.5,
148.2, 147.8, 131.7, 128.7, 124.9, 123.4, 104.4, 103.1, 98.8, 62.3, 60.3, 26.3, 18.7, 4.9;

m/z (C.1) 379 (100 %, M + H"); (Found (E.I): M", 378.1304. C;oH3604SSi requires
378.1321).
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Appendix

A.1 Calculation of the Rates of Rotation of Tertiary Amides

Previous work in the Clayden group has shown that tertiary amides have restricted
rotation about the Ar-CO bond, which was evident from 'H NMR studies.!® Here, the
rates of rotation of tertiary amides bearing heteroaromatic constituents were
investigated. Variable temperature "H NMR experiments for 172 were carried out in dg-

THF from —80 °C to room temperature in 10 °C increments (Figure A1l).

At room temperature coalesence of the diastereotopic benzylic protons was observed. At
lower temperatures (—~70 "C and below) resolution of the diastereoiopic protons was

achieved, with the appearance of two doublets in the spectra (3 ~ 4.5 ppm, J 18.0 Hz).

Comparison of the dynamic "H NMR spectra of 172 with the spectra simulated by g
NMR (Figure A2) allows the determination of a barrier to rotation. This comparison
enables the maximum and minimum values of k to be calculated at each temperature.
Using the Eyring equation (Equation 1) it is possible to determine the activation
enthalpy (AH?) in Kcal/mol by plotting In(k/T) versus 1/T from the values of k obtained
from g NMR (Table 1, Figure A3).

k= (kp.T /h).e@H/RT) o(ASR) (Eq. 1)
T (°’K) k In(/Tayerage
203 10 -2.45108
25
213 26 -1.6729
54
223 55 -0.9945
110
253 550 0.9663
780
263 800 1.4309
1400
293 1500 2.9767
10000
Table 1
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T=23 k=1500

! |
T=-20 k=550
T =-50 k=55 U
T=-60 k=26 L
_"“jJUL mmmmm f}U L\ .....

=-80 k=10
4.5 ppm 4.5 ppm
Figure Al Figure A2
Dynamic '"H NMR spectra Simulated spectra for 172 using
of 172 gNMR

AH can be calculated from the gradient (y = -mx + b, where m = -AH?/R and x = I/T )
of the graph (Figure A3). Using the y-intercept (b = y(x = 0)), AS” can be calculated
from Equation 2.

y(x = 0) = In(kg/h) + (AS*/R) (Eq. 2)

Thus the calculation of AG” for the appropriate temperature is enabled (Equation 3). The
racemization half-life can be established at each temperature since k = In 2/ty; for a first

order process (Table 2).

AG* = AH? - TAS*  thus AG”=29.854 +0.0723.T (Eq. 3)
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¢ In(k/T)
— Linear (In(k/T))

0.0034 0.0036 00038 0004

y =-3590.7x + 15.064
y=-mx +b

T
Figure A3 Determination of AH?

T(°C) k AG* tl2 (S)
(Kcal/mol)
-70 15.8113 44.532 0.0438
-20 654.9734 48.147 0.00106
RT 9999.9999 51.039 6.95 x 10'5
Table 2

As shown, 172 has a rotation barrier of AG* = 51.039 Kcal/mol and a half-life 0of 6.95 *
105, hence the coalesence of the diastereotopic protons at room temperature. At -70 °C
and below, the half-life is sufficient to allow resolution of the diastereotopic protons

within the NMR timescale.
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A.3.1 X-ray data for syn-233

0O

Ph

Syn-233 OMe
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Crystal data and structure refinement for syn-233

Crystallization solvents
Crystallization method
Empirical formula
Formula weight
Temperature
Wavelength

Crystal size

Crystal habit

Crystal system

Space group

Unit cell dimensions

Volume
Z
Density (calculated)
Absorption coefficient
F(000)
Theta range for data collection
Index ranges
Reflections collected
Independent reflections
Coverage of independent reflections
Max. and min. transmission
Refinement technique
Function minimized
Data / restraints / parameters
Goodness-of-fit on F2
Aloyax
Final R indices

1522 data; I>20(1)

all data
Weighting scheme

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

Cyclohexane and dichloromethane
Vapour diffusion
Co3Hp1NO,

343.41

150(2) K

0.71073 A

0.60 x 0.20 x 0.20 mm
Colourless needle
Monoclinic

P2,

a=15.903(2) A
b=28.243(7) A
c=18.462(13) A
897.9(10) A3

2

1.270 Mg/m3

0.081 mm-!

364

4.04 to 25.40°

1S h< 7,9 k<9,-21<15 21
1671

1671 [R(int) = 0.0000]

94.2 %

0.984 and 0.953

Full-matrix least-squares on F2

T W(Fo? - Fe?)?

1671/1/241

1.148

0.000

o= 90°
B=91.81(3)°
v=90°

R1=10.0498, wR2=0.1537

R1 =0.0559, wR2 =0.1589

w = 1/[62(Fo?) + (0.1197P)2 + 0.0294P]
where P = [MAX(Fq2, 0) + 2F:21/3

-3(3)

0.053(18)

0.198 and -0.219 eA-3
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A.3.2 X-ray data for 257a
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Crystal data and structure refinement for 257a

Identification code
Emirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

s1642m

C20 H32 N2 02

332.48

3002) K

0.71073 A

Monoclinic, P2(1)/c

a=12.379(2) A alpha=90 deg.
b=13.856(2) A beta=115.508(3) deg.
¢=12.601(2) A gamma =90 deg.
1950.7(5) A"3

4,1.132 g/m”™3

0.073 mm~-1

728

0.20x0.20 x 0.20 mm

1.82 t0 26.37 deg.

-15<=h<=15,-17<=k<=17, -15<=1<=15

15332 /3989 [R(int) = 0.0875]
=2637 999%

None

0.9856 and 0.9856

Full-matrix least-squares on F/2
' 3989 /0 /223
0.760
R1=0.0435, wR2 = 0.0895
R1=0.1221, wR2=0.1040
0.310 and -0.129 e.A"-3

260




Appendix

A.3.3 X-ray details for 257d
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Crystal data and structure refinement for 257d

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell

dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta =
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

s1695n

C27 H38 N2 02
422.59

1002) K

0.71073 A
Monoclinic, P2(1)/c

a=15.492(5) A alpha =90 deg.
b=11.134(4) A beta=105.084(5) deg.
¢=14.335(5) A gamma =90 deg.

2387.5(13) A3

4,1.176 Mg/m"3

0.073 mm~"-1

920

0.50 x 0.50 x 0.20 mm

1.36 to 28.64 deg.
-20<=h<=19, -14<=k< =14, -19< =< =18
18927 /5615 [R(int) = 0.0674]
28.64 915%

None

0.9855 and 0.9642

Full-matrix least-squares on F~2
5615/0/286

0.919

R1=10.0439, wR2 = 0.1095
R1=10.0700, wR2 =0.1247
0.315 and -0.179 e.A"-3

262




Appendix

A.3.4 X-ray details for 330e
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Crystal data and structure refinement for 330e

Identification code h:\s1898\work\s1898abs
Empirical formula C26 H27Br2NO S
Formula weight 561.37
Temperature 100(2)X
Wavelength 0.71073A
Crystal system, space group Trielinic, P-1
Unit cell dimensions a="7.608(2)A alpha=102.633(5) deg.

b =11.932(4)A beta =96.003(5) deg.
¢ =13.936(4)A gamma =103.180(5) deg.

Volume 1186.0(6)A"3
Z, calculated density 2, 1.572mg/m"3
Absorption coefficient 3.524mm"-1
F(000) 568
Crystal size 0.20 x 0.20 x 0.20 mm
Theta range for data collection 1.81 to 26.48 deg.
Limiting indices -9<=h<=9, -14<=k< =14, -17<=j<=10
Reflections collected/unique 6744/4701 [R(int) = 0.220
Completeness of theta = 26.48,95.7 %
Absorption correction None
Max. and min. transmission 0.5391 and 0.5391
Refinement method Full-matrix least-squares on F~2
Data/restraints/parameters 4701/0/283
Goodness-of-fit on F2 1.059
Final R indices [I>2sigma(])] R1=0.0331, wR2 =0.838
R indices (all data) R1=0.0418, wR2 =0.875
Largest diff. peak and hole 0.955 and-0.443 e.A"-3
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Appendix

A.3.5 X-ray data for 348b
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Appendix

Crystal data and structure refinement for 348b

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta =
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

2033m
C27H28 N2 O2
412.51
00(2) K
71073 A
triclinic, P-1
a=9.06 (9) A alpha=67.281(2) deg.
b=11.69(12) A beta=_80.755(2) deg.
c=11.83(12) A gamma = 76.17(2)deg.
1126.2(2) A™3
1.216 Mg/m"3
077 mm~-1
440
0.50 x 0.35 x 0.30 mm
0.86 to 28.35 deg.
-11<=h<=11, -15<=k< =15, -15< =< =15"
742 / 5086 [R(int) = 0.0300]
835 90.2%
None
9773 and 0.9626
Full-matrix least-squares on F~2
5086 /0 /284
1.072
R1=10.0416, wR2=0.1121
R1=10.0484, wR2 =0.1157
0.341 and -0.218 e.A"-3
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Appendix

A.3.6 X-ray details for 348d
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Appendix

Crystal data and structure refinement for 348d

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z., Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta =
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F~2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

s2034m

C21 H24 N2 O

320.42

1002) K
0.71073 A

Triclinic, P-1

a=9.075(19) A alpha=293.09(4) deg.
b=10.17(2) A Dbeta=90.44(4) deg.
c¢=20.15(4) A gamma = 114.86(4) deg.
1684(6) A3

4,1.264 Mg/m"3

0.078 mm"-1

688

0.45x0.20x 0.15 mm

2.03 to 28.80 deg.

-12<=h<=10, -8<=k< =13, -27< =< =26
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10642 / 7668 [R(int) = 0.3028]
28.80 874 %
None

0.9884 and 0.9658

Full-matrix least-squares on F/2
7668 /0 /441

0.931

R1=0.1751, wR2 =0.4185
R1=10.4296, wR2 = 0.5139
0.557 and -0.576 e.A"-3




