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Medicinal chemistry focuses on the aspect relatetthé structural design, synthesis
and identification of therapeutically interestingngpoundsj.e. pharmaceuticals, as
well as the molecular reasons of their mechanismaction, including the
understanding of the factors involved in the stitactivity relationships,
absorption, distribution, metabolism, eliminatiorddoxicity.

A number of studies have appeared in the recesrtitre on the identification of
molecular frameworks, which correspond to the mimimstructural subunit, in
several drugs or lead-compounds, able of provitlgand points for more than one
type of bioreceptor. Since Evans first introducdek tconcept of “privileged
structure”, privileged-based drug discovery has rgem as a fruitful approach in
medicinal chemistry. Privileged scaffolds increagterates for biological targets of
interest, leading to the discovery of other biotadly active targets and generating
leads with enhanced drug-like properties. Consetyyemedicinal chemists value
privileged structures as core scaffolds for viadtlting points in exploration design
and synthesis.

Despite the identification of numerous recurringlenalar frameworks in bioactive
molecules, there is a restricted availability ofvieged structures. Toward this
concern, a subject of grefdscination and importance, dealing with the nead t
identify novel chemotypes, have been addressedttities conducted during this

PhD thesis. Research into drug-like and lead-liecepts has explored a range of



ideas looking at structural characteristics and sgimchemical propertiesThe

selected structures might represent potential cephents of frequently occurring
structural motifs. The development of efficient hwdologies for the synthesis of
the identified compounds has provided the suittdiés to open up an investigation

about the behaviour of such a kind of moleculesato biological systems.
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1 PRIVILEGED STRUCTURES

The term “privileged structure” has been adoptedsieveral concepts, designing
compounds highy represented in the overall bioactempound population, or
scaffolds able to present functional groups in &ofaable arrangement. While
many classes of privileged compounds such as hybdipyridines, biphenyls and
benzodiazepines produce leads with enhanced dkegslioperties, other structures
such as pyrrolinone compounds were classified aiilpged” since they own rigid
framework able to direct functional groups in a hd#fined space.

Several researches dealing with privileged struesuhighlighted the reason for
their privileged status and can help in a more oatile use of these structures in
drug discovery. This new tool of understanding bio@ molecular diversity is
employed in the “colonization” of the existing thpeutic space for each molecular
framework and in association with other classicatdicinal chemistry concepts

assists the rational design of new drug-candidaiteqiypes.

1.1 THE DRUG DISCOVERY PROCESS

The traditional process of drug discovery has beéewven largely by phenotypic
observations of the effects of a natural productaterived synthetic agent on a
physiological process or pathological state. Thisswollowed by a process of
iterative synthesis antiological testing. Typically, the molecular natuoé the
biological target was not known, the biologicaltiteg wascarried outsignificantly

in vivo, and chemical synthesis was a hand-crafted ‘orlecqul® at a time process’.
It has been a very successful approach yieldingbiatits, antidepressants,
antihypertensive and anticancer agents, to namefdaut principal classes of

therapeutic agents.



Chapter 1

This traditional scheme is contrasted with the geinebased approach where
genome interrogation was assumed to lead to thdgsafmew targets, a significant
increase over the approximately 500 targets irctiteent pharmacopoeia.

The advent of genomics and the molecular biologpltgion has permitted both the
definition of new targets and the characterizatidrthe genetic basis of disease
states. The complexity of human cellular organaratis not based upon a simple
‘one gene = one protein’ model, but rather by rpldtiuse of the same gene-splice
variants, population alleles and post-translatiomabdification, and by the
combinatorial diversification of signalling pathwayFrom this relatively limited
gene repertoire the human probably expresses irtiaspand temporally
heterogeneous manner some 150,000 proteins. Hoygepeotein target may not be
druggable because of its intrinsic properties gression, but also because it may
play a role in multiple signaling pathways otheartiihe one of pathological interest.
The deciphering of this signalling network is thofs critical importance to the
process of target validation. The systems biologgreach is an integrated rather
than a reductionist approach used to understandethBonships between function
of a biological system and the effects of pertudrest such as a disease e
addition of a drug or potential drug molecule. Tapproach suggests that there may
be only a few thousand druggable targets rathem tha 150,000 or so once
confidently predicted.

Presently, GPCRs are the predominant target faadtjressed, and more than 600
genes encoding GPCRs have been identified from hugenome sequencing
efforts? The balance of such targets and their relativeeltpare the domain of the
companies’ early project-portfolic management sggf Of course, a balance
always has to be struck between the requirementtseadisease area for efficacious
new therapies, business considerations and, mosiatly, the chemical tractability
or drugability of targets for small-molecule intention? It is well accepted within
the medicinal chemistry community that, indepeniyeot the technology applied,
certain protein families are more readily modulabgdsmall-molecule intervention

than others. In this context, target selection playivotal role in the final outcome
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of hit and lead identification activities. A retpextive analysis of past discovery
programmes reveals that much higher success rates leen demonstrated for
aminergic GPCRs compared with large peptide recepfor example. This is not
surprising, as modulating protein-protein interags - often involving large surface
area- by a small chemical entity is far move derramnthan competing against an
endogenous small-molecule ligand.

Apart from the intrinsic biochemical and kinetic atlenges in identifying an
appropriate  modulator for a target, the range ofammgful assays and
ligand-identification technologies significantlyflmences the chances of success.
High throughput screeningscreening of a compound collection to identifishin an

in vitro assay, usually performed robotically) is presetitey most widely applicable
technology delivering chemistry entry points fouglrdiscovery programmes. The
potential for success is nevertheless demonstraye@ variety of development
candidates and marketed drugs that have resulted frits generated by HTS
campaigns. It is evident that in the future thewdng number of emerging targets
will increase the demands put on compound collastiand HTS and that this will
call for new hit and lead generation strategiesuit costs and enhance efficiericy.

1.2 MULTI-PROPERTY OPTIMIZATION

During the past few years, there has been an isicgawareness of the need for
developing drug-like properties of a molecule. &heare the balance of
biophysicochemical requirements for the moleculeetich its site of action in man
at the given concentration, for the necessary ouradnd in an adequate safety
window in order to answer the therapeutic principypothesis.

In the past, lead-finding activities were mainlyredied towards affinity and

selectivity rather than molecular properties, meligbliabilities and so on. It was

not uncommon for a confirmed single primary actteenpound to be considered a
‘lead’ structure, or, in the case of a cluster ofivies with SAR, a ‘lead series’.

Frequently, attention was not paid to charactesgstf the molecules other then

3
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perhaps their chemical stability and synthetic asitslity. A consequence of these
insufficient lead criteria was that full projectatas were assembled with only a
single superficially evaluated ‘lead’. A thoroughnsideration of other important
drug features was often postponed later in thaxopdtion phase, when ttie vitro
affinity and selectivity had been fully optimizetithe expense of other facets, such
as solubility, permeability or metabolic stability.

Unfortunately, as the lead molecules becomes isaorgly more potent, selective
and tailored for the target, there is generallg e¢erance for introducing significant
changes to affect biophysical properties withouarge intrinsic affinity penality.
Such unbalanced, sub-optimal candidates had podviRARttributes which often
preclude them from progressing and being fully egtdd in the clinic due to, for
example, dose-limiting solubility, poor absorpti@ytochrome B, interactions or
metabolic instability. Clearly, poor initial leadgth weak entry criteria into lead
optimization often can not be refined to generatmpounds with an appropriate
profile, resulting in high attrition rates at thinical candidate selection stage. This
point has been highlighted in a recent analysitaofiched drugs, which indicates
that, generally, relatively minor changes in stumuat and physical molecular
properties have been made between the lead arduhehed drug candidaferhis
emphasizes once more that quality of the leadusiarrin most cases to the success
of the refinement and development process. If timécal entry criteria are lax, the
attrition is moved further into pilot safety tegjior early clinical-phase studies. The
optimization process has historically been largedguential in nature, addressing
one issue at time, with the hope that all necessaogdifications could be
accommodated within the pharmacophore optimizedfiamity only. This approach
led to a very high and expensive failure rate i ¢hinic. During the mid-90s, this
view changed to embrace a more holistic attitudeatds lead optimization and
subsequently to hit-to-lead generation and hit tifieation. The required trade-off
for balancing these properties, in conjuction wjhre affinity to achieve an
equilibrated potential therapeutic drug molecuésulted in a change of approach

from sequential to multi-dimentional optimization.



Privileged structures

1.3 HIT AND LEAD GENERATION STRATEGIES

The entry point for any chemistry programme witlkirug discovery research is
generally the identification of specifically actitgw-molecular-weight modulators
with an adequate activity in a suitable target ysSach initial hits can be generated
in a number of ways, depending on the level ofrimation availabl®(Figure 1). It

is therefore important to employ alternative hidification strategies that are able
to tackle a variety of biological macromoleculargets effectively, and to identify
proprietary, synthetically tractable and pharmagwally relevant compounds
rapidly.

These methods can be subdivided into those thatreegery detailed ligand and/or
target information, and those that do not. The farimclude techniques such as
mutagenesis, NMR and X-ray crystallography, as wa#l the recognition
information that can be derived from endogenousaniis or non-natural small
molecule surrogates retrieved from literature aatbmpts. At the other extreme are
the technologies that do not require any prior rimi@tion on target or ligand, and
which use serendipity-based search strategiesttierea given physical or virtual
compound subset. Example of so called “random” @eupgo-biased hit-
identification strategies include biophysical andchemical testing that employ one
or more method of detecting a molecular-bindingnévasually in high-throughput
formaf’.

Between these extremes are more integrated ap@®adicluding targeted libraries
and chemogenomits The marriage of HTS with computational chemistry
method$' allows for more meaningful and directed iteratiapid-feedback searches
of subsets and focused libraries. The prerequisitsuccess of both approaches is
the availability of the highest-quality compoundssgible for screening, either real

or virtual.
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Figure 1- Hit/lead identification strategies. The most comiyoapplied hit-identification

strategies today range from knowledge-based apprescwhich use literature- and patent-
derived molecular entities, endogenous ligands iostbuctural information, to the purely
serendipity-based ‘brute force’ methods such ashioatorial chemistry and high-throughput

screening

14 FOCUSING FOR LIBRARIES

The ‘combinatorial explosion’- meaning the virtyailhfinite number of compounds
that are synthetically tractable- has fascinataticdrallenged chemists ever since the
inception of the concept. Independent of the lpmdesigns, the question of which
compounds should be made from the huge pool ofilpbss always emerges
immediately, once the chemistry is established thedrelevant building blocks are
identified™?

The original concept of ‘synthesize and test’, withconsidering the targets being
screened, was frequently questioned by the medichremistry community and is
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nowadays considered to be of mdotwver interest due to the unsatisfactory hit rates
obtained so far. The days in which compounds weregted just for filling up the
companies inventories, without taking any desigtiltering criteria into account,
have passed. Focus has mooved from huge and ditrarsom’ combinatorial
libraries towards smaller and focused drug-likeseth Although the discussion of
how much focused or biased a library should bdilisa; ongoing debate, the low
hit rate of large, random combinatorial libraries, well as the steady increase in
demand for screening capacity, has instead sestdye for efforts towards small

and focused compound collections.

Guided by the targeBiostructural information derived from mutagened&a, as

well as NMR or X-ray crystallographic analysis, hasg been used for drug
discovery purposes. Understanding of the mechaafsagtion of a biological target
is an important aid in biasing compound collectioffese mechanism-based
libraries have been applied successfully to a tjari@f proteins to generate
transition-state mimics using either parallel soht or solid-phase synthesis

technique¥’.

‘Cherry picking’ from virtual spaceA highly sophisticated way to avoid the
synthesis of trivial analogues is the applicatibwidual screening tools in order to
search through chemical space for topologicallploarmacophoric similar entities
using known actives (seed structures) as referemBiestructural information can

also be applied if availabte

Privileged structures or motif.his approach is particularly relevant for targiets
which very limited or no biostructural informatiomse available. It is in this case
where elements of known biologically active molesuare used as “the core” for
generating libraries encompassing these ‘privilegadctures’. One example is
provided by the benzodiazepine nucleus which isndoin ligands of both ion

channel and G-protein coupled receptors (GPCRs)raaddition to being the basis

7
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for Valium and many other antianxiety and muscllxa&nt agents can also be
directed against other biologically distinct tasgéfigure 2)°
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Figure 2- The benzodiazepine skeleton as a ‘privileged’ stinecgenerating molecules that
interact at diverse and unrelated targets

The restricted availability of privileged structarelearly limits the scope of this

ligand-based approach to some extent. As a rethdte is a continued need to
identify novel chemotypes.

15 PRIVILEGED STRUCTURES

In summarizing the successful use of benzodiazepiltvans and colleagues
concluded that“judicious modification of such structures could ke viable

alternative in the search for new receptor agorasts antagonists”. In 1988 they
introduced the term privileged structure in relatido the heterocycle
1,4-benzodiazepine-2-one, defined as “a single cndde framework able to provide

ligands for more than one recept8r’ This concept of privileged structures was

8
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improved later by Patchett and Nargdfdwho identified properties in these
structures that make their interaction with biomawolecules easier and
occasionally distinct from the ones that involve tespective endogenous ligands.
Prior to the seminal paper of Evans coining theil@ged structure term, the notion
of these types of stuctures had been emergingofoedime. Early various research
groups have recognized the presence of recurrimgtatal units in many receptor
ligands. For example, Ariéns et al. noted the preseof hydrophobic double-ring
systems in many biogenic amine antagonists, whiely suggested must interact
with accessory hydrophobic binding sites. They albserved multiple actions of
some molecules and suggested this was related ritoramational flexibility®
Subsequently, Andrews and Lloyd described a nundfecommon topological
arrangements for biogenic amine antagonists. Trmycloded that a common
pharmacophore existed throughout diverse drugesassd that specificity resulted
from secondary binding groups attached to the hasemacophor®

Priviliged structures need to be distinguished frémaquent hitters’ such as those
described by RocH&, which either bind nonspecifically to a variety tafgets or
interfere with the read-out of biological assaysorbbver, a structural rather than
biological definition of a privileged structure wagsovided by IUPAC as a
'substructural feature which confers desirable egfoftdrug-like) properties on
compounds containing that feature. It often coasidta semi-rigid scaffold, which
is able to present multiple hydrophobic residuetheuit undergoing hydrophobic
collapse®.??

Privileged structures represent an ideal sourdeasf compounds. A single library
based upon privileged structures might lead tovactiompounds at a variety of
receptors. Several groups have utilized thesetstiesin this manner. For example,
combinatorial libraries based upon privileged duites have been synthesized by
Nicolau and colleagues, who utilized a benzopyreaffsld>>?* Schultz and co-
workers, who made use of the purine scaffoftf;*"?®and Hirschmann and Smith,
who have worked with glycosidé$3*3!pPatchett and co-workers utilized privileged

structures as “hydrophobic anchors” (harnessingr tieapabilities to bind to
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proteinaceous surfaces) to which they appendedideegtinctionality to gain
specificity 3333 Hirschmann et al. also believed that the attachrofgenetically
encoded and uncoded aminoacid side chains to gmiVistructures are a promising
means to produce diverse libraries of compodfiddhereas not every group
intends to use these scaffolds in such a fashieveral groups have focused on
privileged structures to improve the efficiency dfug discovery. For example,
Hirschmann, Smith and colleagues have actively ymdsthe design and
development of new privileged scaffolds and haveden&ybrids of existing
privileged structure®

There has therefore been significant interest iidentification of new privileged
structures, and many groups have utilized compmrtati procedures to aid this
endeavor. For example, Nilson et al. explored deteb of drugs to identify
structural motifs that have broad biological at¢ids and developed synthetic
processes to prepare arrays of such compolintisother example is RECAP, a
computational technique that has been developddettify privileged structures
from biologically active molecules for use in libyadevelopment’ Mason et al.
also developed a four-point pharmacophore methadtfe design of focused
combinatorial libraries of molecules with privileetructure characteristics.

Natural products can also possess the “privilegedctsire” characteristics. In
general, natural products are considered to costffolds with the potentiality to
be privileged structures because in many cases ategynthesized by biological
systems to specifically interact with protein tasgeNatural products differ from
synthetic substances under several aspects: timely tte contain fewer nitrogen,
halogen or sulphur but more oxygen atoms; theylitedy to contain a larger
number of rings and more chiral cent&f84 thus natural product scaffolds can be

used to explore a significant portion of drug-relepharmacophoric spate.

10
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1.6 CHARACTERISTICS OF PRIVILEGED STRUCTURES

The understanding of the molecular determinantd thalerline the privileged
structure-target relationships should be the kewpply the full potential of the
privileged structure concept in the design of notamigeted compounds sets.
However, the reason for which these compounds igileged” is not completely
clear.

Hirschmann and colleagues have stressed that “nfying three-dimentional
structural feature for privileged structures haserbeidentified”. However,
observations in biology and chemistry fields hauggested those molecules do
display such characteristics. By the term privikbgeeaffold it is intendeded a
substructure or template (sometimes also refersetimmtifs” or fingerprings) that
when incorporated in a pharmacophore has a higredeyf drug likeness due to the
presence of atom or functional group properties #na relevant in ligand binding
such as: volume, hybridization, partial atomic gear electronegativity,
polarizability, hydrophobicity, hydrogen-bondingtential; local properties that are
often parameterized via the use of global physieathal properties, such as:
molecular weight, logP, molar refractivity, and @wo. Viable “privileged scaffolds”
often consist of a relatively rigid ring system, ielh is able to present multiple
hydrophobic residues in predictable orientationspgace and consequently, without
undergoing hydrophobic collap&&They provide molecular rigidity, allowing less
entropic energy to be lost upon binding, and alsavide better bioavailability.
Bicyclic and tricyclic scaffolds are therefore aeal size for compound array. They
have a small enough molecular weight to providgedor improved specificity and
affinity through the attachement of suitable substits (which will consequently
increase molecular weight, yet retain drug-like rebter) in a wide variety of
topologies.

The size of privileged structure relative to théirenmolecule is an important factor.
Functional groups such as amides and carboxylidsaare too small and too

ubiquitous to be classified as privileged strucur&mall monocycles such as

11
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benzene, furan or tiophene are also clearly capafleeing privileged structures,
but when they form part of structures with a molacweight of around 500 Da, the
nature and extent of their contribution to the allenolecule is uncertain. However,
larger structures clearly display all of the chéedstics of a privileged structure, if
on a macromolecular scale. Hence, a privilegedcttra should constitute a
significant portion of the total mass of the mole¢wand represent its core element.
Bicyclic and tricyclic compounds are capable offillihg these requirements.
However, it was noted that many privileged struesufarger than bicycles were
merely combination of hybrids of two or more bidggbrivileged structures. Hence,
bicyclic privileged structures may represent theecelements of an entire suite of
privileged structures.

Even in absence of a clear understanding of theoreéor this status, the use of
“privileged structures” provides an empirical attative to blind screening attempts
and might represent a useful tool for the develagnoé new, selective compounds

by its application in structure-based drug design.

1.7 USE OF PRIVILEGED STRUCTURES CONCEPT IN THE

RATIONAL DESIGN OF NEW CHEMICAL DRUGS

Since the 1990's, with the use of the combinatodhémistry and robotyzed
screening ffigh throughput synthesis and high throughput strege HTS, the
design of new chemical libraries for bioassaysthesome a great challenge for the
medicinal chemists, leading to some paradigm clanggpecially in the level of
research conducted in the industrial laboratories.

It is worth highlighting that, despite the subsiahdnvestment made by the
pharmaceutical industry sector in these new tecigie$, the discovery of new
chemical entities (NCEs) that effectively represant opportunity to reach the
market as authentic therapeutic innovations, hadulfiled the expectations of the

sectof’. Infact, in 2005, among the 14 new medicines tzahe into the market,

12
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approved by the American regulatory agencfDA- Food and Drugs
Administratior), with the exception of product with diagnosismse, onlyca. 50%

of them had the status of authentic NCEs.

In this context, the pharmaceutical industrial sganvolved in the research of new
drugs and medicines, redirected the structuralgdesif collections of synthetic
derivatives to be bioassayed by HTS, aiming ateasing the probability of
obtaining newhits candidate to drug prototypes, which presented mdy the
appropriate pharmacophoric requisites, but als@eate solubility properties. The
development of strategies with this purpose has bsilely described in the
literature and has led to the production of higlpaet works. Among others, the
work of Lipinski and collaboratof? described the “rule of the five”, which is an
excellent working hypothesis for predicting gooduglike properties in new
compounds Thus, close attention needs to be paid to maeautights, as well as
to the physicochemical properties of lead molegidash as lipophilicity (logP) and
aqueous solubility (which will affect oral bioawalility and the feasibility of
generating a parenteral formulation), together aitimal pharmacokinetics, which
can be extrapolated with caution to predict comesing behavior in humans. The
latter is particularly important in providing sorassurance that the candidate drug
molecule will exhibit linear pharmacokinetics inrhans, with appropriate dose size
and elimination characteristics for the intendediteoand frequency of drug
administration.

The employment of theprivileged structuresconcept in the planning of new
compound sef&*” has been associated with the use of computatioeiiods and
pharmacophoric modéfs*® or with the fragmentation of bioactive molecules,
prototype or drugs, and has allowed the identificabf relevant structural patterns
that represent authentic biophores, providing udefumeworks to the building of

new compound databasks

" In the discovery setting, the rule of five preditiiat poor absorption or permeation of drugs
is more likely when a drug molecule possess eftiienore than 5 hydrogen bond donors, (i)

10 hydrogen bond acceptors, (iii) a molecular weggkater than 500, or (iv) a calculated logP
greater than 5.

13
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1.8 BIOISOSTERISM AS GUIDE LINE FOR THE DESIGN OF
PRIVILEGED STRUCTURES

The principle of bioisosterism has long helped todg drug discovery. In their
attempts to optimize lead structures, medicinalmibts intuitively followed the
principles of Darwinist evolution. The biologicattavity and, in later stages, the
target selectivity, toxicology or pharmacokinetiehavior serve as the "fitness
function” for the "survival" of certain structurahtities. Privileged scaffolds contain
structures, features giving better chances of gsatvi

Bioisosterism® is based on the assumption that "similar" molesuénd to exert
"similar" biological activities and since long tirmaedicinal chemists have used this
concept to modify the structures of biologicallyiee compounds. While similarity
of chemical structures cannot be defined in an albbje manner, bioisosteric
replacements of atoms or functional groups havegave way from lead structures
to therapeutically useful molecules.

Lead optimization needs similar analogs that cdkerchemical space around the
leads. In this new context, the principle of isdsteeplacement of functional groups
serves as a successful optimization strategy.yigematic application has resulted
in a broad variety of therapeutically used druganyof them finally having the
desired combination of favorable properfiés.

To datethere is a restricted availability of isosteresnaftural motifs and their
applicability is often limited to a specific leackeries SAR. Althoughnovel
replacements might be identified, their behavimwards biological systems has

ultimately to be verified.

1.9 RESEARCH OBJECTIVES

Hit and lead generation are key processes invdlvéide creation of successful new

medicinal entities, and it is the quality of infaation content imparted through their
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Privileged structures

exploration and refinement that largely determitiegir fate in the later stages of
clinical development. It is in the early phasesdofig discovery that changes in
process, such as the early interception of key ADpdEameters, can have the
maximum impact on later-stage success and timelifiee present high attrition
rates, especially after lead-optimization phasedicate that drug discovery as a
sequential alignment of independent disciplineméffective for delivering high-
quality medicines of the future, and that issueghd activity and selectivity must
be addressed as early as possible in a flexiblallpfashion. Iterative medicinal
chemistry activities in conjuction with multi-dimgional compound-property
optimization generate a much-improved basis foperand timely decisions about
which lead series to pursue further.

The research program here described aimed at #rdifidation and synthesis of
novel bicyclic compounds, able to represent the @ements of an entire suite of
privileged structures. The program consisted inrst Step of design of scaffolds
which comprised developability characteristics ¢ed in terms of expected
metabolic stability and their physicochemical pnties). Also consideration of
literature motifs and drugs in development/markded the selection of structural
motifs to investigate.

In Chapter 2 the synthesis of potential replacements of Ph- -
piperazine/piperidine is reported. These heter@syahd their congeners often occur
in active compounds for aminergic, and non-amireer@iNS targets. Because of
their prevalence in the field of pharmacologicaltive compounds and their drug-
like properties, the synthesis of conformationabgtricted analogues could be an
interesting approach to gain insight into the iafiue of ring conformation on
biological activity.

In Chapter 3the synthesis of some conformationally restrictedina acids and
bis-amines is described. Target compounds weregmiedi introducing a further
constraint in natural cyclic structures and it ntigle expected that the additional
conformational rigidity introduced in the molecuould result in improved

pharmacokinetic properties of lead compounds.
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2 REPLACEMENT of Ph- and Bn- PIPERAZINE/
PIPERIDINE

Phenyl- and benzyl- piperazine and piperidine rirgge very common structural
motifs in drug discovery, with a high number endewed in compounds in the
market. Because of their prevalence in the fieldpbhirmacologically active
compounds, they are regarded as privileged strattelements for the construction
of drug-like molecules. For this reason, the sysithef conformationally restricted
piperazine/ piperidine analogues could be an indérg approach to gain insight
into the influence of ring conformation on biolagi@ctivity. Also modulation of
N-atom basicity, as well as hindrance around i aeen as valuable strategies to
modulate activity at biological target and to irdluce physicochemical properties,
selectivity, toxicity and PK characteristics.

Some examples of such structures are reportedguar€il.

O .8 &
o O O
N - "
() I] o [}?
0 o & B

Figure 1 —Examples of replacements of phenyl- and benzyérazine/piperidine

In this chapter the synthetic approach to somehes¢ molecules is reported. The

goal was to generate with highly efficient syntksesavide range of building blocks
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Replacement of Ph- and Bn- piperazine/piperidine

suitable for being used in the preparation of ndwrnical entities with biological

activities.
2.1 2- SUBSTITUTED BENZYL PIPERAZINES

The piperazine template already contains some inhgildfeatures and
pharmacological points and provides potent andctete ligands for a range of
different biological targets in medicinal chemistrin particular, it is a common
pharmacophore found in a large number of druggHertreatment of disorders of
the central nervous system associated with imbakircdopaminergic, cholinergic
or serotonergic signal transmission. Among thes&SCactive agents are
antipsychotics such as bifeprunoX),( antidepressants such as clozapih ¢nd

anticonvulsivants such as ropizir® (Figure 2).

|
N~
N
=
N

®
o~ @?3 “

® QQ*L@
O,

Figure 2 - Drugs containing the piperazine ring
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Chapter 2

The piperazine moiety is also contained in antimgmsive agents such as
prazosine, calcium channel blockers such as flaimari@), H;-blockers such as
oxatomide, and antidepressant agent befuraiheBecause of its prevalence in the
field of pharmacologically active compounds, itégarded as a privilegesdructural
element for the construction of bioactive moleciiles

Whereas the synthesis of simple 1,4-disubstitutégerpzines has received
considerable attention, only a comparatively smalimber of C-substituted
derivatives have been prepared and evaluated ér gharmacological propertiés.
It was found that piperazine derivatives bearingssituents in C-2 position can
strongly interact with various receptors within 8BS. In Figure 3 some examples

of piperazine derivatives with nanomolar recepféiniay are given?

g ko J [
(g [ ],/ [N]”’///OH

Ar
6 7 8

k agonist NMDA antagonist o ligand

Figure 3 - C-substituted piperazines

We were interested in preparing a diverse set siitistituted piperazine94 and

103 and achieving a suitably flexible synthetic rotdellow for the introduction of
substituents able to modulate the pKa of the baisiogen. pKa values for benzyl
piperazine and target compounds were predicted with ACD/labs software
(Figure 4)
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e o
ujz

oo™ o

N
H
Benzyl piperazine 9a 10a
pKa,=9.25 pKa,=8.05 pKa,=8.50

Figure 4 -2-Substituted piperazines with a side chain ablmealulate the basicity of the near

N-atom

2.1.1 CHEMISTRY

2-Substituted piperazines are commonly preparedhigyconstruction and reduction
of diketopiperazinés or 2-ketopiperazinés via alkylation and reduction of
2-methylpyrazine or by a-lithiation and alkylation ofN-Boc piperazin€d. In
many of these cases, the piperazine derivatives thas be selectively protected
prior to further modificatior

We investigated a new synthetic route involving thee of the same protecting
group to the two nitrogen atoms: the isolationhaf bnly monoprotected compounds
9a and 10a during the deprotection step could demonstrate dtegic and/or
electronic influence of the side chain on the rigdgtof the nitrogen atoms.

From a retrosynthetic point of view, piperazinegrcould be prepared starting from

the simple and commercially availatNeN'-dibenzylethylendiamine (Scheme 1).

I?n IT%n
[NJ/R [N]/R [NHBn XIR
N N NHBn X
H |
Bn

Scheme 1 Retrosynthetic analysis 8& and10a

The double alkylation of the N,N-dibenzylethylendiamine with ethyl

2,3-dibromopropenoate afforded in good yield thamdhoesterll, that was
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Chapter 2

converted intol3 through controlled ester reduction with DIBAL-H at8 °C

followed by double fluorine-substitution with DASTBoth classical catalytic
hydrogenation conditions and-deprotectionvia carbamate (ACE-Cl, DCM then
MeOH at reflux) gave the monoprotected derivatB& in satisfactory yield,
supporting our initial hypothesis. The target comnpi9a was obtained in four steps

with 23% overall yield (Scheme 2).

Ph DIBAL-H, ( Ph Ph
TEA Toluene, DAST,
Br._ COOEt Toluene COOEt .78 C Toluene
Brj/ [ j/ 98% [ j/ 44% [ j/
BN > NHE
93% ph Ph Ph
1 12 13
1. ACE-CI,
83% | DCE, rfx
2. MeOH, rfx
9a

Scheme 2 Synthesis of difluoromethylenbenzylpiperagae

With a similar synthetic route compouti@awas readly prepared with 46% overall
yield (Scheme 3).

1. ACE-Cl, (Ph
DCE, rfx

CHClI, CN Toluene CN 2 MeOH, rfx N CN

/\/CN ;
1% . HN/\/NHBn e N
Br. ! H
2 81%
Ph
14 15 10a

Scheme 3 Synthesis af0a

The double alkylation of theN,N’-dibenzylethylendiamine with 3,4-dibromo
butyronitrile (L4) afforded in good yield the full protected pipérezl5, suitable to

a regioselective deprotection using the methodsritesi above.

In order to exemplify the possibility of introdugiran eventual substituent on the

N-1, the full deprotection of compoun€éla and10awas tested. Table 1 summarizes

22



Replacement of Ph- and Bn- piperazine/piperidine

the tested reaction conditions; compourgls and 10b were obtained with the
highest yields by catalytic hydrogenation with anminon formate in presence of
Pd/C.

Bn

i H
[NJ/R [NTR

N N

H H

9a R=CHF, 9b R=CHF,

10a R=CH,CN 10b R=CH,CN

Table 1.N-deprotection reaction conditions

Entry Conditions Yield (%)
9a H,, Pd/ C, EtOH 68
9a  H, Pd/C, EtOH, AcOOH 61
9a 1) ACE-CI, DCE, reflux, 48 h; 2) MeOH, reflux 69
9a Pd/C, HCOONH, MeOH, reflux 73

10a Hy Pd/ C, MeOH, rt -

10a 1) ACE-CI, DCE, 24 h reflux; 2) MeOH, reflux 83
10a Pd/C, HCOONH, MeOH, reflux 88

In conclusion, the developed synthetic route has ativantage of not requiring
orthogonal protection at the two piperazine nitrogetoms, therefore several
different 2-functionalized piperazines can be rgagtepared starting from the
simpleN,N’-dibenzylethylendiamine.

2.2  ARYL- 2,7-DIAZABICYCLO[3.3.0] OCTANE

The synthesis of polysubstituted and fused pyriwdis, pyrrolizidines,
indazolidines, pyranoquinolines and pyrr@ecarboline ring systems has received

synthetic chemists’ attention over the years sitloese heterocycles form the
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structural subunits of biologically important als@ls® and pharmaceutically
important compoundS. Specifically, 2,7-diazabicyclo[3.3.0]octane ands it
derivatives are used as adenosine kinase inhilfitanad serve as prime
intermediates in the synthesis of 4-quinolone ceylio acid and uracil-based
antibacterial®. Recent studies have also demonstrated the sucdesscemic
2,7-diazabicyclo[3.3.0]octane (DABO) as homopip#arazsoster in the context of
5-HT,c agonism®

The wide range of bioactivities of DABO-based systesupported our plan to
devise a synthetic route to its aryl derivativesittiwould be able to act as
replacements of phenyl-piperazine/homopiperazinescoDABO was selected as
privileged structure also because of several atbeaeatures: two potential sites (2-
N and 7-N) for attachment to the aryl core (Figh)e the ability to introduce
chirality into the compounds, and the ease of matthi to introduce additional
functionality.

Ph y
N2 N
16 17

Figure 5-2,7-Diazabicyclo[3.3.0]octane aryl derivatives

221 CHEMISTRY

The retrosynthetic analysis was based on reactimhsaldehyde 18 as key
intermediate.

,R2 Flg:L Ts
N N \
Rl*N\/:/L) —> pg—N E— /\/N\/CHO . /\/NHZ
R1=H, R2=Ph 18
R1=Ph, R2=H

Scheme 4 Retrosynthetic analysis
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The crucial step of the strategy is the well docoteé [3+2] intramolecular
cycloaddition of azomethine ylides generated bydbearboxylative condensation
of amino acids with alkenyl aldehyd8 (Scheme 437181920

The desired olefinic aldehydE8 was synthesized in four steps in excellent yield
(Scheme 5). Tosylation of allylamine gave sulphoda9, which was treated with
ethyl bromoacetate to afford amino es2@iin 88% yield. Reduction with DIBAL-H

at -78 °C afforded aldehyds3 almost quantitatively.

BrCH,COOEt, TS DIBALH, TS\N/\/
K,CO;,, Acetone
NNHR OBt ——=
88% 97%
_ (o]
TsCl, Py » R=H
88% R=Ts 19 20 18

Scheme 5 Synthesis of the intermediate amino aldel’le

/
O
NC[)—»N

0:.-0
\$/ P

/\/N\)

) 18 / Mg, /
Sarcosine, N MeOH N
Toluene, rfx Ts— N/\:l) HN
R=Me 55% 69%

N-PhGly,

Toluene, rfx 21 24
R=Ph 39% /
i >:\ Mg, 7:\
O\\S//O MeOH
\ + — T N “eo0r - HN N
NN R S—N 50%
OH

- 22
(@]

16

Scheme 6 -1,3-Dipolar cycloaddition as key step for the conction of DABO core
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Condensation ofl8 with sarcosine and\-PhGly in refluxing toluene under
Dean-Stark reaction conditions generated the azoneelylides which cyclised to
yield thecis adducts21 and 22 respectively (Scheme 6). Treatment of compounds
21 and22 with magnesium ribbons in MeOH gave respectiveg/target compound
16 and the intermediat24 in good yields. In order to obtab, several different
conditions were tested fdi-arylation of24.
N N\
24 25

Table 2 -Aryl amination on the 7-N position of DABO

Conditions Yields (%)
CsCO0;, Phl, Pd(OAc), BINAP, Toluene, 100 °C, 28 h /
CsCO;, PhBr, Pd(OAc) BINAP, Toluene, 120 °C mw,1 h /
K,COs, PhBr, DMSO, ultrasound /
K.CO;, PhBr, DMSO, 100 °C /
KOt-Bu, PhBr, DMF, 150 °C, mw /
Cul, PhBr, KCO;,, BINOL, toluene, 120 °C, 22 h /
PhB(OH}), Cu(OAc), TEA, Molecular Sieves, DCM, 16h, rt 7
PhB(OH}, Cu(OAc), TEA, Molecular Sieves, TEMPO, DCM, 16 h, rt 14
PhB(OH}), Cu(OAc), Py, Molecular Sieves, TEMPO, DCM, 16 h, rt 17
PhB(OH}, Cu(OAc), K,COs,Molecular Sieves, TEMPO, DCM, 16 h, rt
PhB(OH}, Cu(OAc}), DBU, Molecular Sieves, TEMPO, DCM, 20 h, rt 9
PhB(OH}, Cu(OAc), DMAP, Molecular Sieves, TEMPO, DCM, 20 h, r
PhB(OH}), Cu(OAc), DIPEA, Molecular Sieves, TEMPO, DCM, 20 h, 1 dea
PhB(OH}, Cu(OAc), DIPA, Molecular Sieves, TEMPO, DCM, 20 h, rt 10
NaH, PhF, DMSO, 20 h, rt or 100°C, 24 h /

As summarized in Table 2, classical Buckwald-Hagtveind Ullmann reaction
conditions failed; better results were obtainechgghenylboric acid in presence of
Cu(OAc) and TEMPO to regenerate the catalyst. The yielgdaction was strongly

dependent by the nature of the base: pyridine wasd the most effective base for
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our pourpose, even if phenyl derivati2B was isolated in yield that did not exceed
17%.

Our need for large quantities of material led upuesue a longer synthetic route for
25 which had the advantage de novobuilding of diazabicyclic core already
functionalized with the phenyl group. The synthegis carried out starting from the

intermediate este?6 prepared as outlined in Scheme 7.
AllBr, NaH, (% Ethyl bromoacetate, ﬁ

©/NHR DMF N.,  NaH.DMF.80T N
o1% ©/ 65% ©/ ?:ooa

Boc,0 R=H TFA , 28a R=Boc 26
THF, ix4 R=Boc 27 DCMA »8h R=H
87% 83%

Scheme 7 Synthesis of intermedia2é

Controlled reduction with DIBAL-H failed when apptl on the este26, therefore
aldehyde29 was obtainedia reduction to alcoha30 followed by Swern oxidation.
Condensation 029 with sarcosine followed biN-demethylation gave the awaited
compoundl? in satisfactory yield (Scheme 8).

The assignment dfis stereochemistry to the ring junctions of all cyalducts was
made by analogy with the stereochemistry obsereedcdnventional azomethine
ylide cycloaddition in similar systenis??

S

DIBAL-H (% Sarcosine, /
N oem N Toluene, rfx N
———>  Ph-
OlOEt —_— /j 49% Ni)
(o]
26 29 25
Oxalyl chloride, 1. ACE-CI,
LiAIH,, (\ DMSO, TEA, 60%| DCE, rfx
THF DCM, -78 T 2. MeOH, rfx
90% —» ©/ I quantitative H
17

Scheme 8 Synthesis of7
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In conclusion, it was accomplished an efficienttbgsis of two novel octahydro
aryl-DABO derivatives with high stereoselectivityy handem ylide generation

followed by intramolecular trapping by ahtethered alkenyl group.

2.3 FUSED AZETIDINES

While fused 2-azetidinones, commonly knownfakctams, are among the most
useful azaheterocyclic compounds from both synthatid medicinal chemistry
points of view, the potential application of fusedetidines is only partially
explored.

Azetidines are an interesting and important clasfoor membered heterocyclic
compounds because of their reacti¥itand biological activit$?. In the last years
Jianguo et al® have synthesized some nicotinic acetylcholine pseligands
derived from 3,6-diazabicyclo[3.2.0]heptane and destrated their potent neuronal
activity. That study showed the ability of the dified —~NCCN- motif linker, such
as 3,6-diazabicyclo[3.2.0]heptan&® and 33, in reducing the conformational

complexity of nicotinic ligandsi.. nicotine, 31) and in enhancing the ligand
HN
DU
N
o B 0
N N X
31

N
|
32 33

subtype affinity (Figure 6).

Figure 6 - Nicotinic acethylcoline receptor ligands

In the light of those results we hypothesized td&zabicyclo[3.2.0]heptane
framework could be an useful core not only for tdpdimization of novel selective
nicotinic acetylcholine receptor ligands, but alsp ligands to diverse targets. We

synthesised 6-phenyl-2,6-diazabicyclo[3.2.0]heptane(34) and 6-phenyl-
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3,6-diazabicyclo[3.2.0]heptane3s), hypothesizing that the introduction of the
conformational constraint into the basic backboaeld result in enhancing of the

selectivity of the final ligand to the target retmal site (Figure 7).
ZN H
NH N
H

34 35

Figure 7 - Diazabicyclo[3.2.0]heptanes as constrained pheigérazine replacements

2.3.1 6-PHENYL-2,6-DIAZABICYCLO[3.2.0]|HEPTANE

From a rapid retrosynthetic analys3g, can be derived from azetidino86 prepared
starting from commercially availableans-3-hydroxy L-proline via hydroxamate-
mediated cyclizatio?f (Scheme 9).

/@ rPh

.0 ~OH
N NH N :
Q/ — /N p— /@\ p— @
H Boc 6 Boc o) H "CcOOH

34 36 37
Scheme 9 Retrosynthetic analysis

trans-3-Hydroxy L-proline was protected dsrt-butylcarbamate and then coupled
with O-benzylhydroxylamine using the water soluble ED@fford hydroxamat89
in good vyield. Cyclization under Mitsunobu reacti@onditions gave bicyclic

B-lactam37 in satisfactory yield (Scheme 10).
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Ph
,0'/
OH OH N
$ EDC, HOBT, v N ?EE@ DEAD. FS/‘EO
L_HOH BNONH,, THF D\( ~OBn N
N itativ N 91% \
quantitative
o © Boc
Boc
Boc,0, NaOH, ,R=H 39 37
THF/H,O R=Boc 38

quantitative

Scheme 10 Synthesis of the intermediate lactdm

Direct cleavage of the N-O bond of substituted @tadimones could not be easily
accomplished using most common N-O bond reductiatopols. The samarium
diiodide-mediated reduction reported by Rémwas found unsuccessful. However,
whilst the catalytic hydrogenolysis &7 on Pd/C afforded the hydroxylamino
adduct40, the reaction carried out using Ni-Ra as catadyste in good yield the

awaited lactard1 (Scheme 11).

Ph
O
N Ra-Ni,H,, H 1) BHy*THF, ¥ BOC\N
L—% MeOH 0CTtort /\>
O —_— (6]
N quantitative N 2) Piperazine, N N
H,0, reflux Ho H
Boc Boc Boc
37 41 42 43

H,, Pd/C,
MeOH

|
O
£ L

N
Boc Boc
40 44 34

Scheme 11 -Attempts to obtai34
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Unfortunately, all attempts to redudé to amine42 were unsuccessful. Reduction
with LiAIH 4 in THF or E$O didn’'t work, whereas the treatment with borand-TH
complex, which quantitatively lead to the full ringened produet3.

Hypothesizing that the difficulties associated he teduction step were due to the
ability of reductive agents to act as bases instéad nucleophiles on lactadd, we
decided to revert the strategy, first introducihg aromatic side chain ofil and
then testing the reduction of the lactam to theesponding amind4.

As showed in Table 3, the use of Buchwald-Hartwiggaction conditions in the
presence of Rdba} as catalystwas found to be essential for tNearylation, even

if 44was isolated in very low yield.

All attempts to reduced4 proved ineffective thereby precluding further

transformation t34.

O, S
o
N ° N
|Bo(; Boc
41 44

Table 3-Arylation of theS-lactam

Conditions Results
Cu(OAc), PhB(OH), TEMPO, Py, Molecular sieves, DCM, rt No reaction
PhBr, DPPF, Pd(OAg)t-BuONa, toluene, 120 °C, 48 h Degradation
CsCO;, PhBr, silica gel No reaction
K,COs, PhBr, toluene, reflux, 80 h No reaction
PhBr,rac-BINAP, Pd(dba}, t-BuONa, toluene, 100 °C, 10 h 13%

In the light of these problems, we sought an adtive route to the required bicyclic
amine.trans-3-Hydroxy L-proline was protected &&Boc amino este45b and then
activated to mesylaté6. The treatment with NajNafforded a mixture of azidé7
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and unsatured estBBin 2:1 ratio. The undesired elimination reactisparticularly

favourited due to the high conjugation degree shbyvproduct3 (Scheme 12).

COOH
,\“ COOMe
socl,, o Boc
MeOH quantitative
NaN,, 53
DMF
OMs - N
OH MsCI,TEA, & — (_g:
DCM
D\ COOMe
N COOMe W’ l\‘l l\‘l COOMe
|
Pg Boc Boc
Boc,O,TEA, / 45a Pg=H
47
DCM ( 45b Pg=Boc 46
PPh,,
THF/H,0
Cbz BF,*EL,0,
N +-BuOK, NHCDZ  pigaLh, NHR
Fy THF FS\\ Toluene L_g\
- -
'\“ 48% N Lo 4% N~ ~COOMe
Boc Boc Boc
50 g‘gﬂTEAv 49a R=H Cbz-Cl, , 48a R=H
NaOH,
H,, PdIC 46% 49b R=Ms Toluene | 48b R=Chz
M§OH ' 55% over 2 steps
quantitative
H PhBr, t-BuONa, Ph
N BINAP, N
Pd,(dba),, TFA,
Toluene DCM
N —_— = W\ N
‘ 32% \ 98%
Boc Boc
51 52

Scheme 12 Total synthesis of 6-phenyl-2,6-diazabicyclo[3.Bejjtane

After Staudinger reduction df7, amino este#8awas protected as¥-Cbz derivative
and reduced to alcohol. Whilst classical reductising LiAIH, in THF failed,
reduction with DIBAL-H in presence of BfEt,O gave amino alcoh@l9ain good
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yield. The alcohol was converted in mesylat®b, suitable to undergo an
intramolecular cyclisation to afford the bicycliciskamine 50. After N-Cbz
deprotection,51 was condensed with bromobenzevia the palladium-mediated
procedure developed by Buchwald and Hartfighmination of bromobenzene
proceeded smoothly and provided the correspondiagplimg product with
moderate chemical yield (32%). The protecting grofithe coupling producb2
was finally removed under acidic conditions (TF&)afford the target compourdd

in almost quantitative yield.

2.3.2 6-PHENYL-3,6-DIAZABICYCLO[3.2.0]|HEPTANE

From a retrosynthetic point of view5 is straightforwardly disconnected at the C-N
bond between the phenyl group and fused azetidifpn this disconnection,
3,6-diazabicyclo[3.2.0]heptari® becomes the key precursor (Scheme 13).

Br RNH RNH
[ Npg—>
a/ L MsO"
N 54
@NH p—
HN
a5 \_‘CNPQ

AN
b= MsO
53 NPg — NPg
RNH RNH

56 57

| NPg
55

Scheme 13 Possible approaches 85

Of the many possible synthetic routes towa&f° two different approaches were
initially chosen for further investigastions: (a) teanspyrrolidine approach,
constructing the azetidine ring fraimans-3,4-disubstituted pyrrolidinB5 originally
reported by Jacquet et &.(b) acis-pyrrolidine approach, assembling azetidine ring
from thecis-3,4-disubstituted pyrroliding7.

33



Chapter 2

EtOOC. O o OMs Ns
NaBH,, OH wmscl, OMs NaN,, OMs
MeOH TEA DMF
N —_— —_—
] 3 ! )
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\ PtO,, H,
,COCF, NHCOCF, NH,
N OMs  (CF;CO),, OMs
NaH, DMF TEA, DCM
-
J J J
Ph Ph Ph
59 58

Scheme 14 Jacquet synthesis of 3,6-diazabicyclo[3.2.0]hepteore

Jacquet et al. reported a synthesis of 3,6-diageloi@.2.0]heptane cor&9 via
intramolecular cyclization of 3,4-disubstitutBebenzyl pyrrolidine58 (Scheme 14).
Their synthesis involved a multistep sequence tdwthe preparation 058 and
required a key ring construction step via C-N béordhation through substitution of
the mesylate with the primary amino group. Thetiimg step of that synthesis was
the inefficient intramolecular displacement of #econdary mesylat®8 with the
amide ion nucleophile.

To overcome that problem, we considered translocadf the reacting groups, so
that ring closure involved more facile displacemehthe primary mesylate by the
secondary amine. This, in turn, required accedisetois-substituted pyrrolidin&6.
Scheme 15 outlines the synthesis of the intermed@#-diazabicyclo[3.2.0]heptane
67. Oxime 62 was synthesized through a convenient procéssluding theN-Cbz
protection of 2,2-dimethoxyethylamine and the sghset N-allylation to offer
dimethyl acetab0, hydrolysis of60 to produce aldehyd&l, and oxime formation
with hydroxylamine. Intramolecular 1,3-dipolar cyatldition of oxime52 afforded
the cisracemic intermediate isoxazolidin@3, which was then converted to
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cis-3-amino-4-(hydroxymethyl)pyrrolidine6@) by reductive cleavage of the N-O
bond using Zn/HOAc. To minimize the facile air oaitbn of 63 to isoxazoling
impurities as often detected by LC/MS, cyclizatmin62 and reduction 063 were
carried out in a single pot providirggtin 62% overall yield. The optimized sstep
process from 2,2-dimethoxyethylamine &# required neither distillation nor
chromatographic purification. AfteN-protection, the reaction d5a with mesyl
chloride gave65b, which was smoothly transformed &7 by removal of the
N-Boc protecting group under acidic conditions,daled by basification to liberate

the nucleophilic amine.

1. Cbz-Cl,
NH, NaOH,
2 Toluene MeO HCOOH
2. AllB NN= X
MeO OMe . r, MeO | 99%
KOH, Cbz Cbz
BnNEt,+CI- 60 61x=0 NaOAc*3H,0,
68% over 2 steps 62 X=NOH#4 NH,OH, MeCN
98%
l p-Xylene
130 C
OH
BocHN
OH
NaOH, Boc,0, H,N -0
N EtOH zniacon  HN
! D -
Cbz 86% N 62%
! over 2 steps N
mscl, TEa, 858 R=H cbz Chz
DCM 65b R=Ms 64 63
TFA, DCM\
OMs HN
H,N
E—
N NaOH, EtOH N
I 72% over 2 steps Cbz
Cbz ’
66 67

Scheme 15 -Synthesis of the 3,6-diazabicyclo[3.2.0]heptanyéco
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Monoprotected  3,6-diazabicyclo[3.2.0lheptane67 was condensed with
bromobenzenevia the palladium-mediated procedure with a satisfgctgeld
(40%). The protecting group of the coupling prodwas then removed under
catalytic hydrogenation conditions (Pd/C;)Ho afford the target compour85 in
excellent yield (Scheme 16).

PhBr, tBuOK,
H BINAP, _Ph Ph
N Pd,(dba)s, N H,, PdIC, N~
H Toluene 1\:/( EtOH
40% quantitative

N N N
Chz Chz H
67 68 35

Scheme 16 Derivatization to35

2.4  AzABICYCLO[3.1.0]HEXANE HETEROCYCLES

3-Azabicyclo[3.1.0]hexane is a basic structureiofdgically active natural products
such as CC-106%, duocarmycint® and indolizomycir?* and also a framework of a
pharmacologically important class of compounds sash3,4-methanoprolinés,
poly-L-proline type Il peptide mimetic§,and conformationally rigid analogues of
[1,4'-bipiperidine]-4'-carboxamides (Figure %8)Moreover, recently Renslo has
reported the synthesis of potential antibacteriaydio[3.1.0]hexane derivatives,
which viewed as conformationally constrained iswsteof morpholine-,
thiomorpholine- and piperazine-substituted phenytoazolidinones?®

Due to the good lipophilicity properties and thesgibility of several kinds of
decoration of the molecular framework, 3-azabicjgib.Olhexane system

represents an interesting framework for our syittegttivities.

36



Replacement of Ph- and Bn- piperazine/piperidine

J w, ~OMe
N P
H OMe
OMa
OMe duscarmycin A
CC-1065
& m
Ho, T\ H NS0
N NN A COzH H
0! e
N H _N- H
H R
indalizemycin cis-3.4-methanoproline [1.4"-bipiperidine]-4'-caboxamide analogue

Figure 8 Representative pharmacologically important compaunchaving a
3-azabicyclo[3.1.0]hexane framework

We engaged in a program aimed at the preparation sefveral

3-azabicyclo[3.1.0]hexanes substituted with an ataming (Figure 9).

HN HN l : HN
|
) hai
69b 69c | Side chain,

—)

HN HN HN
Het
|

70a 70b 70c

N

Figure 9 - Azabicyclo[3.1.0]hexane heterocycles

Halo-compounds are interesting derivatives in tleespective of decorating the
basic framework with heterocyclic ring& C-C and C-N coupling.
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2.4.1 CHEMISTRY

A survey of literature data shows that the azabifgcl.0Olhexan ring system has
been prepared through intermolecular cyclopropanaif 3-pyrroline or maleimide
substrate8” The most direct approach involves rhodium(ll) ateimediated
cyclopropanation of ah-protected pyrroline with diazoesters. Unfortungtéhese
reactions often produce mixtures @fo and endodiastereomers and, furthermore,
could not provide ready access to the desargtisubstituted cyclopropanes.

Since the preparation of the more highly oxidize@zabicyclo[3.1.0]-hexane-
2,4-dione systemsia reaction of a protecteahaleimide with a diazoester followed
by pyrolysis of the resulting pyrazoline had beeellweported®* we decided to
follow this approach to achieve theexostereoselective synthesis of

6-aryl azabicyclo[3.1.0]hexane framework (Schemg 17

O)
NH N
Ar _ \
H, Me ©)

Scheme 17 Retrosynthetic analysis of 3-azabicyclo[3.1.0]-hexa&ore

Hydrazones7l1a-e were prepared in excellent yields refluxing cgoasling
commercially available aldehydes/ ketones with hyidre monohydrate. Oxidation
to diazo derivativesr2 was carried out using a strong excess of Mn@ a
preliminary effort,72awas cycloadditioned thi-benzyl pyrroline; after pyrolysis of
the resulting pyrazoline, the bicyclic amifi@a was obtained in very modest yield
(5%). However, using a more electrophilic systeathsas theN-benzylmaleimide,
cycloaddition followed by thermolysis provided punéermediates4 in moderate
to good yields after a simple work up procedureoimwg slurrying the reaction
mixture in diethyl ether. Compound®d,e needed softer reaction conditions than
derivatives72a-c the cycloaddition already worked at room tempematand the

heating needed exclusively for the thermolysis .sfefjustment of the succinimide

38



Replacement of Ph- and Bn- piperazine/piperidine

functionality to the desired pyrrolidine was cadri@ut by exhaustive reduction using
borane-THF complex. The use of LiAJjjuaranteed the overreduction only of the
non-iodinate compound&4a,d In those conditions partial reduction to derives
75 was observed for iodinate compounds (Scheme 18).

R= CH,
Dioxane, rfx
0 R=H Toluene, rfx
Et,O, rt
R
R1 R1
R2 R2
N,H,*H,0
MeOH, rfx ;\fo
N
o \—Ph
NN mno, N, {' T4a-e
‘ Dioxane a-e
R or Et,0 R
e 1) BH*THF, rfx
R1 R1 2) piperazine, H,0
R2 R2 72a
Y )
LiAIH
aR,=R,=H, R=CH, 72 Q NP e
b R,=I, R,=H, R=CH, )i
71 ¢ R;=H R,=I, R=CH, Ph R
R A R1
1 » N2 R2 73a-e
N
(J+
l 75b,c,e

Scheme 18 Synthesis of 3-azabicyclo[3.1.0]-hexane framework

Compound73f was readly obtained througftioduration of 73d with NIS and
trifluoromethansulfonic acid (Scheme 19).
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69%

|
A NIS, TEMSA,
HAH CH,CN HAH
)N N
L
73f

Ph
P

73d

Scheme 19 Derivatization through p-ioduration

Isolation of only one cyclopropane isomer for allated compounds led to tentative
assignment of the phenyl ring to the less hinderemiface. For compounds4d,e
and 73f the assignment was supported by a 3.2 Hz couplimgtant between the
H-6 and H-1/H-5. For compound8a-ctheexostereochemistry is confirmed by the
clear NOE effect between the hydrogen atoms of yhegnoup and H-2endo/
H-4endo, readly identified itH NMR spectra of intermediat&@s (Figure 9).

J167ds6= 3.2 Hz

74d,e; 73f 73a-c

Figure 9 - Stereochemistry assignment

As pyrrolidine nitrogen required eventual depratectt it was tested the
N-debenzylation reaction orBaand73d samples. Th&l-deprotection step was not
S0 easy as expected, because B8tand70aunderwent a fast ring opening to give

monocycles/6 (Scheme 20).
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N Spp, NH  very fast NH
R R R
73a R=CH, 69a R=CH, 76a R=CH,
73d R=H 70a R=H 76d R=H

Scheme 20 N-Debenzylation

Several attempts were made in order to isolatelépeotected amineédaand70a
Optimization efforts included reaction conditionsda purification methods
screening. Table 3 summarizes the results obtdarétBa in all cases of successful
deprotectiontH NMR analysis showed a mixture 69aand76a Moreover, it was
observed that the use of silica gel as stationdmpse for chromatographic
purification promoted the further degradatior68fprobably due to its acidity. We
found that the use of neutral florisil as statignphase allowed the purification of
69aand arrested the ring opening process.

These optimized working conditions were then tested compound73d the
treatment with NH'HCOO in presence of Pd/C followed by purification over
florisil allowed to isolate amin@0ain good yield (69%).

Table 3 -N-Debenzylation of3a: tested conditions

Reaction conditions Purification Yields of 69a (%)

H,, Ni/Ra, EtOH - -
AICl3, benzene, reflux - -

H,, Pd/C, MeOH, 65 °C Florisil 30%

1) ACE-CI, DCE, reflux, 48h; 2) MeOH, reflux Silica gel Degradation of TM
1) ACE-CI, DCE, reflux, 48h; 2) MeOH, reflux Florisil 20%
NH;"HCOO (5 eq), Pd/C, MeOH, room temperatul - -
NH,"HCOO (3 eq), Pd/C, MeOH, reflux Silica gel Degradation of TM
NH;HCOO (3 eq), Pd/C, MeOH, reflux Florisil 51%
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2.5 EXPERIMENTAL SECTION

All moisture-sensitive reactions were performedemargon or nitrogen atmosphere
using oven-dried glassware. All chemicals and gsulvewere purchased from
commercial sources and used without purificatianess otherwise notedH and
13C NMR spectra were recorded either on Varian imsénts at 200, 400, 500 or
600 MHz or on Bruker instruments at 400 MHz and B@0, 125 or 150 MHz or
125 Mz, respectively. Solvent was CR@hless otherwise specified. MondH(and

'H with homonuclear decoupling) and two-dimensioteahniques H-*H COSY,
'H-'H ROESY, H-1C HSQC) were used for stereochemistry investigation
Chemical shifts are reported in pp@d) (sing the residual solvent line as internal
standard. The NMR spectra were recorded at a teryser ranging from 25 to
90 °C. When more than one conformer was detece=dhtbmical shifts for the most
abundant one is usually reported. Mass spectra (M3 taken on a Micromass
ZMD 2000 Mass Spectrometer, operating in ES (+)zion mode. Total ion
current (TIC) and DAD UV chromatographic tracesetibgr with MS and UV
spectra associated with the peaks were taken olzCIMS Acquity™ system
equipped with 2996 PDA detector and coupled to @ev¥§aMicromass Z&" mass
spectrometer operating in positive or negativetedspray ionisation mode. [LC/MS
- ES (+/-): analyses performed using an AcqlityPLC BEH C18 column (50 x
2.1 mm, 1.7 um particle size), column temperat€@, mobile phase: A -water +
0.1% HCOOH / B - CKCN + 0.06% HCOOH, Flow rate: 1.0 mL/min, Run time=
1.5 min, Gradient: t=0 min 3% B, t=0.05 min 6% 8,057 min 70% B, t=1.06 min
99% B, t=1.449 min 99% B, t=1.45 min 3% B, stopeifh5 min. Positive ES 100-
1000, Negative ES 100-800, UV detection DAD 210+880 The usage of this
methodology is indicated by “UPLC/MS” in the an&ytharacterization of the
described compounds. Unless otherwise specifiedgpgrative HPLC-MS
conditions, indicated by “HPLC/MS” — basic methd@blumn: Gemini C18 AXIA,
50 x 21 mm, 5 um; mobile phase: A: 10 mM ag.,NBO;" ammonia (pH 10); B:
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CH3CN; Gradient: specified each time, Flow rate: 17mim; UV range: 210-350
nm; lonization: ES+/-; Mass range: 100-900 amu. Traetions so obtained are
typically evaporated to give the compound as fraseb For reactions involving
microwave irradiation, a Personal Chemistry Efify©ptimizer was used. For
some hydrogenations, a H-Cube Tutor™ reagtas used. Chromatography was
carried out on silica gel 70-230 mesh (suppliedMgyck AG Darmstadt, Germany)
or florisii 60-100 mesh (supplied by Fluka AG BugchSwitzerland). Flash
chromatography was carried out on silica gel 230-#@sh (supplied by Merck AG
Darmstadt, Germany). In a number of preparationsifipation was performed
using Vac Master systems. SPE-SCX cartridges ameexchange solid phase
extraction columns supplied by Varian. The eluesgdiwith SPE-SCX cartridges is
methanol followed by 2N ammonia solution in metHar8PE-Si cartridges are

silica solid phase extraction columns supplied layiah.

Compound 11. A solution of DIPEA (4.73 mL, 27.2 mmol) and
N,N’-dibenzylethylendiamine (2 mL, 8.5 mmol) dissolied 3.5 mL of dry toluene
was added portionwise to a solution of ethyl 2 rainopropionate (2.48 mL, 17.0
mmol) in 20 mL of dry toluene warmed to 50 °C. Thixture was heated to reflux
for 21 h, then cooled to room temperature andréitiefrom the solid. Organic layer
was evaporated under vacuum and the crude residiie@ by chromatography
over silica gel (grad. Etp to Etp4&t= 85:15) to afford the purkl (2.68 g, 93%)'H
NMR (400 MHz) & 7.22-7.34 (m, 10H), 4.08-4.20 (m, 2H), 3.92 Jd,13.6 Hz,
1H), 3.48-3.62 (m, 2H), 3.38 (d7 13.2 Hz, 1H), 3.24-3.35 (m, 1H), 3.02-3.12, (m,
1H), 2.59-2.80, (M, 2H), 2.38-2.57 (m, 3H), 1.24)3 7.2 Hz,3H).

Compound 12. 25% wt DIBAL-H solution in toluene (1.58 mL, 2.36mol) was
added dropwise at — 78 °C to a solutiod®{400 mg, 1.18 mmol) in 10 mL of dry
toluene. The mixture was stirred at that tempeeator 15 min, then quenched with

sat.d NHCI aqg. solution. EtOAc was added; the organic layes washed twice
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with sat.d ag. NECI solution, dried (Ng50,) and filtered. Solvent removal under
reduced pressure affordd@ (340 mg, 98%), which was used for next step withou

purification.

Compound 13. DAST (365ul, 2.76 mmol) was added dropwise to a solution of
aldehydel? (340 mg, 1.15 mmol) in 17 mL dry toluene coole®t¥C. The mixture
was gently warmed to reflux; after 3 h the reactiess quenched with sat.d aq.
NaHCGQ; solution, diluted with EtOAc and washed twice wiihine. The organic
layer was dried (N&QOy), filtered and concentrated under vacuum. Chrogragghy

of the crude residue over silica gel (grad. EtpEtp/Et0=9:1) gave the pure
difluoro derivativel3 (160 mg, 44%)*H NMR (400 MHz)d 7.21-7.36 (m, 10H),
6.32 (dt,J= 6.0 Hz,J= 56.4 Hz, 1H), 3.91 (dd= 2.8 Hz,J= 13.6 Hz, 1H), 3.78 (d,
J= 14.0 Hz, 1H), 3.52 (dJ= 13.2 Hz, 1H), 3.48 (d= 13.2 Hz, 1H), 2.80-2.98 (m,
2H), 2.67-2.78 (m, 1H), 2.44-2.60 (m, 3H), 2.34@(r, 1H).

Compound 14. A solution of Bp (3.1 mL, 59.6 mmol) in 10 mL of CHgas
added dropwise to a solution of allylcyanide (4.8, 9.6 mmol) in 50 mL of the
same solvent. After 1 h the organic layer was wagiéce with 5N aq. Nz5,0;
solution, dried (Ng50Qy), filtered and evaporated under reduced pressuaéfard 14
(12.3 g, 91%) as a yellow pale oiH NMR (400 MHz)3 4.27 (m, 1H), 3.90 (dd,
J= 4.4 Hz,J= 10.8 Hz, 1H), 3.71 (fI= 10.8 Hz, 1H), 3.22 (dI= 5.2 Hz, 2H).

Compound 15. A solution of TEA (15.0 mL, 108.2 mmol) and
N,N’-dibenzylethylendiamine (12.7 mL, 54.1 mmol) in 80 of dry toluene was
added portionwise to a solution of dibromide 14.81g, 54.1 mmol) in 120 mL of
the same solvent warmed to 40 °C. The mixture vemsdd to reflux for 1 h, then
cooled to room temperature and filtered from thédsdrhe organic layer was
evaporated under vacuum and crude residue wasdreath EtOH. Piperazine 15
was isolated as a white solid (13.4 g, 81%).NMR (400 MHz)d 7.22-7.38 (m,
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10H), 3.78 (d,) = 13.2 Hz, 1H), 3.52 (dl= 13.2 Hz, 1H), 3.42-3.50 (m, 2H), 2.96-
3.04 (m, 1H), 2.89 (ddl= 8.0 Hz,J= 16.4 Hz, 1H), 2.36-2.66 (m, 7H).

Compounds 9a and 10a. ACE-CI (6.25 mL, 57.4 mmol) was added dropwiseato
solution 0f13 (13.9 g, 44.1 mmol) in dry DCE (50 mL) cooled t6@. The mixture
was gently heated to reflux. After 2 h volatilesrevevaporated in vacuo; the crude
residue was dissolved in 20 mL of MeOH and the umixtheated to reflux for 1h.
After cooling to rt, the mixture was filtered frotme precipitate and volatiles
evaporated under vacuum to afford a brown oil. @tigation from CHCYMeOH
afforded the hydrochloride salt 8f as white solid (9.59 g, 83%)H NMR (400
MHz) & 10.03 (bs, 1H), 9.86 (bs, 1H), 7.26-7.41 (m, 5641 (t,J= 54.4 Hz, 1H),
4.10 (d,J= 13.2 Hz, 1H), 3.69 (dJ= 13.2 Hz, 1H), 3.12-3.56 (m, 5H), 3.07 (bd,
J=1.68 Hz, 1H), 2.82 (bs, 1H).

Under analogous reaction conditions, hydrochlosdl of 10a was obtained from
15 as white solid (66% yieldfH NMR (400 MHz, DMSOdg) 6 9.53 (bs, 2H), 7.32-
7.44 (m, 4H), 7.22-7.30 (m, 1H), 4.06 (& 13.6 Hz, 1H), 3.20-3.40 (m, 3H), 3.05-
3.18 (m, 1H), 2.96-3.04 (m, 2H), 2.87 (bs, 2H),62678 (m, 1H), 2.38-2.46 (m,
1H). ¥c NMR (100 MHz, DMSOdg) 6 137.4, 128.8, 128.2, 127.1, 117.9, 56.1,
52.4,45.9,45.4,42.1, 18.1.

Compounds 9b and 10b. Method A: Ammonium formate (0.0752 g, 1.19 mmol)
was added to a mixture 6& (0.104 g, 0.398 mmol) and Pd/C (0.100 g) in 2 rfiL 0
MeOH. The reaction was heated to reflux for 2 hteAfcooling to room
temperature, the mixture was filtered on a padetifecand organic layer evaporated
under vacuum to affor@b (0.038 g, 70%) as yellow pale oil. Method B: ACE-C
(143 pl, 1.32 mmol) was added dropwise to a solutio®@{0.110 g, 0.438 mmol)
in 7 mL dry DCE cooled to 0 °C. The mixture was tijeheated to reflux. After 15
h volatiles were evaporated in vacuo and the cradielue was dissolved in 10 mL
MeOH. The mixture was heated to reflux for 1 hntlveoled to room temperature
and filtered from the precipitate. Dihydrochloridalt of 9b (0.043 g, 73%) was
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obtained as white solidH NMR (400 MHz, DMSO#dg) & 10.31 (bs, 3H), 6.49 (dft,
J= 2.8 Hz,J= 53.8 Hz, 1H), 4.17 (m, 1H), 3.62 (@ 13.2 Hz, 1H), 3.35-3.57 (m,
3H), 3.21-3.33 (m, 1H), 3.16 (= 12.8 Hz, 1H).

Under analogous reaction conditions (method B)ydfibchloride salt oflOb (90%
yield) was obtained froniOa as white solid!H NMR (400 MHz, DMSOdq) &
10.20 (bs, 4H), 3.84-4.00 (m, 1H), 3.15-3.55 (m).8{& NMR (100 MHz, DMSO-
de) 6118.0, 48.3, 46.2, 42.5, 41.5, 20.9.

Compound 19. TsCl (19.2 g, 100.9 mmol) was added portionwis@ ®olution of
AlINH, (6.57 mL, 87.7 mmol) in 30 mL of Py cooled to 0. °The mixture was
stirred at room temperature for 3 h, then dilutéth\EtOAc and washed twice with
2N aqg. HCI solution. Organic layer was dried {8@,), filtered and concentrated
under vacuum. Purification by chromatography ovtitasgel (DCM) afforded the
pure aminel9 (16.2 g, 88%) as yellow solidH NMR (200 MHz)d ppm 7.76 (d,
J= 8.0 Hz, 2H), 7.32 (d}= 8.0 Hz, 2H), 5.71-5.88 (m, 1H), 5.06-5.22 (M, 2&ip2
(bt, 1H), 3.54-3.63 (M, 2H), 2.44 (s, 3H).

Compound 20. K,CO; (15.9 g, 115.4 mmol) was added portionwise at &X¢@
solution of aminel9 (16.2 g, 77.0 mmol) in 250 mL of acetone. Afterrhibh ethyl
bromoacetate (11.1 mL, 100.0 mmol) was added amdtkture was gently warmed
to room temperature. After 15 h, solvent was evatgor under vacuum and the
residue was dissolved in DCM. Organic layer washadstwice with water, then
dried (NaSQ,), filtered and concentrated under vacuum. Putifica by
chromatography over silica gel (DCM) afforded theg0 (20.3 g, 88%) as yellow
pale oil. *H NMR (200 MHz)3 7.74 (d,J= 8.2 Hz, 2H), 7.30 (dJ= 8.2 Hz, 2H),
5.81-5.59 (m, 1H), 5.22 (bs, 1H), 5.11-5.18 (m, 1#P9 (q,J= 7.2 Hz, 2H), 4.02
(s, 2H), 3.90 (dJ= 6.4 Hz, 2H), 2.43 (s, 3H), 1.20 {& 7.2 Hz, 3H).

Compound 18. 1M DIBAL-H solution in hexane (24.0 mL, 24.0 mmaljs added
dropwise at —78 °C to a solution of ami2@(5.95 g, 20.0 mmol) in 40 mL of dry
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DCM. The mixture was stirred 30 min at -78 °C, thmuenched with sat.d ag.
NH,CI solution. DCM was added, organic layer was westvéce with sat.d aqg.
NH,CI solution, dried (Nz50,), filtered and concentrated under vacuum to afford
the aldehydd 8 which did not need further purification (4.91g%)7*H NMR (200
MHz) 3 9.60 (t,J= 1.4 Hz, 1H), 7.71 (dJ= 8.2 Hz, 2H), 7.34 (dJ= 8.2 Hz, 2H),
5.55-5.82 (m, 1H), 5.11-5.25 (m, 2H), 3.77-3.85 4id), 2.45 (s, 3H).

Compounds 21 and 22. Sarcosine (1.05 g, 11.8 mmol) was added to aisalutf
aldehydel8 (2.0 g, 7.9 mmol) in 120 mL of toluene. The mixtwas heated to
reflux under Dean-Stark reaction conditions. AR5 h solvent was removed under
reduced pressure. Purification of the crude restojuehromatography over silica
gel (grad. Etp to Etp/Acetone=6:4) afforded theep2it (1.23 g, 55%)H NMR
(200 MHz)57.70 (d,J= 8.2 Hz, 2H), 7.32 (dJ= 8.0 Hz, 2H), 3.27 (ddl= 1.2 Hz,
J=9.8 Hz, 1H), 3.07 (dJ= 6.2 Hz, 2H), 2.58-3.04 (m, 4H), 2.44 (s, 3H),822134
(m, 4H), 1.90-2.08 (m, 1H), 1.52-1.73 (m, 1H).

Under analogous reaction conditio@2 was obtained (39% yield) by condensation
of 18 with N-PhGly.'H NMR (400 MHZz)3 7.65 (d,J= 8.4 Hz, 2H), 7.29 (dJ= 8.4
Hz, 2H), 7.18-7.22 (m, 2H), 6.72 @= 7.2 Hz, 1H), 6.43 (m, 2H), 4.03-4.09 (m,
1H), 3.36-3.42 (m, 1H), 3.32 (dd= 2.8 Hz,J= 10.4 Hz, 1H), 3.25 (ddl= 6.4 Hz,
J=10.0 Hz, 1H), 3.16-3.21 (m, 3H), 2.88-2.96 (m)1#443 (s, 3H), 2.06-2.18 (m,
1H), 1.86-1.95 (m, 1H). MS (ES+) m/z: found 343MH"], CigH2:N,0,S requires
342.4.

Compounds 16 and 24. In a flame dried 500 mL two-necked round bottorfiagk
were taken activated Mg turnings (2.86 g, 119 mnibbsylamine22 (1.63 g, 4.77
mmol) dissolved in 200 mL MeOH was transferred itite reaction flask and the
mixture was heated to reflux for 3 h. Solvent weap@rated under reduced pressure
and 300 mL of HO were added. The mixture was stirred 15 min atmroo
temperature, then backextracted three times witiCig;HCombined organics were

dried (NaSQ,), filtered and concentrated under vacuum to affandine 16 as
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yellow pale 0il(0.448 g, 50% yield)*H NMR (400 MHz)3 7.20-7.25 (m, 2H), 6.71
(t, = 8.0 Hz, 1H), 6.59 (dJ= 8.4 Hz, 2H), 3.95-4.01 (m, 1H), 3.48-3.55 (m, 1H)
3.13-3.22 (m, 1H), 3.06 (d= 11.6 Hz, 1H), 2.82-2.95 (m, 4H), 1.96-2.14 (m,)2H
1.68-1.82 (m, 1H).

Under analogous reaction conditions, andevas obtained (69% vyield) froml.
'H NMR (200 MHz)5 2.86-2.98 (m, 2H), 2.83-2.54 (m, 3H), 2.43 (dd,4.0 Hz,
J= 12.2 Hz, 1H), 2.34 (s, 3H), 1.82-2.24 (m, 4H). NES+) m/z: found 127.0
[MH™], C;H1uN, requires 126.2.

Compound 25. To a 10 mL round bottomed flask were added in segel 30 mg of
molecular sieves (4 A, powdered), PhB(@K39.7 mg, 0.38 mmol), 1 mL of dry
DCM, Py (32.2uL, 0.38 mmol), amin@4 (25.0 mg, 0.2 mmol) dissolved in 2 mL of
dry DCM, Cu(OAc) (3.6 mg, 0.02 mmol) and TEMPO (34.0 mg, 0.218 mnitte
reaction was allowed to stir under air at room terafure for 24 h. DCM was added
and the organic was washed with water and sat.dNBigCI solution. The organic
layer was dried (N®Qy), filtered and concentrated under vacuum. Putificaby
chromatography over silica gel of the crude resi@rad. DCM to DCM/Acetone=
1:9) afforded puré5 (7.0 mg, 17%)*H NMR (400 MHz)3 7.17-7.23 (m, 2H), 6.70
(dt, J= 0.8 Hz,J= 7.2 Hz, 1H), 6.63 (ddl= 0.8 Hz,J= 8.8 Hz, 2H), 3.47 (dJ)= 10.0
Hz, 1H), 3.24-3.35 (m, 2H), 3.08-3.15 (m, 2H), 2858 (m, 2H), 2.30-2.45 (m,
4H), 2.09-2.20 (m, 1H), 1.69-1.81 (m, 1H). MS (ESwjz: found 203.1 [MF],
C.3H1gN5 requires 202.3.

Compound 27. A solution of aniline (5.0 g, 53.7 mmol) in 100 mdf THF
containing BogO (14.1 g, 64.5 mmol) was heated to reflux for Zthe solvent was
removed in vacuo. The crude residue was treated 7@ Hexane/EO mixture; the
precipitate was filtered off, rinsed with Hexanedaoollected. Amine27 was
isolated as yellow pale oil (9.06 g, 87% NMR (200 MHz)3 7.23-7.39 (m, 4H),
7.03 (m, 1H), 6.46 (bs, 1H), 1.52 (s, 9H).
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Compound 28a. NaH (60% oil dispersion 2.06 g, 51.6 mmol) was eatld
portionwise at 0 °C to a solution @7 (9.06 g, 46.9 mmol) in 100 mL of fresh
distiled DMF. After 10 min AllBr (7.38 g, 61.0 mrjowvas added. The suspension
was stirred 20 min at 0 °C, then warmed to roompeenature. After 1.5 h the
reaction was quenched with MeOH and diluted wit@At; the organic layer was
washed twice with 1N aq. HCI solution, dried (R8)), filtered and concentrated
vacuoto afford the pur@8a(9.97 g, 91%) which did not need any purificatid.
NMR (200 MHz)& 7.11-7.38 (m, 5H), 5.89 (m, 1H), 5.16 (d¢;, 1.4 Hz,J= 7.6 Hz,
1H), 5.06-5.09 (m, 1H), 4.21 (di= 1.8 Hz,J= 5.6 Hz, 2H), 1.43 (s, 9H).

Compound 28b. TFA (120 mL) was added portionwise at 0 °C to aitson of 28a
(9.97g, 42.8 mmol) in 30 mL of DCM. The mixture wstired at that temperature
for 20 min, then heated to reflux for 3 h. Sat.d KgCO; solution was added until
neutrality and the aqueous layer was extractedetwiith CHCL. The combined
organics were dried (N&O,), filtered and evaporated under vacuum to aff28d
(4.72 g, 83%) which did not need any purificatitid.NMR (200 MHz)5 7.16-7.28
(m, 2H), 6.76 (tJ= 7.4 Hz, 1H), 6.43-6.68 (m, 2H), 5.86-6.11 (m, 1B)33 (dd,
J= 1.4 Hz,J= 17.2 Hz, 1H), 5.21 (dd}= 1.6 Hz,J= 10.4 Hz, 1H), 3.68-3.87 (m,
3H).

Compound 26. NaH (60% oil dispersion 1.70 g, 42.6 mmol) waseatdortionwise

to a solution of the amin28b (4.72 g, 35.5 mmol) in 100 mL of fresh distilled/B
under argon atmosphere. After 10 min, ethyl broratse (5.11 mL, 46.1 mmol)
was added. The mixture was stirred 30 min at roemperature, then warmed to
80 °C. After 2 h the reaction was not complete andmprovements were observed
after prolonged heating. Sat.d aq. JOHsolution was added and the aqueous layer
was extracted twice with EtOAcThe combined organics were dried (N@&),),
fitered and concentratedn vacuo Purification of the crude residue by
chromatography over silica gel (grad. Etp to EtfflEQ7:3) gave the pure ami2é
(5.10 g, 65%)*H NMR (200 MHz)37.18-7.31 (m, 2H), 6.75 (f= 7.2 Hz, 1H),
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6.64-6.71 (m, 2H), 5.82-6.01 (m, 1H), 5.16-5.32 @H), 4.21 (qJ= 7.2 Hz, 2H),
4.03-4.07 (m, 4H), 1.28 (3= 7.2 Hz, 3H).

Compound 30. LiAIH 4 (1.04g, 27.4 mmol) was added at 0 °C to a stirgalyition

of 26 (3.0 g, 13.7 mmol) in 45 mL of dry THF. The mixtusas stirred 30 min at
that temperature, then warmed to room temperatter 1 h, 10% ag. NaOH
solution was added to quench the reaction andgheaas layer was extracted twice
with EtOAc. The combined organics were dried {81,), filtered and concentrated
in vacuoto afford the alcohaB0 (2.18 g, 90%) which did not need any purification
(90%).*H NMR (200 MHz)3 7.20 (t,J=7.2 Hz, 2H), 6.67-6.81 (m, 3H), 5.72-5.97
(m, 1H), 5.19 (bs, 1H), 5.08-5.17 (m, 1H), 3.93B (@, 2H), 3.80 (tJ= 5.6 Hz,
2H), 3.50 (tJ= 5.8 Hz, 2H).

Compound 29. DMSO (2.93 mL, 41.0 mmol) was slowly added at —°Z8to a
solution of oxalyl chloride (1.60 mL, 18.8 mmol) itb mL of dry DCM. The
mixture was stirred at the same temperature undgmafor 30 min. Alcohol30
(1.45 g, 8.20 mmol) dissolved in 5 mL of dry DCM swvalowly added and the
resulting mixture was stirred at -78 °C for 1 htekfaddition of TEA (4.70 mL), the
mixture was stirred for 30 min further. The reactiwas allowed to stir at room
temperature for 2 h, then partitioned between GH@d HO. The organic layer
was washed with sat.d aq. NE solution, dried (Ns50O,), filtered and concentrated
in vacuoto afford the aldehyd@9 (quantitative) which did not need any further

purification.

Compound 25. Sarcosine (1.40 g, 15.7 mmol) was added to a soluf aldehyde
29(1.41 g, 8.0 mmol) in 120 mL of toluene. The mixtwvas heated to reflux under
Dean-Stark reaction conditions for 4 h. Sovent wasporated under reduced
pressure and the crude residue was purified byntdiimgraphy over silica gel (grad.
DCM/Acetone=95:5 to Acetone) to afford the pd® (801.1 mg, 49%) as a red-
brown oil. *"H NMR (400 MHz)37.20 (t,J= 7.2 Hz, 2H), 6.70 (t)= 7.2 Hz, 1H),
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6.63 (dd,J= 0.8 Hz,J= 8.8 Hz, 2H), 3.47 (d)= 10.0 Hz, 1H), 3.24-3.34 (m, 2H),
3.07-3.15 (m, 2H), 2.84-2.98 (m, 2H), 2.38 (s, 3H29-2.41 (m, 1H), 1.50-1.82 (m,
2H).

Compound 17. ACE-CI (4.32 mL, 39.6 mmol) was added slowly to a solutid31
(801.0 mg, 3.96 mmol) in 20 mL of dry DCE cooled@d’C. The mixture was
stirred at room temperature under argon atmospfoer0 min, then heated to
reflux. After 4 h the mixture was cooled to roormfeerature and DIPEA (6.89 mL,
39.6 mmol) was added. The resulting mixture wagdueto reflux for further 3 h.
Volatiles were evaporated under reduced presshieecriude residue was dissolved
in 20 mL of MeOH and heated to reflux. Volatilesre& evaporated under reduced

pressure to afford hydrochloride saltlaf (446 mg, 60% yield).

Compound 38. 10% aq. NaOH solution (10.3 mL) was added to a essipn of
trans-3-hydroxy proline (3.0 g, 22.9 mmol) in 45 mL of@xture THF/HO= 2:1.
Boc,O (5.98 g, 27.5 mmol) was added and the mixture allasved to stir at room
temperature for 18 h. Volatiles were evaporatedeundicuum; aqueous layer was
acidificated with 2N ag. HCI solution until pH 2&hd extracted three times with
CHCl;. Combined organics were dried ¢$&y), filtered and concentrated under
vacuum to afford aci88 (2.81 g, 53%) which was used in the next stepautlany
purification. *H NMR (200 MHz, CQOD) & 4.34-4.43 (m, 1H), 4.12 (d= 14.2
Hz, 1H), 3.46-3.59 (m, 2H), 1.77-2.15 (m, 2H), 1.2812 (2s, 9H).

Compound 39. HOBT (1.15 g, 8.56 mmol) and EDC (1.63 g, 8.56 Mmwere
added to a solution &8 (1.51 g, 6.60 mmol) in 15 mL of dry THF. After 1Gin
BnONH, (812 mg, 6.60 mmol) was added and the mixture alasved to stir at
room temperature for 18 h under argon atmosphe@A&was added, organic layer
was washed twice with 0.2N aqg. HCI solution, theied (NaSQ,), filtered and
concentrated under vacuum. The crude residue wigedlby chromatography over
silica gel (CHC)) to afford the purg9 (2.21 g, quantitative) as colorless wk.
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NMR (200 MHz)d 7.28-7.49 (m, 5H), 4.91 (d, 1H), 4.87 (d, 1H),44678m (m,
1H), 4.01-4.12 (m, 1H), 3.28-3.46 (m, 2H), 1.672@n, 4H), 1.42 (s, 9H). MS
(ES+) m/z: found 337.5 [MB, C;7H,4N,Os requires 336.4.

Compound 37. DEAD (436 mg, 2.51 mmol) was added at 0 °C tolateam of 39
(767.4 mg, 2.28 mmol) and PP{®58 mg, 2.51 mmol) in 10 mL of dry THF. The
mixture was stirred 1h at 0 °C, then allowed towdo room temperature. After
16 h volatiles were evaporated under vacuum. Theecresidue was purified by
chromatography over silica gel (grad. Etp/EtOAc=&11Etp/EtOAc=1:1) to afford
the pure37 (659.1 mg, 91%) as white softdl. NMR (200 MHz, DMSO#ds) 5 7.35-
7.47 (m, 5H), 4.99 (dJ)=11.4 Hz, 1H), 4.92 (d]=11.4 Hz, 1H), 4.71-4.92 (m, 1H),
4.23 (t,J= 4.4 Hz, 1H), 3.66-3.84 (m, 1H), 2.89-3.11 (m, 1HB2 (ddJ= 6.4 Hz,
J=14.4 Hz, 1H), 1.52-1.73 (m, 1H), 1.39 (s, 9H).

Compound 40. 10% wt Pd/C was added to a solutiorB@f(83 mg, 0.261 mmol) in
4 mL of EtOH. The atmosphere of reaction flask watsired of Hand the mixture
stirred for 5 h at room temperature. The catalyst vemoved by filtration through a
pad of celite. Solvent was evaporated/acuoto afford compoundO (55 mg, 92%)
as yellow pale oil'H NMR (200 MHz, DMSOdg) 3 4.68-4.97 (m, 1H), 4.39 (t,
J= 4.4 Hz, 1H), 3.75-3.87 (m, 1H), 3.20-3.61 (m, 1BP8-3.19 (m, 1H), 2.02 (dd,
J= 6.2 Hz,J= 13.8 Hz, 1H), 1.57-1.79 (m, 1H), 1.40 (s, 9H). KES+) m/z: found
173.3 [MH"-56(Boc)], G¢H16N,O,4 requires 228.2.

Compound 41. 37 (102 mg, 0.320 mmol) was added to a suspensidtadfli in 5
mL of MeOH. The atmosphere of reaction flask wasirea of H and the mixture
stirred for 4 h at room temperature. The catalyst vemoved by filtration through a
pad of celite. Solvent was evaporaiadvacuoto afford compoundil (52.8 mg,
78%) as yellow pale oifH NMR (200 MHz, DMSOd) 5 8.12 (bs, 1H), 4.81-5.04
(m, 1H), 4.15 (tJ= 4.4 Hz, 1H), 3.74-3.92 (m, 1H), 3.01-3.22 (m, 1H)78 (dd,
J= 6.4 Hz,J= 13.8 Hz, 1H), 1.58-1.78 (m, 1H), 1.39 (s, 1H).
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Compound 44. A mixture of amide41 (150 mg, 0.707 mmol), PhBr (0.112 mL, 1.06
mmol) andtBuONa (102 mg, 1.06 mmol) in 5 mL of dry tolueneswlegasses and
purged with argon three times before the additibBIDNAP (26.4 mg, 0.042 mmol)
and Pd(dba) (13 mg, 0.014 mmol). The mixture was heated to°ID@nd stirred at
that temperature for 10 h. After cooling to roomperature, EtOAc was added and
organic layer was washed with®|, dried (NaSQ,), filtered and concentrated under
vacuum. The crude residue was purified by chronragdty over silica gel (CHG)

to afford phenyl derivativd4 (27 mg, 13%) as yellow pale ot NMR (200 MHz)

5 7.18-7.57 (m, 5H), 5.09-5.48 (m, 1H), 4.683,4.6 Hz, 1H), 3.97-4.13 (m, 1H),
3.19-3.38 (m, 1H), 2.25 (dds 5.8 Hz,J= 13.6 Hz, 1H), 1.72-1.95 (m, 1H), 1.49 (s,
9H). MS (ES+) m/z: found 233.4 [MFB6(Boc)], GgH,oN,O; requires 288.3.

Compound 45a. SOC} (916 pL) was gradually added at 0 °C to a solution of
trans-3-hydroxy proline (1.50 g, 11.4 mmol) in 10 mL MEeOH. The mixture was
heated to reflux for 2.5 h, then stirred at roomgerature for 16 h. Volatiles were
evaporated under vacuum to afford hydrochloride ¢ladt5a (2.16 g, quantitative)
as white solid!H NMR (200 MHz, DMSOd,) & 4.41-4.52 (m, 1H), 4.12 (bs, 1H),
3.74 (s, 3H), 3.29 (bt)= 7.8 Hz, 2H), 1.78-2.04 (m, 2H). MS (ES+) m/z: fiou
145.9 [MH'], C¢H12NO; requires 145.1.

Compound 45h. Boc,0 (3.11 g, 14.26 mmol) was added portionwise tolat®n of
45a(2.16 g, 11.9 mmol) and TEA (3.32 mL, 23.8 mmal)40 mL of DCM. The
mixture was stirred at room temperature for 4 entibCM was added and the
organic phase was washed twice with sat.d ag,Q\idolution. The organic layer
was dried (NgSQy), filtered and concentrated under vacuum to affst (2.40 g,
82%) as white solidtH NMR (200 MHz)& 4.37-4.48 (m, 1H), 4.17, 4.29 (2bs, 1H),
3.74 (s, 3H), 3.47-3.68 (m, 2H), 2.00-2.33 (m, 2HB2-1.99 (m, 1H), 1.40, 1.46
(2s, 9H).
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Compound 46. MsClI (1.52 mL, 19.6 mmol) was gradually added at®@to a
solution of45b (2.40 g, 9.8 mmol) and TEA (2.0 mL, 19.6 mmol)2s mL of dry
DCM. The mixture was stirred 20 min at O °C, thesrmved to room temperature for
3.5 h. DCM was added and organic layer was washex twith sat.d aq. NkCI
solution, dried (Nz50y), filtered and concentrated under vacuum. Theeredidue
was purified by chromatography over silica gel gr@CM to DCM/ Acetone=9:1)
to afford46 (3.03 g, 96%) as white solitH NMR (200 MHz)3 5.18-5.22 (m, 1H),
4.46, 4.58 (2s, 1H), 3.44-3.80 (m, 5H), 3.09 (s),3418-2.36 (m, 2H), 1.42, 1.47
(2s, 9H).

Compound 48a. NaN; (241 mg, 3.71 mmol) was added to a solutiod®{1.0 g,
3.10 mmol) in 12 mL of dry DMF. The mixture was teghto 100 °C for 7 h. After
cooling to room temperature, EtOAc was added ardotiganic layer was washed
twice with sat.d agq. NKCI solution, then dried (N&Q,), filtered and concentrated
under vacuum to afford a crude mixture 4f and 53 (728 mg) in 2:1 ratio as
detected byH NMR analysis.

PPh (911 mg, 3.48 mmol) was added to a stirred emuilsf¢hat material (728 mg,
2.68 mmol) in 13.2 mL of a THFA®=10:1 mixture. The resulting mixture was
heated to reflux for 4 h. Volatiles were evaporatader vacuum. The crude residue
was purified by chromatography over silica gel (graHCL to CHCL/MeOH=8:2)

to afford the purel8a (417 mg, 55% over 2 stepsH NMR (200 MHz)3 4.28 (dd,
J= 7.8 Hz,J= 13.8 Hz, 1H), 3.51-3.86 (m, 5H), 3.23-3.45 (m,),1RL00-2.20 (m,
1H), 1.68-1.98 (m, 1H), 1.39, 1.43 (2s, 9H).

Compound 48b. CbzCl (312puL, 2.22 mmol) was added dropwise to a mixture of
48a(417 mg, 1.71 mmol) in 6 mL of toluene and 1 ml%d.8q. NaOH solution. The
mixture was stirred at room temperature for 1&hbntEtOAc and KO were added.
The phases were separated and the organic wasdvagtheH,O. The organic layer
was dried (NgSQ,), filtered and concentrated under vacuum. Theemnedidue was
purified by chromatography over silica gel (gradH@; to CHCE/MeOH=95:5) to
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afford the pure derivativé8b (607 mg, 94%)*H NMR (200 MHz)d 7.25-7.40 (m,
5H), 5.15 (d,J= 13.6 Hz, 1H), 5.06 (dJ= 13.6 Hz, 1H), 4.80-4.99 (bs, 1H), 4.41-
4.59 (m, 2H), 3.47-3.78 (M, 4H), 3.24-46 (m, 1HP&2.29 (M, 1H), 1.82-2.07 (m,
1H), 1.39, 1.44 (2s, 9H).

Compound 49a. 1M DIBAL-H solution in hexane (4.84 mL, 4.84 mme¥as added
dropwise at — 78 °C to a stirred solution of egt8b (600 mg, 1.60 mmol) and
BF3*Et,0 (67.2pL, 0.56 mmol) in 5 mL of dry toluene. The resultisglution was
stirred 30 min at — 78 °C, then allowed to warnmdom temperature and stirred for
additional 3 h. The reaction was quenched witldsed. NHCI solution. The phases
were separated and the aqueous extracted twiceOM@k;. The combined organics
were dried (NgS0Q,), filtered and concentrated under vacuum to aftbedalcohol
49a (301 mg, 54%)H NMR (200 MHz)3 7.27-7.41 (m, 5H), 5.11 (bs, 2H), 4.70
(s, 1H), 4.23-4.56 (m, 1H), 3.82-4.03 (m, 2H), 3%86 (m, 1H), 3.22-3.53 (m,
2H), 2.04-2.29 (m, 1H), 1.79-2.02 (m, 1H), 1.459(d).

Compound 49b. MsCI (130 uL, 1.7 mmol) was added dropwise to a solution of
alcohol49a (300 mg, 0.85 mmol) and TEA (238., 1.70 mmol) in 3 mL of dry
DCM. The mixture was stirred at room temperaturelf® h. DCM was added; the
organic layer was washed twice with sat.d aq,GlHolution, then dried (N8G,),
filtered and concentrated under vacuum. The cruelkddue was purified by
chromatography over silica gel (grad. CH@ CHCL/Acetone=9:1) to afford the
pure49b (170 mg, 46%)*H NMR (200 MHz)3 7.27-7.40 (m, 5H), 5.15 (d= 13.6
Hz, 1H), 5.08 (dJ= 13.6 Hz, 1H), 4.05-78 (m, 4H), 3.18-58 (m, 2HRR (s, 3H),
1.76-2.32 (m, 2H), 1.46 (s, 9H).

Compound 50. Compound49b (100 mg, 0.23 mmol) was dissolved in 2 mL of dry
THF andtBuOK (38.6 mg, 0.345 mmol) was added. The mixtuas wstirred during

48 h at room temperature. EtOAc was added and thenc phase was washed
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twice with HO. The organic layer was dried (}$0,), filtered and concentrated
under vacuum. The crude material was purified bypwrifatography over silica gel
(grad. Etp to Etp/ AcOEt=7:3) to afford the p&@ (37 mg, 48%)H NMR (200
MHz) & 7.27-7.42 (m, 5H), 5.09 (s, 2H), 4.89J% 5.4 Hz, 1H), 4.24-4.58 (m, 1H),
4.02-4.21 (m, 1H), 3.73-3.97 (m, 1H), 3.40-3.59 @H), 2.08-2.39 (m, 1H), 1.67-
1.82 (m, 1H), 1.44 (s, 9H). MS (ES+) m/z: found 2F[MH"-56(Boc)], GgH»4N,04
requires 332.4.

Compound 51. 10% Pd/C was added to a solutiorb6f(37 mg, 0.11 mmol) in 2.3
mL of MeOH. The mixture was stirred undeg &tmosphere for 5 h and then filtered
from the catalyst through a pad of celite. The til@a were evaporated under
vacuum to afford amin&1 (26 mg, quantitative)'H NMR (200 MHz)55.14 (t,
J= 6.2 Hz, 1H), 4.53-4.78 (m, 2H), 4.38 (d&; 6.2 Hz,J= 11.6 Hz, 1H), 3.80-4.05
(m, 2H), 3.67-3.79 (m, 1H), 2.51 (bdd 5.6 Hz,J= 15.0 Hz, 1H), 1.90-2.19 (m,
1H), 1.43 (s, 9H).

Compound 60. Step 1: CbzCl (3.15 mL, 27.1 mmol) was added gufigiuio a
mixture of aminoacetaldehyde dimethyl acetal (3,028.9 mmol) in 15 mL of
toluene and agq. NaOH (1.5 g, 36.2 mmol, in 7.5 rhivater) at 10-20 °C. After the
addition was completed, the mixture was stirredoaim temperature for 4 h. The
organic layer was separated and washed with bHneas then concentrated to
afford benzyl 2,2-dimethoxyethyl-carboxylate asoin(3.0 g, 46% vyield)'H NMR
(300 MHz)6 7.30 (m, 5H), 5.11 (s, 2H), 4.37 &~ 6.0 Hz, 1H), 3.39 (s, 6H), 3.33
(t, J= 6.0 Hz, 2H).

Step 2: Under B powdered KOH (3.10 g, 55.2 mmol) and triethyl-
benzylammonium chloride (470 mg, 2.06 mmol) werdeatlto a solution of benzyl
2,2-dimethoxyethylcarbamate (3.0 g, 12.5 mmol) i AL of dry toluene. A
solution of AlIBr (1.43 mL, 16.6 mmol) in 5 mL obluene was then added dropwise
over 1 h at 20-30 °C. The mixture was stirred atnmatemperature for 14 h. The

reaction was slowly quenched with water at 20-30o0%@r 20 min. The organic
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layer was separated and the aqueous phase wastedatraith toluene. The
combined organic extracts were washed with brimkcmcentrated to givé0 (2.39
g, 68%).*H NMR (300 MHz, CQOD) & 7.23 (m, 5H), 5.75 (m, 1H), 5.15 (m, 4H),
4.45 (m, 1H), 3.97 (d] = 5.40 Hz, 2H), 3.37 (m, 5H), 3.32 (s, 3H).

Compound 61. A solution of60 (2.39 g, 8.57 mmol) in formic acid (2.7 mL) was
stirred under argon at room temperature for 15 bst\df the formic acid was then
removed under reduced pressure at 40-50 °C. Thdueesvas extracted with
EtOAc. The combined extracts were washed with buiml the aqueous phase had
a pH of 6-7. The organic solution was then conegett to provide the pul (2.01

g, 99%)."H NMR (300 MHz)39.50 (d,J = 6.4 Hz, 1H), 7.45 (m, 5H), 5.75 (m,
1H), 5.10 (m, 4H), 4.10 (m, 1H), 3.97 (M, 2H), 3(2Q 1H).

Compound 62. A solution of NaOAc-3kD (1.18 g, 8.70 mmol, in 6 mL of water)
was added to a flask containing the solution6df (2.01 g, 8.61 mmol) and
NH,OH*HCI (754 mg, 10.85 mmol) in MeCN (10 mL) and thetirred at room
temperature for 20 h. The volatiles were then rezdownder reduced pressure, and
the residue was extracted with EtOAc. The combiertlacts were washed with
brine until the aqueous phase had a pH=7. The @rgafution was concentrated to
provide60 (2.10 g 98%)*H NMR (300 MHz, CROD) & 7.27-7.36 (m, 6H), 5.62
(m, 1H), 5.30 (M, 4H), 4.17 (d,= 4.41 Hz, 1H), 3.98 (dl = 5.43 Hz, 1H), 3.94 (m,
2H). 3C NMR (75 MHz, CDCJ) 6 156.1, 155.9, 149.8, 149.4, 147.0, 136.2, 132.8,
132.6, 128.4, 128.0, 127.8, 118.1, 117.8, 117.3,31167.5, 50.8, 50.4, 49.5, 49.0,
45.4,45.1, 42.4, 42.0.

Compound 64. A solution of62 (950.4 mg, 3.83 mmol) in 10 mL @fxylene was

stirred under Ar at 130 °C for 10 h. The brown $olu was cooled to room
temperature, and 10 mL of AcOH were then addedc powder (500 mg, 7.65
mmol) was added gradually at 0 °C. After the additivas completed, the reaction

mixture was stirred at room temperature for 3 he Trorganic solid was removed

57



Chapter 2

by filtration. The organic solution was then stitravith water for 10 min and
separated. The aqueous layer was extracted with&EtOhe combined extracts
were concentrated under reduced pressure. Thaueesids basified to pH 9-10 by
cautious addition of sat.d aq. }D; solution. The precipitated white solid was
removed by filtration. The aqueous solution wasrasted with CHG. The
combined extracts were washed with sat.d agC®asolution and dried (N&SO;).
The mixture was then filtered through a short caluof diatomaceous earth and
concentrated to providé4 (590 mg, 62%) as an diH NMR (300 MHz, CROD)
57.35 (m, 5H), 5.10 (s, 2H), 3.52-3.80 (m, 5H), 3@& 2H), 2.40 (m, 1H).
MS (ES+) m/z: found 251.5 [MH, C;4H;gN,O5 requires 250.3.

Compound 65a. A solution of64 (400 mg, 1.6 mmol) in 5 mL of EtOH was basified
to pH~10 with 10% aq. NaOH solution. B&c (523 mg, 2.4 mmol) was cautiously
added at 10-20 °C. After the addition was compleitedtas allowed to stir at 65 °C
for 4 h. The volatiles were removed under reducessqure, and the residue was
extracted with EtOAc. The combined extracts wereshea with brine, dried
(Na,SQy), filtered and concentrated under vacuum to Give(482.4 mg, 86%) as a
solid*H NMR (400 MHz, CQOD) & 7.35 (m, 5H), 5.10 (s, 2H), 4.20 (m, 1H), 3.50-
3.75 (m, 4H), 3.40 (m, 1H), 3.25 (m, 1H), 2.50 (i), 1.46 (s, 9H).

Compound 65b. A solution of MsCI (0.373 mL, 4.82 mmol) was addexdthe
solution of65a(482.4 mg, 1.93 mmol) and 4&t (0.537 mL, 3.86 mmol) in 3 mL
dry DCM at 0 °C. The reaction was allowed to wamrdom temperature, stirred
for 1 h and then quenched with water. The orgaajed was separated, and the
aqueous layer was extracted twice with DCM. Thelgioed organics were washed
with brine, dried (Ng50Q,), filtered and concentrated to gi8&db (326.7 mg, 16%
starting from62) as an oitH NMR (300 MHz)& 7.30 (m, 5H), 5.16 (s, 2H), 4.75
(m, 1H), 4.10 (m, 2H), 3.70 (m, 2H), 3.40 (m, 28)08 (s, 3H), 2.80 (m, 1H), 1.46
(s, 9H). MS (ES+) m/z: found 429.6 [MH C,¢H,gN,O-S requires 428.5.
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Compound 67. A solution of65b (151 mg, 0.352 mmol) in 1.5 mL of DCM was
stirred with TFA (0.2 mL) at room temperature fohllt was then concentrated
under reduced pressure. The residue was dissotv&dOH (2.5 mL), basified to
pH~12 with 10% aq. NaOH solution, and stirred at@G@or 3 h. It was cooled to
room temperature and concentrated under reducedipeeto remove most of the
volatiles. The residue was extracted with CEHCIhe combined extracts were
washed with brine and then passed through a sbarino of diatomaceous earth.
The filtrate was concentrated to gié& (75.4 mg, 72%)'H NMR (200 MHz,
CD;0OD) 8 7.26-7.45 (m, 5H), 5.16 (s, 2H), 4.45 3 5.2 Hz, 1H), 3.82 (tJ= 2.6
Hz, 2H), 3.77 (dJ= 3.4 Hz, 1H), 3.16-3.42 (m, 4H).

Buchwald-Hartwig Coupling Reaction. The mixture of amine(0.325 mmol),
bromobenzene (0.051 mL, 0.487 mmol), #B@ONa (46.8 mg, 0.487 mmol) in dry
toluene (3 mL) was degassed and purged with atgae times before the addition
of rac-BINAP (12.0 mg, 0.019 mmol) and Kdba} (5.95 mg, 0.0065 mmol). It was
then heated to 100 °C and stirred at this tempexdtar 10 h. After it was cooled
down to room temperature, it was diluted with EtO&ed washed with brine.
Products were isolated after chromatographic matiibn over silica gel.

Data for compound 52. 32% yield,'H NMR (200 MHz)37.20 (dd,J= 1.2 Hz,
J= 8.4 Hz, 2H), 6.75 (t}= 7.6 Hz, 1H), 6.46 (ddl= 1.4 Hz,J= 8.8 Hz, 2H), 4.65 (t,
J= 5.4 Hz, 1H), 4.33-4.59 (m, 1H), 3.77-4.02 (m, 2Bp5-3.76 (m, 2H), 2.15 (dd,
J= 6.4 Hz,J= 13.0 Hz, 1H), 1.73-1.97 (m, 1H), 1.48 (s, 9H).

Data for compound 68. 40% vyield,*H NMR (200 MHz)3 7.15-42 (m, 7H), 6.73 (t,
J=7.2 Hz, 1H), 6.40 (d] = 8.4 Hz, 2H), 5.07-5.20 (m, 2H), 4.58 (did= 3.6 Hz,
J=6.6 Hz, 1H), 3.94-4.11 (m, 2H), 3.91% 7.4 Hz, 1H), 3.63-3.72 (m, 1H), 3.36-
3.51 (m, 1H), 3.11-3.33 (m, 2H). MS (ES+) m/z: fduB09.5 [MH], C1gH20N,0,
requires 308.3.

Compound 34. TFA (250uL) was added to a solution 62 (7.1 mg, 0.026 mmol)

in 2 mL of DCM. The mixture was stirred at room fmrature for 2 h. Volatiles
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were evaporated under vacuum to aff8ddas its trifluoroacetic salt (7.5 mg, 98%).
H NMR (200 MHz, DMSOdg) 39.44 (bs, 1H), 9.09 (bs, 1H), 7.17 J& 7.4 Hz,
2H), 6.69 (tJ= 7.4 Hz, 1H), 6.48 (ddl= 1.0 Hz,J= 7.6 Hz, 2H), 4.70 (t}= 4.6 Hz,
1H), 4.11-4.60 (m, 1H), 3.33-4.05 (m, 4H), 2.20,(dd 5.6 Hz,J= 14.0 Hz, 1H),
1.68-1.91 (m, 1H).

Compound 35. A solution of68 (30 mg) in 2 mL MeOH was stirred with 10% wt
Pd/C under Hfor 4 h. The catalyst was cautiously removed hyafion through a
short column of diatomaceous earth. The filtrats wancentrated to givé5 (18.8
mg, quantitative)*H NMR (200 MHz)3 7.19 (t,J= 8.2 Hz, 2H), 6.71 (t}= 7.2 Hz,
1H), 6.40 (dJ= 7.8 Hz, 2H), 4.42-4.83 (m, 2H), 3.85 J& 7.6 Hz, 1H), 3.57 (dd,
J= 2.8 Hz,J= 7.6 Hz, 1H), 3.30 (ddj = 7.8 Hz,J = 11.8 Hz, 2H), 2.99-3.17 (m,
1H), 2.77-2.94 (m, 1H), 2.61 (bd, 1H).

Compounds 71a-e. Hydrazine monohydrate (18.3 mL, 37.7 mmol) waseadth a
solution of acetophenone (4.52 g, 37.7 mmol) inm0 MeOH. The solution was
heated to reflux. After 4 h solvent was evaporateder reduced pressure to afford
71a(4.80 g, 95%) which did not need any purificatitid.NMR (400 MHz)3 7.63-
7.66 (m, 2H), 7.29-7.38 (m, 3H), 5.36 (bs, 2H),32(4, 3H).

Under analogous reaction conditionglb was obtained (97% vyield) from
p-iodoacetophenonéH NMR (400 MHz)d 7.66 (dd,J=1.6 Hz,J= 6.8 Hz, 2H),
7.37 (ddJ= 1.6 Hz,J= 6.8 Hz, 2H), 5.39 (bs, 2H), 2.08 (s, 3H).

Under analogous reaction conditionglc was obtained (95% vyield) from
mriodoacetophenonéH NMR (400 MHz)3 7.58-7.74 (m, 2H), 7.24-7.28 (m, 1H),
7.07-7.13 (m, 1H), 5.31 (bs, 2H), 2.15 (s, 3H).

Under analogous reaction conditiongld was obtained (96% vyield) from
benzaldehyde'H NMR (400 MHz)3 7.75 (s, 1H), 7.52-7.56 (m, 2H), 7.25-7.37 (m,
3H), 5.50 (bs, 2H).
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Under analogous reaction conditiongle was obtained (96% vyield) from
mriodobenzaldehydéH NMR (400 MHz)3 7.71-7.75 (m, 1H), 7.61-7.67 (m, 2H),
7.17-7.21 (m, 1H), 7.08-7.14 (m, 1H), 4.57 (s, 2H).

Compounds 74a-c. MnO, (14.8 g, 170.0 mmol) was added portionwise at @c’@
solution of71a(3.80 g, 28.3 mmol) in 70 mL of dioxane. The mietwas stirred 1h
at room temperature, then filtered on a pad oteelio the resulting solution was
addedN-benzylmaleimide (2.64 g, 14.2 mmol) dissolved thniL of dioxane over
30 min. The mixture was stirred at room temperatare h, then refluxed for 18 h.
Volatiles were evaporated under vacuum. The crude treated with MeOH; the
precipitate was filtered, rinsed with MeOH and eoted.74a was obtained as a
white solid (1.42 g, 34%)H NMR (400 MHz)d 7.32-7.44 (m, 4H), 7.25-7.31 (m,
6H), 4.61 (s, 2H), 2.77 (s, 2H), 1.27 (s, 3H).

Under analogous reaction conditio@gb (37% vyield) was obtained fromib: H
NMR (400 MHz)3 7.64 (d,J= 8.4 Hz, 2H), 7.39-7.40 (m, 2H), 7.25-7.30 (m, 3H)
7.02 (d,J= 8.4 Hz, 2H), 4.58 (s, 2H), 2.71 (s, 2H), 1.223(d).

Under analogous reaction conditiofféc (26% vyield) was obtained fromlc 'H
NMR (400 MHz)3 7.57-7.72 (m, 2H), 7.39-7.48 (m, 2H), 7.24-7.38 &H), 7.05
(t, J= 7.8 Hz, 1H), 4.60 (s, 2H), 2.73 (s, 2H), 1.243(d).

Compounds 74d,e. MnO, (19.71 g, 226.4 mmol) was added portionwise & @0°a
solution of71d (4.44 g, 37.0 mmol) in 170 mL of DCM. The mixtwmas stirred 1h
at 0 °C and further 30 minutes at room temperatiien filtered on a pad of celite.
Solvent was evaporated under vacuum and residseldisl in E2O (100 mL).
N-Benzylmaleimide (9.35 g, 50.0 mmol) dissolved 60InL EO was added and
the mixture was stirred at room temperature for. Plecipitate was filtered off,
rinsed with EfO and collected. The solid was dissolved in 50 mhemzene and the
reaction mixture heated to reflux for 15 h. Solvermts evaporated under reduced
pressure; precipitation of residue from a mixtuemzene/hexane=1:1 afford@dd
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as a white solid (3.58 g, 35%H NMR (400 MHz)3 7.25-7.36 (m, 8H), 7.07 (dd,
J= 2.0 Hz,J= 7.6 Hz, 2H), 4.57 (s, 2H), 2.76 (@ 3.2 Hz, 2H), 2.67 (m, 1H).
Under analogous condition&4e (26% yield) was obtained frofle 'H NMR (400
MHz) & 7.58-7.64 (m, 1H), 7.44 (bs, 1H), 7.28-7.34 (m,),5H03-7.05 (m, 2H),
4.56 (s, 2H), 2.74 (dl= 3.2 Hz, 2H), 2.58 (t, 1H).

Compounds 73a-e. 1M Borane solution in THF (45.3 mL, 45.3 mmol) was edid
dropwise to a solution df4a (2.18 g, 7.50 mmol) in 70 mL of dry THF cooled to
0 °C. The mixture was stirred 2 h at room tempeeatuind then heated to reflux for
further 2 h. After cooling to 0 °C, piperazine (3.8, 45.3 mmol) dissolved in 24 of
H,O was added and the solution heated to reflux &in.1The reaction mixture was
cooled to room temperature, diluted withHand extracted twice with EtOAc.
Combined organics were washed with brine, dried ,99g), filtered and
concentrated under vacuum. Chromatography of thdecmaterial over silica gel
(CHCIy) afforded the pur@3a(1.56 g, 79%)H NMR (400 MHz)3 7.23-7.34 (m,
9H), 7.14-7.17 (t, 1H), 3.70 (bs, 2H), 3.04 (bd,)2B.88 (bs, 2H), 1.79 (bs, 2H),
1.60 (s, 3H).

Under analogous reaction conditio@8b (75% vyield) was obtained fromdh: *H
NMR (400 MHz)3 7.57 (dd,J= 2.0 Hz,J= 6.4 Hz, 2H), 7.28-7.33 (m, 4H), 7.21-
7.27 (m, 1H), 6.98 (dd)= 2.0 Hz,J= 6.4 Hz, 2H), 3.69 (bs, 2H), 3.04 (bd, 2H),
2.84 (bs, 2H), 1.73 (bs, 2H), 1.58 (s, 3H).

Under analogous reaction conditiof8c (82% yield) was obtained from4c H
NMR (200 MHz)3 7.57-7.60 (m, 1H), 7.44-7.47 (m, 1H), 7.17-7.33 @H), 6.98
(t, 3= 7.8 Hz, 1H), 3.66 (s, 2H), 3.04 (8 9.4 Hz, 2H), 2.76-2.84 (m, 2H), 1.71-
1.74 (m, 2H), 1.59 (s, 3H).

Under analogous reaction conditio@&d (89% yield) was obtained from4d: *H
NMR (400 MHz) 3 7.33-7.35 (m, 4H), 7.23-7.26 (m, 3H), 7.13-7.19 (H), 7.05
(d, 3= 8.0 Hz, 2H), 3.68 (s, 2H), 3.15 (hik 8.8 Hz, 2H), 2.52 (bdl= 8.4 Hz, 2H),
2.38 (bs, 1H), 1.68 (s, 2H).
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Under analogous reaction conditiof8e (78% yield)was obtained fronT4e H
NMR (200 MHz)d 7.19-7.53 (m, 7H), 6.85-7.04 (m, 2H), 3.64 (s, 2BI)11 (d,
J= 9.0 Hz, 2H), 2.47 (dJ= 8.6 Hz, 2H), 2.30 (t, 1H), 1.64 (bs, 2H).

Compound 73f. TFMSA (1.01 mL, 11.61 mmol) and NIS (1.22 g, 5mfinol) were
added to a solution of the amiii8d (0.963 g, 3.87 mmol) in 11 mL of acetonitrile
cooled to 0 °C. The mixture was gradually warmedotmm temperature. After 22 h,
the reaction mixture was quenched with sat.d add@®@; solution and extracted
twice with EtOAc. Combined organics were dried {81&), filtered and
concentrated under vacuum. Flash chromatographlyeotrude residue over silica
gel (DCM) gave the pur@3f (1.01 g, 69%)H NMR (200 MHz)3 7.53 (d,J= 8.4
Hz, 2H), 7.20-7.32 (m, 5H), 6.78 (& 8.4 Hz, 2H), 3.64 (s, 2H), 3.11 (3 8.6
Hz, 2H), 2.47 (bdJ= 8.4 Hz, 2H), 2.30 ()= 3.2 Hz, 1H), 1.62 (bs, 2H).

Compounds 69a and 70a. To a suspension @f3a (248 mg, 1.0 mmol) in 50 mL of
MeOH were added first ammonium formate (189 mg,8rfol) and then 10% wt
Pd/C (0.3 mmol). The reaction mixture was heatecetioix for 1 h. The suspension
was filtered from the catalyst through a pad ofteednd solvent evaporated under
vacuum. Chromatography of the crude residue overisil (grad. DCM to
DCM/MeOH=8:2) afforded the puré9a (88 mg, 51%).H NMR (400 MHz) 3
7.24-7.38 (m, 4H), 7.15-7.22 (m, 1H), 3.28-3.42 @H), 3.16 (d.J= 8.0 Hz, 2H),
2.24 (bs, 1H), 1.82-1.95 (m, 2H), 1.37 (s, 3 H).

Under analogous reaction conditio®a (69% yield) was obtained from3d: *H
NMR (400 MHz)3 7.24-7.31 (m, 2H), 7.12-7.19 (m, 1H), 7.03-7.11 @H), 3.18
(d, 2H), 3.00-3.09 (m, 2H), 1.82 (bs, 1H), 1.726l(#, 2H), 1.69-1.72 (m, 1H).
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3 CONSTRAINED AMINO ACIDS AND BIS-AMINES

A common strategy in the practice of medicinal dee¥nis the introduction of
conformational constraint in the design of new itur structurest The goal is
tighter and/or more selective binding of the intobito its target. Reducing the
entropic costs of binding can produce the desirffdcg but only if enthalpically
important contacts are not lost as a result of gteictural constraint. The most
common tactic toward these ends involves the cactstn of cyclic isosters of
acyclic structures®® The further constraint of cyclic structures can &ehieved
through the introduction of unsaturation, throughsibn to a second ring, or by
conversion of a (mono)cyclic system into a bicyoli=!®%? As examples of the
latter approach, cyclopropyl analogues of non cpetipyl-group containing
compounds have been used to modify or even imgineveelectivity of biologically
active compounds and improve the pharmacokinetid amarmacodynamic
properties of lead compounds.

The cyclopropane moiety is a common motif in naturBe importance of
cyclopropyl-group containing compounds for indwustriapplications is also
apparent, reflected for example by the tremendossbcessful of pharmaceutical
blockbusters like the antiinfectives ciprofloxaeimd moxifloxacirt. Several natural
and non-natural products with interesting biolodicactivities comprising a
cyclopropane moiety are amino acids and bis-amiAesong these? and j~amino
acids have gained increasing attention over thetpgsars, not only as
conformationally restricted analogues of natural inm acids in peptide/protein
synthesi$but also in terms of developing new synthetic odsifogy. Constrained
bis-amines are also interesting as rigid scaffoldth two nitrogen atoms held at
well defined distance and could be ranked on theebaf their ability to act as
mimetics of common structural motives, such asiaggpliazepine and piperazine

rings.
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In view of the biological relevance of these twassks of structures, we prepared
constrained bicyclic heterocycles. In particulanth constrained amino acids and
bis-amines could give access to a whole series zabiayclo heteroaromatic

derivatives.

3.1 CONSTRAINED AMINO ACIDS

The discovery of substances which mimic the actioh the mammalian
neurotransmittery-aminobutyric acid (GABA) at its central receptonsay be
important not only for understanding the charast®s of the receptors but also for
obtaining potentially-useful therapeutic agents.pédotic acid and guvacine
scaffolds are emerging as novel privileged strestudue to their cyclic nature, high
degree of functionality, and diverse range of tgial activity. These cyclic amino
acids, which may be considered as conformationagricted GABA analogues,
displayin vitro potent activity as inhibitor offH]-GABA uptake® On the other
hand, it has been reported that the isomeric comggu isoguvacine and
isonipecotic acid, are specific GABA receptors g

The use of conformationally constrained amino atidprobe the binding mode of
bioactive molecules to their receptors is an apgrda the design of highly selective
and active compounds. Reducing the conformatiaeaidom of a ligand may alter
the binding affinity of the ligand at a given retap the selectivity of the ligand
between different receptors, and the stabilityhef igand with respect to enzymatic
degradation. Examination of the effect of restnigtthe conformational freedom of a
given ligand on these properties may lead to irsgéansight into the bioactive
conformation of the ligand and hence ultimatelythe generation of more potent
and selective molecules.

Thus, we became interested in 3-azabicyclo[4.1e@ldne-1-carboxylic acid) and
3-aza-bicyclo[4.1.0] heptane-6-carboxylic aci@) (Figure 1) as templates for the

design of new drugs. Imparting additional conforinva! rigidity to the piperidine
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Constrained amino acids and bis-amines

ring of nipecotic/isonipecotic acids incorporatiagcyclopropyl group at C-1/ C-6

positions could result in improved pharmacokingtigperties of lead compounds.

GABA uptake inhibitors

COOH COOH
HU HU HN COOH

Nipecotic acid Guvacine 1
GABA agonists
HN HN
., T, = Cp
COOH COOH COOH
Isonipecotic acid  Isoguvacine 2

Figure 1 - Conformationally constrained aminoacids

3.1.1 NIPECOTICACID MIMETIC

A survey of literature shows that only one approtckhe synthesis of has been
reported. The key synthetic step was the cycloprapian of the hydroxymethyl
tetrahydropyridine3 using samarium-mercuric amalgam and iodochloroameth
(Scheme 1§°

Hg-Sm,

Cbz< COOH
Z N OH ICH,CI CbZ\N OH HN
‘ p—

3 1

Scheme 1 The reported synthesis of nipecotic acid analogues

In the light of the problems associated with the o mercuric amalgams, we

sought an alternative route to the requifedmino acid. Following the reported
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retrosynthetic approachl can be straightforwardly disconnected at the fused
junctions. Upon this disconnection, arecolida)(or its simple derivatives4p, 5)

become the key precursors (Scheme 2).

CD:S o

4a Pg= Me, R= COOMe
4b Pg= Boc, R= COOMe
5 Pg=MPM, R= CH,OH

Scheme 2 Retrosynthetic analysis

One of the most widely used methods to introduay@dopropane ring from an
olefin is the Simmons-Smith reactith'? Despite the coordinative potential of a
neighboring amino group, allylic amines or olefamntaining an amino group not
bearing a chelating group have not been directlyliegh to the Simmons-Smith
reaction to the propensity of these compounds ttergo N-ylide formation®® It
was, therefore, not surprising that cyclopropamatiof arecoline 4a) was
unsuccessfull using those reaction conditions,tdube preferentially formation of

ammonium sal6.

\N COOMe COOMe \Q/COOMe
O/ Simmons- Smlth (}
4a

Scheme 3

In an effort to alleviate the formation of compldxammonium ylide, the methyl
amino protecting group of arecoline was convertetb ithe non nucleophilic
tert-butylcarbamate group. Unfortunately, all attemfatscyclopropanatetb were
unsuccessful.

As summarized in Table 1, cyclopropanation usingazainethane or a

dihalomethane as carbene sources failed; the oeacinder Corey conditiofs
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Constrained amino acids and bis-amines

afforded only traces of, as detected by UPLC monitoring, but in all casewere

not able to isolate the product.

Boc_ COOMe Boc. COOMe
T — e

4b 7

Table 1 -Cyclopropanation ofib

Conditions Results

CH;N,, Pd(OAc), EtLO SM

CH;N,, Pd(PPH)4, CHCl, SM

ZnEL, CHul,, DCE SM

Zn/ Cu, CHl,, DCE SM

ZnEt, CICHl, DCM SM
TMSCHN,, toluene, reflux orw Different product
tert-BuOLi, CHil,, NMP SM

(CHs) sSO'I, NaH, DMSO Only traces offon UPLC
(CH3) sSO'I, NaH, THF Only traces offon UPLC
(CH3) sSO'I', BEMP, MeCN Only traces afon UPLC
Dimethylaminophenylsulfoxonium methylide, NaH, DMSO Only traces o7on UPLC
Dimethylaminophenylsulfoxonium methylide, NaH, THF Only traces offon UPLC
Dimethylaminophenylsulfoxonium methylide, BEMP, M€C Only traces o7on UPLC
Dimethylaminophenylsulfoxonium methylide, DBU, DCM Only traces offon UPLC

Treating4b with TMSCHN, in refluxing toluene we did not isolate the awdite
pyrazoline8, but the regioisomeric hydrazo®e, which spontaneouslynderwent
desilylation to give 2-pyrazolingb (Scheme 4). In the light of the literature d&ta,
the tautomerizatiol8—9a competed with the Nextrusion, however we expected
that the share of the latter as a unimolecularti@agrowed with increasing the
temperature. Unfortunately, the,d8xtrusion was not observed as neither under

drastic thermal nor photolytic conditions (Table 2)
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— S HNS
MeOOC —> MeOOC
N N Table 2. Ny-Extrusion
0:‘< O:< Conditions Result
o 9% [¢] 9b
4« CuCl, (cat), n-BuOH, reflux SM
4« Toluene or DMF, reflux SM
DMF, mw 200 T, 30 min SM
DMSO, mw, 230 T SM
\ neat, mw 250 T
CH-CN or Toluene. hv SM
neat, 150 € under vacuum

| MeOOC
o N’ \\
__ TMSCHN,, MeOOC
Toluene N

—’O:<

O:<o O:<O *O

Scheme 4 Cyclopropanation with TMSCHN

Treating9b with a base, such as,BO; in refluxing EtOH we observed hydrolysis
of the ester group, decarboxylation and finallyextrusion to givel2 in very low
yield (Scheme 5).

n B
N N-Boc
H cOOMe K,CO3 H coo- N Toluene,
N V\N*BOC EtOH, rfx N V\ -Boc rix NBoc
N\j\) \j\) 1a
\

CO
9b 2 Nm,Boc 12

11b

Scheme 5 Np-extrusion in basic media

A survey of literature revealed few examples thaduld provide the

cyclopropanation of an allylic amine by masking tm@ine as carbamate in the

72



Constrained amino acids and bis-amines

absence of a chelating group (OH or OR) under Sinsv&mith condition&® To
overcome the absence of a zinc chelating groupmtthyl estedb was reduced to
the corresponding alcohblby simply treatment with LiAlljl Less than satisfactory
results were obtained using Denmark’s activatedCH3C| reagent; several
different cyclopropanation conditions were alsoteds but all our attempts were

again unsuccessful (Table 3).

Boc. Boc.
,\@/\OH ,\C§\OH

5

Table 3 Cyclopropanation o5

Conditions Results

CH.N_, Pd(PPK),, EtO SM

CH;N,, ZnCh, DCE SM

ZnEt, (2eq), CICHI (4eq), DCE SM

Zn/Cu, CICHI, THF SM

AlMes, CHyl,, DCM, 0 °C Only traces of TM on UPLC
TMSCHN,, Toluene, reflux Only traces of TM on UPLC
TMSCHN,, Toluene, PdGJ 0 °C Only traces of TM on UPLC
TMSCHN,, Toluene, 0 °C Only traces of TM on UPLC
TMSCHN,, CH,Cl,, 0 °C Only traces of TM on UPLC
TMSCHN,, Toluene, k Only traces of TM on UPLC

The methyl ester group and the hydroxy methylemmeigmay be interfering with
the cyclopropanation either directly through unfade steric interactions or
indirectly by altering the conformation of pipemnéi ring. Therefore, to test the
substituent effect on direct cyclopropanation dkhecycle, the methyl estdb was
converted into nitrilel3 as outlined in Scheme 6. Conversion of methyl esier
the corresponding amidit, followed by dehydration with trichloroacetyl chide/
triethylamine afforded5in good yield*® As showed in Table 4, the use of Corey'’s

conditions was found to be essential for the cyppnation success, even if the
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product was isolated in very low yield (3%). Int&iegly, implementation of
Corey's reaction conditions using dimethylaminopfismifoxonium methylid®’ led
to a slight improvement in yield (ca. 11%) thatweoer, was mitigated by the
formation of a complicated mixture of byproducts/diblysis of cyano group was
accomplished by\N-Boc deprotection to afford with very low overall yield (3%)
(Scheme 6).

o OR HMTS, o NH, NC
TBTU, clzcocl, —
*: DIPEA - TEA >
Boc” Bod Boc
LiOH _ 14 15
Hommeon (4o R=Me
quantitative
Table 4 -Cyclopropanation conditions
Methvlene sourc Yield of13
Corey reactant 3%
Dimethylaminophenylsulfoxonium 11% NC HOOC
i p HCI 37%
methylide ( g o,
Trimethylsilyldiazomethane traces /N —’51% N
CICH.l (Simmons-Smith) trace: Boc H
CH;l,, tert-BuOLi*, NMP trace: 13 1

Scheme 6 The effect of a linear substituent on the cyclopraion of piperidine ring

In a second approach to change the conformaticdheopiperidine ring to a more
favorable one, the arecoline core was exchanged foperidone-like structure. The
preparation of3—amido esterl9 from 3-valerolactam 16d) is well precedentéd
and is outlined in Scheme 7. Initial protection @Fvalerolactam as
tert-butylcarbamate  was carried out straightforwardlyfollowed by
C-carboxymethylation to givel7. Subsequent introduction of the C-3/C-4

unsaturation was carried ouit selenation and intermediatgnelimination.
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\
0
o s Ph
LDA, THF, LDA, THF, e 00
CICOMe Phsecl _bcm
© 60% 0 39% 89%
N N
R Boc
16a R=H 17 18 19

16b R=Boc

Scheme 7 -Synthesis of the unsatured piperidd8e

With 19 in hand, we began our investigation of its cyotgganation. Also in this
case Corey’s reaction conditions ((§4$O01, NaH, DMSO) were found to be
essential for the modest observed conversion (%%o)ccur. Again, the use of
dimethylaminophenylsulfoxonium methylide led to laglst improvement in yield

(15%), but no further improvements were registenedlifying the base, the solvent

or the reaction temperature.

\ \ \ \
o] O o] O
(6] O (6]
© Super-Hydride, BF3*Et,0,
— Corey THF Et3SiH, DCM
(e} — O HO
N 15% N 64% N 78% N
/ / / /
Boc Boc Boc Boc
19 20 21 22
LiOH,
THF/MeOH/H,0
86%
OH
TFA, %
1 DCM
90%
/N
Boc
23

Scheme 8 From19to 1: a successful but inefficient methodology

In order to validate the ability to access the mespB-amino acid1l with this

synthetic plan, we explored chemoselective rednatithe lactan20 (Scheme 8).
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Attempts to selectively reduce the lactam in preseof the ester with LiBior
DIBAL gave no reaction. In an improved protdc¢pR0 was reduced with lithium
triethylborohydride to a diastereomeric mixturetioé N-Boc aminals21. Further
reduction with triethylsilane and BfELO followed by acidic work-up gave2 in
50% overall yield fron20. Subsequent ester hydrolysis followedNygeprotection
gavel in excellent yield.

The observed chemoselectivity in the reduction stepminals2l is explained on
the basis of a six-membered transition state (Ei@)r Model was obtained with the
Chem3D Ultra softwar&

Figure 2 - Six-membered transition state.

The overall yield of this synthetic pathway did retceed 2% due to the low
efficiency of the cyclopropanation step. Whereddhed other synthetic steps of the
achieved plan worked well, we sought an alternatiuge to the required bicyclic
lactam20 and then converted it into amino adiés described above.

We planned ae novosynthesis oR0 via reaction of a protected amino olefin with
an activate dimethylmalonate followed by intramaleac cyclization (Scheme 9). As
the amino group required eventual protection, 4iintdo 1-butene 5% was

employed as starting material for our work.
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MeOOC COOMe

PhiN > T

20 24 25

o]
Boc\Nk/COOMe

Scheme 9 Retrosynthetic analysis

The cyclopropyl derivativ@4 could be obtained by insertion of a carbene ofirle
25. We chose testing the ability of dimethyl dibronsaonaté* and dimethyl

diazomalonat€ as carbene sources.
N,H,*H,0 (5 eq), o]

COOMe  MeOH, rix N COOH
_— =
HZNWCOOMe 80%

26 \ 28

very slow
spontaneous upon

N,H,*H,0 (1.1 eq), neat form

MeOH, rfx \
64% o
COOMe N,H,*H,O (2.5 eq), H’\@JOOMe
MeOH, rfx
onv~ <L coome T e

24 27

Boc,0, DMAP,
98% \ Toluene/DCM
N, 64% 31% o br

~° BN _o o o]

5 o L Boc\N COOMe
Rh(OAC), (5%), PN Cu (3eq), 1, (0.033 eq),
phcl, 70c,1h  PhtN N DMSO, reflux, 2h

25
20

Scheme 10 Be novo synthesis of intermediate lactzOn

The copper-promoted insertion of dimethyl dibromtomate at reported
temperature led only to the formation of a smalloant of 24 (31% yield).
Unsatisfactory yields (13-29%) were obtained alsbigher temperatures (150-175
°C) under mw irradiation. Moreover it was found ttliae yield of24 dropped

substancially on scale-up evidently as a conseguehthe heterogeneous reaction
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conditions. On the other hand, the use of ,[RWc),] coupled with slow
introduction of the dimethyl diazomalonate into treaction mixture afforded a
higher yield of24 regardless of scale. The reaction required loeeperature (70
°C) and afforded cyclopropyl diest24in 64% yield® (Scheme 10).

For the construction of azabicycloheptanyl skelete& were encouraged by a
Danishefsky communicatiéh of the spontaneous intramolecular cyclization of
amino diester24 after N-deprotection. Classical dephtaloylation conditidiisl
equiv of hydrazine monohydrate in methanol at s§flygave only deprotected amine
26in 64% yield. Upon standing in neat form, partigtization (15-30%) t®7 was
observed byH NMR analysis.

/\/q/\COOMe H'\EES:OOME
H,N COOMe

26 27

Table 5 -Cyclization

Conditions Conversion to 27 (%)
SiO;, MeOH, rt -
SCX, CHCY, 1t -
HCI/ MeOH, rt -
AcOH/ MeOH, rt -
MeOH, reflux 15
MeOH, 100 °C mw -
n-BuLi, THF, -78° C 20
n-BuLi, THF, 0 °C Only degradation
N2H/*H>0 (5 eq.), MeOH, reflux Full conversion 28

Initial attempts to effect the total conversiondefphtaloylamine?6 into lactam27

afforded very low yields of the awaited compoundstéad affording multiple
products attributed to decomposition of startingterial. Optimization efforts
included the activation ¢f6 via the addition of additivies dreatment with a base in

combination with temperature and solvent screefiliadple 5). The most significant
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improvements in the efficiency of the reaction wezalized employing an excess of

hydrazine monohydrate (5 equiv) and running thetrea in refluxing MeOH; in

those conditions, undesirable hydrolysis of esteug together with the efficient

intramolecular cyclization was observed and carboxgcid 28 was obtained in

good yield (80%).

With these results in hand, we next addressedtdieversion oR4 into lactan?7.

Vigorously hydrazinolysis conditions (2.5 equivofdrazine in methanol at reflux

for 18 h) provided3-amido esteR7 in 64% vyield after crystallization. Finally, after

N-protection astert-butylcarbamate necessary for the subsequent cledeotise

reduction ta22, ester hydrolysis and-deprotection gave bicyclig-amino acidl in

good yield (Scheme 8).

o Rh,(OAc),,
N PhCI, 70 T
o) ——>  MeOOC
_~ (o0
25 N,
/O O\
W
o o
o BF,*Et,0,
Et,SiH, DCM

/
Boc._ N o
78%

22

1. LIOH, H,0,
MeOH/THF

2. TFA,
DCM

79% over 2 steps
COOH

10

1

N o
N,H,*H,0 (2.5 eq),
MeOH, rfx HN
—_—
COOMe 64%
24 27
o Boc,0,
90% | pyap
LIBEtH,

THF

64%

pe-anes

14% OVERALL YIELD

Scheme 11 Total synthesis of the 3-azabicyclo[4.1.0] heptahecarboxylic acid 1)
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In summary, we have achieved a practical approazhthe synthesis of
3-azabicyclo[4.1.0] heptane-1-carboxylic acit) (starting from 4-phtalimido 1-
butene 25) via cyclopropanation of an appropriate olefine, intoéuoular
cyclization and chemoselective reduction. With thgtimized synthetic route,
nipecotic acid mimetid was prepared in 7 steps with 14% overall yieldh¢dae
11).

3.1.2 ISONIPECOTICACID MIMIC

In the light of the studies realized on the scafffbl the best way to synthesize the
y-amino acid2 is the de novosynthesis of its molecular framework. Mori and
coworkers reported the synthesis of a full prowctierivative of 2 through
intramolecular cyclization of the iodomethylen pidee 29, deriving via

ene-halogenation from the unsatured iodocarbor¥atéve 30 (Scheme 125

HOOC COOR 0 |
| RO —
p— p—
N
N

|
COOPh

Iz

|
COOPh
2 29 30

Scheme 12 Retrosynthetic analysis

We optimized that synthetic way in order to inceeés overall yield. The starting
a-haloester having internal double boB8a was prepared from commercially
available ethyl-aminobutyrate 313 as outlined in Scheme 13. AftBrprotection
as tert-butylcarbamate, classical alkylation with allylmole afforded 32 in

moderate yield.

80



Constrained amino acids and bis-amines

o o ?Oc LLDA,THF O ?OC
~_-Br 2.1, N
Etok/\/NHR Z 5 Etok/\/N\/\ EtO T
NaH, DMF 57% I
31aR=H 26%
31b R=Boc 32 33a

Scheme 13 Synthesis of the intermediadehaloester33

Pd(PPhy,),,
o I?g Proton-Sponge, PhOOC. PhOOC\N
N HMPA
S @ Q
46%
| 0 COOEt COOEt
|
33a Pg=Boc 34
33b Pg=H
30 Pg=PhOCO B,\%o
43%
LiOH,
KOH, PhOOC THF/MeoH, PhOOC.
Toluene, rix \’\CP H,0
- — -
quantitative COOH 84% COOEt
36 35

Scheme 14 Synthesis of 3-aza-bicyclo[4.1.0] heptane-6-cartioacid (2)

It was not so easy to get tlehaloesters having amino group. Halogenatitm
ketene silyl acetal followed by reaction with bromiand subsequent treatment with
potassium iodide gav@3ain 13% yield?® Better results were obtained reactB@)
with LDA at — 78 °C followed by treatment with (57% yield). After changing the
N-protecting group into phenyloxycarbamate (the Poatecting group allowed to
prepare33ain satisfactory yield, whilst phenyloxycarbonybgp was more suitable
for the next steps and guaranteed higher yiaddig)doester30 was warmed with
10% Pd(PPY, at 65 °C in HMPA in the presence of proton-sponge
(1,8-dimethylaminonaphtalene) as scavenger of tggiraodide to afford with 46%
yield iododerivative29 as unseparable diastereoisomeric mixture. The ratae
yield of 29 was due to the formation of 7-membered 8¢ rationalized on the

basis of the radical mechanism of the reacifd®® was treated with DBU in DMSO
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to give the fused three membered ring prodd®tin moderate yield. Finally,
hydrolysis of ester group followed by phenyloxyaampl group cleavage afforded

the target compoun2lin good yield (Scheme 14).
3.2 CONSTRAINED BIS-AMINES

Constrained bis-amines are interesting as rigidfalda with two nitrogen atoms
held at a well defined distance. Among these, diayalo[3.1.0]hexylaming8 has
considered a privileged structure: besides beingeya constituent of the highly
active antibiotic trovafloxacitl, this rigid system mimics the piperazine ring of

eperezolid as reported by Renslo and cowofkéfsgure 3).

Ho\)OKN/H

O :
DO £
\\Q\ \\Q\NHAC

NHAc

eperezolid

Figure 3 - 3-azabicyclo[3.1.0]hexylamin& mimics the piperazine ring of eperezolid
In order to investigate the biological propertiésh@se rigid systems, we prepared a

variety of bicyclic bis-amines incorporating the inm3-azabicyclo[3.1.0]hexane

and the homologous 3-azabicyclo[4.1.0]heptane gkedg(Figure 4).

Ph/\N ‘\NHZ BOC\N H Boc\N M Boc\N H N
(} \ /; NH, NH, "NH,
H H H
38 39 40

37

Figure 4 —Conformationally restricted bis-amines
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Because of these scaffolds have to be used in ddcubug-like subsets of
compounds containing at least two different substits on the two nitrogen atoms,
these nitrogen atoms would have to be chemicallyremsable individually and

selectively.

3.2.1  3-(PHENYLMETHYL)-3-AZABICYCLO[4.1.0]HEPTAN-1-AMINE

For the preparation of aming7, we sought the synthetic route developed by
Laroche and coworkerS. The key step was the Ti(ll)-mediated intramolecular

coupling of alkene and nitriles moieties of thaitey amine41 (Scheme 15).

Ph th
NH
O — e
X
37 41

Scheme 15 Retrosynthetic analysis

Starting nitrile41 was readly prepared by alkylation of benzylamiimst fwith 4-
bromo-1-butene and then with bromoacetonitrile. ramplecular reductive
cyclopropanation of 41 upon treatment with titanium isopropoxide and
cyclohexylmagnesium chloride with subsequent aolditef a Lewis acid, such as
BF3*Et,0, provided the monoprotected bis-ami& with 35% overall yield
(Scheme 16).

K,CO., BF,*EL,0,
o s b NH
NHR CH:CN ©/\N N THOP),L ELO  pp Sy 2
—_— _— >
Br” > CN / Mgl
85% N O/
EtOH, Nal, ({R=H a1 44% 37
e R=Butene 42

91%
Scheme 16 Efficient approach t@7
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3.2.2 APICAL BIS-AMINES

The apical amino group on the bicyclic systed®s 39 and40 was envisioned to

arisevia Curtius rearrangement of the corresponding cafdboagid 44, 47 and
49,

H H

n=1,2 Boeyhy

\—f=~cooH

H H

NHCbz

Scheme 18 Retrosynthetic analysis

The Curtius rearrangement using diphenylphospharjtle in refluxing toluene
followed by treatment with benzyl alcohol introddcthe requisite amino group at
apical position, protected as its Cbz-derivativehi@ne 19).

‘ Boc Boc Boc
N LiOH, H,0, \ N Ha, PdIC, N
THF/MeOH Curtius j MeOH j
—_— R — R
H H  quanitaive  H H 62% H H H H
COOEt COOH NHCbz NH,
43 a4 45 38
Boc A Boc Boc Boc
T LiOH, H,0, ,‘\l N H,, Pd/C, N
N THF/MeOH Curtius H MeOH
H — H — H
quantitative 42%
H H . :
- OOEL COOH NHCbz NH,
46 47 48 39
$oc
N H,, PdIC,
E Cumus E H MeOH E
30% H <\ %
COOH NHCbz
49 S0

40
Scheme 19 The simple synthetic plans38, 39 and40
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Compoundg#l5, 48 and50 serve as useful synthetic fragments, given tHerdifitial
protection of the two amino groups. For our pougydsydrogenation of the Chz
group on the primary amine was carried out, deliggemonoprotecte®8, 39 and
40. '"H NMR determinations carried out on these substratablished that the

Curtius rearrangement had proceeded with retenfieonfiguration, as expected.

3.3 EXPERIMENTAL SECTION

Compound 4b. K,CO; (18.3 g, 133 mmol) was added to arecoline hydnoime (25

g, 106 mmol) in 60 mL of pD. After 30 min, the mixture was extracted witb@&t
the organic layers were dried (J$0,) and evaporated, and the resulting oil was
dissolved in toluene (120 mL). ACE-CI (14 mL, 128nnl) was added slowly and
the mixture was heated to reflux. After 16 h, HO0@ mL, 0.1 N) was added and
the mixture was extracted with JBx The organic layers were dried ¢S&)),
filtered and evaporated under vacuum. The resukt@dpamate was dissolved in
MeOH (100 mL) and heated to reflux. After 2 h, #udvent was evaporated and the
resulting amine was dissolved in 150 mL DCM andleddo 0 °C. TEA (16.5 mL,
118 mmol) and Bo®© (31.7 g, 145 mmol) were added. After 24 h, HQQInL, 1
M) was added and the mixture was extracted with DCNEe organic layers were
washed with sat.d aq. NaH@@®olution, dried (Nzg50Q,), filtered, evaporated and
purified by flash chromatography, eluting with EfDAc=9:1, to give the
carbamate4b (20 g, 78%) as an oil that crystallized at low pemature:
mp 2931 °C.*H NMR spectrum was superimposible to that repaindierature®

Compound 9a. 2M solution of TMSCHN in EtO, (622ul, 1.24 mmol) was added
to a solution o#b (100 mg, 0.414 mmol) in 4 mL of dry toluene. Aftirring at
room temperature for 1 h, the mixture was refluki#dhe reaction was complete
(UPLC monitoring) and the solvent removed underuuac. The remaining crude
material was purified by SPE-Si column (5 g, grddxane to Hexane/EtOAc=9:1)
to afford silyl hydrazon®a (40 mg, 27%) as yellow pale ot NMR (400 MHz)
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56.34 (d, 1H), 3.91 (d, 1H), 3.76 (s, 3H), 3.69 (@#), 3.52-3.59 (m, 1H), 3.34-
3.51 (m, 1H), 3.06-3.23 (M, 1H), 1.94-2.08 (m, 1H}5-1.82 (m, 1H), 1.44, 1.47

(2s, 9H), 0.22 (s, 9H). UPLC/MS (ES+), m/z: founﬁl63[MH+], C16H29N304Si
requires 355. Rt: 0.80 min.

Compound 9b. A solution of hydrazon®a (40 mg,0.113 mmol) in 4 mL of MeOH
was stirred at room temperature for 16 h. Solvess @vaporated under vacuum to
afford pyrazoline9b (27 mg, 86%) which did not need any purificatidd. NMR
(400 MHz) 8 6.69 (bd, 1H), 6.01-6.14 (m, 1H), 3.79 (s, 3HBMW3.79 (M, 4H),
1.94-2.06 (m, 1H), 1.63-1.76 (m, 1H), 1.46 (s, QHRLC/MS (ES+), m/z: found

284 [MH+], C13H,1N30, requires 283. Rt: 0.59 min.

Compounds 11a and 11b. K,CO; (68.3 mg, 0.494 mmol) was added to a solution of
pyrazoline9b (70 mg, 0.247 mmol) in 3 mL of EtOH. The mixturasvrefluxed
under nitrogen atmosphere for 15 h. Volatiles wewvaporated under vacuum to
afford a mixture of compoundkla and11b (44.6 mg, 40%), identified by UPLC

analysis. UPLC/MS (ES+), m/z: found 226 [I\7T]-,| C11H19N30, requires 225.
Rt: 0.45 min and 0.53 min.

Compound 12. A solution of compound41 (44.6 mg, 0.198 mmol) in 5 mL of
toluene was refluxed for 24 h. Volatiles were evaped under vacuum to afford the
crude productl2 (5 mg, 13%) which no need any purification. UPMS/ (ES+),

m/z: found 198 [Ml—T], Cy1H1N3Os requires 197. Rt: 0.62 min.

Compound 4c. To a solution of monohydrate LiOH (1.19 g, 28.2 ofinin 10 mL of
H,O was added estetb (3.42 g, 14.2 mmol) diluted in 11 mL of a mixture
MeOH/THF=10:1 and the mixture was stirred at ro@mperature. After 4h the
reaction was complete. The reaction mixture waslificated with 1N aq. HCI
solution, diluted with HO and backextracted three times with DCM. The cowedbi
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organics were dried (N8Qy), filtered and concentrated under vacuum to aftbed
acid 4c (3.20 g, quantitative) which did not need any peation. 'H NMR (400
MHz) 6 7.40 (bs, 1H), 4.18 (bs, 4H), 2.34 (bs, 2H), 1.58%). UPLC/MS (ES+),

m/z: found 228 [MI—T], C,H17,NO, requires 227. Rt: 0.62 min.

Compound 14. Carboxylic acid4c (550 mg, 2.42 mmol), DIPEA (1.86 ml, 10.65
mmol) and TBTU (1.71 g, 5.32 mmol) were dissolvadlP mL of DMF and the
solution was stirred at room temperature for 1 RD$ (859 mg, 5.32 mmol) was
added and stirring was continued for further 18The mixture was diluted with
EtOAc and washed with 4 and with sat.d aq. Nj@l solution. The aqueous layers
were backextracted three times with EtOAc. The dostb organic layers were
dried (NaSQ,), filtered and concentrated under vacuum. Putificaof the crude
residue by chromatography over SPE-Si column (2§raf. Hexane/Acetone=95:5
to Hexane/ Acetone=1:1) afforded the pure amid¢260 mg, 48%)'H NMR (400
MHz) § 6.70 (bs, 1H), 5.48 (bs, 2H), 4.17 (dd, 2H), H2H), 2.27-2.36 (m, 2H),

1.50 (s, 9H). UPLC/MS (ES+), m/z: found 227 [MH C1;H:gN,O5 requires 226.
Rt: 0.54 min.

Compound 15. To a stirred mixture of4 (1.10 g, 4.87 mmol), TEA (1.35 mL, 9.74
mmol) in 8 mL of dry DCM was added dropwise triatdacetyl chloride (0.974 g,
5.36 mmol) dissolved in 3 mL of dry DCM, betweei® OC. After the addition was
finished, the mixture was treated with ice-cooleater, 5% aq. NaOH solution, 5%
HCI solution and finally with HO. The organic solution was dried (S$&y),

filtered and concentrated under vacuum to affotdl@il5 (1.0 g, 98%) as yellow
pale oil.'H NMR (400 MHz)36.77 (bs, 1H), 4.06 (bs, 2H), 3.53 (t, 2H), 2.38, (b

2H), 1.49 (s, 9H). UPLC/MS (ES+), m/z: found 209I-|!N7], C11H16N2O, requires
208. Rt: 0.70 min.
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Compound 13. NaH (17.3 mg, 0.720 mmol, 60% oil dispersion) waided
portionwise to a solution of dimethylaminophenyfsgbnium methylide (130 mg,
0.480 mmol) in 2 mL of DMSO. After 20 min a soluti@f 15 (100 mg, 0.480
mmol) in 2 mL of DMSO was added and the mixture vaisred at room
temperature for 18 h. Brine was added and theiogaektracted four times with a
mixture Hexane/EtOAc=1:1. Combined organics weliedd(NgSQ,), filtered and
concentrated under vacuum. Purification of the eruesidue by chromatography
over SPE-Si column (2 g, grad. Hexane to Hexanethes=95:5) gave the pufe3
(12.7 mg, 11%}H NMR (400 MHz)3 3.97-4.30 (m, 1H), 3.45-3.70 (m, 2H), 2.88-
3.03 (m, 1H), 1.99-2.13 (m, 1H), 1.67-1.84 (m, 2857 (s, 9H), 1.47 (dd, 1H),

0.83 (t, 1H). UPLC/MS (ES+), m/z: found 223 [l\ﬁ]—,| C1oH1eNLO, requires 222,
Rt: 0.70 min.

Hydrolysis of 13. In a 5 mL microwave vial was add&8 dissolved in 1 mL of 37%
ag. HCI. The mixture was heated to 150 °C for 1@utgs by mw irradiation.
Volatiles were removed under vacuum to afford quamntely the crudel as
hydrochloride salt'H NMR (400 MHz, BO) & 4.27 (d, 1H), 3.11-3.19 (m, 1H),
3.04 (d, 1H), 2.66-2.77 (m, 1H), 2.22 (ddd, 1HP1t2.03 (m, 2H), 1.66 (dd, 1H),
1.07 (dd, 1H).

Compound 16b. To a solution od-valerolactam (1.02 g, 10.3 mmol) in 20 mL of
acetonitrile was added DMAP (122 mg, 1.0 mmol)dakd by a solution of BgO
(2.50 g, 11.5 mmol) in 10 mL of the same solverite Tolorless reaction mixture
was stirred at room temperature for 2 h. The r@gulbrange reaction mixture was
concentratedh vacuoand the crude was taken up in@tThe mixture was washed
with 1N ag. HCI solution. The organic phase wasdr{NaSQ,), filtered and
concentrated under vacuum. Purification of the eruesidue by chromatography
over silica gel (Hexane/EtOAc= 6:4) afforded thegilbb (1.71 g, 83%) as a white
crystalline powder. mp: 31-33 °éH NMR (400 MHz)3 3.50-3.57 (m, 2H), 2.34-
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2.44 (m, 2H), 1.66-1.76 (m, 4H), 1.40 (s, 9KC NMR (75 MHz)5 171.0, 152.4,

82.4, 46.0, 34.6, 27.7, 22.5, 20.2. UPLC/MS (ES®)z: found 200 [MH],
C,0H17/NO; requires 199. Rt: 0.61 min.

Compound 17. 2M LDA solution in heptane/THF (5.47 ml, 10.94 miavas
slowly added at -78 °C to a solutioni®@b (1.677 g, 8.42 mmol) in 10 mL of dry
THF. The resulting solution was stirred at -78 °@ 30 min, then methyl
chloroformate (0.978 ml, 12.62 mmol) was added #rel reaction mixture was
allowed to warm to room temperature over 3 h. Saq.d\H,CI solution was added,
followed by EtOAc and KD. The layers were separated and the aqueous plaase
extracted twice with EtOAc. The combined organieyevdried (NgSOy), filtered
and concentrated under vacuum. Purification of theide residue by
chromatography over SPE-Si column (25 g, Cycloheiaretone= 95:5) afforded
the purel7(1.310 g, 61%) as a pale yellow o NMR (400 MHz)3 3.79 (s, 3H),
3.71 (t, 2H), 3.54 (dd, 1H), 2.05-2.26 (m, 2H), 2204 (m, 1H), 1.77-1.89 (m,
1H), 1.54 (s, 9H).

Compound 18. 2M LDA solution in heptane/THF (3.31 ml, 6.62 mmalxs added
dropwise at -78 °C to a solution 87 (1.31 g, 5.09 mmol) in 10 mL of dry THF.
After 30 min a solution of PhSeCl (1.268 g, 6.62 ol)jnin 3 mL of dry THF was
added and stirring at -78 °C was continued forhiertl h. The mixture was then
allowed to warm to 0 °C over 2 h. Sat.d aq.,8Hsolution and EtOAc were added
and the layers were separated. The organic layeifuvther washed with brine, then
dried (NaSQ,), filtered and concentrated under vacuum. Putificaof the crude
residue by chromatography over SPE-Si column (25rgd. Cyclohexane to
Cyclohexane/AcOEt=9:1) gave the pur8 (810 mg , 39%)*H NMR 3 7.65 (d,
2H), 7.41 (t, 1H), 7.27-7.32 (m, 2H), 3.76 (s, 3B)H4-3.66 (m, 1H), 3.41-3.52 (m,
1H), 2.28 (dt, 1H), 1.95-2.06 (m, 1H), 1.79-1.9Q (Hl), 1.64-1.77 (m, 1H), 1.54 (s,
9H). UPLC/MS (ES+), m/z: found 357 [MF66(Boc)], GgH,3NOsSe requires 412.
Rt: 0.82 min.
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Compound 19. To a solution ofL8 (310 mg, 0.75 mmol) in 4 mL of DCM at 0 °C
was added dropwise a 30% aqueou®Hsolution (5.76 mL, 57.0 mmol). The
mixture was stirred at 0 °C for 4 h before beingmghed with ag. 1N HCI solution.
The aqueous layer was extracted three times witM@8d the combined organics
were washed with a sat.d aqg. NaHCS6blution, dried (Ng50O,), filtered and
concentrated under vacuum. Compod®d(160 mg, 84%) was obtained as yellow
pale oil.'H NMR (400 MHz)3 7.55 (t,J= 3.8 Hz, 1H), 3.88 (tJ = 6.2 Hz, 2 H),
3.85 (s, 3H), 2.54 (tdl= 6.3 Hz,J= 4.4 Hz, 2 H), 1.54 (s, 9 H).

Compound 20. NaH (28.4 mg, 1.185 mmol, 60% oil dispersion) wadded
portionwise to a solution of dimethylaminophenyfexbnium methylide (193 mg,
0.711 mmol) in 3 mL of DMSO. After 20 min a soluti®of 19 (121 mg, 0.474
mmol) in 3 mL of DMSO was added and the stirringswantinued for further 3 h.
Brine was added and the reaction extracted threestiwith EtOAc. The combined
organics were dried (N8QOy), filtered and concentratéd vacuo Purification of the
crude residue by chromatography over SPE-Si colytrg, grad. Hexane to
Hexane/EtOAc=95:5) afforded the pu28 (19.1 mg, 15%) as yellow pale otH

NMR spectrum of isolated compound was superimpesibthat described below.

Compound 24. To a solution oR5 (5.28 g, 26.2 mmol) in 50 mL of chlorobenzene
was added RIGOAc), (0.580 g, 1.31 mmol). The suspension was warmednto
internal temperature of +60 °C and dimethyl diaZomate (6.64 g, 42.0 mmol) was
added dropwise keeping the Ti below +70 °C. Aften, dimethyl diazomalonate
(6.64 g, 420 mmol) was added dropwise Kkeeping tiie below
+70 °C and the reaction mixture was stirred fothfer 1 h. The suspension was
cooled to room temperature, diluted with DCM aritefed from catalyst. Solvent
was partially removed under vacuum; crude matewals purified by flash
chromatography (Cyclohexane/AcOEt 6:4) to afforctlagropane derivative24
(5.55 g, 64%) as off-white solid: mp =124-126 *8.NMR (400 MHz)3 7.82-7.89
(m, 2H), 7.69-7.76 (m, 2H), 3.76-3.87 (m, 5H), 3(83 3H), 1.90-2.01 (m, 1H),
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1.63-1.86 (m, 2H), 1.37-1.48 (m, 2HC NMR (100 MHz)5 170.4, 168.3, 168.2,
134.0, 132.1, 123.2, 52.7, 52.6, 37.0, 33.7, 2258, 20.5. UPLC/MS (ES+), m/z:

found 332 [MH+], C,7H17;NOg requires 331. Rt: 0.68 min.

Compound 26. Hydrazine monohydrate (0.112 mL, 3.59 mmol) wadegdto a
solution of diesteR4 (1.08 g, 3.27 mmol) in 40 mL of MeOH and the migtwas
heated to reflux. After 18 h the mixture was cooledcoom temperature and the
solvent was partially evaporated under vacuum.rés&lue was dissolved in DCM;
precipitate was filtered off and washed with DCMheT organic layers were

combined and the solvent evaporated under vacuafidm 26 (420 mg, 64%) as a

yellow pale oil. UPLC/MS (ES+), m/z: found 202 [|\7ﬂH C,HgNO; requires 201.
Rt: 0.34 min.

Compound 28. Hydrazine monohydrate (0.51 mL, 16.3 mmol) waseadtb a
solution 0f26 (1.08 g, 3.27 mmol) in 50 mL of MeOH and the mietwvas heated
to reflux. After 18 h the mixture was cooled to mdemperature and the solvent
was partially evaporated under vacuum. The residas dissolved in DCM,;
precipitate was filtered off and washed with DCMheT organic layers were
combined and the solvent evaporated under vacuuaffaed the crude aminoacid
28 (405 mg, 80%) as tallow pale otH NMR (400 MHz)3 12.31 (s, 1H), 5.76-5.97
(m, 1H), 3.12-3.31 (m, 2H), 2.67 (t, 1H), 2.02-2(@% 2H), 1.76 (dd, 1H), 1.68 (dd,
1H).

Compound 27. Hydrazine monohydrate (0.257 ml, 8.19 mmol) waseddtb a
solution of dieste4 (1.085 g, 3.27 mmol) in 40 mL of MeOH and the mgt was
heated to reflux. After 18 h the mixture was cooledcoom temperature and the
solvent was partially evaporated under vacuum.rés&lue was dissolved in DCM;
precipitate was filtered off and washed with DCMheT organic layers were
combined and the solvent evaporated under vacutryBtallization of the crude
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residue from BOD/MeOH= 95:5 afforded®27 (353 mg, 69%) as off-white solid:
mp= 133-135 °C*H NMR (400 MHz)3 6.58 (bs, 1H), 3.77 (s, 3H), 3.21-3.32 (m,
1H), 3.04-3.15 (m, 1H), 2.09-2.21 (m, 1H), 1.91@(fn, 2H), 1.88 (ddJ= 4.0 Hz,
J= 8.0 Hz, 1H), 1.46 (t}= 4.0 Hz, 1H)**C NMR (100 MHz)3170.5, 168.6, 52.7,

38.0, 28.0, 24.7, 20.3, 16.4. UPLC/MS (ES+), m@mrid 170 [MI—T], CgH1iNO3
requires 169. Rt: 0.37 min.

Compound 20. To a solution oR7 (400 mg, 2.364 mmol) in 15 ml of a 2:1 mixture
toluene/ DCM was added DMAP (433 mg, 3.55 mmoljofoed by BogO (0.659
mL, 2.84 mmol). The resulting mixture was heatedefiux for 2 h, diluted with
DCM and washed with brine. The organic layer wasd(NaSQ,), filtered and
concentratedn vacuo Purification by flash chromatography (DCM) of theude
residue afforde@0 (0.57 g, 90%) as a yellow pale diH NMR (400 MHz)3 3.76-
3.85 (m, 4H), 3.45-3.54 (m, 1H), 2.15-2.32 (m, 1HP8-2.08 (m, 1H), 1.86-1.97
(m, 2H), 1.52-1.57 (m, 9H), 1.49 (= 4.0 Hz, 1H)**C NMR (100 MHz)3 170.2,
167.1, 152.8, 83.5, 52.8, 42.7, 31.2, 28.0, 252%,219.0. UPLC/MS (ES+), m/z:

found 270 [MH+], C13H1NOs requires 269. Rt: 0.63 min.

Compound 22. 1.0 M Superhydride solution (2.495 ml, 2.495 mmeBs added
over 30 min to a solution of lacta@® (0.56 g, 2.08 mmol) in 5 mL of THF cooled
to -10 °C. After 2 h at 0 °C, Superhydride (0.500) mvas added and the solution
was stirred for further 2 h. The reaction mixturaswguenched with J© and
extracted three times with EtOAc. The organic layes dried (Ng50,), filtered
and concentrated under vacuum. Purification by hflashromatography
(Cyclohexane/EtOAc=6:4) afforde®l (0.36 g, 64%) as unseparable mixture of
diastereoisomeric aminals.

A solution of aminal®21 (250 mg, 0.92 mmol) and triethylsilane (0.147 ml921
mmol) in 8 mL of DCM was cooled to -78 °C and ;BPEt, (0.117 mL, 0.921

mmol) was then added dropwise under nitrogen atherep After 30 min, more
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triethylsilane (0.147 mL, 0.921 mmol) and 8BEt,O (0.117 mL, 0.921 mmol) were
added and the resulting mixture was stirred fothfew 1.5 h at - 78 °C. The reaction
mixture was warmed to room temperature, dilutedh\BICM and washed with JO.
The organic layer was dried (MgO,), filtered and concentrateéh vacuo
Purification by flash chromatography (Cyclohexan€/g&c=95:5) of the crude
residue afforded®?2 (0.19 g, 36% for two steps) as yellow pale 4il. NMR (400
MHz) & 3.82-4.12 (m, 2H), 3.66-3.74 (m, 3H), 3.51 (bs),1#187-3.03 (m, 1H),
1.94 - 2.08 (m, 1H), 1.66-1.86 (M, 2H), 1.44-1.58 OH), 1.41 (ddJ= 4.0 Hz,
J=12.0 Hz, 1H), 0.75 (dd]= 4.0 Hz,J= 8.0 Hz, 1H). ESm/z (relative intensity)
278 (IM+ NaJ, 63), 200 (100), 182 (86).

Compound 23. To a solution of LIOH (33.8 mg, 1.410 mmol) in 2 raf H,O was
added ester22 (180 mg, 0.705 mmol) diluted in 3 mL of a mixture
MeOH/THF=10:1 and the mixture was stirred at ro@mperature. After 3 h the
reaction was complete. The reaction mixture waslificated with 1N aq. HCI
solution, diluted with HO and backextracted with DCK8 x 30ml). The organic
layer was dried (N&Q,), filtered and concentrated under vacuum to affdvel
awaited compoun@3 (146 mg, 86%)'H NMR (400 MHz)3 3.94 (bs, 2 H), 3.72-
3.81 (m, 1H), 3.47 (bs, 1H), 2.94-3.04 (m, 1H),6t210 (m, 1H), 1.72-1.85 (m,
2H), 1.42-1.54 (m, 10H), 0.83 (dd, 1HJC NMR (100 MHz)3 179.8, 156.0, 79.9,
44.7, 38.5, 28.0, 26.7, 22.0, 20.9, 1E8I m/z(relative intensity) 264 ([M+ N]
61), 186 (100).

Compound 1. Compound23 (100 mg, 0.415 mmol) was dissolved in 4 mL of a
mixture 3:1 DCM/TFA. The solution was stirred at°Q; after 45 min UPLC
analysis showed that the reaction was completeve8td were evaporated under
vacuum to afford compounti (95.2 mg, 90%) as trifluoroacetic salt, which dit n
need any purificatiortH NMR (400 MHz, BO) d 4.27 (d, 1H), 3.11-3.19 (m, 1H),
3.04 (d, 1H), 2.66-2.77 (m, 1H), 2.22 (ddd, 1HP112.03 (m, 2H), 1.66 (dd, 1H),
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1.07 (dd, 1H).*C NMR (100 MHz)3176.6, 43.1, 38.1, 30.3, 21.2, 19.9, 18.6.

UPLC/MS (ES+), m/z: found 142 [MF], C;/H1NO, requires 141. Rt: 0.21 min.

Compound 31b. To a solution of ethyl 4-aminobutanoatgld (3.76 g, 22.43
mmol) and TEA (3.12 mL, 22.43 mmol) in 100 mL oksanitrile was added Bg®
(5.38 g, 24.67 mmol) in one portion. The mixtureswatirred 1.5 h at room
temperature. Solvent was evaporated under vacudnthanresidue was purified by
SPE-Si column (50 g, grad. Cyclohexane to CyclohetOAc=7:3) to afford the
protected amin@®1b (5.10 g, quantitative)H NMR (400 MHz) 3 4.63 (bs, 1H),
4.15 (q, 2H), 3.03-3.31 (m, 2H), 2.36 (t, 2H), 2799 (m, 2H), 1.45 (s, 9H), 1.27

(t, 3H). UPLC/MS (ES+), m/z: found 232 [M+H1, CyH,1NO, requires 231. Rt: 0.68

min.

Compound 32. Amine 31b (5.10 g, 22.07 mmol) was dissolved in 80 mL of dry
DMF and the resulting solution was cooled to 0 R@H (2.91 g, 121 mmol) was
added; after 30 min AlIBr (6.29 mL, 72.6 mmol) wadded and the mixture was
stirred under nitrogen atmosphere at room temperdur 1 h. Sat.d aqg. NGl
solution was added and the mixture was extractédetwith EtOAc. Combined
organic layers were dried (b&0), filtered and concentrated under vacuum. Crude
material was purified by SPE-Si column (50 g, gra@yclohexane to
Cyclohexane/EtOAc=9:1) to afforgl (1.734 g, 26%)*H NMR (400 MHz)5 5.60-
5.96 (M, 1H), 4.98-5.24 (m, 2H), 4.13 (q, 2H), 3(B%, 2H), 3.22 (bs, 2H), 2.29 (t,
2H), 1.77-1.93 (m, 2H), 1.46 (s, 9H), 1.26 (t, 3HPLC/MS (ES+), m/z: found
172 [MH'-100(Boc)], GsH.sNO, requires 271. Rt: 0.81 min.

Compound 33a. 2M LDA solution in heptane/THF (5.33 ml, 9.59 mmulas added

via a syringe to a solution &2 (1.73 g, 6.39 mmol) in 50 mL of dry THF cooled to
— 78 °C. After being stirred for 30 min at — 78 t8e reaction mixture was treated
with finely crushed iodine (2.11 g, 8.31 mmol) ¢ajs and then stirred at — 78 °C
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for 1 h. Brine was added to the solution; aqueaysrl was extracted with EtOAc.
Combined organic layers were dried (8@)), filtered and concentrated under
vacuum. Purification by SPE-Si column (25 g, gr@gclohexane to Cyclohexane/
EtOAc=95:5) of the crude residue afforded the p@8a (1.44 g, 57%)H NMR
(400 MHz) 5 5.64-5.92 (m, 1H), 5.02-5.22 (m, 2H), 4.32 (t, 14R2 (g, 2H), 3.80
(bs, 2H), 3.25-3.44 (m, 1H), 3.11-3.26 (m, 1H),122040 (m, 2H), 1.47 (s, 9H),
1.30 (t, 3H). UPLC/MS (ES+), m/z: found 298 [NHI00(Boc)], G4H24NO,
requires 397. Rt: 0.92 min.

Compound 30. To a solution 0883a(1.04 g, 2.61 mmol) in 6 mL of DCM cooled at
0 °C was added TFA (2 mL, 26.0 mmol). The reactiurture was stirred at 0 °C
for 1 h, then volatiles were evaporated under vacuDrude residue was dissolved
in 3 mL of acetone and potassium carbonate (0.723.22 mmol) and phenyl
chloroformate (0.426 mL, 3.39 mmol) were added. figeetion mixture was stirred
at room temperature for 2 h. Solvent was evaporatei@r vacuum; the residue was
dissolved in HO. The aqueous layer was backextracted twice wiMDCombined
organic layers were dried (b#0,), filtered and concentrated under vacuum.
Purification of the crude residue by SPE-Si coluf(®f g, grad. Cyclohexane to
Cyclohexane/EtOAc=85:15) afforded the p@@ (544 mg, 50%)H NMR (400
MHz) 87.38 (t, 2H), 7.22 (t, 1H), 7.05-7.18 (m, 2H), 5640 (m, 1H), 5.18-5.36
(m, 2H), 4.32-4.59 (m, 1H), 4.08-4.33 (m, 2H), 3830 (m, 2H), 3.19-3.72 (m,
2H), 2.40-2.59 (m, 1H), 2.15-2.38 (m, 1H), 1.283H). UPLC/MS (ES+), m/z:

found 418 [MH'], C1H20INO, requires 417. Rt: 0.87 min.

Compound 29. To a solution of palladium tetrakis (0.085 g, @0%mol) in 10 mL

of HMPA was added0 (1.06 g, 2.54 mmol) and Proton-Sponge (0.987 g0 4.6
mmol) at room temperature under nitrogen atmosphére solution was heated to
80 °C for 2 h. EtOAc was added; the organic layas washed with 1N aq. HCI
solution and brine, dried (M8QO,), filtered and concentrated under vacuum. The
crude residue was purified by SPE-Si column (20goad. Cyclohexane to
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Cyclohexane/EtOAc=85:15) to giv@9 (483.3 mg, 46%) as diastereoisomeric

mixture. UPLC/MS (ES+), m/z: found 418 [l\/‘ﬁﬁ C1eHo0INO, requires 417. Rt:
0.75 min.

Compound 35. To a solution oR9 (227 mg, 0.544 mmol) in 4 mL dry DMSO was
added DBU (0.172 mL, 1.143 mmol). Reaction mixtwas stirred at 90 °C over
night. EtOAc was added to the solution: the orgdayer was washed with 1N ag.
HCI solution and brine, dried (M8Q,), filtered and concentrated under vacuum.
Purification of the crude residue by SPE-Si colu(Bng, grad. Cyclohexane to
Cyclohexane/ EtOAc=9:1) gave the p@® (67.3 mg, 43%)H NMR (400 MHz)
57.37 (t, 2H), 7.21 (t, 1H), 7.11 (dd, 2H), 4.16Jg 7.4 Hz, 2H), 3.86-4.13 (m,
1H), 3.52-3.88 (m, 2H), 3.08-3.40 (m, 1H), 2.572(f, 1H), 1.85-1.98 (m, 1H),
1.82 (bs, 1H), 1.47-1.58 (m, 1H), 1.28X,7.4 Hz, 3H), 0.89 (bs, 1H).

Compound 36. To a solution of LiOH (15 mg, 0.626 mmol) in 1 mE 16,0 was
added ester35 (46 mg, 0.171 mmol) dissolved in 1.1 mL of a mistur
MeOH/THF=10:1. The mixture was stirred at room tengpure for 2 h, then
volatiles were evaporated under vacuum. Residue dissolved in DCM and
organic layer was washed with 1N aq. HCI solutithen dried (NgSQOy), filtered
and evaporated under vacuum to afford the crudk3&{34.7 mg, 84%), that did
not need any purificatiotH NMR (400 MHz)3 7.37 (t, 2H), 7.21 (t, 1H), 7.11 (dd,
2H), 3.89 (dd, 1H), 3.35-3.63 (m, 2H), 2.89-3.06 (thl), 2.53 (dt, 1H), 1.71-1.87
(m, 2H), 1.54 (dd, 1H), 0.82 (dd, 1H).

Compound 2. LiOH (45 mg, 1.8 mmol) was added to a solution @tié836 (15 mg,
0.051 mmol) in 3 mL of toluene. The reaction migtuvas refluxed for 18 h. After
cooling to room temperature, the suspension wéardid from salts and volatiles

evaporated under vacuum to afford the crude amamb (6.9 mg, quantitative),
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which did not need any purification. UPLC/MS (ESH)/z: found 142 [MHL],
C;H;NO, requires 141. Rt: 0.17 min.

Compound 42. A solution of benzylamine (7.56 mL, 69.2 mmol), ébimo-1-butene
(1.50 mL, 14.81 mmol) and EtOH (10 mL) was deoxyded with nitrogen and
treated with Nal (10 mg, 0.067 mmol) at room terap@e. The resulting solution
was heated at 92 °C for 3 h, then cooled to roompégature and partitioned
between DCM and 1N aq. NaOH solution. The layersewseparated and the
aqueous phase was extracted with DCM. The combinganic layers were dried
(Na,SQy), filtered and concentrated under vacuum. The emedidue was purified
by SPE-Si column (25 g, Cyclohexane/EtOAc=1:1) fford the pure42 (2.39 g,
guantitative)."H NMR (400 MHz)3 7.31-7.40 (m, 4H), 7.22-7.31 (m, 1H), 5.72-
5.89 (m, 1H), 4.98-5.18 (m, 2H), 3.82 (s, 2H), 2(F2H), 2.25-2.36 (m, 2H).

Compound 41. To a solution of amine42 (1.49 g, 9.24 mmol) in 80 mL of
acetonitrile were added in sequence potassium pated1.92 g, 13.86 mmol) and
bromoacetonitrile (1.93 mL, 27.7 mmol). The reattinixture was refluxed for 4 h.
The mixture was concentrated under vacuum. Thelueswas dissolved in DCM
and organic layer was washed with,({ then dried (N#&SO,), filtered and
concentrated under vacuum. Purification of the ertasidue by SPE-Si column (25
g, grad. Cyclohexane/EtOAc=7:3 to Cyclohexane/EtEE) gave the purdl
(1.759 g, 95%)*H NMR (400 MHz)3 7.28-7.41 (m, 5H), 5.77-5.92 (m, 1H), 5.04-
5.18 (m, 2H), 3.70 (s, 2H), 3.32-3.57 (m, 2H), 2680 (M, 2H), 2.28-2.43 (m, 2H).

UPLC/MS (ES+), m/z: found 201 [MH, C1H:6N, requires 200. Rt: 0.80 min.

Compound 37. To a solution of amind1 (500 mg, 2.496 mmol) in 20 mL of &
were added successively Ti(@r), (0.805 mL, 2.75 mmol) and
cyclohexylmagnesium chloride (2.75 mL, 5.49 mmdijter stirring for 45 min,
BF3*Et,0 (0.63 mL, 4.99 mmol) was added at once. Stirvigg continued over a
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period of 45 min. 1N ag. NaOH solution was added #e mixture was extracted
with Et,O. The combined ether layers were dried ,®@), filtered and
concentrated under vacuum. Purification of the erwvelsidue by SPE-Si column
(10 g, grad. Cyclohexane/EtOAc=9:1 to EtOAc, theretane) afforded the puB¥
(156.3 mg, 31%)'H NMR (400 MHz)3 ppm 7.21-7.38 (m, 5H), 3.43-3.48 (m, 2H),
3.01 (d,J= 10.4 Hz, 1H), 2.37-2.51 (m, 1H), 2.22 @ 10.4 Hz, 1H), 1.95 (dt,
J= 17.5 Hz,J= 5.2 Hz, 2H), 1.53-1.76 (m, 3H), 0.91-1.06 (m, 1B)62-0.74 (m,

2H). UPLC/MS (ES+), m/z: found 203 [MJHL C,3H1gN, requires 202. Rt: 0.23 min.

Ester hydrolysis. To a solution of LIOH (1.41 mmol) in 2 mL & was added ester
(0.705 mmol) diluted in a mixture MeOH/THF=10:1 athé mixture was stirred at
room temperature. After 3 h the reaction was cotapl&he reaction mixture was
acidificated with 1IN ag. HCI solution, diluted witH,O and backextracted with

DCM. The organic layer was dried (p80,), filtered and concentrated under
vacuum to afford awaited carboxylic acid which wased for successive step
without further purification.

Data for compound 44. quantitative'H NMR (400 MHz)3 3.72 (bd, 1H), 3.64 (bd,

1H), 3.38-3.59 (m, 2H), 2.12-2.17 (m, 2H), 1.521(H), 1.44 (s, 9H). UPLC/MS

(ES+), m/z: found 228 [Mﬁ], C,1H17/NO, requires 227. Rt: 0.58 min.

Data for compound 47. quantitativeH NMR (400 MHz, DMSOd) 8 3.72 (d, 1H),

3.45-3.54 (m, 1H), 3.21-3.32 (m, 1H), 2.88-2.99 (iH), 1.81-1.96 (m, 1H), 1.61-
1.71 (m, 1H), 1.51-1.59 (m, 2H), 1.39 (s, 9H), 1(B7LH). UPLC/MS (ES+), m/z:

found 242 [MH+], CoH1gNO, requires 241. Rt: 0.61 min.

General procedure for Curtius rearrangement. Carboxylic acid (2.0 mmol), TEA
(6.03 mmol) and diphenyl azidophosphate (3.01 mmele dissolved in 15 mL of
toluene and the resulting solution was heatedftoxréor 2 h. After cooling to room
temperature, benzyl alcohol (10.0 mmol) was addégk solution was heated to
reflux for 2 h, then diluted with 50 mL of EtOAc.r@anic layer was washed with
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1IN ag. HCI solution and brine, dried (}$30,), filtered and concentrated under
vacuum. Purification of the crude residue by SPEeSlumn (20 g, grad.
Cyclohexane to Cyclohexane/EtOAc=8:2) gave the pu@bz protected amine.
Data for compound 45. 62% vyield,'H NMR (400 MHz)3 7.28-7.43 (m, 5H), 5.12
(bs, 2H), 3.63-3.75 (m, 2H), 3.34-3.45 (m, 2H),22241 (m, 1H), 1.66-1.79 (m,
2H), 1.44 (s, 9H). UPLC/MS (ES+), m/z: found 277HR56 (Boc)] GgHzaN,04
requires 332. Rt: 0.75 min.

Data for compound 48. 42% yield,"H NMR (400 MHz)3 7.28-7.41 (m, 5H), 5.12
(bs, 2H), 3.88 (d, 1H), 3.46-3.64 (m, 1H), 3.2283#n, 1H), 2.85-3.06 (m, 1H),
2.25-2.41 (m, 1H), 1.90-2.07 (m, 1H), 1.62-1.90 (i), 1.46 (s, 9H), 1.33-1.52 (m,

1H), 1.11-1.32 (m, 1H). UPLC/MS (ES+), m/z: found73[MH"], CigH.eN,O,
requires 346. Rt: 0.78 min.

Data for compound 50. 30% vyield,"H NMR (400 MHz, DMSO€) & 7.26-7.42 (m,
5H), 4.92-5.19 (m, 2H), 3.59 (dd, 1H), 3.15-3.42 @Hl), 2.68-2.84 (m, 1H), 2.36-
2.49 (m, 1H), 1.74-1.90 (m, 1H), 1.40-1.59 (m, 1HR7 (s, 9H), 1.05-1.30 (m, 2H).

UPLC/MS (ES+), m/z: found 347 [MT-], C1gH6N,0O, requires 346. Rt: 0.79 min.

General procedure of hydrogenation. Reactions were performed in the H-Cube™.
A CatCart™ was washed with only MeOH, and a 2 mlutsgzn of amine was
flowed through the catalyst at 1 mL/min at room penature and 1 bar until TLC
monitoring showed the reaction was complete. Thsultieg solution was
concentrated under vacuum to give the degit®bc protected bis-amine.

Data for compound 38. quantitative,'H NMR (400 MHz, GDg) 3 1.10-1.25 (m,
2H), 1.46 (s, 9H), 1.68 (= 2.0 Hz, 1H), 1.71 (bs, 2 H), 3.10 (d# 3.7 Hz,
J= 10.4 Hz, 1H), 3.25 (dd}=3.9 Hz,J= 10.9 Hz, 1H), 3.38 (dJ= 10.5 Hz, 1H),
3.65 ppm (dJ=10.9 Hz, 1H)C NMR (100 MHz)3 25.4, 26.2, 28.5, 35.5, 48.0,
78.7,154.2.

Data for compound 39. quantitativeH NMR (400 MHz, DMSO¢g) 8 3.64 (d, 1H),
3.39-3.51 (m, 1H), 3.11-3.29 (m, 1H), 2.74-2.93 (), 1.95 (bs, 1H), 1.28-1.42
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(m, 1H), 1.46-1.62 (m, 1H), 1.39 (s, 9H), 0.92-1(fr, 2H). UPLC/MS (ES+), m/z:
found 157 [MH-56(Boc)], GH,oN,O, requires 212. Rt: 0.52 min.

Data for compound 40. quantitative,"H NMR (400 MHz) 53.32-3.81 (m, 4H),
2.71-2.87 (m, 1H), 2.34 (t, 1H), 1.84-1.97 (m, 1H[5-1.68 (m, 1H), 1.44 (s, 9H),
0.99-1.11 (m, 1H), 0.81-0.96 (m, 1H). UPLC/MS (ESmy/z: found 157 [MF-
56(Boc)], GiH,N,O, requires 212. Rt: 0.44 min.
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4 CONCLUSIONS AND FUTURE PERSPECTIVES

Medicinal chemistry focuses on the aspect relatethé structural design, synthesis
and identification of therapeutically interestingngpoundsj.e. pharmaceuticals, as
well as the molecular reasons of their mechanismadiion, including the
understanding of the factors involved in the stietactivity relationships,
absorption, distribution, metabolism, eliminatiorddoxicity.

The molecular recognition of a drug in the biophiasesultant from intermolecular
interactions with biomacromolecules, involving étestatic forces, dispersion and
hydrophobic interactions, hydrogen and covalentdsoiThe spatial arrangement of
structural subunits of micromolecule, responsilde these interactions with the
complementary sites of the target bioreceptor, uthet the pharmacophoric
requisites for its recognition, and defines qualiedy the affinity and selectivity
degree of drug-bioreceptor complex.

In the recent literature, it is noticed great iestrin the identification of molecular
frameworks, which correspond to the minimum streadtgubunit, usual in several
drugs or lead-compounds, able of providing liganth{s for more than one type of
bioreceptor. Since Evans first introduced the cphcef privileged structure,
privileged-based drug discovery has emerged asitiufrapproach in medicinal
chemistry. Privileged scaffolds increase hit rdtasbiological targets of interest,
leading to the discovery of other biologically aetitargets and generating leads
with enhanced drug-like properties. Consequentledinoinal chemists value
privileged structures as core scaffolds for viadtlting points in exploration design
and synthesis.

Despite the identification of numerous recurringlenalar frameworks in bioactive
molecules, there is a restricted availability ofvieged structures. Toward this
concern, a subject of grefashination and importance, dealing with the nemd t
identify novel chemotypes, have been addressedttities conducted during this

PhD thesis. The selected structures might reprepetgntial replacements of
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Chapter 4

frequently occurring structural motifs. The devetamt of efficient methodologies
for the synthesis of the identified compounds hawiged the suitable tools to open
up an investigation about the behaviour of suchira lof molecules towards
biological systems.

Inspired by the literature reports describing nwmuser bioactive piperidine and
piperazine Ph- and Bn-derivatives, as well as by thndamental knowledge
according to which several compounds of these semie included in drugs with
central and peripheral neurotropic effects, a ganesute for the synthesis of

alternative bis-amines (Figure 1) has been finehed (Chapter 2).
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Figure 1

In the context of introducing conformational coasit one strategy may be the
construction of cyclic systems, and, in particuleyclopropyl analogues of non
cyclopropyl containing structures. Following thippaoach, a program aimed to
synthesize constrained bicyclic[x.1.0] heterocyc{@gure 2) has been started
(Chapter 3).
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Conclusions and future perspectives

Constrained Amino Acids Constrained Bis-Amines

a
H H
HN
©> NH, HN}NH
H H
Figure 2

The chemistry presented here has offered highipigldnd scalable routes for the
preparation of a wide range of suitably protectedding blocks. Because of the
de novoapproach of such synthetic methodologies, theegfies have demonstrated
to be highly convergent as well, minimizing the roenof synthetic steps. Given the
possibility to have easy access to such molecutedaige amount, further
endeavours could be addressed to their employadfolkts for the synthesis of more
complex structures for enhancing our understandihgheir role in biological

environments.
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