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Abstract

Azo-drugs are among the earliest fully synthetic chemothetapagents known (Prontosil 1935).
However the synthesis and application of phenylazo compounds in thef anedicinal chemistry
has largely been restricted to derivatives of primary ancraatines. This has been due, in the most
part, to a perceived view that azo compounds not containing two acaynatips are unstable. The
syntheses of a number of novel heterocycles including important imedatructures directly
linked to an arylazo moiety are reported. The literature sunteyduces a range of four and five
membered heterocycles with established pharmaceuticabgaditivparticular the attention is drawn
to molecules containing the azo functional group. This thesis inenga chapter detailing the
introduction of a variety of alkyl and aryl groups into novéactam molecules bearing the arylazo
and arylazoxy functional groups. The succeeding chapter investihateslé of the azocarbinol
group as an intermediate in the rearrangement of azoacetatd&atyl hydrazides. The
deacetylation reactions of azoacetates derived from L-thre@rmealso described. This work
resulted in the synthesis of novel oxazolidinone and hydantoin specieswitts phenylazo
attachments. The final chapter describes the incorporatioa ofanide unit into heterocyclic
compounds through intermolecular cyclisations of a range of substitzeacedates when
potassium cyanide is employed as base. It is shown that tlggaagpmay be incorporated into the
cyclic system to produce pyrazoles, or as an exocyclic pengianip attached to a 2-
iminopyrrolidin-5-one; X-ray crystal structures of these compounds raported. The 2-
iminopyrrolidin-5-one was easily modified to produce the correspongymgplidine-2,5-dione
(succinimide) derivative. All of the heterocycles reportedengenerated from azoacetates derived
from simple, cheap and readily available starting matejediylacetoacetate and L-threonine), thus
showing azoacetates to be versatile and valuable building blockseiriield of heterocyclic

chemistry.
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1.1Introduction
1.1.1 The early history of antibiotics

The history of antibiotics can be traced back to observations mattdélypeoples
who noticed that certain plants could be used to stave off infe¢tmncenturies natives of
South America have chewed the bark of the cinchona tree asatmént for malaria.
According to the Ebers papyrus (1500 BC), beer yeast was useauols by the Egyptians.
The ancient Greeks and ancient Chinese also noticed thainceroulds and plants were
effective treatments for infections.

Some would argue that salt was the first antibacterial ageference to salt being
used as a food preservative can be found in the earliest doclsuent@ng in most cultures.
Most historians agree that the practice probably predates masenwlanguage. The
connection between the toxic effects of NaCl on food-spoiling bactexi#d not have been
fully understood but the health benefits of employing the procedws@tebased meat curing
would have been obvious.

In the late 19th century some of the most significant breakthronghs made. In
1871, Joseph Listenoticed that some moulds could inhibit the growth of certaimabés.
Unfortunately the significance of this work was not realised eatiately and it would be
decades before the full potential of this discovery was expfatigd
In 1877, Louis Pasteur showed that anthrax could be countered in aninmathenihjection
of saprophytic bacteria found in sbiLouis Pasteur's pupil Paul Vuillemin coined the term
‘antibiosis’ in 1889 to mean a process by which life could be usesstwyl life.®> Emmerich
and Freudenreich among others made similar observations tiometa other pathogens
including important contributions towards the treatment of cholera gidheiria’ In 1897
Ernest Duchesne a French medical student first uncovered theiglaatibiotic properties

of the penicillium mould. Duchesne studied the interaction betw&scherichia coliand

1
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Penicillium glaucumHe had observed how stable boys kept their saddles in a dark and damp
room to encourage mould to grow on them because the mould helped tteehssddle sores
on the horses. Later he found that after preparing solutions of the armilighjecting them
into diseased guinea pigs, they recovered. However his discowesig largely unnoticed by
the scientific community.

But the most significant step forward came with the discovgrlexander Fleming
that a product in human tears could lyse bacterial cellemifg’s finding, which he called
lysozyme, was the first example of an antibacteriahtfgind in humans. Lysozyme would
prove to be a dead end in the search for an efficient antibi®zause it destroyed non-
pathogenic bacterial cells. In 1928 however, Fleming discoveretearattibacterial agefit.
Upon looking through a set of old plates that he had left out, Flefoumgl that colonies of
Staphylococcusvhich had been streaked out had lysed. The observation #isithigd
occurred adjacent to some mould that had grown on the plate andalisation that a
product of the mould had caused the cell lysis, would become probahiyogtemportant
observation in the history of medical research.

Through follow-up work, Fleming showed experimentally that the mould pestac
small substance that diffused. He named this substanagllpeafter the Penicilliummould
that had produced it. By extracting the substance from thesplEleming was then able to
directly show its effects. Important to its discovery wiaat tpenicillin had destroyed a
common bacterium,Staphylococcus aureusassociated with sometimes deadly skin
infections. From that time up to the present day the vast nyagircommercially available
antibacterial agents have been structural variations obtlaetam core of that original

penicillin skeleton.
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1.1.2 The emergence and development @Flactam antibiotics

When the structural elucidation of the active structures in glemi¢l, Figure 1.1)
was eventually achieved in the mid 1940’s the drive to find usglefivatives of the molecule
began in earne$tThe benefits of these new drugs had been brought clearly into fo¢us wit
the onset of the Second World War. In 1942 the U.S. government nmad@peal to
companies to join the race to see which one would develop a avayass-produce the
world's first broad-spectrum antibiotic. In response Pfizer dgeel a production technique
that allowed large quantities of penicillin to be produced and shippé#tettroops on the

frontlines saving countless lives before the end of the war.

H

T
T
mIT

YOG DT L

N
(0] %
3. )

5. _CHs
\><c Ha
o 7, :
2. chon COOH

Figure 1.1 General structure penicilling)((2 = penicillin V, 3 = penicillin G)

1.1.3 Ring numbering and nomenclature
There has been some inconsistency in the use of numbering syatdriactam ring
systems, particularly in the case of monocychactams, for the sake of clarity the system

shown below (Figure 1.2) has been adopted in this thesis drzewised throughout.

Ty S T [0

6 6 5 6 5 7 6 3

7—1N\;> 77—1N\> N 21N 4\

/ ot ped e

o o o} 0 o
Penam Penem Carbapenem Cefenfzetidinone

Figure 1.z -Lactam ring numbering
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1.1.4 Semi-synthetic variations of penicillin
Initial attempts at producing new useh#lactam compounds centred around making

structural changes to the side chain at position C6 on theilpergkeleton.

o)
| g4 f 4 R=H 5 R=
= = S
/N"ﬁ'f T\ CHs
R 7 1 3 O
N2 CHs
o / 6R= 7R=
COOH COOH

Figure 1.2 Sem-synthetic penicillin derivative

This was initially achieved by removing the naturally occurrirayl egroups to give
compound4, 6-aminopenicillanic acid. Addition of new acyl groups affordedrteer and
useful semi-synthetic derivativesnpicillin® 5, carbenicillif 6 and oxacillin7 (Figure 1.3).
1.1.5 Structural diversity in the b-lactam skeleton

After the preliminary studies on the activity of peniciliémalogous studies uncovered
various active compounds similar in structure to the penicilbesitaining theb-lactam
skeleton as part of the structure. The first of these tagameas the cephalosporins in 1948
(Figure 1.4); Giuseppe Brotzu isolated these compounds from cultuf@spbialosporium
acremoniumfrom a sewer in Sardinid. These compounds were found to be somewhat

effective against typhoid fever.

_OAc
H H 8 R]_: H2C R2 = H
Ry~
N _~
3 R, /OAC CcO,
9 Ry=H,C Ro= 1 W
Figure 1.4 Cephalosporins
4
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Research was carried out at the Sir William Dunn School ¢foRagy at the University of
Oxford and the compound cephalospori® @as isolated! This compound was found to be
less potent in terms of antibiotic activity than penicillin hoareit showed good stability
towards -lactamases. It was also found, in a similar fashion to piémithat isolation of the
parent structure, 7-aminocephlosporanic acid (7-A&Aigure 1.4) gave a synthetic route to
many new and potent antibiotics. The first of these new compoundsdméeommercially

available was the antibiotic cephalothin (cefalofi@)Eli Lilly-1964).

cephalothinlO cefuroximell ceftriaxonel?2
H ‘ |
/N S o\N O\N
h Y ~ Y
= X
N _ Rl \ s 5 \\ o) S>;N I
(e} R, H,N
CO,H R
2 OAc (0] NH S N (0]
D% N 2 SN
T XX

Figure 1.5 Structural diversity in cephalosporins'(2™ and & generation)

Subsequently large arrays of cephalosporin based antibiotics iweoeluced to the
pharmaceutical market. In 1995 cephalosporins were the largiéiag Sype of antibiotic
worldwide, generating almost 8.5 billion US$ in revenue foruwledors, with penicillins
being the second largest seller (4.4 billion US$yhe development of cephalosporins has
given rise to several generations of subsequent derivat@snples of which include,
cephalothin10 (first generation}? cefuroximell (second generation), and ceftriaxat
(third generation) (Figure 1.5).
1.1.6 Other important bicyclic b-lactams
1.1.6.1Carbapenems

Another important addition to the bicycliclactams came with the discovery of
carbapenems in the late 1970s at Beecham and MeTtienamycin {3, Figure 1.6), which

was isolated from the moul&treptomycin cattleawas found not only to be an extremely

5
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potent antibiotic but also an effective-lactamase inhibitor. The main feature that
distinguishes thienamycin from similar bicyclidactams is the presence of the sulphur atom
exocyclic to the five membered ring system. Thienamycin could eaeleased onto the
market despite initial promising biological results. It was fothvat although the compound
was a potent antibiotic it had a tendency to undergo an intra-moleeatzion involving the
amide group and the-lactam ring at certain concentration levels. The probleas w
overcome by chemically altering the amide functionality taraime, a group that did not
interfere with the -lactam ring and did not have a detrimental effect on the potathe
compound. The new drug Imipenerh4( Figure 1.6)was successfully marketed as an
antibiotic and also has good activity againdactamases. However imipenem is rapidly
degraded by the renal enzyme dehydropeptidase if administered fiorieis reason the
drug is co-administered with cilastatin, a dehydropeptidaseitohilzilastatin blocks the

effects of the renal enzyme.

COOH

14

Thienamycin Imipenem
Figure 1.¢ Carbapenems
Since the release of imipenem a number of useful carbapd@ambeen developed and they
have been found to be among the broadest spectrum anti-miagérak available.
1.1.6.2Penems
Penems evolved out of the desire by synthetic chemists to inatepgsme of the
structural features that were known to convey biological agtiuit penicillins and

cephalosporins into a molecule more readily synthesised in thA k@lam at the Woodward

6
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Research Institute in Basel achieved the synthesis of suchezuielontaining both the
bicyclic structure and a double bond in 187Fhe initial compounds synthesised were of the

general type shown (Figure 1.7).

R
S
'6"5/4
3 CHj
/7_1N 2/
o
COOH

Figure 1.7 General structure of first synthetic penems

It was the discovery of clavulanic acid9( Figure 1.13) as a potentlactamase
inhibitor and of thienamycin as a powerful broad-spectrum antibib&it rose hopes that
interesting biological activity in compounds with a penem skeleiiowever the challenge
facing researchers was finding the delicate balance betWweentterent reactivity of the-
lactam system and reasonable levels of stability within yis¢esis being manufactured.
Interestingly the first attempts at addressing this problenbatdnce centred around the

synthesis of compounds with alkyl groups attached to position 6 smthé-igure 1.8).

CH3

HaC— S
j )

15

O
COCH

Figure 1.8 Early penem showing activity towarddactamases

The peneml5 was synthesised with the intention of providing a route to active
antibiotics, however it was found that the molecule had littleooantibiotic activity but was
a promising candidate as kalactamase inhibitor, showing good activity towards the
lactamases fror®?. aeruginosal8SA andEnterobacte?99 In results similar to clavulanic
acid and thienamycin it was found that the antibiotic actiwtgarted by the amide group on

the ring was not a vital element in the observed actigairestb-lactamases.
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1.1.7 Mode of action ofb-lactams

-Lactam antibiotics are bacterial cell wall biosynthesisibitors, active against
mainly Gram-positive bacteria. To understand helactams disrupt the synthesis of the cell
wall, a basic knowledge of the make up of the bacteriawedl is necessary (Figure 1.9).
The Gram-positive bacterial cell wall is made up of petigan layers usually 50-100

molecular layers thick.
Peptidoglycan Layer

Repeating disaccharide

Peptidoglycan Layer

s
/

—_— ~a

" <—Pe1'i1)]asmicSpace4>\\ D-Glu

% % § § <L Lys Loata \ERY® L-Ala
N cly \| ay
ég?%g%g% ??_ \|D-Ala G(lg'l‘_ D{GluD'Ala Egl}_ D—|Glu

uRo I
eadaju

- v - é{\ L-Lys él.‘L—L}'s -
Plasma membrane Tetra Peptide G% |;1 Il)r|~\la
Ala .
Gl'al:ll Positive Cell Pentaglycine chain
(e.g. Staphylococcus aureus) (Cross-linked)

Figure 1.€ Gram positive bacterial cell wall

The peptidoglycan layer gives strength and rigidity to thearall determines its shape. The
peptidoglycan layer is made up of a repeating unit of disacch@ilé 16 and NAM 17
Figure 1.10) linked to a tetrapeptide. These peptides atarnncross-linked by a peptide

chain, (e.gStaphylococcus aurels cross-linked by a pentaglycyl peptide chain Figure 1.9).

H O OH H O OH
OH 0 H
OH H OH H
H NH
H ;—I\ . /\
o COH o
N-AcetylglucosamineNAG) 16 N-Acetylmuramic acidJAM) 17

Figure 1.10Sugars making up the disaccharide-repeating unit of peptideglyca
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It is at the point of formation of these essential cross linkéwasinhibition of cell
wall synthesis by -lactams takes place.-Lactams compete for the binding site on the
enzyme that catalyses the cross linking process. Therseasral of these binding sites
within the bacterial cell known as penicillin binding proteins (PBPsThe PBP discussed
here is commonly known as PBP-1, and contains a serine resatuadhtitates the cross-
linking procedure. In the case of its reaction witHactam molecules it produces a
bacteriocidal effect resulting in cell lysis. Thdéactam ring is a highly strained entity and as
such is a highly reactive moiety. It has been proposed thaytfie nature of the -lactam
ring contributes to its reactivity relative to similar aoy@amides; this is due to a reduced
ability to allow delocalisation of the nitrogen lone pair. Attee of the -lactam amide is
shortened carbonyl bond length together with an elongated C—N bond. TaeembH
between the types of amide can be seen in the I.R. carbonghstfet-lactams (v(C==0)

1775-1795 crl) and acyclic amide (v(C==0) 1640 — 1690 Hrtf

CH3
HsC WWCOzH H
. HsC WWCO2H
S
o) NH
CH, Q
)J\ H Q H
COH
2 R N H /u\ cH
H R H 3
1 1 18
Strained penicillin Penicillin D-Ala-D-Ala terminus

Figure 1.11Comparison between penicillin andAla-p-Ala peptide terminus

This difference is directly attributable to the ring straimowon in these smaller rings
and is the nature of the susceptibility efactams to nucleophilic attack. Another feature of
penicillins considered to be a factor in their activity is strectural similarity to the D-Ala-

D-Ala terminus18 of the peptide chain in peptidoglycan (Figure 1.11). This capagity
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mimic the enzyme-binding site coupled with the inherent re&gtofi the -lactam ring is
seen as the source of the activity of penicillins (Figure 1li&hould be noted however that
some potent -lactam antibiotics do not share all of these characteriasssciated with
penicillins. Monocyclic -lactams for instance do not usually share the same level of
structural similarity to the D-Ala-D-Ala terminus8 but do bind effectively to PBP-3. As a
result the Structure Activity Relationship (SAR) has baemssed many times in accordance

with new information about the system.

I-Ala L—|Ala I- !\ la L—|Ala
bia blon ot plon
L-Lys L-Lys L-Lys L-Lys L-Al
- £ L-Al a
Gly / Gy [ ey i a / Gly |
i -aladly pom{D-Ala Gy Dlom " D-Ala Gy D-Glu
Iy | Gly \ Gy | R._Ne Hg Sly |
&Y Ly diy LKL}% Em_lLys Wo( j\:Nr \€< i L—‘gg
Iy D-|Ala ql‘ D-Ala g];_Ala o o oo h.. Dl
H,N: | "h'\_J\ Enz-Ser H.N: ‘
D-Ala T D-Ala
Enz-Ser-OH
Transpeptidase Enzvme Enz-Ser Cross-inked Penicillin Cross-Tinking
v - Peptide N + Inhibited
—D-Ala Bound _ Enz-Ser Chains Enz-Ser-OH (at Step 1)
Step 1 Step 2

Figure 1.1Z Inhibition of cros-linking proce:s in Gran-positive bacterial cell we

As mentioned previously -lactams function as bacteriocidal inhibitors. They bind
irreversibly to the serine residue of the transpeptidase enthaneby blocking the enzyme

from carrying out its essential function in the cross-lingingcess (Scheme 1.1).
H
R N

H CH
R\[rn CHg R\“/N CHg \“/ g/ :
H CH - D-
o} ;H crte > ° 21 N\( ’ b-Al °° o
{q \( (|7 H |
COOH Ser COOH Ser
| |

Transpeptidase — Ser— OH 18 Transpeptidase Transpeptidase
Peptide-enzyme intermediate
ready for cross-linking

Scheme 1.1 Action of transpeptidase enzyme on Termp-Ala-p-Ala Residu
H

H R N
H R N = S
N h jj T Q_f
: o HN
0o N o
o) (‘ N — o \,AO > o
o | COOH
V> \ o éer COOH Ter

1 Transpeptidase A, Transpeptid_ase .
Penicillin-enzyme intermediate

Scheme 1.1 Action of transpeptidase enzyme on Penicillin  unable to cross-link

nlx

([j==

Transpeptidase— Ser—OH
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1.1.8 Development of resistance th-lactam antibiotics (b-lactamases).

The development of resistance to antibiotics by bacteriad velbs in many ways an
inevitable development. Observations made by Darwin long bef@redevelopment of
modern antibiotics could be seen to auger the development ofnesistHis observation
that in every environment competition dictates the selectiorh@fstrain most likely to
survive in that environment has turned out to be exactly what eas dieserved over and
over in the domain of bacteria. The large numbers of bactesfis| combined with the short
generation times facilitate the development of mutants. typiaal bacterial population of
10" bacterial cells (i.e. in an infected patient) there asilybe 1000 mutants. If a mutant
confers a selective advantage upon the bacterium (i.e. thiy &biiurvive in the presence of
an antibiotic) then that resistant bacterium will be ctelé and continue to grow while its
neighbours perish. This can happen in a matter of days in pabeirig treated with
antibiotics. These resistant species multiply, until thereergopulation is composed of
resistant bacteria. This type of action of the bacterien@vn as the selection of resistant
mutants. For example approximately 10 years after the introduatipanicillin, penicillin-
resistant Staphylococcus aureusvas observed. In response modified penicillins were
produced that were resistant to this specific strain-lafctamases. Before long, strains of
bacteria containing-lactamases with different mechanisms of action were teelend soon
became the predominantly observed strain. This cycle has tmmrated since the
introduction of antibiotics and remains the predominant problem faesegarchers trying to
stay one step ahead of the development of bacteria.

Several mechanisms of resistance to antibiotics exismdst effective are:

0] The prevention of build up of antibiotic in the cell (decreaseptake, or increase in

efflux),
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(i)  Alteration of the target site to reduce the affinfty the antibiotic by mutation or
modification,
(i) Inactivation of the antibiotic by hydrolysis or modiditon

Although the first two mechanisms are a considerable problemmaise troublesome

in terms of -lactam antibiotics is the inactivation by hydrolysis due &pfresence in

the cell of -lactamases.

It has been shown that the activity of titactam antibiotics is due to their inhibitory
effect on the transpeptidase enzyme, combining with the PBRttvate the enzyme and
thus causing cell death due to weakened cell walls. The presEhdactamases in the cell
provides another target for penicillin with a similar bindinge,sithe success of the
lactamase is dependant on the propensity ofbttectam to bind preferentially to thie
lactamase over the transpeptidase. Both contain a serideeréisat is central to the activity
of the enzyme, this structural similarity combined with #umilar mechanism of action
suggests that thellactamase may have developed as a defence mechanisty dientthe
PBP.

The preference for reaction with thdactamase can be accounted for in terms of the
rate of deacylation of the intermediate formed between-{aetam and the-lactamase, this

occurs relatively rapidly to return the intactactamase enzyme.

1.1.9 b-Lactamase Inhibitors

Probably the most important member of this group is clavulamnic(&9, Figure 1.13)
which was isolated frorStreptomyces clavuligeris 1976?° Clavulanic acid was the first
suicide inhibitor of -lactamases to be described in the literature. The clawamture was
the first naturally occurring bicyclic-lactam described that did not possess a penicillin or

cephalosporin nucleus. This is significant in that it led the feayiater research into the
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potential of -lactams without the structural features hitherto considess#ngial for
imparting activity.

The similarity in chemical structure allows the moleculeatdb as a competitive
inhibitor of -lactamases secreted by certain bacteria to confestamse to -lactam
antibiotics. The clav ring is similar to the penicillins epicat three moieties: at ring position
4 oxygen replaces sulphur, at position 3 a hydroxyethylidene group replacasethyl

groups, and at position 6 there is no substituent.

COOH
Figure 1.1: Structure of clavulanic acid

The exact mechanism of action of clavulanic acid is thoughetquite complex, including
several different processes in which théactamase enzyme can be either reversibly or
irreversibly inhibited. However, in general terms the maaction of clavulanic acid with the

-lactamase molecule is similar to that observed with jmi¢Scheme 1.2§!

/[T;>=/_ éKTl)=JF:__> 4(1\>_/—

COOH CO;

9] :
Er—ser—Ghn 19 Enz—Ser // Ser \\

\>_/_ \>_/_
o "

Enz—-Ser

Enz—-—Ser

Scheme 1. Mechanism ofnhibition of -lactamase by clavulanic a

However, unlike penicillin, the initial acyl-enzyme intermadi can rearrange into a

chemically inert enamine, whose further reaction the enzgraeable to catalys8.
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Clavulanic acid has been shown to be a potent inhibitorlattamases produced by
staphylococci and plasmid-mediatedactamases oE. coli as well as examples from
Klebsiellg Proteus andHemophilus Although it has proven to be one of the most successful
b-lactamase inhibitor yet discovered the molecule does not paagésigent activity against
transpeptidase molecules for it to be administered unaccompafted.most common
formulations of this drug are in combination with another antibidicg. Augmentin,
amoxicillin and clavulanic acid). The inhibitory effects of thavalanic acid allow enhanced

performance of the co-administered drug.

1.1.10 Monocyclic b-lactams (Monobactams and Azetidinone)

In the overall scheme of-lactam research, the emergence of chemical and
biosynthetic pathways to the monocyclidactam compounds is a relatively new field. The
first reported isolation of nocardicins from the fermentation bob#h strain ofActinomycetes
(strain WS 1571, was identified Awcardia uniformissubsp. tsuyamanensis ATCC 21886)
was followed in quick succession by alternative synthesbstbfthe core structure (3-ANA)

3-aminonocardicinic aci0 and nocardicin 21 (Figure 1.14)%42°

_OH
o
H,N
j/j OH CO,H N OH
N /K/\
o) H,N o o O:l/:N
20 COH 21 CO,H

Figure 1.1< Structure of nocardicins, (3-ANAXC and nocardicin 21

Unfortunately the nocardicins proved to have limited effectiversggsinst pathogenic
bacteria. Nocardicin A was found to show selective antibactadtity, with moderate
activity against a range of Gram-negative bacteria imotuéProteus and Pseudomonas

However it had no inhibitory effect dtaphylococcysvlycobacteriumfungi and yeast.
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Shortly after the nocardicins came to light, the isolation of rerogroup of
monocyclic -lactam derivatives was reported in a series of papemssgarchers at SquiBT).
The so-called monobactams isolated from strains Gifromobacterium violaceum
Acetobacter sp and Agrobacterium radiobactewere characterized by a centralactam
ring with N-acyl side chains at position 3 and a sulphate moittghed to the ring nitrogen
(Figure 1.15). Most naturally occurring monobactams also beaethory group at ring
position 3, but examples where it is not present have also been d$blatee initial
exploitation of the penicillins and the consequent synthesis o¥atiees through the
modification of the side chain were wholly dependant on the developmwf efficient
fermentation procedures for the mass production of the parent compouhéd.dase of the
monobactams the relative simplicity of the monocyclic esystllowed access to the core
structure through chemical synthesis in good yield. The synthefsi¢3-AMA) 3-
aminomonobactamic acid2Z, Figure 1.15) the central unit, to which subsequent

modifications were made was achieved by Squibb chemists in?1982.

3-AMA S5Q26,18Q SQ 26,445 SQ26,812
22 23 24 25

o (0]
NE R e j\ ™ N 08 o
v :l;‘ He” ¥ '02C>\/\( 3 \©\(1\H}‘;

N, O CHs
o SO5 SO3” O
R, H-§- MeO—§ Meo-§: MeO—

Figure 1.1t Structures of 3-AMA, SQ 26,180, SQ 26,445, and SQ 26,812.
Unfortunately much like the naturally occurring nocardicins, the tsdla

monobactams SQ 26,1&3, SQ 26,4424, and SQ 26,8125 (Figure 1.15) showed little

potential as antibiotic. However after much experimentatiih side chain modifications

aztreonam (Azactam®6, Figure 1.16) was first synthesised. This potent antibiotic avas
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combination of the core 3-aminomonobactamic acid with the sidierdf the cephalosporin
ceftazidime. The compound is active against Gram-negatitertmancludingPseudomonas
aeruginosaand Haemophilus influenzaebut was found to perform poorly against Gram-
positive organisms. A further attractive characteristics vieund to be high degree of

resistance to enzymatic hydrolysis by most of the comrdastamases.
CO,H

N’O
| H
N N \\\CH3
HN— |
S O N_
o) H
26

SO,

Figure 1.1€ Aztreonam: -lactamase resistaniram negative antibiot

Until recently, interest in newly generatedactams tended to focus solely on their ability to
induce bacterial cell death due to their historically successgbplication in this role.
However -lactams have now come to the attention of researchersdisesse range of
medicinal fields. Compounds of a combinatorial monocycliactam library synthesised
using the Ugi 4CC four-component condensation reaction were found to beerdlypa
uncompetitive inhibitors of HIV-1 protease, providing lead compounds foew class of

HIV protease inhibitord®*°

R, R, °
I C=N-
P QR + Ry 30 31 32
3
27 28 29 R,| H H H
Bn
R, | ©OOBn COOBN (CONH(CHK
Rs Ph Ph Ph
R, R
);( o) Re| CHe(CNgH) CHrCOOMe — CHx(CeNaHy)
N
PRV
H
Rs

Scheme 1. Ugi 4CC mult-component synthesis o-lactam based HIV protea
inhibitors
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The combinatorial library produced a total of 126 compounds based otattiegs -amino
acid 27, aldehyde28 and isocyanid®9 (Scheme 1.3). High throughput screening of those
compounds showed thregQ, 31 and32 (Scheme 1.3) to be active HIV protease inhibitors
showing greater than 60% inhibition.

In yet another role, monocyclic-lactam analogues have been proven effective in
human clinical trials as agents capable of inhibiting therplisn of cholesterol. The goal of
the work was the generation of an agent for the prevention of atleris coronary artery
disease (CAD) through the generation of AcylCoA: cholesteroltraogferase (ACAT)
inhibitors, blocking the formation of intestinal cholesteryl estim vitro testing showed the
azetidinones to have a modest inhibitory effect on ACAT, howetwenin vivo testing in
hamsters was completed the studies indicated that the actithe cfubstrate was at the
intestinal wall to inhibit cholesterol absorption through a mechamistrinvolving ACAT

inhibition. *

| Stereochemistry Important I

| Chain Length Important l

\

N
O 33
(] Stereochemlstry

Not Important
e Mono >> Di

OCHg3 |Alkoxygr0uprequired I

OCHj,4 |Alk0xy group not required l

® Azetidinone ring required

OCH, OCHs

34 OCH; 35 OCH;

Figure 1.17 Basic pharmacophore fo-lactam based ACAT inhibitor and structure
similar inactive analogues.
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Preliminary SAR studies showed that the azetidinone ring wasssential element in the
most active compoun83 (Figure 1.17). The analogous thioazetidin@4eand uncyclised -
amino acid35 were found to be ineffective. Additional features necessarthé conferral of

activity were identified and a basic pharmacophore was deeél(Figure 1.17).

1.1.11 Anti-cancer activity of b-lactams

Due to the toxic nature of many of the currently available amieaagents, the
search for reagents equally effective, but without the rdetrfal effects on the patient has
been ceaseless. Recently the search has focusethotam containing molecules. This has
come about partly due to the recent abundance of nelaetams appearing in the literature
in response to the search for more resilient compounds capabisttwding the resistance
developing in many strains of bacte#faThe proliferation of these compounds has led to
their being reassessed as possible agents capable of bringingapbptdsis in cancerous
cells. The -lactam structure has been found to date to have very lowtiokicmost cases
and this characteristic makes them an excellent candidaferfioer development if it can be
shown that the potential exists to create ant-cancer compoundsmiltr efficacy and low
toxicity levels. Recently strides have been made towartigevdang this goal, with an
increasing number of publications showing promising results in thas Br&002 for the first

time the ability of -lactams to induce cell death in cancerous cells was relporte

7 W.a 36 0-Chloro, R = -CHs 40, r-Chloro, R = “CHs
e ~.~  37,0-Chloro,R=H 41, p-Chloro, R = S-CH
HsC 38, 0-Chloro, R = S-Ch+CHs 42, 0-Chloro, R = S-CiCgHs
N 39, o-Chloro, R = S-(CH)3-CHs
O R

Figure 1.1¢ -lactam molecules showing anti-cancer activity
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Some basic SAR and mechanistic studies were carried out @ortiunds, and although
the direct target of the lactam substrate was not idetht¥i@luable insight into the processes
resulting in cancer cell death was gathered. It was found trapaunds with an N-
methylthio group were able to induce DNA damage and inhibit DNpAcagion in human
leukaemic (Jurkat T) cells within a 2-h treatment. This wakwed by p38 mitogen-
activated protein (MAP) kinase activation, S phase arradtapoptotic cell death. The p38
(MAP) kinase was found to play a central role #actam induced apoptosis. It was found
that the rank of potencies of the lactams to induce DNA damatghes precisely the order
for activation of p38 MAP kinase and the N-methylthio group wasgaired element for
activity. In other words increasing the number of carbons on tt@oNconstituent of the
lactams was accompanied by a stepwise decrease in thg abiliese compounds to induce
DNA damage and also directly correlated to the ability toe@38 phosphorylatior86 (S-
CHj3) > 38 (S-CHx-CHj3) > 39 (S-CH-CH,-CHs) (Figure 1.18).

Apoptosis can be thought of as a means of inducing the targéb eelively commit
suicide. Apoptosis is characterized by shrinkage of the egltganization of the nucleus,
active membrane blebbing, and fragmentation of the cell intobraarma-enclosed vesicles.
The most potent -lactam selected in this study, was able to induce apoptodisintan
leukaemic (Jurkat T), breast (MCF7, MDA-MB-231), prostate @Cand head and neck
(PCI-13) cancer cell lines. The best results observed these associated with apoptosis in
human leukaemic (Jurkat T) cells where th&actam bearing th@-chlorophenyl and N-
thiomethyl moietie89 achieved an 1§ value of 32M (Figure 1.18).

After initial investigations by Baniket al on the potential of certain acyclic
polyaromatic amine derivatives as novel anticancer agemtas decided to investigate the
synthesis and activity of a cyclic analogue based on tHactam skeletorl? The potent

biological effects of the commercially availablelactams compared to similar acyclic
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systems has long been known to be linked to the reactivity indplayteing strain associated

with -lactam based structures. It was hoped that the combinaticmef ef the structural
elements shown to be effective in the acyclic systd8) Figure 1.19) would be further

enhanced in the strainedlactam ring.
O

NHU

43

~N

Figure 1.19acyclic polyaromatic model systems forlactam synthesis

The Staudinger reaction was used to condense previously synthesizacbpalyc
imines with the appropriate acid chlorides to giviactam as product (Scheme 132)Note:
Syntheses of 21 azetidinone compounds with a range of polyaroa@iendages are
reported; only those showing anticancer activity are describe@). Although the
synthesized compounds did not possess all of the elements presentaydthc analogues,

the desired -lactam polyaromatic amines system was achieved.

46 47 48
AcO Ri  TEA  aco R, R .“z,© h,© 5,7@
;\ o f CH,Cl, );(
07 ¢ N\R2 78° Cto RT S N\R2 N OO .o Q

a4 45

Scheme 1. Anticancer -lactam: via the Staudinger reacti

In vitro anticancer testing on the synthesized compounds showed th&iatth@ypod activity
for a range of cancer cell lines. As anticipated, & Yaand that in general thelactam based

compounds showed significantly improved activity over the similadbstituted acyclic
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systems. However, no efforts were made to identify theetamg the mechanism of the
subsequent anti-tumour activity of these novel agents. In thedasied out cisplatin was

used as a comparison for the compounds being tested.

1.2  Alternatives to the penicillins

At a certain point in the history @Flactam antibiotics it became clear that the rate of
proliferation of resistant strains of bacteria would eventuedinder the search for new
variations of b-lactams ineffective. This realisation gave rise to mewed interest in
developing other antibiotic molecules. The research followed twergetrends. The first
was the continued search for new natural products preferably withamems of action
differing from that of thé-lactams, thus minimising (or somewhat slowing) the development
of bacterial strains resistant to the new molecules. Theegyravas generally the same as that
adopted for penicillin and thie-lactams, the arduous search for a lead compound with good
activity followed by Structure-Activity Relationship (SAR}udies. After the elements
necessary to confer activity are identified, an abundanstuafturally similar substances are
synthesised and assessed for any discernable change in tie @f@de effects compared to
the lead compound (Summary in Table 1.2). In addition to the hatoduct approach to
drug design, there has been a history of purely synthetic drug desigestind that has led

ultimately to the synthesis of innovative compounds such as lidezol

Early synthetic Anti-biotics (Prontosil)
There is a long history of using the azo linkage in the pharmadsuiiiustry.

Gerhard Domagk is generally credited with the discovery ofatitenicrobial potential of

sulphonamides for which he received the Nobel Prize in medié®@9). Prontosil9, the
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world’s first commercially available antibiotic was ongily synthesised by Josef Klarer and

Fritz Mietzsch, colleagues of Domagk at the Bayer Compamermany3®

H,N
0 N NH
2
O:ﬂ N/
Hzi, ® Hcl

49

Figure 1.20Prontosil

In 1932 while testing a large number of dyes and azo-compounds producesgtesy B
Domagk uncovered the great potential of Prontosil as an antibioti@s not until 1935,
after Bayer had received a patent on Prontosil, that Domagk Ipedblisis results. It was
quickly discovered that Prontosil was a pro-drug, and that thesgzrt of the molecule was
in fact the simple compound sulfanilamigi@ that is released upon reduction in the digestive

system when taken orally.

0=—S NH,
NH,

50
Figure 1.21Sulfanilamide

The major indicators that Prontosil was not the direct caudeedritibiotic activity were its
relative insolubility, the observed activity vivo and total lack of activityn vitro and the
fact that it was sulphanilamide that was excreted fronbtay and not Prontosil. Since the
discovery that sulphanilamide was biologically active compoundweate quite quickly, the
commercial success of Prontosil was limited. Following to dbeelopment of Prontosil
many useful biological compounds have been isolated and studied the¢ atld bond

cleavage brought about by intestinal azo-reductase enzhé@nd54, Table 1.1).
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Table 1.1Phenylazo drugs

Name Structure Clinical uses| Mode of No.
action
Olsalaziné"* O _on Anti- Azo-reductase| 51
. on | Inflammatory | activation
z Xﬁ/'“\@go
OH
sulfasalazin&* oo Anti- Azo-reductase| 52
Hob inflammatory | activation
N Anti-cancer
@EO "

Pyridine-2-azo-p- -lactamase | -lactamase |53

Ny
N s
dimethylaniline Q/\If D\g»@ ;:_ detection activated
[e] 5 N =~ N\ /
(308 N
\\N

cephalosporin
(PADAC)*42

HaC— N
CH,

NCS 79068, R= Ef* Anti-cancer | Azo-reductase 54a

(@]
NCS 59492, R= Me ’N‘©_< activation and b
I

Cyclic-phenylazo o Anti-cancer | Garratt— 55
sulfone**4546 Q =N Braverman

4

L 0/ rearrangement

94

1.2.1 The search for synthetic alternatives 95

The period between 1941 and 1962 is often thought of as the golden eriiofiant
discovery. During this period it is estimated that more than 7@bBpound showing
antibacterial activity were discovered; the majority throubbk process of whole cell
screening of fermentation broths of cultured organisms. Howeverthbylate 1980s
motivation to pursue this avenue of approach was low due to thedewdge of antibiotic
drugs already on the market, the increased difficulty andofasug discovery by traditional

methods (screening, purification and structural characterisafbaming the late 1980s and
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early 1990s many pharmaceutical companies abandoned the search émtibemics due to
the abundance of generic drugs available on the market. The troea Gram-positive
bacteria was considered low during this period due to the suotessicomycin, with no
signs of the resistant strains from 1956 up until 1988.

Table 1.2Post-penicillin natural product derived antibiotfés

Antibiotic
Aminoglycosides Tetracyclines Cyclic peptides Méide antibiotics
Class®
Year of Isolated 1949
. 1943 1945 1956 Launched commercially
Discovery 1952
First Streptomycin Chlortetracycline Vancomycin Erythrarimy
Example
Dr Benjamin Duggar Submitted by A. Aguilar
Discoverer Selman A Waksman Modified by Pittenger and Brighan| Developed by J. M. McGuird
Lloyd H. Conover 1952 At Eli Lilly
Found in the soil bacterig Found in the soil
Natural actinobacterium Streptomyces b - .
. : acteria Nocardia Streptomyces erythreus
Source Streptomyces griseuy aureofaciens. orientalis in India
Sanborn fields USA
Gentamycin, Doxycycline Streptogramins azithromycin
Other examples Tobramycin, Demeclocycline PoFI) r'r? ins ! clarithromycin
Amikacin Tetracycline ymy dirithromycin
Mecha_n ism of Bacteriostatic Bacteriostatic Bacteriocidal Badaistatic
action
Protein synthesis Protein synthesis
inhibitor inhibitor Cell wall biosynthesis Protein synthesis inhibitor
Mode of Action (binds to the 23S | (Binds to the 30S subunit inhibitor Inhibits elongation at
rRNA of the bacterial of the bacterial transpeptidation step.
ribosome) ribosome)
Gram-negative Chlamydia (Trachoma,
bacteria, Psittacosis, salpingitis, Staphylococcus Legionella pneumophila
Active Against Pseudomonas, Non-specific urethritis pseudomembranous| Mycoplasma pneumoniae
Acinetobacter, and and Lymphogranuloma colitis Anaerobic cocci & bacilli
Enterobacter venereum)
Resistance first 1959 1953 1988 1988
Observed

During this period greater emphasis was placed on the searchnigounds active
against Gram-negative bacteria. The perception by dimécihat the pharmaceutical industry
had reached a point where treatments were available for therityagf serious bacterial
infections was a major contributing factor in the subsequent devetbmheesistant strains
of bacteria. This period of complacency and reduced vigilancettewmergence of VRE
(Vancomycin ResistarEnterococci)a strain of bacteria resistant to the super drug once seen
as the last line of defence in the battle against seriousrtzanfections. This development
in combination with the development of MRSA (Methicillin-Reant Staphylococcus

Aureug does not augur well for ongoing conflict between bacteria andréfagément of
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bacterial infections. The relentless use of vancomycimasitug of choice in the treatment
of MRSA produces a scenario where vancomycin resistance i@n@eococcirealistically
threatens transfer of vancomycin resistance toStaphylococgiand a vancomycin- and
multidrug-resistanStaphylococcustrain threatens to be essentially untreatable.

Another factor that has to be taken into consideration when compaesgnt rates of
drug discovery and release with those in the 50’s and 60’s is thesedréevels of safety
and testing required in the modern era. For instance streptomgsi discovered in 1943 and
was introduced to clinics in 1944, by comparison the potential antibamtivity of
oxazolidinones was discovered in 1979 however it was not until 2001rteastlid appeared
on the market as research had been totally abandoned for s@asatiue to safety concerns

regarding early versions of the drug.

1.3 Background chemistry

Throughout this thesis the cyclisation reactions of azo compounds dérorad
simple -ketoesters and anilides are described, and the reactiotes# compounds are
novel in terms of azoacetate chemistry. However if theepies of the azo group (&1-56
Scheme 1.5) is ignored briefly, it becomes clear that in wasss the chemistry is familiar
and has been previously reported for functionalised propionamide dexsvathe majority
of the azoacetates investigated in this thesis have agoocaiion similar to the basic
propionamide structure, and these similarities have been explyitedr group in order to
adapt this fundamental chemistry to our needs. The introduction dfbeeigng functional
groups used to facilitate these cyclisations is at the dateeavork presented in this thesis.
How these groups have been introduced at the appropriate positioasusséd within the

relevant synthetic chapters of the thesis.
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Schemel.5General overview of propionamide reactions used.

However, for a fuller understanding of how these groups have bednrusur work
a discussion of their chemistry and how they have been previouslyubeéewill follow. In
many cases variations of the chemistry of interest to ubd®xs previously used with simpler
substrates to produce useful therapeutic compounds in a diverse afafigls. It was
therefore of great interest to us to capitalise on the knowmeeales of propionamide
chemistry in order to expand the range of attainable compoundd baste reactions of

azoacetates rather than simple propionamides.
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1.3.1 Cyclisation of halopropionamides

The syntheses presented in chapter 2 of this thesis are priotercerned with the
generation -lactams through the /NC; bond formation. Procedures for this cyclisation using
a range of leaving groups have been previously reported. Of thes# threemost versatile
and frequently used is the cyclisation of halopropionamidepoife of the synthesis of-
lactams65afrom haloamides4aby the treatment of strong bases have been appearing in the
literature since the late 50°8.When the procedure was investigated using various base
solvent systems in the 1960’s by Manhas and Jeng they found thgtsihed -lactam could
be isolated with a yield of 96 % when NaH/DMSO was u&ed

Br
J
ﬁ‘ .\ —
.3 |4
\ RN
65 R (@]

Y

H
——N
o/ 64 \R

64ato 65a, R = Ph65ayield = 96 % using (NaH/DMSO)
64bto 65b, R = CH-PMP,65byield = 60 %,66b yield = 6 %, using (NaH/DMF/C}CI,)
PCP =Para-methoxyphenyl

(0]

Scheme 16 Cyclisation of halopropionamides t-lactam:

The success of these procedures is principally dependant oglatiee acidity of the amido
proton and the tolerance of other functional groups present tartiveg basic condition.
Although the formation of elimination products were not reported incthée, in general, if
the amido proton is not sufficiently acidic, competing eliminatieactions tend to be the
predominately observed processes when other ionisable groups ard. piéssserman et al
in similar studies on these systems found that when NaH in DNWIEZ was used -
elimination was the predominately observed process in the myagdritases €6, Scheme
1.6). However after variations of the dilution, rate of addiof the substrate to the base and
choice of halide as leaving group were examined, they foundhbatesired -lactam 65b,

Scheme 1.6) could be isolated as the major produatsignificant breakthrough in the
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search for a reliable procedure for the synthesis of thesersystas made when it was
discovered by Miller et al that heteroatom activation of thd Bond considerably improved
selectivity for ionisation at this position. It was also fouhat if this was the only ionisable

position the reaction gave the cyclisation prod@8t Scheme 1.7) in very high yietd.

CH; Cl CHs
HaC—— HsC——
; _NeH 0 Yield = 94%
H CH,Cl,
N N
N\ N
67 OBz 68 OBz

Scheme 17 High yielding cyclisation using heteroatom activaadN-H

When the scope of the investigation was broadened to inclutiarsysvhere competition
between ionisable protons was possié®e it was similarly found that the desiredactam

(70, Scheme 1.8) products could be isolated selecti%ly.

H Cl H
B Ho
R H - ‘ NaH R N
—> _
H CH,Cl, R =tBoc or Chz
Z N 2N Yield = 74-88 %
o} 0 70
69 OBz OBz

Scheme 18 Stereoselective cyclisation without competitiveratiation

1.3.2 Cyclisation via Mitsunobu reaction

The cyclisation of -lactams using the Mitsunobu reaction is another commonly used
method of N-C, bond formation and was first reported by Miller et al in the spaper as
their work with halopropionamides. Whenrhydroxyhydroxamates/(, Scheme 1.9) were
used as substrates the desirddctam {2, Scheme 1.9) could be isolated without competing

elimination products and with retention of chirality.
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R =tBoc or Cbz
R, =H (Serine)
R; = CH; (Threonine)

\
/Z
\\1
/Z

0" 71 “oBz 72 OBz
Yield = 62-89 %
DEAD = EtO,C—N=—7=N—CO,Et
Scheme 19 Stereoselective cyclisation using Mitsunobu coodgi
This procedure became popular because it did nptineethe strong basic conditions
necessary for the cyclisation of halopropionamided therefore allowed a more diverse

range of functional groups to be present befordisation. It was found that the procedure

worked equally well with both seryl and threonytigatives.

Ph Ph

OAc OH
Et;N/MeOH _
- Yield not reported

OMe ——OMe
73 74
o o)
Scheme 110 Deacetylation of 3-acetoxy-3-phenylpropanoate

CH; CHj CH; CHj

OAC KCN/n-ProH OH
HsC = HC Yield = 68%

H H

——NH ——NH

75 \ 76\

PCP o) PCP

PCP =Para-chlorophenyl

Scheme 1.1 Deacetylation of N-(4-chlorophenyl)-2,2-dimethylb8etoxybutanamide
Techniques for the generation of these hydroxy tsates through the deacetylation

of the appropriate acetate analogues using trigthiyle in methanol were adapted from the

work of Garay, and Cabaleiro (Scheme 1%0Vithin our group a KCN/propanol system

was used to produce similar substituted 3-hydraipimamide derivatives (Scheme 1.%4).
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1.3.3 Cyclisation of azoacetates

When the deacetylation procedures described iptbeious section were applied to
the azoacetate$33 of interest to our group it was found that the sttdie underwent
lactamisation to134 (Note: See chapter 2 for details of synthesis188 and 134),
accompanied by rearrangement to an N-acyl hydradetevative {7, Scheme 1.12). The
rearrangement product9 isolated from the reaction of the azoacetate eg&rwas

subsequently cyclised (in several steps) to forrazm -lactam 80, Scheme 1.13).

CHs  OAc NP CH; N:N/PNP CHg >;
N=N
H c——é HyC—
3 CH, KCN/n-PrOH  ° /\CHS + HaC N\N BNP
—) H
——NH —N
7 N\ 2N N
o R o R o R
133forj 134 forj 77forj

f, R = Ph ofj, PCP, (PCP Para-chlorophenyl, PNP Para-nitrophenyl)
Scheme 112 Lactamisation and rearrangement of azoacetatadexdigrivatives

> CH >;
CHz OAcC /pr CHs 3
e N=N HaC N HyC———N
3 - KCN/n-ProH SN—PNP |
3 —— H /'_N
o OEt o OEt O go PNP
79
78

Scheme 113 Rearrangement of azoacetates ester derivatives

The rearrangement resulting in the N-acyl hydraigl¢hought to have come about after

initial deacetylation followed by a 1,2 carbon itragen migration. Also, the rearrangement

was found to occur irrespective of whether an estemilide was present. These results were

published in a brief communication by the group 892>

OAc NJ< OH
~ )I\ -
N N
Ethanol
OEt OEt
O
81 © 82

Scheme 114 Barton deacetylation of azoace
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Although the reaction was assumed to proceed vialirdeacetylation, the azocarbinol
intermediate was not isolated. However in studi@sied out by Barton et al on similar
substrates it was found that by using a stericdligdered base (Rbutyl-1,1,3,3-
tetramethylguanidine) it was possible to isolate dlaocarbinol produ¢82, Scheme 1.14) of
the deacetylatior?
1.3.4 Cyclisation of cyanoamide to 2-iminopyrrolidin-5-ones and succimides

The use of relatively simply substituted 3-cyan@iwoamide derivatives in the
construction of succinimide rings has been preWousported (Refer to reactions 61 in
scheme 1.5). While investigating biosynthetic resleaon vitamin B, Battersby and
Westwood identified 2-(2-methoxycarbonylethyl)-3thmexycarbonylmethyl-3-
methylsuccinimide, (usually called the ring-B imjides a key building block and set about its
synthesis’ Central to this synthesis was the constructiothefsuccinimide rin@5. Several
routes to these compounds were investigated inmjudria initial formation of 2-
iminopyrrolidin-5-one84 from the appropriate cyanami@8 followed by acid hydrolysis to

the succinimides5.

; >\/ NaOEt NH HCI 0
—_— —_—
C EtOH
X
NH, SN NH NH
83 84 85
0 0

Yield = 80% Yield = 66%

Scheme 1.1!Barton deacetylation of azoace
Another reaction mechanism was investigated by INisbal The ring expansion of some
lactams 86, Scheme 1.16) has been reported using trimetylytsianide (TMSCN) in the

presence of AIGlin a one-pot synthesis of 2-iminopyrrolidin-5-on@8, Scheme 1.16).
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However the stepwise reaction involving initialf@ation of a cyanamide3{, Scheme 1.16)

using (TMSCN) followed by cyclisation using Alhas also investigatetrff

"Aminoazetidinones” | "Cyanamides" Il "Iminopyrolidinones™ 111
R o R R 9
@ J;( TMSCN @\ LCONHCeHs Ad; @\ J:((N—csrg
N —H
N H Gs N =N N R .
HC g6 HeC HC gg
87
TMSCN ACl3

Scheme 1.1 One and two step reaction pathways fretactam to 2-iminopyrrolidin-5-one

Succinimide (pyrrolidine-2,5-dione) derivatives baween investigated in a wide and diverse

range of roles within the field of medicinal chetrysas well as being commonly encountered

as synthetic intermediates.

Table 1.3Succinimide based drugs

Name Structure Clinical uses Mode of No.
action

Ethosuximidé”®®*! H anticonvulsant | T-type calcium| 89
(Zarontin® O~N\_0 agent channel
Emeside®) blocker

/\——IMe

Et
Succinimide-3- j’\ anticonvulsan | unknowr 90
benzylcarbamaté ©Ao NH agent
R

3-(2-chlorophenyl)- o c | anticonvulsant | unknown 91
1-((4-(3- c WNARY agent
chlorophenyl) N
piperazin-1- ©
yl)methyl)
succinimidé®
TDS>" ° HIV protease | Tat HIV-1 92

) ? inhibitor inhibitor®®

HOH,C O‘
®
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Within the medicinal chemistry sphere, succinimidage probably best known as
anticonvulsant agents39, 90 and 91 Table 1.3F° However they have received some
attention recently as a possible source of HIVeaseé inhibitors92, Table 1.3).
1.3.5 Pyrazole synthesis

The synthesis of 5-amino pyrazol8§ has been previously achieved through the
condensation of ethyl cyanoaceta8 with a hydrazidic halide93 in a sodium
ethoxide/ethanol system followed by spontaneoudisaton (Refer to reactions @0 in

scheme 1.5’

Ph COOEt

Ph Br
CN
\( )\ NaOEt/ethanol
I - — |\
Na
N

.
H COOEt N\ /C\ NH,

NH N

/ 94 | s
PNP PNP
93
COOFEt COOEt
Ph
\ C / e
"~ N §NH

96 T\
PNP =Para-nitrophenyl 1\
PNP

Scheme 117 Pyrazole synthesis frc ethyl cyanoacetate/hydrazidic ide condensatic

More recently the synthesis of similar compounti30( Scheme 1.18) have been reported
using the more commonly reported type of condeosatnvolving condensation of a
hydrazine with an appropriate ketdfien this case involving (Z)-2-Cyano-3-methoxy-but-2
enoic acid ethyl este98 and phenylhydrazin89.°° Pyrazoles and their derivatives are an
important class of heteroaromatic ring systems findt extensive use in the pharmaceutical

and agrochemicals industries. Substituted pyrazatesmportant synthetic targets because
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the pyrazole ring makes up the core structure @omant biological compounds including

drugs such sildenafil (Viagra™p1, Table 1.4)

\o o COOEt
+ H EtOH . \
N O/\ /S e 1 N/\ NH
"N 99 N ’
cN 98 | 100
Ph
Yield = 87%

Scheme 118 Pyrazole from phenhydrazine

Another important medicinal role to have emergedpigrazole based systemi0@, Table
1.4) is that of inhibitors of the p38 mitogen-aated protein (MAP) kinase. Since the
discovery of p38 kinase, it has been intensivelisped as a target for the development of
disease-modifying antirheumatic drugs (DMARDS).

Table 1.4Examples of biologically active pyrazoles

Name Structure Clinical uses Mode of No.
action
sildenafi Anti-impotenc: | PDE5 101
Viagra™ enzyme
O\/o . g =
S inhibitor
N AN
Fipronil®@"*" cl N | insecticide GABA-gated| 102
N chloride
FaC N __ channel
5=0 inhibition
C Fe
2-(dimethylamino)- | H i Anti-cancer CDK4/cyclin| 103
N-(4-((3-ethyl-4- | /X IQGSR D1 inhibitor
oxo-1-(2,4,6- N a
trichlorophenyl)-1H- °
pyrazolo[3,4- 5
d]pyrimidin-6-
yl)methyl)phenyl)ace
tamide®
4-(3-(4- diseas- p3€ MAP 104
chlorophenyl)-5- modifying kinase
(piperidin-1-yl)-1H- antirheumatic | inhibitor
pyrazol-4- drugs
yl)pyridine’™ " (DMARD)
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1.3.6 Thesis statement

As introduced in the previous section, our groupd hdentified that certain
azoacetates could be cyclised to forAactams with a phenylazo group attached through
reactions similar to those commonly used in thelisgton of N-aryl propionamide
derivatives. Though the reactions of our group ubedacetate moiety as the leaving group
the realisation that the cyclisation was unaffedigdthe presence of the phenylazo group
prompted the search for propionamide cyclisati@actiens that might be similarly adapted.
After a review of the relevant literature, sevgratentially suitable reactions were identified.
Of particular interest to our group were those tieas resulting in the generation of small
heterocycles from families of compounds known tbileit medicinal effects.

Our initial interest was on follow-up work on thaginal proof of concept studies. It
was anticipated that if a series of phenylazo camgs containing the basic N-aryl
propionamide structure could be synthesised tregetftompounds might provide a starting
point for a series of studies investigating thelisgtion to the -lactam. A review of the
relevant literature suggested that known reactimm the chemistry of hydrazones provide a
means of introducing potential alternative leavigpups (LG, Il, scheme 1.8) while
preserving the phenylazo group intact. The intréidacof other attachments of interest (R
Ary, Ar,, scheme 1.8) is made possible by making simpégadlons to the reaction sequences
used by the original researchers. Thiactam syntheses reactions are dealt with in enapt

of the thesis.

Arl
Ry /Arl R, LG /AI’]_ R4 N=N/
N—N N=N M
Me——<  H Me — e—
N _—
—N
——NH ——NH Vi N
7N /
o Ary o] \Arz o Az

I Il 1
Scheme 119 General scheme outlinin¢-lactam synthetic strate
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The other important discovery identified by the goral researchers was a
rearrangement product that accompanied tHactam cyclisation process. It had been
proposed that the reaction took place via initiehcktylation followed by a 1,2 carbon to
nitrogen migration. However several years afterghblication of our groups’ results (1992)
a group led by Sir Derek Barton (1996) publisheghager involving the deacetylation
reactions of similar azoacetates under similar tre@acconditions (i.e. base and alcoholic
solvent, scheme 1.14f However in that case it was found that the isotatf azocarbinol
products was possible. This encouraged an interest-examining the deacetylation of our

azoacetates with a view to isolating analogousadigols from our azoacetate substrates.

(0]
/\\ PNP
Me O /PNP Me OH ,
Me—4‘<
M ES—
€ %Me Base Me
R Alcohol /R
0 v o v

R = Ph, PCP or Ol (PCP = Para-chlorophenyl, PNP :Para-nitrophenyl
Scheme 12C Proposed route to azocarbinols

The aim of this section of the research (chaptew&3 to explore whether or not it
would be possible to isolate azocarbinols from amoacetates substrates using reaction
conditions previously found to be successfully usedhis transformation.

The second part of chapter 3 is concerned with fthither exploration of the
deacetylation reactions of azoacetates in an emviemt where cyclisation to oxazolidinones
was the most likely outcome. From an examinatiowlot is known about the cyclisation of
simple protected threonyl anilides it seemed thet most likely outcome of the base
treatment of these compounds might be the formadfonlactams or oxazolidinones, both
possibilities were of interest to our group. Thathesis of -lactams VII, scheme 1.21)

would expand the range of phenylazo substitutedngies of these compounds synthesised
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by our group. The synthesis of oxazolidinon&4ll(, scheme 1.21) would be another
example of the deacetylation of the acetate groupzioacetates. Cyclisation reactions of
protected threonyl compounds in general are wedlkm but again the cyclisation reactions

of analogous azoacetate compouxtshave not been previously studied.

A
. ! OACN=N/ n ] s
~ ~ —
R T AK R/OTN\ N=N
o M ~
o Ar, SN
(0] Arp
VI VII
0
HN)kO Ary
_/
4<N—N
—NH
o/ Sar,
VIl

Scheme 121 Interesting potential cyclisation reactions oktbmyl azoacetates

The synthesis of the azoacetat®$, (scheme 1.21) necessary for cyclisation studies
was not trivial. Neither the peptide chemistryrhtieire nor previously published hydrazone
chemistry give specific information as to the fs§ihthesis of these compounds. To the best
of our knowledge investigations into the oxidatmihydrazones to azoacetates of this type
(VI, scheme 1.21) has never before been undertakeseTdzoacetates synthesised from N-
protected threonyl anilides, once again, have thdral propionamide shape (Scheme 1.5)
that has been the focus of our other work.

The many repetitions of the cyclisation reactioadus the synthesis oflactams led
to the discovery that a further product could lmaied from the reaction. Chapter 4 of this
thesis focuses heavily on the isolation, identifama and characterisation of these newly

discovered phenylazo substituted 2-iminopyrolidiore derivativesX, scheme 1.22). The
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formation of these compounds was unexpected aslinbt been reported by members of our
group carrying out similar studies. It would sedmattthe ratio of KCN to substrate in the
reaction vessel drastically affects the role of tyanide ion in the reaction. Higher
concentrations of KCN in the reaction mixture wédoaeind to favour the formation of
nucleophilic substitution products with a unit glaide being incorporated into the product
(Scheme 1.22).

2-iminopyrolidin-5-ones are most commonly encougdiein the chemistry literature
as precursors to succinimides (Scheme 1.15). Thighstic exploitation of the 2-
iminopyrolidin-5-ones in that role was also of st to us due to the many reported
medicinal applications of succinimides.

The 2-iminopyrolidin-5-onesX initially proved difficult to characterise from e
spectra. The NMR spectra proved particularly difiicto interpret due to unusual line
broadening and signal dampening effects observeterboth thelH NMR and**C NMR
spectra. These unusual spectra and the measures takelucidate the structure of the

products from them are one of the main focal padhtshapter 4.

OAc L /Arl
N=—/N
_% 2KCN
— Propanol '
/ NH
O Arz
IX
Arl
H oac ,L
L= ™,
KCN \
/_NH\ Propanol
(@] Arz
XI ° N XI|
Arz

Scheme 122 Main reactions from chapte
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The discovery that cyanide can act as a nucleophilgsubstitution reactions with
azoacetates prompted the assessment of other tetesaender similar conditions, ultimately
producing pyrazole productXl{ , Scheme 1.21). The incorporation of the cyanide umit
both of these systems (2-iminopyrolidin-5-onésnd pyrazoleIl , Scheme 1.21) are novel

results in terms azoacetate chemistry and theréfmre been studied in some detail.

1.4  Conclusion

The development of antibiotics effective againghpgenic bacteria has gone through
several phases of evolution, prompted initiallydoye necessity and more recently as a result
of the development of highly virulent and resistatrains of bacteria. The process of drug
discovery in this area has seen a shift in focusnfrthe traditional sources of lead
compounds. The aim of this chapter has been tdigigtihe diverse range of medicinal roles
attributed to heterocyclic compounds similar to ¢benpounds synthesised and characterised
within this thesis. It has also been shown that @inthe responses to modern requirements
has been the reinvestigation of known classesmpoands in previously unexplored roles.

From a review of the literature it seemed cleat there was great potential to adapt
reactions that are relatively well known in the milgry of propionamide for use with the
azoacetates of interest to our group. The chemidtthese compounds dealing specifically
with the azoacetate group has been thoroughly esgblevithin our group. However the
structural similarity between the specific azoamsteof interest to us and functionalised
propionamides allowed us to begin the investigatbrihe reactions of these compounds
from a different perspective than the previousistsid

Of interest amongst the reactions reviewed wereethimvolving cyclisations of
propionamides as these might provide further irtsigbo the formation of the products

previously published by our grodpThe deacetylation reactions of azoacetates wemedail
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interest since it was suspected that this reagtiays a role in the formation of the novel N-
acylhydrazide rearrangement product published bygooup. The process was chosen for
further study because since the original work hadnbcarried out, several insightful and

relevant works dealing with similar systems hadrbeeblished by other group¥.
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Chapter

Synthesis and characterisation of the novel phenyzo bearingb-lactams

contraria contrariis curantur



2.1 Introduction

The focus of the studies carried out in this chaigt¢he further development of work
done towards the synthesis efactams from azoacetates by previous members rofjrowp
as introduced in chapter 1. The original reseaschad proved the concept that substituted
azoacetates derived from acetoacetanilides couldybksed to give -lactams using the
acetate moiety as leaving group. However the weskilted in the production of only two
structurally similar examples of these compourid4( Chapter 1) and until now no further
studies had been undertaken. The syntheses of uhedeincorporating the azo linkage have
proved to be attractive targets for prodrug syrithésie to the affinity of this group for
reduction upon the action of intestinal azo-redset@nzymes (Chapter 1).

Due to the novel nature of these compounds theyseavorthy of further study. The
area of most interest to us initially was the fartlinvestigation of the early sequence of
reactions ultimately leading to the cyclisationtbé -lactam (Scheme 2.1). Each of these
steps involves the introduction of new groups itite system, and each is a relatively well
known reaction. This offered the opportunity to estigate the introduction of groups
alternative to those previously used, and alsqttential for the expansion of a new series
of compounds into a library for future biologicadsting. With similar motivation, the
modification of the phenylazo group on thdactam to the corresponding phenylazoxy
moiety was undertaken. This is a structure thatai®, has not been previously reported in
the medicinal chemistry literature.

Investigations into the use of alternative leavingups for the cyclisation were also
carried out in the hopes of improving the existprgcedure. Several potential alternative
substrates for cyclisation were synthesised, intiqudar it was hoped that the well
documented procedures for cyclisation of halopmogimides could be adapted for use with

our system.
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2.2  Results and Discussion
2.2.1 Synthetic strategy towardsb-lactam analogues

The synthesis of monocycliclactams bearing the phenyl-azo functional groug ha
been previously achieved, however, it remainedaarcivhether not the range of compounds
synthesised could be expanded. This chapter inslud®k to investigate some of these
issues. Examination of the basic structure preWomsestigated allows for functional group

diversification within the system (Figure 2.1).

NO,
R, R
H3C CHR|:N 2 SN:N/R4 O
chj;‘/ le:r/
N —N_ Y
o o Rs o
105 106 Y= O
107 v =

R1 HN—\ S
134f R, = H Core -lactam structur "
134j, R, = Cl showing possible points  Starting materials

Previously made-lactams for new group insertion

(Ri—Ry)

Figure 2.1 Overview of target structures compared to stamiragerials.

It was decided to attempt to systematically alherdgroups present at each position. It seemed
prudent to initially attempt to modify the subséitiis of the system individually whilst
keeping the remaining substituents as close totilgnal structure as possible.

The aim of the original research (Schemes 1.121ah8) was to develop procedures
to synthesise potential biological molecules udigjle procedures and simple, cheap and
readily available starting materiafsFor this reason it was decided that the methyligrat
ring position 2 {05R; = CH; Figure 2.1) would remain unchanged since it washarent
element of both the ethyl acetoacetate and acdtvalige starting materials. Whereas raw

materials analogous to the acetoacetanilide startiaterials with alternative groups at this
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position are available commercially, they are digantly more expensive and less readily

available (in SigmaAldrich™ rare chemicals library)

Introduction of alternative alkyl
groups through haloalkane

0 0 / R: o
r{ K% R ji%
Ry  _ "NTRs Rs ' Rs
o’ TOEt o NH R=X G’ NH
Rs Rs
106 108 109

Introduction of alternative aryl

groups through Anilines - -
NH Introduction of alternative aryl
)2 groups through Hydrazines
NH
A
Ra
R R
R, N=N Ry LG N:N’R4 Rz N—N’ ¢
R Ry rR——<
NRe T Rs -1 Rs
\ LG
o} Rs o) ITIH o ITIH
Rs Rs

105 111 / 110

Introduction of alternative leaving
groups

Scheme 2.1Synthetic route to-lactams.

Scheme 2.1 shows a general synthetic pathway ¢o tlactams of interest.
Highlighted are the targeted insertion points fa introduction of functionalities alternative
to those previously investigated. The introductioh different leaving groups and the
cyclisation will be dealt with separately as thggecesses ultimately do not lead to any
change in the groups present in the final prodBrtce the synthetic steps used to produce
the original -lactams had been tried and tested, it was dedidadthe strategy adopted
would be the one that adhered most closely to tiggnal procedures. For this reason the

processes where functional group diversity wagthiced last were the first to be tested.
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Introduction of alternative functional groups at R4 (Figure 2.1)

The first challenge undertaken was an attempt ter dhe groups present on the
phenyl azo ring system {R To this end a simple di-methylated analoguecet@acetanilide
(131f, scheme 2.2) was synthesised as a starting paomnthsis of131f and analogous
compounds described in secti@R.4. At this point attempts were made to synthesise a
number of phenyl-hydrazone derivatives of this badfucture by substituting a variety of
phenyl hydrazines into the synthetic procedure lice of the 4-nitrophenyl hydrazine
hitherto used throughout.

This approach yielded mixed results; it was foumat in the majority of cases that the
product formed was not the desired hydrazone, buiact a cyclised by-product of the
hydrazone reaction. The creation of the pyrazoldeevatives is due to cyclisation of the
hydrazone immediately upon formation. This is alvk@lown detrimental reaction to the
formation of phenylhydrazones fromketoesterg! The formation of these compounds was

investigated in some detail by previous researcietiswere not explored furthé?.

P H 0 N/R4 C
H,C HN—N-R, HyC H G o
NHCH3 MeOH/AcOH N b FeC / \<N
o overnight stirring N
Q) SIS
F ‘Q 112-115

O.N Compound not isolated Isolated product

Vs
@ _Q_CHS Yield = 40-65%
F

Scheme 2. 2Attempted synthesis of hydrazones resulting irapgiones.
The only successfully isolated hydrazone from thet of experiments was the 4-cyano
analogue 116 Figure 2.2). Interestingly this seems to suggestimportant role for the

strong electron withdrawing group in a positjgara- to the azo group for the stabilization of
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the newly formed hydrazorf@.Especially in light of the failure to isolate thetho-nitro
substituted species which might have been expeotggkld similar results to thpara-nitro
analogue. It would seem that the acidic conditioesessary for the condensation of the
hydrazine with the substituted acetoacetanilideodias spontaneous cyclisation unless the
electron withdrawing group is in para position. Also of note is the dominance of the
cyclisation even when an acetoacetanilides are asedbstrates as opposed-ketoesters.

CN

N—N
HsC ~ H
j:N:% Yield = 60%

116

Figure 2.24-Cyanophenylhydrazone condensation product.

The subsequent formation of the corresponding atate was also achieved using
the procedure employed previously for the genematdd the analogous 4-nitrophenyl
derivatives’® Stirring the substrate overnight with a 1.1 melecess of lead tetraacetate gave

the desired azoacetatel, Scheme 2.3y

CN CN

HC . /©/ HC OAc
HC _NTN Pb(OAC), - HC N=N
! :CH3 ACOH ] :cHg
NH NH

O Yield = 63%

116 117

Scheme 2.3Azoacetate of 4-cyanophenylhydrazone.
Attempts at the cyclisation of the azoacethl@ to the -lactam using the previously

established base induced ring closure producegyrezolone 118 Scheme 2.4) analogous
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to those previously observed1@-115 to form from the other substituted hydrazones.
Similar transformations from azoacetates have la¢sm previously observed by Gladstate
al® Attempts at altering the basic media ;@Os/Acetone, KCN/Propanol and

tBuOK/Acetonitrile) failed to produce the desiredactam.

H,;C
3 CHsy Base

NH Reflux o
) @

117 118

CN
H3C OAc /©/ H;C CH;
N/N Yield = 57%

CN
Scheme 2.4Attempted cyclisation resulting in pyrazolone.

2.2.2 Introduction of alternative functional groups at R, and Rs (Figure 2.1).

The introduction of an aryl group at positiop @ R; was seen as the next logical step
to test the robustness of the system towards neatiibns. The benzyl group was chosen over
a phenyl substituent due to the advantage of anaspacer reducing the possibility of steric
factors having a detrimental effect on the reactiosubsequent reactions in the series. As a
starting point a mono-methyl analogue of 4-chloet@acetanilide was prepared. Mono-
methyl chloroacetoacetanilide was prepared by sdodition of 1 molecular equivalent of
methyl iodide to a refluxing solution of the sulasérin acetone with 1 molecular equivalent
of K,CO; suspended. It was found that a reasonable yidleb) ©f the desired productZ1

Scheme 2.5) could be isolated from the dimethypbiduct after several recrystallizations.
0 HsC 0 CHs o

HsC
! ;CHg _ Mel j;<CH3 ° l s
S NH K,COs S NH 5
119 Q 120 1 131 \//\Z
Cl Cl

Cl
Major Product Minor Product

Yield = 74% Yield = 12%
Scheme 2.9Mlonomethylation of 4-chloroacetoacetanilide

74.4%
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Reaction of the mono-methylated species under ainailkylating condition using benzyl
chloride produced the desired benzylated prodif, (Scheme 2.6). The introduction of this
group saw the creation of a chiral centre that woloé present in the final cyclisation

product.

* o @o e o

ChHy - "G Yield = 90%

S NH KoCO4 S
120 ’\ 121 N

a

d
Scheme 2.@enzylation of -methyl-4-chloroacetoacetanilide

In line with the synthetic strategy outlined prewty (Scheme 2.1), 4-
nitrophenylhydrazone analogues were used in allsegeent syntheses. The reaction
conditions used previously to produce the 4-niteopth hydrazone of the di-methylated
compound were employdd.The desired hydrazone was isolated in reasonablé §89%)
after overnight stirring. Although the yield wasghtly lower than that of the di-methyl
hydrazones (Scheme 2.10), the steric bulk of thezydesubstituent was not seen to have a
o

H
o HN— N@' NG, N—NH

catastrophic effect on the reaction prodd@X Scheme 2.7).

|_|3C * C * /
NHCH3 MeOH/AcOH s NHCHs Yield = 39%
o overnlght stlrrlng o
121 122 Q
a a

Scheme 2. Formation of 4-nitrophenylhydrazone
The production of the azoacetdlt23 from the reaction of the hydrazod@2 with

lead tetraacetate (Scheme 2.8) was syntheticalhgistent with the previously observed
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results. A yield of 56% once again suggested timatprocedure was not drastically affected

by the presence of the steric bulk of the benzyugr

,NO, NO,
N—NH OAC OA‘:N::N
HC—k y Pb(OAC)4 H,C— o,
NHCH3 AcOH NH Yield =71%
G (@)
122 @ 123 @

Scheme 2.&ormation of azoacetate

Since in this case the substrate leading to thedtion of the azoacetate already had
a chiral centre present, the product was isolased mixture of diastereomers. Examination
of the TLC of the reaction showed the presencemof product spots with very similar; R
values. At this point a decision was made not tenapt the isolation of the individual
isomeric pairs before the cyclisation step. It wlaemed that the chromatographic process
necessary to isolate such closely related compowodsd, in all likelihood, have a drastic
effect on the quantity of compound available forclmsation. Since the products of the
cyclisation (24 aandb Scheme 2.9) were unlikely to be affected by thesence of the
diasteromeric mixture of starting materials it sednprudent to attempt the separation of the

isomers after the cyclisation step.

OACN:N K,CO5/ Acet NN
HC— 5= 2 one HiC— 5
NHCH3 N Ok
O O
Q 124Z Z

123 a _ a
Yield 124a =8.3%

Yield 124b = 11.6%

Scheme 2.Lyclisation to -lactam
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After the cyclisation step, the-lactam product consisting of a diastereomeric umixtof
products which could be chromatographically separanto the constituent enantiomeric
pairs. The R,R and S,S enantiomeric pair and tBealRgd S,R enantiomeric pair (Figure 2.4).
The most prominent spectral feature that distifgedsthese isomeric pairs was a shift in the
proton spectrum associated with the non-aromatinzye protons (Figure 2.3). The
characteristic splitting patterns observed in trersntiotopic protons, can be observed in the
precursor molecules containing this functionalipwever the large chemical shift observed
between the two diastereomeric forms is due toptie&imity of this group to the adjacent

chiral centre. Lo

|

- | e e T—
3.5 3.0
3.0 25 0 35
] Lo
slIS o leo! Veaae
{ME gf(g k3 3
AL | P e

Figure 2.3'H NMR signals of non aromatic benzyl protons dfctam diastereomeric pairs
(aandb), and the corresponding proton signals from the méxai azoacetates)

The conformational locking of these centres withirconstrained ring system would also
seem to be an important factor in the magnitudthefobserved shift. As mentioned earlier
the azoacetate precursor of these cyclised produets not chromatographically separated
prior to the reaction. ThéH NMR spectrum of this compound did show supporttha
presence of the two component elements of the neiXtigure 2.3 c). This was evidenced by
a relatively small chemical shift difference betweke two isomeric components (Figure 2.3,

C).

50



Figure 2.4 3D ball and stick models and 2D diagrams of thenisac conformations of-
lactam124 (a-d) and 1 isomer of the azoacetate precut3(e).
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The diastereomeric forms of the azoacetate didshow the same level of variation in
chemical shift as the isolatedactam isomeric pairs (Figure 28andb), lending weight to
the assertion that the rigid ring system has a ethd{fect on the electronic properties of the
different components. This is a function of the metg shielding effect of the adjacent
groups. The appearance of the azoacetate protoalsigt a relatively low field would be
expected, due the possibility of free rotationtad groups surrounding the benzyl protons in
order to orientate themselves in solution to giveaxmmum shielding effect. When the
conformation is locked in a ring system the possdrientations are reduced, with essentially
two possibilities, “more favourable for shieldingid “less favourable for shielding”. Figure
2.4 shows the possible conformations of tHactam molecule, in the 3D representations it
can be seen clearly that the benzyl group attathéle -lactam molecule is restricted to
orientations allowed by rotation around the ben@y,. One isomer of the azoacetate
precursor is also shown to highlight the possipibf rotation around the central carbon-
carbon bond between the chiral centres.
2.2.3 Introduction of alternative functional groups at Rs

In contrast to the attempts to alter the phenylsstents at R introduction of
alternative phenyl groups at Ras relatively straightforward. This involved ugialternative
acetoacetanilides as starting materials. Where ilgesscommercially available
acetoacetanilides were used as starting matetf@sremainder were generated by simply
heating the appropriately substituted anilii25-129 (1 molar equivalents) with ethyl
acetoacetatel(07) (5 molar equivalents) to 160 °C until the evaluatiof ethanol had ceased,
after removing the bulk of the remaining ethyl aeeetate by vacuum distillation the desired
acetoacetanilides could be easily crystallized dnatshing the reaction vessel (Table #31).

The crude acetoacetanilides were further purifigdeerystallization from EtOAc:Hex.
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Table 2.1Synthesis of acetoacetanilides from ethyl acetasee

O
+ _0—>
H,oN R 160°C
57 okt 2 ‘C}* 3 0" NH
107 125-129 Ry
Ry
Ra
130a-e
Substrate R R, R; Product Yield
125 H H Br 130a 90
126 H H OMe 130b 88
127 Me Me H 130c 91
128 H H Me 130d 85
129 H H COEt 130e 77

Dimethylation of the acetoacetanilidesl® and131a-) was achieved by refluxing overnight
in acetone with an excess of methyl iodide (6 melgwivalents) and potassium carbonate (3
molar equivalents) (Table 2.2).

Table 2.2Dimethylation of anilides

o) o)
% Mel Ar = R
07 "NH Acetone o” “NH
Ar Ar Ry Ry
119 and 130a-i 131a-j
Substrate Ar Product Yield (%)
Ry R, Rs
130a H H Br 131a 79
130b H H OMe 131b 78
130c Me Me H 131c 80
130d H H Me 131d 83
130e H H COOEt 131e 70
130f° H H H 131f 80
13(g” Me H Me 131g 67
13Ch® Me H H 131h 75
130i° OMe H H 131i 74
118" H H Cl 131] 69

bStarting materials were commercially available aaettanilides
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4-Nitrophenylhydrazone derivatives were prepared &b of the , -disubstituted
acetoacetanilideslBla-j) (Scheme 2.10) by stirring the substrates in ahslexcess (1.1
molar equivalents) of 4-nitrophenylhydrazine in Mé¢@nder mild acidic conditions (~5%

acetic acid). This procedure routinely furnishied desired hydrazones in reasonable yields

(50-72%). NO,
A I N N_NQ
- - 7 H
MeOH/AcOF i = 50- 0
o NHA overnight stirring NH Yield = 50- 72 %
r o Ar
131 a- 132 a-

(With reference to aromatic group, Ar, substituti@ R, R, and R are as shown in Table 2.2)

Scheme 2.1F-ormation of 4-nitrophenylhydrazon&82a-j

The synthesis of the azoacetates of these hydrazsae found to be equally facile
(Scheme 2.11), once again it was found that mestlging the hydrazones overnight in a
mildly acidic CHCI, solution (10% acetic acid) containing a slight ess (1.1 molar
equivalents) of Pb(OAg)was sufficient to effect the desired transformatid\fter a standard
work-up, flash chromatography was used to sepd#natazoacetates from any persistent lead

salt residues.

j/\\/ OAc Q
NN PDOAS) | [n=N
CH,CI,/AcOH Yield = 70- 89 %
NH overnight stirring NH
(@] Ar @) Ar
132 a-j 133 &

(With reference to aromatic group, Ar, substitui@ R, R, and R are as shown in Table 2.2)

Scheme 2.1Formation of azoacetaté83a-j
After some experimentation with possible base/sul&y/stems, based on results by the
previous researchers in this group,@0s/acetonet-BuOK/acetonitrile), cyclisation of the
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azoacetates was found to be best achieved usingpt@danol. The results achieved with

this system were found to be the most consisteatl€r2.3).
Table 2.3Synthesis of -lactamsl34a-j

N=N KCN/propanol
prop > | { N=N NO,
NH

N
© Ar o “Ar
133 a-j 134 a-j
Substrate Ar Product Yield (%)
Ry Ro Rs

133a H H Br 134a 16
133b H H OMe 134b 20
133c Me Me H 134c 25
133d H H Me 134d 15
133e H H COOEt 134e 11
133f H H H 134f 12
133g Me H Me 1349 25
133h Me H H 134h 22
133i OMe H H 134i 16
133j H H Cl 134j 20

The cyclisation of the azoacetates ttactams using this system had been previously
reported to produce N-acyl hydrazide derivativeseasrangement productsThe formation
of these compounds is discussed later in chaptirv@as also found that in some cases 2-
iminopyrrolidine-5-ones could be isolated from teaction mixture. The formation of these
compounds was found to be as a result of the imtleenlar reaction of the azoacetate with
the cyanide ion. The formation of 2-iminopyrrolidid-ones is discussed fully in chapter 4.
Noteworthy amongst the-lactam products isolated was the formation of fiepanol

transesterification product oflactam (34e Figure 2.%. Since cyanide is known to promote
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the transesterification process the formation &f dtompound using propanol as solvent was

not entirely unexpected.

N N
o O

o o\/\
) 0 0
Not isolated Isolated134e

Figure 2.5Isolation of -lactam transesterification produt®4e
2.2.3.1INMR studies of phenyl-azd-lactams

The reaction series resulting in the synthesishef dazo-substituted-lactams also
produced some interesting features in'tHeNMR spectra of the related compounds. THe
NMR spectra of the di-methylated acetoacetanilidevdtives and also the subsequent 4-
nitrophenylhydrazones of these compounds both shewlimethyl peaks as a single signal
appearing as a singlet and integrating as 6 protefetive to the other signals in the
spectrum. However in the case of the azoacetatddactam where the carbon adjacent to
the -carbon bearing the methyl groups is a chiral egrivo singlet signals appear each
integrating as 3 protons relative to the other aligr{Figure 2.7). These observid NMR

features are due to structural features inhereaath of the molecules (Figure 2.6).
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Pro-S Pro-R
Enantiotopic Enantiotopic
Face Face

H
o %i@w
NH\ /HN
@ Enantiotopic @
Groupt

Dimethylacetoacetanilide Hydrazon
131f 132f

o Chiral NO2
)L Centre /@
(@] / \\ ,/N
i Wain (il ted
)

CH. | |HsC
NH
N/ °
@ Diastereotopic
group:
Azoacetat -lactam
133f 134f

Figure 2.6Inherent structural features oflactam and precursor molecules
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Figure 2.7*H NMR spectrum ofL34f
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In the case of the acetoacetanilide and phenylzpte derivatives the methyl groups are
enantiotopic and are therefore chemically equivta¢erd indistinguishable unless in a chiral
environment. This is due to an internal plane ahsetry that exists within the molecule

(Figure 2.8).

Figure 2.8 3D diagram of , -Dimethyl acetoacetanilid&31f without hydrogen’s showing
internal plane of symmetry.

Since it is possible to interconvert the methylugre through a symmetry operation they are
equivalent in all meaningful ways. In contrast thiactam final product and its immediate
precursor azoacetate have no such internal plaegnofetry due to the presence of a chiral
centre adjacent to the methyl groups (Figure Z:Bg reaction of the phenylhydrazone with
lead tetraacetate which produced the azoacetatdta@sin the transformation of the
enantiotopic face into a chiral centre and in smglaestroyed the plane of symmetry. The
methyl groups in the product are therefore diastec and not chemically equivalent.
Since these groups are not equivalent they arimglisshable byH NMR. In addition to this

experimentally observed NMR feature, it would b@epted that the diastereotopic methyl
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groups would also exhibit different chemical prdjg such as reactivity, bond length and

bond dissociation energies

No plane of symmetry. Meth
groups cannot interconvert
Pro-R through symmetry operatio

group Chiral centre

Figure 2.€ 3D diagram of azoacetat®f without hydrogen’s highlighting lack of

symmetry plane.

2.2.3.2IR studies of phenyl-azdb-lactams
The IR spectra of-lactam molecules are one of the tools that aithénidentification
of the compounds. Because of the inherent ringnstissociated with the-lactam ring due
to the constrained nature of the system, the cgtlb&tnetch in these systems are seen at
higher frequencies (wavenumbers) than similar acyarhides such as the precursors to the
-lactams. Table 2.4 shows the carbonyl stretchehef-lactam productd34a-j and for
comparison the carbonyl stretches of the acyckecyrsors to the 4-bromophenyl substituted
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-lactam @30g 1313 1323 1339. It can be clearly seen that the formation of tHactam
ring can be confirmed by the change in the amided®onyl stretch.

Table 2.4Amide IR carbonyl stretching vibrations odactamsl34a-jand precursors30-133a

Compound 130a 131a 132a 133a 134a 134b 134c

amide IR
carbony

| 1661 1684 1671 1687 1755 1759 1757
stretch cmt

Compound 134d 134e 134f 1349 134h 134i 134

amide IR
carbonyl 1751 1749 1759 1762 1761 1761 1753
stretch crit

2.3 Synthesis of Phenylazoxy-lactam®*

After the successful synthesis of a group d&ctams bearing a phenylazo side chain
it was decided to attempt a modification of the hakage. The most obvious target for this
type of alteration was the oxidation to the azoxyug. Although the phenylazo moiety might
be assumed to react in a comparable way to sisystems, giving the azoxy compound as
product, due to the novel nature of the systemais yudged to be worty of investigation. It
was hoped that the synthesis of the azoxy verdidimeocompound might also help overcome
problems with the reduction of the phenylazo grémhe corresponding hydrazine. Apart
from a few notable exceptions (Figure 2.10) vetileliresearch has been reported on the
synthesis or potential applications of these compsuMacrozamii discovered in 1951,
was the first of a series of azoxy compounds fomndature. Many azoxy compounds have
been found to be carcinogenic due to the generafi@arbocations capable of DNA attack
after metabolisni® However some of these compounds have found usetésotic agents.
Valanimycin, produced bystreptomyces viridifacien®MG456-hF10, has been shown to
exhibit both antibacterial activity and potent dgtac activity againsin vitro cell cultures of
mouse leukaemia L1210, P388/S (doxorubicin-semdithand P388/ADR (doxorubicin-

resistantf’
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MR- e % COOH
(C;’ )\/@N\\N&
Macrozaminl35 Cycasinl36 Valinamycin137
HsCO H
W&K%¢\%JkaIDOh WQﬁﬁ/::\EJEK§T/ HQA%E/\¢}<§;H
G()) © OH ©
Maniwamycin 1138 Elaiomycin139 Azoxybacillin 140

Figure 2.10Naturally occurring azoxy compounds

The transformation of the azo group to the azoxg saccessfully accomplished by

employing a hydrogen peroxide and acetic acid dixidasystenf® In this system the

peracetic acid is generated in dfurhe substrate -lactam 134h was introduced to a hot

solution (80°C) of acetic acid to which hydrogen peroxide wadeablincrementally over 24

hours. After which time the produté#lhwas precipitated out of solution by the introductio

of ice water (Scheme 2.12).

NO, NO,
— /©/ ——@/©/
N—N N—-N\
H,0, Qa
o~ N AcoH o= N
(AcCOOH generateth situ) : — )
H3C© ch_® Yield = 64 %

134h 141h

Scheme 2.15ynthesis of phenylazoxylactam

The synthesis of the azoxy group in this way ddesvasome scope for error in the

assignment of the absolute structure. Severaksgiet have been previously adopted for the

regiospecific synthesis of azoxy compouﬁ‘ﬂihis can be done through the reaction of

hydrazines or hydrazones with peroxy- acids (Peewigt = RCGH).”* A reliable method for

61
Chapter 2: Synthesis oflactam analogues



the production of azoxybenzene derivatives has groto be the reaction of some
hyroxylaminesl42 with nitrobenzend43 which returns azoxy compound with the aromatic
moiety in the proximal position to the azoxy oxyg@hoximal2 R-N(O)==N-R’3 Distal)
(Scheme 2.13). Comparisons of results using thishode have allowed some general
observations to be made regarding the effect oa#twxy group on the spectra of the groups
adjacent to it. This information has been usedctugtely identify the configuration of the
group in compounds where regiospecific synthetmcedures were not used. Of particular
interest were the studies carried out by Freethainese studies catalogued the proton NMR
shifts associated with unsymmetrical azoxy compsuadd put forward a system for
identification of the geometrical isomers of themgmunds in question, based on the
observed NMR chemical shifts of the attached grodjpse main focus of the work was
concerned with the assignment of the proton chdmlaéts of alkyl protons attached directly
to the proximal and distal carbons. In certain sdbe azoxy group was attached to a phenyl
ring for comparisons to be made between the prot@nproximal and distal positions. The
synthesis of N-methyl-N’-phenyldiazine N’- oxide5led to an interesting observation. The
compound was synthesised using two routes, oneewther position of the azoxy oxygen
could be controlled (Route cheme 2.13), and the other where selectivity vedasassured

(Route 2 Scheme 2.13).

H C)
o o g
Hsc—N=N—© HC—IN=N

142 Route1 143 ®
Only product from route 1 Trace amounts from

H3C‘N:N‘© CHCOH  Major product from route | route 2
144 145 146
Route 2

Scheme 2.13%elective and non-selective syntheses of azoxy oanmgs
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However in both cases the same compound with tleyphring proximal to the azoxy
oxygen was the dominant product. This observedtelky for formation of the azoxy group
proximal to the phenyl ring was unexpected andttedauthor to remark “The selectivity of
these oxidations seems remarkable and no simplareation suggests itself”. In terms of the
general trends observed in the spectra of thesp@amals it is suggested that the oxidation of
the azo group results in a downfield shift of bgthups attached to the newly formed azoxy
group as a result of a reduction in the electramsiti¢ at both nitrogen centres, with the larger
shift associated with the proximal group. It istwthis in mind that the assignment of the

position of the azoxy group was undertaken.
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Figure 2.11'H NMR spectra of phenylaztB4hand phenylazoxg41h -lactam
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It can be clearly seen from the comparison of ‘tHespectra of the azdt34h and azoxy-
141h bearing -lactam molecules that the methyl protons nearest &zo- group have
experienced a downfield shift after the oxidatiéiggre 2.11). The shift from 1.07 to 1.29
represents a total downfield shift of 0.22 ppm. ldwer the shift experienced by the aromatic
nitrophenyl- protons can be seen to be more dramaith a shift from 7.76 to 8.27, a total
shift of 0.51 ppm. These results are consisterit thi¢ results of the oxidations carried out by
Freeman. The isolation of a single product withthe necessity for chromatographic
separation suggests that the procedure selectprelguces a single isomeric form of the
azoxy compound. Analysis of the spectral informatiorther suggests that it is the isomer

with the aromatic group in a proximal position e azoxy oxygen that was isolated.

2.4  Alternative leaving groups

The ring closure of azoacetates to fordactams is an interesting process. Using the
acetate moiety as leaving group provided an undggscfacile procedure. In general good
leaving groups can be broadly described as “thgugate bases of strong acids”. Since
leaving groups carry the bonding electrons afterdbceavage, the ease with which a leaving
group leaves is related to its ability to stabiline electrons after cleavage. In that regard the
acetate leaving group could be expected to be gupeor leaving group, since the acetate

anion is the conjugate base of acetic acid, aivelgtweak acid.

’ @/u\ /u\

o NH (6] HO
@ leaving grou Acetic acid
133f acetate anion conjugate acid

Figure 2.12The acetate leaving group in azoacetates
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The ability and indeed propensity of the acetatigrto act as leaving group in this way
raises the question of why a seemingly chemicailgrti species would behave in this
uncharacteristic manner. However if the presenddeheighbouring azo group is taken into
consideration a plausible explanation presentsif.itSehe concept of a neighbouring
unsaturated group providing anchimeric assistarmédcbe the reason for the enhanced
leaving group potential of an otherwise relativiglgrt species. Some preliminary tests of this
hypothesis were made by the original researctiéfsese tests consisted of the synthesis and
attempted cyclisation of a number of substratesatoimg the acetate group but without the
presence of the phenylazo functionalit§7 aand b (Scheme 2.14). When treated with a
variety of bases these substrates underwent déattatyto give the alcohdl48a andb as
opposed to the desiredlactam producti49 The failure of these model systems to furnish
the -lactam product lends credence to the theory tlteheighbouring phenylazo group does

provide anchimeric assistance in the cyclisatiothefazoacetate species.

Ry O R; OH Ry

R, H t-BUOK / t-BUOH R, H R,
NH or KCN / n-PrOH NH o N
© Q or K,CO3 / Acetone o Q Q
148 148 cl 149

Cl Cl

aR;=R,=H, Isolated product Not formed
b R1:R2:Me,

Scheme 2.14ailed -lactam cyclisations using acetate as leaving group

Instances of this type of enhancement effect byimber of functionalities are well
known, including assistance from neighbouring deltinds Although the exact nature of
the assistance provided by the phenylazo groupkaawn, systems similar to that shown in
Scheme 2.15 have been proposed for atHeonded systems. The discovery of this effect led

to the investigation of alternative leaving grougtsthis position. It was hoped that the
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observed enhancement in reactivity provided bypthenylazo group could be harnessed for

use with other systems. NO,

o}
o)l\ +,!\IQ\ /<j>—No2
N ONOZ !N N=N

o é - 0 éNjH o O

133f 150f 134f
Scheme 2.1%roposed mechanism of anchimeric assistance
2.4.1 Alkoxy leaving groups

The first system to be examined was a slight ianabn the azoacetate procedure. In
Barton’s paper concerning the oxidation of hydra&morusing hypervalent organoiodine
reagents, a straightforward procedure for the cmiwe of hydrazones to-alkoxyazo
compounds is presentétThe procedure utilises lodobenzene diacetatéhéaddition of an
alcohol to the hydrazone. The procedure describasl adapted for use with our substrate
hydrazones, a mechanism analogous to that profmystte Barton group is shown (Scheme
2.17). Unfortunately, as expected the alcohol nyaietroduced proved to be a poor leaving
group. Although it was expected that this wouldfdnend to be the case, the ring closure had
previously been achieved successfully with an aeeteiety, which would also have been
expected to be a poor leaving group. The ring ckoswas attempted with a variety of bases
and reaction conditions after which this group waled out as a means of achieving the

desired ring closure.
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NO,

N—N

7
H
Q

NO,
OMe
IBDA/MeOH N=N
H
N
RO

-AcOH
NO, NO,
_ N—N
/N NH OA -AcOH (/_\ )
c <o
Phl E— H [\
(oA N Ph
O “on 0
e
. 157 al 151

Scheme 2.1@arton type mechanism of formation oflkoxyphenylazo compounds

2.4.2 Chlorine as leaving group

The next leaving group to be considered was cléorim contrast to the systems used
so far chlorine is recognised as a good leavinggrbowever introducing chlorine into the
system in the correct position to act as a leagraup was not trivial. The chlorination of
hydrazones to form-chloro phenylazo compounds had been achievedpldate only on a
limited scale. Chlorination of phenylhydrazones wagstigated in the early 70’s by M. W.
Moon™ of the Upjohn Company, although the origins of pinecedure can be traced back to
the late 50’s. The chlorination was achieved usiigsolutions in 3-4 molar excess at — 40
Oc,
R, ! —\ Y -40 0c
= =L

153 (Cl)n

Scheme 2.1Early hydrazone chlorination reported by Moon
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However, it was found that using this system whbeanyl groups were present resulted in
chlorination of the ring in addition to the desireldlorination - to the azo group (Figure
2.17).

Unwanted over-chlorination is a commonly encourdgreoblem associated with this
reaction. The other commonly used system for tHericiation of hydrazones is using tert-
Butyl hypochlorite, prepared by the chlorination ®BBuOH with sodium hypochlorite
(Schme 2.18). The reagent is best prepared frasipjior to use, as it is prone to degradation

when exposed to light; this necessitates the eptoeedure being carried out in the dark.

%OH NaOCl _ B
0°C, 5 Mins (Dark) O—Cl

155 156

Scheme 2.1&ormation oft-butyl hypochlorite
Substituents R R, and R in the scheme are generally alkyl groups or highipstituted
phenyl groups (usually 2,4,6-trichlorophenyl rings)it also was found by these researchers

that chlorination usingbutyl hypochlorite resulted in unwanted ring chiation.

O,N O,N
Cl
NN NO, N=N NO,
tBu—oOCl
0 NH o~ NH
Cl
Yield 66%
Cl 157 cl

158
Scheme 2.1€hlorination of 2,4-Dinitrophenylhydrazone derivati

As a precaution against this eventuality, in ttasec2,4-dinitrophenylhydrazine was used in
the generation of the hydrazones for these expetsneThis did prevent unwanted
chlorination on the nitro substituted ring; nevet#ss in addition to the required chlorination

rendering thea-chloro phenylazo compound, chlorination occurretha 2- position on the
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4-chloro substituted ring. Although this was unntienal it was not seen as a result that was
detrimental to possible cyclisation of the prodi{8theme 2.19).
2.4.3.1NMR spectra of the chlorination product

The desired chlorination of hydrazot&7 to the a-chlorophenylazo derivativé58
was confirmed by NMR spectroscopy. In tileNMR spectrum the presence of a single NH
peak at 9.28 ppm due to the amide (confirmed aboMHIMQC and IR spectra) shows that
the hydrazone has been converted to the desirgadigr@=igure 2.13a and b). The integration
and splitting patterns of the aromatic protons alsow that the 4-chlorophenyl ring has been

altered. 4-Chlorophenyl ring systems have a cledéffned splitting pattern not present in

thls proton NMR. This was further confirmed throun1lalv5|s of théSC NMR spectrum.
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Figure 2.13c'*C NMR spectrum of -chlorophenylazo derivativé57

4-Chlorophenyl rings give rise to 4 aromatic carlsignals due to the equivalence of the
carbons at the 2 and 3 ring positions, whereagdhgon spectrum for this compound shows
6 carbon signals due to the unsymmetrical 2,4-drciphenyl substituted ring (Figure 2.13c).
The location of the chlorine at the 2 position ba ting was confirmed by combined analysis
of all of the NMR spectra, though the HMBC spectrpmved particularly useful for this
purpose. Chlorination at this position was expeched to the directing effects of the groups
present before chlorination. Since the amide im@ activatingorthd/para directing group,
and chlorine is a ring deactivatingtha/para directing group, the effect of the amide is more
influential on the incoming group.

It is interesting to note that in the case of gnisduct157the splitting of the -methyl
groups into separate signals can be seen iFeaMR spectrum but not in thed NMR
spectrum. It might have been expected to see segataNMR signals due to the proximity
of the newly formed chiral centre to the methylugps as was seen to be the case with the
azoacetates (section 2.2.4.1). This is possiblytdube relative size of the chlorine atom at

the chiral centre having a less pronounced effestpared to the bulky acetate group. Since
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the *C NMR spectrum shows that the methyl groups aréindisand distinguishable it is
presumed that théH NMR signals due to these groups are overlapping t similar
chemical shift.
2.4.3.2 Cyclisation attempts with -chloroazo group

Attempts to achieve the cyclisation of this spetteab-lactam proved unsuccessful.
NaH was used in initial attempts to close the asghis type of ring closure is relatively well
known (Scheme 2.2(3?:96CI

H NaH > |
N
N /—N

O R N
158 O 159 R

Scheme 2.2@eneral scheme showing chloro-propionamide ringwi®to -lactam

When these conditions were applied to our systesulte suggest that dehydrohalogenation
had taken place. The formation of azoalkenes is Way have been previously reported.
Eliminations of this kind have been observed by Raial where similar -chloro- -
methylphenylazo compounds gave azoalkenes analogotisose reported here (Scheme
2.21).97 The elimination products isolated in that instaresulted from simply stirring the-
chlorophenylazo derivative in triethylamine at rodemperature for 15 minutes. This
demonstrates the propensity of these compoundsidergo elimination under very mild

basic conditions.
NO,

O,N

cl ‘
Yield 26%
cl W H
cl

157 160

Cl

Scheme 2.21 Baction of -chlorophenylazd 57 with NaH
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Attempts to close the ring using alternative badeést systems also failed. This may be due
in part to the nature of the aromatic substitudtdched to the amide. Many cyclisations
reported using this type of system are reportedugh it is known that when chlorine is
employed as leaving group in this type of cyclisatit is preferable to have a hydroxamate
present® Though chlorine is a good leaving group, increg$ie acidity of the NH group by
employing the O-substituted hydroxamates was fotmdenhance the system towards
cyclisation®® It was hoped that the highly substituted naturethe a-chlorophenylazo
derivative used here would favour cyclisation osmination however that was not found to

be the case.
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Conclusion

The original 1992 communication dealing with thatesis of phenylazo substituted
-lactams reported the synthesis of two of thesepounds, with different substituents
attached to the N-aryl ring. Since the synthesighef original members of this series of
compounds was undertaken, little had been doneutiier assess the versatility of the
compounds from a synthetic viewpoint.

It was found that some modifications to the sepieeactions leading to the formation
of the -lactams were possible without significantly affegtthe success of the cyclisation
step. It was also found that two of the three t@dénsertion points for new groups could be
utilised to bring some diversity into the system

The search for alternative leaving groups did nmivigle an alternative cyclisation
process, but did show the synthesis @hloro and -alkoxy phenylazo compounds from the
hydrazones to be facile procedures. Although a d¢etmmlternative route proved elusive,
several potential precursors to thesdactams were successfully synthesised and are
representative examples of novel classes of congscontaining the phenylazo moiety.

In addition investigations into the modificationtbe phenylazo group subsequent to
cyclisation produced alactam bearing the phenylazoxy moiety. Although &lzo- to azoxy-
transformation has been reported in many contéxgsdirect attachment of this group to-a
lactam has not been previously reported.

Overall the work presented in this chapter aimexpand the understanding of both
the limitations and synthetic potential of the @dares that originally led to the formation
lactams from their azoacetate precursors. To thdt @ good deal of useful information has

been gathered concerning the practical aspectedyinthesis of these novel compounds.
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2.5 Experimental

Ethyl acetoacetate, iodomethane, benzyl chloridd smbstituted acetoacetanilides were
purchased from the Sigma Aldrich chemical companywere used as received. All solvents
were dried or distilled prior to use. Melting panwere determined using a Griffin melting
point apparatus and are uncorrected. IR spectra veeorded on a Perkin-Elmer 2000FT-IR
spectrometer. NMR spectra were recorded using &eBriddC 400 NMR spectrometer
operating at 400 MHz fotH NMR and at 100 MHz fof*C NMR. The'H and**C NMR
chemical shifts (ppm) are relative to TMS and allgling constantslf are in Hertz (Hz).

-methyl-4-chloroacetoacetanilid€L20)
4-Chloroacetoacetanilidé19 (10.8 g, 51.2 mmol) was dissolved in acetone (7p and
K2CGOs (7.2 g, 52.0 mmol) was added and the reactiondbroto reflux. lodomethane (10.66
g, 75.1 mmol) was added dropwise with stirring he reaction vessel over 1 h and the
reaction was heated under reflux for a further 2Zr'he reaction mixture was cooled and
poured into ice-water (150 ml) and allowed to &iir 30 min. A white precipitaté120) was
collected and recrystallized several times fromeagis EtOH to remove any dimethylated
product(131j). Yield: (8.59 g, 74.4%); mp 125-129 °&4 NMR (400MHz, DMSO-¢): =
1.23 (3H, d, CH J = 6.8), 2.17 (3H, s, Ch), 3.65 (1H, g, CHJ = 6.8), 7.37 (2H, d, ArHJ
= 8.8), 7.50 (2H, d, ArHJ = 8.8), 10.34 (1H, s, NH))C NMR (100MHz, DMSO-g) 13.0,
28.2, 54.5, 120.8, 127.1, 128.6, 137.8, 168.9,20R& (KBr) 3241, 1720, 1654, 1604 ¢m

-methyl- -benzyl-4-chloroacetoacetanilidg 21)

-Methyl-4-chloroacetoacetanilid€20 (6.8 g, 30.2 mmolas dissolved in acetone 50 ml
and KCOs (7.2 g, 52.0 mmol) was added and the reactiongtroto reflux. Benzyl chloride
(6.58 g, 52.0 mmol) was added dropwise with stiyiio the reaction vessel over 1 h and the
reaction was heated under reflux overnight. Thetrea mixture was cooled and poured into

ice-water (150 ml) and allowed to stir for 30 ménwhite precipitatg121)was collected and
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recrystallized from an EtOAc:hexane 70:30 mixtufesld: (8.53 g, 89.5%); mp 124-127 °C;
'H NMR (400MHz, DMSO-¢): = 1.27 (3H, s, Ch), 2.20 (3H, s, CH), 3.07 (1H, d, Ch} J

= 13.6), 3.36 (1H, d, CHJ = 13.6), 7.11-7.23 (5H, m, ArH), 7.77 (2H, d, Ar#H= 8.8), 7.43
(2H, d, ArH,J = 8.8), 9.68 (1H, s, NH)**C NMR (100MHz, DMSO-¢) 18.7, 26.3, 39.7,
61.3, 122.3, 126.5, 127.6, 128.0, 128.1, 130.1,713637.5, 170.2, 206.3; IR (KBr) 3328,

1720, 1654, 1604, 1543 ¢m

Preparation of acetoacetanilides

4-Bromoacetoacetanilide 130a

Ethyl acetoacetat£06 (65.1 g, 0.5 mol) was heated to 1%Din a round bottomed flask with
reflux condenser fitted. To this was added 4-bramioee (17.0 g, 0.1 mol). When the
evolution of EtOH began the reaction was allowedetftux for 2-3 h until the reaction was
complete (TLC) before the EtOH was distilled offhel bulk of the remaining ethyl
acetoacetate was removed by vacuum distillatic@a€C, 50mbar. The resulting oily residue
was scratched with a glass rod to promote pretipita The precipitate was filtered and
washed with hexane before being recrystallised famniEtOAc:hexane 30:70 mixture. Yield
(22.8 g, 90.1 %); mp 132-135 °& NMR (400MHz, DMSO-¢g): = 2.21 (3H, s, Ch), 3.56
(2H, s, CH), 7.48 (2H, ArH,J = 8.8), 7.55 (2H, d, ArHJ = 8.8) 10.21 (1H, s, NH)}*C
NMR (100MHz, DMSO-¢) 30.2, 52.3, 114.9, 120.9, 131.5, 138.2, 165.2.20IR (KBr)
3292, 1718, 1661 cm

4-Methoxyacetoacetanilide 130b

Yield (18.2 g 88%); mp 131-134 °&4 NMR (400MHz, DMSO-@): 5= 2.21 (3H, s, CH),
3.51 (2H, s, Ch), 3.72 (3H, s, Ch), 6.88 (2H, d, ArHJ = 8.8), 7.49 (2H, d, ArHJ) = 8.8),
9.79 (1H, s, NH);*®*C NMR (100MHz, DMSO-¢) 30.1, 52.2, 55.1, 113.8, 120.6, 132.0,

155.3, 164.5, 202.9; IR (KBr) 3299, 1730, 1554, 1481".
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2,3-Dimethylacetoacetanilide 130c

Yield (18.7 g, 91%); mp 142-146 °&4 NMR (400MHz, DMSO-@): 5= 2.10 (3H, s, C#),
2.23 (3H, s, Ch), 2.25 (3H, s, Ch), 3.58 (2H, s, Ch), 7.07-7.01 (2H, m, ArH), 7.19-7.17
(2H, m, ArH), 9.40 (1H, s, NH)**C NMR (100MHz, DMSO-¢) 13.9, 20.1, 30.1, 51.6,

123.3, 125.1, 127.0, 130.1, 135.8, 136.9, 165.8,@0R (KBr) 3296, 1720, 1665 ¢

4-Methylacetoacetanilide 130d

Yield (16.2 g, 85%); mp 122-126 °&4 NMR (400MHz, DMSO-g): 5= 2.21 (3H, s, CH),
2.25 (3H, s, Ch), 3.54 (2H, s, Ch), 7.10 (2H, d, ArHJ = 8.0), 7.47 (2H, d, ArHJ = 8.0),
10.00 (1H, s, NH);*C NMR (100MHz, DMSO-g) 20.4, 30.1, 52.3, 119.6, 129.1, 132.3,

136.4, 164.7, 202.9; IR (KBr) 3293, 1711, 1666'cm

4-Ethylesteracetoacetanilide 130e
Yield (19.2 g, 77%); mp 118-121 °&4 NMR (400MHz, DMSO-g): 5= 1.30 (3H, t, Clg J
= 6.8), 2.22 (3H, s, C§)l, 3.61 (2H, s, Ch), 4.27 (2H, gq, CH J = 6.8), 6.88 (2H, d, ArH) =
8.8), 7.49 (2H, d, ArHJ = 8.8), 10.41 (1H, s, NH)*C NMR (100MHz, DMSO-¢) 14.13,
30.2, 52.4, 60.4, 118.4, 124.3, 130.2, 143.1, 1683.6, 202.6; IR (KBr) 3286, 1723, 1675
cmt,
Preparation of , -dimethylacetoacetanilides

, -dimethyl-4-bromoacetoacetanilide 131a
4-Bromoacetoacetanilidé#30a (6.62 g, 25.9 mmol) was dissolved in 150 ml oftace, to
this was added #CO; (7.8 g, 56.4 mmol) and the reaction was set taxeDnce the reaction
had reached reflux temperature iodomethane (22,4%558.2 mmol) was added and the

reaction was allowed to reflux overnight. The salvevas reduced to 1/5 of the original
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volume by rotary evaporation and the entire costefthe reaction vessel were poured into a
beaker containing 200 ml of ice-water. The prodiecied an oil and was extracted with
CH.CI; (5 x 50 ml). The organic extracts were combinegddover magnesium sulfate and
evaporated to an oil under reduced pressure. Al goaiion of the oil was removed and
precipitation was induced by scratching, this weeshtreturned to the bulk in order to seed the
crystallization of the remaining oil. The solid wigered and washed with hexane, this was
further recrystallized from an EtOAc:hexane 70:3@tare. Yield (5.84 g, 79.4 %); mp 85-
87 °C;'H NMR (400MHz, DMSO-g): = 1.37 (6H, s, 2 x ChJ}, 2.15 (3H, s, Ch), 7.48
(2H, ArH, J = 9.2), 7.61 (2H, d, ArH,) = 8.8), 9.57 (1H, s, NH)**C NMR (100MHz,
DMSO-d) 21.8, 25.7, 56.5, 115.3, 122.2, 131.3, 138.2,8,7407.2; IR (KBr) 3361, 1684,
1531 cnf.

, -dimethyl-4-methoxyacetoacetanilide 131b
Yield (4.77 g, 78 %); mp 88-87 °GH NMR (400MHz, DMSO-¢): 5 = 1.36 (6H, s, 2 x
CHj3), 2.15 (3H, s, Ch), 3.72 (3H, s, OC}HJ, 6.88 (2H, d, ArHJ = 9.2), 7.50 (2H, d, ArHJ
= 9.2), 9.33 (1H, s, NH)*C NMR (100MHz, DMSO-¢) 21.9, 257, 55.1, 56.2, 113.6, 122.1,

131.8, 155.5, 171.3, 207.2; IR (KBr) 3365, 16772951450 crit.

, -dimethy}2,3-dimethylacetoacetanilidé31c
Yield (4.85 g, 80 %); mp 102-105 °&4 NMR (400MHz, DMSO-g): 5 = 1.45 (6H, s, 2 X
CHs), 2.03 (3H, s, Ch), 2.21 (3H, s, Ch), 2.22 (3H, s, Ch), 6.92 (1H, d, ArHJ = 7.2), 7.01
(1H, t, ArH, J = 7.6), 7.39 (1H, d, ArH)J = 8.0), 7.66 (1H, s, NH)**C NMR (100MHz,
DMSO-d) 17.5, 20.5, 22.0, 25.8, 55.8, 126.4, 126.7, 130B3.4, 133.7, 135.2, 171.6, 207.2;

IR (KBr) 3366, 1688, 1530, 1495 ¢m

77
Chapter 2: Synthesis oflactam analogues



, -dimethyt4-methylacetoacetanilidé31d
Yield (4.73 g, 83 %); mp 81-83 °CH NMR (400MHz, DMSO-@): 5 = 1.38 (6H, s, 2 X
CHs), 2.14 (3H, s, Ch), 2.25 (3H, s, Ch), 7.11 (2H, d, ArHJ = 9.2), 7.49 (2H, d, ArH) =
9.2), 9.37 (1H, s, NH)**C NMR (100MHz, DMSO-¢) 17.8, 22.1, 25.6, 56.2, 120.4, 130.1,
132.9, 135.3, 164.3, 203.7; IR (KBr) 3359, 167%0,51485 crit.

, -dimethy}t4-ethylesteracetoacetanilide31e
Yield (5.04 g, 70 %); mp 82-85 °¢: NMR (400MHz, DMSO-¢): 5= 1.30 (3H, t, Cl4 J =
6.8), 1.39 (6H, s, 2 x G#j 2.16 (3H, s, Ch), 4.27 (2H, q, Chl J = 6.8), 7.77 (2H, d, ArH)
= 8.8), 7.91 (2H, d, ArH) = 8.8), 9.77 (1H, s, NH)**C NMR (100MHz, DMSO-¢) 14.1,
21.9, 25.8, 56.6, 60.4, 119.5, 124.5, 129.9, 14163,3, 172.2, 207.4. IR (KBr) 3352, 1690,
1492 cnf.

, -dimethylacetoacetanilid@31f
Yield (4.26 g, 80 %); mp 67-69 °GH NMR (400MHz, DMSO-¢): 5 = 1.38 (6H, s, 2 x
CHg), 2.16 (3H, s, Ch), 7.08-7.05 (1H, m, ArH), 7.32-7.28 (2H, m, ArH)64-7.62 (2H, m,
ArH), 9.11 (1H, s, NH)**C NMR (100MHz, DMSO-¢) 21.9, 25.8, 56.4, 120.4, 123.6, 128.4,
138.8, 171.6, 207.2; IR (KBr) 3364, 1687, 1240,a tai".

, -dimethyl-2,4-dimethylacetoacetanilide31g
Yield (4.08 g, 67 %); mp 93-94 °¢4 NMR (400MHz, DMSO-¢): 5 = 1.39 (6H, s, 2 X
CHs), 2.13 (3H, s, Ch), 2.19 (3H, s, Ch), 2.26 (3H, s, Ch), 7.04-6.97 (3H, m, ArH), 9.11
(1H, s, NH);**C NMR (100MHz, DMSO-¢) 16.5, 21.1, 23.3, 25.4, 59.0, 123.9, 126.5, 131.3
133.7, 134.0, 134.8, 172.2, 208.0; IR (KBr) 3355312, 1526, 1490 cth

, -dimethyl-2-methylacetoacetanilide31h
Yield (4.27 g, 75 %); mp 93-95 °GH NMR (400MHz, DMSO-¢): 5 = 1.41 (6H, s, 2 x

CHs), 2.18 (3H, s, Ch), 2.20 (3H, s, Ch), 7.25-7.14 (4H, m, ArH), 9.2 (1H, s, NHYC
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NMR (100MHz, DMSO-¢) 17.6, 22.0, 25.8, 55.8, 125.9, 126.1, 126.7,2,3033.9, 136.0,
171.6, 207.2; IR (KBr) 3361, 1684, 1531, 1488%m

, -dimethyl-2-methoxyacetoacetanilide31i
Yield (4.52 g, 74 %); mp 89-91 °GH NMR (400MHz, DMSO-¢): 5 = 1.39 (6H, s, 2 x
CHa), 2.20 (3H, s, Ch), 3.82 (3H, s, Ch), 6.93 (1H, t, ArHJ = 7.6), 7.05 (1H, d, ArHJ =
8.0), 7.14 (1H, t, ArHJ = 8.0), 7.72 (1H, d, ArH) = 8.0), 8.80 (1H, s, NH)**C NMR
(100MHz, DMSO0-d) 22.0, 25.9, 55.8, 56.1, 111.2, 120.2, 123.3,9,2626.6, 150.9, 170.9,
207.8; IR (KBr) 3365, 1692, 1490, 1311¢m

, -dimethyl-4-chloroacetoacetanilid&31]
Yield (4.29 g, 69 %); mp 108-110 °&4 NMR (400MHz, DMSO-¢): 5= 1.38 (6H, s, 2 X
CHs), 2.15 (3H, s, Ch), 7.35 (2H, d, ArH,) = 8.8), 7.66 (2H, d, ArHJ = 8.8), 9.57 (1H, s,
NH); **C NMR (100MHz, DMSO-g) 21.9, 25.7, 56.4, 121.8, 127.2, 128.4, 137.8,871
207.1; IR (KBr) 3365, 1688, 1528, 1488¢m
Preparation of 4-nitrophenylhydrazone derivatives
N-(4-bromophenyl)-2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazono)butanaail32a
2,2-Dimethyl-4-bromoacetoacetanilid&la (4.0 g, 14.0 mmol) was dissolved in MeOH 75
ml, 4-nitrophenylhydrazine (2.6 g, 16.8 mmol) wassdlved in warm acetic acid (3.25 ml)
and added to the stirring reaction vessel. Aft@rrhin a yellow precipitate began to fall from
solution, the reaction was allowed to stir overhighd the precipitate collected and dried.
Yield (4.01 g, 68 %); mp 197-200 °&4 NMR (400MHz, DMSO-¢): 5= 1.48 (6H, s, 2 X
CHs), 1.96 (3H, s, Ch), 7.27 (2H, d, ArHJ = 8.8), 7.50 (2H, d, ArHJ = 9.2), 7.65 (2H, d,
ArH, J = 8.8), 8.12 (2H, d, ArHJ = 8.8), 9.43 (1H, s, NH), 9.97 (1H, s, NHJC NMR
(100MHz, DMSO-d) 13.7, 23.5, 51.3, 111.6, 115.1, 122.5, 125.8,2,3138.1, 138.5, 151.8,

151.9, 173.5; IR (KBr) 3322, 1671, 1596 ¢m
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N-(4-methoxyphenyl)-2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazono)anamide 132b

Yield (2.85 g, 55 %); mp 144-147 °&4 NMR (400MHz, DMSO-¢): 5= 1.44 (6H, s, 2 x
CHs), 1.93 (3H, s, Ch), 3.72 (3H, s, OC}J, 6.86 (2H, d, ArHJ = 8.8), 7.24 (2H, d, ArH)

= 8.0), 7.49 (2H, d, ArHJ = 8.4), 8.10 (2H, d, ArHJ = 9.2), 9.14 (1H, s, NH), 9.92 (1H, s,
NH); **C NMR (100MHz, DMSO-¢): 13.8, 23.6, 51.1, 55.1, 111.6, 113.4, 122.4,.8,25
132.0, 138.0, 151.8, 152.2, 155.4, 172.9; IR (KE825, 1677, 1599, 1493¢m
N-(2,3-dimethylphenyl)-2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazona)anamide 132c

Yield (3.66 g, 71 %); mp 161-165 °&4 NMR (400MHz, DMSO-g): 5 = 1.47 (6H, s, 2 X
CHg), 1.99 (3H, s, Ch), 2.02 (3H, s, Ch), 2.24 (3H, s, Ch), 7.07-6.97 (3H, m, ArH), 7.27
(2H, d, ArH,J = 9.2), 8.12 (2H, d, ArHJ = 9.2), 9.01 (1H, s, NH), 9.94 (1H, s, NHfC
NMR (100MHz, DMSO-@): 13.9, 14.0, 20.0, 23.7, 50.7, 111.7, 124.7, 1,2525.8, 127.4,
132.7, 136.3, 136.8, 138.0, 151.9, 152.3, 173.2KIR) 3325, 1677, 1599, 1488 ¢m
2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazono)-N-p-tolylbutanamide 132d

Yield (2.73 g, 55 %); mp 152-156 °&4 NMR (400MHz, DMSO-¢): 5= 1.44 (6H, s, 2 x
CHs), 1.93 (3H, s, CH), 2.24 (3H, s, Ch), 7.08 (2H, d, ArH,) = 8.4), 7.24 (2H, d, ArH) =
8.4), 7.49 (2H, d, ArHJ = 8.8), 8.10 (2H, d, ArHJ = 9.6), 9.17 (1H, s, NH), 9.93 (1H, s,
NH); **C NMR (100MHz, DMSO-¢): 14.0, 17.7, 23.7, 50.8, 111.7, 125.8, 126.7,.1,30
133.8, 136.4, 138.1, 151.9, 152.3, 173.1 IR (KEB2R 1676, 1599, 1498 ¢n

Ethyl 4-(2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazono)butanamido)benzo&B82e

Yield (3.40 g, 59 %); mp 146-149 °&4 NMR (400MHz, DMSO-¢): 5= 1.30 (3H, t, Ch J

= 6.8), 1.46 (6H, s, 2 X G 1.94 (3H, s, Ch), 4.27 (2H, q, Ckl J = 6.8), 7.21 (2H, d, ArH,
J=9.2), 7.80 (2H, d, ArHJ = 8.8), 7.90 (2H, d, ArHJ = 8.8), 8.07 (2H, d, ArHJ = 9.2),
9.59 (1H, s, NH), 9.96 (1H, s, NHY¥C NMR (100MHz, DMSO-g¢): 13.6, 14.1, 23.4, 51.5,
60.4, 111.6, 119.6, 124.3, 125.8, 129.8, 138.1,51481.7, 151.8, 165.4, 173.9. IR (KBr)

3330, 1665, 1594, 1491 ém
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2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazono)-N-phenylbutanamide 132f

Yield (2.90 g, 61 %); mp 136-138 °&4 NMR (400MHz, DMSO-¢): 5= 1.46 (6H, s, 2 x
CHs), 1.94 (3H, s, Ch), 7.04 (1H, t, ArH,J = 7.6), 7.31-7.24 (4H, m, ArH), 7.63 (2H, d,
ArH, J = 8.0), 8.10 (2H, d, ArHJ = 9.2), 9.27 (1H, s, NH), 9.94 (1H, s, NHJC NMR
(100MHz, DMSO-¢): 13.8, 23.6, 51.3, 111.6, 120.7, 123.4, 125.8.32138.1, 139.0,
151.8, 152.1, 173.3. IR (KBr) 3324, 1669, 1600,11601".
N-(2,4-dimethylphenyl)-2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazonajanamide 132g

Yield (3.35 g, 65 %); mp 157-160 °&4 NMR (400MHz, DMSO-¢): 5 = 1.46 (6H, s, 2 X
CHs), 1.98 (3H, s, Ch), 2.10 (3H, s, Ch), 2.25 (3H, s, Ch), 7.04-6.96 (3H, m, ArH), 7.27
(2H, d, ArH,J = 8.8), 8.12 (2H, d, ArHJ = 9.2), 8.90 (1H, s, NH), 9.94 (1H, s, NH); IR
(KBr) 3322, 1667, 1594, 1493 ¢
2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazono)-N-o-tolylbutanamide 132h

Yield (3.57 g, 72 %); mp 157-159 °&4 NMR (400MHz, DMSO-¢): 5= 1.48 (6H, s, 2 x
CHs), 1.99 (3H, s, Ch), 2.15 (3H, s, Ch), 7.22-7.10 (4H, m, ArH), 7.27 (2H, d, ArH, =
9.2), 8.12 (2H, d, ArHJ = 9.2), 8.96 (1H, s, NH), 9.94 (1H, s, NHJC NMR (100MHz,
DMSO-d): 13.8, 20.4, 23.6, 51.2, 111.6, 117.4, 120.7,.0,2525.8, 128.7, 132.4, 136.5,
138.0, 151.8, 152.1, 173.1 IR (KBr) 3323, 1668,2,58490 crit.
N-(2-methoxyphenyl)-2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazono)anamide 132i

Yield (2.59 g, 50 %); mp 147-149 °&4 NMR (400MHz, DMSO-g): 5 = 1.46 (6H, s, 2 X
CHzs), 1.96 (3H, s, CH), 3.69 (3H, s, OC}HJ, 6.91 (1H, t, ArHJ = 7.6), 6.98 (1H, d, ArH) =
7.6), 7.07 (1H, t, ArH) = 7.6), 7. 28 (2H, d, ArHJ = 8.8), 7.88 (1H, d, ArH) = 7.6), 8.13
(2H, d, ArH,J = 9.2), 8.47 (1H, s, NH), 10.02 (1H, s, NHJC NMR (100MHz, DMSO-g):
13.7, 23.6, 51.1, 55.7, 110.9, 111.6, 120.3, 12123.6, 125.8, 127.0, 138.3, 149.6, 151.7,

152.4, 172.3. IR (KBr) 3322, 1671, 1599, 1495'cm
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N-(4-chlorophenyl)-2,2-dimethyl-3-(2-(4-nitrophenyl)hydrazono)butaneaia 132]

Yield (2.98 g, 57 %); mp 181-183 °&4 NMR (400MHz, DMSO-¢): 5= 1.44 (6H, s, 2 x
CHs), 1.92 (3H, s, Ch), 7.23 (2H, d, ArH, = 9.2), 7.34 (2H, d, ArHJ = 8.8), 7.66 (2H, d,
ArH, J = 9.2), 8.09 (2H, d, ArHJ = 9.2), 9.40 (1H, s, NH), 9.94 (1H, s, NHJC NMR
(100MHz, DMSO-@) 13.7, 23.5, 51.3, 111.6, 122.1, 125.8, 127.0,3,2838.0, 138.1, 151.8,
151.9, 173.5. IR (KBr) 3322, 1671, 1596, 1499'cm
2-benzyl-N-(4-chlorophenyl)-2-methyl-3-(2-(4-nitrophenyl)hydrazoha)anamide 122

Yield (2.46 g, 39 %); mp 220-224 °84 NMR (400MHz, DMSO-¢): 5= 1.31 (3H, s, CH),
1.97 (3H, s, Ch), 3.19 (1H, d, %> Ck J = 13.6), 3.44 (1H, d, ¥2 GHJ = 13.6), 7.23-7.12
(7H, m, ArH), 7.36 (2H, d, ArHJ = 8.8), 7.64 (2H, d, ArHJ = 9.2), 8.09 (2H, d, ArHJ =
9.2), 9.54 (1H, s, NH), 10.00 (1H, s, NHJC NMR (100MHz, DMSO-g) 14.4, 20.5, 40.9,
55.7,111.7, 122.4, 125.8, 126.4, 127.3, 127.8,3.280.3, 137.6, 137.8, 138.2, 150.7, 151.7,

172.1; IR (KBr) 3322, 1668, 1590, 1488 ¢tm

Preparation of 2,4-dinitrophenylhydrazone derivatives
N-(4-chlorophenyl)-3-(2-(2,4-dinitrophenyl)hydrazono)-2,2-dimethytanamide 157

Yield (3.52 g, 60 %); mp 199-201 °&4 NMR (400MHz, DMSO-¢): 5= 1.51 (6H, s, 2 X
CHs), 2.08 (3H, s, Ch), 7.35 (2H, d, ArHJ = 8.8), 7.65 (2H, d, ArHJ = 8.8), 7.91 (1H, d,
ArH, J =9.6), 8.39 (1H, m, ArH), 8.09 (2H, d, Ard,= 2.8), 9.45 (1H, s, NH), 10.86 (1H, s,
NH); **C NMR (100MHz, DMSO-g) 14.1, 23.6, 52.1, 116.7, 122.6, 123.3, 127.7, 7,28

129.6, 130.4, 137.4, 138.1, 145.1, 159.9, 173.1KIB) 3327, 1675, 1595, 1485 ¢
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Preparation of -substituted Phenylazo derivatives

1. Azoacetates 133a-j and 123

4-(4-bromophenylamino)-3,3-dimethyl-2-((4-nitrophenyl)diazenyl)-4-oxadmH2-yl acetate
133a

The hydrazone substrai®2a (3.0 g, 7.15 mmol) was dissolved in &H, (100 ml). To this
was added lead tetraacetate (3.8 g, 8.6 mmol) stitting. 5 ml of glacial acetic acid was
added to aid the dissolution of the lead tetradeedmd the solution was allowed to stir
overnight. When the reaction was judged completeCfTthe solvent volume was reduced by
75% and the remaining GBI, solution was washed alternately with 5 x 50 ml jpoit of
water and 5 % aqueous sodium bicarbonate solufibe. organic portion was dried over
magnesium sulfate and evaporated to dryness angeasistent lead residues were removed
by flash chromatography using a 25 : 75 EtOAc :amexmixture as eluent. Yield (2.80 g,
82%); mp 202-205 °C*H NMR (400MHz, DMSO-g): =1.28 (3H, s, Ch), 1.40 (3H, s,
CHs), 1.86 (3H, s, Ch), 2.18 (3H, s, Ch), 7.48 (2H, d, ArH,) = 8.8), 7.57 (2H, d, ArH] =
9.2), 7.75 (2H, d, ArH,) = 8.8), 8.37 (2H, d, ArHJ = 8.8). 9.19 (1H, s, NH)**C NMR
(100MHz, DMSO-g) 17.2, 20.5, 20.6, 21.5, 51.0, 103.6, 115.5, 12B23.2, 125.0, 131.2,
138.0, 148.5, 153.9, 168.8, 171.1; IR (KBr) 332231, 1687, 1605, 1539 ¢m
4-(4-methoxyphenylamino)-3,3-dimethyl-2-((4-nitrophenyl)diazengdpxobutan-2-yl

acetate 133b

Yield (2.16 g, 72%); mp 149-152 °&4 NMR (400MHz, CDC)): 5= 1.25 (3H, s, Ch), 1.31
(3H, s, CH), 1.92 (3H, s, Ch), 2.15 (3H, s, Ch), 3.72 (3H, s, OCH), 6.79 (2H, d, ArH,) =
9.2), 7.28 (2H, d, ArH,) = 8.8), 7.67 (2H, d, ArHJ = 8.8), 7.81 (1H, s, NH), 8.23 (2H, d,
ArH, J = 9.2), IR (KBr) 3326, 1688, 1600, 1536 ¢m
4-(2,3-dimethylphenylamino)-3,3-dimethyl-2-((4-nitrophenyl)diaz&r§-oxobutan-2-yl
acetate 133c
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Yield (2.55 g, 85%); mp 168-172 °&4 NMR (400MHz, DMSO-@): 5= 1.31 (3H, s, CH},
1.39 (3H, s, Ch), 1.93 (3H, s, CH), 2.07 (3H, s, Ch), 2.22 (3H, s, Ch), 2.25 (3H, s, CH),
7.07-6.95 (3H, m, ArH), 7.80 (2H, d, ArH,= 8.8), 8.39 (2H, d, ArH] = 8.8), 9.03 (1H, s,
NH), *C NMR (100MHz, DMSO-g): 14.1, 17.3, 20.0, 20.8, 21.0, 21.6, 50.4, 1032.3,
125.0, 125.1, 127.5, 133.0, 136.5, 136.8, 148.83,915168.9, 171.0; IR (KBr) 3329, 1683,
1605, 1545 cm.
3,3-dimethyl-2-((4-nitrophenyl)diazenyl)-4-oxo-4-(p-tolylamino)butaryPacetate 133d
Yield (2.42 g, 84%); mp 153-157 °&4 NMR (400MHz, CDC}): 5= 1.30 (3H, s, Ch), 1.38
(3H, s, CH), 1.88 (3H, s, Ch), 2.19 (3H, s, Ch), 2.25 (3H, s, Ch), 6.87 (2H, d, ArHJ =
8.8), 7.44 (2H, d, ArH] = 8.8), 7.76 (2H, d, ArHJ = 8.8), 8.37 (2H, d, ArHJ = 8.8), 9.00
(1H, s, NH),**C NMR (100MHz, DMSO-g): 17.3, 20.5, 20.6, 50.8, 55.1, 103.7, 113.5,
117.4, 123.0, 123.2, 124.9, 125.0, 131.6, 148.83,915155.7, 168.8, 170.5; IR (KBr) 3330,
1735, 1687 cm.

Ethyl 4-(3-acetoxy-2,2-dimethyl-3-((4-nitrophenyl)diazenyl)butan&o)benzoate 133e

Yield (2.30 g, 70%); mp 155-158 °&4 NMR (400MHz, DMSO-g): 5= 1.35-1.32 (6H, m, 2
X CHg), 1.46 (3H, s, Ch), 1.91 (3H, s, Ch), 2.22 (3H, s, Ch), 4.31 (2H, q, CH J = 7.2),
7.83-7.77 (4H, m, ArH), 7.94 (2H, d, ArH,= 8.8), 8.07 (2H, d, ArHJ = 8.4), 9.38 (1H, s,
NH); 3C NMR (100MHz, DMSO-¢): 14.2, 17.1, 20.5, 20.6, 21.5, 51.2, 60.4, 10317,.4,
120.2, 123.2, 125.0, 129.8, 143.0, 148.5, 153.8,316168.7, 171.4. IR (KBr) 3331, 1735,
1688 cnf.

3,3-dimethyl-2-((4-nitrophenyl)diazenyl)-4-oxo-4-(phenylamino)butan/acetate 133f
Yield (2.23 g, 80%); mp 136-138 °&4 NMR (400MHz, DMSO-g): 5= 1.30 (3H, s, CH),
1.40 (3H, s, Ch), 1.88 (3H, s, Ch), 2.19 (3H, s, Ch), 7.07 (1H, t, ArHJ = 7.2), 7.30 (2H,
t, ArH, J = 7.2), 7.63 (2H, d, ArHJ = 7.6), 7.63 (2H, d, ArH) = 8.4), 8.10 (2H, d, ArHJ =

8.4), 9.09 (1H, s, NH)**C NMR (100MHz, DMSO-g): 17.2, 20.6, 20.7, 21.5, 50.9, 103.7,
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121.2, 123.2, 123.8, 125.0, 128.4, 138.6, 148.8,915168.8, 170.9. IR (KBr) 3320, 1687,
1530 cnt.
4-(2,4-dimethylphenylamino)-3,3-dimethyl-2-((4-nitrophenyl)diaz&r§-oxobutan-2-yl
acetate 133g

Yield (2.65 g, 89%):; mp 161-165 °&4 NMR (400MHz, DMSO-@): 5= 1.30 (3H, s, CH),
1.37 (3H, s, ChH), 1.92 (3H, s, Ch), 2.14 (3H, s, Ch), 2.21 (3H, s, Ch), 2.25 (3H, s, Ch),
7.02 (3H, m, ArH,), 7.80 (2H, d, ArH] = 9.2), 8.40 (2H, d, ArHJ = 9.2), 9.09 (1H, s, NH),
IR (KBr) 3324, 1690, 1610, 1545 ¢m
(E)-3,3-dimethyl-2-((4-nitrophenyl)diazenyl)-4-oxo-4-(o-tolylamino)am-2-y| acetate

133h

Yield (2.11 g, 73%); mp 159-161 °&4 NMR (400MHz, DMSO-@): 5= 1.31 (3H, s, CH},
1.38 (3H, s, Ch), 1.92 (3H, s, Ch), 2.19 (3H, s, Ch), 2.22 (3H, s, Ch), 7.22-7.11 (4H, m,
ArH), 7.80 (2H, d, ArH,J = 9.2), 8.40 (2H, d, ArHJ = 9.2), 8.98 (1H, s, NH)}*C NMR
(100MHz, DMSO-¢): 17.4, 17.8, 20.8, 21.0, 21.6, 50.5, 103.7, 1232%5.0, 126.0, 126.9,
130.1, 134.0, 136.6, 148.5, 153.9, 168.9, 170.9KI®) 3324, 1677, 1535 cm
4-(2-methoxyphenylamino)-3,3-dimethyl-2-((4-nitrophenyl)diazengtpxobutan-2-yl
acetate 133i

Yield (2.64 g, 88%); mp 154-156 °4 NMR (400MHz, DMSO-g): 5= 1.24 (3H, s, CH),
1.34 (3H, s, Ch), 1.88 (3H, s, Ch), 2.23 (3H, s, Ch), 3.84 (3H, s, OC}H}, 6.95-6.90 (1H,
m, ArH), 7.07-7.06 (2H, m, ArH), 7.78 (2H, d, Ard = 8.8), 8.09 (1H, d, ArHJ = 8.0), 8.38
(2H, d, ArH,J = 9.6), 8.82 (1H, s, NHY*C NMR (100MHz, DMSO-¢):17.1, 20.4, 21.0,
21.4,51.1, 55.8, 103.8, 110.8, 119.9, 120.5, 12220, 125.1, 127.3, 148.5, 148.6, 153.8,
168.5, 170.6; IR (KBr) 3324, 1679, 1611¢tm
4-(4-chlorophenylamino)-3,3-dimethyl-2-((4-nitrophenyl)diazenyl)e4obutan-2-yl acetate
133]
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Yield (2.63 g, 87%); mp 173-175 °&4 NMR (400MHz, DMSO-@): 5= 1.28 (3H, s, CH},
1.40 (3H, s, CH), 1.86 (3H, s, Ch), 2.17 (3H, s, Ch), 7.36 (2H, d, ArH,) = 8.8), 7.61 (2H,
d, ArH, J = 8.8), 7.75 (2H, d, ArHJ = 9.2), 8.38 (2H, d, ArHJ = 8.8), 9.21 (1H, s, NH), IR
(KBr) 3324, 1688, 1616, 1525 ¢
3-benzyl-4-(4-chlorophenylamino)-3-methyl-2-((E)-(4-nitrophengiazenyl)-4-oxobutan-2-
yl acetate 123

Yield (2.52 g, 71 %); mp 70-72 °&4 NMR (400MHz, DMSO-g): 5= 1.05 (3H, s, CHh),
2.01 (3H, s, Ch), 2.24 (3H, s, Ch), 2.85-2.78 (1H, m, ¥ CH 3.90-3.75 (1H, m, ¥z CH|
7.24-7.18 (5H, m, ArH), 7.38 (2H, d, Ard,= 8.8), 7.62 (2H, d, ArHJ = 8.8), 7.78 (2H, d,
ArH, J = 9.2), 8.39 (2H, d, ArHJ = 8.8), 9.36 (1H, s, NH)**C NMR (100MHz, DMSO-g)
16.7, 17.0, 38.0, 55.2, 104.2, 122.8, 123.3, 12628,5, 127.6, 128.0, 128.4, 130.4, 137.0,
148.6, 153.8, 168.8, 169.9; IR (KBr) 3300, 17528d,61492 crt.

2. -methoxy phenylazo derivative 152

N-(4-chlorophenyl)-3-((2,4-dinitrophenyl)diazenyl)-3-methoxy-2,2-direthylbutanamide

152

IBDA (2.65 g, 8.25 mmol) was dissolved in metha(d0 mL) at room temperature under
argon. The hydrazonts7 (3.14 g, 7.5 mmol) was added to the solution atrdemperature
and the reaction mixture was then stirred for thveers. The solution was evaporated and the
residue was diluted with dichloromethane. The diohinethane solution was then washed
with an aqueous saturated sodium bicarbonate splamd water, dried, and evaporated. The
residue was purified by column chromatography (hex&atOAc, 80:20 to 20:80). Yield (2.42
g, 80 %)."H NMR (400MHz, DMSO-g): 5= 1.32 (3H, s, CH}, 1.37 (3H, s, Ch), 1.52 (3H,

s, CHy), 3.31 (3H, s, OCH), 7.35 (2H, d, ArH,) = 8.8), 7.52 (1H, d, ArH) = 8.4), 7.65 (2H,

d, ArH, J = 8.8), 8.67-8.65 (1H, m, ArH), 8.93 (1H, s, Arl).25 (1H, s, NH)*C NMR

86
Chapter 2: Synthesis oflactam analogues



(100MHz, DMSO-@) 14.7, 21.4, 21.7, 51.6, 52.1, 102.6, 120.8, 12122.6, 127.5, 128.6,
129.8, 138.1, 145.2, 148.0, 172.8

3. _-chloro phenylazo derivative 158

3-chloro-N-(2,4-dichlorophenyl)-3-((2,4-dinitrophenyl)diazenyl)-2, 2aaethylbutanamide

158

The substraté57 (2.1g, 5 mmol) was dissolved in DCM 50 ml cooled-50°C and stirred in
the dark. An excess of freshly prepared t-butyldgyporite (8 ml) was added to the solution
and this was allowed to stir for a further 2 hoatrs50°C. The temperature was allowed to
rise to 0°C and the solution was placed in an ice-bath aftddestir overnight. The solvent
was removed and the remaining yellow solid was rsd¢ed from a small quantity of starting
material by chromatography. Yield (1.61 g, 669%); NMR (400MHz, DMSO-g): 5 = 1.62
(6H, s, 2 x CH), 1.95 (3H, s, CH), 7.47-7.42 (2H, m, ArH), 7.76-7.65 (2H, m, ArtB.66
(1H, s, ArH), 8.94 (1H, s, ArH), 9.27 (1H, s, NHJC NMR (100MHz, DMSO-g) 22.2, 22.9,
25.1, 53.0, 101.5, 120.9, 121.9, 128.0, 129.2,5229.8, 130.6, 131.1, 134.4, 144.6, 148.1,
172.0

4. phenylazo alkene derivative 160

N-(2,4-dichlorophenyl)-3-((2,4-dinitrophenyl)diazenyl)-2,2-dimetlylbut-3-enamide 160
NaH (60% oil dispersion, 160 mg, 4 mmol) was digsdlin 12 mls of DCM and 2 mis of
DMF. The solution was allowed to stir under dry dibions (drying tube) until the evolution
of hydrogen had ceased. A solution of the subsira844 mmol) was made up in 2 mls DMF
and added dropwise to the NaH solution via septwer owo hours and the reaction was
allowed to progress with stirring overnight. TLCosted the consumption of the starting
material and the components were separated viancolchromatography (hexane-EtOAc,

80:20 to 20:80)
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160, Yield (0.47 g, 26%)H NMR (400MHz, DMSO-g): 5 = 1.50 (6H, s, 2 x Ck), 4.87
(2H, s, CH), 7.64-7.61 (2H, m, ArH), 7.69 (1H, s, ArH), 7.8, d, ArH,J = 8.8), 8.49-
8.45 (1H, m, ArH), 8.89 (1H, s, ArH), 8.94 (1H,A8H), 10.70 (1H, s, NH);

Preparation of azetidinones derivatives (134&nd124) using KCOgz/Acetone

Synthesis of azetidinone derivative (134f) usingd0s/Acetone

Anhydrous potassium carbonate (0.5 g, 3.6 mmol) added to azoaceta®33f (1.2 g, 3
mmol) in 50 ml of refluxing acetone. The solutioasvallowed to reflux for 22 h after which
time (TLC) showed the reaction to be complete. iHseluble material was filtered from the
solution and the filtrate evaporated to dryness @hetidinone produgti34f) was isolated
after silica gel column chromatography using CH&3 eluent. Yield (0.223 g, 22 %); mp 87-
89 °C;'H NMR (400MHz, CDC}): 5 = 1.08 (3H, s, Ch), 1.50 (3H, s, Ch), 1.92 (3H, s,
CHs), 7.15-7.11 (1H, m, ArH), 7.35-7.03 (2H, m, Art43 (2H, d, ArHJ = 8.8), 7.88 (2H,
d, ArH, J = 8.8), 8.37 (2H, d, ArHJ = 9.2);*C NMR (100MHz, CDCJ) 17.3, 19.1, 19.2,
60.5, 90.2, 118.3, 123.4, 124.4, 124.9, 129.1,2,3¥49.2, 154.1, 170.5; IR (KBr) 1759,

1599, 1527, 1495 cm

Synthesis of azetidinone derivatiy&24)using K:COs/Acetone

(124a)Yield (0.12 g, 8.3%); mp 139-141 °&4 NMR (400MHz, CDC}): 5 = 0.85 (3H, s,
CHs), 1.94 (3H, s, Ch), 3.01 (1H, d, CHJ = 14.4), 3.32 (1H, d, CH = 14.4), 7.27-7.07
(9H, m, ArH,), 7.78 (2H, d, ArH) = 8.8), 8.29 (2H, d, ArH) = 8.8); **C NMR (100MHz,
CDCl;) 16.8, 17.8, 30.6, 64.6, 91.1, 120.0, 125.3, 12227.2, 128.5, 128.5, 129.1, 129.9
136.1, 136.6, 149.7, 154.2 170.0; IR (KBr) 17452751494 cit. Anal. Calcd. for
CosH21CINgO3: C, 64.21; H, 4.72; N, 12.48. Found: C; 64.014t84, N; 12.18.

(124b) Yield (0.17 g, 11.6%); mp 137-139 °&f NMR (400MHz, CDC}): 5= 1.43 (3H, s,

CHs), 1.99 (3H, s, Ch), 2.67 (1H, d, CHJ = 14.4), 2.90 (1H, d, CH] = 14.8), 7.27-7.10
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(9H, m, ArH,), 7.87 (2H, d, ArH) = 8.8), 8.36 (2H, d, ArHJ = 9.2);*C NMR (100MHz,
CDCl3) 15.1, 15.9, 36.3, 62.7, 89.2, 118.0, 122.0, 12B825.2, 126.7, 127.5, 127.9, 128.4,
134.2, 134.7,147.8, 152.3, 168.0; IR (KBr) 17572851494 crt.

Preparation of azetidinones derivatives (134a-j) KCN/Propanol

Synthesis of azetidinone derivatiy&34a)using KCN/Propanol

The azoacetate derivativilEd3a (1g, 2.1 mmol) was dissolved in hot propanol (4Q tol
which potassium cyanide (0.15 g, 2.3 mmol) was dddée solution was allowed to reflux
for 30 min, after which TLC showed development odduct spots and total consumption of
the starting material, this was evaporated to dsgn@/ater (100 ml) was added to the reaction
vessel and this was extracted with EtOAc (2 x 2b foillowed by CHCI; (2 x 25 ml). The
combined extracts were dried over magnesium su#ate upon evaporation to dryness an
orange oil was collected. The product was isolaféel column chromatography. Yield (0.14
g, 16 %); mp 155-158 °CH NMR (400MHz, CDC}): 5 = 1.19 (3H, s, Ch), 1.42 (3H, s,
CHs), 1.62 (3H, s, Ch), 7.18 (2H, d, ArH,J =8.8), 7.55 (2H, d, ArH,) =8.8), 7.76 (2H, d,
ArH, J = 9.2), 8.28 (2H, d, ArHJ = 8.8);*C NMR (100MHz, CDCJ) 13.3, 17.8, 24.4, 49.3,
83.0, 122.5, 123.4, 124.9, 127.7, 130.8, 132.4,818%4.0, 180.1; IR (KBr) 1755, 1520 ¢m
Anal. Calcd. for GgH1/BrN4Os: C, 51.81; H, 4.11; N, 13.43, Found: C; 52.10,4:28, N;
13.21.

Synthesis of azetidinone derivatiy&34b)using KCN/Propanol

Yield (0.15 g, 20 %); mp 95-98 °&1 NMR (400MHz, CDCJ): 5= 0.98 (3H, s, CH), 1.40
(3H, s, CH), 1.77 (3H, s, CH), 3.71 (3H, s, OCH), 6.77 (2H, d, ArH,J =9.2), 7.28 (2H, d,
ArH, J =9.2), 7.79 (2H, d, ArHJ = 9.2), 8.28 (2H, d, ArH)) = 8.8);*C NMR (100MHz,
CDCl3) 17.2, 19.1, 19.2, 55.5, 60.4, 90.3, 114.3, 12A®3.3, 124.8, 130.2, 149.2, 154.1,

156.5, 170.2; IR (KBr) 1759, 1513, 1392¢m
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Synthesis of azetidinone derivatiy&34c)using KCN/Propanol

Yield (0.21 g, 25 %); mp 112-116 ot NMR (400MHz, CDC}): 5=1.08 (3H, s, Ch),
1.45 (3H, s, Ch), 1.62 (3H, s, Ch), 2.24 (3H, s, Ch), 2.25 (3H, s, Ch), 7.06-6.96 (3H, m,
ArH), 7.76 (2H, d, ArHJ = 9.2), 8.29 (2H, d, ArHJ = 9.2); °C NMR (100MHz, CDC}))
15.2,17.4, 19.3, 19.9, 20.7, 59.6, 91.8, 123.2,3,2124.9, 125.8, 129.8, 132.9, 135.1, 138.5,
149.1, 154.2, 171.6; IR (KBr) 1757, 1526, 1471"cranal. Calcd. for GoH22N4Os: C, 65.56;
H, 6.05; N, 15.29, Found: C; 65.61, H; 6.02, N;205.

Synthesis of azetidinone derivatiy&34d) using KCN/Propanol

Yield (0.13 g, 15%); mp 103-107 °&4 NMR (400MHz, CDC}): 5 = 1.07 (3H, s, CH),
1.49 (3H, s, Ch), 1.89 (3H, s, Ch), 2.33 (3H, s, Ch), 7.13 (2H, d, ArH,J =8.0), 7.32 (2H,
d, ArH, J =8.4), 7.88 (2H, d, ArHJ = 9.2), 8.37 (2H, d, ArHJ = 8.8);**C NMR (100MHz,
CDCl3)17.3, 19.1, 19.2, 21.0, 60.4, 90.1, 118.3, 123244.9, 129.6, 134.1, 134.6, 149.2,
154.1, 170.3; IR (KBr) 1751, 1523, 1513 ‘CmAnal. Calcd. for GHoN4Os: C, 64.76; H,
5.72; N, 15.90, Found: C; 64.81, H; 5.73, N; 15.85.

Synthesis of azetidinone derivatiy&34e)using KCN/Propanol

In the case of azetidinone derivati{34e)it was the propanol transesterification product
that was isolated

Yield (0.10 g, 11 %); mp 97-100 °&4 NMR (400MHz, CDCJ): 5 = 0.94 (2H, t] =7.6),
1.00 (3H, s, Ch), 1.29 (2H,m), 1.31 (3H, s, GH 1.72-1.67 (1H, m), 1.88 (3H, s, GH4.18
(1H, t, J =6.4), 4.27 (1H, gJ =5.2), 7.38 (2H, d, ArHJ =8.8), 7.78 (2H, d, ArH) =8.8),
7.91 (2H, d, ArHJ = 9.2), 8.27 (2H, d, ArHJ = 8.8);**C NMR (100MHz, CDGJ) 9.5, 13.3,
16.5, 17.9, 18.1, 59.8, 65.5, 89.2, 116.3, 12228.9 124.9, 129.7, 140.0, 148.3, 152.9,

165.0, 169.6; IR (KBr) 1749, 1709, 1509 ¢m
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Synthesis of azetidinone derivatiy&34f) using KCN/Propanol

(134f) Yield (0.10 g, 12 %). Spectra identical to thosparted using BCOs/Acetone
Synthesis of azetidinone derivatiy&34g)using KCN/Propanol

Yield (0.21 g, 25%); orange oifH NMR (400MHz, CDC)): 5 = 1.06 (3H, s, Ch), 1.44
(3H, s, CH), 1.63 (3H, s, Ch), 2.23 (3H, s, Ch), 2.32 (3H, s, Ch), 6.88 (1H, d, ArHJ
=8.0), 7.02 (2H, d, ArHJ =8.0), 7.75 (2H, d, ArHJ = 9.2), 8.28 (2H, d, ArHJ = 8.8);°C
NMR (100MHz, CDC}) 17.5, 18.9, 19.3, 19.8, 21.1, 59.5, 91.7, 12B8214.9, 126.3, 127.1,
130.5, 131.9, 136.2, 138.1, 149.1, 154.2, 171.§litRid film) 1762, 1527, 1504 cth
Synthesis of azetidinone derivatiy&34h)using KCN/Propanol

Yield (0.18 g, 22%); mp 108-110 °&4 NMR (400MHz, CDC}): 5 = 1.06 (3H, s, CH},
1.45 (3H, s, Ch), 1.65 (3H, s, Ch), 2.37 (3H, s, Ch), 7.22-7.06 (4H, m, ArH,), 7.76 (2H, d,
ArH, J = 8.8), 8.29 (2H, d, ArHJ = 8.8);**C NMR (100MHz, CDCJ) 17.6, 19.1, 19.3, 19.9,
59.6, 91.8, 128.2, 124.9, 126.2, 126.4, 128.2,3,3133.3, 136.4, 149.1, 154.1, 171.3; IR
(KBr) 1761, 1530, 1493 cih Anal. Calcd for GeH,oN4Os: C, 64.76; H, 5.72; N, 15.90.
Found: C; 64.66, H; 5.69, N; 15.83.

Synthesis of azetidinone derivatiy&34i) using KCN/Propanol

Yield (0.14 g, 16 %); mp 98-100 °&4 NMR (400MHz, CDC}): 5= 1.04 (3H, s, Ch), 1.44
(3H, s, CH), 1.60 (3H, s, Ch), 3.67 (3H, s, OCHJ, 6.89-6.85 (2H, m, ArH,), 7.19-7.15 (1H,
m, ArH,), 7.60-7.58 (1H, m, ArH,), 7.79 (2H, d, ArBi= 9.2), 8.29 (2H, d, ArHJ = 8.8);°C
NMR (100MHz, CDC}) 16.9, 18.9, 19.9, 55.6, 59.8, 91.5, 112.0, 12028.1, 123.9, 124.9,
127.6, 128.4, 149.0, 153.9, 154.4, 172.4; IR (KBt®1, 1524, 1497 cm

Synthesis of azetidinone derivatiy&34j) using KCN/Propanol

Yield (0.17 g, 20%); mp 132-134 o NMR (400MHz, CDCY): 5= 0.98 (3H, s, Ch),
1.42 (3H, s, Ch), 1.82 (3H, s, Ch), 7.18 (2H, d, ArHJ =8.8), 7.29 (2H, d, ArHJ =9.2),

7.78 (2H, d, ArH,J = 8.8), 8.28 (2H, d, ArH,) = 9.2);3C NMR (100MHz, CDCJ) 17.3,
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19.0, 19.1, 60.7, 90.3, 119.5, 123.4, 124.9, 1229,5, 135.8, 149.3, 154.0, 170.3; IR (KBr)
1753, 1534, 1346 cm Anal. Calcd for GgH;7CIN,Os: C, 57.99: H, 4.60: N, 15.03. Found:

C;57.99, H; 4.73, N; 14.81.

Synthesis of azetidinone derivative (141h)

The azetidinone derivativE34h (100 mg, 0.28 mmol) was dissolved in glacial acatid (25
ml) and heated to 88C, to this was added 0.5 ml of hydrogen peroxidet®m (35% by
weight) at 15 min intervals over 3 h. After 5 h tleaction mixture was treated with 2 ml of
the hydrogen peroxide solution and allowed to atiil80°C overnight. A further 2 ml of
hydrogen peroxide solution was added to the reactitxture and the reaction allowed to stir
for a further 3 h after which no starting matedalld be detected by TLC The reaction was
cooled to room temperature and poured into 150frideswater which induced precipitation
of a pale yellow solid that was filtered from sadut Yield (66 mg, 63.9 %); mp 132-134 °C;
'H NMR (400MHz, CDC}): 5= 1.29 (3H, s, Ch), 1.51(3H, s, CH), 1.69 (3H, s, Ch), 2.37
(3H, s, CH), 7.24-7.17 (3H, m, ArH,), 7.38 (1H, d, ArBl= 8.8), 8.26 (2H, d, ArHJ = 9.6),
8.29 (2H, d, ArHJ = 10.0);13C NMR (100MHz, CDGJ) 14.5, 17.7, 18.7, 19.0, 60.3, 86.3,
123.4, 124.6, 126.6, 127.2, 128.6, 131.3, 132.5,7.3149.9, 150.4, 171.0; IR (KBr) 1752,

1535, 1485, 1465 cih
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Chapter

Studies on the deacetylation reactions of azoaceest

ad astra per aspera



3.1 Introduction

Initial studies on the cyclisation of azoacetatesbtlactams carried out by this
research group uncovered an interesting rearrangamelving the substrate azoacetates. It
was found that both estef8 and anilide 133 forms of these compounds underwent
rearrangement to an acyl hydrazid® ¢r 77, scheme 3)1’® The rearrangement was thought

to follow deacetylation of the azoacetate and alraeism was later proposed.

bEt
O
_KON/EtoH N\HN
>§ﬁ“
_—
© 133f or | 79. R = OEt, Yield = 35% 77f OfJ

77f, R = NH-Ph, Yield = 13%
77}, R = NH-PCP, Yield = 25%
PCP =p-chlorophenyl

O/) H——OEt
OEt

Scheme 3.Proposed azoacetate to N-acyl hydrazide rearrangemechanism

The focus of this chapter is the further investaabf this deacetylation process with
a variety of azoacetates. The first part of thiapthr describes attempts at isolating the
azocarbinol intermediates of the deacetylation. @aheacetate bearing the ester substituent
(78, Scheme 3.1) was chosen for these studies ovarotiiesponding anilidel3 scheme
13.1) form because the initial studies carriedwaititin the group had found that this reaction
was higher yielding with regard to the rearrangenpeaduct (35% for 79 compared to 13-

25% for the anilideg7). This reaction was also advantageous because itad involve the
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competing -lactam cyclisation reaction. Previous reports loé successful isolation of
azocarbinols from azoacetates by the Bdrteamd Warkentitf®'%%1%? research groups
encouraged this line of research. Azocarbinols areotoriously unstable entity, with
relatively few stable solid examples having beeolaied to date. They are commonly
observed as unstable oils that decompose over gaeods of time.

The studies carried out by Barton were of particutderest due to the relative
similarity between the substrates used by thatmend the compounds observed to undergo

rearrangement in our group (Figure 3.1).

Q 0

A~ J
O%NW@ O%,SLNzN@‘NOZ

Et
163 Et
Figure 3.1 Similarities between Barton’s substrate and th#he rearrangement substrate

The second part of this chapter deals with theéhggis and cyclisation of azoacetates
derived from threonine to form hydantoins and oXdawones similar to the cyclisations
commonly observed with threonyl derivati88. The base catalysed generation of
hydantoins is encountered throughout peptide chgmisgardless of the nature of the first
residue in the peptide chain. The generation ozob@inones is however specific to the
chemistry of N-protected threonyl and seryl commtsubecause the reaction takes place at
the threonyl or seryl hydroxy group (Scheme 3.2a).

The synthesis of oxazolidinones from azoacetatebgi®e 3.2b) of this kind was of
particular interest because it would most likelyalve initial deacetylation through a process
similar to that proposed in the formation of theadd hydrazide rearrangement products

(Scheme 3.1). The goal of this research was théndurexploration of the deacetylation
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reactions of azoacetates in an environment whesksayion to oxazolidinones was the most
likely outcome.

It was hoped that the propensity of these threooyhpounds to undergo cyclisation
to oxazolidinones could be exploited in order telse the azoacetate analogues of these
compounds. This chemistry however depends on ilialibase induced deacetylation of the
acetate moiety as proposed in the rearrangemeritanistn (Scheme 3.1). The acetate group
is a more labile entity in basic conditions thaa Hydroxy hydrogen and this should favour

the formation of the desired cyclisation products.

PR r Base HN At HN™ "o
o) o H 0 H
164 & 165 166

0
0 NO )k
Y 2 0, O\/© HN 0]

Mo J_N=N HN N me
oMe Base 0. .o N

Scheme 3.2bDesired cyclisation of threonyl azoacetate
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3.2  Results and Discussion
3.2.1 Isolation of azocarbinols

The reports of the instability of azocarbinols iengral led to the decision to assess
the viability of the various published procedures dynthesise these compounds. The
immediate formation of the rearrangement producbnupreatment with base observed
previously by our group suggested that the isatatibthe azocarbinol would not be trivial. It
therefore seemed practical to carry out initiadss on substrates similar to those already
shown to provide azocarbinol products. It was hopiet the contrasts and comparisons
drawn from these tests would point towards the lideaditions for investigation of the
proposed azocarbinol intermediate. The synthesiswof simple azoacetates based on 4-
nitrophenylhydrazone similar to those used by tretdh and Warkentin groups were
undertaken as a reference (Scheme 3.3). This veasasean ideal starting point, allowing the

various published methods to be compared in terivedficiency of completing the desired

conversion.
Ry 4-NP Ry Pb(OAcy Ri OAC
=0 J=N-NH-PNP  ——> )LNZN—PNP
R, R, R,
17Ca, R; + R, = Cyclohexyl 171a, Yield = 80% 17za, Yield = 74%
170b,R; = Me, F, = CC,Et 171D, Yield = 58% 172b,Yield = 69%
@]

o) /ﬂ\\
L 0
0 Ve TN Vot
N=N NO, )
OEt
172a 172b

4-NP = 4-nitrophenylhydrazine

Scheme 3.3Bynthesis of model azoacetate systems.
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This also allowed an assessment of the effectnfj) @f the presence of the 4-nitrophenyl
group on the stability of the synthesised compountise azoacetate derivative of
cyclohexanone-4-nitrophenylhydrazoh@2awas chosen as the starting substrate for studies
on the transformation from azoacetate to azocakbino

The various methods of transformation of azoacsttdeazocarbinols were examined; in
addition the basic conditions used for the cydkisabf azoacetates were assessed as means
of achieving the transformation (Table 3.1). Thist ®f experiments produced some
interesting results. It was found that the publisheocedures for the isolation of azocarbinols
did indeed achieve the desired transformation; eweén the case of both substrates the

transformation took place more efficiently usingt®a’s base®*

Table 3.1Action of bases on azoacetates

R OAc R OH
N N=N—PNP Base N N=N—PNP Ry
=N - J=N-NH-PNP
R, R, ~
172aorb 173aorb 171aorb
a, Ry + R, = Cyclohexyl,b, R = Me, R = COEt
Base/solvent Substrate 173 171
172 % Yield % Yield
MeLi/DCM a 9 42
b 11 38
Barton’s base/EtOH a 49 Trace on TL(
b 58 Trace on TL(
KCN/n-EtOH a 31 19
b 42 21
K,CO,/Acetone a Not !solated 44
b Not isolated 50
t-BUOK/THE a Not isolated 30
b Not isolatel 31

The MeLi procedure employed was found to give thesidd azocarbinol in isolable

guantities but the parent hydrazone was the majodyst. Strangely the isolation of the

hydrazones upon treatment of azoacetates withisaaeely mentioned in the literaturé®
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Figure 3.2a'H NMR spectrum ofL.73a
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Figure 3.2b>C NMR spectrum ol73a
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It was also found that all of the bases used retlirthe parent hydrazorE/1 (spectra
identical to samples used to prepare azoacetaiisdr as the exclusive product, or as a by-
product. Perhaps the most interesting results aeneved while using KCN as base. It was
found that KCN could be used to convert azoacethi@so azocarbinold 73 (Table 3.1),
though not as efficiently as the other reagenteetesAs mentioned in chapter 2, KCN is
known to be a reagent capable of catalysing thesésterification process. Since Barton
suggests that the Barton’s base transformationzofi@etates observed by his group were
likely as a result of ethanolysis, it is conceivatilat KCN acts in a similar manner.

Basic spectral comparisons between these compo(tband**C NMR, Figure 3.2 a, b and
c) showed that it was possible to isolate the instazocarbinold73in reasonable yields in
some cases and that the presence of the nitro gnoilye system was not detrimental to the
successful isolation of simple azocarbinols. It wigsr from the results of these tests that the
most promising candidate for further study in tis®lation of the azocarbinol as an
intermediate in the rearrangement of interest wdogd Barton’s base. The isolation of
azocarbinols173 using KCN was a positive result since this procedhas not been
previously reported. In contrast to KCN, Bartonasd is a strong, poorly-nucleophilic,
neutral base that is often used in cases wherdrgdbdic substitution of DBU or other
amine bases is a problem. However, since it wapestisd to have reacteda a similar
mechanism to KCN, this result led to some reseamaatiabout the likelihood of success of
using this reagent for the isolation of azocarksnolthe next set of experiments.

It was hoped that using Barton’s base might favthe azocarbinol products
analogous td. 73aandb under identical conditions. However using Bartdmese resulted in
the production of the rearrangement prodé®tin a similar manner to the previously
observed results with KCN, with the production oraall quantity of the parent hydrazone

as by-producii74 The azocarbinol intermediate of interest wasisaated (Scheme 3.4).
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N—NH—@—NOZ
L <
N
0~ TOEt

OA
CN:N@NOZ Lo + 174 vield 20 %
OY
o OE N—NH@—NOZ
78
O OEt

79 Yield 35 %

Scheme 3.4Reaction of azoaceta?® with Barton's base

The Warkentin lithiation procedure was also testisda means of producing the
desired azocarbindf® However, as expected, the parent hydrazone wasdfto be the
major product of the reaction with only trace antsuof the rearrangement product evident
on TLC. Once again no azocarbinol was isolatedceSiBarton’s base was found to be the
most reliable agent for the generation of azocatbimut could not be used to isolate the
desired compound; it seemed evident that the disetation of the suspected azocarbinol
intermediate to the rearrangement product wouldeqgtossible.

3.2.2 Structural studies of N-acylhydrazide

Figure 3.3X-Ray crystal structure of N-acylhydrazidé
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The N-acyl hydrazide/9 was previously isolated and a crystal structur&iokd
(Figure 3.3F° In order to obtain a complete set of data fordtystal suitable for publication,
crystals of79 were grown from the product of the reaction oftBais base with azoacetate
78

Crystals suitable for single crystal X-Ray crysighaphic determinations of the N-
acylhydrazide79 were grown in a saturated solution of ethyl aeetahexane 50:50. The
substrate molecule was dissolved in the solventturexand allowed to stand for 5 days
undisturbed; slow evaporation was controlled byecimg the vessel (clean new test tube)
with perforated foil. The resulting crystals werelaurless blocks. The N-acyl hydrazide
crystallizes in the orthorhombic system withhB2; (#19) space group with 4 molecules per
asymmetric unit (Table 3.3). It is this recentlylected data that is reported here (appendix I)
and appears in our current publication (appendix I)

Table 3.2Selected bond distances (A) and angf@s$dr N-acylhydrazide’9 with estimated

standard deviations

Bond distance (A)
N(2)-N(@3) 1.3838(14
N(L)-O(1) 1.2301(15
N(1)-0(2) 1.2359(15
C(7)-0(3) 1.2284(16)
C(7)—-C(8) 1.5069(19)
0(5)-C(13) 1.4539(16)
Bond angles )
CEIN2)IN(E) 119.73(10)
C()-NG)-N(2) 120.04(11)
N(2)-N(3)-C(9) 119.79(10)
N(3)-C(7)-C(8) 118.13(12)
O(3)—C(7)—N(3) 119.40(12)
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Table 3.3Crystal data and structure refinement for N-acgithyide79.

Quantity Measurement

Empirical formula Ci14H1g N3 Os

Formula weight 309.32

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group R2,2; (#19)

Unit cell dimensions a=10.6723(6) A a=90°.
b=11.7713(7) A b= 90°.
c=12.3081(7) A g=90°.

Volume 1546.23(15) A

Z 4

Density (calculated) 1.329 Mg#hn

Absorption coefficient 0.102 mmd

F(000) 656

Crystal size 1.00 x 1.00 x 0.90 Mm

Theta range for data 2.39 to 30.50°.

Index ranges —15<=h<=15, -16<=k<=16, —17<=I<=17

Reflections collected 36459

Independent reflections 2661 [R(int) = 0.0293]

Completeness to theta = 99.7 %

Absorption correction Semi—empirical from equivagen

Max. and min. transmission 0.9138 and 0.8407

Refinement method Full-matrix least—-squares dnF

Data / restraints / parameters 2661 /0/ 275

Goodness—offit on4 1.048

Final R indices [I>2sigma(l)]] R1 =0.0350, wR2 6892

R indices (all data) R1 =0.0360, wR2 = 0.0899

Largest diff. peak and hole 0.443 and —0.1508.A
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Figure 3.4Mercury view of N-acylhydrazid@9 showing packing relative to the unit cell

Figure 3.5Mercury view of N-acylhydrazid@S showing intermolecular hydrogen bonding

interactions through the acyl carbonyl and hydrolgem the hydrazide
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Figure 3.6 Mercury view of N-acylhydrazid@S showing intermolecular hydrogen bonding

interactions between the nitro group and ester

The hydrogen bonding through the ester carbonyipggmf the central N-acylhydrazide and
nitro groups contribute most to the 3-dimensioradking within the structure of the crystal
system (Figure 3.6). The interaction of these gsquvides stability between the individual
units within the lattice.

3.3 Cyclisation of threonyl azoacetates

The synthesis of azoacetates of N-protected thfeanyides analogous to those used to
generate the-lactams in chapter 2 offered the opportunity tadgtthese systems further.
Suitable substrates (Cbz-threonyl anilidds,7, Scheme 3.5) for these reactions were

synthesised using standard peptide chemistry ptwestf’
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HN i Ph/\ /U\
CBz—cCl + oH — O 'NH
0~ “oH OH

17€, Yield 93%
17t

I
P o NH

O

OH .
N{—| 177, Yield 5€-68%

Ar
i @) 2N NaOH, NgCO; 0°C 4h, b)HCl, yield 93%. ii, aniline, DCC, HOBt, GEl, yield range 58-68%
Ar = 177aNH-4-methoxyphenyll77bphenyl,177c4-chlorophenyl177d 3,4-dimethylphenyl.

Scheme 3.55ynthesis of Cbz-threonyl anilides

The synthesis of a number of Z-threonyl alkyl esteras also undertaken. Several of the
reported literature procedures were examined. Aftene experimentation it was found that
the reaction of the amino acid in excess alcohoh@presence of thionyl chloride routinely

returned the desired esters in good yi&ld7( Scheme 3.6).

H H

©\/o H OH  SOCh ROH ©\/O H OH
T e T

o O OR

Stirring 48h
17¢€ a-c Yield 3&-72%
aR=Me, bR=Et, cR3I-Pr.

17¢

Scheme 3.&sterification of Z-threonine

3.3.1 Cyclisation of Z-threonyl anilides
As mentioned at the beginning of this chapter thsebinduced cyclisation of N-
protected threonyl compounds (esters, anilidestigep and proteins) are known to give a

mixture of hydantoins and oxazolidinones.
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OH

o)
y N §
N HN™ O o
Cbz”” \F
OH + N
NH — Me
o o7 ~NH o
Z 2 —Me
—Me

(0]

177a 17¢a Yield 30 % 18Ca Yield 27 %

Scheme 3.Tyclisation of Z-Threonyl anilide to oxazolidin@iE79aand hydantoind80a

Although the compounds of interest to us were cydgrivatives of threonyl based
azoacetates, a simple Z-threonyl anilide was oygli;m order to have samples for spectral
comparison to the desired azoacetate based syg$&rheme 3.7). The formation of both
products is as a result of the base induced alistnaaf an acidic proton.

Efforts were made to synthesise a larger peptidielue with the hope of forming a
bicyclic system. To that end the Z-Thr-Ser-Gly-GHEpeptide was synthesised using the

azide coupling procedure to attach the terminatigly ethyl ester residue.
OH

o)
H
2N NH, )k N OH
Pthc PhH,C™ N ~—~
H H
(0] /’—N\
o NH,
181 182 Butyl Nitrite
OH
0
GlyOEt )k H oH
PhH2C j;/ O ~<— PpPhH,C N ~—"
H
° 7 —N\\N
© N
187 N
184 Not isolate

Scheme 3.2Bynthesis of Z-Thr-Ser-Gly-OHB4tripeptide from Z-Thr-Ser-OEt81
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It was hoped that, procedures similar to thosehhdtbeen successfully employed to cyclise
the threonyl anilides, could be used to isolateak&zolidinone derivative of the tripeptide.
Once this cyclisation had taken place it was pldnteeemploy the Mitsunobu method of

cyclisation to synthesise thelactam through the seryl residue, to gh&h

o
HO ) o o=< .
N OMe N N
(¢) N N — H j/j N
©/\U\H/H 0 4/"' o Multiple steps 0 N\)J\
° Hb (0] OMe
184 18¢

Scheme 3.2&lanned synthesis of bicyclielactam

However the desired oxazolidinone was not isolaéidr repeated attempts at the base
induced ring closure. Because several cyclisatrodyrcts were possible from the Mitsunobu
cyclisation of the tripeptide without initial forrian of the oxazolidinone ring, attempts to
form the bicyclic ring were abandoned.

3.3.2 Oxidation of N-protected Threonyl Analogues

The objective of this step of the synthesis wastaelopment of a method that allowed the
oxidation of the hydroxy group in threonyl analogue the corresponding carbonyl, with
retention of chirality at the carbon adjacent te tiewly formed carbonyl. This proved to be
non-trivial. In a communication published in 1982ndkew Stachulski of Beecham
Pharmaceuticals research division remat®edThe amino acid literature contains
remarkably little information on the oxidation oérsne and threonine side chain to the
ketonic level.” References since that time to thgdgeryl side chain oxidation could be
described as sparse at best, and a comprehensilyecst the oxidation in question has never
been undertaken. Although the oxidations of alcehw ketones are well known, the
suitability of these reagents for oxidation of serand threonine side chain to the carbonyl is
not well understood. It would seem that the proimoif the amino group to the alcohol has

an effect on the oxidation process. The literatw@lable, dealt mainly with the oxidation of
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N-protected esters of threonine and serine. Thewolg oxidation procedures were tested in
an attempt to find the most suitable system.

1. Chromium based reagents (Jones and PCC proceiflires)

2. DMSO mediated reagents and analogues (Pfitznerd#tathd Swerny*°

3. Organo-iodine reagents (Dess-Maltin*2and IBX311411§

4. Dimethyl-dioxirané'®
Table 3.4 is a summary of the results achievedgutiie various oxidation procedures,
showing whether the procedure furnished the desmedluct, whether the product had
retained chirality and the range of percentagedgielchieved for the various products. It
should be noted that optical activity was determhiry specific rotation measurement.
Although this technique does not give informationemantiomeric excess, good agreement
was found between values obtained for productsfigrent oxidation procedures (DMD and
IBX products). The DMSO mediated Pfitzner-Moffatbpedure, where racemization was
expected, gave values ¢f];" = 0.

Jones reagent (a chromium based system) workedavadsters of threonine, but not
so for the analogous anilide compounds, whereas RGE€ned the over-oxidised oximate
product in all cases. The formation of this produ@s shown to occur through initial
formation of the desired ketonic threonyl derivatiellowed by further oxidation to give the
oximate. If the desired ketonic product is syntbedi independently using alternative
oxidative procedures, and is afterward treated wahtomic acid, it results in the production

of an oximate identical to that produced directbyni chromic acid.
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Table 3.40xidation of Z-threonyl esters and anilides

N oH H o
Chz _N 0]
—_— Cbz or Chz . Y
o) o v o)
Ester§ 17¢a-c 186a-c 188a-c
Anilides” 177a-d 187a-d 189a-d
Oxidation systems
Substrate Chromium . . c d
Jones e Organo-iodine DMSO~ DMD
Produc = 186 187 186 186
Ester® Optically—, e
178 active No No Yes No N/T
Yield %=  80-95 59-65 59-81 88-95
Product= 189 189 187 187 187
- b . [3
Anilide Optlgally::) No No Yes No Yes
177 active
Yield %=  65-77 65-79 58-85 77-90  77-83

a, Esters178aY = OMe,178b OEt or178cOi-Pr; b, Anilides177aY = NH-4-methoxyphenyll77b
NH-phenyl, 177c NH-4-chlorophenyl,177d NH-3,4-dimethylphenyl;c, Organo-iodine = IBX or
DMP; d, DMSO = Swern or Pfitzner-Moffatt proceduse;N/T = not tested.
3.3.3 Synthesis and cyclisation of Z-threonyl azoatate derivatives

186 and 187, prepared from the above oxidation were furthenveated to 4-

nitrophenylhydrazones (Scheme 3.8). This was aelieusing the procedures utilized

previously for the ethylacetoacetate and acetoaitiela analogue$® NO,

H H H 7
0 . _Q_ N N—N
N;\_< H,N-N NO, Cbz” I< H
—_—
o v Methanol:AcOH o v

90:10

e

Cbz

190a-c Yield 56-95%
191a-d Yield 60-75%

18€a-c?
187a-d

a, Esters186aY = OMe, 186b OEt or186c¢Oi-Pr; b, Anilides 187aY = NH-4-methoxyphenyl187b
NH-phenyl,187cNH-4-chlorophenyl187d NH-3,4-dimethylphenyl

Scheme 3.8ynthesis of 4-nitrophenylhydrazones of ketoniednyl derivatives
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Similarly, the azoacetates were synthesised udmeg previously described procedures
(Scheme 3.9 The procedure gave azoacetates in good yields ghroeaction of the

hydrazone with a slight excess of lead tetraacetate

NO>

; : H
N—N _
Cbz” A Pb(OAc), Cbe” N N=N
DCM:AcOH
Y Y

90:10 o
190&-c? 192a-c Y.ield 80-91%
191a-d 193a-d VYield 77-80%

a, Esters190aY = OMe, 190b OEt 0r190cOi-Pr; b, Anilides191aY = NH-4-methoxyphenyl191b
NH-phenyl,191cNH-4-chlorophenyl191d NH-3,4-dimethylphenyl

Scheme 3.Bynthesis of azoacetates of 4-nitrophenylhydraziemiyatives

With regard to the cyclisation of the azoacetatéved@ves of Z-threonine it was hoped that
success would be achieved using the ester demgig starting materials. This was because
the substance of most interest to us was the agarmhe derivative 195 scheme 3.10).
Since the ester derivatives do not carry a secdnolgen bearing moiety, the possibility of
hydantoin formation is excluded. A variety of basd/ent systems @F#COs/Acetone,t-
BuOK/THF, KCN/Propanol, NaOH/Ethanol) were examirgsdpossible means of cyclising
the azoacetates to the oxazolidinone, however mbriese procedures were successful
(Scheme 3.10). As was seen with the synthesiseoftiocarbinols in some cases the parent

hydrazone was the only compound that could betestla small quantities and identified.
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i
HN
OR

LI =
yelid

NO»
¥ 195
— Products not
isolated
R N

q

194 NO

0
HN o)
© |
o)

Esters]192aR = Me,192b Et or192ci-Pr;

Scheme 3.1®Rttempted synthesis of oxazolidinones from azaaeaderivatives

Fortunately efforts towards the desired cyclisatiosing the analogous anilide
compounds as starting materials proved somewhae rmoccessful (Scheme 3.11). The

azoacetate derivatives of Z-threonyl anilides wsergjected to similar conditions to the ester

derivatives.

)OJ\
HN "o
N=N
NO, NH
o o
OAcC _
=N 196’
05N, :
Nx

N
X +
o >N Neg K,COs/acetone Yield 15%
H (0]
OAc
N Ho
193a-d Y
N\
(0] R
197 Yield 17%

a, 193aR = 4-methoxyphenyl193b phenyl, 193c 4-chlorophenyl 193d 3,4-dimethylphenyl; b, produci96a
and197aonly isolated.

Scheme 3.1Bynthesis of oxazolidinone and hydantoin from agtate derivatives
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It was found that in the case of the 4-methoxyphezpacetate derivativé93 the
desired oxazolidinon&96a(Figure 3.6a) and hydantoir®7a(Figure 3.6b) could be isolated

when KCOs/acetone conditions were employed.

O

HC HN)KO Hb Ha
Hg N:N\O/NOZ
He
o NH Hs
Hg
Hh
o H,
Hf HaHC Hb Hg Hh Hd Hi He

Figure 3.6a'H NMR spectrum of isolated oxazolidinone derivath@6a

H; H., Hp Hq Hyg He Hi Ha Hec

Figure 3.6b*H NMR spectrum of isolated hydantoin derivath@7a
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The products of this reaction were isolated in ipald, however similar oxazolidinonk96
and hydantoinl97 products were not isolated from the reactionshef other azoacetate
derivativesl93b-din the series.

The azoacetate substrdiB3awas also subjected to Mitsunobu reaction condstion
(PPl and DEAD see chapter 1), a commonly utilised meawgclisation of -lactams . The
substrate is somewhat similar structurally to thesdnyl substrates often used in the
mitsunobu cyclisation. It was hoped that this samiy, coupled with the tendency of the
azoacetates to undergo deacetylation in basic tonsli might provide a route to a one pot
synthesis of analogouslactams based on the azoacetate precursors. Howeeepectra of
the only product from the azoacetate under Mitsunoltonditions (PP
Diethylazodicarboxylate a.k.a. DEAD) were identitathose of the hydantoin produ@7a

isolated (scheme 3.12, see also scheme 3.11).

(0]
o] NO,
\f @/ OzN\Q\
(0]
QO N=N Nsy H
o PPhj, DEAD o
J PN - e
N
(@] N
OMe

197a
193a Yield 35% o—

Scheme 3.1Formation of hydantoin product under Mitsunobictieg conditions.

The formation of the oxazolidinone from the azoatetioes not conclusively prove the role
of the deactylation process in the formation of a@zolidinone. However, when all of the
evidence is taken together it presents a convincage for the mechanism involving the
initial deacetylation of the acetate group. Taamedt has been shown that the KCN/propanol
reaction conditions can be used to generate aradzmnol from an azoacetate in a manner
similar to known procedures from the literaturerBa or Warkentin procedures). It has also

been shown that azoacetates based on N-protectsahyth anilides react to give products
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analogous to those of simple N-protected threonylides (Scheme 3.13), where reaction

through the threonyl hydroxy group was established.

! k
OH N 0]

1778. 1933_ OMe

Both produce hydantoins and oxazolidinones undeattion of KCOs/acetone.

Scheme 3.1 Synthesis of the same ring systems from threoes/dtives before and after
azoacetate formation.
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3.4 Conclusion:

The main focus of this chapter was the investigatido role of the deacetylation
process in the formation of N-acyl hydrazides asrengement products from azoacetates.
Although conclusive proof has not been establisgedd evidence to support the theory has
been gathered and valuable insight into the chero$tazoacetates has been achieved.

The deacetylation reaction was successfully adapteda means of cyclising
azoacetates derived from threonine. Simple Cbzeptetl threonyl and seryl peptides are
known to readily undergo cyclisation through thieydroxy group in basic media to give
oxazolidinones. The isolation of oxazolidinones ducts from azoacetates that are
structurally similar to the basic peptides suggtsisthe initial step in the cyclisation process
is the deacetylation of the acetate group. Theisatmbn reactions of these compounds are
novel processes. Over the course of these invéstgafurther examples of heterocyclic
systems bearing the phenylazo side chain have $g#hesised. These novel compounds
represent members of important biological famile#scompounds (Chapter 1) carrying
previously unreported appendages. The synthessentesl in this chapter show these novel
azoacetates to be valuable precursors in the siatbEheterocycles.

The syntheses and chemistry of aryl hydrazonesaibgted threonyl anilides have
been previously reported on a relatively limitechlesc However, the reactions of these

compounds with lead tetraacetate to give azoacetatelate, have not been investigated.
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3.5 Experimental

Amino acids were purchased from the Sigma Aldribengical company and were used as
received. All solvents were dried or distilled prio use. Melting points were determined
using a Griffin melting point apparatus and areanrected. Infrared spectra were recorded
on a Perkin-Elmer 2000FT-IR spectrometer. NMR gpewkere recorded using a Bruker AC
400 NMR spectrometer operating at 400 MHz farNMR and at 100 MHz fot°’C NMR.
The'H and**C NMR chemical shifts (ppm) are relative to TMS aidcoupling constants
(J) are in Hertz (Hz).

1-cyclohexylidene-2-(4-nitrophenyl)hydrazone) 171a

Cyclohexanone (0.98 g, 10 mmol.) was dissolveddiml of methanol. To this was added 4-
nitrophenyl hydrazine (1.75 g, 11.5 mmol.) dissdlin 5 ml acetic acid with stirring over 30
minutes. The solution was allowed to stir overnjigimd the solid precipitate was filtered off.
An analytical sample was prepared by dissolvinghallsportion in ethyl acetate and passing
it through a short column of silica, otherwise tthieed product was used as collected.
Orange-Brown product, (Yield 1.86 g, 80%)-NMR 400 MHz (DMSO-@) : 5= 1.62-1.58
(6H, m, 3 x CH), 2.29-2.27 (2H, m, C}), 2.46-2.43 (2H, m, C}), 7.13 (2H, d, ArH,) = 8.8
Hz), 8.05 (2H, d, ArH) = 9.2 Hz), 9.96 (1H, s, NH}*C-NMR 100 MHz (DMSO-g) : 25.6,
25.9, 26.9, 27.3, 35.4, 111.3, 126.2, 137.8, 1853,4;

ethyl 2-(2-(4-nitrophenyl)hydrazono)propanoate 171b

Ethyl pyruvate (5 g, 43 mmol.) was dissolved inniDof methanol. To this was added 4-
nitrophenyl hydrazine (7.25 g, 5.5 mmol.) dissolved ml acetic acid with stirring over 30
minutes. The solution was allowed to stir overnjigimd the solid precipitate was filtered off.
the dried product was used as collected. OrangesBraroduct, Yield (6.25 g, 58%fH-

NMR 400 MHz (DMSO-¢) : 5= 1.27 (3H, t, CH J = 6.8 Hz), 2.11 (3H, s, Gj}i 4.21 (2H,

117
Chapter 3: Studies on the deacetylation reactibagaacetates



g CH,, J = 6.8 Hz), 7.36 (2H, d, ArH] = 9.2 Hz), 8.16 (2H, d, ArH] = 9.2 Hz), 10.49 (1H,
S).

, -Dimethylethylacetoacetate-4-nitrophenylhydrazone

, -Dimethylethylacetoacetate (1.58 g 10 mmol.) wasalived 30 ml of methanol. To this
was added 4-nitrophenyl hydrazine (1.68 g, 11 mnwsolved in 3 ml acetic acid with
stirring over 30 minutes. The solution was allowedtir overnight, and the solid precipitate
was filtered off. the dried product was used agect#d. Orange-Brown product, (Yield 2.25
g, 77%) *H-NMR 400 MHz (DMSO-@) : 5= 1.17 (3H, t, Chl J = 7.2 Hz), 1.36 (6H, s, 2 X
CHa), 1.89 (3H, s, CH), 4.11 (2H, g, Ch J = 7.2 Hz), 7.18 (2H, d, ArH] = 9.2 Hz), 8.10
(2H, d, ArH,J = 9.2 Hz), 9.89 (1H, s, NH}*C-NMR 100 MHz (DMSO-¢) :14.0, 14.3, 23.5,
50.5, 60.9, 111.9, 126.2, 138.6, 151.6, 152.1,a 75.

Azoacetates

1-((4-nitrophenyl)diazenyl)cyclohexyl acetate 172a

The substrate hydrazod&1a(1.28 g, 5.4 mmol.) was dissolved in 20 ml of DCdMthich
was added lead tetra acetate (2.63 g, 5.94 mmblmalar excess), a few drops of acetic acid
were added dropwise to the solution to help digsahe lead salts, and the solution was
allowed to stir overnight. The reaction mixture wasnitored by TLC to ensure completion
of the reaction and then washed with (1 x 20 mitipo of water followed by (1 x 20 ml)
portion of NaHCQ 5% solution followed by (3 x 20 ml) portion of veat The solution was
dried and passed through a short silica columnetnorve any remaining lead salts. The
column was eluted with 50:50 ethyl acetate:hex@he. solvent was removed and an orange
oil remained. (Yield 1.12 g, 71%-NMR 400 MHz (DMSO-@) : 5= 1.34-1.32 (1H, m, %2
CH,), 1.84-1.56 (7H, m, 3% GHf 2.17-2.14 (5H, m, CHand CH), 7.78 (2H, d, ArH,J =

8.8 Hz), 8.36 (2H, d, ArHJ = 8.8 Hz);™*C-NMR 100 MHz (DMSO-g¢): 21.7, 21.8, 24.7,
33.0, 102.5, 123.3, 125.3, 125.3, 148.8, 154.5,3169
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ethyl 2-acetoxy-2-((4-nitrophenyl)diazenyl)propanoate 172b

The azoacetate was synthesised using the procddscebed for oxidation of cyclohexanol-
4-nitrophenyl hydrazone

(Yield 1.15 g, 69%).*H-NMR 400 MHz (DMSO-@) : 5= 1.18 (3H, t, CH, J = 7.2 Hz), 1.73
(3H, s, CH), 2.18 (3H, s, Ch), 4.21 (2H, q, CH J = 7.2 Hz), 7.87 (2H, d, ArH] = 8.8 Hz),
8.40 (2H, d, ArH,J = 8.8 Hz).

ethyl 3-acetoxy-2,2-dimethyl-3-((4-nitrophenyl)diazenyl)propanoate 78

The azoacetate was synthesised using the proceédscebed for oxidation of Cyclohexanol-
4-nitrophenyl hydrazone

(Yield 2.63 g, 69%).'H-NMR 400 MHz (DMSO-@) : 5 = 1.07 (3H, t, Clj J = 8.8 Hz),
1.26 (6H, s, 2 x Ch), 1.89 (3H, s, Ch), 2.11 (3H, s, Ch), 4.03-4.00 (2H, m, Ch), 7.87
(2H, d, ArH,J = 9.2 Hz), 8.40 (2H, d, ArH] = 9.2 Hz).

Synthesis of 1-((4-nitrophenyl)diazenyl)cyclohexanol 173a (procediy Barton’'s Base)

The substrate azoacetdff2a(0.291 g, 1 mmol.) was dissolved in 3 ml of etHamal stirred

at room temperature under argon. To this was aBden’s base (0.171 g, 1 mmol.) and the
reaction mixture was allowed to stir for overnigimder an argon atmosphere. The solution
was diluted with 20 ml of DCM, this was washed wighx 20 ml) portions of cold 5% HCI
followed by (2 x 20 ml) portions of cold water. Theganic extracts were dried over MgSO
and the solvent was removed under vacuum at roonpdeature. TLC testing of the
remaining oil showed the presence of some startiatgrial and a new compound. The oil
was separated by careful chromatography usingdiagaof solvents (Ethyl acetate:Hexane,
10:90 -> 90:10). The product was recovered as angar solid. (Yield 0.1 g, 40%, 25%
starting material also recovered).

'H-NMR 400 MHz (DMSO-g) : 5 = 1.35- 1.31 (1H, m, % GHf 1.56-1.53 (2H, m, C),
1.64-1.56 (5H, m, 2% GH| 1.77-1.84 (2H, m, CH), 5.98 (1H, br s, OH), 7.81 (2H, d, ArHI,
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= 8.4), 8.37 (2H, d, ArHJ = 8.8); ); *C-NMR 100 MHz (DMSO-g¢): 22.1, 25.3, 34.8, 96.1,
123.2, 125.3, 148.4, 155.0.

Ethyl-2-hydroxy-2-((4-nitrophenyl)diazenyl)propanoate 173b (procedure 1)
2-Acetoxy(4-nitro-phenylazo)- propionic acid etlegdter (1 g, 3.2 mmol.) was dissolved in 9
ml of ethanol and stirred at room temperature uadgon. To this was added Barton’s base
(0.513 g, 3 mmol.) and the reaction mixture wagvedid to stir for overnight under an argon
atmosphere. The solution was diluted with 50 mD@fM, this was washed with (2 x 25 ml)
portions of cold 5% HCI followed by (2 x 25 ml) pioins of cold water. The organic extracts
were dried over MgSPand the solvent was removed under vacuum at reonpdrature.
TLC testing of the remaining oil showed the pregeat some starting material and a new
compound. The oil was separated by careful chrognapiy using a gradient of solvents
(Ethyl acetate:Hexane, 10:90 -> 90:10). The progas recovered as an unstable orange oil.
(Yield 0.50 g, 58%, 17% starting material also kered).

'H-NMR 400 MHz (DMSO) 1.19 (3H, t, CHJ = 7.2), 1.62 (3H, s, Ci}t 4.17 (2H, q, Ch} J
=5.2), 7.38 (1H, br s, OH), 7.86 (2H, d, ArHz 9.2), 8.41 (2H, d, ArHJ = 9.2);**C-NMR
100 MHz (DMSO-d): 14.4, 23.1, 61.6, 97.2, 123.5, 125.5, 149.1,3,5470.1.

Synthesis of 1-((4-nitrophenyl)diazenyl)cyclohexanol 173a (proced2y Methyl lithium)

The substrate azoacetdfé2a(0.873 g, 3 mmol.) was dissolved in 30 ml of armoyd ether
cooled to -10C using a bath of ice and salt and stirred undgorarTo this was added GH
(6.6 mmol., 3.6 ml of a 1.84M solution in hexanegnl0 minutes. The solution was allowed
to stir for a further 30 minutes and cold saturaetmonium chloride (30 ml) was added
slowly. The organic layer was separated and the@aeilayer extracted with (2 x 20 ml)
portions of ether. The combined organic extractsewdried over MgS@and evaporated

without heating. TLC of the remaining oil showee thresence of two compounds and a
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small amount of starting material. The componentsrew separated using careful
chromatography (Yield 0.07 g, 9% ).

Spectral data of the azocarbinol identical to that acquired from Bastonedure.

ethyl 2-hydroxy-2-((4-nitrophenyl)diazenyl)propanoate 173b (procedur&GN)
2-acetoxy(4-Nitro-phenylazo)-propionic acid ethgter (1 g, 3.2 mmol.) was dissolved in 30
ml of ethanol and stirred at room temperature udgon. To this was added KCN (0.27 g,
4.1 mmol.) and the reaction was monitored by TLGedv spot was seen to develop over the
course of several hours, after 72 hours some rgganiaterial remained. The solution was
diluted with 50 ml of DCM, this was washed with X225 ml) portions of cold water. The
aqueous phase was poured directly into a readyaprdpsolution of sodium hypochlorite
along with all of the glassware. The solvent wasvkl blown off of the solution in the fume
cupboard using nitrogen to give an orange oil. dihevas separated into its component parts
by careful chromatography using a gradient of sutvgEthyl acetate:Hexane, 10:90 ->
90:10). The product was recovered as an unstaatgeroil. (Yield 0.36 g, 42%)

Spectral data identical to that of sample prepared using Barton Baseguure.

N-acyl hydrazide derivative as rearrangement produt using KCN/Ethanol 79

Synthesis of ethyl 2-(1-acetyl-2-(4-nitrophenyl)hydrazinyly¥iethylpropanoate 79

The azoacetate derivativ@ (1 g, 2.8 mmol) was dissolved in hot EtOH (40 mlwthich of
potassium cyanide (0.24 g, 3.7 mmol) was added. Sdietion was allowed to reflux
overnight, before being evaporated to dryness. WA®0 ml) was added to the reaction
vessel and this was extracted with EtOAc : E{0%:85). The combined extracts were dried
over magnesium sulfate and upon evaporation todacezl volume a pale brown solid
precipitated. The precipitate was filtered off amdshed with petroleum ether and dried.
(Yield 0.31 g, 35 %); mp 172-174 °&4 NMR (400 MHz, DMSO-g): 5= 1.23 (3H, t, CH,
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J =6.8), 1.27 (3H, s, C¥l, 1.36 (3H, s, Ch), 1.88 (3H, s, Ch), 4.16-4.06 (2H, m, C}),
6.90 (1H, d, ArH J = 7.6), 7.15 (1H, d, ArHJ = 7.6), 8.11 (1H, d, ArHJ = 8.0), 8.17 (1H,
d, ArH,J =7.6), 9.58 (1H, s, NH); anal. Calcd. fors819N3Osrequires C, 54.36; H, 6.14; N,
13.58; found C, 54.53; H, 6.29; N, 13.51.

Azocarbinols

Synthesis of Barton’s Base, 2-t-butyl-1,1,3,3-tetramethyl gidame

Barton’s original procedure was followed, although triphosgene was substitisted
phosgene for safety reasons, also the quantity of triphosgene was réald¢éd

Triphosgene (16.576 g, 0.056 mol) was dissolve80mml of cold dry toluene. To this was
added dropwise with stirring N,N,N’,N’-tetra methylea (10 g, 0.086 Mole) dissolved in 40
ml of dry benzene. The solution was allowed to fetirl hour after which the solvent was
removed by distillation between 30-3& at reduced pressure. The white crystalline
Vilsmeier salt that remained was taken up in 3®@f@cetonitrile and cooled t@© while 30
ml of t-butylamine was being added. Next the mixture wéaxed for 18 hours cooled and
the solvent removed at 3@ under reduced pressure. The gummy residue timgtimed was
triturated repeatedly with ether (4 x 50 ml) thenaging solid was treated slowly and
carefully with 80 ml of 25% NaOH solution, this w#sen extracted with ether and the
combined extracts dried over®O;. The solvent was removed slowly at %6 under house
vacuum. The yellow oil that remained was distilledder vacuum on the Kughlerohr
instrument at 78 C to give a transparent oil which was stored uiaggon and refrigerated.
(Yield 0.53 g, 55 %JfH-NMR 400 MHz (DMSO-@) : 5= 0.45 (9H, s, 3x Ch), 1.88 (12H, s,

4 x CHs)

N-acyl hydrazide derivative as rearrangement produtusing Barton’s base 78

Synthesis of ethyl 2-(1-acetyl-2-(4-nitrophenyl)hydrazinyly¥i&thylpropanoate 78
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The substrate azoacetate 215 (702 mg, 2 mmol.)dgaslved in 10 ml of ethanol and the
reaction vessel flushed with nitrogen. To which vealed of Barton’s base (342 mg, 2
mMol) by syringe through a rubber septum. The ieacwvas stirred for 1 hour before TLC
testing showed the consumption of all starting mteind the emergence of a new spot.
After 2 hours 50 ml of DCM was used to dilute teacation mixture. The entire solution was
washed with 20 ml of cold 5% HCI and 20 ml of caldter and the organic phase dried and
the solvent removed under vacuum to give an oranti@. (Yield 0.23 g, 37 %);

Spectra identical to those from KCN/ethanol procedure

N-acyl hydrazide derivative as rearrangement produtof anilide azoacetate 70f

Yield (0.14 g, 16 %); mp 195-197 %68l NMR (400 MHz, DMSO-g): 5= 1.49 (3H, s, CH),
1.53 (3H, s, Ch), 1.92 (3H, s, Ch), 6.96 (1H, s br, ArH),7.07 (1H, t, ArH, = 7.2), 7.33-
7.26 (3H, m, ArH), 7.61 (2H, d, ArH] = 7.6), 8.15 (2H, s br, ArH), 9.06 (1H, s br, NH),
9.48 (1H, s br, NH)**C NMR (100 MHz, DMSO-¢) 21.7, 22.9, 24.3, 65.6, 110.5 (#i=
222), 120.8, 123.5, 126.2 (d,= 69), 128.3, 138.7, 138.9, 154.2, 171.8, 17ZXB(KBr)

3338, 3288, 1647, 1592, 1522, 1329, 1272, 1108, & cn.

Benzyloxycarbonyl-threonine (Cbz-Threonine) 176

To a solution of L-threonind75 (11.91g, 0.1 mol) in 50 mils of 2N NaOH was added
alternately benzyl chloroformate (14.5 mis. 17.32d.01 mol) and N&O; (65 mls, 0.13
mol) in 10 roughly equal aliquots over 30 minutéke solution was allowed to stir for 4
hours and then extracted twice with 20 ml portiohsther. The aqueous phase was cooled to
0°C and conc. HCI was added dropwise to the solutiqqH 3-4. The oil that separated was
transferred to ethyl acetate (50 ml) and the agu@base was then saturated with NaCl and
extracted with a further 50 ml of ethyl acetatee Dinganic extracts were combined and dried

over MgSQ. The solvent was removed and a small potion ofdihéhat remained was
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removed, cooled and scratched. The solid collestesiused to seed the remaining oil, which
crashed out overnight. (Yield 23.53 g, 93%). M@1-103

Spectra consistent with sample purchased from sigmaaldrich®
Z-Threonyl-4-methoxy-anilide, (benzyl-3-hydroxy-1-(4-methoxyphianyino)-1-oxobutan-
2-ylcarbamate) 177a

Cbz-L-Threoninel76 (10 g, 0.040 mol), 4-methoxy aniline (4.92 g, @04ol) and 1-
hydroxy-benzotriazole monohydrate (6.12 g, 0.040) mvere finely ground and dissolved in
150 ml of dichloromethane. The solution was coate€ C in an ice bath and finely ground
dicyclohexylcarbodiimide (8.2 g, 0.040 mol) was eddThe solution was allowed to stir
overnight at room temperature and the N,N’-dicyebofiurea that precipitated was filtered
from the solution and washed with 50 ml of dichloeihane. The combined organic extracts
were washed with 50 ml of saturated NaH®&0lution followed by 50 ml of 10% citric acid
solution, another 50 ml of saturated NaHCs&wlution, and finally 50 ml of water. The
organic extracts were dried and passed throughcen 4ilica plug to remove a baseline
impurity (TLC) and eluted using 70:30 Ethyl acetdtdexane. The solvent was removied
vacuq and the residue collected. (Yield 9.74 g, 68%)NMR 400 MHz (DMSO-g) : 5 =
1.12 (3H, d, CH J = 6.0 Hz), 3.72 (3H, s, OG} 4.04-4.00 (1H, m, CH), 4.11- 4.09 (1H, m,
CH), 4.95 (1H, d, OHJ = 6.0 Hz), 5.09 (2H, s, G 6.89 (2H, d, ArHJ = 8.8 Hz), 7.08
(1H, d, NH,J = 8.4 Hz), 7.32 (5H, m, ArH), 7.54 (2H, d, ArBi= 8.8 Hz), 9.82 (1H, s, NH).
3C-NMR 100 MHz (DMSO-g) : 20.6, 55.5, 61.7, 65.9, 67.2, 114.2, 121.2,.0,2828.2,
128.7, 132.4, 137.3, 155.6, 156.5, 169.1. IR (KBB361, 1683, 1588, 1510, 1239, 1071 cm
1.

Z-Threonyl-4-chloro anilide, (benzyl-1-(4-chlorophenylamino)-3xiroxy-1-oxobutan-2-

ylcarbamate) 177c
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This coupling was carried out using the same prnaieeds that used for Z-Thr-N-Ph-4-OMe,
except that the aniline used was 4-Chloroaniline

(Yield 8.69 g, 60%).

'H-NMR 400 MHz (DMSO-¢) : 5= 1.14 (3H, d, CH J = 6.0 Hz), 4.04-4.03 (1H, m, CH),
4.14-4.11 (1H, m, CH), 4.94 (1H, d, OBz 6.0 Hz), 5.07 (2H, s, G 7.14 (1H, d, NHJ =
8.4 Hz), 7.38-7.33 (7TH, m, ArH), 7.66 (2H, d, Arkz 8.4 Hz), 10.12 (1H, s, NHY*C-NMR
100 MHz (DMSO-g) : 20.6, 61.8, 66.0, 67.1, 121.2, 127.3, 128.8,2,2128.7, 129.0, 137.3,
138.2, 156.6, 169.8. IR (KBr) 3280 2360, 1692, 164886, 1515, 1242, 1037, 696 tm
Z-Threonyl-3,4-dimethyl  anilide, (benzyl-1-(3,4-dimethylphéamyino)-3-hydroxy-1-
oxobutan-2-ylcarbamate) 177d

This coupling was carried out using the same gloeeas that used for Z-Thr-N-Ph-4-OMe,
except that the aniline used was 3,4-Dimethylaailin

(Yield 8.26 g, 58%)'H-NMR 400 MHz (DMSO-@) : 5=1.12 (3H, d, Chl J = 5.6 Hz), 2.16
(3H, s, CH), 2.18 (3H, s, Ch), 4.02 (1H, s, CH), 4.10-4.08 (1H, m, CH), 4.94 (5 br,
OH), 5.07 (2H, s, Ch), 7.05 (1H, d, ArHJ = 8.0 Hz), 7.10 (1H, d, NH] = 8.4 Hz), 7.35
(7H, m, ArH), 9.80 (1H, s, NH)*C-NMR 100 MHz (DMSO-g) : 19.1, 20.0, 20.6, 61.7,
65.9, 67.2, 117.2, 120.9, 128.0, 128.2, 128.7,91281.4, 136.6, 137.0, 137.4, 156.5, 169.3.
IR (KBr) 3281, 2360, 1696, 1654, 1537, 1243, 16495 cm'.

Z-Threonyl-anilide (benzyl-3-hydroxy-1-oxo-1-(phenylamino)butan-2-gibamate) 177b
This coupling was carried out using the same praeeds that used for Z-Thr-N-Ph-4-OMe,
except that aniline was used.

(Yield 7.87 g, 60%)*H-NMR 400 MHz (DMSO-@) : 5 = 1.13 (3H, d, Chl J = 6.4 Hz),
4.05-4.01 (1H, m, CH), 4.14-4.11 (1H, m, CH), 4@#, d, OH,J = 6.0 Hz), 5.08 (2H, s,
CH,), 7.06-7.04 (1H, m, ArH), 7.10 (1H, d, NH,= 8.8 Hz), 7.39-7.30 (7H, m, ArH), 7.62
(2H, d, ArH,J = 7.6 Hz), 9.96 (1H, s, NH}*C-NMR 100 MHz (DMSO-g) : 20.2, 61.4,
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65.6, 66.8, 119.2, 123.3, 127.6, 127.8, 128.3,712836.9, 138.8, 156.7, 169.2; IR (KBr)
3291, 1688, 1650, 1537, 1520, 1240, 1045, 698 cm

Esters of threonine

Methyl-2-(benzyloxycarbonylamino)-3-hydroxybutanoat 178a (Z-Thr-OMe)

To a solution of Z-threoning76(5.83 g, 23 mmol) in methanol (100 Ymwas added thionyl
chloride (2.1 crfy 28.8 mmol) dropwise over 30 min and the mixtugeswallowed to stir for
20 h. After TLC showed consumption of the startingterial, the solvent was removed and
the remaining oil taken up in 30 &mf CHCk. The organic solution was washed alternately
with saturated NaHC£and brine (3 x 10 cheach). The solution was dried over MgShd
the solvent was removed under reduced pressurewhite solid product was dried and
collected. (Yield 4.43 g 72%); mp 77-78; 'H-NMR 400 MHz (CDC}) : 5 = 1.25 (3H, d,
CHs, J = 6.4 Hz), 2.72 (1H, s, OH), 3.75 (3H, s, CH), 4832 (2H, m, 2 x CH), 5.13 (2H, s,
CH,), 5.87-5.77 (1H, m, NH), 7.37-7.32 (5H, m, ArHR (KBr) 3450, 3314, 1715 cfh
Ethyl-2-(benzyloxycarbonylamino)-3-hydroxybutanoatel78b (Z-Thr-OEt)

(Yield 3.33 g 51%); mp 29-31C; *H-NMR 400 MHz (CDC}) : 5 = 1.19-1.13 (6H, m, 2 x
CHg), 2.70 (1H, s, OH), 4.11 (2H, g, GH = 7.2), 4.23-4.20 (2H, m, 2 x CH), 5.03 (2H, s,
CH,), 5.75-5.72 (1H, m, NH), 7.27-7.19 (5H, m, ArHR (KBr) 3401, 1721 cfh
Isopropyl-2-(benzyloxycarbonylamino)-3-hydroxybutaroate 178b (Z-Thr-QG-Pr)

(Yield 6.82 g 38%):; mp 37-3%C; 'H-NMR 400 MHz (CDC}) : 5 = 1.21-1.07 (9H, m, 3 x
CHa), 4.01-3.98 (1H, m, CH), 4.08-4.03 (1H, m, CH)7%(1H, d, OH, J = 6.8), 4.95-4.88
(1H, m, CH), 5.06 (2H, s, G} 7.15 (1H, d, NH) = 8.4), 7.43-7.31 (5H, m, ArH); IR (KBr)

3345, 1721 ch.
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Oxidation of Z-Threonyl anilides and esters

Synthesis of 1-hydroxy-1,2-benziodoxal-3(1H)-one-1-oxide (IBX)

2-iodobenzoic acid (50g, 0.2 moles) was addeddolation of oxone (181 g, 0.29 moles) in
650 ml of distilled water. The reaction mixture wasefully and slowly heated to 78 (at

no time was the reaction temperature allowed toeghe 70-75C range) and the reaction
was stirred for 3 hours at this temperature. Thetism was allowed to settle and cooled to 0
OC for 4-5 h; with occasional agitation (No agitatior the last 90 minutes) the solution was
filtered through a sintered glass funnel and ringétth (6 x 100 ml) portions of water
followed by (2 x 100 ml) portions of acetone. Thiite crystalline product was dried under
vacuum over three days Yield 85 %. The mother liquas allowed to sit and filtered for
solids several times before disposal. All oxidisimgterials collected were treated with
NaSQ and NaOH before disposal. (Yield 47.6 g 85%);

IBX oxidation of (Z-Thr-N-Ph-OMe 177b)

Synthesis of benzyl-1-(4-methoxyphenylamino)-1,3-dioxobutan-2-ylcardieni87a

The substraté77a(0.716 g, 2.0 mmol.) was dissolved in 20 ml of étdmetate containing 4
ml of DMSO, to this was added IBX(1.67 g, 6.0 mrol.he mixture was refluxed for 3
hours after which TLC testing showed no remainitagtsig material. The reaction mixture
was allowed to cool and the Excess IBX and IBA bydoict were filtered off. The filtrate
was washed with (3 x 20 ml) portions of water dmel solvent was removed under vacuum to
leave a brown/yellow oily residue. The residue wassed through a short column of silica
eluted with 50:50 ethyl acetate:hexane and theyamtdiB7awas recovered as a white solid.
(Yield 0.43 g, 61%); mp 130-133 °&4-NMR 400 MHz (DMSO-g) : 5= 2.23 (3H, s, CH),
3.73 (3H, s, OCH), 5.06 (1H, d, CHJ = 8.0 Hz) 5.10 (2H, s, GH)6.91 (1H, d, ArH,) = 8.8
Hz) 7.37 (5H, m, ArH) 7.51 (2H, d, ArH,= 9.2 Hz) 7.96 (1H, d, NH] = 8.4 Hz) 10.28 (1H,
s, NH) 1%C-NMR 100 MHz (DMSO-¢) :27.3, 55.5, 66.1, 66.3, 114.3, 121.3, 128.1,2,28
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128.7, 131.9, 137.1, 156.0, 156.3, 164.6, 202.1(KRr): 3311, 3219, 1701, 1685, 1640,
1529, 1499, 1238, 1055, 697 ¢nja]" -6.6.
Dess-Martin Periodinane oxidation of (Z-Thr-N-Ph-OMe 177a) Method 1

Synthesis of benzyl-1-(4-methoxyphenylamino)-1,3-dioxobutan-2-ylcar@ni87a

The substraté77a(0.79 g, 2.23 mmol.) in 10 mls of DCM was addea stirred solution of
Dess-Martin Periodinane (1.05g, 2.47 mmol.) in 18 af DCM and 1 ml of pyridine under
argon. The solution was allowed to stir for 72 Isoafter which TLC showed the formation
of some product. The solution was diluted with 38 aof diethyl ether, filtered to remove any
solid and washed with (5 x 10 ml) portions of 5%%a 10 ml NaHCQ@ and 10 ml water.
The ether layer was dried and evaporated to a swwdlime, and then separated by
chromatography. (Yield 0.38 g, 48%) prodi87aand 29% starting material.

Product had identical spectra to that prepared using IBX

Dess-Martin Periodinane oxidation of (Z-Thr-N-Ph-OMe 177a) Method 2

Synthesis of benzyl-1-(4-methoxyphenylamino)-1,3-dioxobutan-2-ylcar@ni87a

The substratd77a(0.79 g, 2.23 mmol.) in DCM (10 mls) was added stiaed solution of
Dess-Martin Periodinane (1.05 g, 2.47 mmol.) in DM mis). The solution was allowed to
stir for 6 hours while DCM (10 ml pre-shaken withater) was added dropwise. TLC
monitoring showed the formation of product and comgtion of the starting material. The
solution was diluted with of diethyl ether (50 mlgjtered to remove any solid and washed
with a (5 x 10 ml portions) of 5% NaOH. 10 ml NaHC&nd 10 ml water. The ether layer
was dried and evaporated to a small volume, (Yoebd g, 66%) product 291a recovered.

Product had identical spectra to that prepared using IBX
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Generation of dimethyldioxirane

Into a 500 ml three necked round bottomed fladkditwith a powder addition funnel and
connected a cooled receiving vessel (Acetone aqdidLiN,) with two additional cold traps
(Acetone and Liquid N/ Liquid Np;) was added water (35 ml), acetone (27.5ml) and
NaHCQ; (24 g) The system was cooled td0O and placed under vacuum before the addition
over 30 min of Oxone (2KHSXHSO,.K,SQy) (45g) was commenced. When the addition
of the Oxone was complete the system was placedrumdentle stream of nitrogen for 1
hour. The fractions of yellow volatile liquid cotted in the receiving vessel and the first cold
trap were combined and used immediately.

Dimethyldioxirane oxidation of (Z-Thr-N-Ph-4-OMe 177a)

Synthesis of benzyl-1-(4-methoxyphenylamino)-1,3-dioxobutan-2-ylcar@ni87a

The substraté77a(0.5 g, 1.4 mMol) were dissolved in the acetone siirred. The freshly
prepared dimethyldioxirane solution was added dispwver 1 hour with the progress of the
reaction monitored by TLC every 10 minutes. Whenmue traces of starting material were
detected the addition of the DMD solution was cdade mis of solution required). The
reaction was allowed to stir for a further hourdsefl ml of isopropyl alcohol was added to
the solution to quench any excess DMD (left overDbblution also quenched with excess
DMD). The solvent was removed under vacuum andstiie 187aremaining was collected
(Yield 0.36 g, 73%).

Product had identical spectra to that prepared using IBX

Moffatt oxidation of (Z-Thr-N-Ph-4-OMe 177a)

Synthesis of benzyl-1-(4-methoxyphenylamino)-1,3-dioxobutan-2-ylcardieni87a
The substratd77a(0.358 g, 1 mmol.) was dissolved under nitroge® iml of anhydrous

ethyl acetate containing 0.7 ml anhydrous DMSO.tAis was added DCC (0.447 g, 2.17
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mmol.) and HPQ, (0.078 g, 0.8 mmol., (26A of a 3.12M solution in ethex) After 2.5
hours the reaction mixture was treated with 1 miater containing two drops of acetic acid
in order to hydrate the excess DCC. The reactio allawed to stir overnight under a slow
stream of nitrogen. The solids (DCU and DCC) wdteréd off and the filtrate diluted with
water and extracted twice with ethyl acetate (1) firthe extracts were washed with water to
remove the DMSO, dried over Mgg@nd concentrated to dryness. The prod8diawas a
white solid. (Yield 0.30 g, 88 %).

Product had identical spectra to that prepared using IBX exagpt = 0.1.

Preparation of Pyridinium chlorochromate (PCC)

Concentrated HCI (1.84 ml, 0.022 mole, 12 N) wadealdto cold pyridine (1.6 ml) with
constant stirring. The solution was cooled t8@in an ice-bath and added dropwise to
Chromium trioxide (2 g, 0.02 mol.) with vigorousirshg. The orange Pyridinium
chlorochromate formed immediately and was filtei@in the solution and placed between
filter papers and dried in a desiccator under vatylield 3.65 g, 89%) mp 204-266.
Pyridinium chlorochromate oxidation of (Z-Thr-N-Ph-4-OMe 177a)

Synthesis of benzyl-2-(4-methoxyphenylamino)-2-oxoacetylcarbama®a 18

The substrate (0.716 g, 2 mmol.) was added to aedtisolution of Pyridinium
chlorochromate (0.43 g, 2 mmol.) in 10 mls of cbform. The progress of the reaction was
monitored by TLC, when no starting material remdiri® mls of ether was added to the
reaction vessel and the entire mixture was passeddh a previously prepared short column
(10 cm x 2 cm) and eluted with 50:50 ethyl acekeeane. If no chromium baseline spot
persisted on TLC the solution was evaporated aedptioduct collected. Occasionally a

passing through a second short column was neces¥aejd 0.34, g 55%)*H-NMR 400
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MHz (CDCkL): 5= 3.59 (3H, s, Ch), 5.07 (2H, s, Ch), 6.71 (2H, d, ArH, = 8.8 Hz), 7.25-
7.18 (5H, m, ArH), 7.35 (2H, d, ArH, = 8.8 Hz), 8.82 (1H, s, NH), 9.35 (1H, s, NH).
Preparation of Jones reagent

Jones reagent was prepared by dissolving chromiaxide (CrQ) (26.72 g, 0.26 Mol) in
23 ml of concentrated sulphuric acid, and thertididuthe mixture to 100 ml with water.

Jones oxidation of (Z-Thr-N-Ph-4-OMe 177a)

Synthesis of benzyl-2-(4-methoxyphenylamino)-2-oxoacetylcarbama®a 18

The substrate (1.5 g, 4.1 mMol) was dissolveddm® of acetone, Celite 545 filtering aid

(diatomaceous earth) was added in order to aid msitioval of the reduced Chromium salts
upon formation. Jones reagent (2.0 ml, 1.1 molaess) was added dropwise with stirring at
room temperature. The mixture was allowed to starnight after which time the now green
solution was treated with one ml of isopropyl alolplthe solution was allowed to stir for a

further hour. The solution was then gravity filigérdhirough a fresh portion of Celite, this
process was repeated with the filtrate before tileest was removed under vacuum. The
residue was taken up in 20 ml of ethyl acetateveesshed with consecutive 20 ml portions of
10% NaHCQ, and water. The organic portion was dried over ®g&and passed through a

previously prepared short column (10 cm x 2 cm) @nted with 50:50 ethyl acetate:hexane.
After the removal of the solvent a waxy solid reneal. (Yield 0.63, g 50%)

Product had identical spectra to that prepared using PCC

Jones oxidation of (Z-Thr-OMe 178a)

Methyl-2-(benzyloxycarbonylamino)-3-oxobutanoate 186a

Z-Thr-OMe 178a(1.02 g, 3.8 mmol) was dissolved in acetone to ines added Celite 545
filtering agent (0.5 g), and the suspension wadecbto 0°C. 1 cni of Jones reagent
(prepared as previously described) was added dsepmier 10 min. After 30 min stirring a

further 2 cn portion of Jones reagent was added all at ontieetoeaction vessel. After 4 h
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stirring TLC monitoring showed the total consumptaf the starting material and the excess
oxidant was quenched by stirring with excé$aOH for 30 min. The solution was then
gravity filtered through a fresh portion of Celithjs process was repeated with the filtrate
before the solvent was removed under vacuum. T$idue was taken up in 20 ml of ethyl
acetate and washed consecutive 20 ml portions & MAHCQ, and water. The organic
portion was dried over MgSQOand passed through a previously prepared shastrco(10
cm x 2 cm) and eluted with 50:50 ethyl acetate:hexdYield 0.78 g 74%); transparent
yellow oil; *"H-NMR 400 MHz (CDC}) : 5 = 2.37 (3H, s, Ch), 3.81 (3H, s, OCH), 5.16-
5.12 (3H, m, CH and CHj 6.12 (1H, d, NH,) = 6.4), 7.38-7.32 (5H, m, ArH);
Ethyl-2-(benzyloxycarbonylamino)-3-oxobutanoate 186b

(Yield 0.9 g 84%); transparent pale yellow dH-NMR 400 MHz (CDC}) : 5 = 1.29 (3H,

m, CHs), 2.35 (3H, s, Ch), 4.26 (2H, m, Ch), 5.16-5.11 (3H, m, CH and GH 6.14 (1H, d,
NH, J = 6.8), 7.37-7.31 (5H, m, ArH);
Isopropyl-2-(benzyloxycarbonylamino)-3-oxobutanoate 186¢

(Yield 0.9 g 90%); transparent yellow ott-NMR 400 MHz (CDC}) : 5 = 1.29-1.24 (6H,
m, 2 x CH), 2.36 (3H, s, Ch) 4.01-3.98 (1H, m, CH), 5.11-5.06 (4H, m, 2 x ChtlaCH),

6.09 (1H, d, NH,) = 6.8), 7.36-7.31 (5H, m, ArH);

Hydrazones of oxidised Z-threonyl anilides and ests
Benzyl-1-(4-methoxyphenylamino)-3-(2-(4-nitrophenyl)hydrazono)-1-butan-2-
ylcarbamate 191a

The substrate (3.56 g, 10 mmol.) was dissolved B@fnrmethanol. To this was added 4-
nitrophenyl hydrazine (1.68 g, 11 mmol.) dissolwed ml acetic acid with stirring over 30
minutes. The solution was allowed to stir overnjgimd the solid precipitate was filtered off.

The dried product was used as collected. Yellovdsmbduct, (Yield 2.75 g, 60%IH-NMR
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400 MHz (DMSO-@) : 5=1.99 (3H, s, CH), 3.73 (3H, s, OC}), 5.01 (1H, d, CHJ) = 8.4
Hz), 5.09 (2H, s, Ch), 6.90 (2H, d, ArHJ = 9.2 Hz), 7.18 (2H, d, ArH] = 9.2 Hz), 7.40-
7.31 (5H, m, ArH), 7.51 (2H, d, ArH, = 8.8 Hz), 7.90 (1H, d, NH] = 8.4 Hz), 8.05 (2H, d,
ArH, J = 9.2 Hz), 10.06 (1H, s, NH), 10.09 (1H, s, NHZ-NMR 100 MHz (DMSO-g):
14.0, 55.1, 61.4, 65.7 111.7, 113.8, 120.9, 12827,7, 127.8, 128.3, 131.8, 136.9, 138.5,
146.2, 151.3, 155.4, 156.0, 166.6;
Benzyl-3-(2-(4-nitrophenyl)hydrazono)-1-oxo-1-(phenylamino)butan-2aibamate 191b
(Yield 2.96 g, 65%)H-NMR 400 MHz (DMSO-@) : 5 = 1.99 (3H, s, Ch), 5.04 (1H, d,
CH,J=8.0 Hz), 5.09 (2H, s, G 7.07 (1H, t, ArHJ = 7.2 Hz), 7.16 (2H, d, ArH] = 9.2
Hz), 7.37-7.31 (7H, m, ArH), 7.60 (2H, d, Arl,= 8.0 Hz), 7.93 (1H, d, NH] = 8.4 Hz),
8.03 (2H, d, ArH,J = 8.8 Hz), 10.11 (1H, s, NH), 10.20 (1H, s, NHE-NMR 100 MHz
(DMSO-d): 14.1, 61.4, 65.7, 111.7, 119.3, 123.6, 125.7.1,2127.8, 128.3, 128.8, 136.8,
138.5, 138.6, 146.0, 151.2, 156.1, 167.2.
Benzyl-1-(3,4-dimethylphenylamino)-3-(2-(4-nitrophenyl)hydraz)rl-oxobutan-2-
ylcarbamate 191d

(Yield 3.67 g, 75%)'H-NMR 400 MHz (DMSO-@) : 5= 1.99 (3H, s, Ch), 2.17 (3H, s,
CHjs), 2.19 (3H, s, Ch), 5.07 (1H, d, CHJ = 8.0 Hz), 5.11 (2H, s, G 7.08 (1H, t, ArHJ
= 8.0 Hz), 7.22 (2H, d, ArH] = 9.2 Hz), 7.39-7.31 (7H, m, ArH), 7.91 (1H, d, NH= 8.0
Hz), 8.06 (2H, d, ArHJ = 8.8 Hz), 10.05 (1H, s, NH), 10.10 (1H, s, NHE-NMR 100
MHz (DMSO-d¢;): 14.4, 19.1, 19.9, 61.8, 66.1, 112.1, 117.4, 1,2126.1, 128.1, 128.2,
128.7, 130.0, 131.7, 136.7, 136.8, 137.2, 138.6,51451.7, 156.4, 167.2.

Methyl-2-(benzyloxycarbonylamino)-3-(2-(4-nitrophenyl)hydrazonojanoate 190a
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Hydrazones 307a-c were prepared using proceduresticdl to those used for the
corresponding compounds 308a-d already described.

(Yield 3.56 g, 95.3 %); mp 163-16%4-NMR 400 MHz (CDC}) : 5 = 1.98 (3H, s, CH),
3.73 (3H, s, OCH), 4.99 (1H, d, CHJ = 8.4), 5.10 (2H, s, Chl, 7.17 (2H, d, ArH, = 9.2),
7.38-7.31 (5H, m, ArH), 8.12 (2H, d, Ard,= 9.2), 8.20 (1H, d, NH] = 8.4), 10.11(1H, s,

NH). IR (KBr) 3363, 1752, 1499 cfn

Ethyl-2-(benzyloxycarbonylamino)-3-(2-(4-nitrophenyl)hydrazono)anbate 190b

(Yield 3.13 g, 84 %); mp 138-146:H-NMR 400 MHz (CDC}) : 5= 1.21 (3H, t, CH J =
6.8), 1.97 (3H, s, C#), 4.18 (2H, m, Ch), 4.92 (1H, d, CHJ = 8.0), 5.09 (2H, s, CH), 7.17
(2H, d, ArH,J =9.2), 7.38-7.33 (5H, m, ArH), 8.11 (2H, d, Ard= 9.2), 8.16 (1H, d, NHJ
=8.4), 10.11 (1H, s, NH). IR (KBr) 3326, 172197xm".

Isopropyl 2-(benzyloxycarbonylamino)-3-(2-(4-nitrophenyl)hydrazono)butandE@@c
(Yield 2.14 g, 56 %); mp 120-1234-NMR 400 MHz (CDC#) : 5= 1.21 (6H, m, Ch), 1.98
(3H, s, CH), 4.88 (2H, m, CH), 4.92 (1H, d, CHJ = 8.0), 5.02 (3H, s, CH and GH7.20
(2H, d, ArH,J = 8.4), 7.37-7.34 (5H, m, ArH), 8.11 (3H, m, NHdaArH), 10.00 (1H, s,

NH). IR (KBr) 3413, 1715, 1579 cfn

Azoacetates: LTA oxidation of Hydrazones of Z-threayl anilides and esters
Azoacetate493 a-d and192 a-cwere prepared using procedures identical to thiesd for
the corresponding compoun@é5a already described 0.005 moles of substrate was inse
each case.
Methyl-3-acetoxy-2-(benzyloxycarbonylamino)-3-((4-nitrophenyl)déayl)butanoate 192a
(Yield 2.13 g, 94 %); red oitH-NMR 400 MHz (CDC}) : 5= 1.84 (3H, s, Ch), 2.10 (3H,

s, CHy), 3.58 (3H, s, OCH), 4.94-4.92 (1H, m, CH), 5.07-5.04 (2H, m, §H5.65-5.60 (1H,
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m, NH), 7.30-7.27 (5H, m, ArH), 7.72 (2H, d, ArBi= 8.8), 8.26 (2H, d, ArH) = 8.8). IR
(KBr) 3372, 1741, 1543 c¢th
Ethyl-3-acetoxy-2-(benzyloxycarbonylamino)-3-((4-nitrophenyl)diazghytanoate 192b
(Yield 2.15 g, 91 %); red oitH-NMR 400 MHz (CDC}) : 5= 1.01 (3H, t, ChlJ =6.8),
1.84 (3H, s, Ch), 2.08 (3H, s, Ck) 4.02 (3H, g, CkiJ = 6.8), 4.94-4.90 (1H, m, CH), 5.07-
5.02 (2H, m, Ch), 7.29-7.27 (5H, m, ArH), 7.73 (2H, d, Ard = 8.8), 8.26 (2H, d, ArH] =
8.8): IR (KBr) 3364, 1721, 1523 ¢
3-(benzyloxycarbonylamino)-4-(4-methoxyphenylamino)-2-((4-nitrophbdiazenyl)-4-
oxobutan-2-yl acetate 193a

The azoacetate was synthesised using the proceédscebed for oxidation of Cyclohexanol-
4-nitrophenyl hydrazone.

(Yield 2.20 g, 80 %)*H-NMR 400 MHz (DMSO-¢) : 5= 1.85 (3H, s, Ch), 2.13 (3H, s,
CHs), 3.76 (3H, s, OCH), 4.83 (1H, d, CHJ = 8.4 Hz), 4.95 (2H, s, G 6.91 (2H, d, ArH,
J=9.2 Hz), 7.31-7.28 (5H, m, ArH), 7.56 (2H, dHAK = 9.2 Hz), 7.73 (2H, d, ArH] = 9.2
Hz), 7.97 (1H, d, NHJ = 8.4 Hz), 8.42 (2H, d, ArH] = 9.2 Hz), 10.28 (1H, s, NH).
3-(benzyloxycarbonylamino)-2-((4-nitrophenyl)diazenyl)-4-oxo-4-(phemglno)butan-2-yl
acetate 193b

The azoacetate was synthesised using the proceédscebed for oxidation of Cyclohexanol-
4-nitrophenyl hydrazone

(Yield 2.02 g, 78 %)*H-NMR 400 MHz (DMSO-¢) : 5 = 1.85 (3H, s, Ch), 2.11 (3H, s,
CHs), 5.04-4.85 (3H, m, CH and GH 7.11-7.07 (1H, m, ArH), 7.35-7.25 (7H, m, ArH),
7.63 (2H, d, ArHJ = 7.6 Hz), 7.70 (2H, d, ArH] = 8.8 Hz), 7.93 (1H, d, NH| = 10.4 Hz),
8.37 (2H, d, ArH,J = 8.8 Hz), 10.42 (1H, s, NH)*C-NMR 100 MHz (DMSO-g): 16.9,
21.4,58.2, 65.7, 102.1, 119.5, 123.1, 123.8, 12W9.5, 127.7, 128.2, 128.8, 136.7, 138.4,
148.4, 154.3, 155.7, 165.3, 168.5.
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3-(benzyloxycarbonylamino)-4-(3,4-dimethylphenylamino)-2-((4-nitraplyl)diazenyl)-4-
oxobutan-2-yl acetate 193d

The azoacetate was synthesised using the procdesiceibed for oxidation of Cyclohexanol-
4-nitrophenyl hydrazone

(Yield 2.11 g, 77 %)*H-NMR 400 MHz (DMSO-¢) : 5 = 1.88 (3H, s, Ch), 2.12 (3H, s,
CHg), 2.18 (3H, s, Ch), 2.26 (3H, s, Ch), 5.01-4.91 (3H, m, CH and G} 7.08-7.03 (3H,
m, ArH), 7.31-7.26 (5H, m, ArH), 7.71 (2H, d, Arl,= 8.8 Hz), 7.93 (1H, d, NH] = 9.6
Hz), 8.36 (2H, d, ArH,J = 8.8 Hz), 9.93 (1H, s, NH}*C-NMR 100 MHz (DMSO-¢): 14.1,
17.3, 20.1, 21.1, 57.9, 65.6, 102.2, 123.1, 12B28.9, 125.3, 127.5, 127.7, 128.2, 131.8,
135.5, 136.7, 137.1, 148.4, 154.3, 155.6, 165.8,716

Cyclisation of Z-threonyl anilides

Isolation of N-(4-methoxyphenyl)-5-methyl-2-oxooxazolidine-4-carboxamiti®da and 5-
(1-hydroxyethyl)-3-(4-methoxyphenyl)imidazolidine-2,4-dione 180a

The substrate (0.716 g, 2 mmol.) was dissolvect@iane and to this was addeg0; (1.2
molar equivalents)rhe reaction was then refluxed for 5 hours afthictv TLC showed the
consumption of the starting material. The reactiixture was filtered to remove the
remaining potassium salts, the solvent was redte@adsmall volume and taken up in 20 mls
of ethyl acetate. The organic phase was washeatextig with water until a baseline spot on
TLC no longer persisted. The organic extracts wiied and the solvent removed under
vacuum to give a white powder that was separatéal its component parts by careful
chromatography.

N-(4-methoxyphenyl)-5-methyl-2-oxooxazolidine-4-carboxamide 179eld 0.15 g, 30 %)
'H NMR (400 MHz, DMSO-g): 5 = 1.40 (3H, d, CH J = 6.4), 3.79 (3H, s, OCH)} 3.99
(1H, d, CH,J = 4.8), 4.58-4.56 (1H, m, CH), 6.91 (2H, d, ArtH; 4.8), 7.53 (2H, d, ArHJ

= 4.8), 7.97 (1H, s, NH), 10.05 (1H, s, NHJC NMR (100 MHz, DMSO-g) 21.1, 55.5,
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61.6, 75.9, 114.3, 121.5, 131.9, 156.0, 158.5,68688ass Spectrum: 16H;4N-OsNa requires
273.09 [M+Na'] found 273.1.[a]3" +46.8
5-(1-hydroxyethyl)-3-(4-methoxyphenyl)imidazolidine-2,4-dione 180a

(Diasteromeric mixture showing duplicate peaks (Bold italic) wotighly 3:2 ratio)

(Yield 0.14 g, 27%)'H NMR (400 MHz, DMSO-g): 5= 1.16 (3H, d, Chl J = 6.4)1.21
(2H, d,0.7CH3, J = 6.4) 3.78 (5H, s, 1.7 C}), 4.04 (1H, s, CH)4.18 (0.7H, s, 0.7 CH
5.08, (1H, d, CHJ = 6.0),5.24, (0.7H, dCH, J = 6.0),7.00 (3H, m, ArH), 8.20 (3H, m,
ArH), 8.37 (0.7H, s, NH )8.44 (1H, s, NH)**C NMR (100 MHz, DMSO-g) 17.9,20.6
55.7, 62.3,62.8 65.8,66.8 114.2,114.3 125.1,125.3 128.3,128.4 156.8,157.Q 158.7,

158.8 171.8,171.7 Mass Spectrum: &H14N-O4Na requires 273.09 [M+N§ found 273.1.

Cyclisation of azoacetate 193a to Oxazolidinone 18@&nd Hydantoin 197a

The azoacetat&93a (0.549 g, 1 mMol) was dissolved in acetone andrédsetion vessel
flushed with nitrogen. To thigia a powder addition funnel was addeddO; (1.2 molar
equivalents)The reaction was allowed to stir for 24 hours &abh&€ monitoring showed the
formation of two new spots, and a significant gitgraf starting material. The reaction was
then refluxed for 3 further hours after which TLBowsed the consumption of the starting
material. The reaction mixture was filtered to remdhe remaining potassium salts, the
solvent was reduced to a small volume and takeim @® mls of ethyl acetate. The organic
phase was washed repeatedly with water until alihasgpot on TLC no longer persisted.
The organic extracts were dried and the solvenbweish under vacuum to give an orange oll

that was separated into its component parts byulareromatography.
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N-(4-methoxyphenyl)-5-methyl-5-((4-nitrophenyl)diazenyl)-2-oxooxaz ol -
carboxamidel96a

(Yield 0.06 g, 15%)*H NMR (400 MHz, DMSO-¢): 5 = 1.65 (3H, s, Ch), 3.74 (3H, s,
OCH;), 4.43 (1H, s, CH), 6.69 (2H, d, Ard= 8.8), 7.59 (2H, d, ArH) = 8.8), 7.97 (2H, d,
ArH, J=8.8), 8.26 (1H, s, NH), 8.45 (2H, d, ArBi= 8.8), 10.41 (1H, s, NH),
1-(1-(4-methoxyphenyl)-2,5-dioxoimidazolidin-4-yl)-1-((4-nitrophenyl)déawy/|)ethyl
acetatel97a

(Yield 0.07 g, 17%)*H NMR (400 MHz, DMSO-¢): 5 = 1.75 (3H, s, CH), 2.44 (3H, s,
CHa), 3.74 (3H, s, OCBJ, 5.04 (1H, s, CH), 6.95 (2H, d, Arl= 9.2), 7.55 (2H, d, ArH) =
8.8), 8.00 (2H, d, ArH) = 9.2), 8.45 (2H, d, ArHJ = 9.2), 10.70 (1H, s, NHFC NMR (100
MHz, DMSO-d&) 23.2, 23.3, 55.1, 65.4, 98.6, 113.9, 120.8, 12321.8, 130.9, 148.9,

151.4, 153.7, 155.6, 162.1, 169.6.

138
Chapter 3: Studies on the deacetylation reactibagaacetates



Chapter

Isolation and characterisation of azoacetate intermlecular cyclisation

products

Consummatum est



4.1  Introduction:

The base induced cyclisations of azoacetates taammes investigated in chapter 2 also led
to the isolation of a previously unreported intel@ealar cyclisation product involving the
incorporation of the cyanide ion. Previous researshinvestigating the ring closure of the
azoacetate to the azetidinone had reported thewtisg of a rearrangement product formed
when potassium cyanide was employed in an alcomodidium. However when alterations
were made to the reaction stoichiometry, a 2-imynagidin-5-one (98, scheme 4.2) was
isolated as the major product. Examples of the isstibn of 3-cyanopropionamide
derivatives to form 2-iminopyrrolidin-5-one can bmund in the literature (see chapter 1),

however the cyclisation of our azoacetate substis88in a similar way is quite novel.

NO,

C4

\OQ NO,

N
Y

~ S

g /NH
S
fR=H. 198f and |
133f and R jR=Cl

Scheme 4. Cyanide unit bridging the MC4 géep in cyclisatiol

As with the -lactams in chapter 2 it is essentially an N1-@¢j closure, however in
this case a unit of cyanide is bridging this N1@2$. In this case, as with the various other
syntheses involving azoacetates presented in teeiopis chapters, we believe that the
similarity between the reactivity of our azoacewibstrates and more simple propionamides

is in general a result of their structural simihari
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4.2 Results and Discussion
4.2.1 Isolation of 2-iminopyrrolidin-5-ones

Isolation of the 2-iminopyrrolidin-5-ones bearinget4-nitrophenylazo functionality
was achieved as an extension of work carried ouhisyresearch group towards the isolation
of azetidinones from azoacetate precurd@3 It was found at that time that reaction of the
azoacetate with potassium carbonate in acetone thavazetidinond.34f However, when
the reaction conditions were changed and potassiyamide was used with propanol,

rearrangement produé? could be isolated in addition to the azetidinati@df, Scheme 4.2).

g
OAc O
N=N YH
K,CO; / Acetone N=N NGO, N~ NO NG,
N
& M or KCN/Propanol 5 + NH
8 G "D

133f 134f 77f

Scheme 4.ZPreviously isolated products from reaction of @etate with KCN

However after several repetitions of the reactismg various azoacetatek3@, see chapter
2) it was noted that in some cases small quantfiesfurther reaction product could be seen
on TLC. After adjustment of the reaction conditiahsvas found that an excess of KCN
could be used in order to increase the ratio ofnwe material compared to thdactam. It
was found that a twofold excess of base could as&dhe ratio of the new compound. Any
further excess of KCN was found to have no furdgrrancement effect on the product ratio.
Two substrates in particular showed an affinity ifwermolecular reaction and these were
chosen for further study, these were the azoacetd¢gived from aryl hydrazones of

acetoacetanilidé33fand 4-chloro substituted acetoacetanili@g,;.
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In both cases when the ratio of cyanide added nagased twofold, it was found the trace
compound, subsequently identified as 2-iminopydioh5-one, (a cyclised intermolecular
reaction product), and could be isolated as theom@ajoduct. It was also noted that the
increase in the proportion of this product was aguanied by a marked decrease in the
proportion of -lactam isolated, whereas the proportion of therasgement product found
remained essentially unchanged (Scheme 4.2). Taysha as a consequence of the differing
reaction mechanisms involved in the productiorhee compounds. The formation of the
lactam, as has been previously discussed, is pegbtmoccur as a result of the base induced
abstraction of the relatively acidic amido protoanf the substrate azoacetate, followed by

cyclisation with the acetate group acting as aitepgroup.

+ 5 N __70fand ]

N

o Q 134f and |

R

133f and j 198fand j j\;’»N:N—@ﬂ\oz

19&f R = H, yield 18%vCf, yield 16%134fyield 12%.
198j R = Cl yield 23%,0j yield 17%.134j, yield 20%

Scheme 4.3solated 2-iminopyrrolidin-5-on&98 from reaction of azoacetate with KCN

The reason for the increase in 2-iminopyrrolidiofte is presumably due to the
increased concentration of cyanide ions availablsolution. The solvent system employed
for the -lactam cyclisation while adequate for reactiongrelthe cyanide acts as base, does
not lend itself well to the nucleophilic substitrii process. This is due to the polar alcohol
providing a source of hydrogen bond formation tretarding the action of the cyanide ion as

a nucleophile. Nucleophilic substitution reacti@re usually performed in aprotic solvents
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where the lone pairs of the solvent can complex plesitive ion and enhance the
nucleophilicity of the negative ion. Therefore & presumably due to the increased
concentration of cyanide ions present that alldvesdyanide to act as a nucleophile rather
than as a base, since nucleophilicity is a kinptmperty of the ion. Therefore increased
numbers of interactions lead to a decrease inftaet®n the system of solvent polarity.
4.2.2 Mechanism of formation of 2-iminopyrrolidin-5-ones

It has already been shown that the acetate grou@actaas a leaving group although
not fulfilling the classic criteria for a good leag group (conjugate base of a strong acid)
(Chapter 2). Presumably, the mechanism of formatiatine intermolecular incorporation of
the cyanide unit is simply as a result of the catitige reaction between the two
nucleophiles in solution. If this is the case thechmnism should involve the initial formation
of a nitrile through nucleophilic displacement bétacetate group by the cyano nucleophile.
Once again it can be postulated that some anchunessistance is provided by the
neighbouring phenylazo functionality. However imstbase it is the cyanide ion that attacks
at the reaction centre (Scheme 4.3). The subseqyehsation through the newly formed
nitrile is expected due to the proximity of the lmaphilic amide to the polar nitrile in basic
media. In contrast to what is generally reportedualihe stability of imines carrying a
hydrogen on the nitrogen (primary imirté},this cyclic imino group proved to be stable
enough to allow for isolation and consequently séot X-Ray crystal structure

determination.
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133
R 199
R

Scheme 4.4Proposed mechanism of anchimeric assistance alipthie formation of the 2-
iminopyrrolidin-5-one derivative.

To discount the possibility of a ring expansiortle# newly formed -lactam by attack of the
cyanide ion had taken place, an isolated samplelattam was reintroduced to refluxing

propanol containing a two-fold excess of KCN (Scheh#).

7{;—‘— = —< >— 2x KCN
N=N NG, __;i_______,, No Reaction
N
O
134f

Scheme 4.3Reaction of -lactam with KCN
After heating under reflux for 48 hours no changeswbserved in the starting material. Since
the isolated 2-iminopyrrolidin-5-ones had formedhivi 24 hours, it seems clear that this

reaction pathway was not involved in their formatio
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4.2.3'"H NMR studies of 2-iminopyrrolidin-5-ones
Initial attempts to characterize the isolated coamabby NMR proved difficult due to
the similarity between the spectra of the 2-imirroplydin-5-one (98], figure 4.2b) and the
-lactam (34j, figure 4.2a). CDGlhad been used as the NMR solvent for all of thectam
molecules synthesized to this point. The new comgsusolated after chromatography from
the reaction of the azoacetates with excess cyavede found to dissolve well in this solvent
and it was therefore initially chosen so that congoss could be made between the spectra

of the new compounds and the formerly synthesizledttams.

Figure 4.za 'H NMR spectrum of -lactam derivativel34 in CDChk

Figure 4.2b "H NMR spectrum of 2-iminopyrolidin-5-one derivati¢®§ in CDCk
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Initial results showed the spectra of the two coumals to be remarkably similar, with
only a slight difference between the chemical sbfifthe methyl protons of either compound.
This led to the early assumption that the compasaldted may have been an isomer of the

-lactam molecule. It was thought that since tHeNMR spectra were so similar that such
minor differences could be attributed to the isofabf the -lactam in thecis configuration
(Figure 4.3). This was deemed plausible since @ the compounds would be separable

by chromatography and isolation of both configunasi of this type of azo-compound is not

uncommon.
O.N
Steric

Interactior(‘
5 N@‘N@ N

N N

N N
T D D
Transconfiguration Cis configuration

Figure 4.3Possible isomers oflactam134f

Thetransisomer in most cases, tends to be the predomynabslerved isomer due to
the stability of the system imparted by the loveaels of steric interaction with neighbouring
groups. The dominance of theans isomer over theis was supported by the identification
by previous researchers of several isolatéactams of this type as thensisomer using X-
Ray crystallography studies. The hypothesis thacihiisomer had been isolated was soon
abandoned as further spectral evidence was gathéhesl data suggested that the isolated
compound did not show the characteristic speceaktures common to-lactams. For
instance the IR spectrum of the compound did notwskhe characteristic 4-membered

lactam strong carbony! stretching vibration comntmthe other -lactams (~1750 ci).
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However when the NMR spectra were obtained usingSDM§ as solvent, the
appearance of a broad singlet in the proton spadtitegrating as a one proton could be seen
at low-field. This indicated the possible preserafea proton attached directly to a
heteroatom. This was also confirmed using the IRcspm where the presence of a
characteristic -NH- stretching vibration was obselvThis raised several questions with
regard to the NMR spectra of the compound in qaestNot only was the identification of
the compound now an issue but the presence andabsé a peak in different NMR

solvents must be considered.

HC He Hd
A
Hp

H
H;¢ Hn

Figure 4.4*H NMR spectrum of 2-iminopyrrolidin-5-or98jin DMSO-d

There are several potential causes for this typsgsfal dampening. A commonly observed
example of this phenomenon thl NMR spectra is chemical exchange. In cases waere
molecule can convert between two configurationsofution, a dynamic equilibrium can
exist which allows the appearance of a spectruchémge relative to the rate of exchange
between the two configurations. In this case thppithg of the proton about the imino bond
would be considered an unsymmetrical two-site exgaaAlthough the imino moiety is, in
general terms, a rigid moiety? this type of flipping between configurations isnceivable

because of the unique positioning of the imino gradjacent to the nitrogen lone pair of the
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amide (Figure 4.5). Resonance stabilization praviole the iminium ion intermediate allows

flipping from one conformer to the othét?

! /,N-—-< >—NO /,N——< >—NO ,N—< >—NO
N 2 N 2 NG 2

MO H

0”7 N’ <> 0 (,”\:3,} N, -~ o7 Ny \I}I

Iminium ion

Figure 4.5Mechanism of flipping between configurations ahinopyrrolidin-5-onel198f
Depending on the rate of population exchange betwhee two configurations (Figure 4.6a),
the signals can appear in the spectrum as two gskikg exchange), no peak (intermediate

exchange) or one peak (fast exchange) (Figure.4.6b)

N k N
~ ,H —

198f Configuration A 198f Configuration B
Figure 4.6a Configurations of 2-iminopyrrolidin-5-onE9¢&f

Adapted from Figure 4.7 in “Nuclear Magnetic Reswe!, Oxford chemistry primers?°

Figure 4.6b Graphical representation of line broadening aradeszence related to rate of
exchange between configurations
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Essentially what is seen with respect to the ratexohange between the configurations is
broadening, coalescence and narrowing of the sighbé rate of exchange of the
configurations can be affected by a number of factmcluding temperature, solvent
viscosity and solvent polarity. It is therefore Sgde that the absence of the imino proton in
spectrum as observed in CR® as a result of an intermediate rate of tramsibetween the
two configurations of the molecule. Likewise itpsssible that the more polar DMS®-d
allows a faster rate of transition through stabtian of the iminium ion, therefore resulting
in the appearance of the proton signal as a spesgé&.

Another possible reason for the absence of theownnoton in the CDGlspectrum
could be line broadening as a result of the spiicarelaxation process. However this type
of line broadening tends to affect an entire spectrather than exerting a localized effect on
a single nucleus or group of equivalent nuclei.sTpihenomenon was explored somewhat
further in the case of anomalies observed in tiboraspectrum of this compound and is

discussed in more detail in the next section.

4.2.3"C NMR studies of 2-iminopyrrolidin-5-ones

The *C NMR spectrum of the 2-iminopyrrolidin-5-ones whalstained using CDGI
as solvent also had some interesting features.cahngon peaks associated with the three
methyl groups were of particular interest (Figuré)4Their appearance showed significant
line broadening making them barely distinguishablem the baseline. This unusual
phenomenon was investigated further, three poggbifor the cause of the line broadening
were considered:
an effect caused by the instrument.
an effect inherent to the solvent.

an effect inherent to the compound.
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Initially it was suspected that the appearancenefgeaks may have been due to an
effect caused by a problem with the decouplinghef ¢arbon signals. The experiment was
rerun with the decoupler turned off in order toegsswhether the decoupled spectrum would
be affected. Although the signal strength wouldekpected to diminish significantly due to
the lack of Nuclear Overhauser Enhancement (NOfzpg hoped that a weaker but clearly
defined spectrum would point to a problem expeeenduring the decoupling process.
However when the decoupler was turned off the reolugn the signal strength meant that
the broadened peaks were diminished to the poietevtihey were indistinguishable from the
baseline noise. Increasing the number of scansbweafly investigated but as expected the
signal definition improved but this had no effect the intensity of the signal. The next
approach was an investigation of the effect ofrélaxation time on the signal. A series of
experiments with gradually increased relaxationetimere set up with relaxation times
ranging from 1 second to 60 seconds, run with $Ehs This technique did produce the
desired enhancement of the line broadened peakis,amniimprovement in both the signal
definition and signal strength for all peaks. Hoesethe signal enhancement of the peaks of

interest was found to be relatively low.

Figure 4.7 *%C NMR spectrum of 2-iminopyrrolidinon#98;j in CDCk using standard NMR

settings (1024 scans, 1 second relaxation delay)
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The enhancement of the signal observed by extertilmgelaxation delay as expected, was
greatest at the longest delay time (60 secondsyd-i48a). The enhancement of the signal in
this manner is a function of the spin-lattice rak&on time. Spin-lattice relaxation is caused
by variable local fields which stimulate nucleiflip amongst their accessible spin states. As

the nuclei approach equilibrium the energy releaselispersed to the surroundings.

z
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.
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Figure 4.€a °C NMR spectrum of 2-iminopyrrolidinone derivati#8§j in CDCk512
scans with a relaxation delay of 60 seconds
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Figure 4.8b™C NMR spectrum of 2-iminopyrrolidin-5-on&98j in DMSO-d; 1028 scans
with a relaxation delay of 1 second.
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These variances in populations are typified kytAe spin-lattice relaxation time. For a
collection of spin -%2 nuclei, assuming exponentelbxation, there is a disparity in the
number of m = + %2 and m = - %2 spins. For thisgrasis favourable to wait a long time
after T; has elapsed before recording a spectrum. The dederelaxation time in this case
can be seen to have an enhancement effect ongtessin the entire spectrum as compared
to the spectrum run with standard 1 second relaxatielay (Figure 4.8a). This increased
enhancement did allow the positive identificatidrifee product however it remains unclear
why the localized line broadening effect is expaced by the carbon nuclei of the methyl
groups in such a dramatic way. Also, as with th@qer spectrum these effects were solvent
dependant, the spectrum obtained in DMSGtibwed a clearly defined spectrum without
line broadening (Figure 4.8b).

The overall outcome of these results suggestshbatibserved line broadening, is not
likely to be a result of a localized effect caubgdthe spin-lattice relaxation process. There
are many relaxation processes that can have act eifeNMR line broadening. (Spin-spin
relaxation, modulation of the anisotropic chemishift interaction by molecular tumbling,
modulation of scalar coupling internal motion, amderaction with the strong fields
generated by unpaired electrons in a paramagnetiecoie). Unfortunately it is difficult to
pinpoint with any degree of certainty which of fimany possible mechanisms results in the
anomalous line broadening observed in the speateaepted here. It is most likely a
combination of effects involving the molecule ame tsolvent in a similar manner to that
described for the proton spectrum. Further evidéociggest that the presence of the imino
group adjacent to the amine in the ring plays a veas investigated by synthesising a similar
molecule (pyrrolidine-2,5-dione derivative) whereBiypping was not a possibility. The

results of this are discussed in section 4.3.
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4.2.4 HMQC and HMBC studies of 2-iminopyrrolidin-5-ones

Full characterization of the isolated product reegiicollaborative analysis of all of
the all available spectra. The presence of the -ibiety was confirmed from théd NMR
and IR spectra, and the presence of a previouslgaounted for quaternary carbon from the
3Cc and DEPT spectra. However the factor that provestial to the eventual full
characterization of the 2-iminopyrrolidin-5-onessathe simultaneous analysis of the HMQC
and HMBC spectra of these compounds. HMQC (Hetedean Multiple Quantum
Correlation) is a 2D NMR spectroscopic techniquactitorrelates the carbon and proton
spectra. The technique shows through bond intersctf the proton with the carbon nucleus
immediately attached to that proton. This allows ttentification of the carbon atom to
which a particular proton or group of equivalenmtpns are directly attached (i.e. a carbon-
hydrogen correlation over 1 bond length). HMBC @tetuclear Multiple Bond Correlation)
on the other hand shows interaction of the protatt weighbouring carbon nuclei and
excludes information on the carbon nucleus immetjiaattached to the proton. (i.e. a
carbon-hydrogen correlation over 2 to 3 bond lesigth

The information provided by these two spectra ressothe ambiguity surrounding
the identification of specific sites within the raoule. HMBC is particularly useful in the
assignment of quaternary carbon signals. For instanthe case of quaternary carbon sites 5
and 7 (Table 4.1), examination of thi&€, DEPT and HMQC spectra allow a reasonable
evaluation to be made of the position of each signahe carbon spectrum. Estimations can
be made on the expected chemical shift experiebgete nuclei based on the effects of the
surrounding groups. This process of site identiicais satisfactory when the structure of the
compound has already been elucidated. However wiestructure is unknown, as in this
case, the additional information provided by the Biballows the structure of the compound

to be identified conclusively.
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The correlation between the proton attached tmgén site 16 and carbons 15 and 5 in
conjunction with the correlation between the prstattached to carbon 6 and carbons 5 and
15 showed the position of the newly incorporatednoge unit. Simply put, because the

protons at sites 16 and 6 can both “see” the guatgrcarbon sites 5 and 15 they must be

beside each other.

12 12
13 13
14
cl

Site H e HMQC | HMBC | HMBC | HMBC | HMBC
1 154.0
2 7.86-7.91 123.2 125.1 [ 154.(
3 8.38-8.41 125.1 123.2 | 148.7
4 148.7
5 48.5
6 1.6C 13.€ 48.F 81.€ 165.°
7 81.6
8 1.07 17.¢ 22.¢ 48.F 81.€ 179.1
9° 1.34 22.9 17.9 48.5 81.6 179.1
10 179.]
11 132.8
12 7.37-7.3¢ 128.¢ 129.0 [ 132:
13 7.31-7.33 129.3 128.8 | 132.3
14 132.2
15 165.3
16 9.0¢ 48.E 165.°

Table 4.1 Correlation table ofH, **C, HMQC and HMBC data for 2-iminopyrrolidin-5-one

198;.
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Figure 4.9Relevant portions of HMBC spectrum of 2-iminopyian-5-one198]

It should be noted that the examination of the HM@@ure 4.9) established that a
unit comprising of a quaternary carbon, attached heteroatom bearing a single hydrogen,
was incorporated into the system adjacent to casiterb. However, with this knowledge, it
was possible to go back and examine the reactiowlittons for the source of this new
moiety and postulate the likely structure of thelenale. Considering the entities present in
the reaction solution the structure including theorporation of the cyanide unit resulting in
the formation of the 2-iminopyrrolidin-5-one seentbd only viable candidate. At this point
comparison of the proposed structure with the alsal spectra confirmed that the structure

was correct.
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In the case of this molecule it was possible ndy do identify the structure but
accurately assign the position of every carbon iwithe system. It should be noted that
positions 8 and 9 (Table 4.1) have been assignbtraaily, although it is possible to
distinguish the signals from each other, identifara of the precise position of the carbon
centers in relation to the adjacent chiral cerdraat possible using the spectral techniques
used here. It is possible to hypothesize the nilaliyIposition of either group on tHel and
13C spectra based on the electronic effects expesieby the groups when in a positicia or
trans to the large adjacent phenylazo group. Howeveritf@mation available from the
spectra does not allow the same level of unambgussignment as with all of the other

carbons within the spectrum.

4.2.5 IR studies of 2-iminopyrrolidin-5-one
As has been previously mentioned the IR spectrwweat a useful tool in the identification

of the 2-iminopyrrolidin-5-one

Figure 4.11IR spectrum of 2-iminopyrrolidin-5-onk98]
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The presence of a strong stretching vibration 8038n" is indicative of the presence of a
secondary amine roughly in the region where it migh expected to find the imino =N-H
stretch (3350-3320). Although the vibration fallgsade the quoted literature rangethis is not
uncommon in IR spectroscopy and can be attributedseveral factors including the
influences of other functional groups within a nuolie 1! the impact of preferred spatial
orientations, and environmental effects (chemiadl physical interactions) on the molecule.
The other feature of the IR that proved most usefgharacterizing of these compound was
the carbonyl stretch, it was this feature thatdwat the possibility that alactam may have
been isolated. Lactams have a characteristic rahgarbonyl stretches, the greater the ring
stress, the higher is the carbonyl absorption faqu. In the case oflactams the high level
of ring stress imparted by the highly constrainedy results in the appearance of the
carbonyl stretch in the 1750 €mregion of the spectrum making it easily identif@blhe

carbonyl band seen in the spectrum appears atct86@nd is indicative of an amide.

4.2.6 Structural studies of 2-iminopyrrolidin-5-one

Crystals suitable for single crystal X-ray crystghaphic determination of the 2-
iminopyrrolidin-5-onel98f were grown from a saturated solution of ethyl aiget hexane 85
: 15. The substrate molecule was dissolved in#heest mixture and allowed to stand for 20
days undisturbed; slow evaporation was controllgcctvering the vessel (clean new test
tube) with perforated foil. The resulting crystai®re orange block-like clusters. The 2-
iminopyrrolidin-5-one198f crystallized in the triclinic system with P1 spag®up with a
single molecule per asymmetric unit. Some of thanniaatures of interest within this
molecule include the imine, N-H bond distance 83(8) A. The imine C=N bond distance is
1.267(2) A. The bond angle across these two ban@{(9)-N(4)-H(1N4) 108.6(18). These

values compare well to the values for this moietygaoted in the mainstream literatifre.
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The bond lengths and angles associated with theyfd®mo group were also as expected. The
slight disparity between the values for C(7)-N(BY&C(6)-N(2) bond distances is a reflection
of the proximity of N(2) to the aromatic ring. THeuble bond character of this system would
be expected to result in a slight reduction of @)-N(2) bond length due to the?sp
hybridized C(6) electrons being more tightly boutithn the sp hybridized electrons
associated with C(7). Similarly inconsistency betwe¢he bond angles through these bonds
can be seen, however in the case of the bond aatiies factors, not as easily quantifiable
may have an effect. Steric effects from neighbaurgroups as well as intermolecular
interactions within the crystal lattice all haventributory effects on the orientation of these
groups. The carbonyl C=0 distance for this moledsil1.211(2) A, which is consistent with
literature values. The O-N-O nitro bond distancez?Q(2) and 1.223(2) fall between the
characteristic N-O single bond value (1.36 A) ahdracteristic N=O double bond value
(1.18 A). The resonance possibilities allowed by troup results in both bonds having some

single bond and double bond character.

Figure 4.12X-Ray crystal structure of 2-iminopyrrolidin-5-0a88f
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Table 4.2Selected bond distances (A) and angf®<dr 2-iminopyrrolidin-5-onel 98f with

estimated standard deviations

Bond distances A)

N(5) - C(10) 1.435(2)
N(3) - C(7) 1.478(2)
C(9) - N(4) 1.402(2)
N(2) - N(3) 1.251(2)
C@3)- N1 1.470(2
N(1)- O(1) 1.220(2
N(1)- O(2) 1.223(2
Bond angles )
C(9)-N(4)-H(1N4) 108.6(18)
N(2)-N(3)-C(7) 110.96(13)
N(3)-N(2)-C(6) 113.78(14)
C(16)-N(5)-C(10) 122.55(13)
O(1)-N(1)-C(3) 118.68(14)

Figure 4.130ORTEP view of 2-iminopyrrolidin-5-on&98f showing packing relative to the

unit cell
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Table 4.3Crystal data and structure refinement for 2-imyropidin-5-onel198f

Quantity Measurement
Empirical formula Go Hio N5 O3
Formula weight 365.39
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P1 (#1)

Unit cell dimension

a=6.1179(9) A  a=72.868(3)".

b=7.7340(12) A b= 79.475(3)°.

€c=9.9532(15) A ¢=81.828(3)".

Volume 440.52(12) B

z 1

Density (calculated) 1.377 Mgfm
Absorption coefficient 0.097 min

F(000) 192

Crystal size 1.00 x 0.40 x 0.30 rim
Theta range for data 2.17 to 30.50°.

Index ranges

-8<=h<=8, -11<=k<=11, -14<=I<=14

Reflections collected

10436

Independent reflections

2668 [R(int) = 0.0378]

Completeness to theta

99.7 %

Absorption correctio

Sem-empirical from equivalen

Max. and min. transmison

0.9716 and 0.80:

Refinement methc

Full-matrix leas-squares on?

Data / restraints / paramet

2668 /3 /25

Goodnes-of-fit on F2

1.05¢

Final R indices [I>2sigma(l)]

R1 =0.0375, wR2 9965

R indices (all data)

R1 =0.0394, wR2 = 0.0972

Largest diff. peak and hole

0.374 and -0.2293e.A
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Figure 4.14 Mercury view of 2-iminopyrrolidin-5-onel198f showing intermolecular

hydrogen bonding interactions through the phenytpop.

Figure 4.15 Mercury view of 2-iminopyrrolidin-5-onel198f showing intermolecular

hydrogen bonding interactions through the imineugro
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Figure 4.16 Mercury view of 2-iminopyrrolidin-5-onel198f showing intermolecular
hydrogen bonding interactions through the nitraugrand the carbonyl.

Solid crystals are made up of a rigid lattice oflenales, atoms or ions, the locations
of which are characteristic of the substance. Tdradgeny of the interior of this solid body
results in the crystal having a distinctive formregular shape to the facade develops as a
crystal grows. The molecules and indeed the gretiihén the molecules, become organized
into regular repeating patterns and this determies possible nonbonding interactions
between functional groups. The hydrogen bondingrawtions shown in Figures 4.14 - 4.16
have been generated from calculated values. ThecCivie 1.4.2” crystal viewing package
has the ability to identify all contacts betweeonas of any type that are shorter than a
specified van der Waals corrected distance. In Way it can be used to predict likely
intermolecular hydrogen bond interactions and inggresentations of these predicted bonds
into the crystal structure diagrams. The visualwabf these interactions is helpful to the

understanding of the spacial arrangement of theou#s in the solid phase.
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4.3  Synthesis and characterization of pyrrolidine-5-dione (succinimide) derivative.
Many syntheses of pyrrolidine-2,5-diones (succideni molecules have been
reported, the molecules are not only a valuableiecimed structures but a valuable synthetic
intermediate. The synthesis of the pyrrolidine-@d@ne derivative201 was completed by
refluxing the substrate 2-iminopyrrolidin-5-onE38in aqueous acetic acid for 4 hours.

Yield =78 %

198 201
A
jgm@w For-avas
oizﬂ@:@“ N@;H@ -

201fR=H 0r2011 R=Cl
Scheme 4.8Mechanism of formation of pyrrolidine-2,5-dionerigatives

It was decided to use the 2-iminopyrrolidin-5-00@8f discussed in the previous
section in the synthesis of the pyrrolidine-2,5rdic01, Scheme 4.6). It was hoped that a
successful synthesis would not only produce anatlegel molecule but also perhaps shed
some further light on the anomalous spectral issuiseng from the synthesis of the parent
compound. The line broadening observed in‘fBespectrum of the 2-iminopyrrolidin-5-one
was of particular interest. The synthesis was |sfaly achieved using acetic acid to effect

the desired transformation.
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It had previously been noticed that when a purestathne sample of the 2-
iminopyrrolidin-5-one198f was left standing in air for a period of severaysl the TLC
showed the development of trace amounts of a pew $LC comparison of the pyrrolidine-
2,5-dione with the decomposing sample of 2-imimogidin-5-one showed the pyrrolidine-
2,5-dione to have an identicaj\Rlue to the unknown compound. Attempts to iscéaieugh
of this compound for further analysis by chromaamipy failed. However when the
decomposing sample was reacted with aqueous a@ticTLC monitoring of the reaction
showed development of a single product correspgnttirthe unknown compound and this
was confirmed to be the pyrrolidine-2,5-dione datilve. This suggests that the substrate 2-

iminopyrrolidin-5-one is prone to hydrolysis on tact with atmospheric moisture over time.

The spot in lane 1 represents a pure samplanir@pyrrolidin-5-one
e o o The spot in lane 2 represents a pure samplgroflline-2,5-dione
¢ ® T The spots in lane 3 represent a partially decongpbssenple of 2-
Ri= 0.60 iminopyrrolidin-5-one left open to the atmospheye4 days.

The spot in lane 4 represents the reaction prddisa pyrrolidine-2,5-

+
1 2 3 4 dione) of the degraded sample after reflux withtia@eid for 4 hours

Figure 4.17Representation of TLC (EtOAc:Hex 30:70) showingngfarmation of degraded
2-iminopyrrolidin-5-onel98fto pyrrolidine-2,5-dion@01f using acetic acid
4.3.1 NMR studies of pyrrolidine-2,5-dione derivatie.

In the proton spectrum of the 2-iminopyrrolidin-Beoobserved broadening could be
rationalized in terms of the chemical exchange B&peed by the cyclic imino functionality.
However in the”®C spectrum the line broadening not only affecteithino carbon but also
had a drastic effect on the three methyl carbamasla¢d to two different ring positions within
the molecule. The synthesis of the pyrrolidine-@dne offered an opportunity to alter a

single functionality within the molecule and obsemvhat the effect of that change would
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have on the NMR spectra of the new compound. Sihagas suspected that the line
broadening was somehow caused by the presence @fmtho group, the synthesis of the
pyrrolidine-2,5-dione allowed this to be investghwthout altering any other moiety within
the system. When tH&C spectrum of the pyrrolidine-2,5-dione was obtdinsing CDGJ as
solvent, no line broadening akin to what had beeseoved for the 2-iminopyrrolidin-5-one
could be detected (Figure 4.18). Again this evigelends credence to the assertion that it is

the presence of the imino group that causes thstidreffect on the spectra run in CRCI

O
O N (o]

.

a

Figure 4.18Comparison of th&’C NMR spectra of the 2-iminopyrrolidin-5-0468j and the

structurally similar pyrrolidine-2,5-dione derivai201j both in CDC}.
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4.4 Pyrazole formation

Due to their wide ranging applications in mediciaad agrochemical roles new synthetic
routes to pyrazoles have received much attentidrusTiar, the full potential of these
compounds has not been exploited due to the limitechber of synthetic procedures
available for their synthesis.

Currently the most common method of obtaining pgiez is through the reaction of
1,3-diketone02with hydrazine or its derivativeZ)3*?* However a commonly encountered
problem with this route is to maintain regiosebatyi in the product. To date this problem
remains the greatest challenge within the fielche Thethod often produces a mixture of
regioisomers (e.204and205 Scheme 4.7) if the reactivity of the two carbomgups is not

significantly different, a problem that has obviotepercussions on the scope of the

procedure
R Rl RZ R
1 /Rg ,R3 13
© 4 N /N {E E
o NH, =N
RZ RZ Rl
202 203 204 205

Two Products

Scheme 4.7%General scheme for the formation of pyrazeiesdiketones and hydrazines

This problem is compounded by the difficulties iagsfrom the synthesis of pure 1,3-
diketones202 as starting material. Methods for producing thisitg often return complex
mixtures of condensation products not easily sepdriiom the desired product. In light of
these issues, the formation of the pyrazole thrdngbrporation of the cyanide ion into a
parent azoacetate is an interesting example. €hip £nsures regioselectivity in the finished
product, and has the added advantage of introd@otogyclic functional groups that provide

the opportunity for further fuctionalization andrelisification within the product.
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NO, o
e LT N
N=N KCN v _—
e O
Y \N,
206a and b 207aand b

— _ Yield, 206a= 15%
a,Y = OEt, b, Y = NH-phenyl, 206b= 15%

Scheme 4.8ransformation of , -unsubstituted azoacetate to pyrazole.

The presence of an extra nitrogen atom in the mtosiuggests that a cyanide unit has
also been incorporated into the molecule. Theahftirmation of a nitrile seems the most
likely route towards the cyclisation to the pyragzohowever a direct substitution seems
unlikely. This seems counterintuitive from sevestaindpoints. Firstly, attack of a nucleophile
such as the cyanide ion at an unsubstituteadtarbon at first glance seems an unlikely
reaction; and secondly it has just been shownenptievious sections that in the case of the
di-methylated analogue under similar conditionsdy@nide ion reacts readily to displace the
acetate moiety followed by cyclisation to the 2nappyrrolidin-5-one ring. There is some
theoretical support for this direct attack at thearbon. In order to best rationalize how these
groups might interact to give the product in questthe HASB (Hard Acid Soft Base)
approach to the reactive species can be appligdglighot a scientific theory in the true sense
of the term, but a set of principles based on empmrtal observations used to explain
atypical reaction results. The system, introducgdPbarson and Songstad, is based on a
proposed affinity of similar groups for reactionthvieach othéf*. Although empirical in
nature, the principles have been used to predicbéiaviour of many organic reactions that
are not easily explained by other means. The giesiwork by sorting organic functional
groups based on the similarities in their experit@leproperties. The properties attributed to

the groups under the HASB principles is given ibl&at.4%
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Table 4.4Summary table of properties of acids and basesruhddHASB system

Hard Acic Hard Bas Soft Acic Soft Bas

Reaction Role electrophiles nucleophilgs  electideghi | nucleophiles

Bonding Orbital high LUMO low HOMO | low LUMO high HRO

Polarizability low low high high
Valence electror | None unshare | Tightly helc | unshare Loosely hel
Example H*, Li*, Na’, | H,0, OH, F, | Cu, Ag’, P’, | RS, I, CN,, CO,

K*, Mg ,|AcO, SO |1, P, H¢', | (ROxP, RCN,
c&', AP |CI, CO® |BHs  CHy | CoHs CHe H R

cr, Fe* NOs; ROH | carbenes, Br

Bond Type lonic Covalen

Both reaction centers can be thought of as ambidenature, and as such, can react either
through the carbon or the heteroatom; however ¢isétipn of the carbon and nitrogen in the
final isolated product suggests that a nitrile iasmed at some point. This would strongly
suggest that the initial step is that of carboriboarbond formation.

- ©
N

C=EN <—mmm— c=

R |R
N
O O

Figure 4.19Ambident cyanide ion andketo compound shown in both forms

Since the cyanide ion falls under the category sdfabase and a -GHcan be categorized as
a soft acid (highlighted in Table 4.4), direct @@ between the two groups can be
rationalized. However the -GHunit in question is part of a-keto system and must be
considered as such.

168
Chapter 4: Intermolecular cyclisations



The most likely scenario is an initial base induedxtraction of one of the highly acidic
alpha-hydrogen atoms followed by elimination. Ttyige of competing elimination reaction
is commonly found in systems where the substraseahhydrogen atom that can be easily
removed and the base chosen can act as a baseideaphile. Often in such cases the base
induced enolate formation is the result of resoearstabilization offered by this
conformation. However, in this case, due to thesgmee of the azoacetate group, it is feasible
that loss of the acetate moiety produces a morerdéle conformation due to the
stabilization provided by conjugation within thessym (Scheme 4.9). If the formation of the
enolate is assumed to take place the subsequersdddign to the more conjugated system

with loss of the acetate group is also a likelycoute.

NO,
H NC2
e/\H H
8 o R ——— LA
N
Y Y 208 +HCN

0

Qi
! o)

206 )§ © 206 )< ©
Y = OEt o_r NH-phenyl,

Scheme 4.Base induced elimination of acetate group fronaaetate

If this hypothesis is accepted then reasonableng#sons can be made as to the mechanism
of formation of the pyrazole. Firstly the configtiom of this proposed intermediate is such

that it is a typical substrate for nucleophilic dideh. The additions across the carbon-carbon
double bonds of these enone type substrates deevgeli known. However in these cases the
attacking nucleophile almost exclusively adds te ttarbon furthest from the carbonyl

(Scheme 4.10).
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Q. %YC’“ W
Y = OEt or NH-phenyl, 209
Scheme 4.10Mechanism for nucleophilic attack by cyanide ianaaposition to the
carbonyl.
The reason that this configuration is usually prei@ is once again the resonance
stabilization provided by the formation of the aatel intermediate209, Scheme 4.10).
Protonation of the more negative oxygen usuallyuoeto give the enol which tautomerizes
to give the carbonyl. But, in the case of the psggbintermediate there is an alternative to

the enolate formation through azo/hydrazone tautisateon that offers equal if not greater

stability through attack to the carbonyl.

Y = OEt or NH-phenyl, W W
Y

211
Scheme 4.11Mechanism for nucleophilic attack by cyanide idanaaposition to the

carbonyl.
The formation of, and subsequent cyclisation of tompound211 has been previously

reporte?’ In that case the reaction between hydrazidic Balidith cyanoacetic acid
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derivatives were investigated (Scheme 1.17). Taiggsentially condensation of the two
molecules to the hydrazone with the cyano grougadly in place followed by cyclisation to
the pyrazole in a manner identical to that propokerk (See chapter 1). Although the
products are the same there are some differencdbeinexperimental procedures and

fundamental reaction sequences being explorNEzI).2 N2

ON
Ty

/

N S NN NH,

N o T \ — \

H Y
%
2

_N
\]
1 o
211 12° 207aorb
a,Y = OEt, b, Y = NH-phenyl,
Scheme 4.1Mechanism of cyclisation to form the pyrazole.
Structural study of Pyrazole
Crystals suitable for single crystal X-Ray crysigtaphic determination of the pyrazole were
grown in acetonitrile/methanol using the slow cegltechnique. This involved dissolving the
substrate molecule in hot acetonitrile/methanol emaling the solution to room temperature

over 10 days. Evaporation was minimized by covetimg cooling vessel (clean new test

tube) with foil. The resulting crystals were coliegs and needle-like in appearance.

Figure 4.20Crystal structure of pyrazoR07b
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The pyrazole207b crystallizes in the monoclinic space group P2#h4] with four
molecules per asymmetric unit. Some of the maatufes of interest within this molecule
include the free amine, C-N bond distance is 13p@( The observed bond angles and
internal torsional angles within the 5 membered i@ne indicative of a planar system. This

would be expected for a small aromatic system.

Table 4.5 Selected bond distances (A) and angfsfgr pyrazole207b with estimated

standard deviations

Bond distances (A)
C(7-N(4) 1.350(2
N(2)-C(7) 1.363(2)
N(3)-C(16) 1.320(2)
N(2)-N(3) 1.393(2)
C(9)-0(4) 1.243(2)
N(1)-O(2) 1.227(2)
N(1)-O(1) 1.229(2)
Bond angles )
C(7-N(2)-N(3) 111.61(15
N(2)-N(3)-C(7) 110.96(13)
N(3)-N(2)-C(6) 113.78(14)
C(16)-N(5)-C(10) 122.55(13)
O(1)-N(1)-C(3) 118.68(14)
Torsional angles 9
C(7)-N(2)-N(3)-C(16) 1.6(2)
N(3)-N(2)—C(7)-C(8) ~1.7(2)
N(2)-C(7)-C(8)-C(16) 1.02)
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Figure 4.210RTEP view of pyrazol207bshowing packing relative to the unit cell

Figure 4.22 Mercury view of pyrazole207b depicting the hydrogen bonding interactions,

including interactions with acetonitrile solvent lexule.

173
Chapter 4: Intermolecular cyclisations



Figure 4.23 Mercury view of pyrazole207b depicting all intermolecular interactions,

including interactions with solvent molecules (nzatbl and acetonitrile).
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Table 4.4Crystal data and structure refinement for pyra20iéb

Quantity

Measurement

Empirical formula

Gg.625H17.75N5.75 O3.125

Molecular formula

@7 His Ns O3 x 0.75 (Q Hs N) x 0.125 (C H

Formula weight

372.29

Temperature 100(2) K
Wavelength 0.71073 A
Crystal system Monoclinic

Space grou PZ/n (#14

Unit cell dimension a=13.394(2) A a= 90°.
b =3.8267(6) A b= 92.688(3)°.
¢ =33.470(5) A ¢ =90°.

Volume 1713.6(5) B

z 4

Density (calculated) 1.443 Mg/n$

Absorption coefficient 0.103 mnrl

F(000) 779

Crystal size 1.00 x 0.10 x 0.05 méh

Theta range for data 1.67 to 28.35°.

Index ranges

—17<=h<=17, —-5<=k<=5, —44<=I<=44

Reflections collected

16121

Independent reflectio

4230 [R(int) = 0.028(

Completeness to

theta

99.1 %

Absorption correctio

Sem-empirical from equivalen

Max. and min. transmissi

0.9948 and 0.80°

Refinement methc

Full-matrix least-squares of F

Data / restraints / paramet

4230/0/32

Goodness—offit on4

1.124

Final R indices [I>2sigma(l)]

R1=0.0653, wR2 4881

R indices (all data)

R1 =0.0716, wR2 = 0.1617

Largest diff. peak and hole

0.712 and —0.389 e
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4.5 Conclusion:

It has been shown that the substrate azoacetatessded in this chapter provide a facile
route to a selection of heterocyclic systems thinoungorporation of a cyanide unit. It has
also been shown that the azo moiety can be astahiim an endocyclic (pyrazole) or
exocyclic (iminopyrrolidin-5-one) position dependinon the substitution of these
azoacetates. The isolation of the 2-iminopyrrok8iione derivatives had not been reported
by the original researchers, However once it haahbsolated, it was found that with minor
modifications to the reaction stoichiometry thar#iropyrrolidin-5-one can be isolated as the
major product.

Additionally this structure was easily modifiedgmduce a pyrrolidine-2,5-dione derivative
upon reaction with aqueous acetic acid. Pyrrodiditb-dione derivatives have been widely
employed in a range of roles within the medicinatl synthetic chemistry fields. Initial
characterization of the 2-iminopyrrolidin-5-onesyed difficult due to some unusual effects
observed in the 1H and 13C spectra of these conaisowmen CDCI3 was employed as
solvent. The high level of structural similaritytiween the pyrrolidine-2,5-dione and the 2-
iminopyrrolidin-5-one (different only by a cyclic=GO versus C==NH unit) provided a
unique opportunity to study an unusual NMR phenamenThe solvent specific line
broadening of 2-iminopyrrolidin-5-one investigateere is not often observed. The details of
these syntheses have recently been accepted flicgiidn as a full paper in “Heterocycles”
(see Appendix IV).

Overall, it has been shown that the azoacetatesechior study in this thesis provide access
to a variety of phenylazo substituted heterocydesl important information has been
gathered concerning the construction of heterosydiectly attached to the phenylazo group

via azoacetates.
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4.6 Experimental:

Ethyl acetoacetate and substituted acetoacetawigee purchased from the Sigma Aldrich
chemical company and were used as received. Aleatd were dried or distilled prior to
use. Melting points were determined using a Griffirelting point apparatus and are
uncorrected. Infrared spectra were recorded on r&irPEImer 2000FT-IR spectrometer.
NMR spectra were recorded using a Bruker AC 400 Napiectrometer operating at 400
MHz for '"H NMR and at 100 MHz for*C NMR. The'H and**C NMR chemical shifts
(ppm) are relative to TMS and all coupling constgdit are in Hertz (Hz).

Synthesis of 2-iminopyrrolidin-5-ones (198f and 198
5-imino-3,3,4-trimethyl-4-((4-nitrophenyl)diazenyl)-1-phenylpwirdin-2-one 198f

The azoacetat¢133f) (1g, 2.1 mmol) was dissolved in hot propanol (40 ol which
potassium cyanide (0.30 g, 4.6 mmol) was added.sbhdion was allowed to reflux for 30
min, after which TLC showed development of prodsjgbts and total consumption of the
starting material, this was evaporated to drynééster (100 ml) was added to the reaction
vessel and this was extracted with EtOAc (2 x 2pfollowed by CHCI, (2 x 25 ml). The
combined extracts were dried over magnesium su#fatk upon evaporation to dryness an
orange oil was collected. The product was isolafezt column chromatography.

198f Yield (0.17 g, 18 %); mp 142-145 48 NMR (400 MHz, DMSO-g): 5= 1.19 (3H, s,
CHa), 1.42 (3H, s, CH), 1.61 (3H, s, Ch), 7.34-7.28 (2H, m, ArH), 7.41-7.39 (1H, m, ArH),
7.52-7.47 (2H, m, ArH, ), 7.76 (2H, d, Ard,= 8.8), 8.26 (2H, d, ArHJ = 9.2); 9.00 (1H, s
NH); 13C NMR (100 MHz, DMSO-d6) 13.3, 17.9, 24.9.3 83.1, 123.4, 124.8, 126.3,
128.7, 129.2, 131.9, 149.3, 153.9, 174.3, 180.5KIB) 1661, 1528, 1377 cm-1

(134f) Yield (0.10 g, 12 %). Spectra identical to thosparted in chapter 2

(77f) Yield (0.14 g, 16 %); mp 195-197 & NMR (400MHz, DMSO-g): 5= 1.49 (3H, s,

CHs), 1.53 (3H, s, Ch), 1.92 (3H, s, Ch), 6.96 (1H, s br, ArH),7.07 (1H, t, ArH, = 7.2),
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7.33-7.26 (3H, m, ArH), 7.61 (2H, d, ArH, = 7.6), 8.15 (2H, s br, ArH), 9.06 (1H, s br,
NH), 9.48 (1H, s br, NH)**C NMR (100MHz, DMSO-¢) 21.7, 22.9, 24.3, 65.6, 110.5 (1,
= 222), 120.8, 123.5, 126.2 (d= 69), 128.3, 138.7, 138.9, 154.2, 171.8, 17R8(KBr)

3338, 3288, 1647, 1592, 1522, 1329, 1272, 1108, & cn.

1-(4-chlorophenyl)-5-imino-3,3,4-trimethyl-4-((4-nitrophenyl)diazgpyrrolidin-2-one

198j

Yield (0.21 g, 23%); mp 201-203 °& NMR (400 MHz, DMSO-g): 5= 1.07 (3H, s, CH),
1.34 (3H, s, Ch), 1.60 (3H, s, Ch), 7.32 (2H, d, ArH,J =8.4), 7.38 (2H, d, ArH,) =8.4),
7.89 (2H, d, ArH,J = 9.2), 8.40 (2H, d, ArHJ = 9.2), 9.08 (1H, s, NH**C NMR (100
MHz, DMSO-¢) 13.8, 17.9, 22.9, 48.5, 81.6, 123.2, 125.1, 12®8.3, 132.3, 132.8, 148.7,
154.0, 165.3, 179.1. IR (KBr) 3300, 1742, 1661,2L481".

Synthesis of succinimide (201f)

Synthesis of 3,3,4-trimethyl-4-((4-nitrophenyl)diazenyl)-1-piygpyrrolidine-2,5-dione
(201f)

The 2-iminopyrrolidin-5-onel98f (200 mg, 0.54 mmol) was dissolved in 10 ml of agiseo
acetic acid. The solution was heated td°60or 24 h, 100C for a further 24 h and finally
allowed to reflux for 4 h after which TLC showedaloconsumption of the starting material.
The solution was allowed to cool and added to ie¢ew (100 ml) which induced
precipitation of a pale yellow solid that was fitkd from solution. Yield (153 mg, 78 %);
product decomposed in air over 24'H; NMR (400 MHz, CDCJ): 5 = 1.19 (3H, s, CB),
1.42 (3H, s, Ch), 1.61 (3H, s, Ch), 7.30-7.25 (2H, m, ArH), 7.35-7.32 (1H, m, ArH)43-
7.37 (2H, m, ArH), 7.76 (2H, d, ArH] = 8.8), 8.26 (2H, d, ArHJ = 9.2);*C NMR (100
MHz, CDCk) 13.3, 17.9, 24.4, 49.3, 83.1, 123.4, 124.8, 12628.7, 129.2, 131.9, 149.3,

153.9, 174.3, 180.5; IR (KBr) 1719, 1529, 1396, 841",
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Synthesis of pyrazoles (207and207b)

Synthesis of 5-amino-3-methyl-1-(4-nitrophenyl)-N-phenyl-1Hrpyole-4-carboxamide
(207a)

The substrate azoacet2t@6a(1 g, 3.1 mmol) was dissolved in hot n-PrOH (40 tolwhich
potassium cyanide (0.3 g, 4.6 mmol) was added.sbh&ion was allowed to reflux for 4 h,
before being evaporated to dryness. Water (10Qva) added to the reaction vessel and this
was extracted with Ci€I, (15:85). The combined extracts were dried over meagim
sulfate and upon evaporation to a reduced volunpala brown solid precipitated. The
precipitate was filtered off and washed with petuph ether and the product isolated after
flash chromatography. Yield (0.13 g, 15 %) mp 21@-2C:*H NMR (400 MHz, DMSO-g):
5=1.27 (3H, t, Cli J = 7.2), 2.26 (3H, s, CH), 4.20 (2H, q, Chl J = 7.2), 6.64 (2H, s br,
CHy), 7.81 (2H, d, ArH J = 7.2), 8.32 (2H, d, ArHJ = 7.2);*C NMR (100 MHz, DMSO-
ds) 14.3, 14.4, 59.1, 93.9, 123.0, 124.9, 143.1,94450.6, 151.2, 164.0; IR (KBr) 3349,
1676, 1548, 1344 ch Mass Spectrum: [M+H]found 291.5, gH1sN4O, requires 291.1.
Ethyl 5-amino-3-methyl-1-(4-nitrophenyl)-1H-pyrazole-4-carboxyl&287b
207bsynthesized using an identical procedurg@@busing206aas substrate

Yield (0.12 g, 15 %); mp 181-183 °&4 NMR (400 MHz, DMSO-g): 5= 2.94 (3H, s, C¥),
6.60 (2H, s br, Ch), 7.06 (1H, t, ArH J = 7.6), 7.32 (2H, t, ArHJ = 7.6), 7.63 (2H, d, ArH
,J =7.6), 7.88 (2H, d, ArHJ = 9.2), 8.35 (2H, d, ArHJ = 9.2), 8.85 (1H, s, NH,)**C
NMR (100 MHz, DMSO-¢) 14.2, 98.4, 120.4, 122.6, 123.3, 124.9, 128.1.8,3143.3,
144.7, 148.2, 150.7, 163.3; IR (KBr) 3455, 34291331650, 1599, 1543, 1495 ¢mMass

Spectrum: [M+Nal] found 360.4, GH1sNsNaQ; requires 360.1.
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Appendix |

(Crystal structure and supporting data for N-acyl hydrazide deevad)



Crystal structure and supporting data for N-agylrbzide derivativg2

72 molecule; thermal ellipsoids are drawn on the F0&bability level

Table 1. Crystal data and structure refinemen?for

Identification code 72

Empirical formula G4 Hig N3 O5

Formula weight 309.32

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group R2,2, (#19)

Unit cell dimensions a=10.6723(6) A a= 90°.
b=11.7713(7) A b= 90°.
¢ =12.3081(7) A g= 90°.

Volume 1546.23(15) A

z 4

Density (calculated) 1.329 Mghm

Absorption coefficient 0.102 mrh

F(000) 656

Crystal size 1.00 x 1.00 x 0.90 rAm

Theta range for data collection 2.39 to 30.50°.
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Index ranges —15<=h<=15, -16<=k<=16, -17<=I<=17

Reflections collected 36459

Independent reflections 2661 [R(int) = 0.0293]
Completeness to theta = 30.50°  99.7 %

Absorption correction Semi—empirical from equivdgen
Max. and min. transmission 0.9138 and 0.8407
Refinement method Full-matrix least-squares®n F
Data / restraints / parameters 2661/0/275
Goodness—offit onF 1.048

Final R indices [I>2sigma(l)] R1 = 0.0350, wR2 ©892

R indices (all data) R1 = 0.0360, wR2 = 0.0899
Largest diff. peak and hole 0.443 and —0.150%®.A

Table 2. Atomic coordinates ( x4\@&nd equivalent isotropic displacement paraméfihs 10%)

for 72. U(eq) is defined as one third of the tracehef erthogonalized Utensor.

Atom X y z U(eq)

C() 4928(1) 3245(1) 8056(1) 16(1)
c(2) 5010(1) 3283(1) 9182(1) 16(1)
C(3) 6152(1) 3078(1) 9680(1) 15(1)
N(1) 6218(1) 3047(1) 10862(1) 20(1)
0O(1) 7256(1) 3016(1) 11296(1) 28(1)
0(2) 5223(1) 3039(1) 11374(1) 31(1)
C(4) 7234(1) 2875(1) 9080(1) 18(1)
c(5) 7157(1) 2831(1) 7956(1) 18(1)
C(6) 5997(1) 2991(1) 7438(1) 15(1)
N(2) 5945(1) 2853(1) 6330(1) 19(1)
N(3) 4880(1) 3121(1) 5742(1) 15(1)
c(7) 3999(1) 2309(1) 5545(1) 19(1)
0O(3) 3113(1) 2529(1) 4943(1) 24(1)
c(8) 4117(2) 1188(1) 6127(1) 30(1)
C(9) 4772(1) 4252(1) 5210(1) 16(1)
C(10) 5124(1) 4166(1) 4010(1) 23(1)
C(11) 5630(1) 5103(1) 5785(1) 24(1)
c(12) 3426(1) 4693(1) 5356(1) 18(1)
O(4) 2849(1) 5201(1) 4668(1) 28(1)
0(5) 3055(1) 4539(1) 6384(1) 19(1)
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C(13) 1807(1)
C(14) 863(2)

4925(1)
4008(2)

Table 3. Bond lengths [A] and angles [°] fg.

C(1)-C(2)
C(1)-C(6)
C(1)-H(1)
C(2-C(3)
C(2-H(2)
C(3)-C(4)
C(3)-N(1)
N(1)-O(1)
N(1)-0(2)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(5)-H(5)
C(6)-N(2)
N(2)-N(3)
N(2)-H(1N2)
N(3)-C(7)
N(3)-C(9)
C(7)-0(3)
C(7)-C(8)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(9)-C(10)
C(9)-C(11)
C(9)-C(12)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)

1.3897(17)
1.4033(16)
0.930(18)
1.3850(16)
0.95(2)
1.3912(17)
1.4572(15)
1.2301(15)
1.2359(15)
1.3872(17)
0.91(2)
1.4050(16)
0.93(2)
1.3750(15)
1.3838(14)
0.867(19)
1.3627(16)
1.4879(16)
1.2284(16)
1.5069(19)
0.91(3)
0.98(3)
0.98(3)
1.5280(17)
1.5305(18)
1.5386(17)
0.97(2)
0.92(2)
1.00(2)
0.937(19)
0.97(2)
0.97(2)

183



C(12)-0(4)
C(12)-0(5)
0(5)-C(13)
C(13)-C(14)
C(13)-H(13A)
C(13)-H(13B)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)

C(2)-C(1)-C(6)
C(2)-C(1)-H(1)
C(6)-C(1)-H(1)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(2-C(3)-C(4)
C(2)-C(3)-N(1)
C(4)-C(3)-N(1)
0O(1)-N(1)-0(2)
O(1)-N(1)-C(3)
0(2)-N(1)-C(3)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
N(2)-C(6)-C(1)
N(2)-C(6)-C(5)
C(1)-C(6)-C(5)
C(6)-N(2)-N(3)

C(6)-N(2)-H(1N2)
N(3)-N(2)-H(1N2)

C(7)-N(3)-N(2)
C(7)-NER)-C(9)
N(2)-N(3)-C(9)

1.2050(16)
1.3381(16)
1.4539(16)
1.497(2)
0.96(2)
1.00(2)
0.96(2)
0.99(2)
0.94(3)

119.77(11)
119.3(11)
120.9(11)
119.37(11)
120.5(13)
120.0(13)
121.76(10)
119.22(11)
119.01(11)
123.49(10)
118.59(11)
117.92(11)
119.05(11)
122.9(13)
118.0(13)
120.02(11)
117.2(13)
122.6(13)
122.06(11)
118.00(11)
119.91(10)
121.60(10)
121.6(12)
114.6(12)
120.04(11)
119.73(10)
119.79(10)
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0(3)-C(7)-N(3)
0(3)-C(7)-C(8)
N(3)-C(7)-C(8)
C(7)-C(8)-H(8A)
C(7)-C(8)-H(8B)
H(8A)—-C(8)—H(8B)
C(7)—C(8)—H(8C)
H(8A)—C(8)—H(8C)
H(8B)—C(8)—H(8C)
N(3)-C(9)-C(10)
N(3)-C(9)-C(11)
C(10)-C(9)-C(11)
N(3)-C(9)-C(12)
C(10)-C(9)-C(12)
C(11)-C(9)-C(12)
C(9)—C(10)-H(10A)
C(9)—C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(9)—C(10)-H(10C)
H(10A)-C(10)—H(10C)
H(10B)-C(10)-H(10C)
C(9)-C(11)-H(11A)
C(9)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(9)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
0(4)-C(12)-0(5)
0(4)-C(12)-C(9)
0(5)-C(12)-C(9)
C(12)-0(5)-C(13)
0(5)-C(13)-C(14)
O(5)-C(13)-H(13A)
C(14)-C(13)-H(13A)
O(5)-C(13)-H(13B)
C(14)-C(13)-H(13B)
H(13A)-C(13)-H(13B)

119.40(12)
122.39(13)
118.13(12)
111.0(17)
106.3(15)
111(2)
106.6(17)
110(2)
112(2)
110.33(10)
109.66(10)
110.10(11)
108.82(10)
111.34(10)
106.50(10)
107.3(13)
111.7(13)
109.9(19)
108.9(13)
108.4(19)
110.6(18)
111.9(12)
105.4(15)
105.6(18)
110.8(14)
108.8(19)
114(2)
125.48(12)
124.24(12)
109.90(10)
117.76(10)
110.51(12)
108.8(13)
110.2(13)
106.5(12)
107.6(12)
113.1(18)
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C(13)-C(14)-H(14A) 109.6(14)

C(13)-C(14)-H(14B) 112.2(14)
H(14A)-C(14)—H(14B) 108.8(19)
C(13)-C(14)-H(14C) 116.4(17)

H(14A)-C(14)—H(14C) 105(2)
H(14B)-C(14)-H(14C) 105(2)

Symmetry transformations used to generate equivatems:
Table 4. Anisotropic displacement parametersx (48) for 72. The anisotropic

displacement factor exponent takes the formp?[H82 a*2Ul + ... + 2 h k a* b* W?2]

Atom yLt U22 U33 U23 Ul3 U12

C(1) 12(1) 19(1) 16(1) 1(1) -2(1) 1(1)
c(2) 14(1) 17(1) 16(1) 2(1) 0(1) 1(1)
C(3) 17(1) 16(1) 13(1) 1(1) -2(1) 0(1)
N(1) 22(1) 22(1) 15(1) 0(1) -2(1) 2(1)
o(1) 23(1) 41(1) 20(1) 2(1) -8(1) -3(1)
0(2) 24(1) 53(1) 17(1) 3(1) 2(1) 11(1)
C(4) 13(1) 22(1) 18(1) 2(1) -3(1) 2(1)
C(5) 13(1) 24(1) 17(1) 1(1) ~1(1) 3(1)
C(6) 13(1) 17(1) 14(1) 1(1) ~1(1) 2(1)
N(2) 13(1) 29(1) 13(1) 0(1) ~1(1) 6(1)
N(3) 14(1) 17(1) 14(1) 0(1) -3(1) 2(1)
c(7) 21(1) 17(1) 18(1) —4(1) 0(1) 0(1)
0(3) 21(1) 26(1) 25(1) —6(1) —7(2) -2(1)
C(8) 39(1) 17(1) 34(1) 2(1) -3(1) -2(1)
C(9) 17(1) 17(1) 14(1) 1(1) ~1(1) 1(1)
C(10) 25(1) 29(1) 14(1) 3(1) 2(1) 4(1)
C(11) 25(1) 21(1) 26(1) -2(1) ~1(1) -6(1)
C(12) 20(1) 18(1) 17(1) ~1(1) ~1(1) 4(1)
0(4) 30(1) 32(1) 23(1) 6(1) ~1(1) 13(1)
o(5) 18(1) 22(1) 18(1) ~1(1) 2(1) 5(1)
C(13) 19(1) 22(1) 25(1) -3(1) 3(1) 5(1)
C(14) 27(1) 39(1) 39(1) ~11(1) 6(1) —7(2)
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Table 5. Hydrogen coordinates ( X)1And isotropic displacement parameterx(£0 3)

for 72.

Atom X y z U(eq)
H(1) 4160(17) 3380(16) 7723(15) 18(4)
H(2) 4300(20) 3491(18) 9602(18) 31(5)
H(4) 7965(19) 2775(18) 9449(16) 28(5)
H(5) 7884(19) 2642(19) 7577(17) 27(5)
H(1N2) 6619(17) 2782(17) 5942(16) 21(4)
H(8A) 4930(20) 960(20) 6150(20) 44(6)
H(8B) 3790(20) 1310(20) 6860(20) 47(7)
H(8C) 3610(30) 640(20) 5720(20) 53(7)
H(10A) 5980(20) 3893(19) 3973(17) 28(5)
H(10B) 4600(20) 3675(18) 3641(17) 25(5)
H(10C) 5090(20) 4941(19) 3680(18) 33(6)
H(11A) 5456(18) 5153(16) 6529(16) 19(4)
H(11B) 5410(20) 5840(20) 5486(19) 37(6)
H(11C) 6500(20) 4900(20) 5692(18) 33(5)
H(13A) 1600(20) 5586(19) 6257(17) 30(5)
H(13B) 1826(19) 5078(17) 7480(17) 27(5)
H(14A) 900(20) 3780(20) 5730(20) 35(6)
H(14B) 0(20) 4260(20) 6655(19) 35(6)
H(14C) 970(30) 3330(30) 6880(20) 54(7)
Table 6. Torsion angles [°] fa2

C(6)-C(1)-C(2)-C(3) 0.41(19)

C(1)-C(2)-C(3)-C(4) 2.48(19)

C(1)-C(2)-C(3)-N(1) -176.10(11)

C(2)-C(3)-N(1)-0(1) —170.44(12)

C(4)-C(3)-N(1)-0(1) 10.93(19)

C(2)-C(3)-N(1)-0(2) 10.50(18)

C(4)-C(3)-N(1)-0(2) -168.12(12)

C(2)-C(3)-C(4)-C(5) —2.7(2)

N(1)-C(3)-C(4)-C(5) 175.88(12)

C(3)-C(4)-C(5)-C(6) 0.0(2)
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C(2)-C(1)-C(6)-N(2)
C(2)-C(1)-C(6)-C(5)
C(4)~C(5)-C(6)-N(2)
C(4)-C(5)-C(6)-C(1)
C(1)-C(6)-N(2)-N(3)
C(5)-C(6)-N(2)-N(3)
C(6)-N(2)-N(3)-C(7)
C(6)-N(2)-N(3)-C(9)
N(2)-N(3)-C(7)-0(3)
C(9)-N(3)-C(7)-0(3)
N(2)-N(3)-C(7)-C(8)
C(9)-N(3)-C(7)-C(8)
C(7)-N(3)-C(9)-C(10)
N(2)-N(3)-C(9)-C(10)
C(7)-N(3)-C(9)-C(11)
N(2)-N(3)-C(9)-C(11)
C(7)-N(3)-C(9)-C(12)
N(2)-N(3)-C(9)-C(12)
N(3)-C(9)-C(12)-O(4)
C(10)-C(9)-C(12)-O(4)
C(11)-C(9)-C(12)-0(4)
N(3)-C(9)-C(12)-O(5)
C(10)-C(9)-C(12)-0(5)
C(11)-C(9)-C(12)-0(5)
0(4)-C(12)-0(5)-C(13)
C(9)-C(12)-0(5)-C(13)
C(12)-0(5)-C(13)-C(14)

174.71(12)
~3.01(19)
~175.03(12)
2.78(19)
9.78(19)
—172.46(11)
—91.96(15)
95.72(14)
~173.61(11)
~1.28(18)
9.64(18)
~178.03(12)
~74.17(14)
98.18(13)
164.40(12)
—23.25(15)
48.27(14)
—139.39(10)
~141.30(14)
~19.48(19)
100.56(15)
45.46(13)
167.28(11)
~72.69(13)
5.8(2)
178.94(10)
88.59(16)
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Appendix I

(Crystal structure and supporting data for 2-imimophdin-5-one derivativel 98f)



Crystal structure and supporting data for 2-imirmrogdin-5-one derivativel 98f

jam01, molecule; thermal ellipsoids are drawn an368% probability level

Table 1. Crystal data and structure refinement &&f.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

198f

Go Hig N5 O3

365.39

100(2) K

0.71073 A

Triclinic

P1 (#1)

a=6.1179(9) A a= 72.868(3)°.
b = 7.7340(12) A= 79.475(3)".
¢ =9.9532(15) Ay= 81.828(3)°.
440.52(12) A
1

1.377 MghAn

0.097 min
192

1.00 x 0.40 x 0.30 rAm

2.17 to 30.50°.
-8<=h<=8, -11<=k<=11, -14<=|<=14
10436
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Independent reflections
Completeness to theta = 30.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

Table 2. Atomic coordinates ( x4@nd equivalent isotropic displacement paraméfits 10%)
for 198f. U(eq) is defined as one third of the tracehef arthogonalized Utensor.

2668 [R(int) = 0.0378]
99.7 %
Semi-empirical from equivdken
0.9716 and 0.8046
Full-matrix least-squares #n F
2668 /3 /251
1.054
R1 = 0.0375, wR2 ©@55
R1=0.0394, wR2 = 0.0972
0.374 and -0.229%.A

Atom X y z U(eq)

C(n) 4850(3) 4705(2) 5165(2) 15(1)
C(2) 6312(3) 5961(2) 4357(2) 15(1)
C@3) 6023(3) 6809(2) 2948(2) 13(1)
N(1) 7535(2) 8183(2) 2104(2) 16(1)
0o(1) 9093(2) 8411(2) 2625(2) 26(1)
0(2) 7152(3) 9049(2) 915(2) 38(1)
C(4) 4354(3) 6465(2) 2317(2) 15(1)
C(5) 2919(3) 5179(2) 3138(2) 15(1)
C(6) 3190(3) 4298(2) 4546(2) 14(1)
N(2) 1641(2) 2977(2) 5288(2) 15(1)
N(3) 2280(2) 1855(2) 6366(2) 13(1)
C(7) 625(3) 525(2) 7068(2) 12(1)
C(8) -1350(3) 1494(2) 7845(2) 16(1)
C(9) 1713(3) -1023(2) 8168(2) 14(1)
N(4) 3102(3) -1005(2) 8964(2) 18(1)
N(5) 807(2) -2610(2) 8214(2) 15(1)
C(10) 1227(3) -4349(2) 9204(2) 14(1)
C(11) -558(3) -5196(2) 10109(2) 18(1)
C(12) -170(3) -6941(2) 10999(2) 21(1)
C(13) 1972(3) -7811(2) 10984(2) 22(1)
C(14) 3747(3) -6928(2) 10093(2) 20(1)
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C(15)
C(16)
0@3)

C(17)
C(18)
C(19)

3392(3)
-404(3)

-1428(2)

-73(3)
1902(3)

-2155(3)

-5190(2)
-2367(2)
-3512(2)
-479(2)
-799(2)
348(2)

9190(2)
7112(2)
6965(1)
6089(2)
4953(2)
5404(2)

18(1)
15(1)
22(1)
13(1)
16(1)
17(1)

Table 3. Bond lengths [A] and angles [°] fb®8f.

C(1-C(2)
C(1)-C(6)
C(1)-H(1)
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-N(1)
N(1)-O(1)
N(1)-0(2)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(5)-H(5)
C(6)-N(2)
N(2)-N(3)
N(3)-C(7)
C(7)-C(9)
C(7)-C(8)
C(7)-C(17)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(9)-N(4)
C(9)-N(5)
N(4)-H(1N4)
N(5)-C(16)
N(5)-C(10)
C(10)-C(11)

1.384(2)
1.395(2)
0.9500

1.394(2)
0.9500

1.386(2)
1.470(2)
1.220(2)
1.223(2)
1.391(2)
0.9500

1.394(2)
0.9500

1.436(2)
1.251(2)
1.478(2)
1.531(2)
1.537(2)
1.557(2)
0.9800

0.9800

0.9800

1.267(2)
1.402(2)
0.88(3)

1.386(2)
1.435(2)
1.389(2)
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C(10)-C(15)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-H(15)
C(16)-0(3)
C(16)-C(17)
C(17)-C(19)
C(17)-C(18)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)

C(2)-C(1)-C(6)
C(2)-C(1)-H(1)
C(6)-C(1)-H(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(4)-C(3)-C(2)
C(4)-C(3)-N(1)
C(2)-C(3)-N(1)
O(1)-N(2)-0(2)
O(1)-N(2)-C(3)
0(2)-N(1)-C(3)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
C(4)-C(5)-C(6)

1.390(2)
1.394(2)
0.9500
1.385(3)
0.9500
1.391(3)
0.9500
1.392(2)
0.9500
0.9500
1.211(2)
1.530(2)
1.525(2)
1.543(2)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

119.54(15)
120.2
120.2
118.02(15)
121.0
121.0
123.62(15)
118.43(14)
117.92(14)
123.40(16)
118.68(14)
117.91(15)
117.60(14)
121.2
121.2
119.80(15)
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C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(1)
C(5)-C(6)-N(2)
C(1)-C(6)-N(2)
N(3)-N(2)-C(6)
N(2)-N(3)-C(7)
N(3)-C(7)-C(9)
N(3)-C(7)-C(8)
C(9)-C(7)-C(8)
N(3)-C(7)-C(17)
C(9)-C(7)-C(17)
C(8)-C(7)-C(17)
C(7)-C(8)-H(8A)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(7)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
N(4)-C(9)-N(5)
N(4)-C(9)-C(7)
N(5)-C(9)-C(7)
C(9)-N(4)-H(1N4)
C(16)-N(5)-C(9)
C(16)-N(5)-C(10)
C(9)-N(5)-C(10)
C(11)-C(10)-C(15)
C(11)-C(10)-N(5)
C(15)-C(10)-N(5)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)

120.1
120.1
121.36(15)
115.15(14)
123.48(14)
113.78(14)
110.96(13)
108.05(13)
107.52(13)
108.76(13)
115.37(13)
102.90(13)
113.88(13)
109.5
109.5
109.5
109.5
109.5
109.5
122.70(15)
130.71(15)
106.55(13)
108.6(18)
112.61(13)
122.55(13)
124.62(14)
121.36(15)
119.17(14)
119.40(14)
119.14(16)
120.4
120.4
120.28(16)
119.9
119.9
119.82(16)
120.1
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C(14)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(10)-C(15)-C(14)
C(10)-C(15)-H(15)
C(14)-C(15)-H(15)
0(3)-C(16)-N(5)
0(3)-C(16)-C(17)
N(5)-C(16)-C(17)
C(19)-C(17)-C(16)
C(19)-C(17)-C(18)
C(16)-C(17)-C(18)
C(19)-C(17)-C(7)
C(16)-C(17)-C(7)
C(18)-C(17)-C(7)
C(17)-C(18)-H(18A)
C(17)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
C(17)-C(18)-H(18C)
H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)
C(17)-C(19)-H(19A)
C(17)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(17)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)

120.1
120.75(17)
119.6
119.6
118.63(16)
120.7
120.7
124.76(15)
126.92(15)
108.19(13)
111.40(13)
110.44(13)
104.73(13)
116.64(13)
101.68(13)
111.02(13)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate equivatems:
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Table 4. Anisotropic displacement parameterax (®) for jam01. The anisotropic

displacement factor exponent takes the fornp?-B2 a*2U1l + ... + 2 h k a* b* 32]

Atom Ull U22 U33 U23 U13 UlZ

c(1) 17(1) 13(1) 13(1) -1(1) -3(1) -3(1)
c) 15(1) 14(1) 16(1) -3(1) -4(1) -2(1)
C(3) 14(1) 11(1) 14(1) -2(1) 0(1) -3(1)
N(1) 17(1) 15(1) 15(1) -2(1) 0(1) -5(1)
o(1) 24(1) 28(1) 24(1) -1(1) -5(1) -13(1)
0(2) 42(1) 42(1) 24(1) 14(1) -13(1) -25(1)
C(4) 19(1) 14(1) 13(1) -2(1) -3(1) -3(1)
C(5) 16(1) 15(1) 15(1) -3(1) -4(1) -4(1)
C(6) 15(1) 10(1) 15(1) -2(1) -3(1) -3(1)
N(2) 16(1) 13(1) 15(1) -1(1) -2(1) -4(1)
N(3) 14(1) 12(1) 14(1) -3(1) 0(1) -2(1)
c(7) 13(1) 12(1) 11(1) -2(1) -1(1) -3(1)
C(8) 15(1) 18(1) 15(1) -6(1) 0(1) 0(1)
C(9) 14(1) 12(1) 13(1) -2(1) 0(1) -3(1)
N(4) 22(1) 14(1) 19(1) -2(1) -6(1) -4(1)
N(5) 17(1) 11(1) 15(1) 0(1) -5(1) -5(1)
C(10) 19(1) 11(1) 12(1) -1(1) -3(1) -4(1)
C(11) 19(1) 18(1) 16(1) -4(1) -2(1) -6(1)
C(12) 29(1) 19(1) 16(1) 0(1) -2(1) -13(1)
C(13) 36(1) 14(1) 15(1) -1(1) -6(1) -5(1)
C(14) 26(1) 17(1) 17(1) -5(1) -6(1) 1(1)
C(15) 20(1) 17(1) 16(1) -3(1) -2(1) -3(1)
C(16) 17(1) 15(1) 13(1) -3(1) -2(1) -3(1)
0(3) 28(1) 19(1) 21(1) -2(1) -8(1) -10(1)
C(17) 13(1) 14(1) 11(1) -3(1) -3(1) -3(1)
C(18) 17(1) 17(1) 16(1) -6(1) -1(1) -1(1)
C(19) 14(1) 18(1) 18(1) -5(1) -6(1) -1(1)
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Table 5. Hydrogen coordinates ( X)1And isotropic displacement parameterx(£0 3)

for 198f.

Atom X y z U(eq)
H(1) 4976 4125 6136 18
H(2) 7479 6237 4750 18
H(4) 4194 7085 1357 18
H(5) 1757 4901 2742 18
H(8A) -820 1934 8545 25
H(8B) -2473 642 8329 25
H(8C) -2015 2526 7155 25
H(1N4) 3460(50) 120(40) 8770(30) 28(7)
H(11) -2025 -4594 10121 21
H(12) -1379 -7536 11619 26
H(13) 2228 -9008 11580 26
H(14) 5219 -7517 10100 24
H(15) 4604 -4592 8577 21
H(18A) 1570 -1711 4532 25
H(18B) 3256 -1231 5396 25
H(18C) 2133 343 4209 25
H(19A) -2471 -423 4852 25
H(19B) -1905 1565 4774 25
H(19C) -3427 435 6146 25
Table 6. Torsion angles [°] fa198f.

C(6)-C(1)-C(2)-C(3) 1.6(2)

C(1)-C(2)-C(3)-C(4) 0.1(2)

C(1)-C(2)-C(3)-N(2) 178.16(14)

C(4)-C(3)-N(1)-0(1) -175.49(16)

C(2)-C(3)-N(1)-O(1) 6.3(2)

C(4)-C(3)-N(1)-0(2) 5.0(2)

C(2)-C(3)-N(1)-0(2) -173.17(18)

C(2)-C(3)-C(4)-C(5) -1.0(2)

N(1)-C(3)-C(4)-C(5) -179.10(14)
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C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(2)
C(4)-C(5)-C(6)-N(2)
C(2)-C(1)-C(6)-C(5)
C(2)-C(1)-C(6)-N(2)
C(5)-C(6)-N(2)-N(3)
C(1)-C(6)-N(2)-N(3)
C(6)-N(2)-N(3)-C(7)
N(2)-N(3)-C(7)-C(9)
N(2)-N(3)-C(7)-C(8)
N(2)-N(3)-C(7)-C(17)
N(3)-C(7)-C(9)-N(4)
C(8)-C(7)-C(9)-N(4)
C(17)-C(7)-C(9)-N(4)
N(3)-C(7)-C(9)-N(5)
C(8)-C(7)-C(9)-N(5)
C(17)-C(7)-C(9)-N(5)
N(4)-C(9)-N(5)-C(16)
C(7)-C(9)-N(5)-C(16)
N(4)-C(9)-N(5)-C(10)
C(7)-C(9)-N(5)-C(10)
C(16)-N(5)-C(10)-C(11)
C(9)-N(5)-C(10)-C(11)
C(16)-N(5)-C(10)-C(15)
C(9)-N(5)-C(10)-C(15)
C(15)-C(10)-C(11)-C(12)
N(5)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(11)-C(10)-C(15)-C(14)
N(5)-C(10)-C(15)-C(14)
C(13)-C(14)-C(15)-C(10)
C(9)-N(5)-C(16)-O(3)
C(10)-N(5)-C(16)-O(3)
C(9)-N(5)-C(16)-C(17)
C(10)-N(5)-C(16)-C(17)

0.3(2)
1.4(2)

-179.06(14)

-2.3(2)
178.14(14)
160.32(14)
-20.1(2)

-179.31(12)

168.07(13)
-74.70(16)
53.59(17)
35.4(2)
-81.1(2)
157.83(17)

-147.02(13)

96.56(15)
-24.54(16)

-170.87(16)

11.26(18)
3.8(2)

-174.05(14)

-64.9(2)
120.88(18)
111.97(18)
-62.2(2)
-1.4(3)
175.49(16)
0.3(3)
1.0(3)
-1.4(3)
1.0(3)

-175.88(16)

0.5(3)

-176.36(16)

8.8(3)
7.50(18)

-167.31(14)

198



0(3)-C(16)-C(17)-C(19)
N(5)-C(16)-C(17)-C(19)
0(3)-C(16)-C(17)-C(18)
N(5)-C(16)-C(17)-C(18)
0(3)-C(16)-C(17)-C(7)
N(5)-C(16)-C(17)-C(7)
N(3)-C(7)-C(17)-C(19)
C(9)-C(7)-C(17)-C(19)
C(8)-C(7)-C(17)-C(19)
N(3)-C(7)-C(17)-C(16)
C(9)-C(7)-C(17)-C(16)
C(8)-C(7)-C(17)-C(16)
N(3)-C(7)-C(17)-C(18)
C(9)-C(7)-C(17)-C(18)
C(8)-C(7)-C(17)-C(18)

36.8(2)

-147.21(14)

-82.6(2)
93.39(15)
161.70(17)
-22.27(16)
-93.72(17)
148.86(13)
31.3(2)
144.91(13)
27.49(15)
-90.04(16)
33.96(18)
-83.46(15)
159.01(13)

Symmetry transformations used to generate equivatems:
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Appendix I

(Crystal structure and supporting data for pyrazelevative207b)



Crystal structure and supporting data for pyradelevative207b

jamO02, molecule; thermal ellipsoids are drawn @&n30% probability level

Table 1. Crystal data and structure refinemen2@ih

Identification code
Empirical formula
Molecular formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 28.35°

207b
@8.625 H17.7E N5.7E 03.125
@ His Ns O3 x 0.75 (G H3 N) x 0.125 (C H O)
372.29
100(2) K
0.71073 A
Monoclinic
R (#14)
a=13.394(2) A
b =3.8267(6) A
¢ =33.470(5) A
1713.6(5) A
4
1.443 Mgfn
0.103 mmh
779
1.00 x 0.10 x 0.05 rAim
1.67 to 28.35°.
—17<=h<=17, -5<=k<=5, —44<=|<=44
16121
4230 [R(int) = 0.0280]
99.1 %

a= 90°.
b= 92.688(3)°.
g=90°.
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Absorption correction Semi—empirical from equivagen

Max. and min. transmission 0.9948 and 0.8070
Refinement method Full-matrix least—-squares®n F
Data / restraints / parameters 4230/0/ 323
Goodness—of-fit onF 1.124

Final R indices [I>2sigma(l)] R1 = 0.0653, wR2 48381

R indices (all data) R1 =0.0716, wR2 = 0.1617
Largest diff. peak and hole 0.712 and —0.389°%.A

Table 2. Atomic coordinates ( x4@nd equivalent isotropic displacement paraméfits 10%)
for 207h. U(eq) is defined as one third of the tracehef drthogonalized Utensor.

Atom X y z U(eq)

C(n) 6474(1) 6031(5) 2778(1) 15(1)
C(2) 6972(1) 4984(5) 3130(1) 17(1)
C@3) 6467(1) 5161(5) 3482(1) 16(1)
N(1) 6980(1) 3973(5) 3855(1) 22(1)
0o(1) 7763(1) 2324(5) 3832(1) 28(1)
0(2) 6601(1) 4682(6) 4172(1) 37(1)
C(4) 5493(1) 6357(6) 3496(1) 18(1)
C(5) 4998(1) 7407(5) 3142(1) 16(1)
C(6) 5488(1) 7209(5) 2785(1) 14(1)
N(2) 4991(1) 8199(4) 2421(1) 13(1)
N(3) 5529(1) 9842(4) 2128(1) 15(1)
C(7) 4050(1) 7338(5) 2282(1) 13(1)
N(4) 3377(1) 5671(4) 2501(1) 14(1)
C(8) 3951(1) 8532(5) 1888(1) 13(1)
C(9) 3036(1) 7973(5) 1639(1) 14(1)
Oo4) 2272(1) 6763(4) 1784(1) 18(1)
N(5) 3080(1) 8782(5) 1244(1) 17(1)
C(10) 2333(2) 8435(5) 933(1) 18(1)
C(11) 1413(2) 6846(6) 977(1) 23(1)
C(12) 745(2) 6558(7) 647(1) 29(1)
C(13) 977(2) 7824(7) 281(1) 34(1)
C(14) 1878(2) 9490(7) 240(1) 36(1)
C(15) 2558(2) 9791(7) 563(1) 27(2)
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C(16)
Cc(17)
N(6)?
Cc(19)®
C(20)?
o(5)”
C(21)”

4900(1) 10054(5) 1814(1)

5246(2) 11775(5) 1445(1)
4802(2) 6425(10) 590(1)
5518(3) 5013(13) 480(1)
6369(3) 3298(14) 354(1)
5110(20) 4770(80) 351(8)
5403(19) 5370(80) —18(8)

14(1)
17(1)
41(1)
41(1)
48(1)
76(7)
50(6)

¥ s.0.f. fixed to 0.75" s.o.f. fixed to 0.125; only isotropic refinemermtsgible (s.o.f.site occupatiorfactor)

Table 3. Bond lengths [A] and angles [°] 207k

C(1)-C(2)
C(1)-C(6)
C(1)-H(1)
C(2-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-N(1)
N(1)-0(2)
N(1)-0(1)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(5)-H(5)
C(6)-N(2)
N(2)-C(7)
N(2)-N(3)
N(3)-C(16)
C(7)-N(4)
C(7)-C(8)
N(4)-H(1N4)
N(4)-H(2N4)
C(8)-C(16)
C(8)-C(9)
C(9)-0(4)
C(9)-N(5)

1.385(3)
1.397(3)
0.94(3)

1.387(3)
0.96(2)

1.386(3)
1.468(2)
1.227(2)
1.229(2)
1.390(3)
0.97(2)

1.394(3)
0.95(3)

1.411(2)
1.363(2)
1.393(2)
1.320(2)
1.350(2)
1.395(2)
0.84(3)

0.90(3)

1.430(2)
1.465(2)
1.243(2)
1.361(2)
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N(5)-C(10)
N(5)—H(1N5)
C(10)-C(15)
C(10)-C(11)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-H(15)
C(16)-C(17)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
N(6)-C(19)
C(19)-C(20)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
0(5)-C(21)
O(5)-H(105)
C(21)-H(21A)
C(21)-H(21B)
C(21)-H(21C)

C(2)-C(1)-C(6)
C(2)-C(1)-H(1)
C(6)-C(1)-H(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(4)-C(3)-C(2)
C(4)-C(3)-N(1)
C(2)-C(3)-N(1)

1.417(2)
0.86(3)
1.389(3)
1.389(3)
1.393(3)
1.00(3)
1.368(4)
0.94(3)
1.377(4)
0.98(3)
1.384(3)
0.99(3)
0.95(3)
1.491(3)
0.99(3)
0.97(3)
0.94(3)
1.175(5)
1.397(6)
0.9800
0.9800
0.9800
1.33(4)
0.8400
0.9800
0.9800
0.9800

119.88(17)
120.8(16)
119.3(16)
118.28(17)
121.8(14)
119.9(14)
122.85(18)
118.47(17)
118.67(17)
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0(2)-N(1)-0(1)
0O(2)-N(1)-C(3)
O(1)-N(1)-C(3)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(1)
C(5)-C(6)-N(2)
C(1)-C(6)-N(2)
C(7)-N(2)-N(3)
C(7)-N(2)-C(6)
N(3)-N(2)-C(6)
C(16)-N(3)-N(2)
N(4)-C(7)-N(2)
N(4)-C(7)-C(8)
N(2)-C(7)-C(8)
C(7)-N(4)-H(1N4)
C(7)-N(4)—H(2N4)
H(1N4)—N(4)—H(2N4)
C(7)-C(8)-C(16)
C(7)-C(8)-C(9)
C(16)-C(8)-C(9)
O(4)-C(9)-N(5)
0(4)-C(9)-C(8)
N(5)-C(9)-C(8)
C(9)-N(5)-C(10)
C(9)-N(5)—H(1N5)
C(10)-N(5)-H(1N5)
C(15)-C(10)-C(11)
C(15)-C(10)-N(5)
C(11)-C(10)-N(5)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)

123.85(18)
118.04(17)
118.12(17)
118.62(18)
118.7(14)
122.7(15)
119.41(17)
119.1(15)
121.4(15)
120.95(17)
120.25(16)
118.79(16)
111.61(15)
128.42(16)
119.27(15)
104.93(15)
123.93(17)
129.24(17)
106.82(16)
115.2(17)
121.8(18)
116(3)
104.61(16)
121.93(16)
133.39(17)
122.46(17)
121.05(17)
116.48(16)
129.25(17)
115.6(17)
115.1(17)
119.39(19)
116.51(18)
124.10(18)
119.3(2)
119.1(15)
121.6(15)
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C(13)-C(12)-C(11) 121.2(2)

C(13)-C(12)-H(12) 117.8(18)
C(11)-C(12)-H(12) 121.0(18)
C(12)-C(13)-C(14) 119.3(2)
C(12)-C(13)-H(13) 122.4(19)
C(14)-C(13)-H(13) 118.3(18)
C(13)-C(14)-C(15) 120.6(2)
C(13)-C(14)-H(14) 119.9(18)
C(15)-C(14)-H(14) 119.4(18)
C(14)-C(15)-C(10) 120.1(2)
C(14)-C(15)-H(15) 121.5(17)
C(10)-C(15)-H(15) 118.4(17)
N(3)-C(16)-C(8) 111.99(16)
N(3)-C(16)-C(17) 118.43(16)
C(8)-C(16)-C(17) 129.58(17)
C(16)-C(17)-H(17A) 112.1(15)
C(16)-C(17)-H(17B) 111.5(15)
H(17A)-C(17)-H(17B) 104(2)
C(16)-C(17)-H(17C) 109.2(17)

H(17A)-C(17)-H(17C) 110(2)
H(17B)-C(17)-H(17C) 110(2)

N(6)—C(19)-C(20) 179.1(5)
C(19)-C(20)-H(20A) 109.5
C(19)-C(20)-H(20B) 109.5
H(20A)—C(20)-H(20B) 109.5
C(19)-C(20)-H(20C) 109.5

H(20A)-C(20)-H(20C) 109.5
H(20B)—-C(20)-H(20C) 109.5
C(21)-O(5)-H(105) 109.5

Symmetry transformations used to generate equivatems:
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Table 4. Anisotropic displacement parametersx (48) for 207h The anisotropic

displacement factor exponent takes the formp?[H82 a*2Ul + ... + 2 h k a* b* W?2]

Atom yLt U22 U33 U23 Ul3 U12
c() 14(1) 17(1) 15(1) -3(1) 1(1) ~1(1)
C(2) 13(1) 18(1) 20(1) —2(1) -1(1) 1(1)
c@3) 16(1) 18(1) 14(1) 1(1) —4(1) ~1(1)
N(1) 18(1) 29(1) 17(1) 2(1) -3(1) ~1(1)
o(1) 21(1) 34(1) 27(1) 5(1) -6(1) 7(1)
0(2) 31(1) 63(1) 15(1) 4(1) —2(1) 9(1)
C(4) 17(1) 21(1) 15(1) —2(1) 2(1) 1(1)
C(5) 13(1) 17(1) 18(1) —2(1) 1(1) 0(1)
C(6) 14(1) 12(1) 15(1) ~1(1) —2(1) —2(1)
N(2) 12(1) 16(1) 13(1) 1(1) 1(1) ~1(1)
N(3) 15(1) 16(1) 14(1) 2(1) 3(1) —2(1)
c() 13(1) 10(1) 14(1) -3(1) 0(1) 2(1)
N(4) 11(1) 17(1) 14(1) 2(1) 0(1) —2(1)
C(8) 14(1) 12(1) 13(1) ~1(1) 2(1) 0(1)
C(9) 15(1) 12(1) 14(1) —2(1) 1(1) 1(1)
o(4) 15(1) 24(1) 16(1) 0(1) 1(1) —4(1)
N(5) 14(1) 23(1) 14(1) 2(1) 0(1) -3(1)
C(10) 21(1) 17(1) 14(1) —2(1) -3(1) 2(1)
C(11) 22(1) 26(1) 18(1) 0(1) -3(1) —2(1)
C(12) 27(1) 30(1) 28(1) ~1(1) -10(1) ~7(1)
C(13) 45(1) 31(1) 25(1) 3(1) ~19(1) -10(1)
C(14) 51(2) 39(1) 18(1) 7(1) -8(1) ~13(1)
C(15) 33(1) 30(1) 18(1) 4(1) -3(1) ~10(1)
C(16) 14(1) 13(1) 14(1) -3(1) 2(1) 0(1)
C(17) 17(1) 18(1) 15(1) 1(1) 2(1) —4(1)
N(6) 29(1) 61(2) 32(2) 2(2) 3(1) 8(2)
C(19)? 35(2) 63(3) 22(2) -6(2) -10(1) 2(2)
C(20)? 39(2) 76(3) 30(2) ~11(2) 2(2) ~1(2)

¥ s.0.f. fixed to 0.75 (s.o.fsite occupationfactor)
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Table 5. Hydrogen coordinates ( X)1And isotropic displacement parameterx(£0 3)

for 207h

Atom X y z U(eq)
H(1) 6791(19) 5940(70) 2533(8) 21(6)
H(2) 7645(18) 4140(70) 3135(7) 19(6)
H(4) 5186(18) 6430(70) 3753(7) 18(6)
H(5) 4347(19) 8370(70) 3152(7) 20(6)
H(1N4) 2884(19) 4830(70) 2370(7) 20(6)
H(2N4) 3560(20) 4550(80) 2730(9) 30(7)
H(1N5) 3648(19) 9510(70) 1171(7) 20(6)
H(11) 1253(19) 5870(80) 1245(8) 26(7)
H(12) 120(20) 5500(80) 669(8) 36(8)
H(13) 530(20) 7550(90) 43(9) 43(8)
H(14) 2060(20) 10320(90) —26(10) 44(9)
H(15) 3190(20) 10900(80) 538(8) 33(7)
H(17A) 5320(18) 10090(70) 1225(7) 21(6)
H(17B) 4756(19) 13440(70) 1337(8) 24(6)
H(17C) 5860(20) 12900(80) 1504(8) 31(7)
H(20A) @ 6959 4754 413 72
H(20B)? 6298 2876 65 72
H(20C)? 6446 1062 495 72
H(105)” 5611 4362 503 114
H(21A)? 5069 7468 -127 74
H(21B)" 5228 3363 -189 74
H(21C)® 6129 5721 -10 74

¥ s.0.f. fixed to 0.75" s.o.f. fixed to 0.125 (s.o.fsite occupatiorfactor)

Table 6. Torsion angles [°] f@07h.

C(6)-C(1)-C(2)-C(3)
C(1)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-N(1)
C(4)-C(3)-N(1)-0(2)
C(2)-C3)-N(1)-0(2)

-0.3(3)

-0.4(3)
178.48(18)
-13.3(3)
167.8(2)
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C(4)-C(3)-N(1)-0O(1)
C(2)-C(3)-N(1)-0(1)
C(2)—-C(3)—C(4)-C(5)
N(1)-C(3)-C(4)-C(5)
C(3)—C(4)—C(5)-C(6)
C(4)-C(5)—C(6)-C(1)
C(4)—C(5)—C(6)-N(2)
C(2)-C(1)-C(6)-C(5)
C(2)-C(1)-C(6)-N(2)
C(5)-C(6)-N(2)-C(7)
C(1)-C(6)-N(2)-C(7)
C(5)-C(6)-N(2)-N(3)
C(1)-C(6)-N(2)-N(3)
C(7)-N(2)-N(3)-C(16)
C(6)-N(2)-N(3)-C(16)
N(3)-N(2)-C(7)-N(4)
C(6)-N(2)-C(7)-N(4)
N(3)-N(2)-C(7)-C(8)
C(6)-N(2)-C(7)-C(8)
N(4)-C(7)-C(8)-C(16)
N(2)-C(7)-C(8)-C(16)
N(4)-C(7)-C(8)-C(9)
N(2)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-0(4)
C(16)-C(8)-C(9)-O(4)
C(7)-C(8)—C(9)-N(5)
C(16)-C(8)-C(9)-N(5)
0(4)-C(9)-N(5)-C(10)
C(8)—C(9)-N(5)-C(10)
C(9)-N(5)—C(10)-C(15)
C(9)-N(5)—C(10)-C(11)
C(15)-C(10)-C(11)-C(12)
N(5)—C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(10)

166.62(19)
-12.3(3)
0.4(3)
-178.53(18)
0.4(3)
-1.1(3)
178.77(18)
1.1(3)
-178.82(18)
-45.9(3)
134.0(2)
144.46(18)
—35.6(3)
1.6(2)
172.83(16)
178.86(17)
8.6(3)
~1.7(2)
-171.91(17)
~179.51(19)
1.0(2)
—2.2(3)
178.38(16)
8.3(3)
~175.3(2)
~170.48(17)
6.0(3)
-0.6(3)
178.15(19)
174.0(2)
-6.1(3)
1.7(3)
-178.1(2)
-0.3(4)
~1.6(4)
2.1(4)
—0.6(4)
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C(11)-C(10)-C(15)-C(14)
N(5)-C(10)—-C(15)-C(14)
N(2)-N(3)-C(16)-C(8)
N(2)-N(3)-C(16)-C(17)
C(7)-C(8)—C(16)-N(3)
C(9)-C(8)-C(16)-N(3)
C(7)-C(8)-C(16)-C(17)
C(9)-C(8)-C(16)—-C(17)

~1.3(4)
178.6(2)
-0.9(2)
178.80(16)
-0.1(2)
~176.98(19)
~179.71(19)
3.4(4)

Symmetry transformations used to generate equivatems:
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Abstract — The base induced cyclisations of azoacetateazétidinones

were investigated. In addition to the isolationtbé desired products, it was
found that 2-iminopyrrolidine-5-one derivatives agll as N-acyl hydrazides
could be isolated when metal cyanides were empl@agthase. These entities
were further modified to form pyrrolidine-2,5-dieand diazetidinones
respectively.

INTRODUCTION

The search for new-lactam species as antibacterial agents has bedecime in recent times due to
problems encountered with the rapid developmen¢gibtant strains of bacteria. However due toahe |
levels of toxicity inherent to these compounds ¢hkas been a simultaneous surge in interest in any
newly generated species in ancillary roles. Monbicyc-lactams with non-classical features, bearing
simple aryl and alkyl moieties have been of paldicinterest recently in a variety of roles rangfngm
anti-cancer agenfs,and HIV-1 protease inhibitofsto anti-fungal agents.The synthesis of some
azetidinones and diazetidinones through the raacfithe appropriate azoacetates with various baaes
been previously reported by this groupierein we report in full the experimental detaifs these
procedures and the related spectral data. In addii these published intramolecular ring clositréss
been discovered that products of intermoleculacti@as between the azoacetate and the cyanideaion c
be isolated in reasonable yields in some casesgdieration of the 2-iminopyrrolidine-5-one derivas

is presumably due to a nucleophilic displacementhefacetate group by the cyanide ion to form the

nitrile entity followed by spontaneous cyclisatidRelatively few examples of synthetic routes tosthe



molecules can be found in the mainstream literatur®wever it will be shown here that these
compounds provide a valuable route to the syntalstiand medicinally versatile pyrrolidine-2,5-desn
(succinimide) moleculesThe azoacetate derived from -dimethyl ethylacetoacetate was found to form
an N-acyl hydrazide rearrangement product thatcdcbel isolated and subsequently, after hydrolysis of
the ester moiety, cyclised to form a diazetidindeeivative. It was found that azo functionality thre
azetidinones reported here could be easily oxidiaegive the corresponding azoxy species. The sobpe
this reaction to furnish further compounds is cutlse under investigation. Also discussed is the

unexpected cyclisation of the -unsubstituted azoacetate derivatives to form @jeazng derivatives.

RESULTS AND DISCUSSION

The azoacetates in question were synthesized eraesteps from simple inexpensive starting mdteria
using facile procedures. Where possible commeycalhilable acetoacetanilides were used as starting
materials, the remainder were generated by simgdyihg the appropriately substituted anil{@a-e) (1
molar equivalents) with ethyl acetoacetat® (5 molar equivalents) to 16 until the evolution of
ethanol had ceased, after removing the bulk ofeh®ining ethyl acetoacetate by vacuum distillatian
desired acetoacetanilides could be easily cryseallby scratching the reaction vessel.

Table 1. Synthesis of acetoacetanilides from ethyl acetatee
0

0o Ry Ry
% 4 ”
HoN Rs

160°C 0~ 'NH

(0] OEt
1 2 Ry
R;
Ra
3
Entry Substrate Ry R, R; Product Yield (%)
1 2a H H Br 3a 90
2 2b H H OMe 3b 88
3 2c Me Me H 3c 91
4 2d H H Me 3d 85
5 2e H H CO,Et 3e 77

These were further purified by recrystallizatioanfr EtOAc/hexane before being used in the next stage
Dimethylation of the acetoacetanilide3afj) was achieved by refluxing overnight with an exces$
methyl iodide (6 molar equivalents) and potassiwarbonate (3 molar equivalents). In the case of the
methyl, benzyl substituted exampléhe substrate acetoacetanilide was initially mietiegl using methyl
iodide in a 1:1:1.5 ratio of substrate : base :hylebdide. This resulted in the production of theno-
methylated speciggas the major product but also resulted in theyrtion of some of the di-methylated



product5j. It was found that the desired mono-methylatedpmumd could be isolated in pure form after
several recrystallizations from ethanol. The subsatbenzylation was carried out under similar tieac

conditions using an excess of benzyl chloride ladating agent.

Table 2. Alkylation of ester and anilides

e} Me

o]
;< R'— X / K,CO; Ry ' <
Y Y R R
o g 1 2

Substrate Y X R’ Product?

1 OEt | Me 4

3 NH-Ar | Me 5

3 NH-Ar | Me 6

6 NH-Ar Cl Bn 7
Entry Substrate Y = OEt or NH-Ar Product® Yield (%)

R, R, Rs

1 1 - - - 4 80
2 3a H H Br 5a 79
3 3b H H OMe 5b 78
4 3c Me Me H 5c 80
5 3d H H Me 5d 83
6 3e H H COOEt 5e 70
7° 3f H H H 5f 80
g° 3g Me H Me 59 67
o° 3h Me H H 5h 75
10 3i OMe H H 5i 74
11° 3] H H cl 5j 69
12 3] H H Cl 6 74
13 6 H H cl 7 90

%In all entries R= CHs except in entry 12 (Produ6) where, R = H, and entry 13 (Produ@) where, R

= Bn, "Starting materials were commercially available age¢tanilides.

4-Nitrophenylhydrazone derivatives were preparethefstarting materials ethyl acetoacetadeafd the
acetoacetanilide3f) along with , -disubstituted ethyl acetoaceta#® énd all of the , -disubstituted
acetoacetanilide$g-j and7, Table 3) by stirring the substrates in a slightessc(1.1 molar equivalents)
of 4-nitrophenylhydrazine in MeOH under mild acidionditions (~5% acetic acifi)This procedure
routinely furnished the desired hydrazones in nealle yields (50-72%).



Table 3. Synthesis of 4-nitrophenylhydrazone derivatives

NO,
_ H

R5 O H2N N N02 R5 N B N

R4 > R4 Y/ H
Y }Y
o o)

Substrate Y R Rs Product Yield(%)
1 OEt H H 8 55
3f? NH-Ar H H of 59
4 OEt Me Me 10 65
5a-j° NH-Ar Me Me 1la- 50-72
7° NH-Ar Me Bn 12 39

& With reference to aromatic groups Ar, substititiab R, R, and R are as shown in Table 2

The synthesis of the azoacetates of these hydrazeas found to be equally facile (Table 4), oncairag
it was found that merely stirring the substraterbgdnes overnight in a mildly acidic @El, solution
(10% acetic acid) containing a slight excess (1olamequivalents) of Pb(OAgvas sufficient to effect
the desired transformatidnAfter a standard work-up, flash chromatography wasd to separate the

azoacetates from any persistent lead salt residues
Table 4. Synthesis of azoacetate derivatives

NO, NO,
Rs  N-N Rs OAc
Pb(OAc =
R, , H (OAck R, N=N
Y Y
(0] O

Substrate Y R Rs Product Yield(%)
8 OEtl H H 13 65
of? NH-Ar H H 14f 68
10 OEt Me Me 15 77
11&j° NH-Ar Me Me 16¢ej 70-89
12 NH-Ar Me Bn 17 56

@ With reference to aromatic groups Ar, substitugian R, R, and R are as shown in Table 2

The reactions of the azoacetates with various basehkiced the most interesting results (Schemé 1).
was found that the azoacetates derived frgmdimethylated acetoacetanilide ormethyl- -benzyl
acetoacetanilide could be cyclised to azetidindd@$, 18j and 19) upon treatment with ¥CO; under
reflux in acetone. It was also found that the ®ation could be carried out in other conditions;



azetidinoneg18a-j) were also isolated when the reaction was carrigdroo-propanol using KCN as
base. When the reactions of previously reported@ateg16f and 16j) were more closely examined it
was found that in addition to the reported reareamgnt product20f and 20j, an additional cyclised
compound could be isolated in both cases. Thetisalaf these 2-iminopyrrolidine-5-one produc®d {
and21l)) is a relatively rare example of the incorporatdiryanide moiety into a heterocyclic system in a
one step process. It would seem that both the lzasicnucleophilic properties of the cyanide species
have an effect on the formation of reaction proslictthis case. The formation of these productdleas
confirmed by spectral analysis (NMR, IR, MS) and tile case of azetidinonel§j) and 2-
iminopyrrolidine-5-one derivative2(Lf) by X-ray crystal structure determination (Figuresahd b.)

NO, NO,

Rs OAC Q Rs _
N=N N=N
R4 3 K,COs/acetone R4
——
N_ reflux, 24 h. N_

o] Ar O Ar
substrate product
16a-j 18f and |
17 KCN/PrOH =

reflux 30 min.

(@)
18 a'J + N_ N +
NH o N o
Ar Ar

o

20f and j 21f and |

Scheme 1
The formation of these three products are cleaslya aesult of different reaction mechanisms, they d
however all conform to previously postulated reactipathways. Instances of the base induced
abstraction of the relatively acidic amido-hydrogésilowed by cyclisation through loss of a leaving
group (Scheme 2a) can be commonly found in theatitee related to-lactam formatiort® However the
acetate moiety acting as leaving group in this reammder such mild conditions has, to our knowledge
not been previously reported. Of note amongst #etidinone products isolated was compouse it
was found that the transesterification product loé tazetidinone was isolated. The action of the
base/propanol media in this case resulted in tb&tien of the 4-propyl ester derivative as sole
azetidinone product in this case. Also two diastereric forms of azetidinone derivativé9) were
isolated and could be differentiated on the bakuiftering chemical shift values for key NMR spedt
values (e.g. benzyl GHshift).



NO,

o NO,
Q@ =
) N=N N=N
e —_—
NH /\- _ N_
o Ar C=N O Ar
16 18
Scheme 2aProposed mechanism of formation of azetidinb®e
NO, NO,
NO,
A
o _ NN N=N
N—N _— _—
~C=N =N_
',\':k/_cz N NH N_ H
Ar = o ‘Ar o Ar
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Scheme 2bProposed mechanism of formation2df

_ CaH,—OH
O—CgH; =— )

N=C

Scheme 2cProposed mechanism of formation26f



Figure 1b: X-Ray crystal structure of 2-iminopyrrolidine-5-@derivative2 1f

The -azo- -nitrile functionality is a known species and ishHzeen demonstrated that in certain cases, the
nitrile group can be introduced at a positioto an azo-group by reaction of a hydrazone witlaine
cyanides:! The intermolecular nucleophilic displacement deaving group by the cyanide species to
form a nitrile followed by cyclisation, as in thase of the formation 2-iminopyrrolidine-5-on@4{and

21j) has also previously been studied by Nislal'?

The isolation 2-iminopyrrolidine-5-ones directly
upon treatment of carbamoylated chloroenamines wmigial cyanides in alcohol have similarly been
observed by Vilsmaieet al*® In that case, the cyclisation took place spontasigaunder the action of
the basic reaction media with a similar mechanisiwpgsed; some parallels can be drawn to the
observations made here, in so far as the isolatighe nitrile intermediate was not achiev8thce the
formation of the cyclised product through incorpmna of the cyanide ion is evident, it is reasoeatal
assume that the intermedi&2in Scheme 2bplays a role.

It is proposed that the rearrangement of azoasefe@éand16j) to N-acyl hydrazides20f and20j) takes
place via an alcoholysis mechanism involving thenfation of an azocarbinol species (a.k-duydroxy

phenylazo compounds) such as intermedi8ten Scheme 2clt seems most likely that it is this species



that undergoes the rearrangement. The transformaficazoacetates to azocarbinols in this way has
previously been shown to be possilfRarton et al utilized 2-t-butyl-1,1,3,3-tetramethylanidine base
(Barton’s base) to effect this type of transforratin ethanol, however efforts to isolate internaéei23
in a similar manner failed. The azocarbinol spetiegeneral is notoriously unstable, and it woldera
that the formation of the rearrangement produtitesfavored process in this case.

In order to further investigate the versatilitytbé compounds synthesized, some supplementaryaesct
were carried out on the products mentioned thusifiar it was found that a further array of interesti
compounds could be created. In the case of theyNfaarazide derivative 24) isolated from the
reaction of azoacetatdq) with potassium cyanide it was found that the esterety could be easily
hydrolyzed to the carboxylic acb and this could then be cyclised to give a diazstice productZ6,
Scheme B The structure of the rearrangement pro@dotvas confirmed by X-Ray crystallography.

NO,
NO,
0
OAc |
N=N
KCN, n-PrOH N=N

OEt reflux 30 min OEt
3 o

15 24

NO,

(e
NaOH, HO | ] /©/ DCC, MeCN NJ\
|
N
25 26

NO,

Scheme 3

Figure 2: X-Ray crystal structure of rearrangement pro@4ct



Among the many published synthetic routes to theatde succinimide compounds perhaps the simplest
is the acid catalyzed hydrolysis of 2-iminopyrratiel5-ones® The appearances of several versions of
the procedure in the literature show it to be ausbbhigh-yielding technique that can be used when a
variety of functional groups are present adjacerthé imino functionality. In the example presentede
(Scheme 4) a smooth transition with high yield veshieved. 2-iminopyrrolidine-5-one21f) was
converted to the corresponding succinimi@¥f(. The substratel1lf was introduced to a refluxing
solution of aqueous acetic acid and allowed toureflor a further 24 h after which the desired

succinimide was easily extracted into organic Stiy€H,Cl,) and purified by flash chromatography.

N02 ,NOZ

N=N N=N

aqueous acetic acid o

=N, reflux 24 h
N H N
ne, e
21f 27f
Scheme 4

It was found that the azoxy derivati28h of azetidinone X8h) could be generated through reaction with
hydrogen peroxide in the presence of acetic adithogh all spectral data supports the formatiothef
azoxy functionality at a position adjacent to theemyl group, since an X-Ray crystal structure @& th
product was not obtained in this case this charaeteon is somewhat tentatively assigned. The
formation of the azoxy functionality is in littleodbt; however guidelines to the assignment of the
position of the azoxy oxygen found in the literatuvere at times contradictory and at best spevalati
Some consensus seems to have been reached osubeofsthe increase in the deshielding effect on
groups adjacent to the newly formed azoxy groupcbsnparison to the parent azo compound. The
creation of the azoxy group presented here wasthdecompanied by a large downfield shift by the
aromatic proton signals adjacent to the propogedsithe azoxy oxygen.

Y
\ N= NO NG ocetic acid, bO, N= N@ NG,
o)

reflux 24 h N

Scheme 5
The production of the 2-iminopyrrolidine-5-one dettive @1f) raised the question of what might happen
under similar conditions with an -unsubstitued azoacetate. The investigations sfghestion led to an
unexpected cyclisation. It was found that when éh&sbstrate43 and 14f were subjected to identical



conditions to those used previously with the-dimethylated azoacetate derivatives, that oncénaaa
cyano unit was incorporated into the cyclic prodttiwever, in this case the absence of alkyl graips
positions to the carbonyl allows for the formation of therggole derivativeg29 and 30f) as the
intermolecular reaction products.

NO,
NO,

H OAc _ /©/ HN— N

H N=N KCN, n—PrQH . \ /
reflux 30 min
Y Y

o o

Substrate Product

13 Y=OEt 29

14f Y=NH-Ar 30f

Scheme 6
Confirmation of the structure has been establidhe-Ray crystal structure analysis in the case of
compound30f. Although the isolation of these compounds hasnbgeviously reported, different
methodologies were employed in the synthesis. Eurthre, the crystal structure of this species lvas n
been published to date.

Figure 3. X-Ray crystal structure of pyrazole derivatR@f

Scheme 7depicts a proposed mechanism for the formatiorpyfizole derivative 29) from the
corresponding azoacetate derivatid@)( In light of the basic reaction conditions, thenfiation of the
pyrazole is presumably due to initial eliminatiohaounit of acetic acid aided by stabilization bét
product provided by the neighboring phenylazo grauycleophilic addition at this newly formed double
bond provides a cyano substituted hydrazone subdtwa cyclisation to the pyrazole ring, as hasnbee



previously proposed by Shawali et'aln that case the proposed formation of the hydrazpecies was

as a result of the condensation of a hydrazidicéalnd ethyl cyanoacetate.

02N 02N oM
2

N
7
H N N\ Hd* ~N~H
— r | ( )
H 72 Cd / N
o) OEt H
13 ®) EtO
_ (@]
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O,
N N
H_N \N H2N N
o/ - . \
H
OEt OEt
(@)

O
29

Scheme 7
In conclusion the results presented here, demaegtra synthetic versatility of these azoacetatziveld
from simple, inexpensive starting material. The regles shown here of both endo- and exocyclic
incorporation of the azo functionality into heteyolic systems demonstrate the value of a previously
unexplored resource in the synthetic sphere. Agarigroducts from established medicinally impartan
families of compounds have been synthesized thresugple modifications using facile proceduressit i
deemed noteworthy to point out that the synthesgraducts based solely on 4-nitrophenyl hydrazone
derivatives was due to their inherent stabilitythe acidic conditions required for condensatiorm&o
arylhnydrazone derivatives of-keto esters are prone to spontaneous cyclisaiMingg pyrazoles and
pyrazolones® Our research has not been based exclusively dmydrgzones of this type, however these
compounds were chosen for presentation at this toee to the reliability and reproducibility of the

results obtained.



EXPERIMENTAL

Ethyl acetoacetate, iodomethane, benzyl chloridesamstituted acetoacetanilides were purchased from
the Sigma Aldrich chemical company and were usee@aved. All solvents were dried or distilledquri

to use. Melting points were determined using a ff@rimelting point apparatus and are uncorrected.
Infrared spectra were recorded on a Perkin-EIm80ET-IR spectrometer. NMR spectra were recorded
using a Bruker AC 400 NMR spectrometer operatindGft MHz for'H NMR and at 100 MHz fot*C
NMR. The'H and®3*C NMR chemical shifts (ppm) are relative to TMS afidcoupling constantsJy are

in Hertz (Hz).

X-Ray crystallographic data

"CCDC 272234(18j), CCDC 68690521f), CCDC 68690124), and CCDC 68690630f), contains the
supplementary crystallographic data for this paper. These data can benettéiee of charge via
www.ccdc.cam.ac.uk/data_request/cif, or by emailing data_request@aedaccuk, or by contacting
The Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2UKcZax: +44
1223 336033."

Preparation of acetoacetanilides (3a-e)

These compounds were prepared according to a ¢ggmecadure a representative example is given.
Synthesis of 4-bromoacetoacetanilif@a)

Ethyl acetoacetate (65.1 g, 0.5 mol) was heatd@®SC in a round bottomed flask with reflux condenser
fitted. To this was added 4-bromoaniline (17.0 d, thol). When the evolution of EtOH began the
reaction was allowed to reflux for 2-3 h until theaction was complete (TLC) before the EtOH was
distilled off. The bulk of the remaining ethyl asatetate was removed by vacuum distillation &t®0
50mbar. The resulting oily residue was scratcheth v glass rod to promote precipitation. The
precipitate was filtered and washed with hexaneredbeing recrystallised from an EtOAc:hexane 30:70
mixture. Yield (22.8 g, 90.1 %); mp 132-135 48 NMR (400MHz, DMSO-¢): 5=, 2.21 (3H, s, CH},
3.56 (2H, s, Ch), 7.48 (2H, ArH,J = 8.8), 7.55 (2H, d, ArHJ = 8.8) 10.21 (1H, s, NH)**C NMR
(100MHz, DMSO-d) 30.2, 52.3, 114.9, 120.9, 131.5, 138.2, 165.2,20R (KBr) 3292, 1718, 1661,
1607, 1554, 1491, 1396, 1162, 1075, 832, 50%.cm

Preparation of , -dimethylethylacetoacetate (4) and, -dimethylacetoacetanilides (5a-j)

These compounds were prepared according to a ggmecadure a representative example is given.
Synthesis of , -dimethyl-4-bromoacetoacetanilid®a)

(6.62 g, 25.9 mmol) of 4-bromoacetoacetanilide wiasolved in 150 ml of acetone, to this was added

KoCOs (7.8 g, 56.4 mmol) and the reaction was set ttuxefOnce the reaction had reached reflux



temperature iodomethane (22.45 g, 158.2 mmol) vemedh and the reaction was allowed to reflux
overnight. The solvent was reduced to 1/5 of thgimal volume by rotary evaporation and the entire
contents of the reaction vessel were poured inbeaker containing 200 ml of ice-water. The product
formed an oil and was extracted with £&Hb (5 x 50 ml). The organic extracts were combinedddover
magnesium sulfate and evaporated to an oil unducesl pressure. A small portion of the oil was
removed and precipitation was induced by scratghimg was then returned to the bulk in order tedse
the crystallization of the remaining oil. The soli@s filtered and washed with hexane, this wahéurt
recrystallized from an EtOAc:hexane 70:30 mixturéeld (5.84 g, 79.4 %); mp 85-87 ° NMR
(400MHz, DMSO-@): 5=, 1.37 (6H, s, 2 X C}), 2.15 (3H, s, Ch), 7.48 (2H, ArHJ = 9.2), 7.61 (2H, d,
ArH, J = 8.8), 9.57 (1H, s, NH)1,3C NMR (100MHz, DMSO-¢) 21.8, 25.7, 56.5, 115.3, 122.2, 131.3,
138.2, 171.8, 207.2; IR (KBr) 3361, 1684, 1531,0,4894, 1310, 1239, 1240, 1117, 1071, 818.cm

Preparation  of -methyl-4-chloroacetoacetanilide ~ (6) and  -methyl- -benzyl- 4-
chloroacetoacetanilide (7)

Synthesis of -methyl-4-chloroacetoacetanilidés)

(10.8 g, 51.2 mmol) of 4-chloroacetoacetanilf@lg was dissolved in acetone (75 ml) andiCks (7.2 g,
52.0 mmol) was added and the reaction broughtfloxtdodomethane (10.66 g, 75.1 mmol) was added
dropwise with stirring to the reaction vessel oydr and the reaction was allowed to reflux for rahfer 2

h. The reaction mixture was cooled and poured itgewater (150 ml) and allowed to stir for 30 mén,
white precipitate(6) was collected and recrystallized several times femueous EtOH to remove any
dimethylated produdi5ij). Yield: (8.59 g, 74.4%); mp 125-129 °& NMR (400MHz, DMSO-g): 5 =,
1.23 (3H, d, CH J = 6.8), 2.17 (3H, s, C¥), 3.65 (1H, g, CHJ = 6.8), 7.37 (2H, d, ArHJ = 8.8), 7.50
(2H, d, ArH,J = 8.8), 10.34 (1H, s, NHﬁC NMR (100MHz, DMSO-¢) 13.0, 28.2, 54.5, 120.8, 127.1,
128.6, 137.8, 168.9, 204.3. IR (KBr) 3241, 1725461604, 1543, 1494, 1403, 1081, 826'cm

Synthesis of -methyl- -benzyl-4-chloroacetoacetanilid@)

(6.8 g, 30.2 mmol) of -methyl-4-chloroacetoacetanilidé) was dissolved in acetone 50 ml and (7.2 g,
52.0 mmol) of KCO; was added and the reaction brought to reflux. flectdoride (6.58 g, 52.0 mmol)
was added dropwise with stirring to the reactioased over 1 h and the reaction was allowed to xeflu
overnight. The reaction mixture was cooled and dunto ice-water (150 ml) and allowed to stir 8@r
min, a white precipitaté7) was collected and recrystallized from an EtOAcamex70:30 mixture. Yield:
(8.53 g, 89.5%); mp 124-127 °&4 NMR (400MHz, DMSO-g): 5 =, 1.27 (3H, s, CH, 2.20 (3H, s,
CHa), 3.07 (1H, d, Ch J = 13.6), 3.36 (1H, d, CKJ = 13.6), 7.11-7.23 (5H, m, ArH), 7.77 (2H, d,
ArH, J = 8.8), 7.43 (2H, d, ArHJ = 8.8), 9.68 (1H, s, NH)*C NMR (100MHz, DMSO-¢) 18.7, 26.3,



39.7, 61.3, 122.3, 126.5, 127.6, 128.0, 128.1,11.3086.7, 137.5, 170.2, 206.3; IR (KBr) 3328, 1720,
1654, 1604, 1543, 1494, 1403, 1081, 826'cm

Preparation of hydrazone derivatives (8, 9andf, 10, 11a-j, 12)

These compounds were prepared according to a ggmecadure a representative example is given.
Synthesis of 4-nitrophenyl hydrazone derivative of -dimethyl-4-bromoacetoacetanilidg 1a)

(4.0 g, 14.0 mmol) of 2,2-dimethyl-4-bromoacetoandide 6a) was dissolved in MeOH 75 ml, (2.6 g,
16.8 mmol) of 4-nitrophenylhydrazine was dissolvedvarm acetic acid (3.25 ml) and added to the
stirring reaction vessel. After 1-2 min a yellovegpipitate began to fall from solution, the reactoas
allowed to stir overnight and the precipitate otibel and dried. Yield (4.01 g, 68 %); mp 197-200'M
NMR (400MHz, DMSO-@): 5= 1.48 (6H, s, 2 x CH), 1.96 (3H, s, Ch), 7.27 (2H, d, ArH,J = 8.8),
7.50 (2H, d, ArH,J = 9.2), 7.65 (2H, d, ArH) = 8.8), 8.12 (2H, d, ArHJ = 8.8), 9.43 (1H, s, NH), 9.97
(AH, s, NH);13C NMR (100MHz, DMSO-¢) 13.7, 23.5, 51.3, 111.6, 115.1, 122.5, 125.8,2,3138.1,
138.5, 151.8, 151.9, 173.5; IR (KBr) 3322, 1671964,51492, 1324, 1260, 1113, 1089, 841, 82f.cm

Preparation of azoacetate derivatives (13, 14andf, 15, 16a-j, 17)

These compounds were prepared according to a ggmecadure a representative example is given.
Synthesis of azoacetate derivative of -dimethyl-4-bromoacetoacetanilidg.6a)

(3.0 g, 7.15 mmol) of the hydrazone substrati was dissolved in C¥Cl, (100 ml). To this was added
(3.8 g, 8.6 mmol) of lead tetraacetate with stgri® ml of glacial acetic acid was added to aid the
dissolution of the lead tetraacetate and the swlutias allowed to stir overnight. When the reacti@s
judged complete (TLC) the solvent volume was redume 75% and the remaining @El, solution was
washed alternately with 5 x 50 ml portions of watad 5 % aqueous sodium bicarbonate solution. The
organic portion was dried over magnesium sulfaté ewaporated to dryness and any persistent lead
residues were removed by flash chromatography w2 : 75 EtOAc : hexane mixture as eluent. Yield
(2.80 g, 82%); mp 202-205 °&4 NMR (400MHz, DMSO-g): 5=, 1.28 (3H, s, ChJ, 1.40 (3H, s, CH),

1.86 (3H, s, Ch), 2.18 (3H, s, Ch), 7.48 (2H, d, ArH,J = 8.8), 7.57 (2H, d, ArHJ = 9.2), 7.75 (2H, d,
ArH, J = 8.8), 8.37 (2H, d, ArHJ = 8.8). 9.19 (1H, s, NH)*C NMR (100MHz, DMSO-g) 17.2, 20.5,
20.6, 21.5, 51.0, 103.6, 115.5, 123.0, 123.2, 12B630.2, 138.0, 148.5, 153.9, 168.8, 171.1; IR (KBr
3324, 1731, 1687, 1605, 1539, 1344, 1240, 1175¢668

Preparation of azetidinones derivatives (18and19) procedure 1

Synthesis of azetidinone derivatiy&8f) using procedure 1

Anhydrous potassium carbonate (0.5 g, 3.6 mmol) adaied to azoacetai®f (1.2 g, 3 mmol) in 50 ml
of refluxing acetone. The solution was allowed eéflux for 22 h after which time (TLC) showed the



reaction to be complete. The insoluble material fittesed from the solution and the filtrate evagied
to dryness. The azetidinone prod{t8f) was isolated after silica gel column chromatograpbing
CHCI; as eluent. Yield (0.223 g, 22 %); mp 87-89 4;NMR (400MHz, CDC)): 5 = 1.08 (3H, s,
CHs), 1.50 (3H, s, Ch), 1.92 (3H, s, Ch), 7.15-7.11 (1H, m, ArH), 7.35-7.03 (2H, m, ArH)43 (2H, d,
ArH, J = 8.8), 7.88 (2H, d, ArHJ = 8.8), 8.37 (2H, d, ArHJ = 9.2);*C NMR (100MHz, CDGJ) 17.3,
19.1, 19.2, 60.5, 90.2, 118.3, 123.4, 124.4, 129,11, 137.2, 149.2, 154.1, 170.5; IR (KBr) 175899,
1527, 1495, 1368, 1346, 862, 756, 690'cm

Synthesis of azetidinone derivatiy&9) using procedure 1

(19a) Yield (8.3%); mp 139-141 °CH NMR (400MHz, CDC)): 5 = 0.85 (3H, s, Ch), 1.94 (3H, s,
CHg), 3.01 (1H, d, CH) = 14.4), 3.32 (1H, d, CH,=14.4), 7.27-7.07 (9H, m, ArH,), 7.78 (2H, d, ArH,
J =8.8), 8.29 (2H, d, ArHJ = 8.8);13C NMR (100MHz, CD{) 16.8, 17.8, 30.6, 64.6, 91.1, 120.0,
125.3, 124.9, 127.2, 128.5, 128.5, 129.1, 129.9113636.6, 149.7, 154.2 170.0; IR (KBr) 1745, 1527,
1494, 1383, 1342, 1091, 827, 692 trAnal. Calcd. for GH»CIN,Os: C, 64.21; H, 4.72; N, 12.48.
Found: C; 64.01, H; 4.84, N; 12.18.

(19b) Yield (11.6%); mp 137-139 °CH NMR (400MHz, CDC}): 5 = 1.43 (3H, s, Ch), 1.99 (3H, s,
CHs), 2.67 (1H, d, CHJ = 14.4), 2.90 (1H, d, CH, = 14.8), 7.27-7.10 (9H, m, ArH,), 7.87 (2H, d, ArH,
J = 8.8), 8.36 (2H, d, ArH)J = 9.2); *C NMR (100MHz, CDCJ) 15.1, 15.9, 36.3, 62.7, 89.2, 118.0,
122.0, 123.3, 125.2, 126.7, 127.5, 127.9, 128.4,23.34.7,147.8, 152.3, 168.0; IR (KBr) 1757, 1528
1494, 1367, 1345,1180, 1092, 820, 745'cm

Preparation of azetidinones derivatives (18a-j) proedure 2

Synthesis of azetidinone derivatiy&8a) using procedure 2

(19, 2.1 mmol) of the azoacetate deriva(ji¥6a)was dissolved in hot propanol (40 ml) to which 8dl
2.3 mmol) of potassium cyanide was added. Theisolutas allowed to reflux for 30 min, after which
TLC showed development of product spots and tot@semption of the starting material, this was
evaporated to dryness. Water (100 ml) was adddtheaeaction vessel and this was extracted with
EtOAc (2 x 25 ml) followed by CECl, (2 x 25 ml). The combined extracts were dried ouwagnesium
sulfate and upon evaporation to dryness an orafg&as collected. The product was isolated after
column chromatography. Yield (0.14 g, 16 %); m{3-158 °C:*H NMR (400MHz, CDC}): 5 = 1.19
(3H, s, CH), 1.42 (3H, s, CH), 1.62 (3H, s, Ch), 7.18 (2H, d, ArH,) =8.8), 7.55 (2H, d, ArHJ =8.8),
7.76 (2H, d, ArH,J = 9.2), 8.28 (2H, d, ArHJ = 8.8);**C NMR (100MHz, CDGJ) 13.3, 17.8, 24.4, 49.3,
83.0, 122.5, 123.4, 124.9, 127.7, 130.8, 132.4,8/5874.0, 180.1; IR (KBr) 1755, 1520, 1489, 1362,
1347, 827, 753 cth Anal. Calcd. for GH;7/BrN,Os: C, 51.81; H, 4.11; N, 13.43, Found: C; 52.10, H;
4.28, N; 13.21.



Synthesis of azetidinone derivatiy&8b) using procedure 2

Yield (0.15 g, 20 %); mp 95-98 °&4 NMR (400MHz, CDC}): 5 = 0.98 (3H, s, Ch), 1.40 (3H, s,
CHs), 1.77 (3H, s, Ch), 3.71 (3H, s, OCH), 6.77 (2H, d, ArHJ =9.2), 7.28 (2H, d, ArH,J =9.2), 7.79
(2H, d, ArH,J = 9.2), 8.28 (2H, d, ArHJ = 8.8);*°C NMR (100MHz, CDCJ) 17.2, 19.1, 19.2, 55.5,
60.4, 90.3, 114.3, 120.3 123.3, 124.8, 130.2, 14862.1, 156.5, 170.2; IR (KBr) 1759, 1513, 1392,
1346, 1247, 1184, 1164, 1031, 860, 828, 751, 688 cm

Synthesis of azetidinone derivatiy&8c) using procedure 2

Yield (0.21 g, 25 %); mp 112-116 °84 NMR (400MHz, CDC}): 5 = 1.08 (3H, s, Ch), 1.45 (3H, s,
CHs), 1.62 (3H, s, Ch), 2.24 (3H, s, Ch), 2.25 (3H, s, CH), 7.06-6.96 (3H, m, ArH), 7.76 (2H, d, ArH,
J=9.2), 8.29 (2H, d, ArHJ = 9.2);*C NMR (100MHz, CDGJ) 15.2, 17.4, 19.3, 19.9, 20.7, 59.6, 91.8,
123.2, 124.3, 124.9, 125.8, 129.8, 132.9, 135.8,513149.1, 154.2, 171.6; IR (KBr) 1757, 1526, 1471
1366, 1345, 1134, 1093, 869,792, 752, 688"'.cAnal. Calcd. for GH».N4Os: C, 65.56; H, 6.05; N,
15.29, Found: C; 65.61, H; 6.02, N; 15.20.

Synthesis of azetidinone derivatiy&8d) using procedure 2

Yield (0.13 g, 15%); mp 103-107 °H NMR (400MHz, CDC}): 5 = 1.07 (3H, s, Ck), 1.49 (3H, s,
CHg), 1.89 (3H, s, Ch), 2.33 (3H, s, Ch), 7.13 (2H, d, ArHJ =8.0), 7.32 (2H, d, ArH) =8.4), 7.88
(2H, d, ArH,J = 9.2), 8.37 (2H, d, ArHJ = 8.8);*C NMR (100MHz, CDGJ) 17.3, 19.1, 19.2, 21.0,
60.4, 90.1, 118.3, 123.4, 124.9, 129.6, 134.1,6.3#49.2, 154.1, 170.3; IR (KBr) 1751, 1523, 1513,
1347, 1164, 1131, 861, 817, 752, 688'crnal. Calcd. for GH,oN4Os: C, 64.76; H, 5.72; N, 15.90,
Found: C; 64.81, H; 5.73, N; 15.85.

Synthesis of azetidinone derivatiy&8e)using procedure 2

In the case of azetidinone derivatiy&8e) it was the propanol transesterification product that was
isolated

Yield (0.10 g, 11 %); mp 97-100 °&4 NMR (400MHz, CDC}): 5 = 0.94 (2H, tJ =7.6), 1.00 (3H, s,
CHs), 1.29 (2H,m), 1.31 (3H, s, GH 1.72-1.67 (1H, m), 1.88 (3H, s, ©H4.18 (1H, tJ =6.4), 4.27
(1H, q,J =5.2), 7.38 (2H, d, ArHJ =8.8), 7.78 (2H, d, ArHJ =8.8), 7.91 (2H, d, ArHJ = 9.2), 8.27
(2H, d, ArH,J = 8.8);*3C NMR (100MHz, CDGJ) 9.5, 13.3, 16.5, 17.9, 18.1, 59.8, 65.5, 89.5.3,1
122.4, 123.9, 124.9, 129.7, 140.0, 148.3, 152.9,016169.6; IR (KBr) 1749, 1709, 1509, 1352, 1270,
849, 769 cril.



Synthesis of azetidinone derivatiy&8f) using procedure 2

Azetidinone derivative(18f) was prepared using procedure 2 as outlined abtwe; additional
compounds were isolated during the chromatogreggparatior{20f and21f).

(18f) Yield (0.10 g, 12 %). Spectra identical to thosgarted usingrocedure 1

(20f) Yield (0.14 g, 16 %); mp 195-197 %6 NMR (400MHz, DMSO-g): 5 = 1.49 (3H, s, Ch), 1.53
(3H, s, CH), 1.92 (3H, s, CH), 6.96 (1H, s br, ArH),7.07 (1H, t, ArH,= 7.2), 7.33-7.26 (3H, m, ArH),
7.61 (2H, d, ArHJ = 7.6), 8.15 (2H, s br, ArH), 9.06 (1H, s br, NH)4® (1H, s br, NH)}*C NMR
(100MHz, DMSO-@) 21.7, 22.9, 24.3, 65.6, 110.5 (= 222), 120.8, 123.5, 126.2 (@= 69), 128.3,
138.7, 138.9, 154.2, 171.8, 172.8. IR (KBr) 33388& 1647, 1592, 1522, 1329, 1272, 1108, 750, 695

cm.

(21f) Yield (0.17 g, 18 %); mp 142-145 %6 NMR (400MHz, DMSO-¢): 5= 1.19 (3H, s, Chj, 1.42

(3H, s, CH), 1.61 (3H, s, Ch), 7.34-7.28 (2H, m, ArH), 7.41-7.39 (1H, m, Arf)52-7.47 (2H, m, ArH,
), 7.76 (2H, d, ArH,J = 8.8), 8.26 (2H, d, ArHJ = 9.2); 9.00 (1H, s NH)**C NMR (100MHz, DMSO-
de) 13.3, 17.9, 24.4, 49.3, 83.1, 123.4, 124.8, 12628.7, 129.2, 131.9, 149.3, 153.9, 174.3, 18R5;
(KBr) 1661, 1528, 1377, 1346, 1161, 1107, 862'cm

Synthesis of azetidinone derivatiy&8g) using procedure 2

Yield (0.21 g, 25%); orange offtH NMR (400MHz, CDCJ): 5 = 1.06 (3H, s, Ch), 1.44 (3H, s, Ch),
1.63 (3H, s, Ch), 2.23 (3H, s, Ch), 2.32 (3H, s, Ch), 6.88 (1H, d, ArHJ =8.0), 7.02 (2H, d, ArH)
=8.0), 7.75 (2H, d, ArHJ = 9.2), 8.28 (2H, d, ArH) = 8.8);*C NMR (100MHz, CDGJ) 17.5, 18.9,
19.3, 19.8, 21.1, 59.5, 91.7, 123.1, 124.9, 12823,1, 130.5, 131.9, 136.2, 138.1, 149.1, 154.2,517
IR (liquid film) 1762, 1527, 1504 1370, 1347, 11882, 753, 739 cth

Synthesis of azetidinone derivatiy&8h) using procedure 2

Yield (0.18 g, 22%); mp 108-110 °¢H NMR (400MHz, CDC}): 5 = 1.06 (3H, s, Ch), 1.45 (3H, s,
CHs), 1.65 (3H, s, Ch), 2.37 (3H, s, Ch), 7.22-7.06 (4H, m, ArH,), 7.76 (2H, d, Ard,= 8.8), 8.29
(2H, d, ArH,J = 8.8);**C NMR (100MHz, CDGJ) 17.6, 19.1, 19.3, 19.9, 59.6, 91.8, 128.2, 121282,
126.4, 128.2, 131.3, 133.3, 136.4, 149.1, 154.1,3t1R (KBr) 1761, 1530, 1493, 1346, 1133, 874 76
cmit. Anal. Caled for GoHxoN4Os: C, 64.76; H, 5.72; N, 15.90. Found: C; 64.665t89, N; 15.83.

Synthesis of azetidinone derivatiy&8i) using procedure 2
Yield (0.14 g, 16 %); mp 98-100 °&4 NMR (400MHz, CDC}): 5 = 1.04 (3H, s, Ch), 1.44 (3H, s,
CHs), 1.60 (3H, s, Ch), 3.67 (3H, s, OC}), 6.89-6.85 (2H, m, ArH,), 7.19-7.15 (1H, m, ArH?).60-



7.58 (1H, m, ArH,), 7.79 (2H, d, ArH, = 9.2), 8.29 (2H, d, ArHJ = 8.8);*C NMR (100MHz, CDC)
16.9, 18.9, 19.9, 55.6, 59.8, 91.5, 112.0, 1228, 1, 123.9, 124.9, 127.6, 128.4, 149.0, 153.9,4154
172.4; IR (KBr) 1761, 1524, 1497, 1390, 1345, 1246, 1025, 858, 770, 752.

Synthesis of azetidinone derivatiy8j) using procedure 2

(18j) Yield (0.17 g, 20%); mp 132-134 °&§ NMR (400MHz, CDC4): 5= 0.98 (3H, s, Ch), 1.42 (3H,

s, CH), 1.82 (3H, s, Ch), 7.18 (2H, d, ArHJ =8.8), 7.29 (2H, d, ArHJ =9.2), 7.78 (2H, d, ArH) =
8.8), 8.28 (2H, d, ArHJ = 9.2);**C NMR (100MHz, CDG)) 17.3, 19.0, 19.1, 60.7, 90.3, 119.5, 123.4,
124.9, 129.1, 129.5, 135.8, 149.3, 154.0, 170.3(KRr) 1753, 1534, 1346, 1144, 869, 851, 705'cm
Anal. Calcd for GgH17/CIN4Os: C, 57.99; H, 4.60; N, 15.03. Found: C; 57.994t3, N; 14.81.

(21j) Yield (0.21 g, 23%): mp 201-203 °& NMR (400MHz, DMSO-g): 5 = 1.07 (3H, s, Ch), 1.34
(3H, s, CH), 1.60 (3H, s, Ch), 7.32 (2H, d, ArH,) =8.4), 7.38 (2H, d, ArHJ =8.4), 7.89 (2H, d, ArH)

= 0.2), 8.40 (2H, d, ArHJ = 9.2), 9.08 (1H, s, NH)**C NMR (100MHz, DMSO-¢) 13.8, 17.9, 22.9,
48.5, 81.6, 123.2, 125.1, 128.8, 129.3, 132.3,8/3%48.7, 154.0, 165.3, 179.1. IR (KBr) 3300, 1742,
1661, 1532, 1492, 1344, 1102, 1085, 713.7, 687:2 cm

Synthesis of N-acyl hydrazide derivative as rearragement product (24)

(19, 2.8 mmol) of the azoacetate derivaii{B) was dissolved in hot EtOH (40 ml) to which (0.248d
mmol) of potassium cyanide was added. The solutvas allowed to reflux overnight, before being
evaporated to dryness. Water (100 ml) was adddtheaeaction vessel and this was extracted with
EtOAc : EtQ (15:85). The combined extracts were dried overmaaigim sulfate and upon evaporation
to a reduced volume a pale brown solid precipitalédee precipitate was filtered off and washed with
petroleum ether and dried. Yield (0.31 g, 35 %); h72-174 °CH NMR (400MHz, DMSO-g): 5 =
1.23 (3H, t, CH,J = 6.8), 1.27 (3H, s, CH), 1.36 (3H, s, Ch), 1.88 (3H, s, Ch), 4.16-4.06 (2H, m,
CHy), 6.90 (1H, d, ArH J = 7.6), 7.15 (1H, d, ArH) = 7.6), 8.11 (1H, d, ArH) = 8.0), 8.17 (1H, d,
ArH, J = 7.6), 9.58 (1H, s, NH); anal. Calcd. fors8:9N3Os requires C, 54.36; H, 6.14; N, 13.58; found
C, 54.53; H, 6.29; N, 13.51.

Synthesis of N-acyl hydrazide derivative (25) by dmrboxylation

(0.5 g, 1.6 mmol) of N-acyl hydrazide derivati{®4) was added to a 2.5 molar solution of sodium
hydroxide (3.99 g dissolved in 40 ml of water) #wution was allowed to reflux for 4 h. The pH was
adjusted to 7-8 with conc. HCI to give a yellow @pétate which was extracted into EtOAc (3 x 20 ml)
dried over magnesium sulfate and evaporated toedsyivield (0.41 g, 90 %); mp 215-216 8;NMR
(400MHz, DMSO-¢): 5 = 1.21 (3H, s, Ch), 1.32 (3H, s, Ch), 1.94 (3H, s, Ch), 6.90-6.85 (1H, m,



ArH), 7.15-7.10 (1H, m, ArH), 8.27-8.23 (2H, m,Hr9.50 (1H, s, NH); IR (KBr) 3347, 1710, 1619,
1599 cmt; Anal. Calcd. for GH15NsOs requires C, 51.24; H, 5.38; N, 14.94. Found C, Z1H, 5.50; N,
14.71.

Synthesis of diazetidinone derivative (26)

A 0.05 M solution of N-acyl hydrazide derivatiy25) was made up in MeCN (0.85 g/60 ml). (3.7g, 18
mmol) of dicyclohexylcarbodiimide was added and thaction refluxed overnight under a nitrogen
atmosphere. After removal of the bulk of the exadisgclohexylcarbodiimide and dicyclohexylurea by
filtration, the remaining organic elements were perated to dryness and subjected to flash column
chromatography to separate any persistent dicyeldinea. The desired diazetidinone derivat(izé)
was isolated and further purified by recrystalii@zatfrom pet. ether : EtOAc 20 : 80. Yield (0.33§%0);

mp 112-114 °C!H NMR (400MHz, CDCJ): 5=1.70 (6H, s, 2 x C§), 2.20 (3H, s, Ch), 7.33-7.28 (2H,

m, ArH), 8.30-8.22 (2H, m, ArH); IR (KBr) 1796, 1691627 crit; anal. Calcd. for GH13N3sOs requires

C, 54.75; H, 4.98; N, 15.96; found C, 54.38; H34 N, 15.84.

Synthesis of succinimide derivative (27f)

(200 mg, 0.54 mmol) of the 2-iminopyrrolidine-5-oderivative21f was dissolved in 10 ml of agueous
acetic acid. The solution was heated td&dor 24 h, 100C for a further 24 h and finally refluxed for 4

h after which TLC showed total consumption of tkertshng material. The solution was allowed to cool
and added to ice-water (100 ml) which induced jitation of a pale yellow solid that was filteredm
solution. Yield (153 mg, 78 %); product decomposedir over 24 hiH NMR (400MHz, CDC)): 5=
1.19 (3H, s, Ch), 1.42 (3H, s, Ch), 1.61 (3H, s, Ch), 7.30-7.25 (2H, m, ArH), 7.35-7.32 (1H, m, ArH),
7.43-7.37 (2H, m, ArH), 7.76 (2H, d, ArH, = 8.8), 8.26 (2H, d, ArH) = 9.2);*C NMR (100MHz,
CDCl3) 13.3, 17.9, 24.4, 49.3, 83.1, 123.4, 124.8, 12628.7, 129.2, 131.9, 149.3, 153.9, 174.3, 180.5;
IR (KBr) 1719, 1529, 1396, 1374, 1346, 1146, 1186 ¢

Synthesis of azetidinone derivative (28h)

(200 mg, 0.28 mmol) of the azetidinone deriva{i¥8h) was dissolved in glacial acetic acid (25 ml) and
heated to 80C, to this was added 0.5 ml of hydrogen peroxidetiem (35% by weight) at 15 min
intervals over 3 h. After 5 h the reaction mixtwas treated with 2 ml of the hydrogen peroxide tsmtu
and allowed to stir at 8%C overnight. A further 2 ml of hydrogen peroxiddusion was added to the
reaction mixture and the reaction allowed to stird further 3 h after which no starting materalid be
detected by TLC The reaction was cooled to roonptature and poured into 150 ml of ice-water which
induced precipitation of a pale yellow solid thasafiltered from solution. Yield (66 mg, 63.9 %)pm
132-134 °C*H NMR (400MHz, CDC}): 5= 1.29 (3H, s, Ch), 1.51(3H, s, Ch), 1.69 (3H, s, Ch), 2.37



(3H, s, CH), 7.24-7.17 (3H, m, ArH,), 7.38 (1H, d, Ardl,= 8.8), 8.26 (2H, d, ArH) = 9.6), 8.29 (2H,

d, ArH, J = 10.0);*C NMR (100MHz, CDGJ)) 14.5, 17.7, 18.7, 19.0, 60.3, 86.3, 123.4, 12426.6,
127.2, 128.6, 131.3, 132.5, 136.7, 149.9, 150.4,0t 1R (KBr) 1752, 1535, 1485, 1465, 1385, 1346,
1310, 868, 850, 760, 703 &m

Synthesis of pyrazole derivatives (2and30f)

Synthesis of pyrazole derivati29)

(2 g, 3.1 mmol) of the azoacetate derivatil®) was dissolved in hot n-PrOH (40 ml) to which (0,3l &
mmol) of potassium cyanide was added. The solutias allowed to reflux for 4 h, before being
evaporated to dryness. Water (100 ml) was addettieareaction vessel and this was extracted with
CH.CI; (15:85). The combined extracts were dried overmaagim sulfate and upon evaporation to a
reduced volume a pale brown solid precipitated. Phecipitate was filtered off and washed with
petroleum ether and the product isolated aftehflagomatography. Yield (0.13 g, 15 %) mp 210-212
°C;*H NMR (400MHz, DMSO-@): 5= 1.27 (3H, t, CHl J = 7.2), 2.26 (3H, s, CH, 4.20 (2H, g, CH{ J

= 7.2),6.64 (2H, s br, G| 7.81 (2H, d, ArH J = 7.2), 8.32 (2H, d, ArHJ = 7.2); °C NMR (100MHz,
DMSO-d;) 14.3, 14.4, 59.1, 93.9, 123.0, 124.9, 143.1,9,4¥50.6, 151.2, 164.0; IR (KBr) 3349, 1676,
1548, 1344, 1286, 1131, 1112, 857, 789'cm

Synthesis of pyrazole derivati(80f)

Yield (0.12 g, 15 %); mp 181-183 °&4 NMR (400MHz, DMSO-g): 5= 2.94 (3H, s, Ch), 6.60 (2H, s
br, CH,), 7.06 (1H, t, ArH J = 7.6), 7.32 (2H, t, ArHJ) = 7.6), 7.63 (2H, d, ArHJ = 7.6), 7.88 (2H, d,
ArH, J =9.2), 8.35 (2H, d, ArHJ = 9.2), 8.85 (1H, s, NH,)*C NMR (100MHz, DMSO-¢) 14.2, 98.4,
120.4, 122.6, 123.3, 124.9, 128.5, 138.8, 143.3,714148.2, 150.7, 163.3; IR (KBr) 3455, 3429, 3313
1650, 1599, 1543, 1495, 1343, 864, 745, 684.cm
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