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ABSTRACT

The preparation of piperazinones, which are important pharmacophores, is reviewed in
the introduction. This thesis provides an elucidation of the cyclisation mechanisms
involving chiral secondary 1,2-diamines both with haloacetates and with 1,2-dicarbonyl
compounds. The work on selective cyclisations consists of mainly three parts:

(i) Regioselective preparation of N,N'-disubstituted 5- and 6-piperazinones with
elucidation of the cyclisation mechanism using D,0 and 13C label;

(i1) Regioselective preparation of N,N'-dibenzyl 3,6- and 3,5-disubstituted piperazinones
using methyl o-bromophenylacetate, methyl 2-bromopropionate, methylglyoxal,
phenylglyoxal and benzil;

(iii) Selective preparation of N-acetates of S-substituted piperazinones by
hydrogenolysis and intramolecular cyclisation in the same reaction pot starting from
substituted dibenzyl 1,2-diaminoacetates.

Additionally, the total synthesis of a potential M, muscarinic agonist for treatment of
Alzheimer’s disease was planned and almost completely carried out. The multistep
sequence presented two challenging steps: regioselective preparation of a chiral
piperazinone successfully achieved with the haloacetate cyclisation described above;
Birch reduction of a lactam to an aminol, in presence of an amide, which acts as a

nucleophile and cyclises to give a 1,1-aminoamide.
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CHAPTER 1 Introduction

1.1 Biological aspects of constrained peptidomimetics

1.1.1 Piperazinones: building blocks for peptidomimetics

Proteins have well defined three-dimensional conformations that are necessary
to exhibit biological activity. Peptides play fundamental roles as ligands to protein
receptors. However, peptides themselves are poor therapeutic agents due to low oral
bioavailability as a consequence of degradation by proteolytic enzymes; and poor
membrane permeability due to inefficient transport across cell membrane' and large
molecular size’. Therefore, drug research is focused on the design and preparation of
“peptidomimetics”. This term describes a large family of compounds that show similar
biological activity to native peptides. Peptidomimetics typically contain unnatural
amino acids, conformational constraints and groups which mimic peptide bonds, but
which are not susceptible to hydrolysis’.

The design of a peptidomimetic is a complex operation that includes a clear
understanding of structure-activity relationship and the conformational properties of the
target peptide. Determination of peptide bioactive conformations can be achieved by
studying multiple conformationally constrained non-peptide analogues®, X-Ray
crystallography analysis and a combination of computational and sophisticated
spectroscopic methods. The introduction of constraints in peptide structures limits the
number of conformational possibilities that they can adopt and consequently reduces the
entropy cost upon folding into such a conformation. Ideally, small and constrained
molecules able to “lock” the active conformation of a peptide should result in higher
affinity with a receptor, increasing the stability of the binding and improving biological
selectivity through elimination of bioactive conformers that give undesired biological
responses. Model constrained peptides have been designed to study in detail the

conformational preferences of natural and modified amino acid residues.

1.1.1.1 Types of modifications

Two basic types of conformational modifications have been used in analogues:
non-covalent and covalent modifications. Non-covalent modifications include the
incorporation of D-amino acids, N-methyl amino acids and a-methyl amino acids.
Covalent modifications forming cyclic and polycyclic peptides include cyclic amino

acids®, disulphide bridges and cyclisation through amide bonds, all of which are known



(-8 !

4L 0
40

B)4

%

24 (

0B
B O

5B

% -

0

0& 4-

& 04

(-)

) 0

84



0

0 ,FO 1 0O
$ 0
#GDD
$
. 8A" 1

%

24

84

8 *
)
" $
0 "
8 n
4
/ 8A
E |, -$
E
($88 )
$
% 14

99 Q 6



# * W (H X
$ !
9 (
# +
$
$
YND X)
o * ,C 8-6
YGD W 0(84X Z W K(84X)
01 ) " Q-R ,C
0 14 A J'* 0
(14 9



209 3 0

> W
#ND W (X

s w X $ ! 3
0 *$
822309 0 \ 209 ,C 4-3
/4 $
) 1
*
! 1 00
@ A
* $ =
$T
) $° %
$
($($ ! 1
== C=== :
0 1 # # )
FO ) #
$
$
® B B 48
Y
B6
B
T B 0 +UA981
8 (T
! ##

[ DIl ,B [l DIl -) o "

YND W



# 0
1 & 0 & -&
3) FO
* )
$ /
8% !
)
% A !
> 0 " > 0% "- |
.1 0B 0B 0O 0> -(8)(F$
4 .
. $) 4)@ " A$ > 0% "
$ 0
) 0 )
$ / #
418 0 (4%
& > 0% ")
#
$
B)4 B)A

F$



""E 8 (($ %#

0
28  <9:
| #
, 0 0> O

"'N$

0B

0B

(4

(I

(E

#
22 (B$'2
$
EO HO B
(4
0

(8

*8@A9<:<

22
0-% 10&

(E
2@

(( '"'"E 8

$
<9:.
)
F-$
';N



F

21 %

£8168/4

$8

21/

%

B/\

8 &$ T

&)

%

14

(F
Y I, C

J( Al Al

2@ %
$
)
(HX $ =
D8
0
E-)
#
A ( <4

/10O

8%

2< %

K8

D O
D K 8

‘A J( A

Al

Al

8 %



V8 A V2. Tv2. D D +

V2 44 awxs 3 PIESBBHYBESSSS  Qz-
2 A@9 A9 A=9 9  YYYY:1
444 B0NNMQ9 444848444 449 9 $$358385mBaa
B 6 v I A@9 289 09 4944444
I @9 A289 AO09 9 1
444 A0 A @ 9 29  Ap4B444489
: A@9 289 A=9 9
20 A " A289 289 A@9 9 2
" A@9 ' 9 A289 289 =
8804 'A
mn %
0! # )
# $ ! )
0 #
4:8

v2 $
V8
2= A 89 A
0 #
8)88% " 1
J?)Q) Lo " (8 #
# 99 ) )
$
/1 /0 $ &
#
* $ T )
1) # # $ = # )
# $ * )
) #
# * 8 %
> B

82 88



%

84

/

2



4E

%

TT

/4

4

4

4

0(l4

TO0929T

0(

%

22


http://bmbiris.bmb.uga.edu/8010/moremen/weblinks/WebSerineProteases/ProteaseStepl.gif

8< >

% 9 8AJ

%

-A+

8/

8@

A( A+

A

80

28

8H$

A% 98>



(8

8 <
# 8 016
$ /
)
0 80 F 804 #
?
) $
4 *
/ 3 ) #
B! O ,C | -
)
$ ;03 )
9 0 )
,C 29-4
3.1%/" " 3.1%/"
5 1%/
=184 ( 'A $ 294
BB-$ # Cc ! #
) %
1 >0(E$D( 8
C ! $ ! #
# 196
C # # BB ! 0/%

$ 3

BB

'$



*

8= A2<0628:

,C! )BB! O0/-

((-$ / ) ?

1/4 %

(F

$P B
$P *
$P *B:
$P +
3 W5
$P
) mn
1 1
* 8
# 8
# #
F8%
# )
# $
2 ol oB D 0O 0B ,C
@ A FF$ /
6 n
0E F4 8¢
#
12 +A<91/9



(4

( % %
, )e) 8) ) -8 8
! + IF ,C (-8 1
) 8) &- 1 1
$ ! # #
) F$
N)B
B B
: T A+AG6
0! «8
281<4 %
0 1 )
$1 1 " 88
8FFH # & > 0 FI$
*
# $
)
o= ( A:61A A + 11 T A:61A A >
$2P$8P> $A6P$8P>
$GB6 $8P> $GB6 $8P>
5 % &
! #
$ 1 84
’ 4s | !



2:/84 B

> )A

, C

4(

" # $
#
: -$ 1/
$2P$8PB
$ P$8P*B:
$ PB6 $8P A* 9B8
)>
$ +A
)
/ E
)
- )
(8)(F-3%
)
o
21/:4 >
6



& (

%
(A

-4F$ |/

2/4

4(%

BO

(E
F OF8 $

uv

* 8V



18

They are located in different areas of the brain and are likely to be involved in
many different physiological processes. M, receptors are found in the forebrain,
especially in the hippocampus and cerebral cortex. M, are found in the heart and
brainstem whereas M; are found in smooth muscle, exocrine glands and cerebral cortex.
M, receptors are found in the neostriatum and M;s receptor mRNA is found in the
substantia nigra>.

The events associated with G protein-coupled receptor activation are as follows
(Figure 15). The agonists bind to the receptor that is consequently stabilised and can
promote receptor/G protein coupling. GTP is exchanged to GDP on the G protein a
subunit. The binding of GTP leads to the dissociation of the G protein from the receptor,
thereby lowering agonist affinity whereas the agonist dissociates from the activated
receptor. The G protein consists of three subunit (a, B and y), which also are dissociated.
The a subunit activates the second messenger, phospholipase C, and the B and y
subunits can exert independent actions. The a subunit is inactivated by the hydrolysis of
GTP to form GDP by a GTPase intrinsic to the G protein and can then recombine with
the p and y subunits. At that stage, the receptor is then in a high affinity state and ready
for binding another agonist.

The site of action of the M, receptor agonist appears to be an increase in the
activity of a protease, a-secretase, through phosphoinositide turnover and stimulation of
protein kinase C. a-Secretase cleaves the APP in the AB domain so that AB cannot be
produced from APP; muscarinic agonists therefore reduce the levels of A produced.
M;-Selective agonists may be useful to enhance cognitive function in the treatment of
Alzheimer’s disease®. They are generally relatively small molecule containing
heterocycles, whereas M;-selective antagonists are larger molecule containing aromatic

moieties> .

1.1.2.11.2 Alzheimer’s Disease Treatments

Treatments in use nowadays include: acetylcholinesterase inhibitors>®, such as

tacrine 37°°, donepezil (Aricept®) 38%° and galantamine (Reminyl®) 39°.

NH,
X
N

. OCH3 OCH3
37 Tacrine 38 Donepezil 39 Galantamine
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