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Abstract

The work outlined in this thesis consistd@h chapters

Chapter onecontains a general introduction of heterocyclic compoundglzeir use in drug
discovery. It also contains an overview of ketoacids chemistry, isocyanides and
multicomponent reactions as efficient ways for syntegidiverse and various heterocyclic
compounds. In addition, explains subject aims and objecti@bapter two describes a
method for the synthesis of keto acids, isocyanides and convertible isocyanide from cheap
stating materials and the synthesis of iy@mides (lactams) by multicomponent reactions
(3C-4C-Ugi reaction). The methodology which depends on the activation of keto acids
(Carboxylic group) wusing PPTS is an excell eni
good yields.The optimisation andliastereoselectivity of all reactions are also discussed.
Chapter three describes thesynthess of Ugi-t et r a z o | eandliefarmatioaabautv e s
using flow chemistryn this work. Theresults were investigated of similar reactions achieved
using eitherbatch or flow machinesChapter four describes efforts towards using a
microwave technique for synthesis a group pyfrazotoxopyrrolidine derivatives with
satisfactory yieldsChapter five includesan efficient methodologwitilized to synthesize
isoqunoline andsoindolinelibrariesfrom Uketoacids and-ketoacids in order to showcase
the benefit of} and b-ketoacids for synthesis of diverheterocyclic compound€hapter

six outlines exploiting postransformations ofmulticomponent productfor synthesis of
diverse and various heterocycles with good yieldgentral goal of further expansion is to
provide collections of stereo chemically and structurally diverse compounds in order to
evaluate their biological system$he reaction ofconvertible isocyanide for synthesig
pyroglutamic acidanaloguess described. A developed method includes using bifunctional
keto acids or aminewia multicomponent reactions and thgdosttransformations for
synthesis of tetrazolectams, dionespyrrole-oxopyrrolidine and a set of medicinally
valuablep y r ypo/Ira di n e udderr nild eohditiong are also describ&thapter

seven describes the main target of all syntlsedi compounds valuated as arnprion
diseases. These compounds are designed to bind a putative binding pocket ahdPrP
stabilise the normal isoform. This should prevent its conversion into the infectious isoform
(PrP) in brain.Chapter eight, nine andten contain conclusion and future work, data of all

experimental procedures and references respectively.
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Chapter 1. Introduction



1.1. General introduction

Heterocycles are one of most popular structural features in d?hgsmaceutical companies
have invested great deal to develop efficient synthetic approaches to prepare these
compounds with sufficient diversity and structural compleXitideally, a typical synthetic
approach should produce the desired produesiew steps as possible and in a satisfactory
yield by utilizing environmental friendly reagerfitsHowever, common synthetic methods

are usually carried out in multepsand in linear fashion between reactants with lower
overall yields, high costs and large quantifywaste being generated. To succes$gfdéal

with these limitationsefforts have been made to develop reaction routes which are able to
produce multiple bonds in one reaction step.

Combinatorial chemistry has attracted much interest and been thedfolisof synthetic
efforts. It has also been employed as an active tool to synthesize heterocyclic compounds
with required properties in cosffective mannef’ However, it provides limited diversity,

the development of more efficient and new synthetic approaches is still a major challenge to
most chemist&’

One alternative to improve the efficiency and diversity of heterocyclic synthesis is to use
multicomponentreactions (MCRs). MCRs are reactions that combine at least three starting
materials in a on@ot reaction to produce a new product, and all or mb#teoatoms are
converted to the new product. In comparison with traditional synthetic approaches which
involve multistep linear organic syntheSesMCRs are more beneficial due to their
tremendous atom efficiené§. MCRs have een widely used as efficient ways to generate
chemicallydiverseheterocyclic compounds to cover a large chemical sface.

Keto acids play a vital role in Ugi reactions. They can react with diverse reagents to furnish
new heterocyclicchemo typesKeto acids that were used as essential component to form
heterocycles with high diversity and complgxvill discussed in more details in sectiba.

On the other hand, isocyanides have been employed for many years as a key component in
MCRSs to construct different libraries and scaffolfsespecially asuilding blocks for the
synthesiof heterocyclic synthesis. Due to its intriguing electronic structure, isocyanides can
act as either an electrophile or a nucleopHifewhich will discussed in more details in
sectionl.3.

Flow chemistry and microwave synthesis are modern techniques that have found many
applications in organic synthesi$hey have advantages of speeding up ihactions,

increasing the reaction yield, improving selecivisaving reagents and solvents &fc.



However, their applications iMCRs have been somewhat limited. In this projtus
production of Ugi-tetrazole derivatives by using the flow reactor (compared the same
reactions that performed under batch conditions) was performed, with the aim to improve
products yields, to shorten reactions time and to achieve better selectivity. Also in this
project, mcrowave methodology was used in the synthesis of numbepycdzok-
oxopyrrolidine derivatives as fast as possible with high yield, shorter reaction time and
solvent free conditions.

As postcondensation transformations can give high yields of functiedlieterocycles”

a wide range of tethered ketmids was successfully exploited in intramolecular Ugi
reactions which could be followed by either one or two consecutive expansions to afford a
range of unique heterocyclic scaffolds with satisfactory yi€lde combinatiorof MCRs

with postMCR transformation has been usefully viewed as an excellent synthetic approach
for the production of highly functionalized compounds suchyaeglutamic acidanalogues
lactamtetrazole derivativesdiones derivatives,pyrrole-oxopyrrolidine derivatives and
pyrrolo-pyridine derivativesthrough €N bond coupling by using either bases or acids.

Prion disease is also known as transmissible spongiform encephalopathies (TSESs). They are
incurable and fataleurodegenerativdiseaseifluencing both humans and animals. There is

no effective cure for the TSEs currently available and this is of special concern in European
countries!® TSEs can be potentially represented as inherited, sporadic and iatrémyehnits.
project a library of heterocyclic compoundgnthesisedvas screenedn scrapiecell line

(SMB) hoping to find novel anfprion lead compounds.



1.2. Keto acids

Keto acids or ketoacids, also called oxoacids, can be defined as organic compounds
containing a ketonand carboxylic acidjroup, which are not only useful chemical reagents,
but also biologically active themselvé¥! They can be classified according to the positions

of the keto group in the moleculéKeto acids, or xoacids, for example: pyruvic acid

has the keto group adjadeto the carboxylic acid groupThe b-keto acids arekey
componert in the citric acid cycle,!* 3-Oxoacids, such as acetoacetic ajd3-oxo-3-
phenylpropanoic aci® and oxaloacetic acid contain a ketone group at the second carbon
from a carboxylic acid group. The ketoa@@nd3 have been used in the synthesis of active
molecules such as asilV drug and DPC083!*¥ Oxaloacetic acidt is also found in the

Krebs cycle. 40xoacids ora-keto acids contain a ketone group that is located at the third
carbon from the carboxylic acid-Oxopentanoic aci® has been derived from deamination

of glutamic acid; Zoxopentanedioic acifl participates in cell signallingia functioning as a
cofacta for different irorcontaining redox enzymes.

Although proteins and stored fats are used as primary source for the production of energy,
some keto acids are produced metabolicallyammouliani cells when carbohydrate and
sugars levels are low. The ketogeamino acids can be employed to prodUdesto acids.

These keto acids are essentially used as energy source for liver cells andsynthistic

approach of fay acids!*®

o) o o o o
Hopon L, ©)QLOH
(o]
2 3
1
O o o o
HON )WOH HOMOH
OH
(o) (o) 0] (o)
4 5 6
Figure 1. Some keto acids.
Most keto acids used in organic synthesis as reagents are produced using chemical synthesis.
1.2.1. Synthesis of keto acids

In 1952, Kreuger isolated -®xobutanoic acid® as crystalline compound by hydrolysis of

ethyl3-oxobutanoat in aqueous sodium hydroxig€chemel). Acidifying with sulphurie


https://en.wikipedia.org/wiki/Fatty_acid_synthesis

acid afforcedketo acid2.l*”

o o NaOH, rt 24 h o o
M~ A A on

H,S0,

2
7 90%

Schemel Kr euger 6s a pef3oxobatanbicaci@ synt hesi

3-Oxopentanoic acid2 was obtained in a-8tep synthesis which propanoyl! chlorgland 2,
2-dimethyt1,3- dioxane4,6-dione 9 react to form2,2-dimethyt5-propionyt1,3-dioxane4,
6-dione10.*® The compound0was then successfully methanolysed in reflux with methanol
to obtain methyBB-oxopentanoatél in good yield. The estekl was then stirred overnight
with aqueous solution of sodium hydroxide followed by acidification by HCI to give free keto
acid12 as whitesolid after recrystallizatiofScheme2).

o o);/go o><o MeOH o o 1.NaoH 9@ ©
\)J\c| o o \)J\)J\o/ \)J\/U\OH

DBU reflux 2. HCI

12
8 10 1 85%

Scheme 2A synthetic approach to synthesi&oxopentanoic acid2.

2-Methyl-3-oxobutanoic acid4 was produced from ethwg-oxobutanoaté. It was alkylated
with methyl iodide in the presence of sodium ethoxide to form -&mykthyl3-
oxobutanoatd 3. This estel3was then exposed to sodium hydroxide in water to provide the

desired oxoacid4 (Schemes).*?

o O

O O
U ne )J\(K LMo )J\(U\OH
PN (o)
o EtONa 2.HCI
7 13 14

90%

Scheme 3A synthetic approach to producearizthyl3-oxobutanoic acid 4.



The free acid of Z:dioxopentanoic acid6 was obtained by employing one equivalent of
ethyl acetopyruvatel5 in distilled water and equal equivalent oM4sodium hydroxide

followed by afteracidifying with 3N sulfuricacid (Schemd)./*?

O O
o o 1. 4M NaOH
16
15 90%

Scheme 4A syntheticapproach of Z-dioxopentanoic acidé.

The synthesis of-Bydroxy-4-oxopentanoic aci@1 can be started from an aldol reaction of
lithium enolate of benzyl acetater with (E)-2-methyt3-phenylacrylaldehydel8, which
yielded aldol producl9 in good yield. The aldol produd was conveniently exposed with
ozone to provideb-hydroxygketoester20 in satisfactory vyield. Finally,3-hydroxy-4-
oxoketoacid21 was successfully obtained in quantitative yield by hydrogenation of 2&ter

under neutriaconditions to generate the keto a2it(Schemes).?”

hiy §
BnO~ "Me 0o X _Me 05, MeOH
17 LDA
BnO >

. OH Me,S
PN THF,-78 °C 78°C

CHO 19
18
/Zzoj\:""e H,, Pd/C Jzoj\: Me
BnO OH MeOH HO OH
21
20 70%

Scheme 5A synthetic approach ofBydroxy-4-oxopentanoic aci@l.

Some studies have been carried out to investigate reactions consisting of-Glalsed
rearrangement of an allyl ester, which was then followed by oxidative olefin cleavage
through ozonolysis to prepare the variadsetoacids. For example;ghenylacegl chloride

22 can couple with 2Znethyt2-propenol23to furnish este4. IrelandClaisen rearrangement



was initiated by adding dfimethylsilylchlorideand therlithium bis (trimethylsilyl) amideat
very low temperature to affor@s. The resulting carboxylic acid was successfully protected
to afford benzyl este26. The correspondindcetone27 was formed by cleaving exalefin of
26 with ozonolysis. The benzyl ester 7 was then hydrolysed with palladiuamarcoal to

yield the coresponding-ketoacid28 (Schemes).??

o o
cl T™MSCI 0 BnCl
K,CO; o)

22 LHMDS OH
K,CO,
DMF THF DMF
JJ\/ " e Me
OH
Me 24 25
23
(0]
H, Pd/C
OBn Me OH z
Me,S MeOH
Me 3
steps
26 27 65%

Scheme 6 A synthetic approach to synthgsp-ketoacid28.

It was also mentioned that an array of cyclic anhydrides was effectieedymnetrized by
sparteinéboundGrignard reagents to prepare keto acids in good enantiomeric excess. Major
research have been focused on the use)-apérteine to provide an asyratric reaction of
organolithium reagents. The result demonstrated thapéarteine yields good enantiocontrol

for a reaction of a Grignard reagéfit.For example, the initial step incluglepening a ring

of 3-phenylglutaric anhydride29 by using phenylmagnesium chloride-PBenylglutaric
anhydride was desymmetrized plienylmagnesium chloridend the outcome showed that
usinga slight excess of Grignard reagentfparteine can increaseereo selectivitpy 88%.

It was also noted that the changing in the electronic nature of the Grignard agent has
moderate influence on enantioselection, while an increase in the steric demand has substantial
impact. Another example, benzstlibstituted wh anhydrides were successfully reacted to
furnish keto acids with plausible enantioselectivity. The -opgning of heteroatom
substituted anhydrides also proceeded with excefitareo selectianlt was demonstrated

that efficient desymmetrization not lgnoccurs in monocyclic, but also in bicyclic



anhydrides. Hence, thephenylglutaric anhydrid@9 was treated witlphenyl magnesium

chlorid€(-)-sparteine to furnish the chiral keto a@d@ (Scheme7) in good enantiomeric

excess (ee, 96%?
1.3 eq ©
(-)-sparteine o 0]

PhMgClI

toluene Ph OH

0" o0 Yo 13€d  73oc 24n

30
29 (ee, 96%)

Scheme 7 A synthetic approach for the chiral keto a8

Iron is beneficial and the most abundant metals on the earth. Asbasad catalyst is
commonly used in organic synthesis due to its low cost and a good reaftiviBhemists

have inspired to synthesise esters using ferric chloride aslyst. This reaction reveals that
carboricarbon bonds can be easily cleaved by a nietkiced sixmembered cyclic
transition state in good yields. The scope of the catalytic reaction was investigated using 1, 3
diketones as a model reactiofhe catalyic activity of anhydrous ferric chloride differs
significantly from that of ferric chloride hexa hydrate, whiten(lll) trifluoromethane
sulfonatecanafford approximately the same yields as that of ferric chlofldhe optimisation

was carried out inthe presence of ferric chloride as the catalyst; the corresponding esters
were formed in high wlds. Therefore, some cyclic 3idiketones for instance -2
acetylcyclopentanone31l was treated with ferric chloride in water to furnish the
corresponding keto &t 32 in good yields(Scheme8). The etherification reaction was
exclusively located on the carbonyl group in the cyclohexanone ring to form the
corresponding ringpened oxo esters in an excellent yield. The reaction proceededtat

induced construction of a-embered cyclic transition state and QIp2p3 bond

cleavagéd®®
FeCl3(10 mol%)
é/k + H,0 3 °= MOH
80 °C, 16 h 32 ©
31 80%

Scheme 8A synthetic approach of keto a@a.



Iron(lll) trifluoromethane sulfonateleavage of the carbboarbon bond occurgia a retre
Claisen condensation reactiGfl. This reaction is beneficial for synthdisig various kinds of
esters and ketones under mild conditiéfisThe keto acid34 was obtainedn quantitative
yield from 2acetylcyclohexanon83 when iron (lll) tifluoromethane sulfonate (5 n%6)
was exploited as the cataly{§chemed). This may be due to the fact that irontriflate is more
stable in protic media such as water and alcohol. It was also obgbatetthe reaction of
cyclic 1 3-diketones just with water catalysed by iron (lIl) &i# yielded the corresponding
oxo acids iran excellenyield because it is a stronger Lewis acid than ferric chiéfite.

O o (o} o
Fe(OTf); (5 mol%) w
+ H,0 = OH
80°C,3-5h
34
90%
33

Scheme 9A synthetic approach of keto a@d.

For the production of ®nethyl7-oxononanoic acid8, cyclohexanone5 was used as a
starting material. Pritzkow has proposed to produce meétnyéthyl7-oxooctanoate37

starting from cyclohexanone35, ¥® where cyclohexanone5 was converted to -2
acetylcycloalkanone33 which was then methaylated and underwent Claisetror

condensation to furnish keto a@8 afteracidificationof ester37 with HCI.*H

o o o
COMe COMe
- Me _
35 33 36
(o] (o) (o)
COMe
Me)J\(\/\/ Me)J\(\/\)J\OH
Me Me
38

37 77%

Scheme 10A synthetic approach ofinhethyl8-oxononanoic aci@8.

FriedelCrafts reaction can be exploited as a convenient procedure to obtain enones from
acylation of ethylene with anhydrides. A suspension of anhydrous aluminium chloride and
succinic anhydride39 in dry 12-dichloroethane was vigorously stirred. Ethyemas

cautiously bubbled through the resultant solution for at least 5 hours. The resulting solution



was then poured into 5% hydrochloric acid and extracted with ethyl acetate to afiooeb4

hexenoic acidlO as a white solid 22% yielgGchemel 1).2%

o
oﬁo AICl;, DCM /\H/\)kOH
CH,CH, gas (o]
40

Schemell: A synthetic approach ofdxo-5-hexenoic acidiO.

A chiral keto acid45 was prepared from§-methyl2-hydroxypropanoatdl andtert-butyl-

b-keto esterd3. Firstly, one equivalent o§-methyt2-hydroxypropanoatdl reacts with one
equivalent triflic anhydride at O °C in dry dichloromethane under a nitrogen atmosphere to
give a solution of Zriflyloxy ester 42. The ester42 reacted with asolution of two
equivalents oftert-butyl-b-keto ester 43 and two equivalent®f sodium hydride in dry
tetrahydrofuran at O °C over a period of 10 minutes. The resultingesoluas further stirred

at room temperature for 24 hours to vyield39-1-tert-butyl-4-methyl2-acetyt3-
methylsuccinatet4. The intermediate44 was thentreated with TFA (24 hand saponified

with LIOH to produce(S)-2-methyt4-oxopentanoic acidb in 54% yield as acolourlessoil
(Schemet 2).33

F 0\\s”o\s”0 F
o DT L
OMe Me\rcone
OH N,, DCM oTf
a1 2,4-Lutidine 42
O O (o) Me (o) Me
PP L : UL N
OtBu CO,Me CO,H
2. LiOH
Me_ COMe o7 ~0tBu
43 2. Ot a4 45
42 54%

Scheme 12A synthetic approach ¢§)-2-methyl4-oxopentanoic acid5.
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1.3. Isocyanides

Isocyanides, also called isonitriles, have been considered to be structurally similar to that of
carbon monoxid€? An isocyanide contains a-8 bond, whih displays a sharp single
infrared peak at the region approximately 2130adnile is similar to the @ bond of
carbon monoxide, exhibiting its peak at 2143 Isocyanides are represented as the only
class of stable organic compounds which also have a formal divalent €&tbohe
isocyanide group has different properties than other functional groups. The two resonance
forms can be clearly noted for isocyanide. Firstly, thedrbond between the nitrogen atom

and the carbon atom with a positive charge on the nitrogen atom, (Bigdy@and a negative
charge on the carbon atom. Secondly, a carbwagen double bond is featured with a non
bonding pair of electrons on the ténal carbon (Figure, B).*” These two forms cexist

and are similar to CO.

R-N=C -~ R—N:C:
A B
o=Cc - o-=C

Figure 2: Resonance structure of isocyanide and carbon monoxide.
Due to the reactivity of isocyanides, they are increasingly employed as key building blocks in

organic synthesis. However, they are volatile, with a distinct pungent Gour.
1.3.1. Synthesis of isocyanides

In 1859, Lieke synthesized isocyanidié He obtained it unexpectedly from allyl iodidé

and silver cyanidejoting the awful smell of the products (Scheh3p!*

1 4+ AgcN ~~_NC
47

Schemel1l3 Liekebdbs synthetic approach

11
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A new procedure to synthesise isocyani#@swas found by Hoffmann in 186% The
condensation of a primary amir® with a dichlorocarbend9, which was generateda

heating of chlorofornd8 with potassium hydroxide as depicted (Schéddije

cl R-NH, H

KOH () ' _Cl
cl H gljc: = Rf""_i 2HCI
ci -HCI H Cl -
48 49 51 52
R= alkyl
aryl

Scheme 14lsocyanides was made by Hoffmann.
In 1958, the isocyanides2 havebecome easily accessible by dehydration of formylamides
5411 |var Ugi made significant efforts to develop an optimized approach for formation of
isocyanide52 by using the dehydrationf N-mono substituted formamide which can be
generated from primary amines and methyl or ethyl formate or formic“dcids shown in
Schemél5.

o o]
Dehydration
R*NHZ + H)J\OR s R\N)J\H —— > R
H
50 53 54 52
R= alkyl

aryl
Scheme 15Ugi's approach to synthesize of isocyanides by dehydratifamroamides.

The other synthetic strategy to produce isocyarbdeuses organolithium compounds
reacting with benzoxazol®5. In this reaction, the 12 of benzoxazole55 is firstly
deprotonated by the base to forris@cyanophenolat&6. This intermediatehien traps an
electrophile, for instance an acyl chloride to produce the corresponding isocyanideas
illustrated inSchemelé.

+ -

N RCOCI
N n-BuLi .
D —— @E L= ©\ THF ~COR
THF (o] O—Li o

o 74-95 %
-78 °C

55 56 57

Scheme 16Synthetic route of isocyanides from benzoxa#ole
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Some isocyanides such as benzyl isocyabf@leave revolting odours. A reaction between a
benzyl bromidéb8 and silver and potassium cyanide in acetonitrile at 80 °C is widely used to

prepare isocyanidg9 (Schemé7).[*

Br AgCN, KCN
TEBAC cat,
CH3CN

58 59
80 °C

Scheme 17Isocyanide from alkyl halides depends on silver and potassium cyanide.

Isocyanides are weknown to be unstable. They are normally freshly syngkdsprior to
their use in the reaction. A straightforward new approach is utilized to prepare isocydnides
by also using the dehydration of formam&tein up to 8% yield *? (Schemel8).

o

H.
N° 'H XtalFluor-E(1 equiv),

base solvent (1M)

0°C,1hthenrt,2h

H
COCH3 61
60 98%
H3C_\ + /F —
N=S BF
XtalFluor-E = 4
3C_/ F

Scheme 18The scope of thdehydration of formamide with XtalFlut.
1.3.2. Electronic structure and reactivity of isocyanides

Isocyanides exist as resonance forms between divalent carbon forawit@donsA andB,
the carbon atom of the isocyano group displaysarslike reactivity, which is represented
in the resonance&s shown (Figur@, B). Structurally, the linear form of isocyanides is well
noted by the dipolar resonance struct(ffegure 2, A).The results showed that 50% of it

existedas carbene, 30% zwitteriomic form and the viewing 20% as corfifliéxigure3).
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Figure 3: Valence bond theory with regard to resonance structures of isocyanides.

Isocyanids are stable under basic conditiandthey are often experimentally made under

basic conditions, but they are very sensitive to acids. The corresponding formamides are

produced by isocyanides with aqueous acidic solutions. Although, the acidic hydrolysis is

apparently a suitable way to eliminateethorrible odour of isocyanides, most isocyanides

can polymerize in the presence of acfds.

Isocyanides are able to behave as radical by forming imidoyl radical fragments @&igure

these species can be further cleaved into a nitrile and an alkyl radical or may react with an

unsaturated compound to form heterocyclic compofffids.

)
R

R, Cyclisatio

n

L

JK.

l Fragmentation

:+ R,

’

<R
(9
_

Figure 4: Addition of a radical on an isocyanide.

As isocyanides exist in zwitterionic form, this means that isocyanides are able to react with

both electrophiles and nucleophile¥he carbon atom oisocyanidescan be attacked by

nucleophiles becaustehas alargecoefficienti n

t he

LUMO ( *)

or bi

t al

is attacked on the isocyanide. The divalent carbon behaves as a nucleophilic which is also

conversely attacked by an electrophile whe

It

nteracts

W i

t h

t he

isocyanide at the same terminal carbon atom. Therefore, both electrophiles and nucleophiles

will attack on the same terminal carbon.

A nucleophile interacts on the carbon atom (nitrile) because it has thesthagtedficient in

LUMO while an electrophile interacts simultaneously with the nitrogen atom which has the
highest coefficient in HOMO (Figurs).
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Figure 5: Frontier orbitals of isocyanides and cyanitfes
There has been an issue with regard to the unusual electronic structure of isocyanides and
they could be described in Figu® as they appear as a standard Lewis structure.
Conventionally,isocyanidesare presented in two resonance forth& linear zwitteonic
form A andthe carbene fornB. Although Xray diffraction techniques confirmed its the
linear structure and the nucleophilic, this zwitterionic structure fails to display the carbene

feature of the isocyanide carbon atéfh.

—_—

=C:

R-N=C R-N=C: | R-N
A B C

Figure 6: The dative bonaf isocyanide and linear zwitterionic resonance form.

Recently, a highevel computational study has confirmed that representdfide more
accurate in illustrating the electronic structure of isocyanides. This has never extensively
been accepted by chests because the dative bond may be misconstrued. Most synthetic
chemists still prefer to use the zwitterionic foninstead because the reaction between
isocyanides and a nucleophile takes place the isocyanides carbon and a formal negative

charge orA is easier to be accept&d.
1.4. Multicomponent chemistry

Three or four even six different components can be brought together inpEotreaction
forming a single product which may be entit
Multicomponent reactions (MCRS) are represented as perfected tools totgdibeasies of

smallmolecule compounds. Many reviews on multicomponent reactions have been published

15



with specific focuses on their applications in the drug discovery process or total synthesis of
natural products or developing strategies for constmstif new structural framework¥!

MCRs possess many benefits over stepwise linear synthesis (Fpuneluding atom
economy, reduced waste, saving time, energy and facileqation methodS”

Linear synthesis route

ELH—'q\

Eﬁf -

)8 P iy

Multicomponent synthesis route

Figure 7: Comparison between multicomponent reaction approach and linear synthesis.

MCRs have emerged as a powerful tool for the synthesis of both simple and complex organic
compounds. In the MCRs, elaborated molecular scaffolds can be easily accessed, the
combination of structural diversity and ecompatible methodologies may be achekwe a
singlepot. Most atoms found in the reagents should be structurally assembled in the product
structure>!

MCR mechanisms can be illustrated as a cascade of successive bimolecular reactions,
although sometimes intermolecular steps are required to allow at least three components
involved in thereaction which are then progressedfinal product$®?

Multicomponent reactionsinclude sequential transformations between three or more
components, which are simultaneously converted into a product that contains some or all
fragments from each reactaf (Figure 8). The mechanisms of these reactions are
undoubtedly complex which require a good understanding of how individual molecules react
in a specific sequence to create desired prodifct& linear way to assemble four
components into a reaction will require three consecutive stepdgertainly the yial with

each stefs importantand some purificatiois likely requiredduringwork-up*®
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Figure 8: Strategic benefits of multicomponent synthesis.

The advantages of MCRs canilbestrated as followe®

1- MCRs can afford high yield giroducts, with a minimum effort.

MCRs provides a powerful tool for the pharmaceutical industry to construct compound

libraries and to synthessi complex structures by simple singlet method$>”

or easily prepared.

reactants incorporating successfully in the readtfn.

While a MCR has many advantages, the success of a MCR relies on several factors:

1- The number of bonds that are generated in one sequence.

2- The complexity in structure.

3- The MCRs' sudbility of spe

cific reactions.

1.4.1. History of multicomponent reactions

Multicomponent reactions were firstly introduced over 150 years by Striédkdihe
aldehydes2 was condensed with ammonium chlor@iin presence of sodium cyani@éd to

produce anU-amino nitrile 65; the U-amino acid66 was formed after hydrolysis d§5

(Schemel9).
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A structural product is easily diversified by variations of each component.

The starting materials which are used in MCRs can be either commercially available

The number of products which are obtained by MCRs depends on the number of




o )NHZ . NH,
H;0
H3C)J\H + NH4C| + e H3C — H3C)

62 63 64 65 66

Scheme 19Strecker's synthetic approachtioé U-amino acidalanine66.

Many important heterocyclic compounds were synthesised by MCRs. For example,
dihydropyridine 70 was synthesized by Hantzsith 1882°Y using ammonia67, 4-nitro
benzaldehydé8 and ethyl acetoacetad® (Scheme20).

CHO COOEt
o o _
+ + 2 )J\/U\OEt . N02
NO, COOEt
70

67 68 69 92%

Scheme 20Hantzsch synthetic approach for dihydropyridfgd®®

In 1891, Biginelli®¥ identified that 3,4dihydropyrimidin2(1H)-ones73 can be synthesised
from ethyl acetoaceta&9, urea7land arbenzaldehyd@2 (Scheme2l).

CHO

o o
M . © Et0OC

69 71 72 73
Scheme21Bi gi nel | i 6s s ydihydropytimidin2(tHpane78/%%f or 3, 4

An amino alkylation reaction of an ena# with formaldehyde75 and methylamine&’6 to
give a tertiary amin&7 was successfully achieved by Mannich in 18#2Scheme2?).
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Scheme 22Mannich reactiof?

The isocyaniddbased MCRs and their applications first appeared in the literature in 1921,
when the production ofracyloxycarbonamide$1 was accomplishedby Passerini using
carboxylic acids and carbonyl compounds. Mario Passerini discovered the first isocyanide
based multcomponent reactiofi¥ This reaction included three components, a carbonyl
compound like a keton@8, a carboxylic acid’/9 and an isocyanid80, Passerini described
these components react together to faktydroxycarboxamidedXacyloxycarboxamide$l
(Scheme23). The reaction exhibits a facile process to form a product which contains every
portion of the three components.

o o) H
g SR
R{_ "R, + R OH+ Ry™ ~O07
o
78 79 80 81
Scheme23 Passerini' s raoyloxyearbdxamide synt hesi s ¢

o
o)J\ R;

H N i
H_ + ® © -
o : C\—/OJJ\R?’
)\ H-O
o ~ R{ "R, < Re
R™ R

R,

(¢ oS,
o I~>2

A ® —F Ry O I “H

H-O0_/ H o
R, N2

Scheme 24A plausible mechanism difie Passerini reaction.

Although the Passerini reaction was carried out in-palar solvents at mild conditions,

products were provided in excellent yields. It was proposed that theridassaction cannot
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follow an ionic pathway and the hydrogen bonding was also thought to offer a crucial role in

the formation of a cyclic intermediate during isocyanideertion (Schemg4).

In 1960's,the scope of the Passerini reactions was extended by IvafA§i, who firstly

used an isocyanide to generat@ssamide85 as shown in Schenib.

)OL Ry R,
Ry 'Ry + R3~NH; + R/ "OH* R4 N)<”
R;

78 82 83 84 85

Scheme 25Ugi reaction.

The ketone78 and the amine32 react to give an imine with one equivalent wabeing
eliminated. The imine was protonated by carboxylic &3dto generate as iminium ion
which is able to act as a nucleophile to react with the isocya®dde form a nitrilium ion.

The nucleophilic trapping process of this intermediatea carboxylic acid undergoes the
acyl imidoyl fragments. A Mumm rearrangement occurs in the final step through
transformation of the acyl group from the oxygen atom to the nitrogen atom to yield an amine
as shown in Schengs.

@
R H>-_R
o NS )J\ N3
| |
M Ho
R1 R2 + H2N7R3 - R1 2 R2
(o] R4
)J\R1 R, H o NN
Re N ‘Mumm C/ N~
R3 O \</ R1 R2
85

Scheme 26The plausible mechanism of Ugiaction.

It is known that in the Ugi reaction the acide component plays a vital role. It is able to
protonate imine and the carboxylate can trap the nitrilium intermediate (S@&gnikenally,

the Mumm rearrangement leads to the Ugi adduct (Fi@lreThe general proposition
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elucidates a transition state which bears the imine or iminium, the iminium may be trapped by

the isocyanide, then is followed by addition of the &&d.

|N/\;Ré\‘ Mumm rearrngment )J\NJ\R

RTAO" 70 - ' ?

Figure 9: Mumm rearrangement.
In addition, the acyl moiety washifted by the acidic structure and Ugi developed this
strategy by using hydrazoic a¢fd. Since then, ACRs have received considerable attention
because the products were biologically active amino acids, their applications have attracted a
lot of interested in the synthetic field of natural and unnatural amino adidsMCRs have
been wed to synthesise a large number of different scaffolds. In addition, most of these
compounds are produced from commercially available starting materials, ¢aissnthat
compounds are largelgccessible through a single type of reactnAlthough some
limitations that restrict the full utilization of MCRs, they are still today ureleoited n
both targebriented and diversitgriented synthesé’

In more recent years, Domling has discovered that thiocarboxylic acids could be used in the
Ugi reaction to form thioamid€91™. BecausdMCR is the main focusf this Ph.D. project,
it will be discussed in more details in the following section.

1.4.2. Isocyanidesbased multicomponent reactiongIMCRS)

Isocyanides in MCRs control the formation of diverse bond types, leading to magnificent
levels of chemg regio, and stereoselectivitysocyanidebased multicomponent reactions
(IMCRs) can be achieved using easily available starting materials with arange of
functional groups. Ultrasound irradiation is a significant and innocuous tool for reagent
activation in organic synthesis! Isocyanides asedMCRsinitiated by ultrasound irradiation

have been identified as a clear and beneficial strategy in organic synthesis compared with
traditional methodsUltrasound irradiation insocyanidesbased multicomponent reactions

has been used to develop a novethud for theformation of 1,34-oxadiazole derivativ89

via the condensation reaction between benzoic &dacenaphthoquinon87 and (-

isocyanimino) triphenylphosphora8g under ultrasound irradiatioggscheme27).l"?
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Scheme 27Synthetic approach of 18pxadiazole derivativ89 depend on ultrasound

irradiation.

The protonated carbonyl group is attacked by the isocyanide, followed by nucleophile attack
on the carbonyl group by the acetate anion; intermolecular cyclization and subsequent
aromatization by loss of triphenylphosphene oxide result in the desired codhg8u
(Scheme28).

o

SOy g

|

o

(0]
57T o
@

OH
o
| o
o . -PPh;0
0 —
89

Scheme 28Mechanism was prased for the synthesis of 14&xadiazole derivativgo.”®

® o

OH
(0]
OH
o

In the exploitation of nucleophilic characteristics on the carbon of isocyano&4tens
isocyanoacetamided?2 when reacting witf®0 under basic conditions such as DBU (Scheme
29), it was found that only the path led to the formation o#i-acyl1,3-oxazole derivatives
(Figure 10), where the nucleophile attacks a carbonyl group+kétoimidoyl chlorides90.
The nucleophile can also pursue p8ththenfollowed by the hydrolysis of}-ketoimidoyl

chlorides toJ-ketoamides in the presenceaafetic acid or formic acid.
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Scheme 29Preparative approadf 4-acylt1,3-oxazole derivatives.

(o]
R)J\CI +
- s 5 Path A -
(0)
I S )r@ o,
Path B

Figure 10: Synthetic ways for the nucleophilic attackddetoimidoyl chlorides’

Bromodomain inhibitor (BET) has emerged a promising therapeutic strategy in cancer.
The BET family comprises BRD2, BRD3 and BRD4 which function as transcriptional
coactivator proteins and relay signals from master regulatory transcription factors, such as
NFkB in inpammat i on™ Wsimglisodysyiesdsed maltcompanent
reactions novel epigenetic inhibitors such as bromodomain inhibiting compounds were
developed.The use of isocyanide as a key component in the synthessoazole 99
derivativewas evaluatedlhe isoxazol®@9was prepared inatweot ep reacti on; th
involves a ongot reaction of 4romobenzaldehydd®5, 2-aminopyrazine96 and t-
butylisocyanide97 under microwave at 150 °C for 3f@iinutesto give 98 in 80% yield.
Compound98 was subsequently coupled Wwi85-dimethylisoxazad-4-boronic acid pinacol

eser (Suzuki coupling) to give 3,dimethylisoxazole derivativ9 in 57% yield (Scheme

30).l"@
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N= Sc(OTF), HNTX 0-N
VAL - = §
N MW(150°C, Pd(dppf)Cl,, K,CO;
96 30 min) MW(150°C, 30 min)
3:1 DCM/MeOH 4:4:1 acetoneltoluene/H,0
>LNC Br
98
97 80%

Scheme 30Synthetic approach of dimethylisoxazole derivafige

The 35-dimethylisoxazole derivativB9 was shown to bind BRD4 (cellular potency in BRD4
lines) and shows potency against TAF1. The cocrystalization of the compdwunth BRD4
was performed and the crystal structure was solved at 1réscfutiongFigure11).

e
136

(ise
Qs

Figure 11: (A) Compound9is a potent and selective inhibitor of BRO®) The Crystal
structure o9 bound to BRD4 an@C) The interaction diagram &9 from the cocrystal
structure with BRDA"®

1.4.3. Keto acidsbased multicomponent reactions

Recently, chemists have been interested in the synthesis of amide derivatives due to their
biological activities. The pyruvic acitlwas employed in the Passerini reaction as one of the
three components to react witha2idobenzaldehyd&00 andt-butylisogyanide 97 to afford

an initial Passerini produdtO1 in moderate yield. The produ&01 has further undergone

hydrolysis during worlkup to obtain azidé02 The azidel0O2was then treated with triphenyl
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phosphine to afford iminophosphorab@3in excellent yieldvia the Staudinger reaction. To
a solution of iminophosphorard®3in dry toluene was added isocyana@! under reflux to
form 2-aminc4-aminocarbonyl substituted 48{1-benzoxazined05 as crystalline solids in
satisfactory yields (S&@me31). It was noted that the transformationl®3into 105 includes
azaWittig reaction between iminophosphorari®3 and isocyanatel04 to furnish a

carbodiimide, which was easily undergone by ring closure to 1&%4”

Yone +
o \\+//
o CHO HN. O 4 HN__O
o 1
N3 MeOH (0] OH
o rt o)
1 100 N, N,

101 102
lPPh3
cl N y ClONCO HN__O
)l\o N\ﬁ
N 104
OH
H o -
105 N=PPh;
77% 103

Scheme 31A synthetic approach of benzoxazii€s.

Doebneret al employedU-keto acidl, para-fluoroaniline 106 and 2:fluoro- [1,1-biphenyl}
4-carbaldehydel07 in multicomponent reactions to syntreesiDHODH inhibitor 108
(Scheme32). DHODH inhibitor 108 has been tested in multiple clinical trials fwancer

treatment and immune suppressiGhA cocrystal structure of DHODH inhibitor has been
published and revealed that the inhibibwcupies a long hydrophobic channel and induces a
significant chargecharge interaction with the At$6 (Figure 12). DHODH inhibitor was

synthessed by DoebneBC R . Doebner s product i's situate
protein binding site (PDB ID 1UUPThe salt bridges are formed between a carboxylic acid

and the guanidine unite of AI§6 Notable is the interaction between the two fluorine atoms

located on the outskirt of biphenyl ring and the isoquinoline which binds to targets suites in a

hydrophdic environment’®
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Figure 12 A cocrystal structure of DHODH inhibitéi’

The synthetic approach for complex molecules with unpresented properties is still determined
by rather inefficient stepy-step reaction outcomes. The orthogonal functional groups may
be assembled into one molecule to allow multiple reactions taking raoee molecule to

form a more complex structure. This protocol avoids the use of protective groups and
increases the efficiency of reactions. The keto &cichn be converted to-ithidazoline
scaffoldvia a carbonyl component-@xopenatnoic acid®, aniline 109 and isocyanidd. 10

were efficiently reacted in one pot in the presence one equivalent of base to afford an
intermediate carboxylatéll This intermediatd 11 reacted with different componernt4?2

113 and114in anotherone pot to result complex produtl5 in moderate yield (Scheme
33).184

26



NH,

(o) MgSO,
)J\/\H/OH 1eq
+ + —_—
MeOH, rt

o 48 h
5 109 110

@ HCI/MeOH(1eq)
NH ( ;7
K 1 N )oJ\ * + © 2 Me_ _Me|

)

MeOH, rt, 48 h 115
111 60%

Scheme 33A synthetic route of complex produtis

Elenaet al have developed fotmomponent Ugi reaction to synthesize of novel -aayld
heteroaryifused derivatives such asnethylt5-oxo-1, 4oxazepine3-carboxamidesl19

where a variety of startinmaterialsare used. It was observed that a reaction of keto acid
116, (2-fluorophenyl) methanaminkl7 and isocyanidd.18in methanol at 50 °C withini3

hours gave 3nethyl5-oxo-1,4-oxazepine3-carboxamidesl19 as novel heteroarflused
derivatives (Schem@&4). Presumablythe reaction followed the same initial step as the
classical Ugi condensation to produce an intermediate imine, which is then attacked by the
isocyanides to form a nitrilium intermediate. The nitrilium intermediate is then undergone

with intranolecular cyclization to yield oxazepinda 982

©\/\NHZ o
O T
o 117 MeOH, 50 °C %N .
%OH 3-8 h o %
o o 119
116 118 78%

Scheme 34A synthetic route of 8nethyt5-oxo-1, 4oxazepine3-carboxamided 19

1.5. Convertible isocyanide

Efficient conditions to provide the hydrolysis of amides to carboxylic acids can be achieved

by heating withstrong base or aclf? Several convertible isocyanides have been specifically
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investigated to allow the selective cleavage of @erminal amide bond under milder
conditions. TheC-terminal amide bond 120 formed from isocyanides, th&20 can be

converted into different functionalitid1; have the term fna&aseshowner t i bl

in (Scheme3s).

(0]
)J\ O R, H )0]\ R2
R,—NH
R H ™4 2 U-4CR RsXH X.
2 It R3)J\N)\” L} R3 N)\H/ R5
j’\ R, O R, O
R;” "OH
120 121
X=0, N

Scheme 35Ildentification of convertible isocyanide

In 1963, Ugi introduced-tyclohexenrl-yl isocyanidel22 as an efficient startingnaterialof
unknown hydrogen isocyanid® The reaction between isocyanifi@2, cyclohexanoné\-
phenyl iminel23 and formic acidl24 yielded N-cyclohexerl-yl amide 125 (Scheme36).
The secondary amide was transformed to printaagylamino amidel27 in 86% yieldvia

acidic activation of thé&l-acyl enamidd 26followed by a hydrolysis.

122 N — -
o
H)J\OH
124 123 125
(IZHO 0] ?HO o
N |
oy — O
127
86% 126

Scheme 361-Cyclohexenl-yl isocyanidel22in Ugi reaction.
In 1995, Armstrong introduced isocyaniti22 for the synthes of a new adduct32, which
was formed from reaction df22 with isobutyraldehydel28 p-methoxybenzylamind 39,
and acetic acid30to afford diamidel31 The diamidel31 can then beconvertedin the
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corresponding carboxylic acitiB2 using HCI(1.7% in THF at room temperature (Scheme

37)_[85]
/[:::T/A\NHz (o) iPr
~N
o - Me)LN)\”
122 129 © o
o o rt
Py PS o 131
iPr” "H Me”™ OH | 56%
128 130

o iPr
OH

Me N

1.7% HCI
H,0

~o

132
85%

Scheme 371-Cyclohexenl-yl isocyanidel22 has been applied by Armstrong.

A convertible isocyanide methyl-i2ocyane2-methylpropylcarbonate$34 was developed

by Ugi via one step reaction where 44dimethyl2-oxazoline 133 (Scheme 38) was
deprotonated byBuLi in THF at-78 °C, followed by reaction with methyl chloroformate.
The Ugi reaction of isocyanid&34 with isobutyraldehydel28 acetic acidl30 and ethyl
amine135furnishes the expected Ugi produ@&@6, which would be converted infd-a ¢ y | U

aminoested 37. The reaction also involves cyclization of the amide anion into the carbonate

of 137 to give N-acyloxazolidinonel38 which was thenfollowed by the addition of

methoxide to formi39andvia an elimination process afforded oxazolidindm@®®

Né\o iPrCHO , CH;COOH, EtNH,
BuLi,THF 128 130 135
Ve me MeCO,ClI ~
eC0,
80%
Et O Et O
Me\[fN | Me Nfl
BuOK -
fo) _— (‘ —_—
Me~ Me Me Meb
136 137
90%
B0 N
Me N _
Me N
e LY .
o (o)
Me~ Me Me® Me
_ 139
138 7% 140

Scheme 38Ugi 0 s
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The use of universal building blocks in the synthetic field has many advantages, particularly
in the parallel synthesis of larger libraries. For instance, unprotétsedino acids have
recently used in different multicomponent reactions as stereoselsgéeees to yield a novel
cyclic diverse compounds.

Hardtke described isocyanide diethyl acetdll, which was exploited to prepafer the
building block in heterocyclic compounds (Sche8®.®”? These heterocyclic compounds
(142-148) can be synthesised from isocyanide diethyl adetal®®

Kazmaier 2005
N._s 143 Bossio 2006 H
7@4 "L

\ / 144

Bossio 1990 Cl Nenajdenko 2007
~ W
(0]
Y
/ hetero aryl
N\ s
N= N/f"\ N-
N\ \N/ N\N/ N
R
? T
_NH 1
148 R; 146
147

Scheme 39Heterocyclic scaffolds in previous work using isocyariidé&

1.6. Ketoacids and convertible isocyanides in the synthesis loiblogically active

molecules

Multicomponent reactions have been considered as a facile and efficient approach to
synthesse structurally diverse large libraries and complex molecules for biological
screening$?1-1socyano2-(2,2-dimethoxyethyl) benzenel49 as a convertible isocyanide

has been employed by the Kobayashi group to build the main framework of the proteasome
inhibitor omuralide155 (Scheme40).[°? The keto acidL50 has ben chosen to control the
stereselective Ugi 4€3C reaction, providing51in 78% vyield. 13-Dioxan5-one150is a

stereoselective ring system, which allows a small nucleophile such as isoc$48ite

30



approach from the axial direction to form omuralid&!®” The Ugi productl51was treated

with catalytic CSA in metha#ol to yield the corresponding diol without formation Nf
acylindole. The protection of diol formed a diacetate, which was not affected by the acid
catalysed indole formation. The desirédacylindole 152 can be obtained, which was
converted directly to the methyl esterdid3 in good yield. Sequentially, the formal total
synthesis of omuralidé54 was followed by pivaloate formation of alcohol 54, TBS
protection of the secondary alcohol and NaGiedated removal of the pivaloate.

PMBNH,
129

1-CSA
MeOH
149 2-Ac,0
DMAP
O —_—
HO 3-CSA
toluene
o (0] 152
Et;N
150 MeOH
1-PivCI,Py
o N 2-TBSOTf
2,6-iutidine
-
o 3-NaOMe
155 MeOH
55%
Omurallide

Scheme 40Synthetic total route of omuralide features a stereoselective of Ugi 4C
3C reaction.

In 2008, the total synthesis of){dysibetaine as a neuroexcitotoxin was published by
Kobayasht®? The ¢)-dysibetainel63is known as a member of a group of natural products
which was isolated by Saket alin 1990 from the mi@nesian spondé? The cyclic amide
159was formed by an Ugi-dentered omponent reaction (Schem&). The TBS group of
159 was efficiently removed by using TBAF and the diasiarers160 were then separated
at this stage by silica column chromatography. The isocyddiflevas selected as it can be
converted to the acylindot&e61 which was feasibly hydigsed to the methyl estd62 The
racemic dysibetainel63 could then be obtainedy using several functional group

interchanges.
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Scheme 41The total synthetic route of (f}ysibetainel63

The selective cleavage of one amide in an Ugi product can be achieved through using
Aconvertible isocyanideso. As the isocyani de
the C-terminus forJ-acylamino amide product therefore, a convertible isocyanidessithe

C-termiral amide to be selectively cleavE§®®

A known convertible isocyanid&22 was applied to synthesise aalkylpyroglutamic acid
derivatives by Ugi reaction usirgketo acidss and aminel29 (Scheme4?2). It is noted that
the convertible isocyanid&22 could form an intermediate amidé4, which can then be
easily hydrolysedto yield pyroglutamic amideanaloguel65. This derivative 165 was
generated by the 4C-3C throughC-terminal amidel64 which was selectively converted to

the 2alkylpyroglutamic amide 65.°®
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Scheme 42|socyanidel22has been used to syntrsespyroglutamic amidé65.

It was reported that convertible isocyanides suchhz®failed to hydrolyse th&-terminal
amide of pyroglutamic acid amidd$5. Therefore, an alternative convertible isocyanide is
required to allow selective activation under mild conditions and hydrolysis @-teeminal

amide of acid amides66to form pyroglutamic acid67 (Schemet3).

R R

r‘q R i Base ,{l R
ot — (Y

166 167

Scheme 43Hydrolysis process dE-terminal amide.

1.7. Aims and objectives

The aim of my PhD projecvas to synthesie a range of heterocyclic compounds using
MCRs (Scheme44) and screen their biological activities against prion disedsesichieve

this goal, the following objectives needto be met:

1- Synthesis of keto acids from cheaper commercially available starting materials.

2- Synthesis obenzyl isocyanid&9, cyclohexylisocyanidd 13 andconvertible isocyanide
149usingcheaper commerciallgvailable compounds.

3- Utilize keto acids and isocyanides to synthesize cyclic amifieso-, and U-lactam

amides) using multicomponent Ugi reactions.
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4- Develop continuous flow processes improve productivity of someJgi-tetrazole
derivativeswith high yields and reduced reaction times.

5- Develop microwave techniquésl\W) as conventional technology to syntlsegyrazole
oxopyrrolidinederivatives and improveroductivity.

6- Synthesis ofsoquinoline and isoindoline derivatives frasnandb-ketoacids.

7- Use convertible isocyanidet9and keto acids to synthesipyroglutamic acicanalogues
using multicomponent Ugi reactions.

8- DeveloppostUgi transformation reactions towards the synthesigasfvatives,diones
derivatives pyrrole-oxopyrrolidinederivativesand pyrrolepyridine derivaties

9- Screen all synthesised compounds for-pritin activity.

Scheme 44Schematic diagram of project objectives.
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Part Il . Results and Discussions

Chapter 2. Synthesis of cycliamides
(Lactams)
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2.1. Synthesis of keto acids

All keto acids used in this thesis are eitbtemmercially availablesuch as4-oxopentanoic
acid 5, 5-oxohexanoic acid68 2-oxo-2-phenylacetic acid 69 and?2-acetylbenzoic acid70
or synthesised by myself. Keto acids were made by alkali hydrolysis from esters such as 3

oxobutanoic aci@, 3-oxo-3-phenylpropanoic acid@ (Schemetb).

(o) (o) (o] (0]
1-NaOH, rt 24 h
XJ\/U\O/\ XMOH
2- HCI
7, X= Me 2, X= Me, 80%
171, X=Ph 3, X= Ph, 80%

Scheme 45Synthesis of keto acidsand3.

Ketoacids have alsteen synthesised from an array of cyclic anhydrides. They were
effectively syithesisedoy catalytic reagents such as Fe®e(OTfy or AICI; to prepares-
oxoheptanoic aci@2, 7-oxooctanoic aci®4, 4-oxo-4-(thiophen2-yl) butanoic acidl73 and

4-benzoylbutyricacid 75in good yield§Schemet6).

FeCI3, o)
§ / MeOH, 16 h o
at 80 °C 32
75%
O O (o) o
Fe(OTf); (5 mol%) )j\/\/\)j\
+ H,0 OH
80°C,3-5h
34
33 85%
S o)
S AlCI
°<°F° + U soom U
0 °C, DCM COOH
173
172
39 60%
AICI, o o
o o 0 dry Benzene
0°C,10°C for12h
174 175

73%

Scheme 46Synthesis of keto acid?, 34, 173and175
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The ringopening of succinic anhydride by using Grignard reagents was used to sgmthesi
keto acids such a&-oxooct7-enoic acid178 4-oxonon8-enoic acidl79 55-dimethyt4-
oxohept6-enoic acid 181, 5-(2-bromophenyb4-oxopentanoic acid183 and 2((tert-
butoxycarbonyl) amine}p-oxonon8-enoic acid188 which was synthesised in five steps
(Schemet?).

1- Mg turnlngs
AN er
(o]
176, n=1 9 ﬁ 178, n=1, 50%

177, n=2 39 179, n=2, 58%
1- Mg turnings
Y\/Br
180 2 181
49%
1- Mg turnings
S
Br
182 2' 183
39 40%
X~ MgBr
H MO H Boc BO('.:l Grignard
o COOH MeOH 4 _N. _.COOCH; o COOCH;,
U HCI U DMAP U THF
184 185 186
o o
« 0 1. NaOH \/\)WCOOH
o

NHBoc 2. HCI NHBoc

187 188

80%

Scheme 47 Synthesis of some keto acidg ring-openingwith Grignard reagent.

(E)-4-Oxo-6-phenylhex5-enoic acidl89, 2-(N-(2-oxopropyl) phenylsulfonamido) acetic acid
195 2-((2-oxopropyl)thio) acetic acid98 2-((2-oxo-2-phenylethyl)thio) acetic acid99, 2-
(furan-2-yl)-2-oxoacetic aci®0land 2(1-oxo-1, 23,4tetrahydronaphthale®-yl)acetic acid
205were prepared by different methods according to literd&chemel8).
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Scheme 48Synthesis of some keto acigth different methods.

2.2. Synthesis of isocyanides

Approaches for preparing isocyanides have been developed by using common reagents for
formylation of a primary amine to formamide followed by dehydrationrdsult in
corresponding isocyanides. The most convenient approach of dehydration is with phosphorus
oxychloride (POG). Isocyanides are well known due to the reactivity of the isocyanide
functional group, but most isocyanides are not commercially availdblen if they are
available, they are norniglvery expensive. For examplg, g of benzyl isocyanid&9 is

priced at £300, while starting material, 2500 g of benzyl amine from the same supplier is
priced at £225. Therefore, benzyl isocyaniewas fresly synthessed by usingcheaper

commercially availabléenzyl amine as a starting material. The same method was followed
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to synthesise cyclohexylisocyanidé13 by using cheaper commerciallyavailable

cyclohexylamineas a starting materiab¢hemet9).

O\ _ome POCI,,

Et,N
NH, 207 @ CEGN @
NN
206 O:\J 208

(o)
N\-OMe POCI,
207
NH, _ 297 NH Et,N NG
<::>H 2 H \=0

N_ N
209 O/\J 210 113
N

Scheme 49Synthesis of isocyanidé® and113from a primary amine.
2.3. Synthesis of convertible isocyanidé49

A convertible isocyanide can provide a handle for further reactions to take place. A
convertible isocyanidd49 can be obtained in five ste§Scheme50). Enamine214 was
synthesied from o-nitrotoluene2111°” which can then be successfully converted to the
methyl acetal215 using chlorotmmethylsilane. The hydrogenation process 2465 with
palladium as catalyst provided anili2d6, °” which was then formylated with methyl or
ethyl formate217 using KHMDS to produce formamid®218 The formamide 218 was
dehydrated to givel-isocyane2-(2,2-dimethoxyethyl)benzend49 by using POG and
Et;N.1%

OEt
MezN)\OEt TMSCI
212 or
Me Pyrrolidine O:N PTSA O:N
213 XX  MeOH OMe
NO,
DMF N OMe
211 80 °C 214 < 7 a5
Pd
H2 | MeOH
HCO,Et
217
POCI,
KHMDS
Et;N "
bem OMe
OMe
149 218 216

Scheme 50Preparative route aonvertibleisocyanidel49
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2.4. Cyclic amides(Lactams)

Natural products are rich sources for lead discovery of many pharmaceutical drugs. Most
natural products have been successfully separated from organisms inhabiting terrestrial
environments.The cyclic amide motif is a backbone of a significant part of rahtu
products® Key structurapenicillin families219are well known a$-lactamswhich contain

a core cyclic amide feature amade still used todags antibioticgdo treat different types of
bacterial infectionsLactacystin220was discovered to entice neuritogenes in neuroblastoma
cell lines activity Salinosporamid@21is a proteasome inhibitor which are being developed

as atherapeutic agent for malafi& and multiple myelona™ (Figure13).

R H CO,H
N H s \OH
J;r RPN NHAc
o J< N
N o
o g o
COH OH
219 220 221

Figure 13 Examples of important cyclic amides.

Bryozoans have been proved to be a useful source for biologically active compounds. The
majority of compounds isolated to date from bryozoans alkaloids. A bromopyrrole
alkaloid, aspidostomide222 (Figure 14) was first isolated from patagonian bryozodAs
spidostomagiganteurit®® Aspidostomide222 is derived from either dibromotyrosine or

bromo tryptophaiiochemically.

Br
o) Br
(]
HN N
/' H Br
HO - Br
NH
Br
222
Aspidostomide

Figure 14: Aspidostomide222isolated from bryozoans as cyclic amitfé.
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Therefore, the synthesis of new bioactivelcyamides has prompted chemists to employ
multicomponent reactions such as Ugi reaction which reported the synthesis of amides from
carbonyl components, amines and isocyanides which tether together to give access to cyclic
amides in satisfactory yield®? In this project, the synthesis of cyclic amides was explored

using keto acids dsy component reactions.

2.4.1. Synthesis of cyclic amidegLactams)

Several characteristics of the Ugi reaction have been noted in cyclic amide synthesis: first of
all the reaction does not proceed in the absence of protic solvent such as methamdlly seco
the yield of reaction decrease as ring size increases.

A library of cyclic amides was synthesised using six different ketoagidsoheptanoic acid

32, 7-oxooctanoic acid4, 4-oxo-4-(thiophen2-yl) butanoic acidl73 4-benzoylbutyricacid

175, 4-oxooct7-enoic acid178 and 4oxonon8-enoic acid179 three isocyanidesbénzyl
isocyanide59, cyclohexylisocyanidell3 and 2isocyane2,44-trimethylpentane223), and

two amines; (2-(thiophen2-yl) ethanamine224, 2-phenylethanamine225 as shown in
Schemesl.

(o] \\\
Y-NC o
X N /Y
5~ “OH o N
o) MeOH, 48h, r.t o X

32, n=3, X= CH,
34, n=4, X= CH,

178, n=1, X= >N O/ ’
179, n=1, X= & " s . .
2= W ®/\/‘T

Scheme 51Synthesif cyclic amides.

Table 2.1 Synthesis of cyclic amides

Entry n X Y Z Product yield®
Q”f‘%\
1 3 CHs {+ S B i 40%

226

\S
O

N

H /N
(
/\0
e

AN

2 4 CHs {+ o
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16 1 N M ®/\/ ﬁ[/ 47%

2 vield of isolated product

Cyclic amide compounds with yields of-82% were illustrated in Tab2 1 Attempts were

made to synthesisemmiembered cyclic amide226 and230 (7-oxoazepane, entryyand5) by

using 6-oxo-heptanoic aciB2, cyclohexylisocyanidd13 and 2(thiophen2-yl) ethanamine

224, 2-phenylethanamin225under high dilution with yields ranging between 35 and 40%
While many trials were carried out to synthesissmémbered cyclic amides (azocate
carboxamide227 and231, entry2 and6) from 7-oxooctanoic aci®4, cyclohexylisocyanide
113and?2-(thiophen2-yl) ethanamin&€24, 2-phenylethanamin25 under the same reaction
conditions this yielded a complex mixture of products. Thesgtureswere examined but
none ofthem affordedthe expected azocat®ecarboxamide. The reaction intermediate to
form the ninemembered is considered to be even more disfavoured from both enthalpic and
entropic standpointé®® It was investigated thatransannular riteractions contradict the
energy evolved during formation of new bondsind 8membered rings are entropically
disfavoured as the cyclic compounds have fewer degrees of conformational freedom when

compared to the acyclic precursors (Figlg

+/Bn O o Bn\N
N /N \ -0
R-NH// o} Bn~ Me o)
_ —X>
o HN R,NH)( H

R
transannular strain

Figure 15 The postulated reasons to interpret the failed synthesis of azdcanboxamide.
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Pyrrolidine cyclic amide compound®28233 (except 230 and 231) were successfully
synthesised in yields of 3& % using keto ads containing double bond£-(thiophen2-yl)
ethanamin®24, 2-phenylethanamin225andcyclohexylisocyanidd13

The reactions using2-isocyane2,44-trimethylpentane223 afforded cyclic amides in
moderate yields 460 % in all cases and the reactions using benzyl isocy&fidaed keto
acids containing double bonds gave moderate yield$66246). The yields of the reaction
seem to be related to the stability of the isoayarstarting material. Therefore, the most
stable isocyanides such @glohexyl isocyanidd 13 produce moderate yields

Synthesis of cyclic amide®42 243 244 and 245 were repeatedlgttemptedrom 4-oxo-4-
(thiophen2-yl)butanoic acid 173 4-benzoylbutyricacid 175 2-((tert-butoxycarbonyl)
amino)}5-oxonon8-enoic acid 188 and 2-(1-oxo-1,23,4tetrahydronaphthale®-yl)acetic
acid 205 as shown in Schent®?, unfortunately the trials failed. It may be interpreted that
oxo-4-(thiophen2-yl) butanoic acid173 does notdissolved in solvents such as methanol.
While a complex mixture was Yyieldedinder the reaction conditions whamse 4-
benzoylbutyricacid 175, 2-((tert-butoxycarbonyl) amine}-oxonon8-enoic acid188 and 2-
(1-ox0-1,2,34-tetrahydronaphthale®-yl) acetic acid 205 as starting material These
reactions were carefully monitored but nage/ethe cyclic amidepossiblydue to a steric
hindrancefrom phenyl group of keto aciti75, Boc group of keto aciti88and bulk cyclic of

keto acid205which prevents the cyclisation the proposetlgi reaction.
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Scheme 52The failed trails for cyclic amidgdrom keto acids.

N
n

These observations have led to a plausiéehanism whiclnvolves the condensation of an
amine with the carbonyl yields an imine which is then protonated by the carboxylic acid. An
addition of isocyanide follows a cyclisation of the carboxylate moiety to provide a cyclic
intermediatd . An attack of methanol fars an amino ester which then undergoes cyclisation
to afford the product (Scheme53).l*%3 The number of carbon atoms between the carbonyl

group and carboxylic group in keto acids dictates the size of ring which can be formed.
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Scheme 53The potential mechanism for Ugi products.
2.5. Bi-and tri-cyclic amides(Lactams)

Nonracemic (bi and tricyclic lactams) pyrrolidinones and substituted pyrrolidines are of
great relevance in drug developmértiey are the core to antibiotic compounds, for example,
bicyclomycin 246 which is extensively utilized fotreatment of diarrhoda™® 75-Fused
memberedamides247 are present in a number of compounds with important biological
applications for example some sevaembered lactams have been investigated as potential
peptide turn mimeticd®® Tricyclic compound248was employed as aritiffammatory %7

and tricyclic compoun@49which has been recently evaluated as HlIveverse transciptase
inhibitor [*°3 Interestingly tetralone templat@50is found to be valuable drugs for serotonine
receptor ligand&? (Figure16). Bicyclomycin246 has been synthesiséom isoleucine and
leucine in multistep reactions andiosynthetically isolated from Streptomyces
aizumensel!? Racemic produc47 was synthesised from the trialkylaluminum under
Beckman rearrangement of cyclohexanone oxime sulfonates and the alkylation reaction of
dipole stabilized carbaniongricyclic compound248was synthesisea imoderate yield from

N-( abromoalkyl) phthalimide treated with lithium phenylacetylide. Tricyclic compa24@i

was prepared wita high enantioselectivity of 2-addition of thiol to ketimine. The ketimine
has been derived from!8/droxy-3-arylisoindolinones catalyzed by a chiral phosphoric acid
to furnish tricyclic compound249 (Isoindolinonebased N, Setals)™*¥ While tricyclic
compound 250 has been synthesised under rgiwselective controllusing a multistep

synthesis.
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Figure 16: Bi- and tricyclic substructure amides have been used to clinical evaluation.

251.Synt he sainsd -otfrcilbii c(L @aent )a ms

Meyer sd6 | act ami z a-binudeophilersactian(BieiBidlu reactions)ahaths | e
used as access to design complex bicyaritdeswith quaternary centrés*? These lactams

are considered amportantkey for the synthesis of natural products, particulaikaloids

such asAmaryllidaceae251*"3 and Erythrina252!**4 (Figure17).

I/O
0
OSEM
N
"
251 252

Figure 17: Showsalkaloid production frombicyclic amides.

Meyersd met hodol ogy has prquateznary cemtresbbieyclic s e f u |
lactams with the stereoselective constructionsThe Mey er s 6 reaction Cc
cyclodehydration of chiral or nechiral amino alcohols and keto acids by refiuiin

toluenefor 48 h withazeotropicremoval of water (Dean Stark). Apart from the conditions of

these reactions that are often incompatible with high functionalization of constructions, the
serious limitations of this methodology include a mixture of two or more stereoisomers being
formed, long time and moderate yields etc. These limitations should be taken into account
when searching for other and more desirable reactions. Asefficient route to
stereochemical control in Meyersé6 approach;
actvation of the keto acids by means of pyridiniymtoluenesulfonate PTS) as a catalyst

yielding higher diastereoselectivity of bicyclic in good yield after 20 h (Scleine
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H,N  OH
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R 'O 254,R=Bn
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Scheme 55The plausible mechanism of catalytic methodolB&y S.
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The proposednechanismSchemes5) shows comparison between the previous cyclization

(Meyer) conditions routéd and routeB. The routeB has demonstrated to ledficient and

superior for yielding the desired bicyclic amides with excellent stereoselectivity. This is due

to the ketoacids which reacted with Fin toluene at reflux to afford the corresponding

activated estet.

In this cae, no trace of the expected intermedaketoamidealcohola in

the crude reaction mixture, but the bicyclic ami@&8-269 were further chromatographed

and found as a single diastereoisomer in high yield. The activated ceséacts with

aminoalcohlad 255 and 256 to afford the oxazolidine intermediatkfaster rather than the

expectedb-ketoamidealcohola. Two types of aminoalcohol@romatic and aliphatioyere

subjected to lactamization in toluene under optimized conditions. It was found that the use of

PPTSr eagent

yields and highly stereoselective manner to axially chiraabdtri-cyclic amides (Tabl@.2

andtable2.3).

Table 2.2: Formation of variou®i- and tricyclic amides from aromatic amino alcol&a5.
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comparabl e
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Table 2.3: Formation of varioudi- and tricyclic amides from aromatic amino alcol&36.
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Table 2.2 and table2.3 show that amino alcohd55 and 256 were reacted with different
ketoacids in the presence of one equivatéiRPTS in toluen@nderreflux for 20h yielding
corresponding bicyclic amides. The bicyclic amides derived from amino alca&bland
256 were obtained with good yields (@2%) as mixtures of diastereocisomeralfle2.2, and
table2.3 (except entrie? and5)). The diastereoisomeric excdse) is around (768%) and

depends on functional groul. It was revealed that no equilibration occurs between
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diastereoisomers which were isolated by chromatographic purificatitarestingly,NMR
and HPLC studies confirmed that only atiastereoisomeexcess (e superior to 100%) of
bicyclic amides Table 2.3, entries2 and5) were obtained. The bicyclic amideBable 2.2,
entry4 and table2.3, entry4) were collected in medium yields due to low solubility of keto
acid 173in toluene. It was notetthat 57-bicyclic amides Table 2.2, entry3) which derived
from amino alcohoR55the protons of benzylic group in the major amide diastereotrs
appeared downfield (7.30 (0.04 ppm) from that for the minor la@&anQq 7019 (0.02 ppm).
This distinctivebehavioumwas also observed with regard to tricyclic amiflesble?2. 2, entry

6 andtable2. 3, entry6) which were derived from amino alcolzb5, 256 and keto acid.70
(synalkyl, 5.38 ppm,anti-alkyl, 4.96 ppm). It was stereochemically confirmed to be 4:1
favouring thesynalkyl.™¥ Therefore, themajority of constructions 0263 and 269 must

have the §-configuration.

Table 2.4: Formation of variousi- and tricyclic amides from aliphatic amino alcoheib?.

NH
257
S n PPTS bo
20 h, PhMe

reflux
Entry Ketoacids Amino alcohol Bicyclic lactams | Yield (%) | eg%)
(o)
i OH Ho > NHz m
1 )VT - ([ » 65 0
S 270
o
OH A~~~ NH; Q
2 | W Ty e (s 60 0
257
1% 271
[0}
o A~~~ NH; N @
3 &y | e 9 40 0
\ ! o 257
173 272
A~~~ NH; N
4 @MOH HO Lo 45 0
J ! 257
175 273
o o)
HO™ " NH, N
5 OH Lo 70 0
257
(o]
170 274

ee (%) were confirmed byHPLC
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On the other handhe bicyclic amide270274 (Table2. 4, entriesl-5) were expected to be
enantiomers by catalytic methodology. The enantiomers could not be produced presumably
due to intermolecular reactions and the major products were racengiareRi8, A).
Therefore, the lowest conversions were noted famdno butanoR57 due to the construction

of an amide as a side product as shown in (Figar8).

c
o
QX . XWJ\N/\/\/OH
bo o
(0]
A B

Figure 18 The expectedioncyclic amide byproduct anicyclic lactams.

The poorer yield and racemic products were observeblidgclic amides(Table2. 4, entries
1-5) due to7-membered rings are entropically disfavoured as the bicyclic compétiids
which have fewer degrees of conformational freedeading to the presence of nroyclic
amide byproduct. Xay analysis of bicyclic lactan&62, 273 and274 confirmed the correct

structures aslustrated inFigure 19.

Figure 19 X-ray of crystal structure of band tricyclic amides.
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Chapter 3. Synthesisof Ugi-t et r az ol ¢
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3.1. Flow chemistry

Flow chemistry has become an attractive methodology in organic synthesis wittrease
publications in the pastvo decads since 19989 It was reported that about 50% organic
reactions could be conducted using continuous ftbemistry Reactions can be performed
using a network of interconnecting channels where solutions of starting materials and the
reagents can meet and react to form produCtmtinuous flow reactions have several
advantages includingfficient mixing, precise control of physiochemical parameters such as
residence time, temperature, pressure and heat transfer etc. Thigrefaceumulation of un
reacted reagents, reactive intermediates or side products which can occur in batch reactions
can be minimisedSelectivity and yield of reactions can also be imprdvEd.

The scales of flow chemistry are classified by the diameter of the reaction channels;
microfluidic (10pum to 500um) or mesofluidic (50um to 5 mm).The range in diameter of a
microfluidic system issufficient to allow compounds synthesised at a rate of over 10
milligram/hour while a mesofluidic system is suitable for 100 gram/hour scale synthesis.
Although a mesofluidic system has lesficient mixing and less efficient heat transfer, this
machine an offer improement of flow capacity and fewer tendenctesblockagesA
microfluidic system contains smaller size, it offers higher suffas®lume ratios and more
efficient mixing havehigherreaction yield and product purity. However this systenfiessif

from low flow capacity and a higher prone to blockadgeks.

For my thesis, a mesofluidic system was used for improving yields of sorettégiole

derivatives, therefore my work will focus on this type of system.

3.1.1. Advantages of flow chemistry

Flow chemistryhas several important advantages: the flow reactor contaiimgytwith a
range of diameters between 50t and 5 mm, therefore the mixing of startimgterials
becomes very fasf predictable mixing would belescribed as combination two or more
reagentsto result one uniform materiallhe mixing in a closed channel occuns two
mechanisms: laminar and turbulent fldvaminar flowrepresentshat fluids flow in parallel
manner with no disruption between the layers therefore the mixing abecarghdiffusion.
Turbulent flowrepresentshe fluids flow in a chaotic manner, causing vortexes of swirling

fluids with large surface area where mixing ocdatirsughdiffusion (Figue 20).
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Figure 20: Laminar and turbulent manners for fluids fI6&?

The fow machine has a thermal control system when the contents of the reaeti@ated
via conduction or convection. Verbooet al reported the yield of esterification reaction of
9-pyrenebutyric acid275 with ethanol to afford pyrenebutyric acid ethyl exs76 1%

(Schemes6).
OH OEt
|‘ EtOH, H* |‘
275

276
83%

Scheme 56Esterification reaction of-Byrenebutyric aci®75catalysedy acid!*?

A residence time for producing 83% of es?&6 was 40 minutes under flow machine at 50

°C, while only 15% of the same ester was produced under batch reaction at the same time.

The ratio of flow ra¢ to capacity of the channels tubes represents the residence time of the

solution passing in a flow reactor according to the following equation:

TmY "wePm + FlFr Oy w7 T

Increasing the flow rate and the length of the channels tubes affords the scalability of flow
rate yields. Therefore, a 10 mL reactor and a 20 mL reactor operating at a flow rate of 1

mL/min and 2 mL/min respectively will give the same residence timesdhege residence
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time can be achieved by varying accordingly tifflee flow reactor used in this project is a

Vapourtec Eseries flow reactor as shownhkigure21.

Figure 21 Vapourtec Eseries flow system is equipped with three pumps.

The tube reactor is made from fluoropolymer PTFE for a typical 1@eattor Therefore the

flow reactors has a tremendous surfaceato-volume ratio in PTFE tubing which enables a
rapid heat transfer and precise control of reaction temperature computirecbnventional

batch reactor$?” These tubes are coded by blue and red, which are also chemically inert
under most synthetic conditions. It is particularly suitable for the reaction that is rapid and
highly exo or endothermic because of effective mixing and heat exchEf@&urthermore,

the flow rate of reaction can be adjusted to accurately control the residenceTtiene.
optimized conditions for a given reaction can be rapidly determined by changing parameters
such as flow rate, temperature aedctor size, followed by monitoring the reaction outcome

by TLC, NMR and Masspectrometry*>3

3.1.2. Multicomponent reactions in flow chemistry

Flow chemistry has been used ttwe Chen group as efficient methodology for the synthesis
of compounds using isocyanielased multicomponent reactiBA? A cyclic amide278 was
synthesised by previous member of the group in yield 48% using batch method. The yield

of this product was increased to 90% using flow chemistry (Scb&me
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59 Temperature 130 °C 90%

Scheme 57Synthesis of cyclic amid278by flow chemistry.

The Vapourtec Fseries machine wasonfiguredwith a 10 mL reactor and a 100 psi back
pressure regulator. A pump was charged with 1.3 M-dxopentanoic acid and 1.3 M
pentylamine277 in methanol. A pum@B was charged with 1.1 M benzyl isocyd@ 59 in
methanol and the reaction was then performed at different reactor temperatures with different
flow rates. The solutions of reagents combined atpgete, passed through the 10 mL flow
reactor and heated to 130 with flow rate of 0.67 mL/min (sesidence time 15 minutes) led

to a 90% vyield of produ@78

32Tetrazoles derivatives

The tetrazoles are important synthetic substructure for a wide range in a medicinal and
organic chemistry. Some medicinally active compounds contain tetrazole substructure have
been synthesized in multicomponent reactions. Tetré&2@avas reportedas anantagonist
(GPCR) of melanin concentrating hormahéMCH1) which is an important drug target for
obesity diseasd¥? b-Carbolinetetrazole280 has been tested as an active-fishmanial
compound??® Tetrazolyl oxime281has been screened as effective activity as antifdtdal.
Compound282has been prepared by Ugi reaction as a selective and potent agonist for a new
remedy of endometriosis and recently has been used as a reagent fort#B6n in anin

vivo phamacological test§?? Protease inhibitor83 284 and 285 have been synthesised

basedvia Ugi reaction comprise hydroxymethigdtrazoles cof&? (Figure22).
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321.Synt lbdsitetrazol es derivatives

Two approachebave commonly been used in the synthesis tetrazoles. Firstly, an addition of
an azide source to a nitrile and secondly an azide source is added to amiamhieeeaction

with its imidoyl derivativé'*® However, these approaches have several limitations including
multistep synthesis of starting materials and large amount of chemical waste. In this aspect,
the use of trimethylsyl azide(TMSNs) in the Ugi multicomponent reaction is a valuable
because it is an efficient method to overcome these limitations.

Continuous flow chemistry has found applications in organic synthesis with distinctive
benefits of being an efficient, green, selective angrovedproductivityin comparison with
traditional batch approach&8? It has been successfully utilized to synthesise a widgera

of heterocyclic compound$? However, this methodology has never been reported for the
synthesis ofl 5-disubstituted tetrazoleompounds. In this project, we firstly want to address
the issue of the synthesis of kigirazoles in batcirhe mehodology of the synthesis of5t,

disubstitutedetrazoles moiety using on tlugi-azidemulticomponent reaction is outlined in
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Schemeb58. This reaction includes four components, namely keto acids as bifunctional
reagents, primary amines, isocyanides andethylsiliyl azide Then, measures for
improving productivity of the Ugttetrazolegeactions will be explored and optimized using
continuous flow chemistryThis study also rexaed that the scope of Utgtrazoles products

can be expanded to five, six and seven membengd, furnishingunprecedented, U and

Ulactamtetrazoles Chapter6).

Y-NH, TMSN; OH B
o 288 HN
Z o n N
X .
WOH X 7N
MeOH 24 h, r.t \
o z°N
178 n=1,x= & 4,
2 289 n=1,X=/\H;’Y1’Z1
179n=1,X= © 3 Y1, Z1
290 n=1,X=* \J3°'"
5n=1, X=CH,

291 n=1, X=CH, , Y1, Z1
292 n=2, X=CH3;, Y1, Z1
293 n=3, X=CHj- Y1, Z1
~N NH2 Y2, 22
N—”/ N\ 294n=1,X=/\H;’ ,
yi=H,N—" . Y2= NH 205 n=1, Xx= = {3 * Y2 22
286 287 296 n=1, X=CH, , Y2, 22
297 n=2, X=CH, , Y2, Z2

21= ; Z2= 298 n=3, X=CH; , Y2, Z2
113 223

168 n= 2, X=CH,
32 n= 3, X=CH,

Scheme 58Synthetic approach dfgi-tetrazole derivatives.

3.2.1.1. Batch approach

The tetrazoles derivatives are synthesised from the combination of the keto acids component
amines, isocyanides and trimethylsilgkide in Ugi reaction to afford th&gi-tetrazole
products.Interestingly, our efforts were firstly focused on the synthesldgpftetrazole289

as a model reaction. The reactants were stirred in methanol for 24 h at room tempbgature,
increasing the reaction temperature over room temperature for long time is not preferable due
to the decomposition of isocyanide componenhigh temperature. Ugtetrazole289 was

successfully isolated in 36% yield after purification by column chtography Schemeb9).
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Scheme 59Synthesis ofJgi-tetrazole289in a bath reaction.

The mechanism of reaction is outlinedsichemes0. Imine B was affordedsia condensation
of a keteacid and a primary amine. The intermediate nitrilium@uwas formed by addition
isocyanides to the protonation of imine. The ultimate intramolecular Ugi reagteopath1
can afford cyclic amidél after Mumm rearrangement. ltas proposed that small and highly
nucleophilic azide ion can interce@t (path2) which prefers to intramolecular ring closure

with the free carboxylic acid to furnigh
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Scheme 60A postulated mechanism of Utgtrazolecondensation.
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The competition occurs between pathnd path2 in onepot reaction in batch as illustrated

in Scheme60 can potentially produce a mixture of products. Subsequently, the yield of
desired product was poor. Therefore, due to this low weédturned our attention to finding

an efficient and method that can be utilizedmprove productivity of Ugtetrazoles.

3.2.1.2. Optimisation of conditions using flow reactor

In model reactionUgi-tetrazole289 was synthesised in a batch reaction of 24 hours #om
0xooct7-enoic acidl78 amine286, cyclohexylisocyanidd13andTMSN; 288 The product

was isolated and purified as yellow wil36% yield (Schemé&9). Known concentrations of

289 were analysed by HE (Wat er s Xbr i dvgdumma (4.€m8 x Z0 ram);

51 95% MeCN/ aqueous TFA (0.1%) over 20 mins, hold 10 mins; UV detection at 215 nm)

anda calibration curve was constructed (FigRge

14000 -
i y = 2510.5x
= 12000 R2 = 0.9995
= 10000 -
E
@ 8000 -
o
T 6000 -
X
5 4000 -
Qo
2000 -
O T T T T T 1
0 1 2 3 4 5 6
Concentration (mM)

Figure 23 The curve of calibrationcOncentration vs area) f@89analysed by HPLC.

Ugi-tetrazole289 wasthenrepeaedy synthesised using a continuous flow reactor. The flow
reactor wasonfiguredaccording toFigure 24. A backpressure regulator was fitted to allow
that the reaction temperature exceed to the boiling point of solvents usedaanidwved A
pumpA was charged with 1M-oxooct7-enoic acidl78 1M 1-(3-aminopropyl) imidazole
286and1M cyclohexylisocyarde 113in methanol, and input to puntpwas charged with 1

M TMSN3; 288in methanol. The reaction was then optimised by ranging temperatures and
flow rates (Table3.1). The mixture of reaction was then collected and purified by column
chromatography. The isolated yieldé&ordedn Table3.1.
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Figure 24: Diagram showsontinuous flow equipment for synthesisldgi-tetrazole289.

Table 3.1. The optimized parameters of the synthesidgiftetrazole289.

(o]
W
(0]

113

9

HN A~ N
286

TMSN; |

288

OH

Flow

)

MeOH

289

/N
Ly

Entry Residence timémin]

Reactor temperature yield [%]*

O©CoO~NOOUITA,WNEF

10

40
50
60
70
80
90
90
90
90
100

15
22
32
38
41
62

48
27

& Calculated by columnhromatography

The table3.1 showsthatan increase in temperature increases the conversi2@faintil 100

°C. The methanol (b.p 64 °C) solvent boils at temperature aboveClOGAder the reaction
conditions causing irregular flow rates due to the formation of solvent bubbles. A back
pressure regulator of 300 psi was therefore applied to allow overheating methanol without

boiling up to 100 °C. However, the reactor started to @meo when it was heated above 100
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°C. Therefore, temperatures above 2GMot applied. Increasing the residence time a2®0

led to a conversion of 62 % at 20 minutes residence time (Tableentry 8). Further
increases in residence time (Taldd, entry 9) with maintaining temperature at T
afforded lower conversion of (48%).

The synthesis of Ugietrazole289 can be performed under flow chemistry varies 15% to
62% yield was obtained. It can be seen that both temperature and the residentfedirtteea
reaction yield. The effect of temperature upon reaction yield can be illustrakéglie 25.

When the reaction temperatusasincreasedat 10 °C interval betweetD-100 °C the yield
increased fron22 up to 62%within 20 minutes(residencdime). At a reaction temperature of

90 °C, the reaction produced highest yield. When reaction temperature was increased to 100
°C, the yield dropped. Obviously, It was noted that the effect of reaction temperature is less
evident from 60 °C to 70 °C thamat of 70 °C to 90 °C. This is probably due to the fact that
isocyanides were decomposed after 90 °C or the flow system became unstable which could

affect the reaction.

70 + Temperaturg Yield%

60 - 40 22

50 - 50 36

0 | &
o
S 30 80 56
S 20 - 90 62
e 10 | 100 29

0 - - !

0 50 100 150
Temperature, °C

Figure 25 The outcome for model reactioddi-tetrazole289 under flow condions by
varying temperaturaésidence time was mantain2d minutey.
The residence time of modedactionwas further optimised bgarryingreaction at 90°C. As
it can be seen frorigure 26, the reaction was generally completed within 20 minutes at
90°C. Increasing the residence time longer than 20 minutes causes a decrease in reaction

yield.
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Figure 26. The outcome for model reactioddi-tetrazole289 under flowcondtions by

The optimized conditiongesidence tim&0 minutes andemperature at 90 °@)ere used to
synthesise ofJgi-tetrazoles compoun@®89-298 by continuous flow. The products and yields

from batch and floweactionsare illustrated inrable3.2.

Table 32: Comparison between batch reaction and flow chemistry to improve productivity

of Ugi-tetrazoles.

varying residence timagmperature was mantained at 90 °C).

Y-NH, TMSN, o Y
o 288 HO NH
X n N
A, 'y
o " MeOH 24 h, r.t N
Product n X Y z Flow[%]?* | Batch[%]
289 2 A | O O 62 36
290 2 o~ | NOISA (Ot 58 30
291 2 CHs NONSA O 77 42
292 3 CHs | O OOt 66 36
293 4 CHs NISAN O 45 20
294 2 A~ @@C e X 67 25
N
295 2 | e @\/\C e Ix 53 22
N
H
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296 2 CHs @\/\C P 70 39
N

297 3 CHs @\/\C e Ix 60 44
N

298 4 CH; @E\@j PP 42 28
N
H

&P calculated by column, Residence time 20 min, Temperature reaction 90 °C

The table3.2 shows a library ofUgi-tetrazoles which were synthesised from different
ketoacids primary amines, isocyanides and TMs$S&ing batch and flow reactor. The Ugi
tetrazoles 289293 from ketoacids, cyclohexylisocyanidel3 and imidazole amin86
were obtained inhigh yield than Ugitetrazoles 294298 which derived from same
ketoacids, 2-isocyane2,44-trimethylpentane 223 and indole amine 287 in both
methodologies. Moreover, it was noted that the yields oftelgazoles 289-298) affectedby

the nature oK, Y and Z.In addition to much shortened reaction tirg@ Minutes using flow,
24 h in batch)jt can be seen from tabR2 that the reactiorronversion using continuous
flow method is much higher than the batch reaction.
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Chapter 4. Synthesis of pyrazod-
oxopyrrolidine derivatives using microwave

techniques
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4.1. Microwave technique

Microwave (MW) irradiation is giving an increasing popularity in organic synthesis.
Microwave irradiation utilisegadiation betweerinfrared and radio waves to activate a
reaction and its working wavelengths is in a rangelofim1lm which corresponds to
frequencies range between 0.3 and 300 &#z.Although MW irradiation has been firstly
used in thanid-1980s, a wider applicaticend reliable MW devices in organic synthesis only
started from 20083* The annual number of publications documenting the M@#iniquein

heterocyclic increases sharply since 2003 as shown in R2gure

400

8

Number of Publications
g g

0 —

1986 2006 2015

Year of publication

Figure 27 Number of publications of MVifradiationin the synthesis of heterocycléd?
4.2. Principles of microwave technique

Generally, the irradiation of microwav&{V) operates by two main principles: the dipolar
polarisation and conduction. A dipole moment is generdtgdcheat under MW after
polarisation to provide irradiation. The dipole moment is sensitive toward external electric

fields and to provide itds al8n under rotat

3l

Figure 28 Alignment of dipolar moment in MW irradiatidft®

The reaction is mostly run in solvent or solvent free array, the alignment of dipolar

substances is usually prohibited by the presence of other substances. The dipolar components
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are ableto align themselves in solvent based on frieguencyof irradiationand viscosity of
solvents. On the one hand, if tirequencyof irradiation is lower; the substances can rotate
and acquire some energy from rotation. However, the overall effective heat is too small. If the
frequencyof irradiation is higher; the compomes will not have time to response to the
oscillating field. Therefore, the dipolar substances can align invifé irradiation field,

which generate different phase between orientatiothefMW irradiation field and the

dipole. Hence, heating is produdegithe collision and fraction of the dipoleompound$**3
4.3. Advantages of microwave irradiation

MW irradiationnot only permis a good transmission of the energy to the @asbut also
gives a homogeneous heating to reaction mixtures. In additihenMW irradiation generates

an electric field which causes rotations and oscillations of dioidrionic molecules to
result h additional local heating®? Some reactions can be run in solvéee conditionsfor
example heterogeneous reactions are environmentally ffyiand give improved selectively,
shortened reaction times, raised reactraes, cleaner products and reducsile
products™®@13% MW irradiation in the synthesis of diverse heterocyclic compounds has

been extensively reportedtime last years as outlinedkigure 27.
4.4, Application of microwave technique in multicomponent reactions

MW irradiation has been extensively implicated in the scope of combinatorial chemistry and
multicomponent reactiort§!? The importance of using MW irradiation in multicomponent
reactions including that the reactions can be carried out under solvent free conditions which
reduce environmental impact angsult ingreener chemistry. The absorption of energy by
solvents is avded under solvent free conditions which leads to an effective collision
between starting materials, therefore increases the product yields. Several multicomponent
reactions were reported using solvent free MW irradiation.
Shujiang Tuet al introduced a avel threecomponent reaction in the synthesisimmdenc
pyridine derivative 301 using microwave irradiation (MW).}*J  Although some
methodologies have been used for the synthesis of inolgidine derivative301 including
oxidative thermal rearrangement and extrusion of organophosphorus compound, these
methods are not preferable due to harsh reaction conditions and toxic cMalyswave
irradiation(MW) was used as an efficient procedure for the synthesisdehopyridine 301
from mercaptoacetic acithg, arylidenemalononitril99 and 13-indanedione800 (Scheme
61).
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Schemes1: The microwave multicomponesynthesis oindenepyridine derivative301

4.5. Pyrazolederivatives

The pyrazole moiety hashownantitumor,**? anti-fungal**? and antimicrobiatdrugs!**4
Pyrazolepyridine derivatives have demonstrated to be interesting compounds of heterocycles
due to various biological properties involving iattbercular, antibacterial and antioxidant
activities!**3 A series of pyrazolpyridine derivatives302as kinase (CDK) inhibitors were
synthesized and showed bepotent and selective for CDK inhibitory activities as well as
anti-proliferative inhibitorsin vitro of humantumour cells (cellular proliferation)The key
component for the synthesi802 utilized benzimidazole ring which was subsequently
undergone shkstep including cyclization and arylation reactimi Suzuki coupling.
Pyrazoleindole 303 substrcture has been synthesised fromnacleophilic fluorination
reaction using DAST as fluorinating reagent. Microbiological screenin§@icompounds
was screened to evaluate antifungal activity and showed better activity against A nigGer and
albicans (Greseofulvin as reference). The commae 303 requiral eightstefs to synthesise
starting from spiro[[1,3]dioxolan®,3tindolin]-2-one!*** Pyridazire-pyrazole derivatives
304 and 305 were formedin multistep using a pyridazire-hydrazine component. These
derivatives were screenaticoncentrationf 0.1 g/mL using DMSO (Solvenand showed as
potent antimicrobial activity (Figur29).l*+3
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302 303 304 305

Figure 29 Somepyrazolederivatives possess medicinal properties.
El-boraiet alreported that pyrazolpyridine-carbonitrile derivative809 could besynthesised
via multicomponent reactions under MW irradiation (Schedfle This compound09 has

been shown to have astimour activity.[*4

Acetic acid
MW, 150 °C

OCH; 15 min

306 307 308

309
93%

Scheme 62The microwave multicomponent for tegnthesis 0809,
4.5.1. Synthesis of pyrazod-oxopyrrolidine derivatives
4.5.1.1. Batch method

The pyrazok-oxopyrrolidine derivativeswere synthesised from the combination efual
equivalent of the keto acids component, pyrazole amines and cyclohexylisocyanide in Ugi
reaction to afford th@yrazol derivatives productfur efforts were firstly concentrated on

the synthesis opyrazok-oxopyrrolidinederivative 313 as a model reaction. The reactants
were stirred in methanol for Z&2 h at room temperaturé¢he increasing the reaction
temperature over room temperature for long time is not preferable due to the decomposition
of isocyanide component &tigh temperature. Th@yrazok-oxopyrrolidine derivative 313

was isolated in 3% yield after purification bgolumn chromatographysthemes3).
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Scheme 63Batch method for synthesis pyrazok-oxopyrrolidinederivative313
4.5.1.2. Microwave method

With optimal conditions in handr@ble4.1) for the synthesisf pyrazoleoxopyrrolidine313
(Schemes4). MW irradiation was used in multicomponent reactions to syrgl@snumber
of pyrazoleoxopyrrolidinederivatives (Tablel.2) in reasonable to good yields in short time
and solvent free conditions. The same reaction woujdire 72 h and gave low yield using
batch method.

5

[ =0
1 | |
mmo & b7 4 A
~m3 I N
P4 ( D)) N-
310 S s N\
1 mmol 100 °C, 75 P, 15 min o
313
113 P = Power
1mmol

Scheme 64Synthesis opyrazoleoxopyrrolidine313as model reaction.

Table 4.1: Theoptimal conditions fothe synthesis of pyrazolexopyrrolidine313

Entry Method Solvent Temperature Time yield %
1 Batch Methanol rt 24 h 0
2 Batch Methanol rt 48 h 0
3 Batch Methanol rt 72 h 20
4 Batch Methanol 60°C 2h -
5 Microwave - 100, 75 P 5 min -
6 Microwave - 100,75 P 10min 34
7 Microwave - 100, 75 P 15min 72
8 Microwave - 100,75 P 20min 40
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The table 4.1 shows thatpyrazoleoxopyrrolidine313 as a model reaction was synthesised
under MW irradidion with different conditionsThe optimized conditions were investigated
for usingMW irradiation It was noted that the 100 °C, 75 P, atmiutes(Table4.1, entry

7) is the best conditions to acquhiigher yield of pyrazol@xopyrrolidine313 Therefore the
same reaction conditions were used teynthesisethe other pyrazoleoxopyrrolidine
derivatives313-321

Table 4.2: Synthesis opyrazoleoxopyrrolidinederivatives313-321

100 °C, 75 P, 15 min

113 X z. /=0
1mmole 1mmole 1mmole > ﬁ(né‘ \ WNﬁ“
310, X=CH;, Y=CH;  5,n=1,Z=CH, - N\X 4
311, X= CHs, Y=Ph 168, n=2, Z= CH;4
312, X= Ph, Y= Ph 178, n= 2, 2= Z >N
Entry n X Y z Product yield®
ONIse
1 1 CHs CHs CHs % 72%
Oy
2 1 CHs Ot CHs " §/© 65%
O 00
3 1 )+ )+ CHs é 55%
oW
4 2 CHs CHs CHs Q 67%
5 2 CHs Ot CHs Q%O/QQ 50%
OO
6 2 Ot ) CH; o 60%
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7 1 CHs CHs PN . N 65%

8 1 CH; )+ PN " é 55%
l —

9 1 )t O+ PPN \ 45%

321

2 yield of isolated product

From the tabled.2, it can be seen thatyrazoleoxopyrrolidine derivatives313-321 were
synthesised from different keto acids and different amines under MW irradiation. It was
observed that the yield of conversiaffectswith the size ring obxopyrrolidineand type of
amine. Moderated to good yield was noted for-fivember ring of pyrazotexopyrrolidine
derivatives 313315 (Table 4.2, entries1-3), while moderated yield was shown for six
memberring pyrazoleoxopyrrolidine derivatives316-318 (Table 4.2, entries4-6). The yield

of the conversion was also affected by the substitatesho pyrazole, theamino pyrazole
contains dimethyl groups give the higher yield than aheno pyrazole contains diphenyl

group due to st& hindrance of phenyl groups which decrease the yield of products.
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Chapter 5. Synthesis of isoquinoline and
isoindoline derivatives fromU- and b-

ketoacids
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5.1. Isoquinolines derivatives

Isoquinolines are privileged structures that are found in some alkaloids and unnatural
bioactive compoundsThese compounds contain isoquinoline as <av@h fascinating
biological activitied**? Some isoquinoline derivatives work as delivery systems which
transport drugs across impermealtlee blood brain barriel**® For example, 1,2-
dihydroisoquinolineN-acetic acid esteB22 is reported as new carrier for braispecific

deliveryll model drug (Figure30).1*44

N OH
be 0
H;CO
\/\© 3 > OCH;
b /N® Cl
N. H,CO ~
CH,COOCH,
324
322 Fagaronine
H,CO N o
/N® Cl
H,CO
326 327
325 Trisphaeridine Crispine
H,CO
N
H,CO ~
F
A
o
328

Figure 30: Someisoquinoline derivatives possasgmedicinal properties.

Cryptowoline 323 was screene@nd displayed avariety of biological activitiesas antr
leukaemiaand antitumouragens.**® Fagronine324 has solicited pharmaceutical interest as
an anticancer drugP388 cancer cellf> Dioxolo-isoquinoline325hasbeendemonstrated to
have good anticancer efficacies (against HeLa cell Iif#). Trisphaeridine326 is an
isoquinolinealkaloid andpossess a wide range of pharmacological potency such as antiviral,
antitumor and inhibition of DNA topoisomera$&? Crispine327 was isolated as a natural

product to exhibit antidepressant activiti€dlsoquinolinecarbamate328 was evaluated as
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bactericidal activity*>¥ Isoquinolinefused indole329 hasbeenreported as pharmacophore

for antiinflammatorycompound$*®® Alangium alkaloid (tubulosine30 was categorized

from tetrahydro isoquinoline alkaloids that are formed in nature from dopamine. Tubulosine
330has been recently isolated from dried fruits of Alangiamdrck and Pogonopggecies

and used as bioactive reagent fom variety biological activities such as HIV reverse
transcripiase inhibitionand inhibition of protein biosynthesi€Figure 30). [**7 The majority

of abovecompounds were synthesised using different metihodisur to ninesteps. Tiese
methods involve utilizing expensive reagents, catalysts and harsh reaction conditions.

There is no literature preceddar combination of isoquinolineral ketoacids in the presence

of isocyanides.
5.1.1. Synthesis of isoquinoline derivatives front;-ketoacids

There aregwo approaches that can be used to synthésiggiinoline derivativesOne is to
incorporate modification prior tasoquinoline ring formation and the other is post
transformationsof isoquinoline derivatives.In this work, it is proposed thateaction of
isoquinolines gn aromatic azine) witi}ketoacids would form aiN-acylazinium which is
susceptibleto attack by isocyanide moiety to formsoquinoline derivatives in Ugiike
fashion. Further cyclisation of these derivatives were attemptediaibad to carry out pet

ring formation modification. Probably,ué to theisoquinoline ringnitrogen acting as a
nucleophile, it can therefore be used as a replacement for amine compotdgitlike
reaction (Scheme65). Therefore, it was hoped that combination of keto acids with
isoquinolines could lead to &brary of novel compounds with interesting biologic

activities.

(0] o

X OH

1.4 mmole 1.86 mmole
169, X= Ph 331,Z=H
201, X= furan 332, Z=Ph

333, X=Ph, Z=H, R= cyclohexyl
334, X=Ph, Z= H, R= trimethylpentane
Y-NC 335, X= furan, Z= H, R= cyclohexyl
1.86 mmole 336, X= furan, Z= H, R= trimethylpentane
NC NC 337, X= Ph, Z= Ph, R= cyclohexyl
Y= O/ , )</k 338, X= Ph, Z= Ph, R= trimethylpentane
339, X= furan, Z= Ph, R= cyclohexyl
113 223 340, X= furan, Z= Ph, R= trimethylpentane

Scheme65: Synthesis ofsoquinoline derivatives.
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In the first experiment, the reaction of isoquinoline wiitketoacids and isocyanide in
CH.Cl, at room temperature afforded a mixture of the oxoaraikthe desired amide in
modest yields (Tables.1). Although quinoline possesses a convenient reactivity, the
multicomponent reaction appears to be restricted to azines which then undergo addition at the
Uposition. Thus, quinoline was unreactive under these conditions. The same conditions were
applied by using phenanthridine instead of isoquinolne afforded nicelythe desired

amide Acridine (inear analogueof phenanthridine) according the same reasbove does

not afford desired amide under the same conditions.

A mechanism for the synthesisiebquinoline derivativess proposedSchemes6). Initially,
an isoqunoline was protonated by ketoacid to generate iminum ion that is attacked by
isocyanide @ form nitrilium ion. This intermediate undergoes acyl imidoyl and a Mumm

rearrangement to afford the desirednide.

S)
(o)

Scheme 66A plausible mechanism for synthesissdquinoline derivatives.

Table 5.1: Synthesis ofsoquinoline derivatives.

Y-NC
1.86 mmole ,
o o N2
> Z N
X OH DCM, 48 h, rt X
1.4 mmole 1.86 mmole
Entry X Y Z Isoquinoline derivativey yield®
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Table 5.1 shows isoquinoline derivatives333-340 (Table 5.1, entries 1-8) that were
synthesisedrom Ugi-like reactiors using different keto acidsisoquinoline phenanthridine
and different isocyanides at room temperature for 48 h. It was noted that the yield of
conversiomaffectswith nature ofisoquinolineand keto acids. Moderate yields were observed
for isoquinolinederivatives333-336 (Table 5.1, entries1-4), while low yields wereobtained

for phenanthridine derivatived37-340 (Table 5.1, entries5-8). This could be du¢o a steric
hindrancedue to the bulkyature of phenanthridine

Different conditions have been tried for developingiszfquinolinederivatives341 using
PictetSpengleflike cyclization. The cyclization ofisoquinolinederivativeswas thought to
produce tricyclic structures342 with high diversity and interesting targetwith
pharmacological activities. The standard reaction conditions for RluetSpengler
cyclization were typically followed for screening the suitable conditions using different
percentage of TFAA or usd trimethylsilyl triflate (TMSOTTf) as Lewis acid for the reaction
(Table5.2). Unfortunately, all attempts to synthesize the desired compdaiteld (Scheme

67).

Different
conditions

341 342

Scheme 67 Some attempts faryclization reactions asoquinolinederivatives.

Table5.2: Trails for the PictetSpengletlike cyclization ofisoquinolinederivatives.

Entry Solvent | Additive | Temperature °C /Time (h)] Product | Yield%

TFA:DCM £1©

1 TFAA rt/3h -
(1:2) @
TFA:DCM ;%
2 (1:2) TFAA rt/3h Xk -
3 TFA TFAA rt/5h >°Q"<I© -
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4 TFA TFAA rt/ 18 h o~
S

5 TFA TFAA rt/24h o”N
S

6 TFA TFAA 50°C/4h >U<

7 DCM TMSOTf rt/3h >°QN<

8 DCM TMSOTf rt/10h o
S

DCM | TMSOTf rt/24h oy
9 Xk

5.2. Isoindolinone derivatives

Theisoindolinone moiety isin importantlass of building scaffold which ihe coreunit of

an increasing number ofatural products!*®® and biologically active of synthetic
compounds$™?1*¢¥ |spindolinone derivatives have been extensively wheslto their potent
therapeuticnaturé™®?. Isoindolinone derivatives possess anxiolytic activities, for instance,
zopiclone 345, %2 as musclerelaxants pazinaclone346 [*%3 and pagoclone347 [*%4 as
hypnotics and sedative®Recently, isoindolinone ¢(Bydroxypagoclone)348 has shown
inhibition activity of cytotoxic against HelLa, Hep2 and A549 cancer cell |ffidsin
addition, spiro cyclic derivativesontaining isoindolinone moiety are represented as
important privileged cores in various pharmacophore which exhibit a broad range of
therapeutic activitieS®® Compound 349 is found to exhibit as aldose inhibifd??
compound350gives biobgical activity toward human ELOVL6 and ELOVL3 inhibitdt&”
(Figure 31). It was reported according tdave literatures, the compound36-350) have
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been synthesised using different methodologies which include exploiting many reagents,

expensive catalyst and harsh reaction conditions.

(o)
Cl
Zopiclone Pazinclone Pagoclone
345 346 347

N cr
N— HN ) 73
cl
o N
N o

Human ELOV6 @
Aldose reductase inhibitor  ,man ELOV3

5-Hydroxypagoclone
348 349 350

Figure 31 Someisoindolinone derivatives dberapeutic agents.

5.2.1. Synthesis ofisoindolinonederivatives from b-ketoacids

The synthesis of a small set of novel heterocfiesed isoindolinone structure for drug
discovery was achieved by usiagonepot reaction. This set afompoundsmay lead to a
series of possible pharmacologically exciting heteroefieded isoindolinone compounds.
Multi-component reactions provide an important service in green reaction, pexdieularly

in water. Multconponent reactionareutilized to synthesie small drugiike molecules with
diverse structure and high atom econdffi¥.b-Keto acids have been efficiently used to
provide ketone enolatéa the decarbxylation process and this ketone can remith many
electrophilic partners and is widely wused in variety of decarboxylative
transformation$-*?*’? The advantageous importance of the presansformation includes:
use of quaternary ammonium salt which is found to significamttyivate the alkylation
reaction ofb-keto acids witl2-carboxybenzaldehyd#b1 under mild conditions such as using

water as nontoxic solvent andly CO, generatd as norhazardous waste.
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The model reaction was selected from subsatarboxybenzaldehyd@51 (1.0 mmol), 2-
oxo-2-phenylacetic aci® (2.5 mmol) and®-phenylethanaming25 (6 mmol) for 18 h at 90

°C. The desired product was collected in low yigithout any additives (Tablg3, entryl).

An efficient reaction was further improved by using various quaternary ammonium salts as
PTC catalyst. Experimental data were revealed that different quaternary ammonium salts
(PTC) such as hexadecyltrimethyl awmum chloride (HTAC), benzyltriethyl ammonium
chloride BTEAC) and tetrabutyl ammonium bromide (TBABpwg different degrees of
activities and afforded the desired products withi 8&B6 yields (Tableb.3, entries2-4 ).
Interestingly, it is notable that veh TBAB (20 mol%) was utilized as the phaseansfer
catalyst, the desired product can be yielded to g0&ble5.3, entry4).

Table 53: Optimized conditioafor synthesis ofsoindolinone derivativ858.

(o]
OH%OH Of@
0 3

H,0, TBAB
D ————

95°C,18 h
2.5 mmol

351 80% o
1 mmol @JNHZ Q
225 358
6 mmol
Entry Catalyst Solvent  Temperature Time yield %
1 none methanol reflux 18 h 0
2 HTAC water 95°C 18 h 55
3 BTEAC water 95°C 18 h 68
4 TBAB water 95°C 18 h 80
5 TBAB water 95°C 24 h 50
6 TBAB water reflux 18 h 72

It is thoughtthatthe mechanism of this one pot reaction includes an initial deprotonation of
2-0x0-2-phenylacetic aci® by the amindn the presence of tetrabutyl ammonium bromide
salt (TBAB) to furnish the dianion intermedidtedue to an electrostatic interaction which
forms between the lone pair of two oxygen atoms and the ammonium ¢&ticrhe
condensation betweehcalboxybenzaldehyd851 and intermediaté gives the intermediate

Il which subsequently undergoes decarboxylative addition and furtheclosigg reaction.
Finally, the extra addition of primary amine to the intermediateads to the formation of
desiredproductdll (Schemes8).
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\/\,N\/\/ ~~No~ -CO, aminolysis o
’ - NH
U _Br 00 Iy8Qy, HO - R N-Y
3
X OH o i XMO X
2
1
< m °©

Schemes8: A proposed mechanism for synthesissoindolinone derivatives.

The further extension of the present methodology was focused on various primary amines
including, tryptamine285 ammonium hydroxid852 (32 %), 4(4-methoxyphenoxy) aniline

353 2-aminopyrimidine354, 4-(1H-imidazol1-yl) aniline 355 4-aminoquinaldine356 and
2-aminobenzothiazol&57 under optimized conditions. It was observed that the different

yields of correspondingoindolinone derivativegaried with different amine@able5.4).

Table 54: Shows synthesis aoindolinone derivatives fromx+keto acids.

(o]
Y-NH, 0
OH 6 mmol
H H,0, TBAB N_Y
X OH - =
W 95°C, 18 h

° O O (0]
1 :,?,;Id 2.5 mmol X
2, X=CH3
3,X=Ph

Entry X Isoindolinone derivatives| Yield®

Y
b
1 ()t @ﬁ o > 80%

O N /~NH
2 | { )t o H* 68%

A
7
(

v
O
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3 @+ o 75%
e e
| Or| OO |
) CL<
5 | { )t L) o 65%
I~
6 (| OO 1 77%
[o] CH
o | B
7 67%
pS °
364
[o]
) (I
8 | { )t @[S\H— 0 45%
@)
365
[o]
NH
9 o 60%
366
o]
N /~NH
10 N\ o 55%
N
H

2 yield of isolated product
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From the tablé.4, it can be deduced thtte isoindolinone derivative358-367 (Table 5.4,
entries 1-10) were synthesised from keto ac®lin ranging between 45%0% yields.
Isoindolinone derivative862 and 363 (Table 5.4, entries9 and 10) were synthesised from
keto acid2 in moderate yieldslt was observed thasolatedyields were dependaran the
type of amineused.A variety of primary amines includingryl-alkylamines,ammonium
hydroxide and arylainesworkedunder optimal conditiondt was noted from table that the
substituents on the amines have slight effect on the yields of desired productsS#able
Firstly, in the presence of arglkylamines and ammonium hyikide, the reaction yield was
increased considerably, furnishing the corresponding isoindolinones 80% and 75% yields,
respectively(Table5.4, entriesl and3). In addition, various aromatic amines which have less
nucleophilic were subjected to this process. It can be seen that aromatic amirepaxéh
electrondonating substituent on such as methoxy gi@@gble5.4, entry4) the aromatic ring

proceed to afird isoindolinone861in good yield.
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Chapter 6. Posttransformation reactions of

multicomponent products
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6.1. Posttransformation reactions of multicomponent products

The multicomponent product can be furtheanipulatedo generatenolecular diversity and
privileged scaffolds. For exampléhe postiransformation of the Ugi products by Pietet
Spengler reaction (Ut§S) has been reported and become an efficient method for the access
to a family of structurally diverse hetesates! 3123 E| Kaim has reported that a Pidtet
Spengler cyclisation reaction was efficiently used to syrdbegyrazines derivativ@71
(Schemeb9) Y as atibacterial*™¥ antitumor*™¥ andchitinase inhibitors'"®

o
(0]
é /\/\NHz -
1-MeOH, 25 °C, 48h ~ N (0]
368 369 (o)
NC 2-TFA, 25°C,10 h o N

0O o} /0:©/\/
; OH ™o 371 i
1 370

Scheme 69Synthesize pyrazines derivati8é 1

Zhiganget al. have reported the possibility to merge conversion of Ugi products into novel
heterocyads using the aldol condensation (Schemg0). The multicomponent reaction
product374 was smoothlyformedin methanol using equal malef pyruvic aldehyde872,
benzyl amine205, phenylglyoxylic acid169 and rbutylisocyanide373 Thecompound374

as acyclic intermediate which besran activated mthyl and ketonic carbonyl group
therefore reactefiirther (aldol-induced cyclization) under microwave irradiation to afford the
desired Ugi/aldol produ@75!*""

(o]
Mo NH,
(o) Aldol reaction
MeOH, rt o

372 N DIPA, DMF
o) 206 . it isnli
o N MW, 160 °C
COO;\/\NC o HK/\ 20 min
374

169 373 67%

Scheme 70Synthesis ofJgi/aldol product375.

Chao Liuet al. exploited indole2-carbaldehyde76, prop2-yn-1-amine377, propiolic acid

378 and isocyanid®7 to synthesise indolaused backbon&80 via two consecutive steps.
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First step includes the preparation of Ugi prodgic® which can be then converted to final
desired produc380under KCOs-mediated cyclization (Schenid).[*™®

0O
/
(I = w =P

H MeOH N K,CO,
377
—_— N 0\ —_—
24 h N DMF, rt

HNi 3h
379

83%

376
0
NC
/j\o“ )ﬁ
378 97

Scheme 71Synthesis ofndole-fused backbond80.
6.1.1. Synthesis of pyroglutamic acidanalogues

The Ugi 4center 3component reactions including a keto acid and convertible isocyhfitde
can result in novel cyclic Ugi products. The Ugcdnter 3component reaction has two
reactive centres which are pres@m convertible isocyanidé49to allow the formation of
heterocycles compounds. The advantages of the ldgnter 3component reactions are mild
reaction conditions and the convergent nature of the readlmese conditions provide a
unified strategydwards derivatives through employing functionalized keto atidsThis
approach might be utilized to syntresivarious pyroglutamic acid derivatives through
acylindole intermediate obtained by the Ugi reactiohe pyroglutamic acid moiety is
featured in some medicinally natural products: dysibetaB@®? and lactacystirg208%
Pyroglutamic acid derivatives can be functionalized depend on the diastereoselectivity of
keto acids. The Ugi-é¢enter 3component from keto acid would be an efficient approach to
afford pyroglutamic aciénalogues

1-Isocyane2-(2,2-dimethoxyethyl)benzen@49'? can participate in the Ugi reaction with
keto acidsl78 and179to afford anilides381 and382that can be successfully converted to
the correspondingi-acylindoles383 and 384 which can then be converted 385 and 386
(Scheme72). The synthetic approach of pyroglutamic aammhlogues385 and 386 can be
summarised briefly as follows, the first step starts from reaction betwiesto acidsl78and
179 2-phenylethanamin25 and isocyanidd49in TFE for 48 h at r.t to produce an initial
anilides (Ugi products)381 and 382 which are easily converted to pyroglutamic acid
derivatives 385 and386 by hydrolysis using GE€0Ozin DMF/H,0 to giveN-acylindoles383
and 384 (Table 6.1).183 |t was shown that acidic catalgds the best conditions to convert

anilides381 and 382 to N-acylindole 383 and 384. The C-terminal amides of pyroglutamic
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acid amides have been possibly hydrolysed to afford the corresponding carboxylt¢®acids.
Therefore, the development of a convertible isonitrile is necessary to facilitate a selective

cleavage of the resulte@-terminal amide bond tgield pyroglutamic acidsanalogues

o
N
! OH
o)
178, n=2
179, n=3 o
o]
o
NH, TFE csa [N o Cs2C04 N
— ) o &N n
N — /
48 h, rt H 80 °C DMF/H,0
225 = rt
383, =2 385, n=2
» N= 286,n=3
384, n=3 :
381, n=2
382,n=3
149

Scheme72: Synthesis opyroglutamic acicanalogue885and386.

The mechanism of reaction was proposed fatylindoles383and384 can be produced in
excellent yield despite the sterically hindered position of the aniB8&sand 382 The N-
acylindoles 383 and 384 were treated with Cg£L£O; in DMF/H,O (1:1) to yield the
pyroglutamic acicanalogue8$85and386 (Schemer3).[*83

0 0 (O
+ @
D / -MeOH  —C I
@ H <N (o) \\_/ <N (0]
) = =
|
H
381, n=2
382, n=3 “
(o)
H o
MeOH = o HJr /
Base X -Me H SN +

~H
® "7
Vi
385, n=2 383, n=2
386, n=3 384, n=3

Scheme73: Proposed mechanism of conversion Ugi producté-aaylindole derivatives.
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Table 6.1. Synthesis opyroglutamic acicanalogues

X
NOH Vo« 0
o oM H N &o
Y-NH, N, ~ NS0 x N
x Y
Y

(o}

5 (Pyroglutamic Q{’ﬂ VJQ%O 850
‘ ()

acid analogug

6 (Pyroglutamic

Entry X Y z Product Yield®
1 (Ugi product) | A~ @j %0” o 7 J 75%
o— Z
381 LJ
2 (Ugi product) | A~~~ @j Qﬁ” 4 7 A 60%
o— = ‘/\‘
382 \/‘
[o]
B
N0
3 (N-Acylindole) NN @j Qﬁ” i N 82%
383 \/‘
o
B
o
4 (N-Acylindole) | >~~~ @j %0” N\ 70%

acid analogug

Mo
o 80%
N

a yield of isolated product

Table6.1 shows thatJgi products381and382(Table6.1, entriesl-2) were synthesised from
different ketoacids in moderate to gogtelds The yieldof the conversion of anilide381
and382to N-acylindole383 and384 (Table6.1, entries3-4) wasalso affected by ketoacids,

©
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giving 82% and 70%respectively. Good yields were observed fgyroglutamic acid
analogue885and386 (Table6.1, entries4-6).

6.1.2. Synthesis of lactamtetrazoles derivatives

The functionalization of the synthesised Wefirazoles 289298 Chapter 3) in a onepot
procedure can lead te, i- and Qlactamtetrazole productsThe model reaction was selected
from compound289 which was treateavith the coupling reageri,1-carbonyldiimidazole
(CDI). The desiredactamtetrazole producB887 was collected in good yieldfter 24 h at
room temperaturéSchemer4).

N
73 G
N

o N CDI, THF
o N
=N 25°C, 24 h N
NN ,
o™

Scheme 74The model reactiofor synthesis of lactastetrazole product387.

Therefore, the coupling reagehfl-carbonyldiimidazole (CDIwas used taactivate Ugi-
tetrazolesto afford lactamtetrazoles(Table 6.2). Different keto acids as bifunctional
reagents, primary aminegsocyanides and TMS\were applied with the easy expansion

methodology to afford5 6-, and Zmembered rings.

Table 6.2. Synthesis of-, i andUlactam tetrazoles.

o
o Y
Y -
"o HN CDI, THF N
n N ° /N\
X Py 25°C,24h 4 X N
N-./ ’N\N,
z N z
Entry | n X Y z Ugi-tetrazoles Lactam tetrazoles yield®
s /N
& (N)

OH u [ o~

s L KU e S I L
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/ ' '///\‘2\\\
10 | 3| CHs (j\g SR k} C/; | 23%

2 yield of isolated product

The table6.2 shows thefunctionalization of Ugitetrazoles to furnist-, 4 and Olactam
tetrazoles. Lactamtetrazoleswhere synthesised from different keto acids, amines and
isocyanides usingl,1-carbonyldiimidazole (CDI)) as efficiematalyst It was observed that
the yield offunctionalization depends on the risgeof cyclic amides(Lactam). Thedctam
tetrazole389 (Table 6.2, entries3) was obtained in 80%actamtetrazole391 (Table 6.2,
entries5) under the same conditions was obtained in 20%. Also, it was assumtktiieid

of functionalizationdepends on theature ofthe amine. The majority ofactamtetrazoles
(387-39]) (Table 6.2, entriesl-5) were synthesised from amino pyrazoletained in higher
yields tharlactamtetrazoles 392-396) (Table6.2, entries6-10) which were synthesisddom

aminoindole.
6.1.3. Dionesderivatives

Dione substructure is found in some synthetic compounds and natural products which exhibit
a wide range of biological activities. Compoud@7 [**¥ which has been synthesil using

five steps starting from -proline. It provides broadpectrumanticonvulsant activities in
treating maxinal electroshock seizure (MES)ninimal colonic seizure (6Hz) and
subcutaneous metrazole (SCMET) animal models of Epiléphsyolo-quinoxaline398which
possess anphlogistic and antiviralactivities wassynthessed by three steps from 3
aroylpyrrolo[1,2Gquinoxaline1,24-trione,  2-methylquinoxaline and  quinaldiné*®”
Pteridinone399 has been synthesized using a multistep synthetic route and studied-as polo

like kinase inhibitors for treatment of neurodegenerative dise&s&sigure3?).

© Phﬂ NLN
o N
o) \
397 398 399

Figure 32 Some diones substructure have been used to clinical evaluation.
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6.1.3.1. Synthesis ofdiones derivatives

The keto acids as bifunctional component can react with different amines and isocyanide to
afford Ugi product.The Ugi products can be subsequently cyclized to obtain diverse
heterocyclic compound®? Keto acids were employed to be a bifunctional starting material
in Ugi reaction and they could yield varied ring sizes didfdsThe dione features
privileged moiety inmedicinal chemistry, thereforidexible synthetic methods are in high
demand.

In this work, bifunctional keto acids were exploited in the sgsith of Ugi products from
aminoacetaldehyde dimethylacetdD0 as a bifunctional amine. The amine would be
subsequently undergorgcyclization reaction to affordhe highly substituted heterocyclic
diones*®The Ugi products bearing additional functional groups can be selectively
functionali®d to produce diverse cyclization manifolds. The major benefit of combining
multicomponent reaction with postarsformationis that it facilitates access to diverse
functionalized heterocyclic scaffolds in few synthetic st&fs.

The model reaction was selected from compo#@@(Ugi product) which was treatealith
formic acid.Thedesired dione produdtl4 collected in good yield at room temperature for 6

h (Schemers).

_o 0
o
EANHZ NOH MeOH 7 HCOOH H o
" 400 ° s I
24 h N a6hrt oy
o

113

402 414

Scheme 75The model reaction for synthesisdibne productt14.

The ring closure process comprises methanesulfonic acid and formic acid which was
investigated to optimize sequential reaction. The scope of optimization was carried out by
employing different isocyanides and formic acid. The ring formation at room tetmEers

an efficient approach for more reactive Ugi products. The methanesulfonic acid was also used
for cyclization of Ugi products which were derived from cyclohexylisocyaditi® but the

yield was very low. The structural assignment can be confinreethe presence of olefinic
prot ons -68appni acdrdiiglto literatufe? This approach is suitable to provide

high functionalized compoundsuch as Ugi products involving sequential reactions with
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further posttransformation reactits for instance cyclization and nucleophilic add#ith
(Schemere).

I
o__ O o
T T %
H\+
N~ O \o SL o
398 J\M)L_ 113 NH m H o
XJ\M;U\OH > X n (0] )\M)J\‘ —0 N .
X
X0 —

—0
MeOH
N o
- o
Jo-H \ J} Wom«e
AN o I
o3 + H X NHo
- MeOH H +H o N x "
o)
m n (0] \

+ Ho + o - o
{ w " . et M MeOH .
(o) X ES o X (0] X \
MI / - / - c N\E
N N
n o H H
(o] (o) 0

Scheme 76The proposed mechanism for synthesis of diones derivatih@424.

Subsequent cyclization reactions were carried othet)gi productg401-412) to synthese
diverse diones scaffolds table6.3.

Table 6.3: Synthesis of Ugi products and their diones derivatives.
O O

XMOH Q
_o o ¢ H__N__O
v/\NHz MeOH, N o— HCOOH :[ X

_0
QNH x H™ON e

400 24 h o— 46 h, r.t
O :
113
Entry n X Ugi products | Yield® | Dione products| Yield®
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N
1 CH 65% 1% 75%
_0
401 41:
QL g o
”&N\/\\\O H_ N 0
2 CHa o 60% 1'}% 85%
H
/0
402 0
414
o8 o
H 7o H MO
2 PPV S| 0% HL}%W 60%
403 O\ o
415
HQN 0
2 30% HL}%W 55%
o
416
Q2 o
: o~
2 AR S0 | asm Hl}%( 60%
a5 O~ o
417
2 48% “QN S 77w
0 HiN 0
o418
of 9
H N (o]
3 CHs ”%(ng 70% 15 75%
~ H N
407 o o
419
QLA X
(CHy),S CHs H 7 NS0 68% T j% 80%
O\ H N
408 o OZ\/S
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of Y
9 4 CH oy a0% | 1T | 60%

NS
10 2 @M

35% | [ [~ 55%

11 | CH,PANSGCH, | CHs 60% | L 82%

12 Ph CHs

65% I % 80%
H N
412 O o

@ yield of isolated product

From table6.3, it can beconcludedhat the Ugi products4Q1, 402 407, 408 411and412)

were synthesised from different keto acmtainng terminal methyl group in moderate
yields 65%, 60%, 70%, 68%, 60% and 65% respectively. Lower yields were noted for other
Ugi products from variedyroups of terminal keto acids. The parsinsformationsof Ugi
products above werearriedout under mild conditions with moderate to very good yields.
The structure of dione414 and423 was assigned and confirmed byray crystallography
(Figure33).
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Figure 33 X-ray of crystal structure of diondd4and423

6.1.4. Pyrrol e-substructures

Pyrrolebased agents have been employed as drugs for a few decades. Recently, re
emergence of novel pyrrole derivatives in thetrinfective field showd that they have
broadspectrum animicrobial*® antituberculaf'®® antiviral, ™°9 antimalarial*®”
anticancer*®® antiinflammatory**? and cytotoxic activies?

The linker of theN-acylhydazone or semicarbazone between pyrrole moiety and the core of
all thes molecules showed that pyrredabstructure possesses biological activities. Sunitinib
425 has been evaluated @ antitumor agentt?® 426 is an effective inhibibr against
CDK2!?*3 and compound427is amulti-kinase inhibitot**? (Figure34).

{ |
N NH
0 \ o
NH
NH
|\
N o)
| H o >\—NH
. o) NH
NH
425 426 427

Figure 34: Some pharmacologicalyrrole-indolinonederivatives.

98



This encouraged us fmursue a nevefficient strategy involving a terminal unsubstitutdd
acylhydrazine or a semicarbazide configuration which ws@snectedwith pyrrole via a
straightforward hydrazine (semicarbazone) route. The area of the hyddgiimeaction

provides a number of set compounds containing a hydrazine moiety.
6.1.4.1. Synthesis of pyrrole-oxopyrrolidine derivatives

A set of decorad N-amino 2-, U-lactams with a pyrrole moiety was synttsesi using
ketoacidsbased multicomponent Ugi reaction and evaluated for their biological activity.
Exploitation of the Ugi reaction includes various ketoacids {79 168 198 and32), Boc
protected hydrazind28 and cyclohexylisocyanid&13 furnishedN-aminolactamg}29 after
purification The removal of the protectingroup in 430 would release a reactivil-
acylhydrazine nitrogen atom #8380 which can be subsequenfiynctionalisedwith pyrrole
aldehyde 431 to form structurally diverse pyrretoxopyrrolidine derivatives 432436

(Schemer?7).
oS W 7
OJL”,NHZ g

OH > HN\@ n (0] (@) n
n i S

o , NH,CI N=( o H
5, n=1, X=CHj, 113 MeOH, 24 h ® H X
179, n=1, X= = """
168, n=2, X=CH,

198, n=(CH,)S, X=CH,

32, n=2, X=CHj, L B

de-Boc

o
n
. 4 o
i x N NH E/)J o -Hc
(o) i , (0] H o
7 431 N—(

N
432, n=1, X=CH, EtOH, TMA " 12% HCIMeOH X 00
433, n=1, x= A"~ ~H0,50°C n
434, n=2, X=CH,
435, n=(CH,)S, X=CHj
436, n=3, X=CH, TMA= Trimethylamine 430 429

Scheme 77Synthesis of somgyrrole-oxopyrrolidinederivatives from ketoacids.
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Equimolar amounts of startingnaterials wee reacted together in aqueous methanol
containing ammonium chloridasa mild acidic catalystThe hydrazineJgi reactions were
completed within 2448 h and the reactions afforded the desMeBoc-aminclactams429
according to TLC andHNMR data of the crude products. The Boc group4® was
removed under mild conditions and the hydrochloride gE®were reacted with pyrrole
aldehyde431 in the presence of anhydrousmethylamine to afford the desired racemic
hydrazones432-436) in mockrate to good yields (Tab®4). The pharmacological pyrrole
moiety and cyclohexylisocyanidel3 can be affixed onto a novel cyclamidesscaffold
(432436), suchthat these scaffolds are potentially deval the labile hydrazine linkage

which isconsidereds a potential source for toxic metabolites.

Table6.4: Synthesis opyrrole-oxopyrrolidinederivativeg432-436).

T
(o]
o _
/%)L NH N/NH g NHZ Hal
oM N _de-Boc 431 o x
H — T

428 ";ioh“ ° HCI / MeOH E:Eg e
i NH
113
Entry n X Pyrroloxopyrrolidine| Yield®
1 1 CHs 76%
2 1 NNX 70%
3 2 CHs 67%
4 (CHp)S CHs 65%
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CH;

436

45%

@ yield of isolated product

From table6.4, it can be seepyrrole-oxopyrrolidinederivatives432-436 (Table 6.4, entries

1-5) were synthesised from different keto acids in ranging yield-46%. It was found that

the yields of product§432-436) influencewith sizemember ring ¢yclic amide)of resulted

products. The good yields were obtairfed compoundsf{ve-membeedring) 432 and433

(Table6.4, entriesl and2), with moderate yields of compoundsxtmembeedring) 434and

435(Table6.4, entries3 and 4).

6.15.Pyr rporoi di ne

derivatives

Pyrrolop y r i @ ianheterocyclidused system containing both pyrrole and pyridine.

Compounds having the pyrrefpy r i dtiuciuee have been studied because these

compounds possess a wide range of biological activigsolo[3,2c]pyridin-4-one 437

wasidentified as selective and potent for AEBmpetitive PLK1 inhibitor&°¥ New pyrrolo-

py r i deiivatiee438 showed an excellent aniproliferative activity toward a number of

human tumour cell lines as potential DNA interactive dftfjs.Archaeosine439 and

Queuosined40 are clustered as-deazapurine nucleosides that are isolated from tRNA of

eukaryotic organisms and prokaryotic respectively. These nucleosides behave as antibiotics

due to their biological activitidd®® Novel pyrrolopyridines derivativel41wasevaluated as

vicinal diarymotif of tumour necrosis factefrNF inhibitors!**? Novel pyrro[3,2-c]pyridine-
4(5H)-one 442 derivative lasbeenusedas protein tyrosine kinase inhibité?3 PH-089 443

and TAK-441 444 are analogue molecules gfyrrolo-pyridines derivatives thgbossess a

wide range of biologicahctivitiesi ncl udi ng DP

receptor

antagoni

inhibitors, CB2 agonists, PLK1 inhibitors, ATP competition anBcT kinase inhibitors

(2091219 (Figure35).
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Figure 35: Some compounds containipgy r fp o/ Ir 0 pbssesepharmacological features.
6.1.5.1. Synthesisofpy r rpoylroi di ne deri vatives

Although pyrrolep y r i derivatiges have a broad range of pharmaceutical properties,
limited research have been conducted to develop efficient methodologies for the synthesis of
these compounds. Therefore, in this projectild and an efficient ornpot reaction was
developeddr synthesis of novel heterocyclic compounds having the pypwidine core as

an extension gbposttransformation ofJgi products Theprocedure includes simply synthesis

of Ugi adducts (Ugi 4C) then followed by pdasansformation of Ugi adducts undacidic
conditions to furnishpyrrolo-pyridine derivatives (Schemé6). The model reaction was
conducted using 2-oxo-2-phenyl acetic acid 169  3,4dibromoaniline 447,

cyclohexylisocyarde 113andpyrrole-aldehyde431 (Schemer8).
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Scheme 78The model reaction for synthesismyfrrolo-pyridine 465

It was found that when the Ugi reactions were carried out in methanol at room temperature
for 24 h highyield of the Ugi adducts was afforded. In ordersynthese pyrrolepyridine
derivatives, the Ugi adduct was then subjected to cyclization reactions under basicoor acidi
reaction conditions. The model reaction was firstly conducted in the presence of a base such
as KCOs;, NaCO; or NaOH in methanol at 60 °C for 24 h (Talle5, entries1-4). The

desired product was not obtained but when the reaction was subjected to range of acidic
conditions the desired product was afforded. The Ugi adduct was subjected in the presence of
TBACI and acetic acidwith yields of15% and 55%obtained respectively (Tab& 5, entries
5and6). In the presence gftoluene sulfonic acid (PTSA) as an acidatalyst in methanol

at 60 °C for 2 h, the yield of product was 80% (TahI®&, entry8). The condions were
optimized for using PTSA as efficient catalyst for cyclisation reactions. In the presence of
PTSA (20 mol%), the yield of product decrease to 61% (Tébk entry 7). From the
optimized conditions it was found that PTSA (40 mpl the best amount of catalyst to
acquire the condensation reaction of the Ugi adduct with highest yield of 80%.

Table65: The ocpandnitzieodns pyrpglyandGmei s of

(o] (o]

447 /7 \_ N

431 MeOH Q\(

o o} — H %o Br —>
r.t Br

OH 24h

169 113 453 465
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Entry Catalyst Solvent  Temperature Time yield %
1 K2CGOs methanol 60°C 24 h -
2 NaeCOs methanol 60°C 24 h -
3 NaOH methanol 60°C 12 h -
4 NaOH methanol 60°C 24 h -
5 TBACI methanol 60°C 24 h 15
6 AcOH methanol 60°C 8h 55
7 PTSA(20mol%) methanol 60°C 2h 61
8 PTSA40mol%) methanol 60°C 2h 80
9 PTSA50mMol%) methanol 60°C 2h 56

The proposedmechanism for the formation of Ugi addu@53) and pyrrolepyridine
derivative @65 is depicted in Schem&9. The possible route for the formation of Ugi
products is followed according to Ugi stratédy The Ugi adduct453) formed as illustrated

in Schemer8via Ugi reaction It was then activated by subjecting to PTSA catalyst. Initially,
the Uketo group of the Ugi adduct was protonated and the pyrrole héisgundergone
electrophilic addition to generate the intermediate Under the acidic condition the

intermediatd undergoes dehydration steptoyipld/ r ypylro di ne deri vati ves
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Scheme 79The mecharsim for thesynthesif pyrrolo-pyridine derivatives.

Under the optimised conditions, the reaction was further applied for a variety of Ugi adducts
that were synthesized by various anilin2ggxo-2-phenylacetic acid69, 2-(furan-2-yl)-2-
oxoacetic aci®01, cyclohexylisocyanidd13andpyrrole-aldehyde431 In all cases, the Ugi
multicomponent reactions and their poshdensations proceedsdioothly providing the
corresponding Ugi adducts and pyrrggridine derivatives iimoderate to googlields (51

80%) as summarized in TalBe.
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Table 6.6: TheUgi adducts antheir pyrrolo-pyridine derivatives.

Y 2 P
H-N z X= Ph, Furan PTSA,
40% /N ,>~Z
/ \ MeOH &1 \Q\ mole | —
445,Y=F,Z=F N 7z —» N —O0
446, Y=Cl, Z=Cl 60 °c H
447,Y=Br, Z=Br 431 24h
448,Y=H, Z=1
449, Y= CH,, Z= CH,
450, Y= OCH,, Z= OCH,
113
Entry X Y Z Ugi adducts | Yield® | Pyrrolo-pyridine | Yield®
1 | O F | R G 59% 64%
go c
2 | {)F| a | c %@ 81% 78%
®
3 | (O] oer | B | Lo | ew 80%
4 | )t | H 66% 77%

H
HN

454
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5 | ()| cHs | cHa | & Q{\ 72% ’/\\Q(\ 65%
"
2 ®
6 | () |OCHs|OCHs | ! H\o @ 55% //\ @ 59%
HN
Q 2
50 54
:
7 | yx | F|OF /u\HN O 59% /”/H\N @ 55%
30 4 o
g || a | o | ¥ NOG\C' 80% //\ @ 60%
2 e
30 54
o : 8
o | (x| Br | Br /u\HNNo@\B' 80% //\G\ 65%
30 2
10 | 95 | H /”\HN ©\ 56% //\ | ssu
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11 | (N | CHs | CHs | W )= 65% 67%
461
Q@
o OCH,4
o M \\/ ~OCH,
12 | (*y¥ | OCHs | OCHs | ¥ o 45% 51%

%vyield of isolated product

Of the Ugi products, compound$2, 453 458 and 459 (Table 6. 6, entries2, 3, 8 and9)
were synthesisedovernight at room temperature in good yields after purification by
chromatographyThe other Ugi products were synthesised under the same conahitns
yield ranging between 45%2%.Pyrrolo-pyridine derivativesi63-474 (Table6. 6, entriesl-

12) were successfully synthesised under acidic casdys0 °C for 2 h. The results obtained
suggestthat the yield of the conversion from Ugi products to theiyrrolo-pyridine
derivativesis affected by the teminal group of ketoacids and-dubstituted group at aniline
part. Therefore, the yield of pyrrolpyridine derivatives 463-474) was observedo give

moderate to good yields.
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Chapter 7. Anti-prion leaddiscovery
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7.1. A general overview of drug discovery and development process

In the past most drugs were discovered either by identifying the active ingredient from
traditional remedies or by serendipitous discovery. As technology and science ddvance
modern drug disacery has been much more rational and benefited th@rhuman genome
project and increased understandimg the underlying molecular mechanisms of many
disease&'¥ Drug discovery and development are a lengthy and capital intensive process.
Generally, it takes about £1 billion abdtweenl2-15 years to bring a drug toarketfrom a
concept. The process involves target identification, lead discovery, lead optimisation,

preclinical and clinical phases (FigL36).

1-3 years 0.5-1years ———————> 1-2years ——————> 6-8years ——
Target Identify Optimize Clinical
identification Lead Lead Trials
HTS Evaluate leads
Screening for optimal
of drug pharmacologic
leads efficacy
selectivity
w1
B 10,000 500 10
s

Figure 36: Shows drug discovery procéé¥

Drugs usually act on either cellular or genetic macromolecules such as proteins or nucleotides
in the body known as targets, which are believed to be associated with disease. Therefore, the
first step in drug discovery and development process is to study the disease and identify a
specific drug target so théte appropriate screening assays can be developed for screening
chemical libraries.

Lead discovery involves screening chemical libsatising the assays developed so that the
initial hits can be identified. The chemical libraries have been used by pharmaceutical
companies typically contain several million small molecules from organic esjisttor
compounds isolated frorplants and other natural products. Therefore, high throughput
screeningHTS) is designed to handle the large number of compounds. The initial hits have
to go through a hito-lead evaluation process before lead compounds are selected and then
taken to ful optimisation stage. ¢ad optimisation involves iterative cycles of design,

synthesis and evaluation ttie focused libraries othe lead compounds. Through this, a
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detailed structureactivity relationship isestabished and bothpharmacodynamicsand
phamacokinetics profile of the lead compounds are improfean which the drug
candidates are selected for preclinical studieeeclinical development also is named
preclinical studieor nonclinicalstudiesin drug discovery. These studies take place before
clinical trials in human to make sure thditugs have desired efficacy asdfe to use in
human. FinallyClinical trials consist of Phase I, I, and Il stages. Phase | tests the safety of
the drug atifferentdoses;, Phase Il is small scale trials forugy efficacy; Phasé#l is a large
scale, doubkblind randomised trial to ensure the drug has the right efficacy and safety
profile for human useA new drug can then be filed for clinical use after successful
completion of Phase Il clinical tri&*?

Medicinal chemistry plays armmiportant role in drug discovergevelopment process. To
determine if a chemical compounias certain pharmacological or biological activity, a
balanced profile of chemical and physical properties that would make Hileydor which
rules have been developed. The mosdrulefoh mous
five, a rule of thumb to evaluate if a particular drug is likely to be orally active. The details of
Li pi nslki d$r ulcenebedesclibedas féllows

1. The molecular weight of the compoundesgreater thab00 Daltons (Ideally prefer to be
35071 400).

2. Lipophilicity of the compound (as calculated by thegP from equatiori 1 "HH

P17 %:)'I L?t' no greater tharb (ldeally should bel i 2.5). Lipophilicity is

defined as the ratio of the concentration of a compound in octanol to its concentration in
water using the equation shown abolterepresents thaolubility of a compoundn fats,

lipids, oils, and nofpolar solvents.For ionisable compoundsog D at a given pH is
commonly used.

3. The compound has no more than five hydrelgemd donorsHydrogen bondingefers to

an attractive forcdrom a hydrogen atom covalentlyondedto an electronegative atom
(donor) and an electronegative atom (acceptor). The hydrogen bonds can be between two
molecules (intermolecular) or exist within molecules (intramolecular). These bonds are very
important for determining the interaction with igsget protein?'3

4. The compound has no more than ten hydrdgerd acceptors.

The first, third and fourth rules can be directly calculated from a structure of compound. The
Log P can be computationally predicted or experiméntdétermined. Other properties such

as aqueous solubility, plasmarotein binding permeability and rate of metabolism can be
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affected bythe LodgP. A low LogP indicatesthat the compound isery hydrophilic (less

lipophilic) therefore can pass through membranes of cell by diffusioreach the drug

target®? It should be mentioned that some compounds such as natural produott d

foll ow the Li pinskios rul e. These compound

membranesia active transporter or specific protein carriers.

7.2. An overview of prion diseases

Transmissible spongiform encephalopathies (TSEs), also knovpri@s diseases, are a
group of fatal neurodegenerative diseases which affect a wide variety of mammalian species.
These diseases are potentially classified as inherited, sporadic and iatrogenic diseases.
Humans prion diseases include Creutzfdikob disase (CJO¥F? CcJD (vCJD) 1214

familial fatal insomnia (FFI),!?*? Kura and GerstmanStrausslesScheinker syndrome
(GSS)!#?? Animals TSEs disease include bovine spongiform encephalopathy (BSE) in cattle
(221 scrapie in sheef®® and chronic wasting disease (CWD) in moose aget 23 TSEs

are developed slowly over a period of months or even y&é&tsn 1982, Stanley Prusiner
suggested that the neuropathology of the disorders is caused dmycieit acidcontaining
transmissible particles. H e pratemaneods infettieus e t r
particlesd or 6priondé and thu$¥TSEs also bec
TSEs such as scrapie and BSE are usually spreadythbuinfections. Theattle epidemic

has claimed approximately 200000 B&ffected animals and caused the slaughter of huge
numbers of healthy animals in potentially infected h&dsBSE was reported to pass onto
humars by the intake of BSE contaminated fdétl The Creutzeldt-Jakob diseaseCgD)
causedvia dietary exposure to BSE prids one of the most fatal prion diseases recently
discovered in human. It was recorded that the average annual mortality from CJD type
between 1992011 in England, Scotland and Wales wer@01.08 and 1.20 per million
people per year respectively.

By the end of 2011, 176 cases in the United Kingdom were infected by vCJD and all of these
cases were fatalCJD accounts for 15% of CJD cases. The, i@5% of CJD occurs as
sporadic and inheritable forms in nature. The hallmark of all prion diseases involves the post
translational conversion af normal cellular protein (PfPto an abnormal isofornP¢P*.

Prion diseases have been categorized intcetfoens: First, sporadic form which has no
known cause; the second is familial form tlsataused by genetic mutations and the third is

transmissible form where the disease can be passed on from one individual to tffé%ther.
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The abnormal prion isom&rP* can be transmitted by using contaminated growth hormone

and from infected cadaveré? Table7.1 shows some types of prion diseases and hosts.

Table 7.1: Some types of prion diseases in humans and aniffals.

Prion Mechanism of Histological
: Host : L
disease pathogenesis characteristics
CJID - human
Familial Humans Germline mutations in the
CJD PRNP

Germline mutations in the

GSS Humans PRNP
Infected through ritualistic
Kuru Humans o
cannibalism
CWD Deer, Elk Infection
BSE Cattle Infection or sporadic i e

Infection with prion

EUE | Kudu, Nyala contaminated MBM

Infection with prions from

Scrapie | Sheep, goat sheep or cattle

7.3. The prion protein (PrP°)

The prion protein, PR is widely expressed in theimanbody, situated on the extracellular
side of cell membranegspecially the central nervous systamd exists as a glycosolated
cell-surface protein in neuroff$? peripheral blood vesselbone narrow andmany other

cells of the bod¥?*¥ The function of PrPis on the upkeep of white matter in the brain,

response to oxidative stress and formation of neurons.
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7.3.1. The structure of prion protein (PrPC)

The structure and function of normal isoform protein {PtRsattracted much attention in

the past ten years to gain better understanding of how the normal isofoffh t(@rBforms

into the abnormal form proteitPrP9 leading to a family oheurodegenerative diseases
including scrapie, BSE, CJD and CWD .efthe physiochemical properties of (FyRand
(PrP are different even thought that the primary structures of both proteins are the same.
PrP has been obseed as a globular protein that is soluble and can be easily broken down by
proteinase K while, P®is insoluble, possesses high resistance to proteinase K and forms
amyloids.

NMR and Xray crystallography studies showed that the structure of ReB dstinct
domains: an unstructured, flexible-tBirminal domain, a globular-@rminal domain and a
glycosylphosphatidyisositol (GPI) anchol*? (Figure 37). The N-terminal domain (amino
acids23-110) contains five octorepeat&£51-91) and theC-terminal domain AA111-230)
contains two glycosylation siteAg¢n181, Asn1972*3 The glycoglphosphatidylisositol
anchor is connected to a serine residber 23Q and is responsible for attaching P8 the

cell membrané&4

cD
N-terminal < > X x C-terminal
SP OR cc HC H1 H2 H3 GPI
1aa 22 51 91 95 110112 133 144 153 172 194200 224 231 254
CR

The human prion protein. SP indicates the signal peptide. OR referes to the octapeptide repeats. H1 to H3 denote the three
a- helices. CD shows the central domain and CR denotes the central region that contains charged clusters (CC) and the
hydrophobic core (HC). The glycosylphosphatidylinostol (GPI) anchor is abbreviated GPI. The region of crosses represents
the glycosylation residues at amino acids 180 and 196.

Figure 37: The prion protein of human celf$?

GPI anchor is responsible to anchor the“RdPthe detergentich domain of the membrane.

The PrP is a cellular membrane protein and it has two trmesnbrane isoforms that are
idertified as C trandransmenbranePrP £"™PrP) andN transtransmembran@rP (""PrP)

based on their sequential orientation in relation to the lumen of the endoplasmic reticulum
(ER). TheN-transtransmembran@rP ("™PrP) possesses the opposite orientatibile, the

C transtransmembrane PrP'TPrP) possesses its own CO@minus in the endoplasmic

reticulum (ER)[.Z3G Both isoforms are involved in the conformational conversion.

114



7.3.2. Normal physiological function of PrF*

The exact role of PfPin a cell is still unclear. fie prion protein is encoded BBRNPgene
which have been shown in bird&? reptiles,* and amphibian€2? A comparison analysis

of forty mammaliarPRNPgenes indicated that high degree of conservation between species,
assuming that its encoded protein PHas an important physiadical function?®? The
residues of glycine in the glycine rich region of the hydrophobic core &ftiRnRe also been
exhibited to be efficiently conserved across fifteen mammalian sp&@eghe study of a

PrP knockout mice model may help to explain the function of the normal isofornf)(PrP
protein®®¥ The resistance of the Ptihouse knockout to the infection by prions and their
incapability to duplicate prion is the most striking character of th& Rult mice. Other
functions of PrP have been suggested from mouse models include its roles in sleep
regulation by managing oxidative stresga copper binding, mitochondrial activities
superoxide dismutase (SOD), immune steyn function, neuroprotectionpeuronal
excitability, informingbehaviour and stem cell biolo&/? Further studies in prion knockout
mice have also showed a wide range of effects including disruption of olfactory
behaviout?*? tooth developmerit*d iron transport?*? glucose tolerané&?and reformation

of adult muscle tiss#é!® An autoimmune disease irexperimental autoimmune
encephalomyelitis (EAE) model showed to be more severe ifi Bréckout micd?*” It
seems that the function of PrBs a negative regulator ofcell receptor signalling is critical
subject to the development of EAE. A critical role for Phis been suggested in maintaining
the integrity of the CNS inres of stress. Knockout mice were exhibited to gain lower levels
of anxiety under artificially generated stressful conditions and the results suggested that PrP
also has a role in managing the response to stress at a systefi&evel.

The other function of cellular P¥As that it promotes the survival of neuronal and-non
neuronal cells. The PfFhas been found to have a cytoprotective funchgrreducing the
apoptotic rate after exposure to apoptotic stififfi.it was suggested that Prrotects
against oxidative stress, possiliyoughits capacity to bind copp&’in vitro studies of rat
pheochromocytoma cells showed that those resisted to oxidative stress or copper toxicity
have higher levels of Pf®**IThere is also general views, which are widely supported, that
PrP is beneficial protein in synapse regiomnd is possibly involved in synapse
formation®*3The important function of PfAin the synapses has been assumed on the basis
of its copper binding ability, and it is suggested that it can significantly modulate synaptic

activity and neuronal excitabilitf*3PrE" may be involved in synaptic transmissiprocess
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via helping neurotransmitter release, controlling the”Ciaux, participating in altering
expression of neurotransmitter receptors and long term potentfafion.

After exposure to apoptotic stimuli, it was found thatFBs a cytoprotective rol&? This

role is thought to come from the copper binding to“ReRlich modulates neuronal synaptic
and excitability activity. In other words, the Br involved in synaptic transmissiornia
assisting neurtransmitter release, changintpe expression level of neurotransmitter
receptors and the controlling the flow of ‘€&>¥ Furthermore, it has been found that the
PrP is involved in the immune cells such as dendritic cells and the adaptive immune
organelle, T lymphocgs!®>? The role of PrPis also to modify the responses of immune cell

precursor and to promote the formation of theell receptor (TCR) comple&?
7.4. Prion protein and diseases
7.4.1. Protein misfolding diseases

All prion diseases areaused by protein misfolding. In these diseases, the prion protein is
found to be highly aggregated ammtrhsordered fibris (crossb s pi ne or amyl oi
misfolding is a common cellular event where misfolded proteins are eliminatgedhe
endoplamic reticulumcombined degradation (ERAD) route. Notably, the diagnosis of the
prion disease is dependent on the accumulation of the misfolded isomer“ofvifich is
known as PrE?*8 The insolubility of PrE° under physiological conditions has made its
characterisation extremely difficult. The structure of ¥rBmyloid remainsunknown
Negativestain electrormicroscopy on twalimensional crystals of f&erminally truncated
PrP® and a miniprion have been used to make models of*Bt® FTIR studies and CD
spectroscopyit suggested the secondary structure ofHigPsignificantly different to that of

the Pri1®8 with 30%U-helical character and 42fksheet (Figur@8).

Figure 38: The normal cellular of PfRright) and the abnormal isoform of PfRleft).[>?
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7.4.2. The protein-only hypothesis

The infectious nature of prion diseases was firstly discovered when a herd of sheep were
accidently vaccinated with a vaccine contamidatgth the scrapie agent and%0of the

herd went on to develop sciaff®® Scrapie was successfully transmitted then subsequently
to mice®®¥ An infectious way for the human disease (Kuru) was also identified in the late
1960svia the demonstration of the disease which could transfer from humans to monkeys.
[262 The infectious agent was suggested to be a kind of slow virus due to the long incubation
times but the findinghat the infectious agent was resistant to methods known to destroy
nucleic acids cast doubt on this theBfJ. There wasan early hypothesis that the infectious
molecule may be a protein in the late 1960s but this was not discovered further until the term
6priond was coined b3 Hs suggedted that fhe infeciionseagenti n 1
was a O6proteinaceous infect-dodylhyothesistti cl ed, a
The proteironly hypothesis was proposed based on a fact that prefeassistant PrP
correspondsirectly to infectivity!?®? This abnormal protein PfPwas termed Pr¥ due to

its association with scrapie, and the prote@sistant core was named BtBr PrP*°due to

its molecular size. Both isoforms of the protein were shown to be encodedRiRlXiRgene.

The direct conneatn between the infectious agent, ¥rRnd the normal cellular form of the
protein®®® | PrB, is evident from the fact that transgenic mice which did not express the PrP
were resistant to infection with PtPreinforcing the importance of the normal cellular
isoform in disease pathogenesis. Moreover, discovering that the infectivity can be propagated
in mouse neuroblastoma cells vaccinated with both brain homogenate ahdePirred from
infected brains and spleens gave further evidence to support théifeory

The experiment demonstrating that Pras able to induce the conversion of PifPa cell

free systedi®” was key evidence to support the proteiy hypothesis, and these initial
investigations have been carried out using Protein MisfoldiydicCAmplification (PMCA)
assay”®® The infectious prions which can be forméd vitro are an essential piece of
evidence that is required to support the preteity hypothesis. Synthetic prions that were
proved to induce neurodegenerative disease in mice that overexpresSedeRHirsty
furnished in 2004%9 A further study employed PMCA to produce prions from an initial mix

of PrP and PrP° and these prions were ableititiate neurodegenerative disease in some
wild animalst?’? The prions produced in the presence of phosphatidylethanolamine and RNA
being around 1 million f-odldy Gmoprei oinnsf eccd mores

importance of cdactors’®’? The function of cefactors is not believed to negate the
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hypothesis of protetonly as the main mode of disease transmissiatillsprotein based. It

has been recently suggested that the defini
wider range of neurodegenerative diseases even though some of them are not typically
thought of as infectiv&’2 It has therefore been proposed that the definition of prion should

be updated to proteinaceenscleating particle to surround the pathologieaénts which

occur in noninfectious protein opathies amdaceall these conditions under the umbrella of

the prion subject.
7.4.3. The conversion of Prf to PrP>¢

A variety of hypotheses have been suggested on hoWderiverts to Pr¥. One of these
suggested that it is a virus which causes this conversion as initially proposed for [éttapie.
Later when the scrapie was found to have no connection could with any viruses, it was
proposed that theliseasecomes from proteinaceous infectious particles. The infectious
particles are inactivation resistant due to the-prastslational conformational change of PrP

to PrP°and the abnormal protein (PfPcan be detected when an individual is infected with

aprion disease (Figur&9).

f ©9%o
. Endogerclous @) @) @)
PrP o) @)

Interaction
between
PrP¢ and PrPs¢

Method of replication

Conversion of
’ PrP¢ to Prpsc
N A ’ .’ Accumulation
of Prps¢
Normal Protein Prion Form
(PrP¢) (PrPsc)

Figure 39: The conversion of the normal isoform (PyRo the abnormal isoform (P7.[2"

This conversion involves the structural changeUdfelices intob-sheet$?®¥ The normal
isoform (PrP) consist of 48 Uhelices with nob-sheet structures, whereas the abnormal
isoform (PrP% consist of 28 Uhelices and 3% b-sheets due to two out of four the PrP

helices plus extended residues being transforméesteets?’ 3129 The precise structure of
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PrP>° has not been completely determined duésiinsolubility. However, the high content

of b-sheet in Pr® produce protease resistant aggregates within the brairgemstructural
models of Pr® and shown irFigure 4012’ The b-helix model Figure40a) was generated

from electron crystallography dad® The b-spiral model is proposed as shownFigure

40b which comes from the molecular dynamic simulati&i8. The assemblypf the b-helix

and theb-spiral models is thought to occur within the unfoldéderminal region of PrR
however thethelicesis a preserved characteristic of both PaRdPrP. Figure40c shows
b-sheet model as an extended register where a complete refolding of the protein occurs. In
addition, this model has been suggested by using hydidgeerium exchange coupled

mass spectrometry (HXIS) of brain-derived PrB%® or recprp?®¥

Figure 40: Schematic representation of various mod@she suggested structure of
Prpse(277

The interaction between PrRnd PrP° occurs froman initial contact and this interaction

drives to the further conversion of native Prl®@ PrPS It is believed to be the main
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pathogenic event wth leads to neurodegeneratiomlthough the mechanism of
transformation of PfPto PrP*is yet to be fully understo&d” and two theories have been
proposed. Misfolding of endogenous host Re@n be caused by PfPthe first model is the
template directed refolding and the second model is the-catytic nucleated
polymerisation seeding modét? Figure 41a shows the template directed model which
suggests that the formation of BfBegins by a catalytic cascade involving PriRis thought

that this process would spontaneously occur and be assisted by chaperone activity and

energy.

Figure 41: Models for the conversion of Prio PrP° a: the template directed modelnon

catalytic nucleated polymerisation mo&f&f

The second model is also named the seeding model which includes the thermodynamic
control of a conformational change. ConversiorPd® to PrP°and initial aggregation are

the rate limiting step (Figuretlb). The aggregation process is substantial for both
transformation and in supporting the nucleation theory which includes a lag/{flabee
conversion of Pri® from PrFis an autocatalytic process and only a small amount of BrP

needed for formation of extended aggregates of‘PERyure42).
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Figure 42: The Mechanism for PfPseeding?

7.5. Therapeutic strategies and development

Both PrP and PrB° can betargeted by therapeutic agents and-pribn effects have been
measured using three different assays models. limtvigo assaymodel, Prfand PrE°are
incubated under specific conditions to enable the measurement of Hfreeabnversion of
normal prion PrPto its abnormal isoform PPR?? |n this methodology PfPfrom the crude

brain homogenates was mixed with PrBeeds and misfolding cyclic amplification was
performed resulting in PPin higher yield?®¥ The second methodology is alsoianvitro

assay Wich uses cellular infectious phenotypic prions models where prions can be
propagated by infected cell culturdBrion infection in most cases does not display any
visible morphological or pathological changes to the cell cultgf®shemical libraries can

be screened for their abilities in reducing the propagation ant prétiuction’®? In the

third methodology, is #in vivo model which involves the animals that are infected with
prion diseases and this model is commonly used to investigate the therapeutic effects of
potential therapeutics in the whole organiéf.

Although a variety of compounds have been investigated using these assays, only two have
been takerto clinical trials, pentosane polysulphate (PPS) and quinacrine. PPS trials used
interventricula administration and an increased survival rate was seen when compared with
in over quinacriné®d PPS treatment has been reported to stop Aeattwlogical alteration

in the brain.It is important to develop therapeutics to treat the prion disease after the
appearance of symptomshi$ treatment includes stopping the neurotoxic effects of the
infection, inhibiting Pr®° formation, promoting the recovery of lost functions and
destabilising existing P!?*® Recently,the dissociation of toxic PFPfrom infectivity

suggested that unidentified toxic oligomeric species could be significant tatdets.
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7.5.1. Clinical studies of existing drugs(in vivo)

Anti-prion compoundsire effectivevia different mechanisms. The PrBnd/or Pr° can be
maintained by compounds which bind one or both isoforms and preventing the conversion or
the aggregation. Limitation of available BrRither from knocking it out or from altering
compositionin the cell membrane to remove it from the cell surfeaased removing the

PrP as a substrate for conversiof. small number of anfprion therapeuticdas been
reported to exhibit somactivity against prion diseases and their structures can be seen in
Figure43.

Clinical trials for selected compounds have héittle success even for the early stages of the
disease even though they showed modest delay on disease onset or deatfiriicadri

vivo studies PERK inhibitors were shown to be a class of promisimigpounds in treating
infected animal&®3The role of these compounds revertige shutdown of global protein
formation caused by activation of the PERK/QIF) br anch of the unfol de

(UPR), therefore preventing neurodegeneration and restoring formation of synaptic proteins.
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Figure 43: Structure of known anfrion therapeutics in clinical studies.

Pentosane polysulfate (PP&J5 was initially shown to have anpirion activities in prion
infected all culture studid&®® The PPS475is a polyanionic compound and is able to bind to
PrP in vitro, but only effectivén vivowhen administered soon after infection and before the
onset of neurdnvasion.The PPS475can block the accumulation BfF” in scrapieinfected
neuroblastoma cells and lengthen the incubation period of scrapie in mice after peripheral
inoculation®®? Also, PPS475 has shown a prolongesurvival time in clinical trials by

minimising the available concentration of BrPiencereducing the conversidf’® Congo
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red 476 is an azo dye compound that is able to stack extensively and it has a similar
mechanism to the PR&5/%°9 Congo redd76and its analogues have been widely studied in
order to improve their anprion activities and investigate the structagivity relationship
(SAR)[2°112%8 congo red476 has been reported to work by binding to and stabilising,PrP

by Surface Plasmon Resonance (SBR)It was dserved that Congo ret?6 decreases the
b-sheet content in rhPrR, increasie susceptibility to PK digestioli®®, stabiliss the
structure, render PrP° resistance to denaturatioand reduce the potential for further
conversiort*®¥ Quinacrine477is a tricyclic derivativeof acridine has been testeddimnical

trial further developmentThe quinacrine477 can cross the bloedrain barrier (BBB) and

has an Eg lower than chlorpromazind78 Quinacrine477 was reported to interact with
PrP” and hampede novoPrP° formation in vitro however, it was ineffete is in vivo
studies®®? Quinacrine477 can accumulate in brain tissue and displays somepénti
activity in vitro. Pharmacokinetic studies carried out in sheep and found that unbound
extracellular concentration of quicrine 477 too low to have real effect€®® It was
hypothessed from human clinical trial datahat inadequate plasntminacrine concentration
was the reason for poor clinical outcol#.

7.5.2. Pre-clinical studies of selected compounds

A small number of anfprion therapeutichiasalso beenreported to exhibit some efficacy
against prion diseases in animal studies and their strucineeshown in Figure44. The
tricyclic moiety in acridine479 and phenothiazind80 has been extensively studied in pre

clinical studies as anfirion agentsi>*®

(\N/ HO,, 0
O T

(( : HO OH
N/ N :)S<\ \oo/
& QO 0

s

o)

» .
Acridine Phenothiazine Simvastatin Curcumin
479 480 481 482

Figure 44. Structure of some anirion therapeutics preclinical studies in animals.

Simvastatird81is a cholesterolic compound that can interfere the construction of lipid rafts

which are important for Pfcell surface localization and play a vital role for decreasing of
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cellular cholesterol andreducing the availability of PfP for conversion to PrP.
Furthermoe, the simvastatid81 was shown tcsensitize cells to quinacring’77, with an

ECso tenfold lower than in the absence of simvast&tfh.Curcumin482 which is derived

from turmeric is well known antbxidative and antinflammatory agents and has exhibited
anti-prion activity in several cell lines and mouse models because it can bind to bdth PrP
oligomers and fibril$**?*%® DMSO has been shown to reduce accunmaof PrE* and

delay disease onset in mice wheanaged at an evaluated dose of 250 mg peF%an

high affinity was noted between a cationic porphyrin and rhPrP as anion using SPR. The
resonance of light scattering and circular datdm have been suggested to be useful factor in

a therapeutic fieltf?
7.5.3. New lead discovery and screening assagis vitro)

There is a wide range of screening assaystro which can be used to assess the activity of
potential drug compounds. Cell based assay is a classitro experiments and this assay

can be used to ssss the effects of a compound against the whole cell rather than just the
isolated cellular componentand to allow some properties such as toxicity to be
determined®YVvarious differenttypes of cells line have been subsequently shown to
propagate Pr® including pheochromocytoma cells, hypothalamic GT1 cells, cholinergic
neuronal cells, hippocampal derived cells and cells come from the peripheral nervous system
such as Schwann cells andn-neuronal cells such as fibroblasts microéitd. Furthermore,
epithelial cells (neuroglial cells) isolated from rabbits and neuronal primary cultures isolated
from mice have been developed toepexpress ovine PfRand are susceptible to scrapie
infection!®' 3 Cell culture models were initially used showthat Pr® was the precursor

to PrP®and also demonstrate that the PeRdocytic pathway is crucial for the production of

the abnormal isoforfi*¥ Later, they were adopted as the most common methodology to
screen chemical libraries against prion infection cells (uninfected) when are exposed to an
inoculum, the generation afe novoPrP*° can be measured by western order blotting. The
inhibitory effects of compounds can be easily se€he indolemoiety was shown to be
active against prion diseasd®ecently, a series of compoundsaf discoveryhave been
screened to evaluate thairvitro anti-prion activity. Indole3-glyoxylamide moiety483 was

found to have low nanomolar EQvalues against a prienfected cell line (SMB)Figure

45) 188317 Eyrther investigations are required to allow these compounds for clinical use in

treating prion disease.
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Figure 45: Lead discovery aantiprion therapeutics vitro.

7.6. The cellular model used in this projec{SMB cell line)

Cell culture models can be employed to investigate different aspects of prion diseases
including various biochemical and physicochemipabperties of normal prion PrPand
abnormal prion PrB. These models have also been widely used for screening drugs. Initially,
the cell culture was used to show that the normal priorf R the precursor to the
abnormal prion Pr¥ and also to demonstte that the endocytic pathway of Pi® necessary

for the formation of the abnormal isoform BfB'813!3 The etablishment of a cell culture
model supporting prion replication was firstly reported in 1970 using SMB cell line (A line of
nortneuronal cells) which was isolated from the brain of a mouse infected with Chandler
scrapie®¥ The models of homologous cell line indicated that>Pffl@m the same species
was used as the inoculum, whereas the models of heterologous cell line contaisedth
between PrPcell line and the origin of the PtBinoculum!®?? The SMB cells can be treated

and then infected again with othstrains because in comparison with other cells they are
susceptible to different prion strains individually or in combinatith.The cel assay
possesses high throughput screening capabilities and 24 compounds can be screened in three
different concentrations in triplicate 96 well plate. The cells line is dosed with different
concertation of compounds and then assessed by immunodlaitiassess the compounds
which reduce the levels of Pifproduction>*2

In this work, the SMB cell line assay was used to assess the effectiveness of all sathesi
compounds as potentiahtiprion therapeutics. The assay was used to evaluate thariamnti
activity and the cytotoxicity of the synthest compounds. The SMB cell lines are exposed
to different concentration of the compounds for 5 days before the concentratioroinPrP
the SMB cells are calculated relative to an untreated control. For an active hit,-a dose

response study is carried out and an@@lue was obtained. Compounds were considered to
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be active if the levels of PrPare reduced to less than 70% of that of theaated control

after5 days, exposure.

7.7. Aims of this project

The aim of this part of the project is to screen and evaluate theremti activity of all
compounds synthesised this work. In total, 12 compounds were screened (skeir
structures and screening data). There are ten different structural families amongst these 112

compounds (Tabl&.2).

Table 7.2: Generic structure of different librariemsscreened.

Generic structure No. compounds

OQ%E]ELNX 226241
\'\XH
0 c

NiiEX 258274

HN/Y
°4k9ﬁ5i\§N 289298

313321

333340

358367
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The rest of the chapter outlines the detailed investigations of compounds in Ugi adducts
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family (451-462) because only compounds in this family showed apparentpaati

activities.

7.8. Anti-prion results and discussions

7.8.1. Anti-prion activities in SMB cell line assay

The screening of the Ugi produc#5(-462) was carried out using the cell line (SMB) to

determine their anfprion activity and these details was then used to determine the SAR. The

evaluation of ability of the Ugi productg451-462) to reduce Pr® production in the SMB

cells was initially carried du a't

concentrati

ons

of

1

e M,

cell viability assay was carried out in tandem to ensure that hit compowrdsatruly

positive hit, not false positives and their gmtion activity is not related to cytotoxicity. MTT

assaywas used to assess cell viability, hence the toxicity of the tested compounds. In MTT

assay, 44,5dimethylthiazoi2-yl)-2,5-diphenyltetrazolium bromidéd84 (MTT) stains the

nucleus of viable cells. This stain was converted to a purple colour duringddroradf

hydrochloric acid (1M) in isopropanol that can be quantipectroscopicallyn a plate

10

reader. MTT assays were carried out to determine any cytotoxic compound by measuring the

activity of living cells using mitochondrial dehydrogenases. Thetevsoluble MTT was
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converted to an insoluble purple formaz8b by the enzyme in viable cells that can be

solubilised by acids and intensity of colour can be measured (FguY&"
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484 485
3-(4, 5-Dimethylthiazol-2-yl)- (Z,E)-1-(4,5-Dimethylthiophen-2-yl)-3,5-
2, 5-diphenyltetrazolium bromide diphenylformazan

Figure 46: Mechanism of MTT assay (Colorimetric assay).

The amount of Pr¥in the cell lysate was determined using dot blot analysis and the protocol
of this dot blot was optimised from a developed protocol which reported by Rudi??

Positive and negative controls were involved in all screening cells. Curcumin was selected as
a positive control as it has been shown to havepian effects in most of cell lines
studied>*®! 0.5% (v/v) DMSO was used as a negative control which has no impact on cell
viability or PrP°levels (data not shown because it shows no effects off prdtiuction).

Stock solutions for all the Ugi productsA51-462) were prepared in DMSO and
conceitrations for both tested compoumndnd controls were kept at @%%v/v) to ensure that
screening was conducted under same experimental conditions and effects of compounds can
be normalised against the controls. Once the initial hit compounds were ideatitit dose
response to determine their &Gralue using study for each compound was carried out
nonlinear regression method. The gg@alue is a measure of the aption activity of the
compound and the term is known as half maximal effective concentratigg) (Etich refers

to the conentration of a drug at which %0 of its effect is measured. This measurement
refers to the halfwaygnt between the baseline (no effective point) and the maximum effect
after a specified exposure time.
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7.8.2. Screening results

A series of heterocyclic compounds were synthesised using diffedmtiques such as flow
chemistry and microwave synthesis described inChapter 9. A majority of these
compounds were successfully screene®byJennifer Louth using the scrapie mouse brain
(SMB) cell line in a high throughput arpirion screening assay, aiming to find active hits that
reduce the production d?rP*° of SMB cells as describedChapter 9.15). The data was
obtained and the structuaetivity relationship of these compounds was ingegéd. All clog

P values were calculated using Chem Draw ul&#.
7.8.2.1. Initial screen results

The results from the initial screen of Ugi products were grouped into libraries based on the

chemical scaffolds as shown in Figuré

Library 1, X= Phenyl Library 2, X= Furan
451=Y=F,Z=F 457=Y=F,Z=F
452=Y=ClL Z=C1 458=Y=CL Z=C1
453=Y=Br, Z= Br 459=Y= Br, Z= Br
454=Y=H, Z=1 460=Y=H, Z=1
455=Y=CH;, Z= CH; 461=Y= CH;, Z= CH;

456=Y= OCH,, 7= OCH,  462=Y= OCH,, 7= OCH,

Figure 47: General structure of Ugi adducts librariésafd2).

The Ugi products 451-462) were screened were shown to be -+taxic at screening
concentration of l1eM by the MTT assay. S0 me
concentration suggesting that abiririesl and2 in the initial screen, therefotggi products

with a dicarbonyl motif are tolerated by the SMB cells. An example of the data obtained for

the initial screens is shown Figure48.
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Figure 48: Initial screen data (MTT cell viability dgtéor Ugi adducts librariesX( library 1,
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From MTT assay data seen kigure 47, each compound form library and library2 was

screened i n

triplicate

at

1 &M, 10 &M

and expressed aspercentage of the P¥Psignal relatie to the untreated control (96

DMSO). The results of all initial screens were measured as a percentage of theigPi?

relative to the negative control 0.5% DMSO. The concentration of the positive and the

%cfor DM3OMrespectigety.dEach . 5

negative controls used r e

compound was

calculate the amount of PtPremaining after treatment as a percentage of the negative

contol.

7.8.2.2. EC5p activity screening

From dot blots Figure 49, A, B, C andD) it can be seen that all compounds in library

10

screened

e M

for

i n

triplicate at

(Screening.nd001495,451), (Screening.nd3001480,452), (Screening.nd001491,453),

(Screening.n03001492,454), displayed reasonable aption activities; similarly, except

compoundgqScreening.n@001498,455 and (Screening.n@001496,456). All compounds
in library 2 also showed good arprion activities except compoun@Screening.n@001501,

461) and(Screaming.n03001489,462. These compounds were treated with 0.5% DMSO as

negative

control

and

wi t h

10 €M cur cumi

and

N

1

2

e M

a S

six concentrations in ascending order with the lowest one at the top and highest one at the

bottom as shown in Figurd9 (A, B, C andD). These compounds were then taken forward in

full dose response studies.
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Figure 49: A, B, C andD Example of dot blots were taken from thesg€&creens on all Ugi
adducts libraryi(451-456) and library2(457-462). E, F, G andH example of the dose
response curve and Efvalues for active adducts: from libratyE (Screening.n@001492,
454), from library2, F (Screening.n@001486458), G (Screening.n®@001481459 andH
(Screening.n@001494 460).
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The EGo value was obtained for each hit compound. An example of data obtained for the
ECso studies shown iirigure49 (E, F, G andH). The example of presented data focuses on
four Ugi adductdibrary 1 (Figure49, E (Screening no 300149254)) and library2 (Figure

49, F, G and H (Screening.no 3001486458, (Screening.no 3001481459 and
(Screening.no 300149460).

A nortlinear regression was applied for the dose response cunketéanine the value of

ECso after the data were plotted on a log axis using GraphPad Prism 5.0 shbigared9.

The screening of all compounds was repeated at least three times (each in triplicate) to
confirm the value of Ef and the data are calculdtas average with the standard deviation

i n ¢ M.
protocol. FromFigure49 (E, F, G andH) it can be seen tha54 (Screening no 3001492,
ECo5. 00 NO ., 458 (Sczedh)ngno 3001486, E7 . 5 0 NO . 458 (Sceedhjng.no
3001481, EG5 . 0 0 NO . 5 @60SdvEening.nod3001494, 567 . 50N0. 16 & M)

low micromolarECsp andthe most effective compoundsein library 1 and2 with X equals

These values were in good agreement

to phenyl or furan, Y and Z equal to the substituted aniline(Rigure47 andTable7.3).
In addition to EGpy data, molecular weight (MW), calculated B®d@cLogP), total polar
surface area (tPSA) and electronic substituent constant presented for each active

compound to help to correlate these properties with thg. EC

Table 7.3: The screening results for Ugi adduct§1-462) and EGpresults.

Ugi adducts Scrﬁlif“”g MW | cLogP | tPSA %gﬁgfamf ECso[ & B
cgo _F
%(} 3001495 465 3.76 | 7851 | 0.399 | 5.00+0.12
451
2.
— %<§ 3001480 497 456 | 7851 | 0.60 7.50+0.09
Z\ o
]
S
SO
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S

'S
a
©

‘e 3001491 585 5.10 | 78.51 0.625 7.00+1.10
HN
453
Y.
/u\ @ 3001492 555 4.80 | 78.51 0.629 5.00+0.04
HN
454
od
/n\ @\ 3001498 457 441 | 7851 | -0.239 inactive
HN
O
o ° OCH,4
’ u\ @j\ 3001496 489 3.19 | 96.97 | -0.153 inactive
Q
o °\
TN
N, o - 3001493 455 2.37 | 87.74 0.399 7.00+0.17
457
[o] 0\
N OQ(\S/QG
B an &
2 v S 7% | 3001486 487 | 3.17 | 87.74 7.50+0.13
® N 0.60
O
=
458
o 0\
Ow&
Yt &,
N ° 3001481 575 3.71 | 87.74 0.625 5.00+0.50
H .
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3001494

545 3.41

87.74

0.629

7.50+0.16

3001501

447 3.03

87.74

-0.239

inactive

462

3001489

479 1.80

106.20

-0.153

inactive

& Values represent #ast two experiments, each performed in triplicate

Table 7.4: The screening results of tlextension compoundg§3-474) derived from of the

Ugi adductg451-462) show no antprion activity.

Library 3

Screening Anti -prion
Ext. products No. MW activity
3001502 447 inactive
3001479 479 inactive
B '
Y 3001482 | 567 inactive
- 3001497 537 inactive
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3001499 439

inactive
3001490 471 inactive
3001483 436 inactive
3001488 469 inactive
3001487 556 inactive
<
b
©
Q
|
3001485 527 inactive
3001484 429 inactive
3001503 461 inactive
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Table 7.4 shows the screening results of librarieand 4 derived from postJgi cyclisation
products of Ugi adducts libraridsand2. The screening data indicated that all compounds in

libraries3 and4 showed complete loss of aiuiion activity.
7.8.2.3. Structure activity relationship (SAR) discussion

Some the Ugi adductsA%1-454, library 1) and @57-460, library 2) derived from di
substituted aniline displayed good apttion activity, while thos€463-474, libraries3 and4)
derived from postigi transformation of libraried and 2 were all inactivelt is noted that
inserting electron withdrawing group such as halogen results in an increase in activity while
electrondonating substitution such @&s compounds455 (Screening no 3001498) adb6
(Screening no 3001496) in libralyand461 (Screening no 3001501) adé&2 (Screening no
3001489) in library2 reducedactivity. It seemed that tPSA has no effects on-pntin
activities although active coropnds in libraryl have the same tPSA values and so do the
compounds itibrary 2. The high values of tPSA fdib6 and462are thought to be due th-
OCH; substitution on the aniline ring. The cl&yvalues of Ugi adducts461-462, librariesl

and 2) are all less thatb whi ch meet t h .eAll compoumis éxceptshe r ul e
compounds455 456, 461 and 462 are inactive. The effect of cLogP on the 5@ less
obvious. Compounds containing two electron donating groups #6¢HOCH) on anilines at
metaandpara-positions were inactive.

The screening data revealed that the quggtcyclisation products463-474, libraries3 and

4) derived from the Ugi adductd31-462, librariesl and2) show no antprion activity at all
(Table 7.4). It may be that the functionalization of the carbonyl group kills the paitn
activities. Di-substituted benzene ring fused to a pyrrole ring archdoonyl groups of keto
acids have been found to be important to-prnibn activities. The compoundbearing a
meta andpara-substituent on the anilinged circled)were most potat in the SMB cell line
system.The Ugi adducts(451-462 libraries 1 and 2) consisted of substituted anilines
attached to dcarbonyl arylvia a CN linker and an unsubstituted pyrmd a CN linker(blue
circled) Figure50).
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Figure50: Figure demonstratingneta andpara-substitutions on the aniline.

SAR study focuses on how physicochemical properties of Ugi addisisi62 librariesl
and 2) affect their biological activity. Figur&l shows that how molecular weight (MW),
calculated partition coefficient (cLogP), topological polar surface area (tPSA) and electronic

substitution constant affect the aption activities.
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Figure 51: Shows SAR study for active Ugi adduci${-454, librariesl).
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From Figurebl (A, B, C andD), it can be seen that relationships between physical properties
and the activity (E€y) of Ugi adducts451-454, librariesl). Figure51 (A) showsa response
(ECsg)-molecular weight (MW) curve was sigmoidal, although the portion between
compoundgl51and452 of maximal responseECsg) approximates to a straight linartition
coefficient orlipophilic efficiency(cLogP)refers tocompoundipophilicity efficiency which

is used in drug discovery to evaluate the quality of scope compounds, such as permeability
through biological membranes, linking with potency, solubility, lack of selectivity and to
estimate drudike. Plotting cLogP againgECso) (Figure51, B) for a range of active Ugi
adducts 451-454, library 1) indicates to correlation the partition coefficient (cLogP) and
activity (ECsg). To assess the role of thiepological polar surface area (tPSA) for each
compoundson the potencyEGCsg), tPSA values foreach compounds were calculated and
correlated them witECsg) valuesFigure50 (C). It was observed from tablie3 that (tPSA)
values are similar for all active Ugi adducttb{-454, libraries1) and these valuedo not
affect on the amprion activity. Electronic substitution constans one of influential
physicochemical properties which broadly affects on dikey properties. It seems from
Figure51 (D) that obtained from plot between calculated electronic substitatostantof

Ugi adducts 451-454, libraries1) and (ECso) values,significant positive correlations was
observed.

Figure 52 (A, B, C and D) also shows approximately similar effect of some physical
properties of Ugi adducts 457460, library 2) such as: molecular weight (MW),
hydrophobicity (clogP), topological polar surface area (tPSA) and electronic substitution
constant on the anfirion activities.Thus, the influence of the -dubstitutions at theneta

andpara- aniline ring seems to be more efficient effect towandksprion activities.

138



) A B
8
7 ‘\!\ =455 7 —e—2.37
° —m—487 6
5 \ 5 —h=—3.17
o o
4 —|-575 (uf 4
w5 3 ——3.71
2 2
—m-545
1 1 e 3.41
O T T T 1 0 !
0 200 400 600 800 0 2 4
MW cLogP
8 C 8
7 f ——87.74 7 —@=0.399
6 6
5 1 ——87.74 5 L —0—0.6
o o
&JP 4 o4
3 ——g774 | W3 ——0.625
2 2
1 ——87.74 1 -9—0.63
O T 1 0 T 1
0 50 100 0 0.5 1
tPSA Electronic. sub. constant

Figure 52: Shows SAR study for active Ugi adduci$T-460, libraries?2).

It is interesting to see that pddgi cyclisation productpyrrolo-pyridine derivativeq463

474, libraries3 and4) which are derived from Ugi adduc#51-462, librariesland2) were

all inactive. Although some compounds showed weak activity in the initial screening, but
these compounds did not display any activities in theyEidies so they werelassed as

inactive. It seems that removing one of the carbonyl groups or functionalizing the carbonyl

groups makegthe pyrrolo-pyridine corereducen antiprion activity (Figure53).

Figure 53: Showsfunctionalizingof the carbonyl group to makmyrrolo-pyridine core.
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It can be seen that corresponding gdgt cyclisation products were not tolerated in terms of
cell line activity due to the combined effect of reducing the number of rotating bonds after the
cyclisation (Se&€hapter six, section6.1.5.1 for mechanism of cyclisation) with the removal

of one of the carbonyl groups adjacent anilines resulted in a total loss-pfiantactivity.

In conclusionsjt can be seen that the majority of Ugi adduds1{462, libraries1 and?2)

with di-substituted anilines have good apttion activities. Strikingly, the removal of one of

the carbonyl groupsia postUgi cyclisation diminishes anprion activity compared to the
same precursor Ugi adductd5@-462, libraries1 and 2). An interesting observation was
noted that the total removal of Pffvas not observed with any tested compounds. Even at
the highest concentrations of tim®st potent compounds, 5 to%®f the PrB°remained. As

seen in dot blot presented kiigure49 (A, B, C andD) and faint spots were still visible on

the dot blots. The initial screen data shows the residudf ®Hich remained after treatment.
While this could be due to the limitation of assay itself (background and selection of
antibodiesetc), it also raisea question of whether the cells still retain infective. It is possible
to see that Pr®levels have been reduced to such a degree that accumulatiortreapmeent
stages would be prevented by normal cellular processes. Further work is required toeshow
long term effects of treatment on Bffevels, and also to assess whether the cells are still
infectious. The reduction in levels of Bfand the activity of the chosen compounds should
be reproduced using western blotting to validate the dot bdddgol used in this application.
Nevertheless, data presented should furnish some insight into new direction of lead discovery

against prion disease.
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Chapter 8. Conclusion and future work
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8.1. Conclusions

Three starting materials or more can be combined in one pot in multicomponent reactions
(MCR) to give a product which contains most of atoms in the reagents. The multicomponent
reactions such as famous Ugi MCR usuailyolvesseveral steps in equilibrium followed by

one irreversible step. This is importda allow awide range of diversities to be introduced in

one step.The MCRs studies in this thesise ketoacids, aminesd isocyanides as basic
building blocks to synthese a wide range of bioactive heterocyclic compounds. Ketoacids
are beneficial starting matersalhich have been used literaturesas bifunctional substrates

for thesynthesis of various heterocyclic compounds,itstapplications in MCR is relatively
under explore. Isocyanides attee otherimportantcomponents in MCR They can act as

both nucleophiles and electrophiles which make them the most wide used reagent in MCRs.
In Ugi reaction, he terminal carbon of isocyanides undergoes electrophilic oeacto
generate an electrophile which can be then trapped by another nucleophile. The combination
of ketoacids, isocyanides and a wide range of amines allowed a large varietylzdsgdi
MCRs and post transformation reactions to take place to produckeaamge of heterocyclic
compounds.

Cyclic amides are widely used scaffolds in medicinal industry and attracted much attention in
organic synthesis. The synthesis of complex cyclic amides has been explored using
multicomponent reactions in this thesigpproachfor preparing a variety of cyclic amides
such as pyrrolidirf2-ones and piperidin2-ones from different isocyanide, amines and
different keto acids has been developed usatgh reactionsThis method was utilized to
synthesise novel-lhembered, Gnembered and-membered cyclic amides in yields ranging
from 3556%. Attemps to synthesie of azepan@-ones (seveimember) proved successful
which was carried out in high dilution, while the attempts to use the same method in the
synthesisof azocane2-carboxamide (eightnember) proved unsuccessful, with a complex
mixture of sideproducts observed. The reaction was potentially hindered by the demand to
generate a ninmembered intermediate which are both enthalpically and entropically
disfavoued.

Me y e lactatnization is a bislectrophilebis-nucleophile reaction which was used to
synthesse of biand tricyclic lactams using various ketoacids and different amino alcohols.
Pyridinium p-toluenesulfonate (PPTS) was used as catalygteny e eastiontorcontrol the

stereoselectivity of outcome bf-and tricyclic amides (lactams).
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Keto acids as bifunctional precursors were tethered with primary amines, isocyanides and
trimethylsilyl azide reagent to produce the Weirazole products in low vyields. Flow
chemistry was efficiently utilized to improve tpeoductivitiesof the Ugitetrazoleproducts

in moderated yielddMicrowave (MW) irradiation as conventional technology was exploited

for synthesiof some pyrazol®xopyrrolidne derivatives with satisfactory yields, short time

and solvent free conditions; however the same reaction would require three days to afford
these compounds in low yields.

Isoqunoline derivatives have a wide range of biological activities. The synthesis of their
derivatives explored usindgi reaction wherésoqunolinewas used as an amigemponent

which reacs with Uketoacids and isocyanides to allow a wide rangeisofjunolire
derivatives.These molecules may contribute to promote the functionalization of heterocyclic
scaffolds with medicinal properties duette fact thaisoquinoline substructure is found in
some natural product and synthetic bioactive heterocyclic compoAndefficient multi
component cascade involves decarboxylative lactamization reaction in water as a green
solvent was utilized for synthesis of a series of isoineblone derivatives in good yields. In

this protocol, it was found that tetrabugyhmoniumbromide salt (TBAB) plays an important

role to promote muktomponent reactions.

The multicomponent reactions and subsequent cyclization reactions are considered as a
powerful stratagem for the synthesis of various heterocyclic scaffolds. Thieomponent
reactions are utilized to form adducts carrying varied functional groups which can then be
selectively cyclized to yield more complbeterocycliccompounds. A central goal of further
expansion is to provide stereochemical control over thetioeaand prepare structurally
diverse compounds for evaluation of their biological activities. Further expansion could be
performed using different cyclization methods based on the properties ketoacids as
bifunctional component leading to diverse sgigkerocycles compoundsA convertible
isocyanide ina sequential cyclization strategy of Ugi products including 4inta
intermolecular attack from a variety of nucleophiles with a catalytic base to form the
pyroglutamic acidanalogues was investigate8l versatile and robust strategy coupling the
Ugi-tetrazoleadducs with ambient postondensation modifications allowing riadpsure to
variety of pharmacologically relevant scaffolds. The expansion of thaetfgzoleproducts

to form 5, 6 and7-memberedings was subsequently investigated and reported thaj 1,1
carbonyldiimidazole is convenient reagent for intramolecular amide coupling with good
yields. Further cyclization reactio$ multicomponent products were exploited to synteesi

noveldiones dewativesin yields ranging fronb5-85%.
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The Ugi and postransformation reactions include various ketoacids with-@otected
hydrazine was successfully employed tbe synthesis of structurally diverse g@iyrrol-
oxopyrrolidine derivativesin order to evaluate their biological activitPyrrolopy r i di ne
substructures possess a high range of pharmacological properties, therefore the post
transformationreactionsof the Ugi products undea mild condition were successfully
utilized to synthese a series ofovel heterocyclic compounds. All synthesized compounds
were screened as ajtiion therapeutics, a series of Ugi addyd&1-454and457-460 show

as promising antiprion agents and the structeaetivity relationship (SAR) of these

compounds was investigated.

8.2. Future work

Further reactions during the use of convertible isocyanide would furnish pyroglutamic acid
analogugScheme80). The Ugi reaction was used to afford efme@mbered, énembered and
7-membered cyclic lactams then further pwahsformation of these cyclic lactams would
lead to the natural product. During my PhD studies, a similar multicomponent reaction was

exploredfor the core of amathaspiramide alkald#gl7 (Figure54).

B
Br Br Br r
MeO

Meo MeO MeO Br

Br Br Br OH
H Me OH N

O._N o o H OH N = "

N N NMe €
"Me ‘Me o
(0] 0 o

Amathaspiramide Amathaspiramide Amathaspiramide
A E
486 487 488 489

Figure 54. Intermediatet86as a precursor key to amathaspiran#ié@

Retrosynthetic analysis showed that an intermedi&@ might be formed from an Ugi
reactionusing convertible isocyanidet9, keto acidd90and ammonium acetald7 (Scheme
80). It has been believed that large amount of the keto4&fdvould be firstly needed due
to the many stepghat are required to utilize this keto ac#®0 as essential component in
multicomponent reactions. Multicomponent reactions cbalthenexploited as a beneficial
route to reach amathaspiramides as natural product (ScB@mAmathaspiramidel87 is
one dibrominated alkaloids which has attracted attes of pharmaceutical chemists. The
common structure of these alkaloidsfeatured by a novel azpirobicyclic that consists

three contiguous chiral centres in an amino group which is connected vgtlaternary
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carbon centre, 113-dibrominated aromatic ring and a cyclic hemiaminal moiety.
Amathaspiramide#\ (488 displays an important biological activity such as -amtrobial
and antiviral(Figure54). Amathaspiramid& (489 has shown a potent antiviral activity, also
against Pabvirus, Grampositive bacterium bacillus subtilis and fundtfd. Hence, itis

necessary to look for a suitable method to produce ketata6id

Scheme 80A proposed route for amathaspiramakpends on keto ac#d0asan essential
component in multicomponent reactidrfs.
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