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Abstract

In the last two decades or so, bile acids and their synthetic derivatives have been shown to
be useful building blocks in the preparation of particular nanostructures in a bottom-up
approach. This work is part of that research field and focused on the preparation of new
derivatives of bile acids and on the study of their properties that make them versatile in a
wide range of research field, from medicinal chemistry and catalysis to surface chemistry and
molecular electronics.

In particular, this research work dealt with the synthesis of new aromatic derivatives through
click reactions, an innovative synthetic method never described in literature to link aromatic
subunits to bile acids, in order to evaluate their aggregation properties and the possibility of
exploiting this functionalization method on this type of substrate. This is what will be shown
in Chapter 2.

In Chapter 3, bile acids were then tested also as useful surfactants essential for amino acids
catalytic activity carried out in only water.

Furthermore, in Chapter 4, from the positive data of the aforementioned tests arose the idea
of directly functionalizing these amphiphilic molecules with amino acid subunits, also
evaluating if this could give a greater contribution by increasing yields, diastereoisomeric and
enantiomeric excesses, given the intrinsic characteristics of molecules capable of inducing
greater stereoselectivity.

Finally, ferrocenyl derivatives were synthesized, connecting the subunits in C-3 position or
on steroid skeleton side chain in order to obtain molecules capable of functionalizing
graphene surfaces, deposited on electrodes, in order to prevent their oxidation while still
allowing the ET and more generally molecules useful in molecular electronics. This was

described in final Chapter.



Chapter 1: Introduction to Bile Acids and their properties

1.1 Bile acids in biology and their unique use as surfactants

Bile acids are natural surfactants found in mammals (Figure 1.1). In humans they are
produced in the liver starting from cholesterol and have a distinctive structure, characterized
by a rigid and flat steroid skeleton, bearing a carbon chain ending with an acid function or a
group of carboxylic derivation (as in the case of taurocholic acid or glycolic) and from

hydroxyl groups which vary in number, stereochemistry and position.'
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1.1a cholanic acid H H H OH

1.1b cholic acid OH OH OH OH

1.1¢ chenodeoxycholicacid QH OH H OH

1.1d deoxycholic acid OH H OH OH

1.1e lithocholic acid OH H H OH

1.1f glycocholate OH OH OH NH,CH,CO,-
1.1g taurocholate OH OH OH NHCH,CH,SO;-

Figure 1.1. Some of bile acids produced in the liver.

The physiological evolution of cholesterol steroid nucleus involves several hydroxylations of
the tetracyclic core and the loss an isopropyl group from the side chain, affording the so-
called primary BAs, among which two of the most common are cholic acid (HC) 1.1b and
chenodeoxycholic acid (HCDC) 1.1c. Further chemical modifications of primary BAs give
the secondary BAs, such as deoxycholic (HDC) 1.1d and lithocholic (HLC) 1.1e acids.”

The conversion of cholesterol into bile acids is carried out through the complex action of a
set of seventeen enzymes and represents the main cholesterol catabolism pathway. Although
course and intracellular transport still remain not well defined and sequence-confirmed, four

different synthetic pathways have been identified, each of which culminating in the synthesis



of one or more bile acids. As an example, is shown below the classical or "neutral" way,

through which about 90% of all bile acids are produced, and the alternative or "acid" way

(Scheme 1.1).%*
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Scheme 1.1. Two main bile acids biosynthetic pathway (1-“neutral way”, 2-“acid way”).

The most evolved mammalian BAs have a 53-configuration with a-hydroxyl groups. Primary

BAs under physiological conditions are normally conjugated with glycine and taurine (Figure

1.2), since the conjugation increases the solubility in water and plays an important

physiological role in mammals enabling the digestion of cholesterol, fats, fatty acids and lipid-

soluble vitamins and their absorption through the intestine. The BAs are then almost

completely reabsorbed by the intestine and they recirculate to the liver via the portal vein in

a process called enterohepatic circulation, of great importance in the cholesterol homeostasis.



The particular biological role of BAs finds a reflection both in their very specific molecular

structure, which renders them facial amphiphiles, and in their self-assembly behaviour.>

N NcooNa*

HOY ' HOY
H H

Figure 1.2. Molecular structure of the sodium glycocholate (left) and sodium taurocholate
(right).
Their main physiological function is to promote digestion and absorption in the intestinal
tract of lipids and some vitamins through the formation of micelles. They also have other
functions, such as eliminating excess cholesterol and bilirubin, heavy metals and drug
metabolites, regulating the bacterial flora of the intestinal tract and, to a lesser extent,
regulating some receptors, enzymes and ion channels.”
Generally, lipophilic compounds, including molecules used in pharmacology, having low
solubility in water, are well solubilized in bile salt micelles in the intestine, leading to an
increase in absorption and bioavailability.
It has been shown that bile acids can act as drug absorption enhancers, increasing their
solubility in case of excessive hydrophobicity and promoting their chemical and enzymatic
stability.” Therefore, bile acids can improve the bioavailability of non-polar or highly
hydrophilic drugs through the micellar solubility process and their interactions with
biological membranes. They are also ideal elements to be exploited for synthetic purposes
thanks to the stiffness of the steroid skeleton, the different position of the hydroxyl groups,
the enantiomeric purity, the availability and the low cost. A further advantage of bile acids
functionalization is also represented by their resistance to pH and enzymes of the
gastrointestinal tract.”
Each bile acid exhibits a hydrophilic polar region (face «), where the hydroxyl groups are
located, opposite to a non-polar hydrophobic region (face B), on which there are the C18

and C19 methyl groups (Figure 1.3)."
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Figure 1.3. Cholic acid spatial representation.

All these structural characteristics also give bile acids peculiar amphipathic properties that
give them the ability to act as physiological surfactants."'

The high structural rigidity and the lack of a clear separation between the hydrophobic part
and the hydrophilic part allow the bile acids, exceeding a certain concentration value, to self-
assemble in water in different aggregates in respect of traditional surfactants through
electrostatic and hydrophobic interactions and hydrogen bonds.

The aggregation of BAs is the result of an intricate interplay between the hydrophobic effect
and the intermolecular hydrogen bond formation. Indeed, hydrogen bonding provides a
complementary mechanism for auto-association in addition to the unspecific hydrophobic
effect, which is relatively weak and complex in BAs. The directional properties and the
specific nature of the hydrogen bonds (which depends on the number, position and
stereochemistry of hydroxyl groups) introduce an additional “rigidity” into the aggregates
and limit the range of possible orientations. In addition, the carboxylic group provides a
charge, being dissociated under physiological conditions. Thus, all these factors result in a

very complex self-assembly behaviour.

1.2 Bile Acids as supramolecular aggregates

As anticipated, due to their molecular features, BAs auto-associate forming highly ordered
architectures, in contrast to micelles formed by conventional amphiphiles (Figure 1.4). The
size of such ordered aggregates, their dimension and shape strongly depend on the BA nature

and on the expetimental parameters, such as pH and electrolyte concentration."
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Figure 1.4. Classical aggregation behavior of conventional surfactants in aqueous

solutions.

This dependence can be clearly illustrated by the different behaviour of cholic acid,
deoxycholic acid and lithocholic acid in basic conditions. Indeed, while the latter compound
forms tubules at alkaline pH,""* cholic acid and deoxycholic (as well as their glycine and
taurine conjugates) form, in the same conditions, globular®>'® and rod-like'"'® aggregates,
respectively. In the last decades, several models have been proposed to describe their
structures, the earliest of which considers the formation of primary and secondary micelles."”
According to this model, at concentration values close to the critical aggregation
concentration (cac), molecules self-organize directing their hydrophobic sides towards the
interior and the hydrophilic one in contact with water, forming the primary micelle (Figure
1.5b), whose structure depends on the number and type of BA in it. At higher concentrations,
hydrogen bonds between the micelles lead to elongated secondary micelles (Figure 1.5¢), in
which the hydrophobically stabilized primary units are held together by hydrogen bonding,.
The second model proposed suggests the formation of disk-like micelles (Figure 1.5d), with
a variable diameter, in which all the molecules point the hydrophobic side to the inner side
of the aggregate.” Instead, in the third one the self-organization is explained as driven by
polar interactions: the molecules are organized in a helical arrangement (Figure 1.5¢) whose
interior is filled with water and all the hydrophobic surfaces are directed towards the outside.
This model is based on the structure of the aggregate in the crystalline state, but it also well

represents the structures in the liquid state. 2%
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Figure 1.5. Schematic representation of a) a dihydroxy-BA and of different models for
micellar structures: b) different primary micelles, ¢) secondary micelle, d) disk-like micelle

and e) helical micelle.

In principle, several topologies of aggregation can be accessible to a BA, so there are some
structural features that are crucial in pointing out the final structures of the aggregates. The
most important is the number of hydroxyl groups on the tetracyclic system, since it
determines the number of hydrogen bonds that can be involved in stabilizing the aggregates
inevitably influencing their shape. Moreover, the curved and rigid skeleton limits the possible
orientation of the molecules in the aggregates. As a matter of fact, from the comparative
studies of the aggregation behaviour of cholic acid with respect to the one of deoxycholic
acid and lithocholic acid, it became evident that the additional hydroxyl group in cholic one
prevented both gel or viscous fluid formation, which was observed for other BAs, as in case
of deoxycholic, that showed the self-organization in fibers as the pH was lowered to

neutrality, with the consequent formation of a thixotropic gel.****°

1.3 Bile acids and their derivatives: applications fields.

BAs are optimal substrates in the search for new compounds to be applied in many high-
interest scientific fields spacing from supramolecular chemistry, material chemistry, and
nanotechnology to medicinal chemistry and drug delivery.

As already evidenced, they are involved in the entheropathic circulation and correspondingly
in multiple processes that require molecular recognition, they self-organize in different
structures both in the solid state and in aqueous solutions and they are widespread in the
majority of species of higher animals, thus being inexpensive and readily available starting

materials. Consequently, in the last twenty years BAs and their derivatives have been

10



exploited in diverse areas of chemistry as molecular and ionic receptors, templates/chiral
auxiliaries for asymmetric synthesis, host-guest interaction-based systems, protein or drug
nanoparticle stabilizers, drug cartiers, low molecular mass organo/hydrogelators, etc.”’

All these reasons have significantly stimulated the developing of new methods to
functionalize the BA skeleton, together with the preparation of a large number of new
derivatives and this has been gaining an increasing interest as a very active research field.

The synthesis of BA derivatives takes advantage from the presence of various functional
groups, which can be selectively modified, according to the huge number of stereoselective
transformations and chemical modifications of BAs described in the literature so far. It is
not possible to summarize completely all these methods here, but it is useful to cite the main
transformations that BA functional groups can afford. To cut a long story short, the
carboxylic group may be esterified, reduced, amidated or subjected to salt formation with
metal ions, alkaloids or organic bases, whereas the hydroxyl groups can be regioselectively

transformed as they show a differentiated reactivity: 3-OH is the only equatorial one, and

thus the most reactive, being both the axial 7- and 12-OH sterically hindered.”*”

1.3.1 Bottom up systems

In the last years, a constantly growing interest has been shown in the fabrication of micro-
and nanosystems for several applicative purposes, with the so-called bottom-up approach.
In a bottom-up process, relatively simple building blocks interact with each other in a
coordinated way to form large, more complex, stable and structurally well-defined aggregates
linked by non-covalent interactions. In particular the molecular self-assembly represents one
of the most important tools for a bottom-up synthesis.”*** Micro- and nano-structures
formed by such approach find an incredible number of different applications, the most
important of which are in the catalyst design, sensor and conducting devices tailoring,

A main goal along the way to nanomaterials is the synthesis of “smart molecules”, that is
systems which respond to external stimuli such as pH, temperature, light, electric field,
chemicals and electrolyte concentration, affording dramatic variations in their aggregation
properties, thus changing the nature of the nanomaterials formed. The development of such
molecules has consequently a tremendous potential for applications in biotechnology, in drug
delivery, sensors, bioseparations.” *

With the aim of preparing new materials by self-assembly of relatively simple starting

materials several biological molecules such as peptides, lipids, steroids have been
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investigated.””*** Indeed, many of these biomolecules possess natural uncommon self-
assembling properties, strongly affected by their chemical structure. Moreover, biomolecules
usually show a wide variety of different functional groups in their structure, and this last
feature can provide them with the ability to afford “intelligent” micro- and nanosystems.

In the last years, a number of BAs derivatives have been synthesized and investigated.

1.3.2 BAs as supramolecular systems

Their curved and rigid amphipathic backbone, enantiomeric purity, high levels of
functionality and ease of functionalization render BAs particularly attractive scaffolds in
supramolecular chemistry, in particular in the design of rigid pre-organized molecular
systems to create clefts, cavities and other types of binding surfaces.*’

The design of macrocycle synthetic receptors with molecular cavities is an important field in
supramolecular chemistry. These host molecules in fact can serve as model compounds for
more complex biological systems, for instance they can simulate the molecular recognition
shown by enzymatic processes. The BA skeleton rigidity makes it suitable to the formation
of a cavity, thus they were used in the preparation of macrocycles, such as cholaphanes
(Figurel.6), which consist of two to four BA units joined by various spacer groups and have
been shown to bind in their cavities carbohydrates and cations with a selective affinity,

depending on the cavity size.**™

Figure 1.6. Structure of a generic head-to-tail cholaphane (A-D = binging/catalytic

functionality, XY = spacer)

Examples of other cyclic structures involving BAs reported in the literature are

cyclocholates,” BA-based molecular boxes,” crown ethers,” cyclophanes™ and cryptands.”
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These architectures provide frameworks for the construction of enantioselective hosts as
well as chiral ligands or auxiliaries.

BA derivatives have also been exploited in the realization of acyclic structures, such as cleft-
type compounds,” podand-type architectures (“cholapods”) (Fig. 1.7.2)°"”” and molecular
tweezers (Fig. 1.7b)*" as receptors for the recognition of anions, nucleobases, aminoacids or
aromatic molecules or as transporters of anions across bilayer membrane. Moreover, the BA
facial amphipathy has been exploited in preparing ionophores for the transport of ions
through liposomal membranes® and in the development of so-called molecular umbrellas,
that is, molecules potentially able to behave as carriers of hydrophilic compounds through
phospholipid bilayers, by “shielding” their highly polar character when in contact with the

62,63

hydrophobic core of a lipid bilayer.

Figure 1.7. a) “Cholapod” derived from cholic acid, acts as anion receptor, molecules of

this family are powerful anion receptors and carriers across the bilayer membranes, b) BA-

based tweezers, receptors for a number of electron deficient aromatics.

1.3.3 BAs as gelators

In the recent years, gel-phase materials obtained from low molecular weight building blocks
have been considered of particular interest because of the potential application in materials
science, in the fields of tissue engineering, biomineralization, gels formation® and molecular
electronics. The gelation of low molecular mass organic gelators (LMOGs) is mainly due to
intermolecular interactions, namely hydrogen bonding, n-n stacking and Van der Waals
interactions, leading to fibrous network formation.***°

Several molecules have been studied as LMOGs, such as sugars, ureas, amino acids, steroids.

Among these, BAs derivatives have shown efficient gelling properties. As previously

13



mentioned, some natural BAs self-organize to give supramolecular gels***

and, given that
the BA structure deeply affects the self-assembly behaviour, in the last years a number of
derivatives have been reported showing that different derivatizations dramatically modify the
aggregation process and lead in certain conditions to gelation. A majority of these BA
derivatives have a general structure with an intact steroidal backbone and a variable side chain
group. They have shown extraordinary gelling properties. By way of example, the HDC- and
HLC-based hydroxypropylamides®” (Figure 1.8a), the HC cholanamides® (Figure 1.8b) and
a-amminoesters”  (Figure 1.8c) have proved to be effective organogelators.

0]

0 U

o " N~ Ry
H
I O\NW/OH I
R OH
OH a OH b
R=H, OH R1=-CqqHy3
n=12 R4=-Cq7H3s

Figure 1.8. Molecular structure of a) deoxycholic and lithocholic acid based, b) and c)
based organogelators.

BA derivatives have been known to lead also to gelation of water and electrolyte aqueous

solutions under defined conditions®*

and hydrogels are of great importance because they
are materials for biomedical applications, such as drug-delivery systems™ or tissue
engineering.”! The deoxycholic acid cationic derivatives (Fig. 1.92) and neutral
hydroxylamides of BAs (Fig. 1.9b) are efficient gelators in aqueous media,” as well as the

cholic acid trimer (Fig. 1.10).”
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Figure 1.10. Cholic acid trimer.

1.3.4 Unusual structures of BAs and their uses as sensotrs

The derivatization of BAs has been shown to lead to supramolecular aggregates with
uncommon morphologies not formed by natural bile salts. It has lately been demonstrated
that the extension of the tetracyclic system by introducing a bulky hydrophobic group leads
to new structures. The introduction of an adamantyl group in the position C3 of cholic acid
(Fig.1.11) led to lamellar structures.”* This kind of assemblies can find several application,
notably as templates in the formation of metal nanowires, due to the well-known tendency

of lamellar structures to form wires or nanotubes.”>’®
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Figure 1.11. Molecular structure of the cholic acid adamantyl derivative.

Recently, this derivative and its analogues from the deoxycholic acid have been proved to be
good drug nanoparticle stabilizers.””

Functionalization in C3 has also led to external stimuli-responsive assemblies, further
confirming the potentialities of the use of BA derivatives in nanotechnology. A particulatly
interesting behaviour has been shown by the #butylphenyl- (Fig. 1.12a) and naphthyl- (Fig.

1.12b) amide derivatives of cholic acid.

% 0o Wy @)
I OH I OH
H OH H OH
N OH N OH
0 a 0

b

Figure 1.12. Molecular structures of the t-butylphenyl- (a) and naphthyl-(b) amide

derivatives of cholic acid.

The first compound in aqueous solution forms vesicles which reversibly interconvert into
tubules through a temperature-triggered process.”” Moreover, the mixtures of the anionic
form (Fig. 1.132) and cationic derivative (Fig. 1.13b) of the ~butylphenylderivative show to

self-assemble into tubules whose charge can be tuned by controlling the mixture

stoichiometry.*
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Figure 1.13. a) Cholic acid t-butylphenyl amide derivative in its carboxylate form and b) its

cationic derivative.

Naphthyl derivative (Fig. 1.12b) is instead capable to aggregate into pH-sensitive tubules. By
increasing the pH, the tubule walls open up leading to the disaggregation of the assemblies,*'
making this compound particularly attractive as potential drug carrier. The auto-association
of BA derivatives has also been exploited in the realization of assembled systems in the
crystalline state. Trisphenylurea cholapod (Figure 1.14), synthetized in the recent past and
obtained by derivatizing all the three cholic acid hydroxyl groups, crystallizes from
acetone/water or methyl acetate/water giving self-assembled nanoporous crystals, with
chiral unidirectional channels large enough to accommodate a wide variety of molecules

including dyes or substrates for catalysis (Figure 1.15).

Figure 1.14. Tris-phenylurea cholapod obtained from cholic acid.
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Figure 1.15. Packing of tris-phenylurea cholapod viewed along the crystallographic c axis,
two molecules are highlined, one green and one blue, the methyl ester and the phenylurea

at C3 are shown in the space-filling mode (in magenta and yellow, respectively).

A large number of derivatives have been prepared by varying the nature of the groups of the
molecule, namely at the position C3 and at the end of the aliphatic side chain. In this way, it
was possible to tune the diameter of the cavities and to engineer nanoporous organic alloys
by mixing different isostructural derivatives and thus tuning the crystal properties.*” These
structures are of particular interest given that nanoporous crystals find application in
catalysis, separation techniques, gas storage or sensors.

Sodium cholate and sodium deoxycholate were also used as reducing and capping agents
(Figure 1.16) for the fabrication of Au nanoparticles (NPs) for applications in colorimetric
DNA sensors.”

The method allowed for the fabrication of bile salt encapsulated Au NPs of controlled size
and shape. It has been demonstrated that hydroxyl groups of the bile salts were involved in
Au’" reduction, while COO™ groups provided bonding to the NP surface. The colour change

due to aggregation of the NPs was successfully used for the detection of Gemini viruses.**

18



BS + HAuCl4

Ho“ “on
Figure 1.16. Schematic of the synthesis of bile salt (BS) capped Au nanoparticles and

colorimetric sensing of DNA.

Cholic acid-capped Au nanoclusters have been successfully employed as fluorescent probes
for creatinine detection.** The detection mechanism involved hydrogen bonding of cholic
acid and creatinine. The sensors can be used for diagnosis and therapy of kidney disease.
Bile acids are also used in the surface modification of electrodes, and in particular the graphite
ones, as these amphiphiles is a nanostructured material. By covering the surface they increase
the sensitivity of the aforementioned electrodes. This characteristic has led to the
development of molecules that were at the same time mediator of electrons and excellent
dispersant of carbon nanotubes, thus favoring their deposition.

The introduction of a ferrocenyl subunit within the structure of a classic-type surfactant has
already been described, as the ferrocene as a substituent was chemically stable in solution in
a wide range of conditions, and its redox potential made it easy to change in its oxidation
state. The oxidation of the ferrocene subunit to ferrocenium ion led to a change in the formal
charge of this unit and therefore there was an important change in the polarity properties of
the surfactant, and consequently in the aggregative properties.

In the literature it is indeed possible to find numerous examples of ferrocenyl-substituted

surfactants. The reported derivatives are neutral, or cationic or anionic (Figure 1.17). The
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interesting aspect was that depending on the structure of the surfactant and the position of

the ferrocene within it, a wide range of different surfactant properties was observed.”
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Figure 1.17. Some examples of neutral, cationic or anionic ferrocenyl-substituted classic-

type surfactants.
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Chapter 2: Synthesis and characterization of new

aromatic bile acids’ derivatives through click chemistry

2.1 Introduction

Among the synthetic methods developed in the last decades, a significant popularity was
gained by a group of reactions that is often referred to as “click chemistry”. This synthetic
methods, which fulfills many criteria, such as a stable linkage, minimal cross-reactivity with
other functional groups, high yield reaction, no appreciable amounts of side products, and
benign reaction conditions, showed its great potential for use in the synthesis of a very large
number of interesting compounds.

The reactions belonging to this group are generally driven by a high thermodynamic force
(> 20 kcal mol™1), which gives rise to highly modular and stereospecific reactions with high
yields.'

While a range of chemical reactions can in principle fulfill these criteria, successful examples
often originate from five broad classes of reactions that appear to fit the framework of click
chemistry exceptionally well: cycloaddition of unsaturated species (1,3-dipolar cycloaddition
or [4+2]-cycloaddition (Diels—Alder)), nucleophilic substitution/ring-opening reactions,
carbonyl reactions of the non-aldol type and addition to carbon—carbon multiple bonds.'

In particular, the first two types of reactions have recently played a crucial role in many fields

of science, from material chemistry (nanomaterial preparations,”'® surface engineering,'” >

142650 >% to medicinal chemistry™,

multifunctional polymer design, self-assembling molecules

in which this modification method, which seems to be the cream of the crop towards C-N
bond forming-reactions of five-membered heterocycles, has found his own important role,

also due to its versatility, in the synthesis of a large number of bioconjugates showing

60-68 69-80 81-87 88-94

anticancer activities (hybrids containing chalcone, amide®™, coumarine, azole or

95-101

polycyclic analogues) (Figure 2.1).
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Figure 2.1. Chalcone, amide, coumarine, azole, polycyclic analogues.

The 1,3-dipolar cycloaddition of azides and alkynes, also known as Huisgen cycloaddition

19219 involves dipolarophiles reacting with 1,3-dipolar compounds to form five-

reaction,
membered heterocycles including triazoles. The original Huisgen reaction was non-
regioselective and required high temperature and pressure so it was largely ignored for a long
time. In the last two decades, the use of catalytic amounts of Cu(I) was shown to improve

the effectiveness of the reaction, leading to fast, highly efficient and regioselective azide—

alkyne cycloadditions at room temperature in organic medium (Scheme 2.1).'"*

/N\ 1
R—=— H N” N-R
N ' >_<_
N* N-R R H
R Cu'
N_ _R
N~ N R——cCu

R™~C
Noyr
C N-R
/
R———cCu'

Scheme 2.1. First proposed mechanism for the CuAAC reaction.

In recent years, Sharpless and Fokin demonstrated that copper-catalyzed azide-alkyne
cycloaddition (CuAAC) can be successfully performed in polar media such as t-butyl alcohol,

ethanol or pure water (Scheme 2.2).'"
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Scheme 2.2. Current accepted CuAAC mechanism.

The widely use of the copper catalysed alkyne-azide cycloaddition reaction, the so called
CuAAC, and its remarkable efficiency are demonstrated with the fact that it is the method
of choice even for DNA click chemistry and, in general, for biological and nanotechnological

applications or in drug research in the field of peptide-based drug discovery (Figure
2'2)'106,107,108

¢ )

A~
\\NC:/" Unstable Bond Cyclization and
Surrogates Crosslinking
“Click” / .
H

WAL Peptide Leads v

& !
Introduction of Contact Conjugation of
Groups to Improve Affinity Multiple Functions

,//’“7
)
\)\@N
N=N

Figure 2.2. Click chemistry in peptide-based drug discovery.

Thanks to the large versatility and to the huge possibility in using the CuAAC method, further

studies involving irradiation with microwaves and high-intensity ultrasound were also
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recently conducted.'”
The work described in this chapter stems from the well-known self-assembly behavior of
bile acids’ derivatives bearing aromatic substituents which are already described in

literature!'*!"!

and it is aimed to the synthesis of new bile acid aromatic conjugates linked
through a triazole group formed following click reaction (1,3-dipolar cycloaddition) and to
their possible aggregation skill improvement. In future, these compounds could also be
studied in order to evaluate their physical-chemistry properties.

Starting from the product obtained using phenylacetylene as the model substrate, studies
were also conducted to clarify the reason for the initial low yields by conducting the same

reactions on other types of non-aromatic substrates, in search of the most ideal possible

conditions for optimizing the quantity of product obtained.

2.2 Choice of target molecules

Since it was already shown that the expansion of the hydrophobic region of the BA skeleton
by introducing a bulky non polar substituent at the position C3 significantly modify the BA
self-assembly properties leading to uncommon supramolecular assemblies, we decided to
follow a similar strategy introducing aromatic subunits into the position 3 of the tetracyclic
system by Click Chemistry. This could, in principle, lead to a structure bearing aromatic
hydrophobic groups, such as phenyl and 1,2,3-triazole moieites, capable to give
intermolecular n-r stacking interactions crucial in self-assembly processes.'?

In literature there are examples of functionalization of bile acids by CuAAC reaction, but
they mainly concerned the reaction carried out on the side chain.'”

The few examples found involving the C-3 functionalization of 3-azido-substituted bile acids
featured the use of non-aromatic terminal alkynes, as shown by some examples in Scheme

2.3.114;1-@
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Scheme 2.3. Examples of C-3 functionalization with non-aromatic terminal alkynes.

Since the attention of our group was focused on the introduction of aromatic subunits on
the C-3 in order to improve the aggregative abilities of the BAs, the work started with the
study of the reaction CuAAC on epimeric azides 2.1a-c with phenylacetylene 2.2 used as
model compound. During this study, we ran the reactions adopting the two most popular
conditions reported in literature.'>"® In the first one, a catalytic amount of Cu(I) sulfate was
used as source of copper in the presence of sodium ascorbate as reducing agent, in the classic
+BuOH / H,O mixture (conditions A). Alternatively, the reaction was conducted in organic
solvent (THF), in association with the catalytic use of cuprous iodide and
diisopropylethylamine (conditions B). However, the preliminary results obtained showed
generally low yields, but the stereochemistry of C-3 seemed to play a role. Indeed, when the
reaction involved the substrates with the azido group at C-3 in o configuration, the yields

were slightly higher (Scheme 2.4).
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Scheme 2.4. Low initial yields in preliminary studies.

Thus, we decided to continue this study on all the 3-azido bile acid esters derivatives from
cholic, deoxycholic and litocholic acids.

To clarify the effect of the possible steric hindrance of the substituent on the triple bond,
two model compounds were therefore chosen to react with the azide derivatives,

phenylacetylene 2.2 and the acyclic 1-heptine 2.4, (Figure 2.3).

AR
I

2.2 2.4

Figure 2.3. Phenylacetylene and 1-heptine involved in reaction with azide derivatives.

We also wanted to verify if the stereochemistry at C-3 in the azide substrates was crucial to
obtain good yields.

The variation of a reaction condition, i.e. the use of a catalytic or stoichiometric amount of
the copper used, was also studied.

Once the optimal conditions for the click reaction among the compounds already mentioned
have been found, the next step involved the reaction applied to more complex, variously
substituted aromatic alkynes; a fact that would have confirmed the usability of the reaction
and constituted an enrichment of the reaction scope, with products that could constitute

excellent intermediates for further reactions.
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2.3 Studies on reaction models

The experimental work started with the synthesis of epimeric azides 2.1a-c deriving from
2.5a-c acids. The synthetic procedures for the preparation of these azides are widely available

in the literature!'!1*

and, although different for the « and @ epimers, all involve the
transformation of the hydroxyl group on C-3 (in a selective manner, thanks to its greater
reactivity) in a good leaving group (mesylate) with configuration retention or inversion. Then
mesylates are reacted with sodium azide in order to introduce the azide group with a neat
inversion of configuration.

A preliminary stage of protection of the -COOH group as methyl ester, avoiding interference
of the carboxyl in subsequent reactions, was necessary and it was performed using a Fischer
esterification reaction.

The bile acids 2.5a-c were then esterified using MeOH, also used as solvent, under acid

catalysis conditions, given by the presence of HCI (37%) in trace quantities (Scheme 2.5).

N
™
N
R

0 » 0

w0
N

p)

OH HCI (37%) OMe

_—
MeOH, reflux
HO™ “R! HO™ “R!
R!=R?*=0H 2.5a R!=R?=0H 2.6a  y=70%
R!'=H R*=0H 2.5b R!=H R?=0H 2.6b  y=92%
R!=R2=H 2.5¢ R!'=R?2=H 2.6c  y=58%

Scheme 2.5. Bile acids esterification using Fischer conditions.

Then, the desired esters 2.6a-c were purified by crystallization and obtained with excellent
yields.

The next step was the transformation of the hydroxyl group on C-3 into its methanesulfonate
ester in both possible configurations. The 2.7a-c mesylates with retained C-3 configuration
were obtained by treating the 2.6a-c esters solubilized in DCM with methanesulfonyl

chloride in the presence of triethylamine (Scheme 2.6).
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Scheme 2.6. C-3 hydroxyl group mesylation.

The reaction products were obtained with a suitable purity to be able to continue the
synthetic work without needing any purification.

The compounds 2.7a-c, obtained with an inverted C-3 configuration were also synthesized
from 2.6a-c esters, but through the reaction with methanesulfonic acid according to the

Mitsunobu protocol,'® shown in Scheme 2.7.

2 0o

w0

Ph;P, DMAP
OMe MeSO3H, DIAD

THF anhydrous, rt

HO™ "Ry MsO
R!=R?=0H 2.6a R!=R?=0H 2.7a-(B)
R!=H R?>=0OH 2.6b R!=H R?=0H 2.7b-(B)
R!=R?2=H 2.6¢ R!=R’=H 2.7¢-(B)

Scheme 2.7. Mesylation in Mitsunobu conditions.

The reaction was carried out by dissolving the esters in anhydrous THF in the presence of
triphenylphosphine, 4-dimethylaminopyridine (DMAP), N,N-diisopropylcarbodiimide
(DIAD) and MeSO;sH. Again, also in this case, the raw material was directly used in the
subsequent azidation procedure.

Compounds 2.7a-c(«) and 2.7a-c(B) were then employed in the substitution reaction of the
methanesulfonate group with the azide function using NaN; and anhydrous DMF as reaction
solvent. The (B)- mesylates showed very good reactivity at room temperature, while a
satisfying conversion the (&)- stereoisomers required the temperature to be raised to 70 °C.
The compounds 2.1a-c(x) and 2.1a-c(f) were then obtained, after chromatographic

purification. The results are reported in Table 2.1 and the products yields, isolated by
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chromatography, were calculated on two stages starting from esters 2.6a-c.

NaN3

DMF anhydrous
70 C°orrt
MsO

Mesylate R R2 T(C°) Product Yields(%)

2.7a-(a)  OH OH 70C° 2.1a-(B) 54
2.7b-() H OH 70 C° 2.1b-(B) 57
2.7c-(a) H H 70 C° 2.1c-(B) 27
2.7a-B) OH OH rt 2.1a~(av) 76
27b-B) H OH rt 2.1b-(av) 80
2.7¢-(B) H H rt 2.1c-(a0) 83

Table 2.1. Azidation reaction conditions and yields.

Once the epimeric azides 2.1 were obtained, it was possible to start the study of the CuAAC
reaction with the two terminal alkynes chosen as model compounds, namely 1-heptine and
phenylacetylene. As anticipated in the previous paragraph, the reaction was carried out in
two different conditions, i.e. in a #ABuOH/H,O mixture, using Cu (II) sulfate in the presence
of a reducing agent (conditions A, Table 2.2), or in THF with Cu (I) iodide (conditions B,
Table 2.2). The results obtained using the metal in catalytic and then stoichiometric quantities
were compared during this study. Therefore, reactions started with the “click” between the

azide compounds 2.1(«) and 2.1(B) and 1-heptine and the results are shown in Table 2.2.
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OMe  ==—CsHy,

Py

A or B conditions
v CsHi— N
N; R! 5 11‘{1\:N

21 2.8

A conditions : t-BuOH/H,0, CuSO,4 5H,0, sodium ascorbate, T = 60 C°
B conditions : THF anhydrous, Cul, DIPEA

Azide R'" R? Conditions Product y% cat.  y% stoich.
2.1a(@) OH OH A 2.8a-(a) 27 82
2.1a-(a0) OH OH B 2.8a-(a) 30 51
2.1b-(@) H OH A 2.8b~(av) 33 73
2.1b((@) H OH B 2.8b-(a) 33 48
2.1c-(a0) H H A 2.8¢-(a0) - -
2.1c-(a0) H H B 2.8¢c-(a0) - -
2.1a-(B) OH OH A 2.8a-(B) 10 63
2.1a-(B) OH OH B 2.8a-(B) - 28
2.1b-) H OH A 2.8b-(B) 23 65
21b-) H OH B 2.8b-(B) B )
2.1¢c-(B) H H A 2.8¢c-(B) - -
2.1¢c-(B) H H B 2.8¢-(B) - -

Table 2.2. A & B conditions for click reaction.

It is odd to note that the azides 2.1c deriving from lithocholic acid were found to be
unreactive, while those deriving from cholic and deoxycholic acid showed conversion in all
the conditions used. The use of stoichiometric quantities of Cu led to a significant increase
in yields in almost all cases. The explanation for this trend can be found in the reaction
kinetics. A study of CuAAC reactions in the absence of ligands, such as TBTA (tris[(1-benzyl-
1H-1,2,3-triazol-4-yl)methyl|amine), has shown that an excess of copper leads the reaction
to be of zero order with respect to the metal, making the turnover of the catalyst unnecessary.
Conversely, a catalytic amount of copper makes the reaction second-order with respect to
coppet, lowering the overall rate and yield of the reaction.'”’

Comparing the yields obtained in conditions A and B, generally, the reactions with CuSO,
pentahydrate as catalyst showed better yields than the use of copper iodide. This is due to
the fact that the iodide ion remains a good binder for Cu(I), and can interfere with the
formation of the acetylide intermediate,'” leading to slower reactions and lower yields.

Regarding the influence of the configuration at C-3, the yield data appear to be better for the
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azides 2.1a-b. These data confirm previous results obtained in the recent past.

So, in light of this, it has been hypothesized that the cause of this trend is due to the
aggregation phenomena of compounds 2.1, which form micelles in which the -Nj; group is,
in the case of § azides, more cluttered than the other epimer; this assumption, however, has

still to be confirmed (Figure 2.4).

Figure 2.4. Possible aggregation phenomena between azide molecules.

We then switched to the use of an alkyne bearing an aromatic substituent, the
phenylacetylene 2.2. The click reactions were then performed between compounds 2.1a-c(«)
and 2.1a-c(B) and the above-mentioned alkyne, under the same conditions adopted for the

reactions with 1-heptine. The results are reported in Table 2.3.
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OMe =——Ph

A o B conditions Ph\/\’\[\:
N'_

N3 "R

A conditions : t-BuOH/H,0, CuSO,4 5H,0, sodium ascorbate, T= 60 C°
B conditions : THF anhydrous, Cul, DIPEA

Azide R'" R? Conditions Product y% cat  y% stoich.
2.1a<(0) OH OH A 2.3a-(a) - 50
2.1a-(@) OH OH B 2.3a-(at) 42 74
2.1b-(@) H OH A 2.3b-()) 10 68
2.1b-(@) H OH B 2.3b-(at) 34 76
2.1c-(ar) H H A 2.3c-(a) 20 36
2.1c-(a) H H B 2.3¢c-(a0) 41 58
2.1a-(B) OH OH A 2.3a-(B) - 82
2.1a-(B) OH OH B 2.3a-(B) 14 35
21b-B) H OH A 2.3b-(B) - 89
21b-@) H  OH B 2.3b-(B) 22 24
2.1¢-() H H A 2.3¢-(B) - -
2.1¢c-(B) H H B 2.3¢-(B) 10 20

Table 2.3. Click reaction results in A and B conditions.

In addition to the effects previously discussed, consistent also for the reactions with
phenylacetylene, the presence of an aromatic group, which can conjugate and therefore
stabilize the triazole ring of the final product, seems to significantly increase the yields of the
CuAAC reactions, both for the stereoisomers o than for 3, which show comparable yields.
As in the previous case, the reaction appears to present problems in yields when catalytic
amounts of copper are used.

Therefore, in addition to conducting reactions (B conditions) with increasing quantities of
copper to evaluate the increase in yields (Figure 2.5), methodological changes were also made

regarding the timing and manner of adding copper sulphate and sodium ascorbate.
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Figure 2.5. Yield of the click reaction as a function of the quantity of Cu

Other tests have seen coordinating ions such as Mg** and Ca* introduced into the reaction
system in order to evaluate their possible influence on the reaction yields. In these tests we
saw that the Ca’" ion, as CaCl, does not influence the conversion of the reaction in any way,
while the Mg®" ion, as MgSOs, provides a slight increase in yields when present together with

the reagents (Table 2.4).

ClrJr:;l()% Mg™ (eq) Ca™ (eq) Yield (%)
° / / 11
5 0.5 / 19
> 1 / 35
5 / 0.5 12
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5 / 1 10
20 / / 33
20 0.5 / 44
20 1 / 51
20 / 0.5 30
20 / 1 28

Table 2.4. Test involving the use of Mg"" and Ca™".

To find an ideal reaction condition that could also be suitable for subsequent reactions aimed
at synthesizing further aromatic conjugates, tests were also carried out in other solvents or
solvent mixtures: the reaction was then repeated using Cu®" at 20% and catrying out the
reaction in 100% THF with a yield of 48% and in a mixture THF/H,O = 7:3 with a yield of
76%.

Finally, the best conditions, also considering the amount of copper, i.e. 5% (the minimum
amount used), were found in a test in which the solutions of CuSO4 and sodium ascorbate
were prepared by dissolving the powders in two separate aliquots of 0.5 mLL of H,O and then

together and suddenly added in the reaction system.
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2.4 Synthesis of various aromatic conjugates

From the positive results obtained from the first optimization tests it was evident the
possibility of conjugating aromatic rings with the steroid skeleton in a fairly simple way, even
though it remained to be verified whether this reaction was equally efficient with alkynes
with a more extensive aromaticity or with more complex aromatic alkynes.

Therefore, we initially dealt with synthesizing alkynes with greater conjugation and a greater

steric hindrance such as naphthylacetylene and anthracenylacetylene (Figure 2.6).

2.10

Figure 2.6. Naphtylacetylene and anthracenylacetylene with a more extensive aromaticity.

In this sense, starting from 1-bromonaphthalene and 9-bromoanthracene, through a
Sonogashira reaction at 80°C and under argon atmosphere with TMSA in the presence of
(PhsP),PdCl,, Cul and using Et;N as a solvent, we obtained the alkyne derivatives we were
interested in with a yield of 86% and 74% respectively.

Subsequently the TMS group was easily removed with TBAF in anhydrous THF.
Compounds 2.9 and 2.10 were then obtained after purification on a chromatographic column

with a yield of 93% and 90% respectively (Scheme 2.8).

SiMe;
Br I I
211 1) (Ph3P),PdCly, Cul 213 2.9
)TMSA TBAF
Et3N 80 C° SiMes THF ta.
Br
2.12 2.14 2.10

Scheme 2.8. Naphtylacetylene and anthracenylacetylene synthesis.
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Furthermore, for more complex alkynes we have instead chosen bromoderivatives such as
4-bromostyrene and p-bromosalicylaldehyde.

For the first reagent the reaction conditions were the same with the difference that the
temperature required for the Sonogashira reaction was slightly lower (50 °C), while for the
latter MeOH was used as solvent in the desilylation reaction.

Once the necessary substrates were obtained, we proceeded with the click reactions.
Compounds 2.1a and 2.1b were chosen as azide substrates, having reported the highest yields
in the studies made so far. The choice of the reaction conditions was therefore dictated by
the collected data, which highlighted the optimal reaction conditions in aqueous environment
and stoichiometric quantities of CuSO, dissolving it and sodium ascorbate in two separate
aliquots of 0.5 mL of H,O and then together and suddenly added in the reaction system.
Compounds 2.9a,b, 2.10a,b, 2.15a and 2.16a,b were thus obtained with yields reported in

Scheme 2.9, after purification on a chromatographic column.

R2 K O |32 K O
4 CuSO0, * 5H,0 OMe
OMe Ar Sodium;scorlznate
+ —_—
m t-BUOH/H,0 e
N; R 60 C° Ar\/\ll\}ll R
N'_
R?=R!=0H 2.1a-(B) 2.16a y=54%
R?=0H,R'=H 2.1b-(B) 2.16b y=281%

OH 2152 y=77%

X
CHO 29a y=18%
Hesleos
” N 2.10a y=18%

v i !

vV

| 2.10b y=11%
2.9 2.10 215 216

Scheme 2.9. Click reaction on more complex alkynes.
Many aromatic derivatives were then synthesized proving the efficiency and the versatility
of this method, also studying and optimizing Click reaction conditions in order to obtain

higher yields in respect of the literature data, also aiming at the use of greener approaches

than those in which THF and N,N-diisopropylethylamine are usually used.
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2.5 Experimental section

All commercial compounds and solvents used were purchased from Sigma-Aldrich and used
without further purification. All dry solvents were distilled following standard procedures
before use. The 'H and ’C NMR spectra were performed with the Bruker 400 spectrometet,
operating at 400 MHz for 'H and at 100 MHz for C using 5mm diameter tubes in CDCls,
MeOD and DMSO-d6. The progress of the reactions was followed by thin layer
chromatography (TLC) using Merck Kieselgel 60 254 silica gel plates (0.25mm thick). The
products were revealed on a plate using as indicators:

® 12% phosphomolybdic acid;

® Sulfuric acid (95:5) in H20;

e UV lamp (A = 254 nm).

Products isolation and purification by chromatography were carried out by chromatography
column using Merck-Kieselgel 60 silica gel (0.063-0.20 mm, 70-230 mesh) as the stationary
phase.

High resolution ESI mass spectra were carried out on a Q-TOF Micro spectrometer

operating in a positive ion mode.

Synthesis of methyl esters 2.6 starting from the corresponding acids

The desired bile acid was dissolved in abundant MeOH in a one-necked flask fitted with
bubble refrigerant. Subsequently, drop by drop, 0.1 mL of HCI (37%) were added and the
mixture was refluxed for 1 hour. The reaction mixture was then brought to room temperature
and the clean product is crystallized at -20 © C overnight. The ester obtained was then vacuum
filtered, washed with abundant and cold MeOH and dried. The corresponding esters were
obtained with a 2.6a: 70%; 2.6b: 92%; 2.6¢: 58% yield.

Esters mesylation through the Mitsunobu reaction (configuration retention)

In a three-necked flask equipped with a calcium chloride valve and a refrigerating column
and previously flamed under a flow of argon, 1 eq. of ester in anhydrous THF, 2 eq. of
DMAP and 3 eq. of PhsP were dissolved. Then 2 eq. of MeSOs;H and 3 eq. of DIAD were
added drop by drop and the reaction was left under magnetic stirring for 24h. The reaction
was controlled by TLC using Petroleum Ether:AcOEt = 7:3 as eluent mixture while over
time the solution changes from white to yellow and releasing heat. Once the reaction is

complete, the solvent is then evaporated at reduced pressure until an orange oily residue is
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obtained, used directly for the next synthetic stage.

Mesylation of esters by nucleophilic substitution

In a 3-necked flask, equipped with bubble refrigerant, calcium chloride valve and dripping
funnel, previously flamed, 1 eq. of methyl ester was dissolved in 4 mL of anhydrous CH>CL.
2 eq. of EtsN were added at 0 °C and, drop by drop, also a solution composed of 1.1 eq. of
MsCl in 3.5 mL of anhydrous CH>Cl.. The reaction mixture was left under stirring at room
temperature and then controlled by TLC. Once the reaction was complete, the mixture was
transferred to a separatory funnel, 15 mL of water was added and extracted with ethyl acetate
(3 x 15 mL). The organic phase was washed with a saturated solution of NaCl and dried over
Na,SOs. The drying agent was then removed by filtration and the solvent by evaporation at
reduced pressure. In this way, an oily crude containing a degree of purity sufficient to be

used entirely in the subsequent synthetic stage was obtained.

Synthesis of azide derivatives from the Mitsunobu products

The crude residue of mesylates 2.7 obtained from the Mitsunobu reaction was dissolved, in
a 25 mL flask, in 5 mL of anhydrous DMF. 3 eq of NaN; were added to the solution. The
reaction mixture was left under stirring, at room temperature and argon atmosphere for 48
hours and the trend was controlled by TLLC. Once the reaction is complete, the mixture was
transferred to a separatory funnel, 15 mL of water was added and extracted with ethyl acetate
(3 x 15 mL). The organic phase was washed with a saturated solution of NaCl and dried over
Na,SO.. The drying agent was then removed by filtration and the solvent by evaporation at
reduced pressure. An oily residue was thus obtained which was, in the case of compounds
2.1a-(x) and 2.1b-(«), purified by means of a chromatographic column (silica, petroleum
ether/ethyl acetate = 6:4). In the case of the compound 2.1c-(«), the purification was
performed with a series of washes in petroleum ether, which selectively solubilized the azide
compound to the detriment of impurities. The desired compounds were obtained 2.1a-(x):

54%; 2.1b-(ct): 57%; 2.1c-(at): 27%.

Synthesis of azide derivatives from the nucleophilic substitution
The crude residue of 2.7a-c(«) mesylates was dissolved in anhydrous DMF in a one-necked
flask fitted with a bubble cooler. 9 eq. of NaN; were added to the solution. The mixture was

left under stirring in argon atmosphere at 80 °C for 24 hours. The progress of the reaction
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was controlled by TLC. Once the reaction was complete, the mixture was transferred to a
separatory funnel, 15 mL of water was added and extracted with ethyl acetate (3 x 15 mL).
The organic phase was washed with a saturated solution of NaCl and dried over Na,SO..
The drying agent is then removed by filtration and the solvent by evaporation at reduced

pressure. In this way, after purification on a chromatographic column, the desired

compounds were obtained 2.1a-(B): 76%; 2.1b-(B): 80%; 2.1c-(B): 83%.

Synthesis of conjugates derivatives through click reaction in aqueous conditions

In a single-necked flask equipped with a bubble cooler, 1 eq. of azide and leq. of alkyne were
transferred in a solution of +-BuOH/H,O in a 7:3 ratio. Subsequently, 1.5 eq. of sodium
ascorbate and 1 eq. of copper sulphate pentahydrate, working in stoichiometric conditions,
were added to this mixture. In the procedure with catalytic quantities, 0.3 eq of copper
sulphate and 0.5 eq. of sodium ascorbate were added. The reaction was brought to 60 °C
and left under stirring for 24 hours. The progress of the reaction was controlled by TLC.
Once the reaction was complete, the mixture was transferred to a separatory funnel, 15 mL
of water was added and extracted with ethyl acetate (3 x 15 mL). The organic phase was
washed with a saturated solution of NaCl and dried over Na,SOy. The drying agent was then
removed by filtration and the solvent by evaporation at reduced pressure, obtaining the

desired compounds after purification in a chromatographic column.

Synthesis of conjugates derivatives in THF conditions

In a single-necked flask 1 eq. of azide and 1 eq. of alkyne were dissolved in anhydrous THF.
Subsequently, 1 eq. of Cul were added into the reaction flask if operating under
stoichiometric conditions or 0.3 eq. of Cul if operating in catalytic conditions. The solution
turned yellow and at this point 13 eq. of DIPEA were added. The reaction was left under
magnetic stirring at room temperature for 16 hours. The progress of the reaction was
controlled by TLC. Once the reaction is complete, the mixture was transferred to a
separatory funnel, 15 mL of water was added and extracted with ethyl acetate (3 x 15 mL).
The organic phase was washed with a saturated solution of NaCl and dried over Na,SO..
The drying agent was then removed by filtration and the solvent by evaporation at reduced
pressure. An oily residue was thus obtained which was purified by means of a

chromatographic column obtaining the desired compounds.
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Sonogashira reaction procedure for 2.9(naftalene) and 2.10(antracene) derivative
synthesis

In a Schlenk tube, previously flamed and placed under an inert atmosphere of argon, 1 eq.
of bromoderivative, 0.03 eq. of (Ph;P),PdCl, catalyst and 0.05 eq. of cuprous iodide were
added in 15 mL of anhydrous Et;N. The mixture was heated to 80 °C and subsequently 1.5
eq. of TMSA were added in the hermetically sealed tube. The reaction was then left hot under
magnetic stirring for 4 hours. Reaction progress was controlled by TLC (petroleum
ether/ethyl ether = 95:5). Once the reaction was complete, filtration was carried out using a
Gooch funnel, in which a 3 cm layer of celite was deposited, washing the filtering layer with
abundant AcOEt. At this point, the crude was purified in a chromatographic column.

Compounds 2.9 and 2.10 were thus obtained with a yield of 86% and 74%.

Sonogashira reaction procedure for 4-(trimethylsilyl)ethinylstyrene  derivative
synthesis

In a Schlenk tube, equipped with a magnetic stir bar, protected from light and under an argon
atmosphere, 10 ml of anhydrous Et:N, 1 eq. of 4-bromostyrene, 2.3 eq. of
trimethylsilylacetylene (TMSA) and 0.03 eq. of (Ph;P),PdCl, were added. The reaction
mixture was then brought to 40 °C and after 5 minutes 0.05 eq. of cuprous iodide were
added. Instantly, a change in the solution to black was noticed. The mixture was then left
under stirring, under a flow of Argon and at 75 °C for 48 hours. The mixture was monitored
throughout the reaction time by TLC in pure hexane. Once the reaction was over, the
triethylammonium precipitate was filtered, the solvent was evaporated under reduced
pressure. A brown crude which was then purified by chromatographic column using pure
hexane as eluent mixture was obtained.

The pure product appears as an oily residue with a yield of 81%.

Sonogashira reaction procedure for 2-hydroxy-5-((trimethylsilyl)-
ethynyl)benzaldehyde derivative synthesis

In a Schlenk tube, previously flamed and placed under an inert atmosphere of argon, 1 eq.
of 5-bromosalicylaldehyde, 0.03 eq. of Pd catalyst and 0.05 equivalents of cuprous iodide in
15 mL of anhydrous Et;N were added. The mixture was heated to 80 °C and subsequently

1.5 equivalents of TMSA were added in the hermetically sealed tube. The reaction was then

44



left under magnetic stirring for 4 hours. Reaction progress was controlled by TLC (petroleum
ether/ethyl ether = 95:5). Once the reaction was complete, filtration was carried out using a
Gooch funnel, in which a 3 cm layer of celite was deposited, washing the filtering layer with
abundant AcOEt. At this point, the crude was purified by chromatographic column. Final

product was thus obtained with a yield of 87%.

2.6 Characterization data

Cholic acid methyl ester

"H-NMR (300 MHz, CDCls) 8(ppm): 0.66 (s, 3H); 0.87 (s, 3H); 0.96 (d, 3H, 3]= 6,0 Hz);
1.04-2.41 (mc, 24 H, steroidic backbone and side chain); 3.06(s, 3H); 3.46 (m, 1H); 3.65 (s,
3H); 3.83 (m, 1H); 3.94 (m, 1H). "C-NMR (75 MHz, CDCls) 8(ppm): 12.56, 17.40, 22.54,
23.30, 26.45, 27.59, 28.26, 30.50, 30.99, 34.74, 34.84, 35.306, 39.59, 41.56, 41.74, 46.52, 47.09,
51.58, 68.54, 71.98, 73.14, 174.90. MS (ESI): m/z (%) 422.3038 [M+H]".

Deoxycholic acid methyl ester

"H-NMR (300 MHz, CDCls) 8(ppm): 0.66 (s, 3H), 0.89 (s, 3H), 0.94 (d, 3H, 3]= 6,0 Hz),
0.99-2.10 (mc, 26 H, steroidic back bone, side chain and 2 OH), 2.12-2.42 (m, 2H), 3.58 (m,
1H), 3.65 (s, 3H), 3.96 (bs, 1H). "C-NMR (75 MHz, CDCls) 8(ppm): 12.69, 17.24, 23.09,
23.62,26.09, 27.09, 27.44, 28.57, 30.34, 30.86, 31.07, 33.56, 34.08, 35.13, 35.19, 35.97, 36.34,
42.02,46.44, 47.22,48.19, 51.48, 71.70, 73.10, 174.74. MS (ESI): m/z (%) 406.3087 [M+H]".

(4R)-methyl 4-((3R,7R,10S,12S,13R)-7,12-dihydroxy-10,13-dimethyl-3-
((methylsulfonyl)oxy)hexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanoate

"H-NMR (300 MHz, CDCl3) & (ppm): 0.66 (s, 3H), 0.88 (s, 3H), 0.95 (d, 3H, 3]= 6,0 Hz),
1.01-2.46 (mc, 26H, steroidic backbone, side chain and 2 OH), 2.97 (s, 3H), 3.64 (s, 3H), 3.84
(m, 1H), 3.96 (m, 1H), 4.48 (m, 1H). "C-NMR (75 MHz, CDCl;) & (ppm): 12.48, 17.31,
22.26, 23.13,26.48, 27.45, 27.91, 28.17, 30.81, 31.03, 34.20, 34.46, 34.78, 35.21, 36.02, 38.84,
39.38, 41.40, 41.80, 46.49, 47.16, 51.54, 68.11, 72.86, 82.90, 174.80. MS (ESI): m/z (%)
500.2813 [M+H]".
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(4R)-methyl 4-((3R,10S,12S,13R)-12-hydroxy-10,13-dimethyl-3-
((methylsulfonyl)oxy)hexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanoate

"H-NMR (300 MHz, CDCls) & (ppm): 0.65 (s, 3H), 0.89 (s, 3H), 0.95 (d, 3H, 3]=6,04 Hz),
1.01-2.41 (mc, 27 H, steroidic backbone, side chain and 1 OH), 2.99 (s, 3H), 3.64 (s, 3H),
3.97 (m, 1H), 4.62 (m, 1H). "C-NMR (75 MHz, CDCl;) & (ppm): 12.71, 17.30, 22.90, 23.13,
25.90, 26.77, 27.40, 27.68, 28.61, 30.84, 31.04, 33.25, 33.55, 33.88, 34.81, 35.03, 35.88, 38.87,
42.07,46.45, 47.30, 48.13, 51.51, 72.93, 82.72, 174.67. MS (ESI): m/z (%) 484.2863 [M+H]".

(4R)-methyl 4-((3R,7R,10S8,128,13R)-3-azido-7,12-dihydroxy-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (300 MHz, CDCl;) §(ppm): 0.67 (s, 3H), 0.91 (s, 3H), 0.97 (d, 3H, *J= 6,0 Hz),
1.09-2.56 (mc, 26 H, steroidic backbone, side chain and 2 OH), 3.15 (m, 1H), 3.65 (s, 3H),
3.85 (m, 1H), 3.96 (m, 1H). "C-NMR (75 MHz, CDCl;) §(ppm): 12.42, 17.27, 21.81, 22.51,
23.15, 26.80, 27.45, 28.20, 30.82, 34.57, 35.25, 39.61, 41.806, 46.52, 47.20, 51.40, 61.32, 68.21,
70.02, 70.29, 72.11, 72.98, 76.56, 77.41, 174.70. MS (ESI): m/z (%) 447.3102 [M+H]".

(4R)-methyl 4-((3R,10S,12S,13R)-3-azido-12-hydroxy-10,13-dimethylhexadecahydro-
1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (400 MHz, CDCls) 8(ppm): 0.68 (s, 3H), 0.93 (s, 3H), 0.98 (d, 3H, 3]= 6,4 Hz),
1.07-1.95 (mc, 25 H, steroidic backbone, side chain and 1 OH), 2.12-2.42 (m, 2H), 3.34 (m,
1H), 3.67 (s, 3H), 3.99 (bs, 1H). "C-NMR (100 MHz, CDCls) 8(ppm): 12.73, 17.32, 23.23,
23.59, 26.02, 26.68, 27.02, 27.41, 28.69, 30.87, 31.04, 32.44, 33.67, 34.18, 35.05, 35.39, 35.98,
43.35, 46.48, 47.33, 48.15, 51.50, 61.24, 73.03, 174.67. MS (ESI): m/z (%) 431.3159 [M+H]".

(4R)-methyl 4-((3R,10S,13R)-3-azido-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (400 MHz, CDCl;) 8(ppm): 0.64 (s, 3H), 0.91 (m, 6H), 0.96-2.39 (mc, 28 H,
steroidic backbone and side chain), 3.66 (s, 3H), 3.85. "C-NMR (100 MHz, CDCls) 8(ppm):
12.01, 18.24, 20.80, 23.54, 24.20, 26.37, 26.92, 27.35, 27.16, 28.18, 30.99, 31.05, 32.62, 34.71,
35.36, 35.51, 35.81, 40.16, 40.23, 42.22, 42.71, 55.94, 56.45, 61.24, 174.74. MS (ESI): m/z
(%) 415.3203 [M+H]".
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(4R)-methyl 4-((3S,7R,10S,12S,13R)-3-azido-7,12-dihydroxy-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (300 MHz, CDCls) 8(ppm): 0.67 (s, 3H), 0.91 (s, 3H), 0.97 (d, 3H, 3]= 6,0 Hz),
1.09-2.56 (mc, 26 H, steroidic backbone, side chain and 2 OH), 3.65 (s, 3H), 3.84 (m, 1H),
3.88 (s, 1H), 3.96 (m, 1H). "C-NMR (75 MHz, CDCl3) 8(ppm): 12.48, 17.31, 22.82, 23.18,
24.54, 26.12, 27.406, 28.44, 30.48, 31.83, 31.07, 33.01, 34.15, 35.08, 35.19, 36.75, 39.40, 41.87,
46.54, 47.25, 51.49, 58.71, 68.41, 72.98, 174.69. MS (ESI): m/z (%) 447.3099 [M+H]".

(4R)-methyl 4-((3S,10S,12S,13R)-3-azido-12-hydroxy-10,13-dimethylhexadecahydro-
1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (300 MHz, CDCl3) 8(ppm): 0.65 (s, 3H), 0.94 (d, 3H, 3]=5,72 Hz), 0.88 (s, 3H),
0.98-2.40 (mc, 27 H, steroidic backbone, side chain and 1 OH), 3.58 (m, 1H), 3.64 (s, 3H),
3.95 (m, 1H). "C-NMR (75 MHz, CDCls) 8(ppm): 12.69, 17.24, 23.11, 23.64, 26.10, 27.11,
27.46, 28.61, 30.87, 31.08, 33.58, 34.09, 35.16, 35.21, 35.99, 36.37, 42.04, 46.45, 47.22, 48.19,
51.47, 58.86, 73.07, 174.71. MS (ESI): m/z (%) 431.3153 [M+H]".

(4R)-methyl 4-((3S,10S,13R)-3-azido-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (300 MHz, CDCls) 8(ppm): 0.63 (s, 3H), 0.89 (d, 3H, 3]=6,31), 0.93 (s, 3H), 1.02-
2.39 (mc, 28 H, steroidic backbone and side chain), 3.65 (s, 3H), 3.94 (m, 1H). "C-NMR (75
MHz, CDCl;) 8(ppm): 12.03, 18.25, 20.98, 23.76, 24.15, 24.68, 26.26, 26.51, 28.16, 30.17,
30.65, 30.98, 31.03, 34.94, 35.34, 35.62, 37.29, 40.11, 40.15, 42.72, 51.46, 55.97, 56.56, 58.70,
174.72. MS (ESI): m/z (%) 415.3202 [M+H]".

(4R)-methyl 4-((3R,7R,10S,12S,13R)-7,12-dihydroxy-10,13-dimethyl-3-(4-pentyl-1H-
1,2,3-triazol-1-yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate
"H-NMR (300 MHz, CDCls) 8(ppm): 0.67 (s, 3H), 0.90 (d, 1H), 0.91 (s, 3H), 0.97 (d, 3H,
3J= 6,0 Hz), 1.09-2.56 (mc, 34 H, steroidic backbone, side chian and 2 OH), 3.65 (s, 3H),
3.84 (m, 1H), 3.88 (s, 1H), 5.20 (m, 1H), 7.55 (s, 1H). "C-NMR (75 MHz, CDCl;) 8(ppm):
12.48,17.31, 22.82, 23.18, 24.54, 26.12, 27.46, 28.44, 30.48, 31.83, 31.07, 33.01, 34.15, 35.08,
35.19, 36.75, 39.40, 41.87, 46.54, 47.25, 51.49, 61.07, 68.41, 72.98, 174.69. MS (ESI): m/z
(%) 543.4039 [M+H]".
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(4R)-methyl 4-((3R,10S,125,13R)-12-hydroxy-10,13-dimethyl-3-(4-pentyl-1H-1,2,3-
triazol-1-yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (300 MHz, CDCls) 8(ppm): 0.67 (s, 3H), 0.90 (d, 3H), 0.91 (s, 3H), 0.97 (d, 3H, =
0,0 Hz), 1.09-2.56 (mc, 35 H, steroidic backbone, side chain, alkyne and 1 OH), 3.65 (s, 3H),
3.88 (s, 1H), 5.20 (m, 1H), 7.55 (s, 1H). "C-NMR (75 MHz, CDCl3) 8(ppm): 12.48, 17.31,
22.82,23.18, 24.54, 26.12, 27.32, 27.406, 28.44, 30.48, 31.83, 31.07, 33.01, 34.15, 35.08, 35.19,
36.75, 39.40, 41.87, 46.54, 47.25, 51.49, 61.07, 72.98, 174.69. MS (ESI): m/z (%) 527.4089

[M+H]".

(4R)-methyl  4-((3S,7R,10S,12S,13R)-7,12-dihydroxy-10,13-dimethyl-3-(4-pentyl-1H-
1,2,3-triazol-1-yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate
"H-NMR (300 MHz, CDCls) 8(ppm): 0.67 (s, 3H), 0.90 (d, 3H), 0.91 (s, 3H), 0.97 (d, 3H,
3J= 6,0 Hz), 1.09-2.56 (mc, 34H, steroidic backbone, side chain, heptine and 2 OH), 3.65 (s,
3H), 3.84 (m, 1H), 3.88 (s, 1H), 5.58 (m, 1H), 7.55 (s, 1H). "C-NMR (75 MHz, CDCl;)
d(ppm): 12.48, 17.31, 22.82, 23.18, 24.54, 26.12, 27.46, 28.44, 30.48, 31.83, 31.07, 33.01,
34.15, 35.08, 35.19, 36.75, 39.40, 41.87, 46.54, 47.25, 51.49, 58.07, 68.41, 72.98, 174.69. MS
(ESI): m/z (%) 543.4039 [M+H]".

(4R)-methyl 4-((3S,10S,12S8,13R)-12-hydroxy-10,13-dimethyl-3-(4-pentyl-1H-1,2,3-
triazol-1-yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (300 MHz, CDCls) 8(ppm): 0.67 (s, 3H), 0.90 (d, 3H), 0.91 (s, 3H), 0.97 (d, 3H, =
0.0 Hz), 1.09-2.56 (mc, 35 H, steroidic backbone, side chain and 1 OH), 3.65 (s, 3H), 33.88
(s, 1H), 5.58 (m, 1H), 7.55 (s, 1H). "C-NMR (75 MHz, CDCls) 8(ppm): 12.48, 17.31, 22.82,
23.18, 24.54, 26.12, 26.81, 27.406, 28.44, 30.48, 31.83, 31.07, 33.01, 34.15, 35.08, 35.19, 36.75,
39.40, 41.87, 46.54, 47.25, 51.49, 58.07, 72.98, 174.69. MS (ESI): m/z (%) 527.4089 [M+H]".

(4R)-methyl 4-((3R,7R,10S,12S,13R)-7,12-dihydroxy-10,13-dimethyl-3-(4-phenyl-1H-
1,2,3-triazol-1-yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (300 MHz, CDCly) 8(ppm): 0.67 (s, 3H), 0.89 (s, 3H), 0.97 (d, 3H, 3]= 6,2 Hz),
1.22-2.81 (mc, 26 H, steroidic backbone, side chain and 2 OH), 3.65 (s, 3H), 3.88 (m, 1H),
4.05 (s, 1H), 5.29 (s, 1H), 7.33-7.79 (5H, aromatic), 7.86 (m, 1H). "C-NMR (75 MHz, CDCl;)
S(ppm): 12.49, 14.07, 17.28, 22.54, 23.14, 23.85, 26.73, 27.49, 28.33, 29.49, 29.68, 30.78,
31.006, 31.91, 34.31, 34.73, 35.43, 36.21, 39.35, 40.90, 41.98, 46.57, 47.26, 51.47, 61.07, 68.18,
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73.12,117.62, 125.67, 127.98, 128.71, 130.63, 174.78. MS (ESI): m/z (%) 549.3569 [M+H]".

(4R)-methyl  4-((3R,10S,12S,13R)-12-hydroxy-10,13-dimethyl-3-(4-phenyl-1H-1,2,3-
triazol-1-yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate
1H-NMR (400 MHz, CDCL;) 8(ppm): 0.71 (s, 3H), 0.96 (d, 3H, 3]J= 6,4 HZ), 1.01 (s, 3H),
1.08-2.41 (mc, 28 H, steroidic backbone, side chain and 1 OH), 3.67 (s, 3H), 4.06 (m, 1H),
7.31-7.44 (mc, 5H, aromatic), 7.83 (m, 1H). "C-NMR (100 MHz, CDCl3) 8(ppm): 12.75,
17.31, 23.23, 23.66, 26.03, 26.92, 27.47, 28.09, 28.81, 30.90, 31.12, 33.78, 33.98, 34.32, 35.15,
35.70, 36.03, 42.72, 46.53, 47.35, 48.11, 51.50, 61.01, 73.01, 117.55, 125.68, 127.98, 128.77,
130.80, 147.23, 174.78. MS (ESIL): m/z (%) 533.3620 [M+H]".

(4R)-methyl 4-((3R,10S,13R)-10,13-dimethyl-3-(4-phenyl-1H-1,2,3-triazol-1-
yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (400 MHz, CDCl3) 8(ppm): 0.69 (s, 3H), 0.94 (d, 3H, 3]= 6,4 HZ), 1.04 (s, 3H),
1.06-2.41 (mc, 29 H, steroidic backbone and side chain), 3.67 (s, 3H), 7.32-7.45 (mc, 5H,
aromatic), 7.86 (m, 1H). "C-NMR (100 MHz, CDCl3) 8(ppm): 12.06, 18.28, 20.90, 23.50,
24.17,26.32, 26.99, 28.17, 30.99, 31.06, 34.09, 34.80, 35.36, 35.83, 35.86, 40.01, 40.66, 42.74,
51.49, 55.97, 56.34, 61.17, 117.57, 125.71, 128.03, 128.79, 130.73, 147.17, 174.74. MS (ESI):
m/z (%) 517.3670 [M+H]".

(4R)-methyl 4-((3S,7R,10S,12S,13R)-7,12-dihydroxy-10,13-dimethyl-3-(4-phenyl-1H-
1,2,3-triazol-1-yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate
"H-NMR (300 MHz, CDCls) 8(ppm): 0.72 (s, 3H), 0.91 (s, 3H), 1.01 (d, 3H, 3]= 6,4 Hz),
1.15-2.86 (mc, 26 H, steroidic backbone and side chain), 3.69 (s, 3H), 3.93 (bs, 1H), 4.00 (bs,
1H), 7.32-7.45 (5H, aromatic), 7.88 (m, 1H). "C-NMR (75 MHz, CDCls) 8(ppm): 12.55,
17.37, 22.83, 23.21, 23.39, 24.94, 26.70, 27.50, 28.50, 29.69, 30.57, 30.89, 31.09, 32.58, 33.90,
34.94, 35.19, 36.83, 39.48, 41.94, 46.58, 47.31, 51.44, 57.00, 68.31, 72.97, 125.70, 128.07,
128.82, 130.63, 174.73. MS (ESI): m/z (%) 549.3570 [M+H]".

(4R)-methyl  4-((3S,10S,12S,13R)-12-hydroxy-10,13-dimethyl-3-(4-phenyl-1H-1,2,3-
triazol-1-yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (300 MHz, CDCl3) 8(ppm): 0.71 (s, 3H), 0.93 (s, 3H), 1.00 (d, 3H, 3]= 6,4 Hz),
1.08-2.50 (mc, 28 H, steroidic backbone and side chain), 3,69 (s, 3H), 4.04 (s, 1H), 7.32-7.46
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(5H, aromatic), 7.87 (m, 1H). "C-NMR (75 MHz, CDCl;) 8(ppm): 12.76, 17.38, 23.53, 23.58,
24.90, 25.84, 26.40, 27.45, 28.77, 29.89, 30.56, 30.89, 31.07, 33.63, 34.36, 35.06, 35.82, 37.30,
46.55, 47.44, 4835, 51.53, 56.81, 73.16, 118.82, 125.69, 127.99, 128.80, 130.82, 147.16,
174.70. MS (ESI): m/z (%) 533.3617 [M+H]".

(4R)-methyl 4-((3S,10S,13R)-10,13-dimethyl-3-(4-phenyl-1H-1,2,3-triazol-1-
yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (400 MHz, CDCls) 8(ppm): 0.69 (s, 3H), 0.94 (d, 3H, 3]= 6,4 Hz), 1.04 (s, 3H),
1.06-2.41 (mc, 29 H, steroidic backbone and side chain), 3.67 (s, 3H), 7.32-7.45 (mc, 5H,
aromatic), 7.86 (m, 1H). "C-NMR (100 MHz, CDCl3) 8(ppm): 12.06, 18.29, 21.03, 23.27,
23.79, 26.15, 26.48, 27.37, 27.93, 28.19, 28.42, 28.97, 29.70, 29.96, 30.50, 30.79, 30.95, 31.01,
34.85, 35.38, 37.33, 40.54, 42.78, 51.50, 56.03, 56.61, 125.74, 128.13, 128.84, 130.63, 174.74.
MS (ESI): m/z (%) 517.3671 [M+H]".

2-hydroxy-5-((trimethylsilyl)ethynyl)benzaldehyde

"H NMR (400 MHz, CDCls) 8(ppm): 0.23 (s, 9H), 6.92 (d, 1H, ]=8.65), 7.59 (dd, 1H, ]=2.01,
8.63 Hz), 7.69 (d, 1H, ]=2.0 Hz), 9.84 (s, 1H), 11.09 (s, 1H). "C NMR (100 MHz, CDCls)
3(ppm): -0.09, 93.79, 103.13, 115.09, 117.93, 120.31, 137.33, 140.11, 161.49, 195.98. MS
(ESI): m/z (%) 218.0766 [M+H]".

5-ethynyl-2-hydroxybenzaldehyde

"H NMR (400 MHz, CDCl5) 8(ppm): 3.04 (s, 1H), 6.95 (d, 1H, 3]=8.63), 7.62 (d, 1H, 3]=8.63
Hz), 7.72 (s, 1H), 9.86 (s, 1H), 11.19 (s, 1H, -OH). "C NMR (100 MHz, CDCl5) 8(ppm):
77.43, 81.86, 113.97, 118.11, 120.38, 137.48, 140.16, 161.81, 195.91. MS (ESI): m/z (%)
146.0372 [M+H]".

(4R)-methyl 4-((3S,7R,10S,12S,13R)-3-(4-(3-formyl-4-hydroxyphenyl)-1H-1,2,3-
triazol-1-yl)-7,12-dihydroxy-10,13-dimethylhexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (400 MHz, CDCls) 8(ppm): 0.70 (s, 3H), 0.91 (s, 3H), 0.98 (d, 3H, J= 6,0 Hz), 1.03-
2.42 (mc, 27 H, steroidic backbone and side chain), 3.67 (s, 3H), 3.86 (bs, 1H), 4.00 (bs, 1H),
4.96 (m, 1H), 6.97 (d, 1H, J= 8,8 Hz), 7.63 (d, 1H, J= 8,8 Hz), 7.73 (bs, 1H), 9.87 (m, 1H),
11.03 (s, 1H). "C-NMR (100 MHz, CDCls) 8(ppm): 12.48, 17.31, 21.71, 21.95, 22.57, 23.19,
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27.50, 28.20, 30.82, 31.04, 34.55, 34.77, 35.28, 35.37, 35.47, 39.41, 41.84, 41.89, 46.54, 47.20,
51.53, 61.33, 68.24, 73.01, 118.12, 137.51, 140.19, 161.72, 174.83, 195.98. MS (ESI): m/z (%)
593.3468 [M+H]".

(4R)-methyl 4-((3S,10S,12S,13R)-3-(4-(3-formyl-4-hydroxyphenyl)-1H-1,2,3-triazol-1-
yl)-12-hydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanoate

"H-NMR (400 MHz, CDCls) 8(ppm): 0.70 (s, 3H), 0.91 (s, 3H), 0.98 (d, 3H, J= 6,0 Hz), 1.03-
2.42 (mc, 29 H, steroidic backbone and side chain), 3.67 (s, 3H), 4.00 (bs, 1H), 4.96 (m, 1H),
0.97 (d, 1H, J= 8,8 Hz), 7.63 (d, 1H, J= 8,8 Hz), 7.73 (bs, 1H), 9.87 (m, 1H), 11.03 (s, 1H, -
OH). "C-NMR (100 MHz, CDCl3) 8(ppm): 12.48, 17.31, 21.71, 21.95, 22.57, 23.19, 27.50,
28.20, 30.82, 31.04, 34.55, 34.77, 35.28, 35.37, 35.47, 39.41, 41.84, 41.89, 46.54, 47.20, 51.53,
61.33, 73.01, 118.12, 137.51, 140.19, 161.72, 174.83, 195.98. MS (ESI): m/z (%) 577.3519

[M+H]".
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Chapter 3: Effective and Green Promotion of Proline-
Catalyzed Aldol Reaction in Water by Bile Acid Salt

Surfactants

3.1 Introduction

Green Chemistry is a relatively new emerging field that has the goal to work at the molecular
level to achieve sustainability. This field has received widespread interest in the past decade
due to its ability to harness chemical innovation to meet environmental and economic goals
simultaneously. It is defined as the “design of chemical products and processes to reduce or
eliminate the use and generation of hazardous substances.”"”

Among the criteria that a green chemical process should fulfill, the use of a non-toxic solvent
(or no solvent at all) is of primary importance, to minimize both reaction waste generation
and environmental impact.

Such criteria would be largely fulfilled if the major component of the reaction mixture, i.e.
the solvent, is water which is a suitable solvent in various reactions.

Another important principle in tailoring a green process is the choice of catalytic reactions
in place of stoichiometric ones. Comparing the various kind of catalysts available, although
metal catalyzed reactions’ have wider substrate scope, they are associated with some
drawbacks, such as high cost involved in the preparation of catalysts, and the toxicity of
metals, which sometimes are difficult to separate from reaction products.

A good alternative is organocatalysis, which is the use of small organic molecules as catalysts.
Compared to metals, these organic catalysts show to be more stable, cheap, non-toxic, readily
available, and environmentally friendly. Furthermore, organocatalytic reactions are less or
completely not sensitive to the presence of water or air in comparison to metal catalyzed
reactions. Moreover, in contrast to biocatalysts such as enzymes, which are highly substrate
specific and cannot tolerate even a minor change in the structure of the reactants, they
provide broad substrate scope.® Again, small organic molecules are known to give high
catalytic activity and stereospecificity just like enzymes and this is another reason of their use
in place of biocatalysts. These relatively small organic molecules activate substrates either
through strong interactions such as covalent bonding or weak interactions such as van der

Waals forces or hydrogen bonding.>” These interactions result in considerable acceleration
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. (6
of the reaction rate.®”!’

The notion of “green chemistry” has also encouraged synthetic organic chemists to include
water as a solvent. Moreover, incredible selectivity and activity can be achieved through the
addition of amphiphiles with a defined structure. Temperature and concentration can affect
the surfactants self-assembly influencing the supramolecular assemblies. Reactions in
presence of amphiphiles are typically conducted thanks to the formation of spherical
aggregates in the nanometer range, that is, micelles.'""* There is a strong polarity gradient
between the two surfaces possessing different affinity with the aqueous medium, and this is

the reason why both nonpolar and polar reagents can be solubilized.

3.1.1 BAs as surfactant forming micelles

Bile salts (BSs) are the most important biologically derived detergent-like molecules. They
possess two different regions characterized by two opposite polarity: the a-face is the
hydrophilic region and the -face is the hydrophobic one. Unlike conventional surfactants,
BSs do not show a well-defined critical micellar concentration (cmc). Indeed, upon increase
of BS concentration the transition from monomeric to micellar solution occurs stepwise in
a broad region of concentrations. This process provides micelles of 2-15 BS molecules,
corresponding to much lower aggregation numbers than those of conventional surfactants.
The aggregation tendency strongly depends on the BS nature and it is generally greater the
larger their hydrophobicity, thus increasing for example by passing from cholates to
deoxycholates families. However, specific effects related to the position and to the
orientation of the hydroxyl groups are also observed to significantly affect the BSs self-
assembly.

In these micellar systems, as will be explained in the following paragraphs, it is possible to
carry out the reactions. In the literature there are examples of reactions in micelles formed

by bile acids dating back to 1974 and 1978.°*

3.1.2 Proline as organocatalysts in surfactants forming micelles

There are many examples of the use of small molecules as organocatalysts in literature and
proline is one of them. The initial events that triggered the development of organocatalysis
using this catalyst were the first works by List, Lerner and Barbas who demonstrated that

proline was an excellent catalyst for intermolecular asymmetric aldol reactions (Scheme

3.1).5
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RCHO

OH O

Scheme 3.1. Proposed mechanism for L.-Pro catalyzed Aldol reaction.

From that point, proline and its derivatives are used more and more. Despite this, there are
almost no works in which proline is used in water as solvent in aldol reactions without loss
of stereoselectivity and high yields. Furthermore, there are very few works in which proline
is used in aqueous media in the presence of surfactants that form micelles.”” Most commonly,
proline-catalyzed processes are carried out in vigorously agitated biphasic systems, with the
reaction occurring at the interphase.'®

Recently, the need to turn towards a more eco-sustainable chemistry has prompted the
chemical industry to develop suitable conditions for typical reactions of organic catalysis to
take place in an aqueous environment.

Initially water, despite having peculiar characteristics such as high surface tension, high
polarity and the ability to form hydrogen bonds, was not considered a suitable solvent for
organocatalytic reactions, for various reasons, among which the insolubility of the great part
of the organic molecules in it. In addition to this, water can in principle interfere with the
transition state formed between the organocatalyst and substrate molecules, modifying the
pattern of weak interactions that are created between them, thus deteriorating the catalytic
activity and the stereocontrol. Therefore, reactions in water were assumed to lead to slow
reaction rates and lower yields of the desired products. In this regard, it was observed that
aldol reactions carried out in favorable conditions, therefore in aprotic polar solvents, in the
presence of a quantity of water greater than 4%, lead to a substantial decrease in yields and
enantioselectivity.

The solution to the problems discussed so far on the use of water as a solvent for
organocatalytic reactions came from the addition of surfactants to the reaction mixtures.
The use of organic solvents therefore becomes unnecessary since in water the self-assembled
micelles provide a lipophilic environment within them that acts as a suitable reaction

environment. Furthermore, a quantity equal to 1-2% by weight of surfactant in water is
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generally sufficient to easily exceed the CMC required, and therefore to have the formation
of micelles a catalytic quantity of the amphiphile is sufficient.

And since the organocatalytic reactions that must be carried out in water use, as mentioned,
a small molecule as a catalyst, an approach that is widely described is the synthesis of
surfactants which in their structure not only have lipophilic and hydrophilic portions, but
also suitable functional groups to bind the catalyst.

An example is PQS-Proline, which in water provides micelles whose diameter of 79 nm was

determined via DLS (Figure 3.1).

0O O
OJ\)J\O—PEG—OMe

MeO

MeO N H
(0]
o, O
OM( um
(0] NH OH

Figure 3.1. Organocatalyst PQS-Proline.

These micelles have proved to be ideal reactors within which homogeneous organic catalysis

can occur, similarly to the case of aldol condensation catalyzed by the single proline molecule.

3.1.3 Reactions in presence of amphiphiles: micellar systems and
microemulsions

Sometimes, as in everyday things, there are incompatibilities between reacting species. There
are also ways to solve these problems. A solution could be find a solvent or a solvent
combination capable to dissolve both the hydrophilic and lipophilic species.

A wide number of aprotic solvent is very useful to overcome the solubilization problem but
these are usually unsuitable for large scale work due to high cost, toxicity and high boiling
temperature non very fit for vacuum evaporation.

Another solution could be carrying out the reactions in a mixture of two immiscible solvent
under vigorous stirring, and in presence of a phase-transfer reagent, in particular quaternary
ammonium compounds, which may increase the contact surface between the phases.

A simpler approach can be the use of microemulsions or a related type of organized solution

such as micellar systems. The former are excellent “solvent” both for hydrophobic organic
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compounds and for inorganic salts or entities wich not solubilize in organic media and being
macroscopically homogeneous but microscopically dispersed, they can be placed between
the solvent-based one-phase systems and the true two-phase systems. Furthermore
microemulsions have found many technical applications due to their capabilities to solubilize
a very large spectrum of substances in one single formulation; not only this can be a way to
overcome compatibility problems, but the ability of microemulsions to compartimentalize

17-19
and concentrate reactants can also lead to rate enhancement

or inhibition compared to
one-phase system reaction rates (this phenomenon was recognized relatively early on and
was investigated extensively, as reflected in early review articles and a monograph published
in 1975)*" and it can be exploited to induce regioselectivity.”**
Microemulsions and micellar solution have much in common. They are both
thermodynamically stable, which means that they will remain one-phase systems for ever
(provided the surfactants stay intact). They form spontaneously when the components are
mixed. They are transparent, usually low viscous, and they are both highly dynamic systems.
Microemulsions can be regarded as micellar solutions that have solubilized oil into the apolar
surfactant tail region.”* Emulsions are very different. They are not thermodynamically stable
and considerable mechanical energy is normally needed to create them. All emulsions will
eventually separate into an oil and a water phase. Some emulsions, for instance in the food
area, are said to be “stable” but that does not mean that they are thermodynamically stable.
It just means that the time until phase separation occurs is long. Emulsions are not dynamic
systems, rather they are static. The interface in an emulsion does not constantly disintegrate
and reform as it does in a microemulsion and in a micellar system. The dimensions in an
emulsion is also much larger, typically in the micrometer range, which means that the oil-
water interface in an emulsion is orders of magnitude smaller than in a microemulsion.
Micelles are especially simple spherical supramolecules, which are formed by amphiphiles in
water or media similar to water. A micellar system appears to be homogeneous since these
aggregates are of colloidal size; however, in reality the absorbed reactants are in a
microheterogeneous two-phase system.’’
More-recent examples of organic reactions conducted under micellar conditions include
catalytic reactions, reactions from inorganic chemistry which take place in micelles,”
photochemical reactions in organized systems,” systematically constructed “artificial
2 40

enzymes”," and the very extensive area of surfactant-influenced polymerization."

Then, micellar systems play their role in solvolyses of esters and related nucleophilic reactions
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(Scheme 3.2),** oxidations (Scheme 3.3),*”" reductions (Scheme 3.4)*** and also in C-C

coupling reactions (Scheme 3.5).°*"

R R

R> /\/\/\/\/\/\[*O/\/OI\/\OH Ry

Scheme 3.2. Reaction of 1-chloro-2,4-dinitrobenzene and nitrophenyl esters of

phosphoric acid in a basic non-ionic micellar medium.

OOtBu
O fBUOOH, [Fe] @ é ©
“CTAHSO,
2
©/S\/\OH + CTAHCO, S oH
- CTAHCO;

Scheme 3.3. Cyclohexane oxidation and sulfoxidation.

© NaBH, or NaBH, + CoCl,

R1MR

H,O/surfactant R R
OH
R R

| OH |
O:FI’—OONOZ ~ 0=P-0" + HO

o

Scheme 3.4. Reduction of a,b-unsaturated ketones with sodium borohydride in a micellar

medium.
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Ph Ph H,0, SDS Ph

Ph
a \7 +  [HMn(CO)s] - \V<
50 °C, 14 h CHO

OH

proline, 40% mol% 7
b o:< + OzNOCHO - OZNO—C—CHZCOCH3
SDS, 24 h H

Scheme 3.5. a) Stoichiometric hydroformylation with manganese pentacarbonyl hydride

and b) micellar aldol reaction catalyzed by L-proline.

There is also a connection with enzymatic catalysis because hydrophilic and hydrophobic

regions exist in both supramolecular and macromolecular structures.’®

3.2 Results and discussion

Since the previous experience our group have been gaining on chemistry of bile acid salts,
we decided to evaluate the promoting role of an easily available non-classical surfactant, that
is, sodium deoxycholate (NaDC), in aldol reactions carried out in pure water. Indeed, the
amphiphilic properties of NaDC,” based on the differently polar faces of its rigid polycyclic
structure, could afford the formation of non-classical chiral aggregates able to provide a
suitable lipophilic environment in water for the organic compounds to merge and react. In

this Chapter the results are reported.

3.2.1 Effective promotion of L-Pro-catalyzed Aldol reaction in water by

NaDC

The preliminary reactions were carried on a model system based on cyclohexanone and p-
nitrobenzaldehyde. As regards the proline load, aldehyde/ketone/proline millimolar ratio
(1:5:0.1) was used (0.1 mmol of aldehyde in 1 mL of water). Such molar conditions were
already described for similar reaction run with proline-derived amphiphilic catalysts in
water.”

First, we decided to carry out control experiments run on the organic substrates and proline
in water, but without sodium deoxycholate, showing no significant reagent conversion in a
distinctly biphasic mixture, even with activated aromatic aldehydes such as p-NO,-

benzaldehyde (Scheme 3.6).
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R
Scheme 3.6. L-Pro catalyzed aldol reaction showing no reagent conversion.

NaDC was then added at room temperature (10 mol% with respect to aldehyde), turning the
reaction mixture from bulk dispersion of organic phase in water into an almost neutral pH
(7.9) finely dispersed opalescent system. Evidence of formation of aldol products was
observed since the early reaction times, but total substrate conversion required three days to
be complete (Scheme 3.7). Both the yields and the reaction time showed not to be affected
by a molar increase of NaDC (Table 3.1), yielding predominantly to the an# aldol product
with high diastereo- and enantioselectivity (up to 78:28 dr, up to 87% ece). The anti-
diastereoselectivity is in accordance with literature data on proline-catalysed aldol reactions

carried out in classical organic solvents.

ij NaDC L-Pro
O t, 72h
201 O,N

3.1.1 3.1.1a

OH O

Scheme 3.7. Effective promotion of aldol reaction in presence of NaDC.

NaDC load Yield? drb ee antic
[mol%] [%] (anti:syn) [%]
1 46 70:30 84
5 73 68:32 82
10 80 72:28 87
20 83 72:28 85
30 82 71:29 87

aCalculated on isolated product after flash column chromatography.;
bdetermined by NMR spectra and confirmed »i« HPLC on a chiral stationary phase;
<Determined »ia HPLC analysis on a chiral stationary phase.

Table 3.1. Molar increase of NaDC load does not affect neither yields nor reaction time.
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Furthermore, a control reaction of organic substrates was carried out in water in the same
pH conditions without NaDC. In such conditions, no conversion was observed within days,
clearly assessing the positive role of surfactant in the reaction.

The reaction was then carried out in the same conditions on several aromatic aldehydes, and

the results are reported in Table 2.

o o) OH O
N )LH . NaDC, L-Pro Ar
H,0, rt, 72h
3.X 3.Xa
Entry Ar Yi[;l’;‘a (an:li::yn) ee antic [%]
1 Ph 47 90:10 23
2 3-NO,-CeHa 70 90:10 98
3 2-NO,-CeHa 67 >99:1 99
4 4-CN-CeHa 82 68:32 24
5 2-F-CoHa 99 78:22 39
6 4-Br-CgHq 95 78:22 26
7 3-Br-CsHa 94 69:31 20
8 2-Br-CeHa 97 48:52 8
9 3-Cl-CoHa 99 78:22 21
10 2-Cl-CeHa 98 97:3 6
11 4-OMe-CeHa 17 >99:1 9
12 3-OMe-CeHa 77 82:18 25
13 3-OH-CgHq 40 90:10 16
14 1-naphthyl 38 90:10 31

2Calculated on isolated product after flash column chromatography;
bdetermined by NMR spectra and confirmed »a HPLC on a chiral stationary phase;

cdetermined via HPLC analysis on a chiral stationary phase.

Table 3.2. Aldol reaction on several aromatic aldehydes in presence of NaDC expanding

the reaction scope.

As can be seen from the Table 3.2 the reaction occurred in high yield; also good
diastereomeric ratios were found by analysing NMR spectra. Although it is the first test in
which the reaction takes place in a mainly aqueous system thanks to the presence of DC as

a surfactant, in some cases (entry 2, 3, 4) even high enantiomeric excesses have been found.
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A first interpretation of these results suggests this might be connected in some way to the
pronounced dipole moment of nitro group, which closely interacts with the polar chiral

surfactants concave face.

3.2.2 L-Proline interaction with sodium deoxycholate
Moreover, we can speculate on L-Proline interaction with sodium deoxycholate.
Carrying two hydroxyl groups on the steroidal skeleton and a carboxylic residue as a polar

head, NaDC is considered a “facial” amphiphile.®" It’s already known that such molecules

183 184,85

are capable of intriguing self-assembly behaviour® when structural® or physico-chemica
parameters are varied. In water solvent, pH values near acidity and concentration above cmc
(critical micelle concentration), NaDC aggregates in micelles with very low aggregation
numbers (Nagg < 10).*° When pH value is increased near neutrality, aggregation number
greatly rises up to several hundreds of units per micelle (Nagg ~ 500), until elongated
structures such as fibers are formed, and solution undergoes abrupt gelation.®’

On the other hand, the polar amino acid proline presents two moieties, =NH," (pKa 10.60)
and -COO’ (pKa 1.20), that make proline a zwitterionic amino acid when pH values reach
neutrality.

The interaction between proline and NaDC was herein tested through dynamic light
scattering (DLS) to assess signs of self-assembly behaviour when these two molecules are
mixed in water at pH near to neutrality and equimolar ratio.

The DLS results, consisting of autocorrelation function and size distribution are shown in
Figure 3.2a. The correlation function indicates a monodisperse population of colloidal
aggregates of considerable size.

A more precise indication of sizes distribution is reported in Figure 3.2b. The peak of size
distribution as a function of the scattering intensity is centred around 170 nm, indicating that
remarkable spheroidal aggregates are formed when an equimolar amount of proline is mixed

with NaDC at pH 7,9.
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Figure 3.2. DLS measurement of L-Pro:NaDC 1:1, 34 mM water solution at pH 7.8 and
20°C. a) Autocotrelation function. b) Corresponding scattered intensity peak as a function

of particle hydrodynamic diameter distribution.

As reported in literature, NaDC water solutions at concentrations above 5 mM and neutral
pH tend to undergo sol-gel transition due to fibrils elongation and entanglement. This effect
was not observed in this case as the NaDC/L-Proline solution remained transparent and not
rheologically affected, indicating that L-proline heavily impacts the NaDC self-assembly
behaviour intercalating strongly into its bilayer, inhibiting the micellar elongation and
constraining the self-assembly to the bilayer stage. The interaction, probably due to charge
interplay and hydrogen bond stabilization between the two species, results firstly in L-proline
intercalation within the NaDC packing units, then in isotropic bilayer/vescicular growth,
behaviour not observed in L-proline and NaDC separated water solutions at the same
conditions which show a gel on one side and a solution on the other one.

However, at reaction conditions, when organic reagents are mixed with water phase, an
emulsion is formed and probably stabilized by the NaDC surfactant. This stabilization effect,
likely the result of such L-proline/NaDC charge interplay, has two advantages: i) stabilizes

the emulsion, delaying Ostwald ripening®™'

of the unstable dispersed phase, ii) maintains L-
proline packed in a fixed position, enhancing its ability to process the reagents in a more

efficient way consequently increasing the reaction yield.
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3.3 Experimental section

3.3.1 General Informations

Unless otherwise noted, all commercially available compounds were used without further
purification. Trends of reactions was monitored by thin layer chromatography (TLC) Merck
Kieselgel 60 F254 (0.25mm thickness). Visualization of the developed TLC plates was
performed with UV irradiation (254 nm) or by staining with phosphomolybdic acid 12%
solution. 'H and "C spectra were recorded at room temperature on Bruker Avance 400.
Analytical HPLC was performed on a Varian 9002 HPLC instrument equipped with a
refractive index detector (Schambeck, RI2000), using chiral stationary phases (Chiralpak IA,
1B and IC).

High-resolution ESI mass spectra were carried out on a Q-TOF Micro spectrometer
operating in a positive ion mode.

Dynamic Light Scattering measurements.

The measurements were performed using a Malvern Zetasizer Nano ZS equipped with a He-
Ne laser (A = 633 nm), working in backscattering mode (0 = 173°), and with an automated
attenuator. The reported results are stated as the average of three consecutive measurements
at the controlled temperature of 20 °C. Prior to the measurement, the 34 mM water solution
of L-Pro:NaDC 1:1 mixture was filtered using a Millipore o= 0.22 um filter, transferred in a

PMMA cuvette and finally placed in the instrument.

3.3.2 General procedure and analytical data

General procedure

OH
H
O/C ° ij _NaDC, LPro_ ¢ X
HZO rt, 72h A
X
(1 equiv) (5 equiv)

Sodium deoxycholate (0.1 eq, 0.03 mmol), aldehyde (1 eq, 0.30 mmol), cyclohexanone (5 eq,
1.50 mmol) and L-Proline (1 eq, 0.3 mmol) were added into a one-necked bottom flask at rt.
Water (1 mL) was added, and the resulting solution was allowed to stir at rt for 72 h. The
mixture was stirred at room temperature until complete conversion of the substrates were

achieved by TLC monitoring. Once the reaction is complete the reaction mixture was diluted
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with HO (2 mL) and extracted with AcOEt (3 mL x 3). The volatiles were then removed in
vacuo to afford the crude product which was subsequently purified by flash chromatography
on silica gel (eluting with 30% EtOAc/Petroleum ether) to afford the aldol products.

Unless otherwise stated the derivatives have been previously synthesised and all analytical

data are consistent with literature values.

NMR Spectra

(R)-2-((S)-hydroxy(phenyl)methyl)cyclohexan-1-one (3.1a)
O OH

The product 3.1a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as coloutless
oil (29 mg, 47% yield). Molecular formula: Ci4H;c02. Molecular mass: 204.26 g mol-'. HPLC:
Chiralpak IB, Hexane/iPrOH 9:1, 0.5 mL/min, an# diastereomer (major) : Tpyor = 14.8 min Tyinyr =
17.3 min; syz diastereomer (Minot) : Ty = 12.9 min T = 12.4 min. de: anti/ syn 90:10 (from
NMR analysis); anti/ syn 91:9 (from HPLC analysis). 'TH NMR (400 MHz, CDCls) 6 = 7.31 (m, 5H,
CH.y), 478 (d, ] = 8.8 Hz, 1H, CHPh), 3.58 (br, 1H, OH), 2.62 (m, 1H), 2.48 (m, 1H), 2.36 (m,
1H), 2.08 (m, 1H), 1.77 (m, 1H), 1.66 (m, 1H), 1.56 (m, 2H), 1.31 (m, 1H) ppm. 3C NMR (101
MHz, CDCls) 6 = 215.6, 141.0, 128.4 (2C), 127.9, 127.0 (2C), 74.8, 57.4, 42.7, 30.9, 27.8, 24.7 ppm;
HRMS (ESI): Calcd for C14H7O2* ([IM+H]*) 205.1223. Found 205.1215.

(R)-2-((S)-hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one (3.1.1a)
O OH

NO,
The product 3.1.1a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
yellowish solid (60 mg, 80% yield). Molecular formula: Ci3H1sNO.. Molecular mass: 249.27 ¢

mol-!. HPLC: Chiralpak IB, Hexane/iPrOH 95:5, 1.0 mL/min, an# diasteteomer (majot) : Ty =
24.0 min Tyinr = 31.6 min; sy diastereomer (Minor) : Tyor = 19.8 min 7 = 22.4 min. dr: anti/ syn
72:28 (from NMR analysis); anti/ syn 66:34 (from HPLC analysis). 'TH NMR (400 MHz, CDCls) 6 =
8.20 (m, 2H, CH,), 7.50 (m, 2H, CH,,), 4.89 (d, ] = 8.4 Hz, 1H, CHPh), 4.08 (br, 1H, OH), 2.59
(m, 1H), 2.49 (m, 1H), 2.37 (m, 1H), 2.11 (m, 1H), 1.69 (m, 2H), 1.54 (m, 2H), 1.38 (m, 1H) ppm.
BC NMR (101 MHz, CDCls) 6 = 214.8, 149.1, 148.4, 127.9 (2C), 123.6 (2C), 74.0, 57.2, 42.7, 30.8,
27.6, 24.7 ppm; HRMS (ESI): Calcd for Ci3HisNO4* ([IM+H]*) 250.1074. Found 250.1065.
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(R)-2-((S)-hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one (3.2a)

O OH
- NO,

The product 3.2a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as yellowish
oil (52 mg, 70% yield). Molecular formula: Ci3H5NO4. Molecular mass: 249.27 ¢ mol!. HPLC:
Chiralpak IA, Hexane/iPrOH 9:1, 0.6 mL/min, anti diastereomet (major) : Tyyor = 32.3 min Tpiner =
39.5 min; gz diastereomer (minot) : Ty = 25.0 min i = 28.3 min. dr: anti/ syn 90:10 (from

NMR analysis); az#i/syn 87:13 (from HPLC analysis). TH NMR (400 MHz, CDCls) &= 8.15 (m,
2H, CH,y), 7.65 (m, 1H, CH,,), 7.51 (m, 1H, CH,), 4.88 (d, ] = 8.4 Hz, 1H, CHPh), 4.13 (br, 1H,
OH), 2.61 (m, 1H), 2.48 (m, 1H), 2.38 (m, 1H), 2.10 (m, 1H), 1.81 (m, 1H), 1.67 (m, 2F), 1.56 (m,
2H), 1.38 (m, 1H) ppm. 3C NMR (101 MHz, CDCly) 5= 214.9, 148.3, 143.3, 1332, 129.3, 122.8,
122.0, 74.0, 57.1, 42.6, 30.7, 27.6, 24.6 ppm; HRMS (ESI): Caled for CsHiNOy* (M+H])
250.1074. Found 250.1069.

(R)-2-((S)-hydroxy(2-nitrophenyl)methyl)cyclohexan-1-one (3.3a)
O OH NO,

The product 3.3a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as brownish
solid (50 mg, 67% yield). Molecular formula: C;3HisNOy4. Molecular mass: 249.27 ¢ mol-.
HPLC: Chiralpak IA, Hexane/iPrOH 9:1, 1 mlL./min, an# diastereomer (majot) : Ty = 19.3 min
Twinor = 20.0 min; syz diastereomer (minot) : Tuyer = 0d Tyinr = nd. dtz anti/syn 299:1 (from NMR
analysis); anti/ syn 299:1 (from HPLC analysis). tTH NMR (400 MHz, CDCls) 6 = 7.83 (dd, ] = 1.3,
8.2), 1H, CH.y), 7.75 (dd, ] = 1.3, 7.9) Hz, 1H, CH,,), 7.62 (td, ] = 1.3, 7.8 Hz, 1H, CH.,), 7.42 (m,
1H, CH.), 543 (d, ] = 7.1 Hz, 1H, CHPh), 4.16 (br, 1H, OH), 2.75 (m, 1H), 2.44 (m, 1H), 2.33 (m,
2H), 2.08 (m, 1H), 1.83 (m, 1H), 1.73 (m, 2H), 1.57 (m, 1H) ppm. 8C NMR (101 MHz, CDCl3) &
= 215.0,136.6, 133.1, 129.0, 128.4, 124.1, 69.7, 57.3, 42.8, 31.1, 27.8, 25.0 ppm; HRMS (ESI):
Calcd for Ci3HisNO4* (IM+H]*) 250.1074. Found 250.1066.

4-((S)-hydroxy((R)-2-oxocyclohexyl)methyl)benzonitrile (3.4a)
O OH

CN
The product 3.4a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as yellowish
oil (56 mg, 82% yield). Molecular formula: Ci4HsNO,. Molecular mass: 229.28 ¢ mol!. HPLC:
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Chiralpak IA, Hexane/iPrOH 9:1, 1 mL/min, an# diastereomer (major) : Tugor = 36.9 min Tinr =
25.5 min; sy diastereomer (minot) : Ty = 18.1 min Timr = 21.7 min. dr: anti/ syn 68:32 (from
NMR analysis); ansi/syn 67:33 (from HPLC analysis). TH NMR (400 MHz, CDCL) 5= 7.59 (m,
2H, CH,,), 7.41 (m, 2H, CFL,), 4.81 (d, ] = 8.3 Hz, 1H, CHPh), 4.07 (br, 1H, OFH), 2.55 (m, 1H),
2.43 (m, 1H), 2.32 (m, 1H), 2.06 (m, 1H), 1.79 (m, 1H), 1.66 (m, 1H), 1.50 (m, 2H), 1.31 (m, 1H)
ppm. BC NMR (101 MHz, CDCL) 8= 214.8, 146.5, 132.1 (2C), 127.8 (2C), 118.7, 111.6, 74.1,
57.1,42.6, 30.7, 27.6, 24.6 ppm; HRMS (ESI): Caled for C1sHigNO,* (M+H]*) 230.1176. Found
230.1171.

(R)-2-((S)-(2-fluorophenyl) (hydroxy)methyl)cyclohexan-1-one (3.5a)
O OH F

The product 3.5a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as greenish
oil (66 mg, 99% yield). Molecular formula: Ci3H;sFO,. Molecular mass: 222.26 g mol-'. HPLC:
Chiralpak IC, Hexane/iPrOH 95:5, 1.0 mL/min, an# diastereomer (major) : Tygor = 26.4 min Tyinr =
33.3 min; gz diastereomert (minot) : Ty = 14.7 min Tpin = 13.0 min. dr: anti/ syn 78:22 (from
NMR analysis); anti/ syn 91:9 (from HPLC analysis). 'TH NMR (400 MHz, CDCl3) 6 = 7.40 (m, 1H,
CH.y), 7.13 (m, 1H, CH,y), 7.05 (m, 1H, CH,,), 6.89 (m, 1H, CH,,), 5.08 (d, ] = 8.8 Hz, 1H, CHPh),
4.00 (br, 1H, OH), 2.57 (m, 1H), 2.35 (m, 1H), 1.95 (m, 1H), 1.67 (m, 1H), 1.48 (m, 4H), 1.31 (m,
1H) ppm. BC NMR (101 MHz, CDCls) 0 = 214.9,161.2, 129.1, 128.3, 124.3, 123.8, 114.9, 67.7,

57.0,42.4,41.8, 26.9, 24.9 ppm; HRMS (ESI): Calcd for Ci3HisFO2+ (IM+H]*) 223.1129. Found
223.1119.

(R)-2-((S)-(4-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (3.6a)
O OH

Br
The product 3.6a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as yellow oil
(81 mg, 95% yield). Molecular formula: Ci3H14BrO,. Molecular mass: 283.17 ¢ mol!. HPLC:

Chiralpak IC, Hexane/iPrOH 95:5, 1 mL/min, anti diastereomer (major) : Tugor = 31.4 min Tyinyr =
40.0 min; sy diastereomer (Minor) : Tyr = 27.4 min Ty = 29.0 min. dr: anti/ syn 78:22 (from

NMR analysis); anti/ syn 88:12 (from HPLC analysis). TH NMR (400 MHz, CDCl5) 6 = 7.43 (m,
2H, CH.), 7.17 (m, 2H, CH.y), 4.73 (d, ] = 8.7 Hz, 1H, CHPh), 2.53 (m, 1H), 2.44 (m, 1H), 2.05 (m,
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1H), 1.77 (m, 1H), 1.57 (m, 4H), 1.40 (m, 1H) ppm. 3C NMR (101 MHz, CDCl) 8= 2152, 140.1,
131.4 (2C), 128.7 (2C), 121.7, 74.1, 57.3, 42.6, 30.7, 27.7, 24.7 ppm; HRMS (ESI): Calcd for
Ci15H;sBrO,Na* ([M+Na]*) 305.0148. Found 305.0152.

(R)-2-((S)-(3-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (3.7a)

O OH
- Br

The product 3.7a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as colotless
oil (94 mg, 94% yield). Molecular formula: Ci3H;5BrO,. Molecular mass: 283.17 ¢ mol!. HPLC:
Chiralpak IB, Hexane/iPrOH 95:5, 1 mL/min, an# diasteteomert (majot) : Ty = 12.4 min Tpiner =
10.7 min; syz diastereomer (Minot) : Ty = 9.1 min Tpinr = 8.7 min. de: anti/ syn 69:31 (from NMR
analysis); anti/ syn 64:36 (from HPLC analysis). TH NMR (400 MHz, CDCls) 6 = 7.41 (m, 1H,
CH.y), 7.32 (m, 1H, CH.,), 7.14 (m, 2H, CH.,\), 4.67 (d, ] = 8.6 Hz, 1H, CHPh), 3.61 (br, 7TH, OH),
2.50 (m, 1H), 2.36 (m, 1H), 1.98 (m, 1H), 1.70 (m, 1H), 1.57 (m, 1H), 1.50 (m, 2H), 1.43 (m, 1H)
ppm. BC NMR (151 MHz, CDCls) 6 = 214.8, 143.6, 130.8, 130.0, 129.8, 125.8, 122.4, 73.9, 57.2,
419, 30.7, 27.7, 24.6 ppm; HRMS (ESI): Caled for Ci13HsBrO2+ ((IM+H]*) 283.0328. Found
283.0335.

(R)-2-((S)-(2-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (3.8a)
O OH Br

The product 3.8a was isolated after flash chromatography on silica gel (P/EtOAc 6:4) as yellow oil
(97 mg, 97% yield). Molecular formula: Ci3H5BrO». Molecular mass: 283.17 ¢ mol-'. HPLC:
Chiralpak IC, Hexane/iPrOH 9:1, 1.0 mL/min, an# diastereomer (majot) : Ty = 15.6 min T =
19.2 min; syz diastereomer (MiNot) : Tyyor = 8.7 MiN Tyinor = 9.6 min. dr: anti/ syn 48:52 (from NMR
analysis); anti/ syn 42:58 (from HPLC analysis). TH NMR (400 MHz, CDCl3) 6 = 7.39 (m, 1H,
CH.y), 7.34 (m, 1H, CH,), 7.17 (m, 1H, CH.,), 6.97 (m, 1H, CH,,), 5.16 (d, / = 8.1 Hz, 1H, CHPh),
2.53 (m, 1H), 2.30 (m, 1H), 1.90 (m, 1H), 1.77 (m, 1H), 1.49 (m, 2H), 1.41 (m, 1H), 1.36 (m, 1H),
1.27 (m, 1H) ppm. 3C NMR (101 MHz, CDCls) 6 = 211.8, 140.8, 132.3, 128.9, 128.4, 127.7, 127.0,
72.5,57.6,42.5,30.4,27.7,25.5 ppm; HRMS (ESI): Calcd for Ci13H;5BrO,Na* ([M+Na]*)
305.0148. Found 305.0155.
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(R)-2-((S)-(3-chlorophenyl) (hydroxy)methyl)cyclohexan-1-one (3.9a)

O OH
- cl

The product 3.9a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as yellow oil
(71 mg, 99% yield). Molecular formula: Ci3H15ClO». Molecular mass: 238.71 ¢ mol!. HPLC:
Chiralpak IB, Hexane/iPrOH 95:5, 1 mL/min, an# diastereomert (majot) : Ty = 10.2 min Tpiner =
11.9 min; syz diastereomer (Minot) : Tyyor = 8.7 Min Tpinr = 8.3 min. de: anti/ syn 78:22 (from NMR
analysis); anti/ syn 62:38 (from HPLC analysis). 1H NMR (400 MHz, CDCls) 6 = 7.25 (m, 1H,
CH.y), 7.16 (m, 2H, CH.,), 7.09 (m, 1H, CHL,,), 4.68 (d, /] = 8.6 Hz, 1H, CHPh), 3.75 (br, 1H, OH),
249 (m, 1H), 2.36 (m, 1H), 2.29 (m, 1H), 1.97 (m, 1H), 1.68 (m, 1H), 1.48 (m, 3H), 1.20 (m, 1H)
ppm. BC NMR (101 MHz, CDCl3) 6 = 214.8, 143.3, 134.1, 129.5, 127.8, 127.1, 125.3, 73.9, 57 .2,
42.5, 30.6, 27.0, 24.5 ppm; HRMS (ESI): Calcd for Ci3H;sClOz+ (IM+H]*) 239.0833. Found
239.0826.

(R)-2-((S)-(2-chlorophenyl) (hydroxy)methyl)cyclohexan-1-one (3.10a)
O OH Cl

The product 3.10a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as yellowish
oil (70 mg, 98% yield). Molecular formula: Ci3H;5ClO2. Molecular mass: 238.71 ¢ mol-!. HPLC:
Chiralpak IB, Hexane/iPrOH 95:5, 1 ml./min, an# diastereomer (majot) : Ty = 8.9 min Tiny =
9.8 min; syz diastereomer (minot) : Ty = 0d Tyinr = nd. dtz anti/syn 299:1 (from NMR analysis);
anti/syn 299:1 (from HPLC analysis). TH NMR (400 MHz, CDCl3) 6 = 7.47 (m, 1H, CH.,), 7.23
(m, 2H, CHyy), 7.12 (m, 1H, CH.,), 5.28 (d, ] = 8.2 Hz, 1H, CHPh), 3.90 (br, 1H, OH), 2.60 (m,
1H), 2.38 (m, 1H), 2.29 (m, 1H), 1.99 (m, 1H), 1.71 (m, 1H), 1.56 (m, 3H), 1.35 (m, 1H) ppm. 3C
NMR (101 MHz, CDCL) & = 215.0, 139.2, 132.8, 129.1, 128.7, 128.3, 127.2, 70.2, 57.6, 42.6, 30.3,
27.0, 24.8 ppm; HRMS (ESI): Calcd for C13H16ClO2* ((M+H]*) 239.0833. Found 239.0837.

(R)-2-((S)-hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one (3.11a)
O OH

OMe
The product 3.11a was isolated after flash chromatography on silica gel (P/EtOAc 6:4) as orange
oil (12 mg, 17% yield). Molecular formula: Ci4H1303. Molecular mass: 234.30 ¢ mol!. HPLC:

Chiralpak IA, Hexane/iPrOH 95:5, 1 mL/min, ant# diastereomer (majot) : Tyyor = 33.4 min Tinr =
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32.0 min; syz diastereomet (Minot) : Tyyor = 0d Tyiner = nd. dt: anti/ syn 299:1 (from NMR analysis);
anti/ syn 299:1 (from HPLC analysis). 1TH NMR (400 MHz, CDCl3) 6 = 7.24 (m, 2H, CH.,), 6.87
(m, 2H, CH.), 4.74 (d, ] = 8.9 Hz, 1H, CHPh), 3.8 (s, 1H, OCHj3), 2.59 (m, 1H), 2.47 (m, 1H), 2.35
(m, 1H), 2.08 (m, 1H), 1.78 (m, 1H), 1.66 (m, 1H), 1.58 (m, 2H), 1.51 (m, 1H) ppm. 3C NMR (101
MHz, CDCl3) 6= 215.7,159.3,133.2,128.2 (2C), 113.8 (2C), 74.3, 57.5, 55.3, 42.7, 30.8, 27.8, 24.7
ppm; HRMS (ESI): Calcd for Ci14HisO3Na* ([M+Nal*) 257.1148. Found 257.1154.

(R)-2-((S)-hydroxy(3-methoxyphenyl)methyl)cyclohexan-1-one (3.12a)

O OH
. OMe

The product 3.12a was isolated after flash chromatography on silica gel (P/EtOAc 6:4) as yellowish
oil (54 mg, 77% yield). Molecular formula: Ci4H;303. Molecular mass: 234.30 g mol-!. HPLC:
Chiralpak IA, Hexane/iPrOH 95:5, 1 mL/min, an# diastereomer (majot) : Ty = 30.2 min Tpinr =
28.8 min; gyn diastereomer (minot) : Tpyr = 16.1 min i, = 18.8 min. dt: anti/syn 82:18 (from
NMR analysis); anti/ syn 71:29 (from HPLC analysis). 'TH NMR (400 MHz, CDCls) 6 = 7.23 (m,
1H, CH,), 6.88 (m, 2H, CH.,,), 6.82 (m, 1H, CH.,), 4.75 (d, ] = 8.8 Hz, 1H, CHPh), 3.80 (s, 3H,
OCHs), 3.61 (br, 1H, OH), 2.59 (m, 1H), 2.46 (m, 1H), 2.34 (m, 1H), 2.06 (m, 1H), 1.77 (m, 1H),
1.57 (m, 3H), 1.28 (m, 1H) ppm. 3C NMR (101 MHz, CDCls) o0 = 215.5, 159.7, 142.6, 129.3,
119.5,113.4,112.4,74.7, 57.4, 55.2, 42.6, 30.8, 27.8, 24.7 ppm; HRMS (ESI): Calcd for
Ci4Hi1s05Na* ([M+Nal*) 257.1148. Found 257.1156.

(R)-2-((S)-hydroxy(3-hydroxyphenyl)methyl)cyclohexan-1-one (3.13a)

O OH
- OH

The product 3.13a was isolated after flash chromatography on silica gel (P/EtOAc 6:4) as brownish
oil (26 mg, 40% yield). Molecular formula: Ci3H1s03. Molecular mass: 220.27 ¢ mol!. HPLC:

Chiralpak IC, Hexane/iPrOH 9:1, 1.0 mL/min, an# diastereomer (majot) : Ty = 59.8 min Tinr =
55.7 min; syz diastereomer (Minot) : Ty = 43.8 min Ty = 40.1 min. dr: anti/ syn 90:10 (from
NMR analysis); anti/ syn 93:7 (from HPLC analysis). 'TH NMR (400 MHz, CDCl;) 6 = 7.14 (m, 1H,
CH.y), 6.79 (m, 2H, CH.), 6.71 (m, 2H, CH.y), 4.74 (d, ] = 8.8 Hz, 1H, CHPh), 2.59 (m, 1H), 2.46
(m, 1H), 2.35 (m, 1H), 2.05 (m, 1H), 1.75 (m, 1H), 1.58 (m, 3H), 1.25 (m, 1H) ppm. 3C NMR (101
MHz, CDCls) 6 = 216.2, 156.2, 142.1,129.5, 119.3, 115.4, 113.9, 74.8, 57.0, 42.6, 30.8, 27.8, 24.5
ppm; HRMS (ESI): Calcd for Ci3H7Os* ([IM+H]*) 221.1172. Found 221.1166.
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(R)-2-((S)-hydroxy(naphthalen-1-yl)methyl)cyclohexan-1-one (3.14a)

The product 3.14a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as brown oil
(29 mg, 38% yield). Molecular formula: Ci7Hi3O,. Molecular mass: 254.33 ¢ mol'. HPLC:
Chiralpak IA, Hexane/iPrOH 95:5, 1 mL/min, anti diastereomer (majot) : Ty = 24.6 min Tyipy =
29.2 min; gyn diastereomer (minot) : Ty = 14.0 min 7w = 12.0 min. de: ani/syn 90:10 (from NMR
analysis); anti/ syn 80:20 (from HPLC analysis). 1TH NMR (400 MHz, CDCl3) 6 = 8.25 (m, 1H, CH,,),
7.85 (m, 1H, CH.), 7.79 (m, 1H, CH.,), 7.54 (m, 1H, CH.\), 7.47 (m, 3H, CH.), 5.57 (d, ] = 8.8 Hz,
1H, CHPh), 2.67 (m, 1H), 2.5 — 1.3 (m, 9H) ppm. 3C NMR (101 MHz, CDCls) 6 = 216.4, 129.6,
128.9, 1284, 128.1, 126.0, 125.5, 125.34, 125.31, 125.2, 123.9, 72.0, 57.4, 42.0, 31.4, 27.0, 24.9 ppm;
HRMS (ESI): Calcd for Ci7H19O2* ([IM+H]*) 255.1380. Found 255.1375.
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Two diastereomers: anti > syn
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(R)-2-((S)-hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one (3.1.1a)
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(R)-2-((S)-hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one (3.2a)
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(R)-2-((S)-hydroxy(2-nitrophenyl)methyl)cyclohexan-1-one (3.3a)
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4-((S)-hydroxy((R)-2-oxocyclohexyl)methyl)benzonitrile (3.4a)
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(R)-2-((S)-(2-fluorophenyl)(hydroxy)methyl)cyclohexan-1-one (3.5a)
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(R)-2-((S)-(4-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (3.6a)
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(R)-2-((S)-(3-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (3.7a)
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O OH Br

(R)-2-((S)-(2-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (3.8a)
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(R)-2-((S)-(3-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one (3.9a)
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(R)-2-((S)-(2-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one (3.10a)
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(R)-2-((S)-hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one (3.11a)
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(R)-2-((S)-hydroxy(3-methoxyphenyl)methyl)cyclohexan-1-one (3.12a)
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(R)-2-((S)-hydroxy(3-hydroxyphenyl)methyl)cyclohexan-1-one (3.13a)
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(R)-2-((S)-hydroxy(naphthalen-1-yl)methyl)cyclohexan-1-one (3.14a)
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HPLC Data

ijkm

HPLC conditions dr dr
Yield RT (major RT (minor RT RT (minor (anttsyn) (anti:syn) eeanti eesyn
Ar [“o] Column Eluent ent) anti ent) anti g;lgl ;); enF.) syn from from [“o] [“o]
[min] [min] [min] [min] NMR HPLC

Ph 47 1B Hexane/iPtOH 9:1 (0.5 ml/min) 14.8 17.3 12.9 12.4 90:10 91:9 23 23
4-NO2-CsHy4 80 1B Hexane/iPtOH 95:5 (1 ml/min) 24.0 31.6 19.8 22.4 72:28 66:34 87 29
3-NO,-C¢Hy 70 1B Hexane/iPtOH 95:5 (1 ml/min) 22.1 30.2 18.6 20.0 90:10 86:14 98 56
2-NO2-CsHy 67 1A Hexane/iPtOH 9:1 (1 ml/min) 19.3 20.0 nd nd 299:1 299:1 99 nd
4-CN-CsH,4 82 1B Hexane/iPtOH 95:5 (1 ml/min) 27.2 35.2 221 254 68:32 67:33 24 5

2-F-CsHy 99 1C Hexane/iPtOH 95:5 (1 ml/min) 26.4 33.3 14.7 13.0 78:22 91:9 39 1

4-Br-CsHy 95 1C Hexane/iPtOH 95:5 (1 ml/min) 314 40.0 274 29.0 78:22 88:12 26 33
3-Br-CsHy4 94 1B Hexane/iPtOH 95:5 (1 ml/min) 12.4 10.7 9.1 8.7 69:31 64:36 20 22
2-Br-CsHy 97 1C Hexane/iPrOH 9:1 (1 ml/min) 15.6 19.2 8.7 9.6 48:52 42:58 8 65
3-Cl-CsHq4 99 1B Hexane/iPrOH 95:5 (1 ml/min) 10.2 11.9 8.7 8.3 78:22 62:38 21 26
2-Cl-CsHy 98 1B Hexane/iPrOH 95:5 (1 ml/min) 8.9 9.8 nd nd 97:3 299:1 6 nd
4-OMe-C¢Hy 17 IA Hexane/iPrOH 95:5 (1 ml/min) 334 32.0 nd nd 299:1 299:1 9 nd
3-OMe-C¢Hy 77 1A Hexane/iPrOH 95:5 (1 ml/min) 30.2 28.8 16.1 18.8 82:18 71:29 25 17
3-OH-CsHy 40 1C Hexane/iPrOH 9:1 (1 ml/min) 59.8 55.7 43.8 40.1 90:10 93:7 16 28
1-naphthyl 38 1A Hexane/iPrOH 95:5 (1 ml/min) 24.6 29.2 14.0 12.0 90:10 80:20 31 26
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30/14/2020 16:24 Chromatogram C:\CLARITY LITE\WORK1\DATAVFABRIZIOVALDOLT PROLINE DCAVCAMPIONT FING 30 NOVIVR13BPRM Pegelof2

. Clarity - Chromatography SW
’ DataApex 2006
(R)-2-((S)-hydroxy(phenyl)methyl)cyclohexan-1-one (3.1a) A www.dataapex:.com
Chromatogram Info:
Flle Name : C:\CLARITY LITE\WORKT\DATA\FABRIZIOVALDOLT PROLINE DCA\CAMPIONI FING 30 File Crested + 17/11/2020 09:32:59
3012020 1622 Chromatogram C:\Clarity Lite\WORKI\DATA\Fabrigio\Aldoll Proline DCA\VR 138rac PRM Pagelof2 orighn . :::\:’:L'CB.PRH Acquired Date ;17 05:35:20
. Clarity - Chromatography SW Project 1 Cr\Clarity LteiProjects\Work LPR] By : Fabrizio
DataApex 2006
A f— Printed Version Info:
Printed Version + 3071172000 16:24:25 Printed Dete  : 30/11/2000 16:24:40
Chromategram Info: . .
File Name: 2 C:\Clarty LRe\WORKI\DATA\Fabrizio\Adod Proine DCA\WR138rac PRM Flle Crested 2 30/11/2020 15:38:35 Report Style : CE\Chrlty Lie\Commont,Chromalog ram.sty By 3 Felrtzia
Origh * Aequired Acquired Date  + 30/11/2020 15:38:34 Caltration Fil + None:
Project 2 Cx\Clarlty Lite\Projects\Work LPR] By + Fabrizio
Sarrple Info:
Printed Version Info: Sample ID 1 VR138 Amount 10
Printed Version 2 30/11/2020 16:21:56 Printed Date 3 30/11/2020 16:22:20 Sample + Ph aidel ISTD Amount  : O
Report Style : C:\Clarlty Lite\Common\Chromatogram.dy * Fabirizfio o OH Inj. Viskime (L] Lo Diution iq
Calbration Filke  None -
;i Method  Defaultl By + Datahpesc Lid
Sarrple Info: Descripion ¢ Default method for Instrument 1
Samgle ID  VR138rac Amount 0 . 31/08/2006 . 12020
Sample + Ph aidol racemste ISTD Amount = 0 c =G Medifed i 300 1624
Inj. Viohsme [mi] 101 Dilutien 11
Column ;1B Detection SR
Methoa * Dkl By + DatmApe: L, Mobile Phase  © H/IPrOH 21 Temperature  :
Description ¢ Default method for Instrument 1 Flow Rate £ 05 miymin Pressure .
Crested ¢ 3/OR2006 1543 Modified : 312000 1621 N
Note : Sample disolved in Hexane/IPrOH 95:5 + DCM (solent peak at 6.28 min and 7.27, checked with blank injection)
Column + IB Detection TR
Mobile Phese ¢+ H/IPrOH 9:1 Tempersture H
Flow Rate + 0.5 mL/min Pressure H
Hote + Sample disotved in Hexane/IPrOH 95:5 = DM (sobent pesk st 6.28 min and 7.27, checked with blank Injection) Autostop : None External Start  : Start- Restart, Down
Detector 1 : Detector 2 Range 1  Bipolsr, 1250 my, 12,5 Samp. per Sec,
Autogop + None External Start  : Start - Restart, Down Base * Not Used Calibration File * None Calculation ¢ Uneal
Detecior 1 + Detmctor 2 Range: 1 + Sipoler, 1250mW, 12,5 Samp. par Sec. Seale Factor : Mot Used Urile After Scaling = Mok Ussd Uncal. Response & 0
Result Table Reports : All Peaks Hide ISTD Peak ¢ Enabled
Base : MotUsed Callsration File : None Caleuation + Uneal GPC Calbeation Flie
Scale Factor Not Used Units After Scaling + Not Used Uncal. Response o
Result Table Reports : All Pesks Hide ISTD Peak : Enabled
GPC Calbration Fie
[miv]
— CACLARITY U TE.WORK1\ DATA\ FABRI Z1 00 ALDOLI PROLINE DCA\ CAMPIOM FI NO 30 NOVL.VR138 - Datactor
[m] 150+
B0
-
60 - 100 %
=1 =
b3
- o E
8 R
£ @ o - g
o
2 I 3
20 ;
o frerneend
=20 - —
10 12 14 16 18 20 Frd 24
Time [min.]
[min.]
1172020 16:22 Chromatsgram C:\Clarlty LRE\WORK1\DATAFabriss\Akdoll Prolne DCAWR138 8¢, PRM Page 2of2
Result Tabie (Uncal - C:|Clarkty Lt WORKIIDATA | Aol Proie DEA| VLIS - D 2 Y1030 16:24 Chromaiogram C:\CLARITY LITEWORKT\DATA\FABRIZIOVALDOLT PROLINE DCAVCAMPIO NI FINO 30 NOV\VR138.PRM Page 2of 2
Reten_ Time Area Heght Area Height W05 Compound Resuit Tabie (Uncal - C:|CLARITY LITE| WORKIIDATA |FA BRIZIO |ALDOLT PROLINE DCAVCAMPIONT FING 30 NOVIVRIZS -
[min] [rmiv.s] [miv] %] %] [min] Narme Detector 2)
1 12,524 729,513 17,0 56 048 Reten. Time Area Height Area Height WS Compound
2 12,992 44,460 18,7 4.7 0,52 [rrin] [rriv.£] [rmiv] %] [%] [Frin] Narme
el 5 ok £ 53 s 1 12,39 179,475 11,337 35 7.9 0,26
i T35 568,208 i 74 i 3 13,508 16,466 56 115 0,28
Foai B8 it66 b6 3 14,828 5,853 57 60,1 052
i 17,284 5,184 33 304 0,57
Total 142,880 100,0 100,0
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(R)-2-((S)-hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one (3.1.1a) ro w ¢ i i Fromepenmse Foacrer

‘ Clarity - Chromatography SW
DataApex 2006
1400/2021 1132 [« \Clarity 1\DAT, WAl Proline DCAVR116rac PRM Pagelof2 ‘ www.d, com
1 - S‘n’ Chromatogram Info:
‘ Clarity - Chromatography Flle Name + C:\Clerlty Lte{WORK1\DATA\Fabriso\Aldod Profine DCA\WR116.PRM File Crested + 11042021 10:3%:21
’ DataApex 2006 Origin : Aeguires Acguired Date  : 11/01/2001 10:3%:21
‘ WWW. com Project : Cr\Clerity Lite\Projects\Work 1LPRI By : Fabrizio
Chromatogram Info:
Flle Name 2 C:\Clarky Le\WORK1\DATA\Fabrizo\Aldal Proline DCA\WR116rac PRM Flle Crested + 11/01/2021 11:10:17 Printed Version Info:
origh + heauired Acquired Date  : 1/04/2021 11:10:17 Printed Version + 11012021 11:32:18 Printed Dete  : 11/01/2021 11:32:57
Broject - Co\Clarly Lie\Projects\Work 1PRI By - Fabrizio Report Style 1 C:\Clerity LitsCommon|Chromatogram.sty By : Fabrizio
Calibration File 1 None
Printed Version Info:
Printed Version 1 11/01/2001 11:32:20 Printed Date 1 11/01/2001 11:32:49 Sample Info:
Report Sty + Co\Clarky LRe\Common)\Chromatogram.sty By + Fabrizo Sampie ID : VRL1E Amount 20
Calbration File : None O _ H Sampie 1 4NO2 aidol ISTD Amount 0
- Tnj. Veksme [mL] 101 Diutien st
Sample Info: Method : Defaultl By : DataApex Lid.
Sample ID * VRil6rac Amount 2o Deseription ¢ Defsult method for Tnstrument 1
Sevple i 4NQZ kol rac ISTDAmount ;0 Crested : 3Y/06/2006 15:43 Modified 0y 1132
Inf. Vielume [rmL] 10,1 Diution 11 NO
Method : Default By © Datafpex Lid. 2 coumn 1B Delection R
Deseriptien + Default method for Tnstrument 1 Moblle Phase  : H/IPrOH 56:5 Tempersture
Crested + JYOR/2006 15:43 Modified YA 11:32 Flow Rete = 20 e fin Presurs
Note + Sample disolved in Hexane/IPrOH 95:5 + DCM (sobvent pesk at 3.8 min, checked with blank injection)
Colsrn L IB Detection S RI
Mobile Phase i H/IPrOH 95:5 Tempes ature H
Flow Rate ¢ 1.0 mlSmin Pressure H
Note : Sample dissolved in Hexane/IPrOH 95:5 + DCM (solvent peak at 3.8 min, checked with blank injection) Autosop : None Externai Stert  : Start- Restart, Down
Detector 1 : Detector 2 Range 1  Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used Callbsration Flle : None Calculstion : Uncal
Autestop + None Externel Start  : Start- Restart, Down Scaie Factor : Not Used Units After Scaling  : Nok Used Uncal. Reponse : 0
Detector 1 + Detecter 2 Range 1 * Bipolar, 1250 miv, 12,5 Samp. per Sec. Result Teble Reports  : All Pesks Hide ISTD Pesk : Enabled
GPC Caibration Fiie
Base : Not Used Cailbsration Flle : None Caiculation : Uneal
Seale Factor : Not Used Urits After Sealing  © Nok Usedd Uncal. Response  : 0
Result Table Reports. : All Peaks Hide ISTD Peak : Enabled
GPC Calbration Flie : [l"l':l
—_ CAClarity Lite\ WORK1\ DATA Fabrizio\ Aldoll Pro!
20
[mi/]
__ CACiarity Lits\ WORK1\ DATA\ Fabrizio\ Aldoll Profine DCA\VR116rac - Detactor 2
2 10
g.
10+ g o
-3
8 -10+
] ™ = p— - e - s
o
8 q
e 20|
;s ] J\%M-_-#.N,_\T/\\
T T T T
20 25 30 35
Time [min.]
=20+
W0y 11:32 Chromatogram C:\Clarity Lits\W ORK1\DATA\Fabrizo\Akioll Profine DCAWR116.PRM Page 2of 2
T T T T
20 5 30 35 Resyilf Tablle (Uncal - C:|ClarRy Lits| WORKI|DA TA |Fabrizio Lidoll Profine DCA |VR116 - Detector 2)
Time [rvin-] Reten. Time Area Height Area Helght WS Compound
[rrin] [rriv.s] [miv] [%] %] [rrin] Narme
11/01/2021  11:32 ‘Chromatogram C:\Clarty Lite\WORK1\DATA\Fabrido\A kol Profine DCAWR116rac. PRM PageZof2 1 19,800 307,441 8912 18 293 0,57
Result Table (Uncal - C:|Clarfty TA |FabrizolA kol Profine DCA|VRLi6rac - Detertor 2) 2 L TLAR 4913 12,1 161 054
Reten. Time Ares Height Area Height W05 Compaund 3 1531 61,1 50,3 0,86
[rrin] [rmiv.s] [mv] %1 %] [rin] Name 4 31620 70,958 1318 50 43 0,86
1 19844 E 17 a=m Tatal 411,83 463 10,0 16,5
3 3353 7 393 0,66
3 34,748 26 p3¥] 6,7
4 31,284 s 172 0.67
Toksl 100,0 00,0
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(R)-2-((S)-hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one (3.2a)

1012021 16:12

Chromatogram C:\Clarity Lits\W ORKT\DATAF abrizio\Aldoll Fenlislanina-DCA\Report3-NO 2rac PRM

Pagelof2

Clarity - Chromatography SW

DataApex 2006
www.di com
Chromatogram Info:
File Name 1 C:\Clerity Lte\WORK1\DATA\Fabrisc\Aldel Fenilelaning-DCA\Reporf\3-NO 2rac.PRM File Crested : 11/01/2021 16:11:55
Origin 1 Acquired Acguired Date © 13/01/2021 12:53:57
Project 1 Cr\Clerlty Lbe\Projects\Work LPR] By - Fabrizo
Printed Version Info:
Printed Version 111012001 13:0%: 18 Printed Date © 13012001 16:12:42
Report Style 1 C:\Clarlty Lte\Common\Chromatogram, sty By : Fabrizo
Calbration File 1 None
‘Sarmple Info:
Sampie ID 1 VR124rac Amount H
Sampile 1 3NOZ aidol rac ISTD Amount H
In. Vohsme L] 101 Dilution B o
Method ¢ Defasitl By + Datafpesx Lid.
Description ¢ Defaul method for Ingrument 1
Created + 31/08/2006 15:43 Madified * 110172021 1611
Column + IB Detertion *RI
Mobile Phase  : H/IPrOH 95:5 Termperature H
Flow Rate £ 1.0 mlfrin Pressure H
Note : Sample dissolved in Hexane/IPrOH 95:5 + DCM (solvent peak at 3.8 min, checked with blank injection)
Autodop : Nome External Start  : Start - Restart, Down
Deteeter 1 : Delecter 2 Renge 1 : Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used Cailbration File : None Calculstion ¢ Uncal
Scale Factor Unilts After Scaling : Not Ussed Uncal. Response 0
Result Table Reports Hide ISTD Peak : Enabled
GPC Calbration Fle
[mg
25
g' 20 -
= ~
= g
g 8
=
-
-
£ | e 3
froeed g B
...... I i
10
20 2% 30 35
Time D]

11/01/2021 16:12

Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizio\Aldoli Fenilalanina-DCA\Report\3-NO2rac.PRM

Result Table (Uncal - C: |Clarity Lite|WORK|DATA \Fabrizio|\Aldoli Fenilalanina-DCA |Report| 3-NO 2rac - Detector 2)

Reten. Time Area Height Area Height wos Compound
[min] [mV.s] [mv] [%] %1 [min] Name
1 18,900 156,317 3,793 39,1 434 0,73
2 19,932 166,773 3,253 41,8 37,3 0,86
3 23,712 36,155 0,870 9,1 10,0 0,79
4 30,636 40,146 0,816 10,1 9,3 0,87
Total 399,391 8,732 100,0 100,0
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102021 16:12 Che: “\Clarity 1\DAT, Aldoll AWR124.PRM Page1of2
. Clarity - Chromatography SW
DataApex 2006
/X www.d com
Chromatogram Info:
File Name  Cr\Clarlty LW ORK1\DATA\Fabrizio\Aldol Profne DCA\WRI24.PRM File C rested + 11012021 12:19:33
Origin Aequired Acquired Date  : 11/01/2001 12:25:02
Project ¢ Cx\Clarlty Lite\Projects\Work 1.PRI By + Fabrizo
Prinked Version Info:
Printed Version * 11/01/2021 13:08: 53 Printed Date  : 11/01/2001 16:12:22
Report Style 1 CiClerity Lite\Common\Chromatogram,sty By 1 Fabrigo
Calbration File : Nome
Sample Info:
Sample ID 1 VR124 Amount L
Sample + 3-NO2 aldol ISTD Amount = 0
Inf Volume[ml] @01 Dilution 11
Method + Defaultl By + Datafpex Lbd.
Description + Default method for Tnstrument 1
Created + 31/06/2006 15:43 Modified * 15/01/2021  13:08
Coksmn 1 I8 Detection © BT
Mobile Phase  : H/IPrOH 95:5 Tempesature  :
Flow Rate £ 1.0 mLfemin Pressure H
Note: + Sample disolved in Hexane/IPrOH 95:5 + DCM (solvent pesk at 3.8 min, checked with blank injection)
Autostop : None External Start  : Start - Restart, Down
Ditertor 1 ¢ Detecter 2 Range 1 * Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base * Not Used Callsration Flie : None Calculation + Uneal
Scale Factor * Not Used Units After Scaling  © Not Used Uneal. Respponse & 0
Resuslt Table Reports  : All Pesks Hide ISTD Pesk : Enabled

GPC Calbration Fiie

— CAaQarity Lite\ WORK1\ DATA\ Fabrizio\ Aldoll Proline DCA\ VR124 - Detector 2

N17 4

R ——

110172021 16:12

Chromatogram C:\Clarity Lite\W ORKI\DATA\Fabrido\Aldoll Profine DCA\WR124.PRM

35

R Table (Uncal - C: |Clarly Lite| WORKI|DA TA |Fabrizo |Aldoll Proline DCA \VR124 - Detector 2)

[min.]

Page 2af 2

Reten_ Time Area Heght Area Helght WOE Compaund
[min] [rriv.z] [miv] %] ] [rrin] Harme
i 18,632 301,214 11,4 19,2 0,63
3 15, 064 332 53 0,65
E 23,080 35483 4,7 74,2 1,10
4 30,172 27,078 08 13 0,52
Tota 3443501 106, 06,0
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(R)-2-((S)-hydroxy(2-nitrophenyl)methyl)cyclohexan-1-one (3.3a)

2602021 15Chromatngram C:\CLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLT PROLINE NON LEGATA DCAVLA_S_1_IMLMIN\VRIZSRAC PRM

Pagelof2

2

Clarity - Chromatography SW

DataApex 2006
www.dataapex.com
Chramatogram Info:
File Name CACLARITY LITEW ORK1\DATAVFABRIZIOVALDOLT PROLINE NON LEGATA. Fike Crested
DCAVIA_S_1_IMLMIN\VR1ZSRAC PRM
Origin Acquired Aequired Date:
Project C:\Clarity Lite\ProjecteiWork 1 PRY By
Printed Viergon Info:
Printed Verdon 26/0/2021 15:1%:00 Printsd Date:
Report Style C:\Clarkty Ltel\Common|Chromatogram.sy By
Calibration File MNane
Sample Info:
Samgie 1D VRIZSac Amaunt
Sampie 2-NO2 sidol racemae ISTD Amount
Inj. Vielumme [mL] a1 Ditution
Mettod Defsultt By + Datadpe Lid.
Description Dedsult method for Insrument 1
Cresiea IN0R006 15:43 Mo : 2600 15:19
Colurmn A Detection R
Mobile Phase HPrOH S:1 Temperature
Flow Rate 1.0 mifmin Presure H
Note Sarple disobved In Hexane/PrioH 85:5 + DOM (solvent pesk at 3.2 and 3,84 min, checked with blank injection)
Autsstop Nane ExterndlStart  : Start- Restart, Dawn
Detector 1 Desector 2 Range 1 © Bipolar, 1250 i, 12,5 Samp. per Sec.
= + Not Uses! Calibratian Fie Nane Caleulstion
Scae Factor * Mot Used Units After Scaling Not Used Uncal. Response
Resslt Table Reports : AN Pesks Hide ISTD Pesk Enabbed
GPC Calibration File
[ri]
40
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-]
5 E
~
bl
3 8 <
- ~
10 - [ =
i = ]
A 2
i
o
12 14 16 18
Tme:

26/01/2021 15:Chromatogram C:\CLARITY LITE\WORK1\DATA\FABRIZIOVALDOLI PROLINE NON LEGATA DCANIA_9_1_1MLMIN\VR125RAC.PRM

+ 1612/ 2000 17:22:56

+ 16/12/ 200 17:41:21
Fabrio

+ 26/01/201 15:19:17
+ Fabrido

[rmin.]

Result Table (Uncal - C:\CLARITY LITE|WORKI|\DATA |FABRIZIO\ALDOLI PROLINE NON LEGATA
DCA\JA_9_I_IMLMIN|VRIZ5RAC - Detector 2)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] [%)] [min] Name

1 11,644 133,468 6,765 18,9 27,1 0,38

H 12,020 153,933 8173 219 32,7 0,32

3 18,728 216,69 4,746 29,9 1,0 0,79

4 20,020 206,364 5277 263 211 0,64
Total 704,461 24,961 100,0 100,0

O OH NO,

Page 20f 2

16/12/2020 18:11
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1\DAT, Aldoll
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Clarity - Chromatography SW

16/12/2020 18:05:08
16/1272020 18:11:10

DataApex 2006
www.dataapex.com
Chromategram Info:
Flle Name + C:\Clarlty Lite}WORK1\DATA\Fabrizio\Aldod Proine DCA\WRI2S.PRM File Crested :
Origin + Acguired Acquired Date =
Project ¢ CH\Clarlty Lite\Projects\Work 1.PRI By 2 Fabrizo
Printed Version Info:
Printed Version + 16/12/2000 18:11:30 Printed Date :
Report Style + C:\Clarity Lite\C ommon|Chromatogram. sty By 2 Fabrizo
Calbration File : None
Sample Info:
Sample ID VRIS Amaurit E ]
Sample : 2-NO2 sldul ISTD Amount @ 0
Inj. Vioksme [mL] 101 Diution i1
Methiod ¢ Defaultl By + Datanpey L.
Description + Default method for Tnsrument 1
Created + 31/08/2006 15:43 Maodified : 16/12/2000 1B:11
Colsmn tIA Detection : AT
Moblle Phase @ H/IPrOH &1 Temperature
Flow Rate + 1.0 mLfmin Pressure H
Mote: : Sample dissolved in Hexane/IPrOH 95:5 + DCM (solvent peak at 3.2 and 3.84 min, checked with blank injection)
Autosop ¢ Mone External Start @ Skart - Restart, Down
Detector 1 : Detector 2 Renge 1 + Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base = Not Used Calibration File : None
Scale Factor = Not Used Unilts After Scaling  : Not Used
Result Table Reports = All Peaks Hide ISTD Peak : Enabled

GPC Calbration Flie

.

Al I Proline DCA
15 "
]
II-Il
& 10| (|
8 I\
-] ||
= |
| I.
5|
é — A, L LY P N
o
T T T T
10 15 20 25
e o]
16/12/2020 1811 Chr graen C:\Clarlty L 1\DATAVFabrlsio\ Aol Profine DCAWR12S.PRM Page 20f2

Reslt Table (Uncal - C: |Clary Lite| WORKT|DW TA |Fabrito |Aidoll Profine DCA |VR125 - Detector 2)

Reten. Time Area, Heght Area FHeight W5 Compound
[Frin] [rriv.s] [mv] %] [%] [rmin] Narme
1 18,264 10,121 100,0 100,0 053
Tata i, 131 10,0 i 0
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1012021 18:09 Chromatogram C:\Clarly Lied\WORKI\DATA\Fabrizo\Aldoll Fenlalanina-DCA\VR126 PRM Page1of2

‘ Clarity - Chromatography SW
Datafpex 2006
4-((S)-hydroxy((R)-2-oxocyclohexyl)methyl)benzonitrile (3.4a) Q’m‘:_ﬂ — - =

File Name +\ClarRy LR\WORKI\DA TA\Fabriso\ Aided Fenllsisnina-DCA\VRIZE. PRM
Origin cauked
1240y 0925 Chromatogram C:\Clerkty LIE\WORK1\DATAFabrizio\Akdef Fenlsisnina-DCA\VR126rsc.PRM Pegeiofl Project : C:\ClarRy LRe\Projects\Werk 1OR]
’ Clarity - Chromatography SW Printed Version Info:
DataApex 2006 Printeg Version + 11012021 18:08:49 Printed Date @ 13/01/2021 18:09:02
A wrw.dataapex.com Report Style : E:\Clariy Lite\Common\ Chromatogran.y By : Fabriz
Cambratan Fie :
Chromatogram Tnfo:
File Name: + C:\Clerty LteiWORK\DATA\Fabrido\A kol Fenilsianing-DCA\VR1Z6rac PRM FleCrested  © 12/01/2001 D08 Sample Info:
Origin + Acquired Acquired Date  © 13/01/2021 03:08:34 Samgie 1D + VRIS Amount
Project + C:\Clarty LteProjects\Work 1. PRI By : Fabeldo s . 1STD Amount
Iy velsme (] 101 Dauten i1
Printsd Version Info:
Printed Version + 120012021 09:25:49 Printed Date @ 12/01/2001 09:26:03 Metnoa : Defsulty By + Datanpe: L.
Reportstyie + C:\Clerfly Lte\Cameman\ Chramatogram.dy By : Febrite Deseription ¢ Default method for Tnstrument 1
Caibratin File + None Crested © IORA06 15:43 Modified © 1012021 1808
Sampie Infa: Colsmn 1B Detection cAl
Sampie ID : VRiZ6ese Amount Mobile Phase ¢ H/IPrOH 95:5 Terpersture
Sample : 4-CN sidol rac ISTD Amount O OH Flow Rate t 10 mifmin Pressure H
). Vewme(m] 01 Dilution = Note : Sample dimoived in Hexsne/[PrOMH 95:5 + DCM (sobent pesk at 3.8 min, checked with biank injection)
Method + Defsull By : Dstafpe Lid. A
Deseription : Defau method for Instrument 1
Crested : TL02006 15:43 Modified : 1M0Y0M 0825
Autosop ¢ Nome External Start : Stert- Restart, Down
o ‘. Detecton m CN Detector 1 ¢ Detector 2 Renge 1 * Bipoler, 1250 mV, 12,5 Samp. per Sec
Mobile Phase  : H/IPrOH 95:5 Terpersure
Fioue Rote 3 10 mijmin Presere : Base : NotUsed Calmsration File < None Caleutstion + Uneal
Note. + Sample disoived in Hexane/IPrOH 95:5 + DCM (solent pesk st 3.8 min, checked with bisnk injection) Seate Factor + HotUses UnMsARer Scalng ¢ NotUsed Uncal, Response £ 0
Result Table Reports  © Al Pesks Hile ISTD Pusk = Enabled
GPC Calbration Flie
Autegop : Nene External Start ¢ Start - Restart, Down
Detestor 1 ¢ Defestar 2 Renge 1 + Bipoler, 1250 miV, 12,5 Samp. per Se=.
Base: : Mot Used Caibraton File : None Caleuiston : Unesi Lon
Scaie Factor Mot Used Uniks After Scalng  : NokUsed Uncal, Reponse £ 0 __ €A Clarity Lits\ WORK1\ DATA\ Fabrizio\ Aidoll Fenlialanina- DCA\ VA1 26 - Dstector 2
Resuk Table Reports  © All Peskcs Hide ISTD Pesk  : Enabiled
GPC Calbration Fle  :
20 -
]
]
[mv]
&
=
]
>
30
20
-3
] -
> - ; -
o ) 3 -
a 5 g : i E % % 7 = 2%
a b4 o tmn.]
- freee 1 VR e Y e 14/01/2001 18:00 Chromatngram C:\Clarky Lite\WORKI\DATA\Fsbrigio\Aldod Fenlalanina-DCA\WRIIE PRM Page2of2
[ [
Result Tatie (Uncal - O | Clarlly' LRe|W.ORKT| DA TA | Fabriso | A ol Fenalaning-DOA | VRIS - Detector 2)
Reten. Time Area Area Height WS Compound
20 25 30 35 0 45 [rmin] [riv.s] )} [%] [min] MNearme
- [min.] 1 22,060 17,5 25,5 1,00
2 25424 158 239 1,10
12/01/2021 09:26 Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizio\Aldoli Fenilalanina-DCA\VR126rac.PRM Page 2 0of 2 EY 57166 WHE E 167
Result Table (Uncal - C:\Clarity Lite\ WORK1\DATA |Fabrizio\Aldoli Fenilalanina-DCA \VR126rac - Detector 2) 4 35164 =2 154 23
Reten. Time Area Height Area Height W05 Compound Tolu 1m0 w0
[min] [mV.s] [mV] [%] [%] [min] Name
1 23,136 408,808 7,584 26,4 33,1 0,86
2 27,024 424,729 6,859 27,4 30,0 1,02
3 29,804 341,880 4,757 22,1 208 1,17
4 38,740 372,245 3,691 24,1 16,1 1,76
Total 1547,661 22,890 100,0 100,0
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(R)-2-((S)-(2-fluorophenyl) (hydroxy)methyl)cyclohexan-1-one (3.5a)

1 14:13 Chromatogram C:Clarlty Lite\WORK1\DATAYF abrizo\Akdoll Proline DCAWVR1Z8rac PRM Page1of2
‘ Clarity - Chromatography SW
DataApex 2006
/N WWW com
Chromatogram Info:
File Name + C\CIarRy LIE\WORKI\DATA\Fabrizio\Akicl Prodne DCAWRIZErScPRM FleCrestest : O3/12/2020 12:13:45
orgn + Aeguired Aequired Date  + 03/12/2020 13:10:23
Broject + CH\Clarky Lite\Projects\Werk 1. PR) By + Fabrizo
Printsd Version Infos
Printed Version + 03/12/2020 14:13:44 Printed Dete @ O3/12/2000 14:13:51 (0]
Report Style + C:\Clarky Lite\Common) Chromatogram.sty By : Fabrizo
Caibraton Flle + None
Sample Tnfo:
Sampie 1D : VR1Zkac Amunt :0
Sampie : 3-F sidol racemats ISTD Amount 0
Inj. Volime[ml] 3 0,1 Diution i1
Mettiod : Defaultl By : Detanpex L,
Description  Default method for Insirument 1
Created : 302006 15:45 Modifet : D100 1413
Column s1c Dessction iR
Mobile Phase H/PrOH 5:5 Tempersture -
Flow Rate 10 mijmin Presre :
Note + Sample disolved in Hexang/[PrOH 95:5 + DCM {sohvent peak at 3.2 and 3,54 min, checked with blank Injection)
Autostop : Hone External Start - Start - Restart, Down
Desetor1 ¢ Detector 2 Range 1 + Bipolar, 1250 v, 12,5 Samp, per Sec.
Base + Not Used Caibration File  None Caiculation  Uneal
Scaie Factor  Not Used Units After Scalng  © Not Used Uncal, Reponse + 0
Resub Table Reports & ANl Pesks Hide1STDFask  : Ensbled
GPC Calbration Fle
[ri]
80
70
60
B ~
3
- -
= 50 "'21
=
&2 o
- el -
30 | I3 A
! ] =
E - AL < il
20 ! I [
15 20 25 30 35
= [min.]
122020 1413 Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrize\A kol Proine DCAIVR128rac. PRM Page 202

Resulk Tabie (Uncal - C:|Clarity Lite| WORKI\DA TA |Fabrido|A ol Proline DCA|VR128rac - Detector 2)

Reten_ Time Area Area FHeight W5 Compound
[min] v s] ] %] ] Neme:
1 12,668 0 297 074
F 14,368 aza 61,0 0,33
E] 7,34 56 48 056
4 34,244 75 45 0,70
Total 16,0 6,0

7 C:\Clarity

I\DATAVFabriso\Aldoll Proline DCAWRLIE. PARM

Pageloaf2

Clarity - Chromatography SW
DataApex 2006
www.dataapex.com

Chromatogram Info:
File Name + CoiClarky Lie\WORK1\DATAYFabrido\Aldold Proline DCA\WRIZEPRM File Created + OR/12/2030 13:42:12
Origin : Meguired Acquired Date  : 03/12/2000 13:42:11
Project : C:\Clarity Lite\Projects\Werk 1.PRI By 2 Fabriza
Printed Version Info:
Printed Version + OG/12/2000 14:14: 18 Printed Date : 0G/12/2020 14:14:44
Report Style : C:\Clerity Le\Common\Chromatogram.sty By : Fabrizio
Caillbration Fike  None
Sample Info:
Sample ID : WR128 Amount 10
Sample 1 2-F aidol ISTD Amount  : 0
Inf. Velme[ml]  : 01 Dilution i1
Method : Defaultl By : Datafpes Lid.
Description : Default method for Instrument 1
Created : 3062006 15:43 Modified © OGF12/2020 1414
Coksmn 1 IC Detection : AT
Moblle Phase  : HIPrOH 95:5 Tempersture
Flow Rate t 1.0 mifmin Pressure :
Note i Sample disolved in Hexgne/IPrOH 95:5 + DCM (solvent peak at 3.2 end 3.84 min, checked with blank injection)
Autostop : Nome External Start  : Start- Restart, Down
Dsterr 1 ¢ Detector 2 Renge 1 ¢ Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used Callsration File : None Calculation : Uncal
Scale Factor © Mot Used Units After Scaling : Not Used Uncal. Responise  : 0
Result Teble Reports  © All Pesks Hide: ISTD Peak : Ensbled
GPC Calbration Flie H
[mv]
55
50-
45 ]
g -
-3
E at
2 )
35 — ~
g &
0 7 s
25
o=t o
| el W e 1 rI
15 20 5 30 35
Time:
O3/12/2020 14:14 C g <\Clarlty L 1\DATAVFabr Profine DCAVWR128.PRM

Result Tabie (Uncal - C: |ClarRy Lite| WORKI|DA TA |Fabvrizio \Aidoll Proline DCA |VR128 - Detector 2)

Reten_ Time Area Heght Area FHeight WS Compound
[rin] [rriv.s] [miv] [%] [%] [frin] Narre
1 13,012 123,634 6272 45 03 034
3 14,733 6,472 46 i3 0,31
3 36,304 30,55 &1 534 0,85
4 33,320 791,510 14,016 78 245 0,88
Totsl i 57,330 06,0 106,06

[rrin. ]

Page 2of 2
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(R)-2-((S)-(4-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (3.6a)

0TI 13:06

Chromatmgram C:\CLARITY LTTE\WORK1\DATA\FABRIZIOWALDOLT PROLINE DCAVIC_85_5_IMUMIN\WRISIRAC PRM

Page10f2

2

Clarity - Chromatography SW

DataApex 2006
www com
Chromatogram Infa:
File Name * CHCLARITY LUTE\WORKIVDATAVFABRIZIO\ALDOLI PROLINE Flie Crested + 07122020 104447
DCAVIC_85 5_IMLMINWRIS1RAC.PRM
Orign + Aequired Acguied Date ¢ O7/12/2020 11:30:06
Project : C:\ClarRy Lis\Projects\Work LPR] By + Fabrisie
Printed Vergion Info:
Brinted Varsion + /12000 13:06:35 Printed Date  : Q7/12/2000 13:06:41
Report Style + C:\Clerlty Lite\Camsran Chromatogram.sy By : Fabrizio
Calbration Fike : None
Sample Info:
Sample ID * VR131rac Amount t0
+ 4Br aidel racemate ISTD Amount £ 0
In) velme[m] 0 DiLiton 11
Mettiod : Defeultl By + Datah pex Lid,
Description  : Defult method for Instrument 1
Created : 31082006 15:43 Modifest : 0122000 13:06 O
Colsmn tIC Detection :RT
Mobile Phase  © H/PIOH S5:5 Tempesature
FowRate  © LD mifmin Presure :
Mot : Sample disolved in Hexane/[PrOH 95:5 + DCM (solent pesk at 3.2 and 3.84 min, checked with blank injection)
Autostop  None Externel Start  : Start - Restart, Down
Detertor 1 : Detector 2 Renge 1 * Bipolar, 1250 mV, 12,5 Samp. per Ser.
Base = Not Used Cailbration File : None Caiculation * Uncal
Scale Factor = Not Used Units Afer Scaling Not Ussa Uncal. Responge Lo
Resut Table Reports. = AN Pesks Hide ISTD Paak Enabled

GPC Callbration Fle

Voltage

— CACLARITY LI TR WORKT\ DATA\FABRIZI O\ ALDOU PROLINE DCAV I C_85_5_1MLMI M VR131RAC - Detector

OP/12/2000 13:06

Chromatogram C:ACLARITY LITE\WORKI\DATA\FABRIZIOVALDOLT PROLINE DCANIC_95_5_iMLMIN\VRi31RA C.PRM

Result Tatnke (Uncal - C: ICLARITY LUTEIWORKI|DA TA WWABRIZIQALDOL FPROUINE DCAIC_85_5 IMLMIN|VRIFIRAC - Detector
2

Reten. Time Area Heght Area Height WS Compound
[rmin] riv. 5] [mv] %] %] [rrin] Nesre
1 26,012 0,631 89 11,3 0,80
H 30,553 6588 BE 1,1 6,80
3 32012 2,080 390 37,2 0,34
i 3558 2311 43,2 41,4 0,80
Total 5585 106, 16,6

Page 2of2
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“\Clarity

I\DAT;

Aldoll Proline DCA\VR131.PRM
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2

Clarity - Chromatography SW
DataApex 2006

www.d.

com

Chromatogram Info:

File Name : C:\Clerity Lits\WORK1\DATA\Fabrizo\Aldol Proline DCA\WR131.PRM

Origin + Acquired

Project 5 C:\Clarty Lite\Projects\Work 1LPR]
Printed Version Info:

Printed Version + OFf12/2000 12:25:20

Report Styke :

Calibration File H
Sarnple Info:

Sample ID 1 VR131

Sample : 4-Br adol

Inf Velme[ml]  : 01
Method ¢ Defaultl By H
Description + Default method for Insdrument 1
Cresated + 31082006 15:43 Modified H
Column I Detection H
Mobile Phase  : H/IPrOH 95:5 Temperature H
Flow Rate + 1.0 mlbfmin Pressure :
Note : Sample disolved in Hexane/IPrOH 95:5 + DCM (solvent peak at 3.2 and 3.84 min,
Autostop + None External Start
Detector 1 + Detector 2 Range 1 H
Base : Not Used Caiibration File : None
Scale Factor : Not Used Units After Scaling : Not Used
Result Table Reports : Al Pesks Hide ISTD Peak : Enabled

GPC Calbration Fle H

File Crested + O7/12/2020 11:53:50
Acquired Date  : 07/12/2030 11:53:50
By : Fabrizo

Printed Date  : O7/12/2030 12:25:28
By : Fabrizo

Amount 10

ISTD Amount 0

Diution i1

Deata pes Ltd,

07/12/2020 1225

checked with blank Injection)

Stert - Restart, Down
Bipolar, 1250 mV, 12,5 Samp. per Sec.

Calculation : Uncal
Uneal. Response 0

— CAQlarity Ute\ WORK1\DATA\ Fabrizio\ Aldoll Proline DCAL VR131 - Detector 2

OFf12/2030 12:35

Chromatogram C:\Clarity Lite\W ORKI\DATA\Fabrizo\Aldoll Proline DCA\VR131.PRM

Result Tabie (Uncail - C: |ClarRy Lite| WORKI|DA TA |Fabvrizio \Aidodl Proline DCA |VR131 - Detector 2)

Reten_ Time Ares Heght Area Helght W5 Compound
[rrin] [rriv.5] [riv] [%] [%] [rmin] Narre:
1 27,364 168,262 2,285 B1 57 1,5
3 25,013 86,335 1,581 41 33 1,06
3 3353 1306, 155 706 555 S50 86
4 3,852 754,748 12,569 323 313 0,3
Tota 3335, 481 0,163 b6, 1,5
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(R)-2-((S)-(3-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (3.7a)

AR 18IS Chrorratograr C:\C larity Lits\W ORE 1VDATAYF abrizicuAlda | Proline DCAIVR 130rac. PRM Pegelof2
I‘ Clarity - Chromatography SW
Datadpes 2006
A WWW.CALAPEY.Com
Chromaiogram Info:
File Narse ¢+ CClerky LEAWORKTIDATA\Fabr o\ Aldoll Praline DCAWR Bac PRM Flle Created + 27122000 18:11:40
Grign § Aeguied Acquirad Dete 3 ZI13/2020 181140
Froject + CH\Clerhy Lte\PrefectsiWork 1.PR] By + Fabrizio
Prinked Version Info.
Frinted Version tE12J 20100 18 5007 Printed Date 1 20122000 182515
Report Sty + C\Clerky Le\CammonlC hromatng ram sy By + Fabuirin
Calbraton Fle o Momwe o
Sarspia ke
Sawygie [D | VRI30re: Aot 10
Sarpie § 3B adel ISTD Amount 0
Trnj. Vs haress [l ] + 01 Diukinn +1
Mathod ¢ Dufssitl By + Dhatsf e Lied.
De=cription : Deefisht methvod for Instrument L
Created + 30006 153 Miowd ified 1YW 1kI1S
Coksmn 1B Diestection IR
Moblle Phese  : H/IP1OH %55 Tempersture
[ + 10 mlfein Prosura .
heote i Semple dissodved In Hexang/IProH 95:5 + DCM (sovent pesk at 1.8 min, checked with blank injection)
Autosgop : None Externai Start  : Stari - Restart, Down
Dstectesr 1 + Datuster T Fange 1 + Bipale, 1250 mV, 13,5 Sarep. per Sec.
B Not U= ‘Calibration Flle : None Calculston @ Uncal
Scale Factor Mot Lsec Unlts After Scaling Nok Used Uncal Response @ 0
Romash Tabis Reports  © Al Pesice Hithe TSTD Prase * Enabiled

Vidtape

£ Clarity sl WORKT DAT A\ Fabrizio) Aldall Droline DOAL VR 30ran - Detastar 3

-
&
-
- rf_q.‘.'.‘.‘-.—a_J . S —
8 10 1 1 % 18
e ]
Chromamgram C\Clarty Lie\ WORK1\DATA\Fabriza’ Akdol Praine DCAVR130me FRM Page2of 2

22/12/2000 18:35

Resut Tobie (Uncal - C: | Clarity Lie|WORKINDA TA |Fabrizo Aol Proine DCA | VRIXO s - Detector 2)

Reten . Tire Area Area Height WS Compaund
[enin] [rv.s] %] ] [min] Hame
I S e B L ... B
I I b R ) L D .} S
i L7 ] B4 57
A L ] TS L
Totwl 968,515 0.0 1000
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Pagelof2

2

Clarity - Chromatography SW

DataApex 2006
www.d com
Chromatogram Info:
Flle Name 1 CHClarity LRe\WORK1\DATA\Fabrizio\Alded Proine DCA\VRI30.PRM File Crested : 22/12/2000 17:56:33
Origin + Acquired Acquired Date  : 20/12/2020 17:56:33
Project & C:\Clarity Lité\Projects\Work 1PRI By + Fabrizo
Printed Version Info:
Printed Version * 22/12/2000 18:04:15 Printed Date * 212/2000 18:04: 24
Report Style 1 C:\Clarity Lite\Common\Chromatogram.sty By : Fabrizdio
Calibration File : None
Sample Info:
Sample ID : VR130 Amount 0
Sampie + 3-Br aidol 1STD Amount = 0
Inf. Velume[rml]  : 01 Dilution 11
Method : Defaultl By : Datafpes Lid.
Description ¢ Default method for Ingrument 1
Created + 3L/06/2006 15:43 Modified : 2122000 1B:04
Column : I8 Detection TR
Mobile Phase  : H/IPrOH 95:5 Temperature H
Flow Rate t 1.0 mlfmin Pressure .
Note + Sample dissolved in Hexane/IPrOH 95:5 + DCM (solvent peak at 3.8 min, checked with blank injection)
Autestop : None External Start  : Start - Restart, Down
Detector 1 : Detector 2 Renge 1 : Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base Callbration File Calculation
Scale Factor Units After Scaling Uncal. Response
Result Table Reports Hide ISTD Peak

GPC Calbration Flie  :

g

— CAdiarity Lite\ WORK1\ DATA\ Fabrizich Aldoll Proline DCA\ VR 30 - Detactor 2

22/12/2020 18:04

12 14

5

1o 16
e {min.]
Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizio\Aldoli Proline DCA\VR130.PRM
Result Table (Uncal - C:|Clarity Lite|WORK1\DATA |Fabrizio|Aldoli Proline DCA | VR130 - Detector 2)
Reten, Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] [%] [min] lame
1 8,652 2241,065 121,060 14,0 257 03
3 3,138 3488,761 134,610 313 26,5 0,44
3 10,708 6111,4% 152,086 383 323 0,62
a 12,416 4111,907 72,860 258 155 0,79
Total 15953,233 470,616 100,0 100,0

Page 2 of 2
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(R)-2-((S)-(2-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (3.8a)

15/12/2020 15:17 Chromatogram C:VCLARITY LITE\WORKIDATA\FABRIZIOVALDOLI PROLINE DCANVIC_9_1_IMLMINWRI29RAC PRM Pagelof2
‘ Clarity - Chromatography SW
DataApex 2006
/8 i com
Chromatogram Tnfo:
File Name: : COCLARITY LITEAWORKI\DATAVFABRIZIO\ALDOLI PROLINE File Crested + 10712/2000 13:21:38
DCANIC_9_1_1MLMIN\VRI2ZORAC.PRM
Origin : Acguired Acguired Date ¢ 1OM12/2000 13:33:21
Project : C:\Clariy Lte\Projects\Work 1PR) By + Fabririo
Printed Version Info:
Printed Version 1 15/12/2000 15:17:38 Printed Date 15122000 15:17:47
Report Sty S\Clarity Le\Camron\Chromatogram sy By + Fabrizio
Callbration File one
Sample Info:
Sample ID 1 VR129rac Amount ]
Sample 2-Br aidel racermate ISTD Amount 0 O QH Br
Inf. Volsme[m]  : 0.1 Diution 1 i
Method ¢ Defaultl By
De=cription ¢ Default method for Ingtrument 1
Created © 31/08/2006 15:43 Modified
Colsmn L IC Detection
Mobile Phase  : H/PrOH %1 Tempes ature
Flow Rate + 1.0 mlfmin Pressure H
Note. ¢ Sample disolved in Hexane/IPrOH 95:5 + DCM (Soient pask at 3.2 and 3,84 min, checked With blank injection)
Autostop : None External Start Start - Restart, Down
Detector 1  Detector 2 Range 1 + Bipalr, 1350 iV, 12,5 Samp. per Se=.
Bese £ Net Used Calbration File : None Caleulation : Uneal
Scale Factor : Not Used Units After Scaling : Not Used Uncal. Response 0
Result Table Reports : All Pesks Hide ISTD Peask = Enabled
GPC Calbration Flie H
[mv]
— CACLARITY LI TR WORK1\ DATA\ FABRI ZI O, ALDOU PROUNEDCALC 8_1_1MLMIM VR129RAC - Detector
100
o
g
<
- "
© »
g E
- S =S| T T~ N
; : : ;
2 14 18 20
Tme [vin.]
15/12/2020 15:17 Chromatogram CACLARITY LUTE\WORKI\DATA\FABRIZIOVALDOLI PROLINE DCAVIC_9_1_IMLMIN\VRI29RAC.PRM Page 20f2

Result Tabe (Uncal - C:|CLARITY LITE|WORKI|DATA |FABRIZIO|ALDOLT PROLINE DCATE_9_1_IMLMIN|VRIZ9RAC - Detector
2

Reten_ Time Area Teght Area FHeight W5 Compound
[min] [rri.s] ) [%] %] [rin] Nerme:

1 8444 801,924 8,662 79 375 022

3 BE4 065, 30 43 ] 308 0,33

3 3480 51,100 w2 73 026

) 15,728 374 ] Z0 0,36

] 13,308 3,387 3,2 18 4
Totsl 183,329 100,0 100,0

157122020 15:19

Chromatogram C\CLARITY UTE\WORK1\DATA\FABRIZIOVALDOLI PROLINE DCANIC_9_1_IMLMIN\VRIZS.PRM

Pagelof2

2

Clarity - Chromatography SW
DataApex 2006
www.dataapex.com

Chromatogram Info:
File Name

Orighn
Project

Printed Version Info:

: CACLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLT PROLINE

DCANC_9_1_IMLMIN\VR129.PRM

+ Acquired

\Clarity Lt ProjectsiWork LPR]

Printed Version * 15/12/2020 15:18:28

Report Style

Calibration File
Sarnple Info:

Sampie ID : VR129

Sample : 2-Br adol

Inj. Visksme [rmL] Lo
Method ¢ Defaultl By H
Deseriptian ¢ Defult method for Tndrument 1
Created + 31/0B2006 15:43 Modified H
Column +IC Detection H
Mobile Phase @ H/IPrOH &1 Ternper ature H
Flow Rate + 1.0 mbfmin Presmare :
Note : Sample disolved in Hexane/IPrOH 95:5 + DCM (solvent peak at 3.2 and 3.84 min,
Autostop + INone External Start
Detector 1 ¢ Detector 2 Range 1 H
Base : Not Used Calibration File : None
Scaie Factor = Not Used Units After Scalng  © Not Used
Result Table Reports Hide ISTD Peak : Enabled

GPC Calbration Flie

= Al Pesks

Dataf penc Lid.

15/12/2020 1518

Filie Crested :
Acquired Date  :

By : Fabrizie
Printed Date :

By : Fabrizie
Amount 0

ISTD Amount  : O
Dilution 11

checked with blank Injection)

Start - Restart, Down
Bipolar, 1250 mV, 12,5 Samp. per Sec.

Calculation

+ Uncal

Uncal. Response 1 0

10/12/2020 13:39:00

10/12/2020 14:11:15

15/12/2020 15:19:04

Voltage

— CACLARITY U TEEWORK1\ DAT AL FABRI ZI 00 ALDOU PROUNEDCALMIC_8_1_1MLMIM VR128 - Datector 2

15100 15:19

Chromatogram C:ACLARITY LITE\WO RED\DATA\FABRIZIOVALDD LT PROLINE DCANC_% 1 1MLMINWRIZS.PRM

Resuilt Table (Uncal - C: \CLARITY LITE\WORKT |DATA FABRIZFOALDOLT PROLINE DCANIC_S_1_IMLMIN|VR129 - Detecior 2)

Feten. Time Area Tieight Area Height W5 Compound
[rmin] [riv-s] ] %] %] [min] Neme
1 8,724 60,467 68 449 048
3 5,613 L) i6,0 i13 0,4
3 15,576 442 pk 56 43
4 18,176 24,603 199 183 (]
Tatsl 3863,529 134540 100,0 100,0

[min.]

Page 2of2
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(R)-2-((S)-(3-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one (3.9a)

LYW 174

Chromatogram C:\Clerity LitsiWORK1\DATA\Febrizio\Akded Profne DCAWRIIracz PRM

Pegeiof2

2

Clarity - Chromatography SW

DataApex 2006
www com
Chromatogram Info:
File Name * C:\Clarity LEs\WORK1\DATA\Fabrisc\Aldol Proine DCA\WR133rac2 PRM File Crested © 22M12/2020 17:34:27
Origin + Acquired Acquired Dete  : 2/12/2020 17: 327
Project 4 C2\Clarlty Lite\Projects\Work 1.PRI By : Fabrigo
Printsd Vession Info:
Printed Version * 2122000 17:40:9 Prinked Date  + 22/12/2000 17:41:02
Report Style : C:\Clerlty Lits\Common\Chromstogram.sy By : Fabrigo
Caibration File : Nane
Sample Info:
Sample ID * VR13Grac? Amount 0
Sampie : 31 aidol rac ISTD Amount  © @
Inf Velme[m] 01 Diution i1 (e}
Method : Defsull By + DataApex Lid.
Description  : Default method for Instrument 1
Crested © 3L/08/2006 15:43 Modified : DIYNAN 1740
Column s 18 Detection SR
Moblle Phase * H/IPIOH 95:5 Tempes ature B
Flow Rate: £ 10 mlfmin Pressure :
Note: : Sample disohved in Hexane/IPrOH 05:5 + DCM (sobvent pesk st 3.8 min, checked with bsnk injection)
Autestop ¢ None External Stert  : Start - Restart, Down
Detector 1 : Detector 2 Range 1 : Bipolsr, 1250 iV, 12,5 Samp. per Sec.
Base: Callsration Flle : None Caleulation  Uneal
Scale Factor Units Afer Scaling * NOE Usert Uncal. Response o
Result Table Reports Hide ISTD Pesk : Enabled

GPC Calbestion Flie

Vatage

__ caQarity Lite\ WORKT\ DATA\ Fabrizio\ Aol Proline DCA\ VR133rac? - Detector 2

867 1
916

22/12/2020 17:41

Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizio\Aldoli Proline DCA\VR133rac2.PRM

Time

18
[min. ]

Result Table (Uncal - C: |Clarity Lits| WORK1\DATA |Fabrizio| Aldoli Proline DCA|VR133rac2 - Detector 2)

Reten. Time Area Height Area Height wos Compound
[min] [mV.s] [m\] %] %] [min] Name
1 8,672 349,056 20,340 324 36,5 0,29
3 9,160 345,403 18,318 35,0 338 0,20
3 11,132 198,411 10,084 18,4 16,1 0,32
4 13,232 185,879 7,058 17,2 12,6 0,42
Total 1078,839 55,800 100,0 100,0

Cl

“\Clarity TYDAT,

AWR1IE.PRM

Pageiof2

Clarity - Chromatography SW

DataApex 2006
www.d .com
Chromatosgram Info:
File Name 3 C:\Clerity Le\WORKI\DATA\Fabrido\Aldod Proline DCA\WRIZI.PRM [Flle C reated 1 221372000 16:31:31
Origin + Acquired Acquired Date @ 22/12/2000 17:05:09
Project + CH\Clarlty Lte\Projects\Weork 1PR By + Fabrizo
Prinked Version Info:
Printed Version 2 23127000 17:25:35 Printed Date + 2137020 17:25:50
Regeort Style 4 C\Clarity Le\Cafmmon\Chromatograrm. sy By + Fabriso
Calbration File 1 None
Sarmple Info:
Sample ID 1 VR133 Amount 20
Sample 1 3-C kol ISTD Amount @ 0
Inj. Volume[mi]  : 0,1 Dilution 11
Method ¢ Defaultl By : Datafpex Lbd.
Description + Default method for Instrument 1
Crested t 31/06/2006 15:43 Modified : WY 175
Column + IB Detection * R
Mobile Phese @ H/IPrOH 55:5 Termperature @
Flow Rate £ 1.0 mbfmin Pressure H
Note: + Samphe dissolved in Hexane/IPrOH 95:5 + DCM (sobvent pesk at 3.8 min, checked with biank njection))
Autoeop ¢ None External Start  : Start- Restart, Down
Destertor 1 ¢ Detector 2 Range 1 : Bipolar, 1250 iV, 12,5 Samp. per Sec.
Base + Not Used Cailsration File : None Caleulstion + Uneal
Scale Factor H Units After Scaling = Not Used Uncal. Responze @ 0
Result Teble Reports  : Hide ISTD Pesk * Enabled
GPC Calbration Fle  :
[miv]
__ CAClarity Lite\ WORK1\DATA\ Fabrizio\ Aldoll Proline DCA\ VA1 33 - Detactor 2
™~
150+
n 2
L)
& 100+
a2
=
=
-— — —
T T T T T
8 10 12 14 16 18
Tme [vin.1
22/12/2020 17:25 Chromatogram C:\Clarity Lite\WORK1\DATAFabrizio\A ldoli Proline DCA\VR133.PRM Page20f2
Resuilt Table (Uncal - C:|Clarity Lite| WORK1|DATA |Fabrizio|Aldoli Proline DCA |VR133 - Detector 2)
Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [%] [%] [min] ame:
1 120,456 14,0 26,5 0,32
) 134,606 BT 75 0,45
3 141,394 37,8 3,3 0,59
4 67,280 24,5 14,8 0,74
Total 14136,717 453,825 100,0 100,0
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(R)-2-((S)-(2-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one (3.10a)

W0 16:04

Chrematogram C:\CLARITY LITE\WORKI\DATA\FABRIZIOWALDOLT PROLINE DCANIE_O5_5_IMLMIN\VR1IIRAC.PRM

Page1af2

2

Clarity - Chromatography SW

DataApex 2006
www com
Chrematogram Info:
File Name + C:ACLARITY LITE\WORK{\DATA\FABRIZIOVALDOLT PROLINE Flle Crester + ZH1/00 13:58:43
DCAVIB_85_5_1MLMIN\VRIIZRAC PRM
Origin : Acguired Acquired Date  : 2/12/2000 14:11:33
Project + Ci\Clerity Lite\Projects\Work LPRI By : Fabrido
Printed Version Info:
Frinted Version © 23/12/2020 16:04:26 Printed Dete 22/12/2000 16:0%34
Report Style ¢ CH\Clerity Le\Common\Chromatogram.sty By + Fabrizo
Calbration File + None
Sarmple Tnfo:
Sample D © VRiZac Amount 10
Sampile + 2-Cl adol rac ISTD Amount  : 0
Inf Veme[m] 01 Diution 11
Method : Defsuiti By + Datahpes Lid,
Deseription  : Defsult method for Instrument 1
Crested 1 3U08/2006 15:43 Modified 120 1604
Colsmn 118 Detestion TR
Moblle Phase  : H/IPrOH 95:5 Tempersture
Flow Rate 1 10 milfmin Presure :
Mot + Sample disolved in HexaneyIPrOH 95:5 + DCM (sobvent pesk st 3.8 min, checked with blank injection)
Autostop : None: Externai Start  : Start- Restart, Down
Detertor 1 : Detector 2 Renge 1 + Bipaler, 1250 mV, 12,5 Samp. pes Sec.
Base * Not Used Calibration File : None Calculstion : Uneal
Scaie Factor + Not Uised UnisAfer Scaing  © Not Used Uncal Reponse 1 0
Result Table Reports @ Al Pesis Hide ISTD Peak + Enabled
GPC Calbration Fle  ©
[mv]
—_ CACLARITY LITE WORKI\DATA\ FABRIZI O\ ALDOLI PROLI NE DCAVI B_85_5_1MLMI M. VR132RAC - Detector
100

Voltage

890 3

22/12/2020 16:04

Time L]

Chromatogram C:\CLARITY LITE\WORK1\DATA\FABRIZIO\ALDOLT PROLINE DCA\IB_S5_5_1MLMIN\VR132RAC.PRM

Result Table (Uncal - C:|\CLARITY LITE|WORK1|\DA TA \FABRIZIO|ALDOLI PROLINE DCA |18_95_5_IMLMIN|VR132RAC - Detector
2)

Reten. Time Area Height Area Height W05 Compound
[min] [mVv.s] [mv] [%] [%] [min] Name

1 7,080 90,884 5,940 24 43 0,26

H 8,184 1,457 6,473 34 47 0,52

3 8,85 1814,767 69,717 47,1 50,2 0,41

4 9,79 1855,586 56,643 48,2 40,8 0,50
Total 3852604 138,771 06,0 00,0

Page 2 of 2

21320 16:03

Chromatogram C:\CLARITY LITE\WORK1\DATA\FABRIZIO\ALDOLT PROLINE DCANIB_95 5_1MLMIN\VR132PRM

Pagelof2

Clarity - Chromatography SW

2

DataApex 2006
www..d. COMm
Chrematogram Info:
File Name : CACLARITY LITE\WO RKI\DATA\FABRIZIOVALDOLI PROLINE Flle Crested + 221272020 14:43:03
DCAVIE_S5_5_{MLMIN\VRi32 PRM
Origin + Acguired Acquired Date 21272000 14:43:03
Project s C:\Clarity Lite\Projects\Work 1LPRI By Fabrizks
Printed Version Info:
Printed Version + 221272000 16:03:40 Printed Diate + 22122000 16:03:48
Report Style 1 C:\Clarity Lite\Common\Chromatogram.sty By : Fabrizio
Calibration File : Mone
Sarmple Info:
Sample ID : VR132 Amount : 0
Sample 1 2-Cl aldol ISTD Amount t0
Inj. Viohsme [rl] 101 Dilution HE |
Method : Defaultl By : Datafpe Lid,
Description  : Default method for Tnstrument 1
Crested ¢ 3YOR/2006 15:43 Modified 21N 1603
Column + I8 Detection *RI
Mobile Phase  : H/IPrOH 95:5 Temperature H
Flow Rate + 1.0 mLfrmin Pressure :
Mot + Sample d Esolved In Hexgne/IPrOH 95:5 + DCM (solvent peak at 3.8 min, checked with blank injection)
Autostop : None External Start  : Start - Restart, Down
Detector 1 : Detector 2 Range 1 : Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used Calivration File : None ‘Calculation : Uncal
Scale Factor : Not Used Units After Scaling : Not Used Uncal. Response @ 0
Result Table Reports : Al Peaks Hide ISTD Peak : Enabled
GPC Calbration Fle H
[miv]
150
100
@
& o
] ) ~
= —
&
50
8 10 12 14
Tire [rmin. ]
22/12/2020 16:03 Chromatogram C:\CLARITY LITE\WORK1\DATA\FABRIZIO\ALDOLI PROLINE DCA\IB_95_5_1MLMIN\VR132.PRM Page 2 of 2

Result Table (Uncal - C: |CLARITY LITE|WORK1\DA TA |FABRIZIO\ALDOLI PROLINE DCA\IB_95_5 IMLMIN|VRI32 - Detector 2)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] %] %] [min] Name

1 8,888 1674,715 67,69 53,1 57,6 0,3

2 9,812 1478,006 49,788 46,9 2,4 0,46
Total 3153811 117,487 106,0 106,0
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HNHNN 14:28 Page iofl

2

‘Chrosatogram Inf:

Chrometogram C:\Clarty LEe\WORK1NDATANF sbrido\A ol Prolne DCAWR1IS IPRM

Clarity - Chromatography SW
Datadpex 2006
Wi dataapex.com

-((S)-hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one (3.11a)

2/12/2020 14:29 Chromatogram C:\CLARITY LITE\WORKI\DATA\FABRIZIOALDOLT PROLINE DCA\WRLISRAC PRM Pagelof2 File Narme 1 CClarly LE\W D RKI\DATA\Febrido\Aidel Proline DCANWRIZS 3.PRM File Crested : 2/12/200 13:39:10
- Cirigin 1 heguired Acquired Date  © 20/12/020 13:32:10
. Clarity - Chromatography SW Project i CilClariy Lts\ProjeciWork LPRI By Fabrldo
l DataApex 2006
A www.d com Prinied Version Info:
Chromatogram Info: Printed Verdon * 211272000 14:28:11 Printed Date * 2/ 12/0000 142819
File Name: + C\CLARITY LITEVWO REL\DATA\FABRIZID\ALDOLT FROLINE DCAWRIISRAC. PRM File Crested © 18/12/2000 19:03:44 Report Sty @ Cr\Clarity Lis\Commmom\Chromstogram. sty oy : Fabrigo
Orign + Acguired Acguired Dete  © 18/12/2020 19:49:33 Calisratan Flie . Nors
Froject + Cx\Clerity Lte\Projects\Work 1PRI By : Fabrizio
Printed Version Info: Sampee Info: ) .
Printed Version + 21122000 14:25:31 Printed Date  : 21/12/2020 14:29:37 Somple e P VR A i0
ReEport Style & CH\Clerity Le\Common)Chromatogram.y By : Fabrizo Rarmsle * &-OMe aidal ISTD Ammeant =0
Calbration File + Nane Inf Voume[m]  : 0,1 Dilstion i1
Sample Info: Mettrodd + Dafaultl By + Data e b,
Sampie ID : VR1TSrme Amount :0 Deseription + Defalt method for Trstrument 1
Sample + 4-DMe sidol rac ISTD Amount = 0 Created ¢ 30082006 15:43 M ified 1 2U12030 1428
Inf Veme[ml]  :0,1 Dikstion 1
Mettiod : Defaultl By : Datafpe Lid, ‘Coksmn tIA Detection : Rl
Description + Defsult method for Instrument 1 Mobile Phase  : H/IPrOH 55:5 Termperature  :
Created + JL/08/2006 15:43 Modified T 24122000 1429 O _ H Fow Rate + 1.0 mbfmin Presure H
- Ntz : Sample disoved In Hexane/ IFrOH 953 + DM (sovent pesk 8t 3.2 and 3.84min, checked wit bleank njection)
Colsmn TIA Detection s RD
Mobile Phase  : H/IPTOH 95:5 Tempesatire
Fiow Rate: 1 10 mifmin Presure :
Nate: : Sample disolved in Hexene/PrOH 95:5 + DCM (solent pesk st 3.2 and 3,84 min, checked with blank injection)
OMe Autsnp : Nome External Start : Start - Resart, Down
Dbt 4 + Duastwestesr 3 Range 1 ¢ Wipale, 1250w, 12,5 Samp. pir G,
Autostop : None External Start  : Start- Restart, Down
Detectar 1 + Detector 2 Range 1 * Bipoilsr, 1250 MV, 12,5 Samp. per Sec. Base = ot Used ‘Callration File : Mone Calculation ¢ Uneal
Scake Facor = Nt Used Units After Scaling : Mot Used Uncal. Response @ 0
Base - NotUsed Caibsration File - None Calcuiation : Uneai Resuk Table Repots = Al Peaks Hiche ISTID Pl : Enabled
Scale Factor : NotUsed Units After Scaling - Mot Used Uncal. Response : 0 GPC Callbration Fle H
Result Table Reports @ AN Pesks Hide ISTD Pesk. : Enabled
GPC Calbration Flie
[y
[mi] 1w
—_ CACLARITY LITE. WORKI\ DATA\ FABRI ZI O\ ALDOLI PROLI NE DCA\ VR135
40 &
&
30
8 8
2 g !
n
> = =
2 =
- 2 5
3 =
=3 o
e L Ta Vi R TAC s PYRTI VT VY S S . I
y N . c i
25 30 35 40 -
fmin] -
e E 25 30 35 0 45
T [rin. 1
1272020 14:29 Chrematogram C:\CLARITY LITE\WORKI\DATA\FABRIZIOVALDOLI PROLINE DCA\VR13SRAC.PRM Page2of 2
Result Table (Uncal - C:|CLARITY LITE|WORKI|DA TA |FABRIZTO|A LDOLT PROLINE DCA|VRIZSRAC - Detector 2)
Reten. Time Area Height Area Hedght WS Compaund WZEE 1425 Chromatogram C:HClarky Le\WORKIWDATA Fabrizot\Aldol Froline DCAWR135_3.FRM Fage Zof 2
[rrin] [rriv.5] [mv]) [*] [%] [min] Neme
1 8,663 35 3,6 0,30 Resir Tabke (Limcad - O [Canty Life| WORKE 104 TA |Fadrizio LA Froiine OCA |VRLZE 3 - Desoctor 2}
2 8,149 7 297 075 Reten. Time Area Height Area Height Wos Compound
3 5440 iEd 98 [iX:e) [Fmin] [riv5) [miv] [%] (%] [min]
i 17 o4 i85 had 1 31,5 176,868 2,107 34,1 43, 1
748 100,0 100,0
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(R)-2-((S)-hydroxy(3-methoxyphenyl)methyl)cyclohexan-1-one (3.12a)

02122020 15:59 Chromatogram C:\Clarity Lte\WORK1\DATA\Fabrizio\Aldoll Profine DCA\VRI3 rac.PRM Pagelof2
‘ Clarity - Chromatography SW
DataApex 2006
A .G com
Chromatogram Info:
File Name 1 C:\Clerity Lite\WORK1\DATA\Fabrizio\Aded Proline DCA\WR134_rac.PRM Flle Cresfed + 071272000 15:48:36
Origin + Acguired Acquired Date  : 02/12/2020 15:58:35
Project 1 Cr\Clerity LieiProjects\Work LPRI By Fabrizio
Printed Version Info:
Printed Version + 02f12/2000 15:50:00 Printed Date + 02/12/2000 15:50:06
Report Style + CH\Clerkty LisdComman\Chromatogram.dy By + Fabrize
Calbration File 1 None
Sample Info:
Sample ID 1 VR134 rac Amount 10
Sampile 1 3OMe aidol rec ISTD Amount 10
Tnj. Vehsme [mlL] 10,1 Diution i1 O QH
Method : Defaultl By 1 Datadpex Ltd. .
Deseripion ¢ Default method for Tngrument 1
Crested ¢ 31/08/2006 15:43 Modified 1 0H12/2000 1559
Column L IA Detection HL S
Mobile Phase  : H/IPrOH 95:5 Temperature H
Flow Rate : 1.0 mU/min Pressure H
MNote: 1 Sample dissolved In Hexane/IPrOH 35:5 + DCM (soivent pesk at 3.2 and 3.84 min, checked with blenk injection)
Autostop : None External Start  © Start- Restart, Down
Detector 1 : Defector 2 Range 1 : Bipoler, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used Calibration File : None Calculation : Uncal
Scale Factor H Units After Scaling : Not Used Uncal. Response 0
Result Table Reports Hide ISTD Peak ¢ Enabled
GPC Calbration Fle
[ri]
20
15 ] -
=
E
-3
s 10 o
g -
s o
= =
5 ™ =
weenel |
1 1 [ N
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(R)-2-((S)-hydroxy(naphthalen-1-yl)methyl)cyclohexan-1-one (3.14a)
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Chapter 4: Amino acids-BAs Conjugates promoted

Aldol reactions in water

4.1 Introduction

A very important field of organic chemistry, as already discussed in Chapter 3, is organic
catalysis, able to give a great help to the selective synthesis of compounds with one or more
chiral centers, until recently only achievable by complex architectures like those of enzymes.
For a long time, it was thought that, if the enzymatic pathway fails, a catalyst containing a
transition metal combined with chiral ligands could be the right solution because it is capable
of efficiently promoting reactions that otherwise could not occur. This belief has been
dispelled in recent years, given that there has been a huge development in biomolecular
chemistry, which aims to perfect enzymes so as not to resort to organometallic catalysts in
view of a more eco-sustainable chemistry.

In addition to the methods just mentioned, in the last decade, another approach that
attempted to mimic enzymatic activity and that did not require the use of transition metals,
namely organocatalysis has been developed.'?

Although organocatalyzed reactions had been taking place for many years, we had to wait
until 2000 to have a commonly accepted definition of this branch of modern chemistry,
which reached its peak today with the recent awarding of the Nobel Prize for studies in this
field to Benjamin List and David MacMillan.

David W. C. MacMillan coined and defined the term organocatalysis as "the use of low
molecular weight organic molecules as catalysts in organic reactions". In fact, organocatalysis
is an approach that uses small organic molecules (MW<1000) as chiral catalysts. The main
advantage of these catalysts is the possibility to carry out reactions in completely "user-
friendly" conditions, without resorting to particularly complex procedures: generally no inert
atmosphere, nor particular temperatures and pressures, or particular reaction equipment is
required. Furthermore, these substances are easily available, characterized by low cost and
low toxicity since they are mainly biological compounds such as sugars, peptides and amino

acids, or derivatives of these compounds.’
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Organocatalysts perform their function through different types of catalysis depending on the

structure of the organocatalyst itself and on the interactions it establishes with the substrate.

In general terms, the catalysis carried out by organic catalysts can be divided into two main

categories: a covalent type catalysis and a non-covalent type one. Organocatalysts containing

secondary amino functionalities perform their function by means of a covalent catalysis by

passing through the formation of a C-N bond between catalyst and substrate. Instead,

thiourea-based organocatalysts exploit ionic interactions or hydrogen bonds to catalyze

asymmetric organic reactions (Table 4.1).*

Substrate Catalyst Substrate activation
R/Yo
Z
* R//$ﬁ/N
oz, ot e
N~ ~COLH 2\ =0
R = -(CHy)- H
-(CH2),CHs
X=C,NO,S
Z = alkyl, H
_ o ) _
N
Q Q / Ph\j} >\
Ph\jN N* t-Bu
H
| N)\t-BU |
R H | Nu-
R™ “—
cl £—Bu S
L S
R X. | t Bu S n- C5H11 T(\N N’
|
R" n-CsHqy” T}/\N D)
X=0,NR & 7R

R, R, R", R" = alkyl,

aryl

N
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1~

X=0,NR W RY
R, Rl, R" = alkyl, R"/N\R" R

aryl B R) R’ ]
Nus

Table 4.1. Schematic representation of diverse types of organocatalysts substrates

ji tBu S H .Buji [;:]
R™ R H " N~ o
N AN @[ ] d NN
Y ig/\ iﬁj N

activation.

All these characteristics, especially the absence of transition metals, make organocatalysts an
excellent tool to be used in green chemistry” but, despite their high versatility, they still find
limited use in the field of industrial synthesis® and nanotechnologies.”

The first organocatalyzed asymmetric syntheses date back to lots decades ago. In fact, the
first of these was reported in the literature in 1912 by Bredig and Fiske® who tried to catry
out an addition reaction of hydrogen cyanide (HCN) to benzaldehyde using the alkaloids
quinine or quinidine as catalysts, providing a optically active product, obtainable in both
configurations (Scheme 4.1).

0 OH
HCN oN

OMe OMe

Scheme 4.1. The alkaloids (-)-quinine (A) or (+)-quinidine (B) used by Bredig and Fiske in
the addition of HCN to aldehydes.

Although the reaction occurred, the enantiomeric excess did not exceed 10%, a very
insufficient value for the preparatory purposes.

However, given the numerous advantages that this new approach to asymmetric catalysis
offered, it is not surprising that research groups from around the world were quickly attracted

on the field of asymmetric organocatalysis.

131



Initially, aspiring to imitate enzymatic efficiency, scientists’ attention turned to amino acids,
transforming them into countless auxiliaries, catalysts and ligands; in most examples, amino
acids are used as a source of chirality and both amino and acid groups are often
functionalized to perform this action.’

The use of primary amino acids as organic catalysts is widely described in the literature,
phenylalanine, for example, is applied in numerous Aldol condensation reactions, including

intramolecular ones (Scheme 4.2), leading to products with high enantioselectivity. "

Ph 0
S
H,N" > CO,H
0
o N HCIO, R
CH4CN, 80°C, 40h 95% ee

Scheme 4.2. Intramolecular Aldol reaction example.

Inter- and intra-molecular aldol condensations, fundamental in organic chemistry as they
lead to the formation of new C-C bonds, were among the first reactions for which
organocatalytic versions were developed. In fact, among the first enantioselective
organocatalytic transformations of interest we can find the Hajos-Parrish-Eder-Sauer-
Wiechert reaction of 1971 (as well as the first intramolecular asymmetric aldol reaction
invented by chemists) which consisted in the preparation of the precursor of the Wieland-

Miescher ketone catalyzed by L-proline (Scheme 4.3)."

&(O
N
H

OH
_ 0 0 o
O/\/j:g 3 mol% p-TsOH : { :/{/
DMF, rt CgH
o , o) 6He
OH O
99% yield
93% ee

Scheme 4.3. Hajos-Parrish-Eder-Sauer-Wiechert.
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4.1.2 a-Amino acids as potential and powerfull organocatalysts

As already described, a-amino acids (Figure 4.1) were largely used as efficient organocatalysts

in a wide spectrum of organic reactions.

[ M COH COH
N~ ~COM \‘/
H NH, NH,

L-Pro L-Ala L-Phe
H CO,H
(N CO5H /@/\r 2
\J/\f NH
N J NH, HO 2
L-His L-Tyr

Figure 4.1. Some of the a-amino acids used as organocatalyst.

Although the direct use of chiral a-amino acids in the organocatalysis has been seen as the
favorite approach due to their commercial availability at negligible costs, methods have been
developed over time in order to modify, from synthetic point of view of their structure, to
modify their catalytic and polatity properties, but also the electronic and/or steric properties
of the amino and carboxylic groups, which are necessary, as will be seen latet, for catalysis.'”
A successful example of the latter approach is MacMillan's imidazolidinone catalyst, obtained
from L-phenylalanine and its derivatives, which have been successfully employed as efficient
catalysts for a variety of organic reactions, including Diels-Aldet's cycloadditions,” 1,3-
dipolar cycloadditions,'* a-chlorinations,” «-fluorinations'® and intramolecular Michael

additions'” (Scheme 4.4).
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ibph

CHO
93% ee
O A Bn\
N-o
OHC, Ph Ph/g),,
Diels-Alder ”
OHC
97% ee >90% ee
] / 1,3-Dipolar
Michael 0 N cycloaddition
intramolecular addition ><
Ph N
H2+ Cl
MacMillan's
a-Fluorination Catalyst a-Chlorination
(0]
HO™ > """ COOEt
Cl
80% ee

91% ee

Scheme 4.4. McMillan catalyst promoted reactions.

The first evidence of the use of chiral a-amino acids to catalyze an asymmetric intermolecular

aldol reaction was the work of List, Lerner and Barbas in 2000 in which L-proline was used

(Scheme 4.5), following the pioneering 1971 study by Hajos and Parrish."”

&(O
N
OH O OH

H
0]
o 30 mol%
)J\ + H > *
DMSO, rt
N02 NOZ
68% yield
76% ee

Scheme 4.5. L-Pro catalyzed asymmetric intermolecular Aldol reaction.
In the last two decades, a considerable number of applications of L-proline to inter- and

intra-molecular aldol condensations have been considered (Scheme 4.6)."
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0
N
OH OHC, OH

OHCUHO (10 mol%)
CH3CN, rt

Y

85% yield
79% ee
0]
N
(@) H OH (0] OH
A e A
+ > B
07/0 H DMF, 4 °C 07/0
75% vyield
98% ee
0]
N
H  OH OH
OHC% (10 mol%) =0HC//,,.
CH3C|2, rt
85% vyield
79% ee

Scheme 4.6. Intra- and inter-molecular catalyzed Aldol reaction by L-Pro.

Until the early 2000s, proline remained the only widely studied a-amino acid as an
organocatalyst of the aldol reaction and, in general, of other organic reactions. However, also
other chiral a-amino acids have in principle the same catalytic ability, as they have an amino
group and therefore are potentially capable of carrying out a »iz enamine catalysis.
However, it has been observed that a-amino acids with the primary amino function,
including phenylalanine, valine, histidine and tyrosine, although they were efficient in
catalyzing intramolecular aldol condensations, particularly when used together with Bronsted
acid species such as perchloric acid or camphorsulfonic acid (CSA), they appeared to have
little activity as catalysts of intermolecular aldol reactions.”

One reason for this ineffectiveness could consist in the fact that, unlike proline, an amino
acid with a primary amino group reacting with a carbonyl compound, mainly gives the
iminium ion IV, and not the enamine form V, more stabilized by hyperconjugation, which

is postulated as a fundamental intermediate in the catalytic cycle. Therefore, for the primary
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amino acids to give a catalytic mechanism 2z enamine it is essential that they proceed to the

tautomerization of the iminium ion IV into the enamine form V (Scheme 4.7).

o)
R2
Y i
R._COOH
HO™ O R3 hd RJK/RZ
NH,
H,0 vil
—H* H* H,O
oo R
2y " H\+)‘COOH

>\ R
R*CHO %
H\N%COOH .
H

R1)\/R2 v

Scheme 4.7. 72 enamine intermolecular Aldol reactions. Comparison between L-Pro and

primary amino acid catalytic cycle.

In addition to proline, the work published by Cordova et al in 2006 is very important because
it reports that primary amino acids such as phenylalanine, alanine, valine, and isoleucine can
be realistically used as efficient organocatalysts in intermolecular aldol reactions, if such
reactions are cartied out in organic solvent containing a small amount of water.”'

In particular, in the aldol reaction between cyclohexanone and p-nitrobenzaldehyde in the
above conditions (Scheme 4.8) the an#i aldol product is selectively obtained with high yields
and with an enantiomeric excess greater than 99% (Table 4.2).

o) 0 Catalyst
(30 mol%)

H>0 (0.09 mL - 10 eq)

NO, DMSO (2 mL - 56 eq), r.t.
3eq 1 eq (0.5 mmol)

Schema 4.8. Small amount of water containing Aldol reaction catalyzed by primary amino

acids in organic solvent.
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Catalyst Time (hours)  Yield (%)  d.r. (anti/syn) e.e. (%)

(S)-Ala 72 95 15:1 92
(S)-Val 72 98 37:1 >99
(S)-Phe 48 70 3:1 73

Table 4.2. Aldol catalyzed reaction results.

Generally, however, the o-amino acids catalyzed aldol reactions reach a high
enantioselectivity in aprotic polar organic solvents such as dimethylsulfoxide (DMSO) and
N, N-dimethylformamide (DMF); however, the use of these solvents makes the workup and
recycling of the catalyst more complex.”

Recently, the need to turn towards a more eco-sustainable chemistry has prompted the
chemical industry to develop suitable conditions for typical reactions of organic catalysis to
take place in an aqueous environment.

Initially, water, despite having peculiar characteristics such as high surface tension, high
polarity and the ability to form hydrogen bonds, was not considered a suitable solvent for
organocatalytic reactions, for various reasons, among which the insolubility of the great part
of the organic molecules in it. In addition to this, water can in principle interfere with the
transition state formed between the organocatalyst and substrate molecules, modifying the
pattern of weak interactions that are created between them, thus deteriorating the catalytic
activity and stereo-control.”

Therefore, reactions in water were assumed to lead to slow reaction rates and lower yields of
the desired products. In this regard, it was observed that the Aldol reactions carried out in
favorable conditions, therefore in aprotic polar solvents, in the presence of a quantity of
water greater than 4%, lead to a substantial decrease in yields and enantioselectivity.**

The solution to the problems discussed so far on the use of water as a solvent for
organocatalytic reactions came from the addition of surfactants to the reaction mixtures,

topic already discussed in the previous Chapter.
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4.2 Choice of the amino acid-BA derivatives

The Aldol reactions reported in the literature, carried out in water and using proline as an
organocatalyst, do not lead to the formation of any Aldol product.

However, it is possible to use water as an exclusive reaction medium obtaining, at the same
time, good yields of the Aldol product and sometimes even a well-determined
stereoselectivity. This was experimentally demonstrated in the work of Mase et al. in 2000,
in fact, carrying out the Aldol reaction between cyclohexanone and p-nitrobenzaldehyde
exclusively in water using as organocatalysts of proline derivatives containing hydrophobic
alkyl chains (Scheme 4.9) there is an increase in the yields of the Aldol product and a very

specific anti/ syn diastereoselection (Table 4.3).”

Catalyst O OH

(10 mol%) P
1mLH,0, rt,5h :
NO, NO;

1 eq (0.5 mmol) ay=99%, 1% ee
by=78%,22% ee

L-Pro a b

Scheme 4.9. Asymmetric Aldol reactions catalyzed by organic surfactants in water.

Catalyst Time (h) Yield (%)  d.r. (anti:syn) e.e. (%)
L-Pro 96 0 - -
la 5 99 94:6 1
1b 5 78 84:16 22

Table 4.3. Aldol reaction results using surfactant-catalyst derivatives.

Furthermore, cholic and deoxycholic acid derivatives had been prepared and designed in
order to give pH sensitive aggregative behaviors. For this purpose, amino acid units were
linked to the C-3 of the polycyclic steroid skeleton of excellent natural surfactants such as

bile acids (as previously discussed). In particular, derivatives 4.1 and 4.2 in which the
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aforementioned acids were linked through their C-3 to phenylalanine through an amide

function as a linker were prepared (Figure 4.2).

o

O

H

OH
4.1 R=OH
4.2 R=H

"y
R

N
NH»

Figure 4.2. Cholic and deoxycholic acid derivatives.

These compounds showed the formation of diversified supramolecular aggregates in water
depending on the pH of the aqueous medium.*
This ability to form spherical micelles among the possible architectures inspired also the

synthesis of the new C-3 epimers of the prolin derivative of deoxycholic acid 4.3-(«) and

4.3-(B) (Figure 4.3).

4.3-f(—= )
4.3-a. ()

Figure 4.3. New C-3 L-Pro-BA derivatives.

The synthesis of both C-3 epimers would also have elucidated whether or not the different
configuration plays a crucial role in the formation of aggregates, therefore also evaluating the
ability to work as catalysts.

In fact, subsequently to the derivatives synthesis, the work would continue verifying their
effectiveness as modified amino acids organocatalysts in simple Aldol condensation reactions
in aqueous environment involving aromatic aldehydes, which are not able to form enolates,
with symmetrical structure ketones, such as cyclohexanone.

Moreover, the synthesis of derivatives, as will be shown, would have involved the preparation
of amino ester intermediates 4.4a and 4.4b whose hydrolysis reaction would have led to

carboxylic acids 4.5a and 4.5b (Figure 4.4).
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4.4aR' = OH, R? = CH,4
44bR"'"=H, R2=CH,
45aR'"=0H,R?=H
45bR'=R?=H

Figure 4.4. Amino ester intermediates.

These compounds showed the structural characteristics that could have made them effective
organocatalysts, that is, a primary amino group linked to a structure with considerable

rigidity. For this reasons they have also been verified as organocatalysts.
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4.3 Synthesis of chosen amino acid-BAs derivatives

The first step of this work was the synthesis of 4.3-(8) shown in Figure 4.5.

’,
@)

4.3-(B)

Figure 4.5. First target molecule synthesis.

The general synthetic strategy chosen for the crucial amine intermediate and for the final
amide derivative was that described in the literature, shown in Scheme 4.10.%’

It uses the C-3 hydroxyl conversion into a good leaving group with configuration retention,
then substitution with the azide group with inversion of configuration at C-3, and reduction
of the azide function to amine. In the final stage, the amine undergoes condensation with

the proline carboxylic function suitably protected.

0
D T
HOY L N H,N
3 2 NH H

Scheme 4.10. Chosen synthetic strategy for 4.3-(f) synthesis.

However, before proceeding with the aforecited reactions, it was necessary to protect the
carboxylic group of deoxycholic acid 4.6b as methyl ester 4.7b, according to the Fischer
protocol already described, using methanol under acid catalytic conditions for HCI. In this

way, the desired ester 4.7b was obtained, following cold precipitation and vacuum filtration,

with a yield of 92% (Scheme 4.11).
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MeOH

B ———————

HCI 37%

HO™" HO™

4.6b 4.7b (92%)

Scheme 4.11. Fischer esterification.

At this point, it was possible to manipulate the hydroxyl function in C-3, known for its greater
reactivity compared to the analogous functionality in position C-12,” through its conversion
into the corresponding 4.8b-(a) methanesulfonate ester (mesylate), which is very reactive in
bimolecular nucleophilic substitution reactions.

The mesylate synthesis reaction was then carried out by treating compound 4.7b in
anhydrous CH>CL with methanesulfonyl chloride (MsCl) in the presence of triethylamine
(EtsN) (Scheme 4.12).

MsClI, Et,N

D — T

CH,Cl, 0°C

HO™ MsO™
4.7b 4.8b-(0))

Scheme 4.12. Mesylate synthesis.

This product was not isolated, to avoid any decomposition in chromatographic column and
was then replaced with an azide group, with consequent configuration inversion, through a
bimolecular nucleophilic substitution, carried out in N,N-dimethylformamide (DMF) by

adding sodium azide (NaN3) at a temperature of 80 °C (Scheme 4.12).

S o)

0

o— NaN3
DMF , 80 °C

MsO"
4.8b-() 4.9b-(B) (95%)

Scheme 4.12. Azido-derivative 4.9b-(f) synthesis.
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The crude obtained was purified by chromatography obtaining the desired azide 4.9b-(B)
with a total 95% yield, calculated starting from methyl deoxycholate 4.7b.

The azide group of 4.9b-(B) at this point could be easily transformed into the primary amino
group that we wanted to insert in position C-3, through a simple reduction reaction, by
catalytic hydrogenation in heterogeneous phase.

The compound 4.9b-() was then dissolved in MeOH in the presence of a catalytic quantity
of Pd at 10% by weight on carbon, under magnetic stirring and in an hydrogen atmosphere,

as illustrated in Scheme 4.13.

4.9b-(p) 4.4b-(B) (80%)
Scheme 4.13. Azido-derivative reduction.

The amino-derivative 4.4b-(B) was obtain with an 80% yield after purification on
chromatographic column.
At this point, the synthetic sequence involved the condensation of the carboxylic group of

the protected N-Boc proline 4.11 with the primary amino function of the compound 4.4b-

®-

Compound 4.11 was therefore preliminarily prepared, protecting the proline 4.10 nitrogen
with di-ert-butyldicarbonate.
Relying on protocols widely used in the literature,” the reaction was carried out in aqueous

conditions, leading to compound 4.11 with a yield of 85% (Scheme 4.14).

[><C02H
Boc),0 N
N NaHCQ3 0
H aq. solution O

L

4.10 4.11 (85%)

Scheme 4.14. N-Boc protected
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The subsequent condensation reaction between compound 4.11 and amine 4.4b-(B) was
carried out in dichloromethane, in the presence of triethylamine (Et;N),

hydroxybenzotriazole (HOBt) and dicyclohexylcarbodiimide (DCC) (Scheme 4.15).

EtsN,
HOBt, DCC

.

CH,Cl,

HoN
4.4b-(p) 411 412 (70%)
Scheme 4.15. Condensation reaction between 4.11 and 4.4b-(B).

The crude was purified on a chromatographic column, obtaining the desired product 4.11

with a yield of 70%.
The next step was the removal of the ~butoxycarbonyl protecting group in a reaction with

trifluoroacetic acid (TFA) in dichloromethane (Scheme 4.16).

TFA

CH,Cl, Cgk
NH

Scheme 4.16. Boc protecting group removal.

413 (76%)

The crude, after extraction, was purified on a chromatographic column, which gave the
expected product with a yield of 76%.

The synthesis of the desired catalyst 4.3-(g) was then achieved carrying out the hydrolysis of
the compound 4.13 with an aqueous solution of LiOH 2N in methanol, conditions which
allowed the selective hydrolysis of the ester group only (Scheme 4.17). The compound 4.3-

(B) was then obtained, after purification, with 68%.
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o—
LiOH 2N

. o}

MeOH
N
NH H

413 4.3-(p) (68%)

(o}

C#J\N
NH H

Scheme 4.17. Synthesis of first organocatalyst 4.3-(B).

The work continued with the synthesis of catalyst 4.3-(«) with an inverted configuration

(Figure 4.6).

4.3-(a)

Figure 4.6. Catalyst 4.3-(«) with inverted configuration.

To achieve this goal it was used the Mitsunobu reaction, which general scheme is here

reported (Scheme 4.18).”

HO H DIAD, DMAP H Nu
3 +  H-Nu _— :
R Ry PPh; THF R R

Scheme 4.18. Examples of Mistunobu reaction.

This reaction show a "formal" substitution with configuration inversion of a hydroxyl group
with a nucleophile that has protons with a certain acidity, in the presence of
triphenylphosphine ~ (Phs;P),  diisopropylazodicarboxylate ~ (DIAD) and  N,N-
dimethylaminopyridine (DMPA). The reaction just described was then carried out under the
conditions reported in the literature, on methyl deoxycholate 4.7b, using methanesulfonic

acid as the nucleophile, in THF at room temperature for 48 hours (Scheme 4.19).
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OH

CH5SO03H,DIAD,
PhsP, DMAP,

_— >

THF anhydrous, r.t.

O/

HO MsO

4.7b 4.8b-(p)
Scheme 4.19. Mesylation with configuration retention.

Unfortunately, the 4.8b-(8) mesyl derivative thus obtained was not sufficiently stable to be
purified on a chromatographic column, as this would have led to its decomposition on silica.
The next stage involved the introduction of the azide group in position 3, through a
nucleophilic Sx2 substitution, which involved a configuration inversion. The azidation

reaction was carried out with sodium azide in DMF at room temperature (Scheme 4.20).

NaNj3
DMF , 80°C

Ny
4.8b-(B) 4.9b-(c) (71%)

Scheme 4.20. Azidation of compound 4.8b-(p).

MsO

The crude was purified and the corresponding azide 4.9b-(«) was obtained with a 71% yield.
The azide group of 4.9b-(x) was easily transformed into the primary amino group with the
same method used in the preparation of 4.9b-(f) obtaining 4.4b-(«) with a yield of 40%.

After the condensation in the same conditions, as the previous reduction reaction, between

4.4b-(«) and N-Boc proline 4.11, 4.14 was obtained in 48% yield (Scheme 4.21).

O—COZH
N Et;N,
R %\ HOBt, DCC
—_—
/O% CH,Cl,
4.4b-(0r) 411 414 (48%)

Scheme 4.21. Condensation reaction between 4.4b-(«) and N-Boc proline.

The Boc protecting group and the ester function were cleaved also with the procedure used

before as shown in the Scheme 4.22 and the second organocatalyst 4.3-(«) was obtained.
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4.15

LiOH 2N
! . 0
MeOH
NH
4.15 4.3-(a) (87%)

Scheme 4.22. Cleavage of Boc protecting group and ester portion.

The work continued with the synthesis of phenylalanine derivatives 4.1 and 4.2 (Figure 4.2)
according to already reported procedure cited before and the final condensation with the

amino acid (Scheme 4.23).

o /(
( > E > /K — ,( - N
HO" L Ng HoN un H
“Boc

Scheme 4.23. Followed procedure for the synthesis of phenylalanine derivatives.

First of all, as in the synthesis of the previous derivatives, esters were obtained from

compound 4.6a and 4.6b (Scheme 4.24).

o] 0
OH o—
HCI (37%)
MeOH, 70° C
HO™" "R HO™" "R
4.6aR=0H 4.7a R = OH (92%)
46bR=H 4.7b R = H (90%)

Scheme 4.24. Esters 4.7a,b preparation.

Once again, the C-3 hydroxyl function of both compounds was mesylated with configuration

retention (Scheme 4.25).
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atmosphere (Scheme 4.27).

”,

nQ
T

O/

N
~

EtsN, CH3SO,Cl

OH

o~
anhydrous CH,Cl, 0° C o
L _o" "R
" "y, S—
HO" R ~
(e}
4.7aR =OH
47bR=H

4.8a-(0)) R = OH
4.8b-(0) R=H
Scheme 4.25. Mesylation with configuration retention.

The mesyl-derivatives were then azidated as described before in order to obtain azido-

derivatives 4.9a,b-(8) with 61% and 53% yields as shown in Scheme 4.26.

OH

NaNj Ar atm.

anhydrous DMF, 80° C

N3
4.8a-(a) R = OH
4.8b-(a) R = H

y
R

4.92-(B) R = OH (61%)
4.90-(B) R = H (53%)
Scheme 4.26. Azido-derivative 4.9a,b-(B) synthesis.

The C-3 azido-group was then reduced in MeOH in the presence of Pd/C and H,

0
O/ X O/
Ha, Pd/C
MeOH
"R HoN
4.9a-(B) R = OH
4.9b-(B) R = H

y
R

4.4a-(B) R = OH (87%)
4.4b-(B) R = H (92%)
Scheme 4.27. C-3 Azido-group reduction.

Before the condensation reaction between the amino acid and the amino-derivatives, L-

phenylalanine was N-Boc protected with the procedure already described (Scheme 4.28).
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0]

(0]
Na,COs, 0 °C WSH
_— >
NH OH Boc,0O
2 anhydrous THF O

4.16 417 (81%)

Scheme 4.28. N-Boc protection of L-Phe.

This time, the condensation reactions between N-Boc protected amino acid 4.17 and amino-
derivatives 4.4a,b-(B) were performed with DIC (N,N'-diisopropylcarbodiimide) and EDC
(1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) as shown in Scheme 4.29 and Scheme
4.30.

4.4a-(p) 417 )4 418 (46%)

Scheme 4.29. Condensation reaction between 4.4a-(8) and 4.17.

(0]
o— OH Et;N, HOBt, EDC
HN i
* O>§O anhydrous CH,Cl,
)4 Ar atm.
4.4b-(p) 417 )4 419 (65%)

Scheme 4.30. Condensation reaction between 4.4b-(f) and 4.17.

Tert-butoxycarbonyl group and ester portions was then removed from 4.18, 4.19 and 4.4 b-
(B) using TFA first and then with LiOH 2N, with the methods already used for previous

organocatalysts (Scheme 4.31).
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o—

TFA

anhydrous CH,Cl, 0° C

418 R = OH
419R=H

4.20 R = OH (73%)
4.21R = H (88%)

LiOH 2N
MeOH
420 R=OH 4.1 R = OH (90%)
421R=H 4.2R=H (76%)
oH ., 0
LiOH 2N
MeOH
H,N

4.4a-(B) R = OH
4.4b-(B) R=H

452 R=0H (54%)
450 R=H (94%)
Scheme 4.31. Deprotection of amino and acidic functions affording organocatalysts 4.1,

4.2 and 4.4a,b-(B).

Organocatalysts 4.1, 4.2, 4.3 and 4.4a,b-(B) (Figure 4.7) were ready to be tested in simple

Aldol reactions involving cyclohexanone 4.22 and variously substituted aromatic aldehydes.
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NH

4.3-(a,B)

4.5a R=0H
45b R=H

Figure 4.7. Amino acid based organocatalysts synthesized.
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4.4 Synthesized organocatalysts tests in Aldol reactions

In order to evaluate the catalytic activity of synthetized organocatalysts they were tested in
Aldol reactions, in 100% water in reactions with cyclohexanone and variously substituted
aldehydes. Since, as will be shown, using more than 10 mol% of catalyst did not lead to
significant increases in yields, this quantity was chosen as a model in the reactions. All aldols
were observed by NMR spectroscopy and all yields are intended after purification on a

chromatographic column

4.4.1 L.-Pro derivatives tests

The first catalyst tested in two model Aldol reactions was 4.3-(a). It shows a good efficiency

and the reactions gave good yields and diastereoisomeric ratios as shown in Scheme 4.32.

OH O
4.3-(a)
10 mol%
2o rt, 24h O2N
4.23a
yield > 95%

anti/syn = 72:28

NO, O NO, OH O
@)k u 4.34a)
10 mol%
H,0, rt, 24h
4.24a
yield > 95%

anti/syn = 87:13
Scheme 4.32. First reactions carried out with organocatalyst 4.3-(x).

Then, since tests with catalyst 4.3-(8) showed almost same result in terms of yields and dr

(Scheme 4.33), the study on this L-Pro derivative continued with the 8 one.
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y 4.3-(p)
+ 10mol%
OoN H,0, rt, 24h ON
4.23a
4.23 4.22 yield > 95%
anti/syn = 75:25
4.3-(p)
H 4 10mol%
_— >
H,0, rt, 24h
4.24a
4.24 4.22 yield > 95%

anti/syn = 72:28
Scheme 4.33. First tests with 4.3-(8) organocatalyst.

Both the yields and the reaction time showed not to be affected by a molar increase of 4.3-
(B) (Table 4.4), yielding predominantly to the anti aldol product with high diastereo- and
enantioselectivity. The anti-diastereoselectivity is in accordance with literature data on

proline-catalysed aldol reactions carried out in classical organic solvents.

B )
TH,0. 1t 24h ON
2

4.23 4.22 4.23a

Scheme 4.34. Effective promotion of aldol reaction in presence of 4.3-(B).

Catalyst load Yield® drb ee antic
[mol%] [%] (anti:syn) [%]
1 49 75:25 83
5 65 69:31 87
10 87 77:23 84
20 86 74:26 82
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30 89 71:29 86

aCalculated on isolated product after flash column chromatography.;
bdetermined by NMR spectra and confirmed »via HPLC on a chiral stationary phase;
<Determined »ia HPLC analysis on a chiral stationary phase.

Table 4.4. Molar increase of catalyst load does not affect neither yields nor reaction time

or dr and ee.

Furthermore, a control reaction of organic substrates was carried out in water in the same
pH conditions without catalyst. In such conditions, no conversion was observed within days,
clearly assessing the positive role of surfactant in the reaction.

The reaction was then carried out in the same conditions (10 mol% catalyst) on several

aromatic aldehydes, and the results are reported in Table 4.5.

o ] OH O
N )LH . 4.3-(p) Ar
H,0, rt, 24h
4.X 4.22 4.Xa
ielda b
(E )r:t=ry) Ar Yll‘;l’;i (an:’i:syn) ee antic [%)]
23 4-NO,-CsHs 99 77:23 19
24 2-NO,-CeHs 70 78:22 14
25 3-NO;-CsHa 67 80:20 18
26 4-CN-CeHa 82 73:27 33
27 2-F-CsHs 99 95:5 38
28 4-Br-CgHa 95 82:18 15
29 3-Br-CsHs 94 84:16 25
30 2-Br-CeHa 97 97:3 23
31 3-Cl-CgHa 99 74:26 27
32 2-Cl-CeHa 98 88:12 20
33 4-OMe-CgHs 17 87:13 55
34 3-OMe-CgHa 77 69:31 30
35 3-OH-CgHs 40 97:3 29
36 1-naphthyl 38 82:18 1

aCalculated on isolated product after flash column chromatography;
bdetermined by NMR spectra and confirmed »a HPLC on a chiral stationary phase;
cdetermined i« HPLC analysis on a chiral stationary phase.
Table 4.5. Aldol reaction on several aromatic aldehydes in presence of 4.3-() expanding

the reaction scope.
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As can be seen from the Table 4.5 the reaction occurred in high yield and good

diastereomeric ratios were found by analysing NMR spectra.
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4.4.2 Experimental section for L-Pro derivatives

General Informations

Unless otherwise noted, all commercially available compounds were used without further
purification. Trends of reactions was monitored by thin layer chromatography (TLC) Merck
Kieselgel 60 F254 (0.25mm thickness). Visualization of the developed TLC plates was
performed with UV irradiation (254 nm) or by staining with phosphomolybdic acid 12%
solution. 'H and “C spectra were recorded at room temperature on Bruker Avance 400.
Analytical HPLC was performed on a Varian 9002 HPLC instrument equipped with a
refractive index detector (Schambeck, RI2000), using chiral stationary phases (Chiralpak IA,
1B and IC).

High-resolution ESI mass spectra were carried out on a Q-TOF Micro spectrometer
operating in a positive ion mode.

All compounds already described were not reported again.

Catalyst synthesis

In a three-necked flask, equipped with bubble refrigerant, under inert atmosphere, 0.29
mmol of amine and 1 eq of N-BOC Proline were in CH,Cl, were added in this order. Then,
at 0 °C, 0.041 mL (1 eq) of Et;N, 40 mg (1 eq) of benzohydroxytriazole and 61 mg (leq) of
DCC were added. The reaction was left for 30 minutes at 0 °C and subsequently brought to
room temperature for 48 hours.

At the end of the reaction, the raw product was filtered to remove the dicyclohexylurea and
purified on a chromatographic column with an eluent mixture of petroleum ether/ethyl
acetate (4:0).

Then in a three-necked flask, equipped with a bubble cooler, a dropping funnel and placed
under an inert atmosphere, 85 mg (0.14 mmol) of the previous compound were dissolved in
5 ml of CH,Cl,. 0.097 mL (9 eq) of TFA at 0 °C was then added dropwise. The reaction was
checked periodically until completion. At the end of the reaction, the crude was processed
with Na,HCO:; (2 x 10mL), brine (2 x 10mL), and H,O (2 x 10mL); then dried over sodium
sulphate and the solvent removed under vacuum. The reaction crude is purified by means of
a chromatographic column (packed with conditioned silica thanks to methanol) in gradient,
using ethyl acetate to elute the impurities and CH,Cl, / MeOH (9:1) to elute the product.
To finally obtain the catalyst, 40 mg (0.079 mmol) of the previous compound were dissolved

in 1 mL of MeOH in a one-necked Liebig flask at 50 °C. 1 mL of 2N LiOH was slowly added
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and the reaction was checked periodically every 5 minutes. The reaction was complete within
30-40 minutes, after which the methanol was evaporated under reduced pressutre (50-60 °C)
and the remaining aqueous phase was transferred to a separatory funnel and extracted with
Et,O (2 x 5mL). The aqueous phases were then acidified with 2N hydrochloric acid and
extracted with ethyl acetate (4 x 5mL). The organic phases were combined and washed with
water until neutral.

The raw reaction product was purified on a chromatographic column with an eluent mixture

CHCl;/MeOH (95:5).

NMR Spectra

'H-NMR (400 MHz, DMSO) () 8(ppm): 0,67 (s, 3H), 0,93 (3, 3H), 0,95 (d, 3H, J=6,05
Hz), 0,98-2,50 (cm, 27H, CH and CH: steroidic backbone and side chain), 1,80-2,30 (cm,
4H), 3,40 (m, 1H), 3,50 (m, 2H), 3,97 (m, 1H), 4,20 (m, 1H). HRMS (ESI): Calcd for
CooHpNO4" (IM+H]") 489.3692. Found 489.3695.

'"H-NMR (400 MHz, DMSO) (B) 8(ppm): 0,67 (s, 3H, CH3-18); 0,93 (3, 3H, CH3-19); 0,95
(d, 3H, J=6,05 Hz CH3-21); 0,98-2,50 (mc, 27H, CH e CH2 steroidic backbone and side
chain); 1,80-2,30 (mc, 4H; CH2-27 ¢ CH2-206); 3,40 (m, 1H, CH-3); 3,50 (m, 2H, CH2-28);
3,97 (m, 1H, CH-12); 4,20 (m, 1H, CH-35). HRMS (ESI): Calcd for CoHsNO," ([IM+H]")
489.3692. Found 489.3697.
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General procedure for Aldol reaction

O OH
CHO
| N ij Cat-L-Pro | N
+ _—

A G H,O0, rt, 24h A A
X X

(1 equiv) (5 equiv)

4.23-36 4.22 4.23-36a

Catalyst (0.1 eq, 0.03 mmol), aldehyde (1 eq, 0.30 mmol), cyclohexanone (5 eq, 1.50 mmol)
were added into a one-necked bottom flask at rt. Water (1 mL) was added, and the resulting
solution was allowed to stir at rt for 24 h. The mixture was stirred at room temperature until
complete conversion of the substrates were achieved by TLC monitoring. Once the reaction
is complete the reaction mixture was extracted with AcOEt (3 mL x 3) and the catalyst was
recovered in the aqueous phase. The volatiles were then removed in vacuo to afford the
crude product which was subsequently purified by flash chromatography on silica gel (eluting

with 30% EtOAc/Petroleum ether) to afford the aldol products.

Unless otherwise stated the derivatives have been previously synthesised and all analytical

data are consistent with literature values.

NMR Spectra

(R)-2-((S)-hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one (4.23a)
O OH

The product 4.23a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
yellowish solid (74 mg, 99% yield). Molecular formula: Ci;;HisNO,. Molecular mass:
249.27 g mol'. HPLC: Chiralpak IB, Hexane/iPrOH 95:5, 1.0 mL/min, an# diastereomer

2

(major) : Ty = 25.7 min Ty, = 31.8 min; syz diastereomer (Minor) : Ty = 21.2 mMin Tyiner =
23.4 min. dr: anti/ syn 77:23 (from NMR analysis); anti/syn 54:46 (from HPLC analysis). 'H
NMR (400 MHz, CDCly) 6 = 8.18 (m, 2H, CH.,), 7.48 (m, 2H, CH.,), 4.88 (d, /] = 8.4 Hz,
1H, CHPh), 2.59 (m, 1H), 2.46 (m, 1H), 2.37 (m, 1H), 2.08 (m, 1H), 1.65 (m, 2H), 1.53 (m,
2H), 1.30 (m, 1H) ppm. ®C NMR (101 MHz, CDCly) 8= 214.7, 148.5, 147.5, 127.9 (2C),
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123.5 (2C), 73.9, 57.2, 42.6, 30.7, 27.6, 24.6 ppm; HRMS (ESI): Caled for CisHiNO,*
(IM+H]") 250.1074. Found 250.1078.

(R)-2-((S)-hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one (4.25a)

O OH

The product 4.25a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
yellowish oil (69 mg, 67% yield). Molecular formula: C;:Hi;sNO,. Molecular mass: 249.27
g mol'. HPLC: Chiralpak IB, Hexane/iPrOH 95:5, 1 ml./min, an# diastereomer (majot) :
Togor = 22.1 min T, = 30.2 min; syz diastereomer (minot) : T = 18.6 min 7 = 20.0 min.
dr: anti/ syn 80:20 (from NMR analysis); ant/ syn 51:49 (from HPLC analysis). 'H NMR (400
MHz, CDCL) 6 = 8.15 (m, 2H, CH.,), 7.66 (m, 1H, CH.,), 7.51 (m, 1H, CH.,), 4.89 (d, ] =
8.5 Hz, 1H, CHPh), 3.48 (bt, 1H, OH), 2.62 (m, 1H), 2.48 (m, 1H), 2.36 (m, 1H), 2.10 (m,
1H), 1.83 (m, 1H), 1.61 (m, 2H), 1.56 (m, 2H), 1.37 (m, 1H) ppm. ®*C NMR (101 MHz,
CDCL) 0 = 214.9, 148.3, 143.3, 133.2, 129.3, 122.8, 122.0, 73.9, 57.1, 42.6, 30.7, 27.6, 24.6
ppm; HRMS (ESI): Caled for Ci3HisNO,™ ([IM+H]") 250.1074. Found 250.1075.

(R)-2-((S)-hydroxy(2-nitrophenyl)methyl)cyclohexan-1-one (4.24a)

O OH NO,

The product 4.24a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
brownish solid (72 mg, 70% yield). Molecular formula: Ci;H;sNO,. Molecular mass:
249.27 ¢ mol'. HPLC: Chiralpak 1A, Hexane/iPrOH 9:1, 1 mL/min, an#i diastereomer
(major) : Ty = 19.3 min T, = 23.7 min; sy diastereomer (Minox) : Tuyor =12.5 Ty = 11.5.
dr: antif syn 78:22 (from NMR analysis); anti/ syn 70:30 (from HPLC analysis). 'H NMR (400
MHz, CDCL) 6 = 7.83 (dd, ] = 1.4, 8.2), 1H, CH.,), 7.75 (dd, ] = 1.3, 7.9) Hz, 1H, CH.,),
7.63 (m, 1H, CH.), 7.41 (m, 1H, CH,,), 5.43 (d, ] = 7.1 Hz, 1H, CHPh), 3.37 (br, 1H, OH),
2.75 (m, 1H), 2.42 (m, 1H), 2.32 (m, 2H), 2.08 (m, 1H), 1.84 (m, 1H), 1.61 (m, 4H) ppm. *C
NMR (101 MHz, CDCl;) 6= 214.8, 148.7, 1306.6, 133.0, 129.0, 128.4, 124.0, 69.6, 57.3, 42.8,
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31.0, 27.7, 24.9 ppm; HRMS (ESI): Caled for CisHiNO," (M+H]") 250.1074. Found
250.1076.

4-((S)-hydroxy((R)-2-oxocyclohexyl)methyl)benzonitrile (4.26a)

The product 4.26a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
yellowish oil (55 mg, 80% yield). Molecular formula: C1sHi;sNO,. Molecular mass: 229.28
g mol'. HPLC: Chiralpak IB, Hexane/iPrOH 95:5, 1 ml./min, an# diastereomer (majot) :
Togor = 20.4 mMinN Tpiner = 33.4 min; syn diastereomer (Minor) : Ty = 21.2 min Tpinr = 24.7 min.
dr: anti/ syn 73:27 (from NMR analysis); ant/ syn 53:47 (from HPLC analysis). 'H NMR (400
MHz, CDCly) 6 = 7.61 (m, 2H, CH.), 7.16 (m, 2H, CH.,), 4.82 (d, ] = 8.4 Hz, 1H, CHPh),
3.79 (br, 1H, OH), 2.56 (m, 1H), 2.45 (m, 1H), 2.33 (m, 1H), 2.08 (m, 1H), 1.81 (m, 1H),
1.66 (m, 1H), 1.52 (m, 2H), 1.33 (m, 1H) ppm. "C NMR (101 MHz, CDCl3) & = 214.8,
146.4, 132.1 (20), 127.8 (2C), 118.7, 111.6, 74.1, 57.1, 42.6, 30.7, 27.6, 24.6 ppm; HRMS
(ESI): Calcd for CisHisNO," (IM+H]") 230.1176. Found 230.1178.

(R)-2-((S)-(2-fluorophenyl) (hydroxy)methyl)cyclohexan-1-one (4.27a)

The product 4.27a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
greenish oil (66 mg, 99% yield). Molecular formula: Ci;HisFO,. Molecular mass: 222.26
g mol'. HPLC: Chiralpak IC, Hexane/iPrOH 95:5, 1.0 m1./min, an#/ diastereomer (major)
! Togor = 26.4 min T, = 33.3 min; syn diastereomer (mMinor) : Ty = 14.7 min T = 12.6
min. dr: anti/syn 95:5 (from NMR analysis); anti/syn 99:1 (from HPLC analysis). 'H NMR
(400 MHz, CDCly) 0 = 7.44 (m, 1H, CH.,), 7.22 (m, 1H, CH.,), 7.12 (m, 1H, CH.,), 6.97 (m,
1H, CH.), 5.15 (d, ] = 8.7 Hz, 1H, CHPh), 3.82 (br, 1H, OH), 2.64 (m, 1H), 2.43 (m, 1H),
2.04 (m, 1H), 1.80 (m, 1H), 1.56 (m, 4H), 1.40 (m, 1H) ppm. "C NMR (101 MHz, CDCl;)
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5= 2152, 161.3, 129.2, 128.3, 128.2, 124.4, 115.0, 68.0, 57.1, 42.6, 30.3, 27.8, 24.7 ppm;
HRMS (ESI): Caled for Ci5HFO,* (M+H]") 223.1129. Found 223.1132.

(R)-2-((S)-(4-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (4.28a)

O OH

The product 4.28a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
yellow oil (84 mg, 95% yield). Molecular formula: Ci3H;sBrO,. Molecular mass: 283.17 g
mol'. HPLC: Chiralpak IC, Hexane/iPrOH 95:5, 1 ml./min, ant#/ diastereomer (major) :
Togor = 31.4 min T = 40.0 min; syz diastereomer (Minor) : Toyir = 27.4 MIN Tpinr = 29.0 min.
dr: antif syn 82:18 (from NMR analysis); anti/ syn 98:2 (from HPLC analysis). '"H NMR (400
MHz, CDCly) 6 = 7.46 (m, 2H, CH.,), 7.19 (m, 2H, CH.,), 4.74 (d, ] = 8.7 Hz, 1H, CHPh),
3.98 (bt, 1H, OH), 2.54 (m, 1H), 2.46 (m, 1H), 2.08 (m, 1H), 1.78 (m, 1H), 1.69 (m, 2H),
1.58 (m, 4H), 1.42 (m, 1H) ppm. "C NMR (101 MHz, CDCl3) ¢ = 215.2, 140.0, 131.5 (2C),
128.8 (2C), 121.7, 74.2, 57.3, 42.7, 30.7, 27.7, 24.7 ppm; HRMS (ESI): Calcd for
Ci3HisBrO;Na" ([M+Na] ") 305.0148. Found 305.0151.

(R)-2-((S)-(3-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (4.29a)

The product 4.29a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
colorless oil (83 mg, 94% yield). Molecular formula: Ci3HsBrO,. Molecular mass: 283.17
g mol”. HPLC: Chiralpak 1B, Hexane/iPrOH 95:5, 1 mL/min, an#/ diastereomer (major) :
Tugor = 9.9 min T, = 11.5 min; syn diastereomer (minor) : Ty = 8.3 min T = 8.8 min. dr:
anti/ syn 84:16 (from NMR analysis); anti/syn 83:17 (from HPLC analysis). 'H NMR (400
MHz, CDCL) 6 = 7.43 (m, 1H, CH.,), 7.34 (m, 1H, CH.,), 7.15 (m, 2H, CH..), 4.68 (d, ] =
8.6 Hz, 1H, CHPh), 2.51 (m, 1H), 2.38 (m, 1H), 2.28 (m, 1H), 2.00 (m, 1H), 1.55 (m, 4H),
1.25 (m, 1H) ppm. *C NMR (151 MHz, CDCl;) § = 214.9, 143.6, 130.8, 130.0, 129.9, 125.8,
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122.5, 74.0, 57.2, 42.6, 30.7, 27.7, 24.6 ppm; HRMS (ESI): Caled for CisHigBrO," (M+H]")
283.0328. Found 283.0331.

(R)-2-((S)-(2-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (4.30a)

O OH Br

The product 4.30a was isolated after flash chromatography on silica gel (P/EtOAc 6:4) as
yellow oil (84 mg, 97% yield). Molecular formula: Ci3H;sBrO,. Molecular mass: 283.17 g
mol'. HPLC: Chiralpak IC, Hexane/iPrOH 9:1, 1.0 ml./min, an# diastereomer (major) :
Tygor = 15.6 min T = 19.2 min; syz diastereomer (minot) : T, = 8.7 min T = 9.6 min.
dr: anti/syn 97:3 (from NMR analysis); anti/syn 94:6 (from HPLC analysis). '"H NMR (400
MHz, CDCL) ¢ = 7.50 (m, 2H, CH.,), 7.32 (m, 1H, CH.,), 7.11 (m, 1H, CH.), 5.29 (d, | =
8.1 Hz, 1H, CHPh), 2.67 (m, 1H), 2.44 (m, 1H), 2.23 (m, 1H), 2.06 (m, 1H), 1.80 (m, 1H),
1.57 (m, 4H) ppm. "C NMR (101 MHz, CDCl;) 6 = 215.1, 140.8, 132.5, 129.1, 128.5, 127.9,
123.4, 72.8, 57.7, 42.7, 30.6, 27.8, 24.9 ppm; HRMS (ESI): Calcd for Ci3sHisBrO,Na®
([IM+Na] ") 305.0148. Found 305.0152.

(R)-2-((S)-(3-chlorophenyl) (hydroxy)methyl)cyclohexan-1-one (4.31a)

The product 4.31a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
yellow oil (65 mg, 99% yield). Molecular formula: C;;H;5C1O,. Molecular mass: 238.71 g

mol". HPLC: Chiralpak IB, Hexane/iPrOH 95:5, 1 m1./min, an# diastereomer (major) : Ty
= 9.6 min Ty = 11.2 min; yyn diastereomer (Minor) : Ty = 8.4 min Ty, = 8.1 min. dr:
anti/ syn 74:26 (from NMR analysis); anti/syn 76:24 (from HPLC analysis). 'H NMR (400
MHz, CDCls) 6 = 7.18 (m, 1H, CH.,), 7.09 (m, 2H, CH.), 7.03 (m, 1H, CH.,), 4.63 (d, ] =
8.5 Hz, 1H, CHPh), 3.41 (br, 1H, OH), 2.44 (m, 1H), 2.28 (m, 1H), 2.22 (m, 1H), 1.90 (m,
1H), 1.55 (m, 3H), 1.42 (m, 1H), 1.15 (m, 1H) ppm. "C NMR (101 MHz, CDCls) § = 214.5,
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143.4, 134.0, 129.4, 127.7, 127.0, 125.3, 73.7, 57.1, 41.8, 30.5, 26.9, 24.4 ppm; HRMS (ESI):
Caled for C3HiClO,* (M+H]") 239.0833. Found 239.0835.

(R)-2-((S)-(2-chlorophenyl) (hydroxy)methyl)cyclohexan-1-one (4.32a)

O OH Cl

The product 4.32a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
yellowish oil (62 mg, 98% yield). Molecular formula: C;3H;5ClO,. Molecular mass: 238.71
g mol'. HPLC: Chiralpak IB, Hexane/iPrOH 95:5, 1 ml./min, an# diastereomer (majot) :
Tygr = 8.9 min T, = 9.8 min; syz diastereomer (minot) : Tyr = nd Ty = nd. dr: anti/ syn
88:12 (from NMR analysis); anti/syn 299:1 (from HPLC analysis). 'H NMR (400 MHz,
CDCL) 6= 7.53 (m, 1H, CH.,), 7.29 (m, 2H, CH.), 7.18 (m, 1H, CH.,), 5.33 (d, ] = 8.2 Hz,
1H, CHPh), 3.93 (br, 1H, OH), 2.66 (m, 1H), 2.43 (m, 1H), 2.32 (m, 2H), 2.06 (m, 1H), 1.81
(m, 1H), 1.54 (m, 2H) ppm. "C NMR (101 MHz, CDCl3) § = 215.2, 139.1, 132.9, 128.7,
128.5, 127.2, 126.6, 70.4, 57.6, 42.7, 30.4, 27.8, 24.9 ppm; HRMS (ESI): Calcd for
Ci3Hi6CIO;" (IM+H]™) 239.0833. Found 239.0834.

(R)-2-((S)-hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one (4.33a)

O OH
% : OMe

The product 4.33a was isolated after flash chromatography on silica gel (P/EtOAc 6:4) as
orange oil (35 mg, 17% yield). Molecular formula: Ci,H;30;. Molecular mass: 234.30 g
mol”'. HPLC: Chiralpak IA, Hexane/iPrOH 95:5, 1 mL/min, an# diastereomer (major) :
Tugor = 32.0 min Ty = 30.9 min; syz diastereomer (minor) : Ty = 17.1 Tpir = 20.0. dr:
anti/ syn 87:13 (from NMR analysis); anti/syn 94:6 (from HPLC analysis). 'H NMR (400
MHz, CDCls) 6 = 7.23 (m, 2H, CH.,), 6.87 (m, 2H, CH.,), 4.74 (d, /] = 8.9 Hz, 1H, CHPh),
3.79 (s, 3H, OCH3), 2.59 (m, 1H), 2.47 (m, 1H), 2.35 (m, 1H), 2.08 (m, 1H), 1.77 (m, 1H),
1.65 (m, 1H), 1.58 (m, 2H), 1.51 (m, 1H), 1.26 (m, 1H) ppm. "C NMR (101 MHz, CDCls)
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§=215.7,159.3, 133.2, 128.2 (2C), 113.8 (2C), 74.3, 57.5, 55.3, 42.7, 30.8, 27.8, 24.7 ppm;
HRMS (ESI): Caled for Ci4H;sOsNa* ((M+Na] ") 257.1148. Found 257.1151.

(R)-2-((S)-hydroxy(3-methoxyphenyl)methyl)cyclohexan-1-one (4.34a)

O OH

m/OMe

The product 4.34a was isolated after flash chromatography on silica gel (P/EtOAc 6:4) as
yellowish oil (66 mg, 77% yield). Molecular formula: Ci;H30;. Molecular mass: 234.30 g
mol'. HPLC: Chiralpak 1A, Hexane/iPrOH 95:5, 1 mL./min, an#/ diastereomer (major) :
Togor = 33.4 min Tinr = 32.0 min; syn diastereomert (Minor) : Ty = 17.3 min i = 20.0 min.
dr: anti/ syn 69:31 (from NMR analysis); anti/ syn 78:22 (from HPLC analysis). 'H NMR (400
MHz, CDCly) 6 = 7.25 (m, 1H, CH.), 6.83 (m, 3H, CH.,), 4.74 (d, ] = 8.8 Hz, 1H, CHPh),
3.78 (s, 3H, OCH3), 2.57 (m, 1H), 2.44 (m, 1H), 2.33 (m, 1H), 2.03 (m, 1H), 1.88 (m, 1H),
1.62 (m, 3H), 1.25 (m, 1H) ppm. *C NMR (101 MHz, CDCl3) 6 = 215.5, 159.7, 142.6, 129.3,
119.5, 113.3, 112.4, 74.6, 57.4, 55.2, 42.6, 30.8, 27.8, 24.6 ppm; HRMS (ESI): Calcd for
Ci4sHsO3Na™ ([M+Na] ") 257.1148. Found 257.1150.

(R)-2-((S)-hydroxy(3-hydroxyphenyl)methyl)cyclohexan-1-one (4.35a)

The product 4.35a was isolated after flash chromatography on silica gel (P/EtOAc 6:4) as
brownish oil (25 mg, 40% yield). Molecular formula: Ci;H;O;. Molecular mass: 220.27 g
mol"'. HPLC: Chiralpak IC, Hexane/iPrOH 9:1, 1.0 mlL./min, an# diastereomer (major) :

Tugor = 05.3 min T, = 62.0 min; syz diastereomer (Minor) : T,y = 44.4 min 7, = 48.4 min.
dr: anti/ syn 97:3 (from NMR analysis); anti/syn 94:6 (from HPLC analysis). '"H NMR (400
MHz, CDCls) 6 = 7.15 (m, 1H, CH.y), 6.80 (m, 2H, CH.,), 6.72 (m, 2H, CH.,), 474 (d, ] =
8.8 Hz, 1H, CHPh), 2.60 (m, 1H), 2.47 (m, 1H), 2.35 (m, 1H), 2.08 (m, 1H), 1.77 (m, 1F),
1.67 (m, 1H), 1.55 (m, 2H), 1.30 (m, 1H) ppm. *C NMR (101 MHz, CDCl) & = 216.0,
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156.1, 142.2, 129.5, 119.4, 115.2, 113.8, 74.8, 57.1, 42.6, 30.8, 27.8, 24.6 ppm; HRMS (ESI):
Caled for CsHi-O5" ((M+H]") 221.1172. Found 221.1174.

(R)-2-((S)-hydroxy(naphthalen-1-yl)methyl)cyclohexan-1-one (4.36a)

The product 4.36a was isolated after flash chromatography on silica gel (P/EtOAc 7:3) as
brown oil (31 mg, 38% yield). Molecular formula: Ci7Hi3O,. Molecular mass: 254.33 ¢
mol'. HPLC: Chiralpak 1A, Hexane/iPrOH 95:5, 1 mL./min, ant/ diastereomer (major) :
Togor = 20.5 MiN Tpiner = 32.5 min; syn diastereomert (Minor) : Ty = 14.9 min 7, = 12.7 min.
dr: anti/ syn 82:18 (from NMR analysis); anti/ syn 64:36 (from HPLC analysis). 'H NMR (400
MHz, CDCl;) 6 = 8.25 (m, 1H, CH.,), 7.87 (m, 1H, CH.,), 7.78 (m, 1H, CH.,), 7.56 (m, 1H,
CH..), 7.48 (m, 3H, CH.,), 5.58 (d, ] = 8.8 Hz, 1H, CHPh), 2.99 (m, 1H), 2.51 (m, 1H), 2.40
(m, 1H), 2.07 (m, 1H), 1.70 (m, 4H), 1.36 (m, 1H) ppm. "C NMR (101 MHz, CDCl;) § =
215.8, 136.8, 133.9, 131.4, 128.9, 128.4, 126.0, 125.5, 125.4, 123.9, 122.4, 72.1, 57.4, 42.8,
31.4, 27.9, 249 ppm; HRMS (ESI): Caled for Ci7HiyO," ([IM+H]") 255.1380. Found
255.1383.
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NMR Spectra (two diastereomers: anti>syn)

(R)-2-((S)-hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one (4.23a)
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(R)-2-((S)-hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one (4.25a)
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(R)-2-((S)-hydroxy(2-nitrophenyl)methyl)cyclohexan-1-one (4.24a)
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4-((S)-hydroxy((R)-2-oxocyclohexyl)methyl)benzonitrile (4.26a)
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(R)-2-((S)-(2-fluorophenyl)(hydroxy)methyl)cyclohexan-1-one (4.27a)
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(R)-2-((S)-(4-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (4.28a)
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(R)-2-((S)-(3-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (4.29a)
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(R)-2-((S)-(2-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (4.30a)
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(R)-2-((S)-(3-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one (4.31a)
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(R)-2-((S)-(2-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one (4.32a)
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(R)-2-((S)-hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one (4.33a)
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(R)-2-((S)-hydroxy(3-methoxyphenyl)methyl)cyclohexan-1-one (4.34a)
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(R)-2-((S)-hydroxy(3-hydroxyphenyl)methyl)cyclohexan-1-one (4.35a)
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(R)-2-((S)-hydroxy(naphthalen-1-yl)methyl)cyclohexan-1-one (4.36a)
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HPLC DATA

O (:)H
[ ]/ l "Ar
HPLC conditions
dr dr
Yield RT (major RT (minor RT‘ RT (minor (antisyn) (anti:syn) eeanti eesyn
Ar [“%6] Column Eluent ent) anti ent) anti (nor ent.) syn from from [“%] [“%]
[min] [min] 09 97 [min] NMR HPLC
[min]

4-NO,-CsH,4 1B Hexane/iPrOH 95:5 (1 ml/min) 25.7 31.8 21.2 234 77:23 54:46 19 14
3-NO2-C¢H4 1B Hexane/iPrOH 95:5 (1 ml/min) 221 30.2 18.6 20.0 80:20 51:49 14 1
2-NO,-CsHs4 IA Hexane/iPrOH 9:1 (1 ml/min) 19.3 23.7 12.5 11.5 78:22 70:30 18 16
4-CN-CsHy 1B Hexane/iPtOH 95:5 (1 ml/min) 26.4 334 21.2 24.7 73:27 53:47 33 22
2-F-C¢H,4 1C Hexane/iPtOH 95:5 (1 ml/min) 26.4 33.3 14.7 12.6 95:5 99:1 38 0
4-Br-CsHy 1C Hexane/iPtOH 95:5 (1 ml/min) 314 40.0 274 29.0 82:18 98:2 15 (20)
3-Br-C¢H,4 1B Hexane/iPtOH 95:5 (1 ml/min) 9.9 11.5 8.3 8.8 84:16 83:17 25 3
2-Br-CsHy 1C Hexane/iPrOH 9:1 (1 ml/min) 15.6 19.2 8.7 9.6 97:3 94:6 23 28
3-Cl-CsH,4 1B Hexane/iPrOH 95:5 (1 ml/min) 9.6 11.2 8.4 8.1 74:26 76:24 27 23
2-Cl-CsHy 1B Hexane/iPrOH 95:5 (1 ml/min) 8.9 9.8 nd nd 88:12 >99:1 20 nd
4-OMe-CeH,4 1A Hexane/iPrOH 95:5 (1 ml/min) 32.0 30.9 171 20 87:13 94:6 55 (24)
3-OMe-CsHy4 1A Hexane/iPrOH 95:5 (1 ml/min) 334 32.0 17.3 20.0 69:31 78:22 30 21
3-OH-CsHy 1C Hexane/iPrOH 9:1 (1 ml/min) 65.3 62.0 44.4 48.4 97:3 94:6 29 13
1-naphthyl 1A Hexane/iPrOH 95:5 (1 ml/min) 26.5 32.5 14.9 12.7 82:18 64:36 1 (40)
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(R)-2-((S)-hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one (4.23a)
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Chromatogram Info:

File Name = Cx\Clarity Lite\WORK1\DATA\Fabeiio\Aldol Proine DCA\WVR116rac PRM Fle Crested
Origin : Acguired
Preject : Cx\Clarity Lite\Projects\Work LPR] By

Printed Version Info:
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[min] [riv.s] [miv] [*%] [%] [rrin] Narme
1 19,844 175242 4,762 22,0 37 0,58
i 3355 174,638 440 73 253 0,66
E] 34748 141,350 328 26 21,8 0.7
4+ 31,284 2,564 2,5 17,2 0,67
Tata 1538 0,0 1,0

[min.]
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Printed Verson ¢ A0YN 11:1%:3 Printed Date © 26/00/2021 11:13:45
Report Style : C:\Clarity Lite\Common\Chromatogram.sty By : Fabrido
Calibration File : None
Sarmpie Info:
Sample 1D © VRIG Amount :0
Sample © 4NO2 adol ISTD Amount H
Inf. Velume [mL] ;01 Diution i1
Method + Defaultl By - Dt pes Lt
De=cription : Default method for Instrument 1
Crested © 310006 15:43 Modified @ 26/01/2021 11:13
Colurmn : I8 Detection : R
Mobile Phase  : H/IPrOH 95:5 Temperature H
Flow Rate: + 1 mlfmin Presaure H
Note : Sample disobved in Hexane/PrOH 95:5 + DCM (solvent pesk st 3.8 min, checked with blank injection)
Autostop : None External Start  : Start - Restart, Down
Detector 1 : Detector 2 Range 1 : Bipolar, 1250 mV, 12,5 Samp. per Sec.
B : Not Used Calibration File : None Caculation 2 Uncal
Scale Factor + Mot Used Units After Scaling  : Not Used Uncal. Response = 0
Result Table Reports @ All Pasks Hideé ISTD Pesk + Enabled

GPC Calibration File
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26/01/2021 11:13 Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizo\Aldoli prolina legata_DCA\VR103.PRM Page 2 of 2
Result Table (Uncal - C:|Clarity Lite\ WORK1|\DATA |Fabrizio\Aldoli prolina legata_DCA \VR103 - Detector 2)
Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] [%] [min] Name
1 21,208 1136,862 19,691 26,7 34,0 0,91
2 23,432 857,021 13,702 20,1 237 0,99
3 25,732 1349,485 15,787 31,7 273 1,22
4 31,788 918,684 8,676 21,6 15,0 1,90
Total 4262,053 57,856 100,0 100,0
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(R)-2-((S)-hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one (4.25a)

102021 16:12

Chromatogram C:\C larity Lite\W ORKIVDATAVFabrizo\Aldoll Fenlialaning-DCA\Report\3-NO Zrac PRM

Pegelof2

2

Clarity - Chromatography SW

DataApex 2006
www.d COMm
Chromatogram Info:
File Name 1 Ci\Clerity Lie\WORK 1\DATA\Fabrizio\Aidod Fenllalanina-DCA\Report\3-NO 2rac. PRM File Crested
Origin 1 Acquired Acquired Date
Project + CH\Clarity Le\Projects\Work LPR] BY
Printed Version Info:
Printed Version 1 110172021 13:05: 18 Printed Date + 1101/2021 16:12:42
Report Style : C:\Clarity Lite\Comemon\Chromatogram. sty By : Fabrido
Calbration File 1 None
Sample Info:
Sample ID 1 VR124rac Armount 0
Sample 1 3-NO2 aidol rac ISTD Amount 0
Inj. Volume [mi] 101 Dikstion i1 o OH
Method i Defaultl By 1 Detafpex Lid. =
Description i Default method for Instrument 1 .
Created © JL/0B2006 15:43 Modified 1 11/01/2021 1611
‘Column 1B Detertion IR
Mobile Phase  : H/IPrOH 95:5 Temper ature H
Flow Rate ¢ 1.0 mi/min Pressure H
Note ¢+ Sample dissolved in Hexane/IPrOH 95:5 + DCM (solvent pesk at 3.8 min, checked with blank injection)
Autostop : None External Start  : Start - Restart, Down
Detector 1 + Detecter 2 Range 1 : Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used ‘Cailibration Flle : None Calculstion ¢ Uncal
Scale Factor : Not Used Units After Scaling Not Used Uncal. Response 0
Result Teble Reports = All Pesks Hide ISTD Peak : Enabled
GPC Calbration Fle  :
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2 8
Z 8
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Tme [win.]
11/01/2021 16: Chromatogram C:\Clarity Lit\WORK1\DATA\Fabrizio\Aldoli Fenilalanina-DCA\Report\3-NO 2rac. PRM Page 2 of 2

Result Table (Uncal - C: |Clarity Lite|WORK|DATA \Fabrizio|\Aldoli Fenilalanina-DCA |Report| 3-NO 2rac - Detector 2)

Reten. Time Area Height Area Height wos Compound
[min] [mV.s] [mv] [%] %1 [min] Name
1 18,900 156,317 3,793 39,1 434 0,73
2 19,932 166,773 3253 aL8 373 0,86
3 3,712 36,155 0,870 91 10,0 0,79
4 30,636 40,146 0,816 10,1 9,3 0,87
Total 399,391 8,732 100,0 100,0

NO,

JH0LAD 1236 Chrometogram C:\Clarky Le\WORKI\DATA\Fabrido\Aldol prolina legata DCA\VRIOZPRM Page 1of 2
7. Clarity - Chromatography SW
DataApex 2006
A www.d com
Chrematogram Info:
File Name: + C:\Clarity Lite\WO RK1\DATAVF abrido\Aldoll profing legata DCA\WRI0Z.PRM Flie Crested o 26002021 12 35:08
Origin + Aequired Acquired Date = 26/01/2021 12-35:08
Project + Cx\Clarity Lite\ProjectsiWork LPR) By = Fabrizo
Printed Version Info:
Printed Version © B0/ 13-36:12 Printed Date = 2600021 12 3617
Report: Style + C\Clarity LitehCommon \Chromatogram. sty By = Fabrida
Calibration Fie + None
Samphe Info:
Sampie 1D : VRI0Z Amount B
Sample © FNOZ adol ISTD Amount HL
1. Vioharres [l] Lo Dilution i1
Method + Defaultl By = Datad pes: Lidl.
Description + Default method for Instrument 1
Crested : 3102006 15:43 Modified @ MO 1236
Cohurnn : 1B Detection H
Mobike Phase  © H/PrOH 95:5 Temperature  ©
Flow Rate + 1 mlfmin Presure H
MNoke + Sample dissobed in HexanePrOH 95:5 + DOM (sohvent pesk st 3.8 min, checked with blank infection)
Autodsp : Nane External Start - Start - Restart, Dawn
Detector 1 : Detector 2 Range 1 = Bipolar, 1250 rmi, 12,5 Samp. per Sec.
B Calibration File : None Caiculstion : Uneal
Scale Factor Units After Scaling  : Not Used Uncal. Response @ 0
Re=ult Table Reports Hide ISTD Pesk + Enabled
GPC Calibration File
(i)
B0
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-
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£ 3 g
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30 = =
-
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1
Hececomencesd - N |
o I U
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Time [rin-]
26/01/2021 12:36 Chromatogram C:\Clarity Lits\WORK1\DATA\Fabrizio\Aldoli prolina legata_DCA\VR102.PRM Page20f 2

Resuit Table (Uncal - C:|Clarity Lite| WORK1|DATA |Fabrizio|Aldoli prolina legata_DCA |\VR102 - Detector 2)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] [%] [min] Name
1 17,648 1159,980 31,537 24,5 35,1 0,68
2 18,576 1182,437 22,964 24,9 256 0,84
3 21,624 1365,170 23,265 288 259 0,88
4 26,828 1033,876 12,058 21,8 13,4 1,29
Total 4741,462 89,824 100,0 100,0
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(R)-2-((S)-hydroxy(2-nitrophenyl)methyl)cyclohexan-1-one (4.24a)

26012021 15Chromatogram C:\CLARITY LITEWORKI\DATA\F ABRIZIOVALDOLE PROLINE NON LEGATA DCAVLA_S_1_IMLMIN\VRIZSRAC.PRM  Pagelaf2

7. Clarity - Chromatography SW
A

O OH NO,

DataApex 2006
‘www .dataapesx.com
Chromatogsam Infa:
File Name: + C:\CLARITY LITE\WORKI\DATAVFABRIZIO\ALDOLT PROLINE NON LEGATA File Crested 16/12/2H100 17:22:56
DCANA_5_1_iMLMINWRiZRAC PRM
origin : Acquired Acquired Dam  : 16/13/H00 17:41:21
Project + €:\Clarity LitelProfectsWork LPRY By F
Printer] Version Info:
Printed Version + 01021 151500 Printed Date BHOUHEL 151917
Report Style + €:\Clarity Lte)\Cormen|Chrometogram.sy By Fabrizio
Caltbration Fle : Nane
Sample Info:
Sample 1D + VRiZSac Amount 0
Sample : 2-NO2 dol racemsts ISTD Amount 1 0
Inf. Volume [ml] 01 Dikution 1
Method : Defaultl By - Datmdpest Lid.
Dexcription ¢ Default method For Instrument 1
Crested IR0 15:43 Modified - 2601201 15:19
Colurm TIA Detection SRl
Mobile Phase:  : H/PrOH 9:1 Temperature  ©
Flow Rate : 1.0 mijmin Presure :
Hoke + Sample disobved In Hexane/PrOH 95:5 + DCM (sohvent pesk ot 3.2 and 354 min, chedked with blank injection)
Autostop + Nane External Start  : Start - Restert, Down
Detecior 1 : Detecior 2 Range 1 = Bipolar, 1250 mw, 12,5 Samp. per Sec.
Base © Mot Used Callbration Fle : None Caculstion < Uncal
Scale Factor * Mot Used Units After Scaling  : Mot Used Uncal, Response 2 0
Rk Table Reports  © Al Pesks Hide 1STD Pesk + Ensbled
GPC Caibration Fie
[mv]
&0
30
B
s 20
o~
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3 3 - -
g d
o
10 - R =]
| ] ]
° r
12 14 16 18 20 22
Time e

26/01/2021 15Chromatogram C\CLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLI PROLINE NON LEGATA DCA\IA 9 1 1MLMIN\VR125RAC.PRM

Result Table (Uncal - C:|CLARITY LITE\WORKI|DATA |FABRIZIO |ALDOLI PROLINE NON LEGATA

DCAVIA_9 I_IMLMIN|VRIZSRAC - Detector 2)
Reten. Time Area Height Area Height Wos Compound

[min] [mV.s] [mV] [%] [%] [min] Name
1 11,644 133,468 6,765 18,9 27,1 0,38
2 12,020 153,933 8,173 21,9 32,7 0,32
3 18,728 210,696 4,746 29,9 19,0 0,79
4 20,020 206,364 5,277 29,3 21,1 0,64

Total 704,461 24,961 100,0 100,0

Page 20f 2

25/01/2021 15:43 Chromatogram C:\CLARITY LITE\WORK1\DATA\FABRIZIO\ALDOLT PROLINA LEGATA_DCA\IA_S-1_IMLMIN\WR101.PRM

Pagelaf2

2

Clarity - Chromatography SW

Datafpex 2006
www.dataapex_com

Chromatogram Tnfo:

File Name + CACLARITY LITE\WORKI\DATAVFABRIZIOVALDOLT PROLINA File Crested + 25/00/2021 10:14:25
LEGATA_DCANIA_S-1_IMLMIN\WR01PRM
Origin + Acquired Acquired Date  : 25/01/2021 10:26:39
Project © Cx\Clarity Lite\Projects\Work 1LPRI By : Fabrizis
Printed Version Info:
Printed Version + 25/01/2021 15:43:35 Printed Date + 25002001 15:43:47
Report Style + Cx\Clerity Lte\Common\Chromatogram. sty By Fabrizio
Calibration File : None
Sample Info:
Sample ID 1 VR101 Amount 0
Sample 1 2-NO2 aidol ISTD Amount 0
Inj. Voksme[ml]  : 01 Diuton 1
Method : Defaultl By : DataApex Lid.
Description : Default method for Instrument 1
Created + 31/06/2006 15:43 Modified : 250172001 1543
Colurmn fIA Detection s EI
Mobile Phase  : H/IPrOH S:1 Tempersture H
Flow Rate: + 1.0 mL/min Pressre H
HNate + Sample disolved in Hexsne/IPrOH 95:5 + DCM (sohent pesk at 3.8 min, checked with blank injection)
Autostop + None External Start @ Stert - Restart, Down
Detector 1 : Detector 2 Range 1 : Bipolar, 1250 mV, 12,5 Samp. per Sec.
Callsration Flle : None Calculation ¢ Uneal
Units After Scaling : Not Used Uncal. Response @ 0
Hide ISTD Pesk : Enabled

Volage
Gl

__ CACLARITY LI TE.WORKI\ DATA\ FABRI ZI Ch ALDOLI PROLI NA LEG

TA_DCALIA_S.

-1_1MLMI K VR1 01 - Detactor

25/01/2021 15:43

[min.]

Chromatogram C:\CLARITY LITE\WORK1\DATA\FABRIZIO\ALDOLI PROLINA LEGATA_DCA\IA_9-1_IMLMIN\VR101.PRM
Result Table (Uncal - C:|\CLARITY LITE\WORK1|\DATA|FABRIZIO |\ALDOLI PROLINA LEGATA_DCA\IA_9-1_IMLMIN\|VRI101 -
Detector 2)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] [%] [min] Name
1 11,480 699,165 23,550 12,5 17,4 0,46
2 12,476 957,784 29,8% 17,2 22,1 0,48
3 18,772 2315,278 45,152 415 334 0,80
L) 20,268 1603,636 36,609 2,8 27,1 0,64
Total 5575,862 135,246 100,0 100,0

Page 2 of 2
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4-((S)-hydroxy((R)-2-oxocyclohexyl)methyl)benzonitrile (4.26a)

12012021 09:26 ‘Chromatogram C:\Clarity LRe\WO RK1\DATA\Fabrizio\Adoll Fenlalaning DCA\VR126rac.PRM Page 10f2
‘ Clarity - Chromatography SW
DataApex 2006
A www com
Chromatogram Infa:
File Name 1 C:\Clarity Lts\WORK1\DATA\Fabrido\Aldol Fenilalanina-DCA\VR126rac PRM Flle Creasted + 12/01/2021 09:08:34
Origin * Acquired Aeguired Date 12/01/2021 09:08:34
Project + C:\Clarky Ltel\Projects\Work LER] By abrid
Printed Version Info:
Printed Version 1 1201/2021 09:25:49 Printed Date 1 12/01/2021 09:26:03
Report Style + Cr\Clarly Lte\Common\Chromatogram.sy By : Fabrido
Calibration File 1 None
Sample Info:
Sample ID 1 VR12Gwac Amount O Q H
Sample 1 4CN sidol rac ISTD Amount T
Inf. Volme [ml] ¢ 0,1 Dilutian
Method ¢ Defaultl By * DataApesx Lid.
Description + Default method for Insdrument 1
Created + 31/06/2006 15:43 Modified 112042021 0225
Column IR Detection LS
Moblle Phase  : H/IPrOH 95:5 Termnperature H
Flow Rate ¢ 1.0 mlfmin Pressre B
Note + Sample disolved In Hexane/IPrOH 95:5 + DCM (solvent peak at 3.8 min, checked with blank injection)
Autostop : None External Start  : Start - Restart, Down
Detector 1 : Detector 2 Range 1 + Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used Calivration File ‘Caiculation  Uncal
Scale Factor : NotUsed Units After Scaling Uncal. Response 10
Result Teble Reports : Al Pesks Hide ISTD Peak : Enabled
GPC Calbration Fle
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~
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i I I
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Time [rrin.]

12/01/2021 09:26

Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizo\Aldoli Fenilalanina-DCA\VR126rac.PRM

Result Table (Uncal - C:|Clarity Lite| WORK1\DATA |Fabrizio\Aldoli Fenilalanina-DCA \VR126rac - Detector 2)

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] [%] [min] Name
1 23,136 408,808 7,584 264 33,1 0,86
2 27,024 424,729 6,859 27,4 30,0 1,02
3 29,804 341,880 4,757 22,1 20,8 1,17
4 38,740 372,245 3,691 24,1 16,1 1,76
Total 1547,661 22,890 100,0 100,0

2601221 12:01 C \Clarky Ls=\WO TA\Fabriga\A ol profng legats DCAVRIDEPRM Page 10f2
7. Clarity - Chromatography SW
DataApex 2006
A www.d com
Chromatngram Info:
File Name : C\Clarity T\DATALF Aldol proling legata DCAVWRL0G.PRM Flie Cressterd = 26/01/2001 11:56:03
Origin + Acquired Acquired Date = 26/01/2001 11:56:03
Project + C:\Clarity Lite\Projects\Work 1 PRI By - Fabrizo
Printed Veersion Info:
Frinted Version + 26/01/2001 12:01:06 Printed Date = 26/01/2001 1201:12
Report Style : C2\Clarity Lite\Common\Chromatogram.sty By = Fabrido
Calibration File : None
Sample Info:
Sample ID : VRIOG Amount B
Sample + 4-CN sidal ISTD Amount = 0
Inj. Volume [ml] @ 61 Dilution o1
Method + Defaulti By + Darte e (Lt
Description : Default method for Insrument 1
Created © B1/0B/2006 15:43 Madified @ 26/01/201 1201
Colurnn 118 Detection DRI
Mobile Phase  : H/PTOH 95:5 Temperature -
Flow Rate + 1 milfmin Pressure :
CN Mot : Sample dissolved in Hesane/PrOH 95:5 + DOM (solvent pesk st 3.8 min, checked with blank injection)
Autostop : None External Start  : Start- Restart, Down
Detector 1 : Detector 2 Range 1 © Bipolar, 1250 m, 12,5 Samp. per Sec.
B * Not Usd Calibration File : None Caiculation : Uncal
Scale Factor : Mot e Units After Scaling @ Not Used Uncal. Response = 0
Result Table Reports  : All Pasks Hide 1STD Pesk : Ensbled
GPC Callbration Fle -
L]
80
&0
-
= @
@ 5 ~ =
g 40 &
: :
+
£
20 ﬂ
@ fomee tremmesarosisaaasE?
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Tie [in.]
Page 2 of 2 s - "
26/01/2021 12:01 Chromatogram C:\Clarity Lite\WORKI1\DATA\Fabrizio\Aldoli prolina legata_DCA\VR106.PRM Page 2 of 2

Result Table (Uncal - C:|Clarity Lite\ WORK1\DATA |Fabrizio \Aldol prolina legata_DCA'|VR106 - Detector 2)

Reten. Time Area Height Area Height W05 Compound
[min] [mv.s] [mv] (%] %] [min]
21,180 28 41,440 | 286 | 35,11 1,06
24,672 28,111 183 3,8 1,20
3 26,424 3578,328 34,086 35,5 36,8 1,58
4 33,464 1779,725 14,527 17,7 12,3 1,84
Total 10076,823 118,165 100,0 100,0
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(R)-2-((S)-(2-fluorophenyl) (hydroxy)methyl)cyclohexan-1-one (4.27a)

012000 14:13 Chromatogram C:\Clarity Lite\WORKI\DATA\Fabrigo\Aldoll Proline DCA\VR128rac PRM Pagelof2
. Clarity - Chromatography SW
’ Datafpex 2006
A www.dataapex.com
Chromatogram Infa:
File Name 1 CAClarity Lite\WORK1\DATA\Fabrizio\Aldod Proline DCA\VR 128rac PRM File Created 1 0O/12/2020 12:13:45
Origin 1 Acquired MAcquired Date 1 03/12/2020 13:10:23
Project + Co\Clarlty Lite\ProjectsiWork 1 PRI By + Fabsrizio
Printed Vergion Info:
Printed Version 1 O3/12/2000 14:13:44 Printed Date 1 O3/12/2020 14:13:51 O
Report Style 5 Co\Clarity LkeACommon\Chromatogram. sty By : Fabsrizia
Calibration File 1 None
Sample Info:
Sampie ID 1 VR128rac Amount
Sample i 2-F sdol racemate ISTD Amount
Inf Volume[m] 0,1 Diution
Method : Defsultl By + Datadpex Lid.
Description ¢ Default method for Insrument 1
Created : 31/06/2006 1543 Modified 1 0G/12/2020 1413
‘Colsmn D IC Detection TR
Mobile Phase : H/IPrOH 95:5 Termpersture B
Flow Rate ¢ 1.0 mymin Pressure H
Note: : Sample dissolved In Hexane/IPrOH 95:5 + DCM (solvent peak at 3.2 and 3.84 min, checked with blank infection)
Autostop : None External Start 1 Stert - Restart, Down
Detector 1 : Detector 2 Range 1 + Bipolsr, 1350 mV, 12,5 Samp. per See.
Base ¢ Not Used Calbration Fle Calculation ¢ Unesl
Scale Factor : Not Used Units After Scaiing Uncal. Response 0
Result Table Reports : AN Pesks Hide ISTD Pesk : Enabled
GPC Calbration Fie :
[mi]
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03/12/2020 14:13 Chromatogram C:\Clarity Le\WORK1\DATA\Fabrido\Aldoll Proline DCA\VR128rac PRM Page 2of2

Ressuit Tabie (Lincal - 0| Clarfty Lite| WORKT |DATA | Fabrizo|A idol Proline DCA|VR128ras - Datector J)

Reten. Time Area Haght Area Helght WS Compound
[Frin] [rriv.£] [miv] [%] [%] [rmin] Narme
1 12,668 458,840 10,784 440 07 074
3 14,38 4dsgin 3,154 a3 61,0 0,37
El pr k) 5,31 1,750 56 &8 [
4 34244 78,243 1,638 75 45 0,70
Toisl 104331 36,357 16,0 06,0

25/01/2021  16:41

Chromatogram C:\Clary Lite\WORKI\DATA \Fabrigo\Aldol proling legata DCA\VR108.PRM
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Clarity - Chromatography SW

2

DataApex 2006
www.d com
Chromatogram Infa:
File Name : C:\Clerity Lits\WORK1\DATA\Fabrizio\Aldod profina legata_DCA\VR108.PRM File Crested : 25/01/2021 16:39:14
Origin + Acquired Acquired Date  : 25/01/2021 16:39:14
Project 5 C:\Clarlty Lite\Projects\Work LPR] By : Fabrido
Printed Version Info:
Printed Version : 25/01/2021 16:41:48 Printed Date : 25/01/2021 16:41:55
Report Style 1 C:\Clerity Lite\Common\Chromatogram.sty By : Fabrido
Calibration File : None
Sarmple Info:
Sample ID : VR108 Amount
Sample 1 2-F aidol ISTD Amount H
Inf Velume[m]  :01 Dikstion :
Method : Defaultl By + Datafpes Lid.
Description ¢ Default method for Instrument 1
Created + 3062006 15:43 Modified : 25012001 1641
Column L IC Detection *R
Mobile Phase  : H/IPrOH 95:5 Temperature H
Flow Rate mLjmin Pressure :

Note:

Autestop : None

Detector 1 : Detector 2
Base : Not Used
Scale Factor : Not Used
Result Table Reports : Al Pesks

GPC Calbration Fie

[mv]

Cailration Flle
Urikts After Scaling
Hide ISTD Pesk

Range 1

None
Not Used
: Enabled

Stert - Restart, Down

Calculation
Uneal. Response

Bipolar, 1250 mV, 12,5 Samp. per Sec.

t Uneal
t0

Vdtage
) §

1425 2

— CAClarity Lite\ WORK1\ DATA\ Fabrizio\ Aldoll prolina legata_DCA\ VR108 - Detector 2

=
2
5

=

25/01/2021 16:41

Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizio\Aldoli prolina legata_DCA\VR108.PRM

Result Table (Uncal - C:|Clarity Lite| WORK1\DATA |Fabrizio |Aldoli prolina legata DCA|VRIO8 - Detector 2)

&

[min. ]

Page 2 of 2

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] %] [min] Name
1 12,640 43,647 1,669 0,5 1,7 0,34
2 14,352 33,900 1,879 0,3 1,9 0,22
3 24,844 5713,802 65,068 68,2 65,1 1,40
4 31,844 2506,724 31,271 31,0 3L3 132
Total 8378,073 99,887 100,0 100,0
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(R)-2-((S)-(4-bromophenyl) (hydroxy)methyl)cyclohexan-1-one (4.28a)

07/1%2020 13:06  Chromaiogram C:\CLARITY LITE\WORKI\DATAVFABRIZIO\ALDOLT PROLINE DCANIC_95_5_IMLMIN\VR131RAC.PRM

Page1af2

2

Clarity - Chromatography SW

DataApex 2006
www.dataapex.com
Chromatogram Info:
File Name: + C2\CLARITY LITE\WORK1\DATA\FABRIZIC\ALDOLT PROLINE File Crested + OF/12/2000 104447
DCAVIC_95_5_IMLMIN\WRI31RAC.PRM
Origin : Acquired Acquired Date  : 07/12/2000 11:30:06
Project + C:\Clarlty Lite\Projects\Work 1.PR) By : Fabride

Prinked Version Info:

Frinted Version + O7/12/2020 13:06:35 Printed Date ;07122000 13:06:41
Report Style : By : Fabrizio
Calbration File
Sample nfo:
Sample 1D © VRi3lrac Amount 10
Sample : 4Br sidol racemate ISTD Amount £ 0
InfVeme[m] 01 Diution 11
Method : Defaulti By + DataApex Lid.
Decription + Default method for Instrument 1 o OH
Crestea : JU082006 15:43 Modified : 07/12/2020 1306 -
Colsmn LIC Detertion sl
Mobille Phase  + H/IPrOH 95:5 Tempessture
Flow Rate : 1.0 mifmin Pressure :
Note: + Sample disolved in Hexane/[PrOH 95:5 + DCM (sobvent pesk at 3.2 and 3,84 min, checked with blank Injection)

Autostop : None External Start  : Start- Restart, Down
Detertor 1 + Detector 2 Renge 1 + Bipoks, 1250 mV, 12,5 Samp. per Sec.
Base + Not Used Caibration File : None Caicuistion : Uneal
Seaie Factor * Not Used Units After Sealing = Mot Used Uneal Response  : 0
Result Table Reports  : Al Pesks Hide ISTD Pesk : Enabled
GPC Calbration Fle  :
(g
—_ CACLARITY LI TE. WORK1\ DATA\ FABRI ZI O\ ALDOLI PROLINE DCA\ I C_85_5_1MLMI M. VR131RAC- Dstactor 3
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OPA2/H 13:06
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Tme [rein.]
Chramatigrarn C:\CLARITY LITEW ORKI\DATA\FABRIZIC\ALDOLT PROLINE DCANIC_S5_5_IMLMINWRI31RAC.PRM Page20f2

Result Table (Uncal - C: \CLARITY LITE\WORKI|DA TA \FABRIZIOALDOLT PROLINE DCA|IC_95_5 IMLMIN|VRIIIRAC - Detector
2

Reten. Time Ares Hsght Area Height W05 Compound
[Frin] [rriv.£] [miv] [%] %] [rmin] Narme
1 26,012 26,857 0,631 89 11,3 0,80
H 30,555 B G568 BE 16,1 6,80
3 2012 2,000 390 37,2 0,34
q 35,58 3311 453 L 6,55
Tt E586 16,0 16,0

Br
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. Clarity - Chromatography SW
’ DataApex 2006
A wiww.dataapex.com
Chromatogram Info:
File Name 1 C:\Clarity LitelWWORK1\DATA\Fabrido\Aidod prolina legata_DCAYWR110.PRM File Crested : 25/00/2021 17:30:41
Origin cquired Acquired Date @ 25/01/2021 17:30:41
Project \Clarity Lite\Projects\Work 1.PRI By : Fabrido
Printed Version Info:
Printed Version + 25/01/2001 17:34:23 Printed Date + 25/01/2021 17:34:28
Report Style 1 C:\Clarity LiedCommon\Chromatogram.sty By : Fabrido
Calbration File : Mone
Sample Info:
Sampie ID + VR110 Amount )
Sample : 4-Br adol ISTD Ameunt H
Inf Velme[ml]  :01 Dikstion i1
Matfiod ¢ Desfultl By 2 Deatadpe L,
Description : Default method for Instrument 1
Created + 31/06/2006 15:43 Modified 2 25012021 1734
Column +IC Detection RI
Mobile Phase  : H/IPrOH 55:5 Tempesature  :
Flow Rate t 1 mlfin Pressure B
Note + Sample dissolved in Hexane/IPrOH 95:5 + DCM (sobvent peak at 3.8 min, checked with blank injection)
Autostop : None External Start  : Start- Restart, Down
Dtertor 1 ¢ Destectesr 2 Range 1 + Bipolar, 1250 m\, 12,5 Samp. per Sec.
Base : Not Used Caliration File : None Calculation + Uncal
Scae Factor : Not Used Units After Scalng = Nok Used Uncal. Response  : 0
Resukt Table Reports  : All Pesks Hide ISTD Peak = Enabled
GPC Calbration Fle H
[
— K1\ DAT A\ Fabrizioh Aldoll proiin
30+
8 20
B
=
>
104
o oy N
T T T T
20 40 45 50
[min. ]
25/01/2021 17:34 Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizio\Aldoli prolina legata_DCA\VR110.PRM Page 20f 2
Result Table (Uncal - C:|Clarity Lite| WORK1\DATA\Fabrizio |Aldoli prolina legata_DCA | VR110 - Detector 2)
Reten. Time Area Height Area Height Waos Compound
[min] [mV.s] [mv] %] [%] [min] Name
1 25,036 29,986 1,132 1,0 24 0,44
2 25,312 43,157 1,502 15 31 0,60
3 31,608 1649,874 26,976 56,1 56,5 0,9
4 39,984 1217,953 18,095 41,4 379 1,08
Total 2541,010 47,704 100,0 100,0
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(R)-2-((S)-(3-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (4.29a)

AR 1BE Chromatograr C:\C larity LiteyW ORE1\DATAVF sbr e Aldall Prolive DCAYVR 130rac PRM Page1of2
I. Clarity - Chromatography SW
Datadpes 2006
A WWW.CABAPEN.COm
Chiosaiogram Infa:
File Name + CaVClerhy Lite\W/ O RKIDA TA\Fabarisio\Aid ol Profine DCAVWR I30rac PRM File Created : 2122020 1811490
origin + Mesuled Acquired Dete 1 23/13/2000 18:11:40
Froject + Cx\Clerky Lte\ProjectsiWork 1PR] By + Fabtiz
Frinked Veession Infua!
Frinted Version ¢ 2210 18 25007 Printed Date T 212000 18:25:15
Renart Styie + C\Clerky LeAComman\Chrometngram sy By * Fatirizio
Calbraton Fie (0]

Br

Sarspia Tk
Sawple D Amsrt ]
Sarpie ISTD Amount  : 0
T, sl el ] Ditin +1
Maktod + Dafash By + Diatafpens L.
Decrpton  : Defeult method for Tnstrument L
(Crested + 3081006 15:3 Maodified 2NN 1R
Colmn 11E Detsction TR
Mobile Phese @ H/IPrOH 35:5 Tempersture  :
Floow: R + 1.0 milfmin Frasirs .
Note: : Sample dimohve In Hexane/ ProH S5:3 + DCM (sovent pesk at 38 min, checked with blank injection)
Autaop + None External Start @ Sterl - Restart, Down
Detaster 1 + Detuster 2 Pange 1 + Bpolar, 1350 m, 12,5 Sarsp. per See.
Bas : NotUssd Calloration Flle < None Cacuiston : Uncal
Scale Factor : NotUsed Units After Scaling  : Not Used Uncal Response @ 0
Rk Tabia Repesrte = AN Dagke Hisha TETI Pk : Ensblod

A DAty LTs\ WORKT. DAT A\ Fabriziol Aldall Broling (OA VR1 30ree - Detector 3

R
i

[rein]
2212000 18:35 Chromatgram C:\Clarky LIE\WORKL\DATAVF abrizia\Aldel Proline DCAWRLI0C FRM Page 2of 2
Resuit Tabie (Uncal - C: | Clarity TN TA | F Profine DCA | VR130rec - Detector 2)
Reten. Time Area Heght Heghtt

Area
%

Compound
Name

]

25/04/2001 18:09 [ £\Clerity LI TAVF prolina legata DCAVWR121LPRM Page 10f2
. Clarity - Chromatography SW
’ DataApex 2006
A www .d com
Chromatogram Info:
File Name ¢ C:\Clarity Le\WORK1\DATA\Fabrizio\Aldel proina legata DCAVWRIZLPRM File Crested + 25/01/2021 17:59:55
Origin + Acguired Acquired Date @ 25/01/2021 18:06:41
Project . By : Fabrido
Printed Version Info:
Printed Wersion : 250012021 18:09:36 Printed Date : 25/01/2021 18:09:46
Report Style By : Fabrido
Callbration File * None
Sample Info:
Sample ID © VR1Z1 Amaunt :
Sample + 3Br aidol ISTD Amount  :
Inf Velume[ml]  : 01 Diktian t1
Method : Defaultl By : Datafpex Lid,
Description + Default method for Instrument 1
Crested + 30672006 15:43 Med ifieet 1 25012021 1808
Coksmn ] Detection $ BT
Mobile Phase  : H/IPrOH 95:5 Temperature  :
Flow Rate t 1 mlfmin Pressure :
Naote + Sample disolved in Hexane/IPFOH 95:5 + DCM {sobvent peak at 3.8 min, checked with blank injection)
Autostop : None External Start  : Start - Restart, Down
Distertinr 1 ¢ Detecter 2 Range 1 + Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used Callsration File : None Calculstion : Uncal
Scale Factor : Mot Used Units After Sealing : Not Used Uncal. Response @ 0
Result Table Reports  © Al Pesks Hide ISTD Peak : Enabled

GPC Calbration File

Vaitage

— CAClarity Lite\ WORKI1\ DATA\ Fabrizio\ Aldoll prolina legata_DCA\ VR121 - Detector 2
™

&
S

25/01/2021 18:09

,,_
.
5
=
5

18
[min.]

Chromatogram C:\Clarity Litz=\WORK1\DATA\Fabrizio\Aldoli prolina legata_DCA\VRI21.PRM Page 2 of 2

Result Table (Uncal - C:|Clarity Lite| WORKI|DA TA |Fabrizio |Aldok proiina legata DCA |VRI121 - Detector 2)

Reten. Time Area Height Area Height Wos Compound
[min] [mv.s] [mv]1 [%] [%] [min] Name
1 8,360 2845,391 153,572 87 20,0 0,33
2 8,840 2673,773 117,021 82 15,2 0,36
3 5,912 17088,830 343,603 52,1 446 0,79
4 11,572 10183,872 155,013 31,1 20,2 0,9
Total 32791,866 768,200 100,0 100,0
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25/01/2021 15:42 Chromatogram C:\CLARITY UITE\WORK1\DATA\FABRIZIO\ALDOLT PROLINA LEGATA_DCANIC_S-1_IMLMIN\VR108.PRM Pagelof2

Clarity - Chromatography SW
2006

2

-((S)-(2-bromophenyl)(hydroxy)methyl)cyclohexan-1-one (4.30a) Datapex
www.d COMm
Chromatogram Info:
File Name 1 CHOCLARITY LITE\WORKI\DATA\FABRIZIOV\ALDOLIT PROLINA Flie Crested ¢ 2501/2021 12:26:18
IS/1%/2020 1517  Chromatogram C:\CLARITY LITE\WORKL\DATA\FABRIZIOVALDOLT PROLINE DCAVIC_3_1_IMLMINWRI2SRAC.PRM Pageiof2 LEGATA_DCAVIC_2-1_IMLMIN\VR10A.PAM
Origin : Acquired Acquired Date @ 2501/2021 12:27:11
. Clarity - Chromatography SW Project + C\Clerlty Lite\Projects\Work 1PR] By : Fabrizo
DataApex 2006
A " Printed Version Info:
www. com
Printed Version © ZS01A 15:42:12 Printed Date  : 25/01/2021 15:42:18
‘Chromatogram Inf: Report Style By : Fabrizi
File Name 1 C:\CLARITY LITE\WORKI\DATA\FABRIZIOVALDOLT PROLINE Filie Crested 1 101272020 13:21:38 Callbration Flle + None
DCANIC_S_1_IMLMIN\VR12ORAC PRM -
Origin + Aequired Acquired Dete ¢ 10/12/2020 13:33:21
Praject : C:\Clerity Lie\Projects\Werk 1.PRI By : Fabrizsie Sample Info:
Sampie ID : VR109 Amount 10
Printed Version Info: Sample : 2-Br sidel ISTD Amount @ 0
Printed Version 1 151272020 15:17:38 Printed Dete © 151272020 15:17:47 Inj. Violume [mi]) 101 Diution i1
Report Sty ¢ C\Clarity L\Common\Chromatogram.sy By : Fabrigio
Calbration File : Nome Method : Defaull By 1 Datanpex Lid.
Deseripion : Defsull method for Instrument 1
Sarmple Info: Crested : 3YO0R2006 15:43 Modified : 2502021 15:42
Sample ID : VR12Grac Amcunt Lo O OH Br
Sample : 2-Br aldol racernate ISTD Armount 0 - Colsmn 1 IC Detection TR
Inj. Volsme [ml] @ 0,1 Diution 1 ' Moblle Phase  : H/IFrOH 51 Temperature  :
—— —— By : DetaApex L, Flow Rate + 1 mimin Pressure :
Descripion  : Default method for Tnstrument 1 Note : Sample dissolved in Hexane/IPrOH 95:5 + DCM (soivent peak at 3.8 min, checked with biank injection)
Created ¢+ 3082006 15:43 Modified 1512000 1517
Colsmn I Detection £
Moblle Phase @ H/IPrOH ©:1 Terpersture  : Autostop + None External Start @ Start- Restart, Down
Flow Rate: ¢ 10 ml/min Pressure : Detertor 1 : Detector 2 Range 1 + Bipolar, 1250 mV, 12,5 Samp. per Sec.
Note i Sample dissolved in Hexane/IPrOH 95:5 + DCM (solvent peak at 3.2 and 3.84 min, checked with blank injection)
Base : Net Used Cailbration File : None Caleulstion : Uneal
Seale Factor Urits Afler Sealing  : Not Used Uneal. Reponse. : 0
Autosgop : None Eternal St © SIrL- ReSrt, Down Result Table Reports Hide ISTD Pesk : Enabled
Detertor 1 : Deteetor 2 Renge 1 * Bipolar, 150 mi, 12,5 Samp. per Ser. GPC Calbration Flie
Base * Not Used Calibration File * None Caleulation ¢ Unesl
Scale Factor : Not Used Units After Scaling : Not Ussd Uncal. Response 10
Result Table Reports : Al Pesks Hide ISTD Peak : Enabled
GPC Calbration Fle  : [mv]
— 1ARITY LI TR WORKI\ DATA\ FABRI ZI O\ ALDOLI PROLI NA LEGATA_DCAM C_89-1_1MLMI M VR109 -
150+
[riv]
— CACLARITY LI TR WORKI\ DATALFABRI ZI O, ALDOU PROLINEDCAMIC_8_1_1MLMIM VR1289RAC - Detector 3
100 100
-
§
> A
I
- 50 Il
& \
3 [
S \
|\
|\
™~ .. | !
- “ / / S — S —_—
o =
a 2 15 20 25
«u___m__[/u e i — — [min.]
T T T T T T
8 10 12 14 18
=5 25/01/2021 15:42 Chromatogram C:\CLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLI PROLINA LEGATA_DCA\IC_9-1_IMLMIN\VR109.PRM page 2 of 2
Tere [rwin.]
Result Table (Uncal - C:|CLARITY LITE\WORKI\DA TA\FABRIZIO\ALDOLI PROLINA LEGATA_DCA \IC_9-1_IMLMIN|VR109 -
15/12/2020 15:17  Chromatogram C:\CLARITY LITEVWWORKI\DATA\FABRIZIDWALDOLT PROLINE DCAVIC 9 1 IMLMIN\WR1ZSRAC PRM Page2of2 tor 2)
Result Tate (Uncal - C: |CLARITY LITE| WORKT|DA TA |FA BRIZTO |ALDOLT PROLINE DCAVC_9 1 IMLMIN|VRIZ9RAC - Detector Reten. Time Area Height Area Height W05 Compound
2 [min] [mV.s] [mV] [%] [%] [min] Name
Reten. Time Area Height Area Height 3 Compound 1 9,212 441,680 18,461 39 7,0 0,42
[rrin] [rriv.£] [miv] [%] %] [rmin] Nerme 2 9,716 248,325 12,920 22 49 0,34
! Baw a0 z3 8 az 3 15,902 667,618 147,143 58,8 558 0,73
2 ik 08 ot Q 15,788 3997, 160 85,103 353 333 6,75
2 =2 78 92 Total 11364, 784 363,626 100,0 100,0
i 25 0 0,3
5 32 18 4
100,0 100,0




26/01/2021 09:14 Chromatogram C:\Clarky Lte\WORKI\DATA\Fabrido\Aldol prolina legata DCA\VR119.PRM Pagelof2

. Clarity - Chromatography SW
(R)-2-((S)-(3-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one (4.31a) DetaApex 2006
/N www.d com
Chromatogram Info:
File Name “\Clarity Lite\WORK1\DATA'\Fabrio\Akdol profina legata_DCA\VRIIS.FRM File Crested
212720 1741 ‘Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrido\Adol Profine DCA\WRIIrac2 PRM Pagelof2 Origin : Acguired Acquired Date
- Project + C:\Clarity Lite\Projects\Work 1LPRI By : Fabrido
‘ Clarity - Chromatography SW
‘ DataApex 2006 Prinked Version Info:
A www com Brinted Version © 26/01/2021 05:14:40 Printed Date  : 26/01/2021 0%:14:51
Chromatog ram Info: Repart Style C:\Clerity Lite\Common)\Chromatogram.sty By : Fabrido
File Name + C:\Clerity Lite\WORKT\DATA\Fabrizo\Aldel Profine DCA\WR1Z3rac2.PRM File Crested + 2122000 17:34:27 Calibration File : None
Crigin + Meguires Acqured Date  : 221272000 17:3427
Project 1 Ci\Clerity Lite!\Projects\Work LPR] By i Fabrigio Sarmple Info:
Sampie ID : VR119 Amount :0
Printed Version Info: Sampile 1 3-Claidol ISTD Amount  ©
Printed Version + 22712/2000 17:40:45 Printed Dake + 22/12/2000 17:41:02 In. Vioksme [mi] L1 Dikstion 11
Report Style + C:\Clarity Lte\Cormmon\Chromatogram. sty By : Fabrize ° -
Catbration Flle : None Method : Defsul By : Datafpex Lid.
Deseripion ¢ Defisult method for Instrument 1
Shnple Ini: Crested : 3082006 15:43 Modified : 26042021 014
Sample [D + VR133rac2 Amount 10
Sarple : 3-Cl sidol rac ISTD Amount 10 Coksmn .18 0
Inf. Vome [m] 01 Dilution 11 O 9 H Viobike : WIPTOH 55 TEM:‘HM
Method : Defautl By  Detanpe Lid. - cl Flow Rate & 1 mijmin Pressusre: :
Descripion Defeuk method for Instrument 1 Note: : Sample disolved in Hexane/IPrOH 95:5 + DCM (solvent pesk at 3.8 min, checked with blank injection)
Crested ¢ 31082006 15:43 Modified 221020 1740
Column Detection TR
Mobile Phese Termpes ature :
Flow Rate Preasure N Autoetop : None External Start  : Start - Restart, Down
Nate + Sample dimolved in HexanafIPrOH 95:5 + DCM (sokent peak at 3.8 min, checked with blank njection) Detertor 1 + Detector 2 Range 1 + Bipolar, 1250 m\, 12,5 Samp. per Sec.
Base : Mot Used Cailbration File : None Caleulstion : Uneal
Autostop o Dawnd Tt ; St Rewrt, Down Seale Factor : Mot Used Urits Afler Scaling  © Not Lised Uneal. Response 0
Detector 1 + Detector 2 Range 1 + Bipolsr, 1250 mV, 12,5 Samp. per Sec. Result Teble Reports @ All Peaks Hide ISTD Peak : Enabled
GPC Calbration Flie  :
Base : Not Used Calibration File : None Calculation i Uncal
Scale Factor * Not Used Unis ARer Scaling Not Used Uncal. Response t0
Result Table Reports : Al Pesks Hide ISTD Peak : Enabled
GPC Calbration Flle H
[mi] i
— CAQarity Lite\ WORK1\ DATA\ Fabrizio\ Aldoll Proline DCA\ VR133rac2 - Detector 2
a0 -
&
30 oo 300 =3
=
5
G ] -
> -
200 8 o -
3 bt
100
NN AV P
P | Y (N SR sl cortceroa
10 8 10 12 14 16
[min.]
[ 1 2 14 16 15 Tere
Time Trein. 1
26/01/2021 09:14 Chromatogram C:\Clarity Lite{W O RK1\DATA\F abrizio\Aldoli prolina legata_DCA{VR119.PRM Page 2 of 2
22/12/2000 17:41 Chromatogram C:\Clarity Lite\W ORK1\DATA\Fabrizio\Aldoli Proline DCA\VR133rac2.PRM Page2of 2
Result Table (Uncal - C:|Clarity Lite| WORKI\DATA |Fabrizio |Aldoii prolina legata DCA\VR119 - Detector 2)
Result Table (Uncal - C: |Clarity Lite|WORKI|\DA TA |Fabrizio|Aidoll Proiine DCA | VR133rac2 - Detector 2) ——— Y= Fieiont T Feioht WE Compound
Reten. Time Area Height Area Height W05 Compound [min] [mv.s] [mv] [9%0] [%] [min] Name
[min] [mv.s] [mv] %] %] [min] Name 1 8,052 2472,652 151,608 9,3 2,1 0,32
1 8,672 349,056 20,340 32,4 36,5 0,20 2 8,416 3932,341 143,355 148 20,9 0,46
3 5,160 345,403 18,318 35,0 358 6,35 3 9,640 19762,821 367,168 483 389 0,76
3 11,132 198,411 10,084 184 18,1 0,32 q 11,344 7337,574 154,837 377 183 0,87
4 13,232 185,879 7,058 17,2 12,6 0,42 Total 36536,088 685,968 06,6 106,0
Total 1078,839 55,800 100,0 100,0
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25/01/2021  18:26 Chromatogram C:\Clarky Lite\WORKI\DATA\Fabrizdo\Aldod profina legata DCA\WVR113.PRM Pagelof2

. Clarity - Chromatography SW
-((S)-(2-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one (4.32a) A DataApex 2006
www.d oOm
Chromatogram Info:
File Narme + C\Clarky LibelWORK1\DATA\Fabrizio\Akdod profina legata_DCA\VR113.PRM File Crested © 25/0Y/2021 18 35:04
1Y M0 16:04 Chromatogram C:\CLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLT PROLINE DCANIB_S5 5_1IMLMIN\VR1IZRAC.PRM Pageiof2 Origin 1 Acguired Acquired Date : 25/01/2021 18:25:04
- Project + C\Clarlty LibelProjects\Work 1LPRI By : Fabrido
‘ Clarity - Chromatography SW
l DataApex 2006 Prinked Vession Info:
A www com Printed Version + ZS01A 18:25:32 Printed Date  : 25/01/2021 18: 26:00
Chromatogram Info: Report Style + C:\Clarity Lite\Common\Chromatogram.sty By : Fabrido
File Name 1 C:\CLARITY LITE\WORKI\DATA\FABRIZIOVALDOLI PROLINE Flle Crested + 22/12/2000 13:58:43 Calibration File : None
DCANE 95 5 1MLMIN\VR132RAC.PRM
Origin 1 Acguired Acquired Date © 2212/2020 14:11:33 ) e Info:
Project 1 C:\Clerity Lite\Projects\Work LPR] : Fabrido 5 de ID .+ VRI13 Amount .
prmted Verson Info: Sample : 2Clsidel ISTD Amount  : 0
Printet Version * 22122000 16:04:26 Printed Date  : 22/12/2000 160434 Inj Volume [ml] 01 Diktion i
Report Style * C:\Clarity Ute\Common\Chromatogram. sty By ¢ Fabridio O OH CI Method + Defaultl By Dt peeg Lbd,
Calbretion Fie i Wone = Descripion ¢ Default method for Instrument 1
S Crested + JU0K2006 15:43 Medified : O0YHZ 1825
Sampie ID 1 VR132rac Amount 10
Samgple + 2-Cl aidol rac ISTD Amount 0 Column P Detection iR
InfVolmem] 01 Dikstion ‘1 Moblle Phase  : H/IPrOH 55:5 Temperature  :
Method i Defaultl 1 Data; Led, Flow sim Presure :
: & : e L Note : Sample dissoived in Hexane/IPrOH 95:5 + DCM (solvent pesk at 3.8 min, checked with biank injection)
Description i Default method for Instrument 1
Cresated : 3082006 15:43 Mod ified 1 Z12/2000 1604
‘Colsmn 118 Detection
Mobile Phase  : H/IPTOH 85:5 Tempersture Autostop : Nene External Start  : Start- Restart, Down
Flow Rate t 10 mlmin Pressure H Ditector 1 + Detector 2 Range 1 : Bipalsr, 1250 mV, 12,5 Samp. per See,
Note ¢ Sample dissolved in Hexane/IPrOH 95:5 + DCM (solent peak at 3.8 min, checked with blank injection)
Base : Net Used Callbration File : None Caleulstion : Uneal
Seale Factor : Net Used Urits After Sealng Mot Lised Uncal. Reponse 0
Autostop  None External Start  : Start- Restart, Down Result Table Reports  : All Peaks Hide ISTD Peak : Enabled
Dietectar 1 + Deteeter 2 Renge 1 + Bipaler, 1250 mV, 12,5 Samp, per Sec. GPC Calbration Fle -
Base : Not Used Calisration File : None Calculstion : Uncal
Scale Factor : Not Used Units After Scaling : Not Used Uncal. Response 0
Result Table Reports AN Pesks Hide 1STD Peak : Enabled
GPC Caibration File H [I'l"]
500
[iv] 400
— CACLARITY UTE WORK1\ DATA\FABRI ZI O\ ALDOU PROLINEDCANBE_B85_5_1MLMIM VA132RAC - Detector 3 3
=
300
2
g ~
1001 - 200 g
% 2 -
g =
=
100
(1}
7 8 k-] 10 1 12 13
— . Time [min.]
T T T T
8 10 12 14 25/01/2021 18:26 Chromatogram C:\Clarity Lite\WORKI\DATA\Fabrizio\Aldoli prolina legata DCAWRI13.PRM Page 2 of 2
[rin. ]
Teme Result Table (Uncal - C:|Clarity Lite\WORK1|DATA | Fabrizio|Aldoli profina legata_DCA|VR113 - Detector 2)
22/12/2020 16:04  Chromatogram C:\CLARITY LITE\WORKI\DATA\FABRIZIOVALDOLI PROLINE DCA\IB_85 5 1MLMIN\VR132RAC.PRM Page 2 of 2 Reten. Time Area Height Area Height Wos Compound
[min] [mv.s] [mv] [%] [%] [min] Name
Result Table (Uncal - C:|CLARITY LITE|\WORKI|DATA |FABRIZIO|ALDOLI PROLINE DCA\IB_95 5 IMLMIN|VRI32RAC - Detector 1 B,092 10392,330 293,520 60,2 65,6 0,59
2 3 5,088 6883,396 154,003 98 344 0,68
Reten. Time Area Height Area Height WS Compound For 755,556 P 66,6 66,0
[min] [mV.s] [mv] [%] [%] [min] Name
1 7,080 90,334 5,940 2,4 43 0,26
Fl 8,184 91,457 6,472 2,4 a7 0,22
3 8,8% 1814,767 69,717 a7,i 502 041
i 3,756 185,586 56,643 433 0,8 0,50
Total 352,654 138,771 100,0 10,0
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(R)-2-((S)-hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one (4.33a)

1m0 1429 Chromatogram C:\CLARITY UTE\WORKI\DATA\FABRIZIOALDOLT PROLINE DCA\VR13SRAC PRM Pagelof2
. Clarity - Chromatography SW
’ DataApex 2006
A www.dataapex.com
‘Chromatogram Info:
File Name  COCLARITY LITE\WORKI\DATAFABRIZIOVALDOLT PROLINE DCA\VRIISRAC.PRM File Created : 18/12/2000 19:03:44
Origin + Aequired Acqured Date  © 18/12/2000 19:48:33
Project : CiClerty Lite\ProjectsiWork LPRI By : Fabrlzio
Printed Version Info:
Printed Version 24/12/2000 14:23:31 Printed Date : 2/1/3000 14:29:37
Report Style C:1Clary Lt maman\ Chromatogram. sty By  Fabirlda
Calibration File None
Sample Info:
Sample ID * VR13Srac Armount B
Sampile 1 4-0Me sldol rac ISTD Amount B
Inf. Voksme [rl] 0,1 Diktion i1
Method ! Defaunl By 1 Datanpex Lbd.
Description : Default method for Ingtrument 1 o OH
Cretesd § IOR06 15:43 Mt : UL 142 =
Colsmn ¢ IA Destertion <RI
Moblle Phase : H/IPrOH 95:5 Termper sture H
Flow Rate : 1.0 mlmin Pressure B
Note: : Sample disobved in Hexane/PrOH 95:5 + DCM (sobent pesk st 3.2 and 384 i, checked with blank Injection)
Autegop ¢ None External Start * Start - Restart, Down
Detector 1 : Detector 2 Range 1 1 Bipolsr, 1250 my, 12,5 Samp. pes Sec.
Base : Not Used ‘Caiisration Flie : None ‘Calculation i Uncal
Scale Factor Units After Scaling : Mot Used Uneal. Response 0
Rk Table Reports Hide ISTD Pesk  : Ensbled
GPC Calbration File H
[miv]
40
E
&
£
=
2
20 I
ER
—
A
10
S .. |
T [
5 20 s 40
Tieme [rin.]
21/12/2020 14:29 c C:\CLARITY LITE, 1\DATAVFABRIZIOVALDOLT PROLINE DCA\WRLISRAC. PRM Page 2of 2
Result Tabie (Uncal - C:|CLARITY LITE|WORKE |DA TA |FABRIZTO|A LDOLT PROLINE DCA|VRIZSRAC - Detector 2)
Risten Time Area Teght Ares Height Wis Compound
[rmin] 5] ] o] o] [rrin] e
1 17,7% 452,077 8,683 s L6 0,90
H 6, 436,55 8,14 X 38,7 0,75
k] S4i0 4 158 G
i 53584 263,979 5177 04 188 0,34
Tt 143,573 44 it a0

OMe

moywe1 11:38

Chrometogram C:\Clarky Lie\W ORKI\DATA\Fabrido\Aldoll prolina legets DCAWR1IBPRM
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1 12,524 723,513 2,591 70 256 o 1 12,660 107,274 3,102 109 16,9 0,54
2 izt hadcand Z5 7 247 as2 2 14,888 248,562 5471 25,2 29,8 0,74
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hd 1820 1369208 1A% 319 174 Le a 32,460 319,108 5,366 23 29,3 0,04
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4.4.3 L-Phe derivatives tests

Tests continued using 4.1 and 4.2 as organocatalysts in Aldol reactions, in water, between a
model ketone, cyclohexanone 4.22, and some variously substituted aromatic benzaldehydes
under the same conditions as the model reaction already carried out with the proline catalyst.
In this way, a first direct comparison between the results obtained with the two types of
catalysts functionalized with two different amino acids would have been possible.

To be sure that the amphiphilic nature of the synthesized catalysts was important in
determining their catalytic ability, a preliminary test was made using the same conditions
described above and as catalyst L-phenylalanine amino acid. The reaction was monitored by
thin layer chromatography (TLC), but even after more than 48 hours, no substrate
conversion was observed.

The first reactions carried out with the organocatalysts 4.1 and 4.2, involved cyclohexanone

4.22 and p-nitrobenzaldehyde 4.23 (Scheme 4.35).

0 0O
4.1 10% mol *
+ H > *
H,O, r.t., 48 h
NO, NO,
4.22 4.23

4.23a (99%, rd syn/anti = 51:49, 7% ee)

O OH

0 (@]
0, *
+ H 4.2 10% mol . ’
H,O, r.t., 48 h
NO, NO,
4.22 4.23

4.23a (64%, rd syn/anti = 55:45, -56% ee)

Scheme 4.35. Preliminary reactions carried out with catalysts 4.1 and 4.2.

According to NMR spectra, the dr resulted not to be very high, and the total conversion of
aldehydes into Aldol products took 48 hours. All the yields were calculated after purification
on a chromatographic column and ee was calculated from chiral HPLC results.

Furthermore, in order to extend the verification of the catalytic activity to other aldehydes,

the reactions was repeated using 4.24, 4.25 and 4.26 aldehydes (Table 4.6).
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0 (0]
+ H XN . 4.10r4.210% mol= * SN .
| _— H,O, rt, 48 h | _—
5

4.24-26 4.24-26a

Product Catalyst Yield (%) dr (syn/ anti)* ee (%o)®

o OH 4.1 84 56:44 31

4.25a 4.2 54 70:30 -75
o . gH NO2 4.1 72 57:43 %)
4.242 4.2 58 55:45 6

Q * O!H 4.1 59 56:44 10
4.26a N 4.2 70 67:33 61

a Calculated on reaction crude
b Calculated on syz aldol

Table 4.6. Extending reaction scope results.

The results showed that catalyst 4.1 had a slightly greater efficiency and this could be pointed

to its major dispersant ability, due to its greater polarity.

Furthermore, sy# product was obtained in greater quantities and this resulted to be an unusual

result compared to literature data concerning similar aldol reactions and compared to

previous results obtained with the previous L-Pro-based catalyst.
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4.4.4 Experimental section for L-Phe derivatives

General Informations

Unless otherwise noted, all commercially available compounds were used without further
purification. Trends of reactions was monitored by thin layer chromatography (TLC) Merck
Kieselgel 60 F254 (0.25mm thickness). Visualization of the developed TLC plates was
performed with UV irradiation (254 nm) or by staining with phosphomolybdic acid 12%
solution. 'H and “C spectra were recorded at room temperature on Bruker Avance 400.
Analytical HPLC was performed on a Varian 9002 HPLC instrument equipped with a
refractive index detector (Schambeck, RI2000), using chiral stationary phases (Chiralpak IA,
1B and IC).

High-resolution ESI mass spectra were carried out on a Q-TOF Micro spectrometer
operating in a positive ion mode.

All compounds already described were not reported again.

Catalyst synthesis

Procedure for 4.1

In a 25 mL three-necked flask, previously flamed and placed under an Argon atmosphere,
equipped with a CaCl; valve, were dissolved in this order: 0.15 g (1 eq, 0.000356 mol) of
amino-derivative, 0.113 g (1.2 eq, 0.000427 mol) of L.-Phe-N-Boc, 0.043 g (0.9 eq, 0.00032
mol) of HOBt in 5 mL of anhydrous THF. Subsequently, keeping the mixture at 0 °C in an
ice bath, 0.039 mL (0.7 eq, 0.000249 mol) of DIC were added and the reaction mixture was
stirred under an Argon atmosphere until the reaction was over, monitoring the development
of the reaction by TLC. At the end of the reaction, the white suspension was filtered to
remove the diisopropylurea and the filtrate was concentrated under reduced pressure. The
resulting oily residue was re-taken up with EtOAc (7 mL) and the organic phase was
transferred to a separatory funnel and washed with a 2N aqueous solution of citric acid (8
mL x 2) and then with a saturated aqueous solution of sodium bicarbonate ( 8 mL x 2) and
with a saturated aqueous solution of sodium chloride (8 mL x 2). Finally, the organic solvent
was dried over anhydrous sodium sulphate and filtered on a funnel with cotton wool in order
to remove the drying agent. The EtOAc was evaporated at reduced pressure and the crude
obtained (0.186 g) was purified on a chromatographic column using ethyl acetate/petroleum

ether (3:7) mixture as eluent.
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Then, in a 25 mL three-necked flask, previously flamed, 0.110 g (1 eq, 0.000164 mol) of
amido-compound were dissolved in about 3 mL of anhydrous CH2Cl,. Subsequently, keeping
the mixture at 0 °C in an ice bath, about 0.3 mL of TFA were added drop by drop. The
mixture was kept under stirring and at room temperature for about 4 hours and the progress
of the reaction was monitored by TLC. When the reaction was over the mixture was
transferred into a separatory funnel and the organic phase was washed with a saturated
aqueous solution of sodium bicarbonate (4 mL x 3), with water (3 mL x 2) and with an
aqueous sodium chloride saturated solution (3 mL x 2). Finally, the organic phases were dried
on anhydrous sodium sulphate and filtered on a funnel with cotton wool in order to remove
the drying agent. The CH,Cl, was evaporated under reduced pressure.

At this point, in a 10 mL neck flask, 0.07 g (1 eq, 0.00012 mol) of ester compound were
dissolved in approximately 1 mL of MeOH. Then, approximately 1 mL of 2N LiOH was
added. The mixture was kept under stirring and at room temperature for about 24 hours.
The mixture was concentrated under reduced pressure up to half the volume and then
acidified with 1N HCl until complete precipitation of the product (pH = 6.7). The precipitate

was isolated by vacuum filtration on Hirsch and dried in an oven (30 °C) for about 24 hours.

Procedure for 4.2

The followed procedure in order to obtain compound 4.2 was the same as the previous one
with a difference in the condensation reaction.

In a 25 mL three-necked flask, previously flamed and equipped with a CaCl; valve, 0.1 g (1
eq, 0.000247 mol) of amino-derivative, 0.066 g (1 eq, 0.000247 mol) of L.-Phe-NBoc, 0.05 g
(1.5 eq, 0.0003705 mol) of HOBt and 0.07 g (1.5 eq, 0.0003705 mol) of EDC were dissolved
in approximately 4 mlL of anhydrous CH>Cl,. Then 0.057 mL (1.65 eq, 0.000408 mol) of
Et;:N were added and the reaction mixture was stirred under an Argon atmosphere until the
reaction was over, monitoring the course of reaction by TLC. The mixture was transferred
to a separatory funnel (recovering it with about 8 mL of CH,Cl,) and the organic phase was
washed with an aqueous solution of 2N citric acid (8 mL x 2), then with a saturated aqueous
solution of bicarbonate of sodium (8 mL x 2) and with a saturated aqueous solution of
sodium chloride (8 mL x 2). Finally, it was dried over anhydrous sodium sulphate and filtered

on a funnel with cotton wool in order to remove the drying agent. The CHxCl, was
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evaporated under reduced pressure and the crude obtained was purified on a

chromatographic column using the mixture diethyl ether/petroleum ether (7:3) as eluent.

NMR Spectra

Compound 4.1

'"H NMR (MeOH-4y) 6: 0.73 (s, 3H), 0.86 - 0.96 (m, 3H), 1.04 (d, 3H, °] = 5.93 Hz), 1.06 —
2.40 (cm, 24H, CH; e CH steroidic backbone and side chain), 2.95 — 3.13 (m, 2H), 3.81 (bs,
1H), 3.77 — 4.01 (m, 2H), 4.33 - 4.52 (m, 1H), 7.28 (m, 5H). ®C NMR (MeOH-4,) &: 12.5,
17.4,21.0, 21.2, 23.0, 24.1, 28.0, 28.2, 29.4, 30.2, 31.6, 32.9, 33.4, 35.4, 36.7, 38.0, 40.6, 41.9,
47.0, 51.3, 52.5, 53.9, 65.7, 68.6, 73.2, 73.5, 128.2, 129.4, 129.5, 129.7, 130.1, 130.3, 165.5,
175.7. HRMS (ESI): Calcd for C33HsN,Os" ([IM+H]") 555.3798. Found 555.3800.

Compound 4.2

'"H NMR (DMSO-d,) 8: 0.59 (s, 3H), 0.84 (s, 3H), 0.91 (d, 3H, ’] = 6.42 Hz), 0.94 — 1.92
(cm, 25H, CH> e CH steroidic backbone and side chain), 2.02 - 2.29 (m, 1H), 2.70 - 2.91 (m,
1H), 3.77 (m, 1H), 3.89 (m, 1H), 4.14 (br, 1H), 7.15 - 7.28 (m, 5H), 7.74 (m, 1H). "C NMR
(DMSO-d;) 6: 12.9, 17.4, 23.8, 23.9, 24.7, 26.1, 26.9, 27.6, 29.2, 30.4, 30.9, 31.2, 31.3, 32.0,
34.5,35.4, 35.8, 30.9, 44.7, 46.5, 46.7, 47.9, 55.5, 71.6, 126.7, 128.5, 129.8, 138.2, 167.1, 171.8,
175.4. HRMS (ESI): Calcd for C3HsN.O," ([M+H]") 539.3849. Found 539.3853.

Aldol NMR spectra are almost the same as the ones reported in the literature, except in the

signals of the aldol characteristic proton on which the rd was calculated.
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HPLC results

or in water
(0] QH
Ar
HPLC conditions dr dr
Yield (anti:syn) (anti:syn) eeanti eesyn
Ar [%] RT (major RT (minor RT(major RT(minor from from [%] [%]
Column Eluent ent)anti  ent)anti ent)syn  ent)syn  NMR HPLC
[min] [min] [min] [min]
4-NO,-CeH4 IB Hexane/iPrOH 95:5 (1 ml/min) 29.2 24.4 20.1 21.9 49:51 50:50 -15 7
4-NO,-CgHs IB Hexane/iPrOH 95:5 (1 ml/min) 26.8 33.6 23.6 22.0 41:59 18 -56
3-NO,-C¢H4 IB Hexane/iPrOH 95:5 (1 ml/min) 25.0 20.7 17.7 17.1 44:56 50:50 -10 -31
3-NO,-C¢H4 IB Hexane/iPrOH 95:5 (1 ml/min) 22.3 27.8 18.4 18.0 37:63 7 -75
2-NO,-C¢H4 IA Hexane/iPrOH 9:1 (1 ml/min) 19.4 18.0 11.9 11.3 43:57 46:54 -25 -2
2-NO2-C¢H4 IA Hexane/iPrOH 9:1 (1 ml/min) 19.0 204 12.0 11.7 35:65 53:47 31 (-)6
4-CN-CgHa IB Hexane/iPrOH 95:5 (1 ml/min) 32.1 26.2 23.9 20.7 44:56 42:58 -1 10
4-CN-CgHa IB Hexane/iPrOH 95:5 (1 ml/min) 38.0 29.3 25.7 23.0 35:65 -2 61
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(R)-2-((S)-hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one (4.23a)
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4 31,284 134,738 2,584 215 17,2 0,67
Total 625,957 15,038 100,0 100,0

Page 26f2

NO,

OF/03/2001  11: ¥Chromatogram C:\CLARITY LITEYWO RK1\DATAYFABRIZIOWALDOLT FENTLALANINA-COLATO\IB_S5-5_1MLMIN\FP_4ND2 PRM

Page1af2

Clarity - Chromatography SW

DataApex 2006
www.d com
Chromatogram Infa:
File Name + CACLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLT File Crested + 03032021 10:27:53
FENILALANINA-COLATONIB_S5-5_1MLMIN\FP_4NO 2PRM
Origin : Acquired Dete  : O3/03/2021 1083445
Project : By : Fabrizio
Printed Version Info:
Printed Version + OB/03/2021 11:25:42 Printed Date : 030032021 11:25:47
Report Style 1 Co\Clarity L)\ Common|Chromstogram.sty By : Fabrizio
Calibration File : None
Sarmple Info:
Sampie ID : FP_4NO2 Amount 0
Sample 2 Aldol 4NOZ fenak-col ISTD Amount  : O
Inj. Velsme[ml] 01 Diution i1
Method : Defaultl By : Datafpex Lid.
Description + Default method for Instrument 1
Crested © 3L/06/2006 15:43 Modified 1 03/03/2021 11:25
Column : 1B Detection TR
Mobile Phase  : H/IPrOH 95:5 Temperature
Flow Rate £ 1 mUjmin Pressure H
Note :
Autostop + Hone External Start 1 Start - Restart, Down
Detector 1 : Detector 2 Range 1  Bipolar, 1250 mV, 12,5 Samp. per Sec.
Base : Not Used Calivration File : None Calculation * Uncal
Seale Factor * Mot Used Units After Sealng - Nok Used Uncal. Reponse 0
Result Table Reports : All Peaks Hide ISTD Peak : Enabled
GPC Calbration File H
[mi]
40
30 -
~
= =2
» = A
§: ™ =] ™ -
:w ":‘—" -
= 3
g
10
[} T
15 F.i] 25 30 35 40
Tme [rvin. 1

03/03/2021 11:2'Chromatogram C:\CLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLI FENILALANINA-COLATO\IB_95-5_1IMLMIN\FP_4NO2.PRM

Page 2 of 2

Result Table (Uncal - C:\CLARITY LITE|WORK1|DATA |FABRIZIO \ALDOLI FENILALANINA-COLATO\IB_95-5_IMLMIN|\FP_4NO2 -
Detector 2)

Reten. Time Area Helght Area Height W05 Compound
[min] [mV.s) [mv] [%)] [%] [min] Name

1 20,112 1031,408 20,935 233 318 0,76
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3 24,424 947,380 13,044 21,4 19,8 1,12
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Total 433,837 65,763 100,0 100,0

216



03/03/2021  11:2Chromatogram C:\CLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLI FENILALANINA-COLATO\IE_S5-5_1MLMIN\FP_3NOZPRM Pagelof2

. Clarity - Chromatography SW
-((S)-hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one (4.25a) 9 DataApex 2006
A www com
1oy 1612 Chromatogram C :\C larity Li\WORK1YDATAVF abrisio\Aldoll Fenlialaning-DC A \Report\3-NO 2rac PRM Pagelof2 "—h:'n:‘\mmﬂ Tnfi: . WORKHOATAF ABRIZIOWALDOLT e a1 110844
Clarity - Chromatography SW FENILALANINA-COLATONIB_S5-5_IMLMIN\FP_3NO2PRM
Deta, 2006 Orign + Acquired Acquired Dete  : 03/03/20C1 11:08:44
/N I Project ¢ Cr\Clarlty Lite!Projects\Work 1.PRI By : Fabrizo
Chremategram Infa: Printed Vession Info:
Flle Name: + Cx\Clerlty LEAWORK1\DATA\Fabrizia\A kel Fenlialanina-DCA\Repart3-NO 2rae. PRM File Crestest * 1Y0YR1 16:1155 Printed Version © (/2021 14:24:50 Prinked Dete  : O3/03/2021 11:24:55
Qrigin + Acquired Acquired Dete  : L1 12:505F Report Style 5 C:\Clarkty Lte\Comman|Chromatogram.sty By : Fabrizie
Project + C\Clarlty Lte\Projects\Work 1.PRI By : Fabrito Calbratian Flle : Hone
Printd Verson Info .
Printed Version + 11/01/2021 13:09:18 Printed Date : 11/0Y2021 161202 Saenple Info: i .
Report Style + C:\Clerky Lt Common\Chromatogram.sty By : Fabrizo Sample 10 i ::?3?41;2 | I‘g";“:‘ L :
Caibration File : None: Sample i Fenai-col mowmt 3
Inj. Volume[ml]  : 01 Diution 11
Serple ! R — . Method : Defuity By + Datafpex Ltd.
Sampie : 3NO2 aidol rac ISTD Amount = Description & Defeult method for Instrument 1
(e D Dtion . 0 OH Created + 3U/08/2006 15:43 Medifiest : O3/03/2021 11:24
Method : Defaultl By © Datanpe Lid, H Coksmn .1 Detection L mr
Description : Default method for Instrument 1 N02 Mobile Phase  : H/IPrOH 955 Tempersture -
Crestes © 30812006 15:43 Modified V0N 1611 Fiow Rete + 1 migmin Pressure .
Colurn 1B Detection TR Nate: ‘
Mobile Phase  : H/IPTOH 95:5 Temperature
Flow Rate ¢ 10 mifmin Presure :
Note: : Sample disoived in Hexane/[PrOH 95:5 + DCM (soivent pesk at 3.8 min, checked with biank njection)
Autostop : None External Start  : Start - Restart, Down
Detector 1 : Detector 2 Range 1 + Bipolar, 1250 mV, 12,5 Samp. per Sec.
‘m‘mfl oo 2 :’;’fm :;:' mml’mm - Base : Not Used Callsration File : None Cakeulation  Uncal
° " ‘ ) Scale Factor : Not Used Units After Scaling  © Mot Used Uncal Response & 0
Result Teble Reports  © Al Pesks Hide ISTD Peak : Enabled
Base * Not Used Caltsration Flle : Nane Calcutstion : Uncal GPC Calbestion Fle  :
Scaie Factor * Not Used Units After Scalng  Nat Used Uncal, Response © 0
Result Teble Reports Al Pesks Hide [STD Peak : Enabled
GPC Calbeation Fle  ©
[miv]
35
I3
~
30 -
=
£ X
25 25 = =
- F""-. -
§= 20 2
8 - g
s ~ = A
= kS 15
s B
=]
- 10
15 -
[
o Z
of E 5 R
..... I | i !
T [
(1}
10
S == =5 ot 10 15 20 25 30
in,
- [min.] Time: [rvin. ]
11/01/2021 16:12 Chromatogram C:\Clarity Lite\WORK1\DATA\Fabrizio\Aldoli Fenllalanina-DCA\Report\3-NO 2rac PRM Page 2 of 2
Result Table (Uncai - C: |Clarity Lite| WORK1|DATA |Fabrisio |Aldoll Fenilalanina-DCA |Report] 3-NO Jrac - 2 03/03/2021 11:2Chromatogram C:\CLARITY LITE\WORKI\DATA\FABRIZIO\ALDOLI FENILALANINA-COLATOIB_95-5_IMLMIN\FP_3NO2.PRM Page20f 2
Reten. Time Area Height Area Height Compound Result Table (Uncal - C:|\CLARITY LITE|WORK1|DATAFABRIZIO\ALDOLI FENILALANINA-COLA TO\IB_95-5_IMLMIN|FP_3NO2 -
[min] [mV.s] [mv] %] [%] Name Detector 2)
1 18,900 156,317 3,793 39,1 43,4 Reten. Time Area Height Area Height W05 Compound
2 19,532 166,773 32531 aLB? 37371 [min] [mv.s] [mv] [%] [%, [min] Name
3 B 3,155 6,890 51 6,0 1 17,064 560,212 20,044 17,1 29,5 0,56
4 30,636 40,146 £ 0,816 10,1 ¢ 93 i ;;:i lgle':: ﬁiﬁ; 212'2 i; ﬁ'?g
Total 399,391 £ 8,732 | 100,0 £ 100,0 £ ! . : " ! -
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-((S)-hydroxy(2-nitrophenyl)methyl)cyclohexan-
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-one (4.24a)
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Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] [%] [min] Name

1 11,276 941,697 39,483 26,1 34,2 0,40

2 11,868 988,705 34,774 274 30,1 0,42

3 18,008 627,000 15,045 174 130 0,65

4 19,368 1053,496 26,049 29,2 2.6 0,59
Total 3610,898 115,350 100,0 100,0
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4-((S)-hydroxy((R)-2-oxocyclohexyl)methyl)benzonitrile (4.26a)
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Reten. Time Area Height Area Height W05 ‘Compound
[min] [mV.s] [mV] [%] [%] [min] Name
1 23,136 408,808 7,584 26,4 33,1 0,86
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3 29,804 341,880 4,757 22,1 20,8 1,17
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Total 1547,661 22,890 100,0 100,0
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[min. ]

Reten. Time Area Height Area Height W05 Compound
[min] [mV.s] [mv] [%] [%] [min] Name
1 20,704 1024,011 16,858 26,1 32,2 0,93
2 23,848 1248,484 17,684 31,9 33,8 1,12
3 26,200 818,744 10,047 20,9 19,2 1,25
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4.4.5 Amino-derivatives tests

Amino-derivatives 4.4a,b and 4.5a,b (Figure 4.8) were also tested as organocatalyst in order
to verify both their catalytic efficiency, as they contain a primary amino group suitable for
this porpose, and whether the ester function somehow could influence the reaction

promotion process.

H,N "R H,N "R

4.4a R=O0OH 4.5a R=0H
44b R=H 45b R=H

Figure 4.8. Amino-derivatives tested as catalysts.

Therefore, tests were carried out on aldol reactions in water similar to those carried out with
previously synthesized compounds, using the same aromatic benzaldehydes, in which

compounds 4.4a,b and 4.5a,b were the organocatalysts. The results are reported in Table

4.7.
o) O
+ H \_R 4.5 10% mol .
| _ H,0, rt, 48 h
5 4.23-26 4.23-26a
Product Catalyst Yield (%)  dr (syn/anti)*  ee (%)°
O OH
i 4.5a 28 - -6
NO,
4.23a 4.5b 80 85:15 0
O OH
> NO, 4.5a 20 - -4
4.25a 4.5b 85 83:17 -24
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i 4.5a - -
4.242 4.5b 72 68:32 0
O OH
| 4.5a - -
CN
4.26a 4.5b 80 72:28 -6

a Calculated on reaction crude
b Calculated on sy# aldol

Table 4.7. Tests with 4.5 catalysts.

As can be seen from these results, the catalyst 4.5b allows to reach significantly higher yields
than those of the catalyst 4.5a. This is probably due to the fact that the increase in the polarity
of the concave face of the bile acid could compromise and inhibit the formation of the
iminium ion, a fundamental intermediate in 27z enamine catalysis, for solvation reasons.
Furthermore, also in this case the syz distereosimer was clearly formed in major quantities
compared to the anti one.

Finally, tests of aldol reactions in water similar to those described above were carried out,
using the compounds 4.4a and 4.4b as organocatalysts to evaluate a possible effect of the
ester portion on the catalytic activity.

The results are reported in Table 4.8 in relation to aldols 4.23-26a.

o) (0]
0,
+ H N - 4.4 10% mol
| _ H,0, rt, 48 h
5

\J

4.23-26 4.23-26a
Product Catalyst Yield (%)  dr (syn/anti)*  ee (%)°
1.1 4.4a 35 . 2
NO,
4.23a 4.4b 96 61:39 -4
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4.25a 4.4b 83 65:35 2

0 * OH NO, Lda . ] s

4.24a 4.4b 48 70:30 -28

i . O!H 4.4a 13 - 10
CN

4.26a 4.4b 37 59:41 -6

a Calculated on reaction crude

b Calculated on sy# aldol

Table 4.8. Results using catalysts 4.4.

The ester nature of the catalyst 4.4 seemed not lead to a decrease in the catalytic activity, in

fact, the yields obtained were good. Again, the catalyst 4.4b proved to be much more

effective in converting substrates than the catalyst 4.4a.
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4.4.5 Experimental section for amino-derivatives

General Informations

Unless otherwise noted, all commercially available compounds were used without further
purification. Trends of reactions was monitored by thin layer chromatography (TLC) Merck
Kieselgel 60 F254 (0.25mm thickness). Visualization of the developed TLC plates was
performed with UV irradiation (254 nm) or by staining with phosphomolybdic acid 12%
solution. 'H and “C spectra were recorded at room temperature on Bruker Avance 400.
Analytical HPLC was performed on a Varian 9002 HPLC instrument equipped with a
refractive index detector (Schambeck, RI2000), using chiral stationary phases (Chiralpak IA,
1B and IC).

High-resolution ESI mass spectra were carried out on a Q-TOF Micro spectrometer
operating in a positive ion mode.

All compounds already described were not reported again.

NMR Spectra

Compound 4.4a

'"H NMR (CDCl) &: 0.68 (s, 3H), 0.92 (s, 3H), 0.98 (d, 3H, °] = 6.21 Hz), 1.02 — 2.66 (cm,
24H, CH, e CH steroidic backbone and side chain), 2.75 (m, 1H), 3.66 (s, 3H), 3.84 (m, 1H),
3.97 (m, 1H). "C NMR (CDCl) &: 12.5, 17.4, 22.8, 23.3, 23.9, 26.1, 27.5, 28.5, 30.3, 30.9,

31.2, 33.5, 33.8, 34.8, 35.3, 35.4, 36.3, 39.4, 41.8, 46.5, 47.2, 51.5, 54.8, 68.4, 73.1, 174.7.
HRMS (ESI): Caled for CosHuNO," (M+H]") 422.3270. Found 422.3273.

Compound 4.4b

'H NMR (CDCly) 6: 0.66 (s, 3H), 0.94 - 0.96 (m, 6H), 0.99 — 2.45 (cm, 25H, CH, e CH
steroidic backbone and side chain), 3.31 (bs, 1H), 3.64 (s, 3H), 3.97 (m, 1H). *C NMR
(CDCl) &: 12.6, 17.2, 23.4, 23.6, 26.0, 26.6, 26.8, 27.4, 28.9, 29.5, 30.8, 31.0, 32.6, 32.9, 33.1,
34.6, 34.7, 35.0, 35.7, 36.2, 46.4, 48.3, 51.5, 73.1, 174.5. HRMS (ESI): Calcd for C;sHuNOs"
(IM+H]+) 406.3321. Found 406.3323.
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Compound 4.5a

'H NMR (MeOH-4,) 8: 0.72 (s, 3H), 0.94 - 1.04 (m, 6H), 1.08 — 2.42 (cm, 24H, CH, e CH
steroidic backbone and side chain), 2.67 (m, 1H), 3.81 (m, 1H), 3.97 (m, 1H). *C NMR
(MeOH-dy) &: 12.6, 17.2, 22.5, 23.8, 27.2, 28.3, 29.2, 30.2, 30.8, 31.4, 31.9, 32.0, 34.5, 35.7,
35.8, 37.0, 40.5, 42.6, 47.1, 47.6, 57.5, 68.3, 73.4, 178.2. HRMS (ESI): Calcd for C;4sHuNOL*
(IM+H]+) 408.3114. Found 408.3118.

Compound 4.5b

'H NMR (MeOH-4,) &: 0.72 (s, 3H), 1.00 - 1.04 (m, 6H), 0.99 (bs, 3H), 1.06 — 2.34 (cm,
25H, CH, e CH steroidic backbone and side chain), 2.67 (s, 1H), 3.98 (m, 1H). "C NMR
(MeOH-d)) o: 12.8, 17.4, 23.2, 23.8, 24.4, 26.5, 27.0, 28.3, 29.4, 29.6, 30.0, 31.4, 33.4, 33.7,
35.2, 35.5, 36.7, 36.8, 37.1, 47.2, 49.4, 57.4, 73.6, 182.7. HRMS (ESI): Calcd for C»sH,NO5"
(IM+H]+) 392.3165. Found 392.3167.

Aldol NMR spectra are almost the same as the ones reported in the literature, except in the

signals of the aldol characteristic proton on which the rd was calculated.
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HPLC results

or 3-amino ester (cholic acid derivative) in water

O QH
Ar
HPLC conditions dr dr
Yield (anti:syn) (anti:syn) eeanti eesyn
Ar [%] RT (major RT (minor RT(major RT(minor from from [%] [%]
Column Eluent ent)anti  ent)anti ent)syn  ent)syn  NMR HPLC
[min] [min] [min] [min]
4-NO,-CeH4 1B Hexane/iPrOH 95:5 (1 ml/min) 253 30.1 20.3 223 35:65 -10 -4

3-NO,-CeHs 1B Hexane/iPrOH 95:5 (1 ml/min) 21.1 25.9 17.9 16.9 35:65 -6 -2

2-NO;-CgHs 1A Hexane/iPrOH 9:1 (1 ml/min) 18.2 17.1 111 10.8 34:66 10 -28

4-CN-CgH4 1B Hexane/iPrOH 95:5 (1 ml/min) 27.4 34.6 20.3 24.2 26:74 8 -6
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4.4.6 Other spectroscopic data

Spectroscopic data of compounds, which are not present in literature, are herein reported.

(R)-tert-butyl 2-(((3S,5R,8R,9S,10R,125,13R,14S,17R)-12-hydroxy-17-((R)-5-methoxy-
5-oxopentan-2-yl)-5,8,10,13-tetramethylhexadecahydro-1H-
cyclopenta[a]phenanthren-3-yl)carbamoyl)pyrrolidine-1-carboxylate (4.12)

'H-NMR (400 MHz, CDCl3) §(ppm): 0.67 (s, 3H), 0.93 (s, 3H), 0.95 (d, 3H, /=6.05 Hz),
0.98-2.50 (cm, 27H, CH and CH: steroidic backbone and side chain), 1.47 (s, 9H), 2.20-2.48
(cm, 4H), 3.38-3.49 (m, 2H), 3.46 (m, 2H), 3.65 (s, 3H), 4.08 (m, 1H). "C-NMR (100 MHz,
CDCL) 8(ppm): 12.7, 17.3, 23.1, 23.6, 23.6, 26.1, 27.1, 27.5, 28.4 (3C), 28.9, 30.6, 30.9, 31.0,
33.6, 34.1, 35.2, 35.2, 36.0, 36.4, 42.0, 46.5, 47.1, 47.3, 48.2, 48.5, 51.8, 73.1, 174.7. HRMS
(ESI): Calcd for C3sHs0N>Og" ((IM+H]") 603.4373. Found 603.4375.

(4R)-methyl 4-((3S,10S,12S,13R,17R)-12-hydroxy-10,13-dimethyl-3-((R)-pytrolidine-2-
carboxamido)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate (4.13)

"H-NMR (400 MHz, CDCls) 8(ppm): 0.67 (s, 3H), 0.93 (3, 3H), 0.95 (d, 3H, J=6,05 Hz),
0.98-2.50 (cm, 27H, CH and CH: steroidic backbone and side chain), 1.80-2.30 (cm, 4H),
3.47 (m, 2H), 3.65 (s, 3H), 3.72 (m, 1H), 3.96 (m, 1H), 4.11 (m, 1H). "C-NMR (100 MHz,
CDCL) 8(ppm): 12.7, 17.3, 23.1, 23.6, 23.6, 26.1, 27.1, 27.5, 28.4 (3C), 28.9, 30.6, 30.9, 31.0,
33.6, 34.1, 35.2, 35.2, 36.0, 36.4, 42.0, 46.5, 47.1, 47.3, 48.2, 48.3, 51.5, 73.7, 174.7. HRMS
(ESI): Caled for C3Hs1N-O4" ((IM+H]") 503.3849. Found 503.3851.

(2R)-tert-butyl 2-(((3R,9S,108,128,13R,14S,17R)-12-hydroxy-17-((R)-5-methoxy-5-
oxopentan-2-yl)-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-3-
yl)carbamoyl)pyrrolidine-1-carboxylate (4.14)

'H-NMR (400 MHz, CDCl3) 8(ppm): 0.67 (s, 3H), 0.93 (s, 3H), 0.95 (d, 3H, J=6.05 Hz),
0.98-2.50 (cm, 27H, CH and CH: steroidic backbone and side chain), 1.43 (s, 9H), 1.80-2.30
(cm, 4H), 3.40 (m, 2H), 3.50 (m, 2H), 3.65 (s, 3H), 3.97 (m, 1H), 4.20 (m, 1H). "C-NMR
(100 MHz, CDCl;) 8(ppm): 12.7, 17.3, 23.1, 23.6 (2C), 26.1, 27.1, 27.5, 28.4 (3C), 28.9, 30.6,
30.9, 31.0, 33.6, 34.1, 35.2, 35.2, 36.0, 36.4, 42.0, 46.5, 47.1, 47.3, 48.2, 48.3, 51.5, 73.7, 174.7.
HRMS (ESI): Calcd for CssHsoN.O4" ([M+H]") 603.4373. Found 603.4376.
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(4R)-methyl 4-((3R,10S,12S,13R,17R)-12-hydroxy-10,13-dimethyl-3-((R)-pyrrolidine-
2-carboxamido)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate
(4.15)

'H-NMR (400 MHz, CDCl;) 8(ppm): 0.67 (s, 3H), 0.93 (3, 3H), 0.95 (d, 3H, J=6,05 Hz),
0.98-2.50 (cm, 27H, CH and CH; steroidic backbone and side chain), 1.80-2.30 (cm, 4H),
3.40 (m, 2H), 3.50 (s, 3H), 3.65 (m, 1H),3.97 (m, 1H), 4.20 (m, 1H). "C-NMR (100 MHz,
CDCls) é(ppm): 12.7, 17.3, 23.1, 23.6, 23.6, 26.1, 27.1, 27.5, 28.4 (3C), 28.9, 30.6, 30.9, 31.0,
33.6, 34.1, 35.2, 35.2, 36.0, 36.4, 42.0, 46.5, 47.1, 47.3, 48.2, 48.3, 51.5, 73.7, 174.7. HRMS
(ESI): Calced for C3Hs1N:O4" ((IM+H]") 503.3849. Found 503.3853.

(4R)-methyl 4-((3S,7R,10S,125,13R,17R)-3- ((S)-2-((tert-butoxycarbonyl)amino)-3-
phenylpropanamido)-7,12-dihydroxy-10,13-dimethylhesadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanoate (4.18)

'H-NMR (400 MHz, CDCl3) §(ppm): 0.68 (s, 3H), 0.88 (s, 3H), 0.99 (d, 3H, /=5.97 Hz),
1.41 (s, 9H), 1.06-2.45 (cm, 24H, CH and CHp: steroidic backbone and side chain), 2.18-2.43
(m, 2H), 3.65 (s, 3H), 3.88 (m, 1H), 3.98 (m, 1H), 4.74 (m, 1H), 4.84 (m, 1H), 5.73 (m, 1H),
7.14-7.31 (m, 6H). "C-NMR (100 MHz, CDCls) 8(ppm): 12.56, 17.43, 21.26, 23.65, 27.43,
28.35, 30.20, 30.93, 31.05, 33.78, 33.97, 34.00, 34.67, 35.17, 36.92, 39.36, 40.38, 41.17, 46.29,
47.03, 49.85, 51.50, 51.92, 52.35, 67.99, 68.45, 72.91, 79.50, 126.81, 128.40, 128.46, 128.48,
129.58, 136.55, 154.97, 166.23, 174.76. HRMS (ESI): Calcd for C;HaNO;" ([IM+H]")
0069.4474. Found 669.4477.

(4R)-methyl  4-((3S,10S,12S,13R,17R)-3-  ((S)-2-((tert-butoxycarbonyl)amino)-3-
phenylpropanamido)-12-dihydroxy-10,13-dimethylhesadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)pentanoate (4.19)

'H-NMR (400 MHz, CDCl3) 8(ppm): 0.65 (s, 3H), 0.81 (s, 3H), 0.95 (d, 3H, J=5.57 Hz),
1.42 (s, 9H), 0.96-1.96 (cm, 25H, CH and CHp: steroidic backbone and side chain), 2.85-3.15
(m, 2H), 3.64 (s, 3H), 3.94 (m, 1H), 4.03 (bs, 1H), 4.24 (bs, 1H), 5.33 (bs, 1H), 5.80 (m, 1H),
7.13-7.32 (m, 5H). "C-NMR (100 MHz, CDCls) 8(ppm): 12.72, 17.32, 23.59, 24.61, 25.82,
26.60, 27.40, 28.33, 28.81, 29.69, 30.26, 30.32, 30.90, 30.96, 31.02, 32.84, 34.38, 34.96, 35.05,
35.74, 37.41, 39.17, 45.13, 46.50, 47.23, 48.25, 51.49, 73.09, 125.47, 126.89, 128.74, 129.12,
129.18, 137.14, 155.27, 169.88, 174.69. HRMS (ESI): Caled for CsoHaN.Oq" ([M+H]")
053.4525. Found 653.4527
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Chapter 5: Synthesis of BAs ferrocenyl derivatives for
sensors and molecular electronic applications

5.1 BAs and carbon nanotubes interactions

A research field that has recently developed considers the covalent and non-covalent
interactions between bile acids and carbon nanotubes (CNTSs).

Carbon nanotubes are one of the allotropic forms of carbon and can be described by one or
more planes of graphene wrapped together around themselves.'

The latter give rise to a cylindrical structure with a diameter of nanometers,™ and a length
ranging from hundreds of nanometers to micrometers. They can also be closed at the ends
by hemispherical caps of the fullerenic type,*’ therefore formed by pentagonal and hexagonal
rings which, by imparting the right curvature, allow the closure of the graphitic cylinder. The
central part of the tube, on the other hand, is mainly formed by carbon atoms with sp”
hybridization organized in hexagonal rings, although as the diameter of the cylinder decreases
and therefore the curvature of the graphene sheet increases, there is an increase in the

presence of sp’ hybridization carbon atoms (Figure 5.1).

Figure 5.1. Carbon nanotube.

CNTs can generally be divided into two subsets: (i) Single Walled Carbon NanoTube
(SWCNT), consisting of a single graphitic sheet and (i) Multi Walled Carbon NanoTube
(MWCNT), 16 consisting of several sheets wrapped one over the other in concentric manner

(Figure 5.2).°
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Single-Walled CNT Multi-Walled CNT

Figure 5.2. Single Walled nanotube or SWCNT (left), Multi Walled nanotube or MWCNT
(right).

In these materials, very interesting characteristics have been found, such as high mechanical
strength, good elasticity and excellent thermal and electrical conductivity, which allows them
to behave as metal conductors or semiconductors.” Their conductivity properties make
CNT's suitable for electrochemical applications. It has been noted that the deposition on the
CNT electrode leads to a substantial increase in the electroactive surface area of the electrode
itself and consequently, to an increase in the sensitivity of the measurements and in the speed
of electronic transfer between analyte and detector. It was therefore natural to use them in
sensors field.

Chemical sensors, in general, are devices capable of giving a quantitative response to the
presence of a specific analyte. To do this, it is necessary that there is (i) a receptor, able to
recognize the molecule under examination, and to undergo some modification of its
chemical-physical properties after interaction with it; (ii) a transducer, which converts the

information of the receptor modification into an electrical signal (Figure 5.3).

Analita

m B
’ . . Recettore Trasduttore
e

Segnale elettrico

Figure 5.3. Schematic representation of a generic sensor.

Depending on the type of receptor and transducer used, we will obtain different types of
Sensors.
In electrochemical sensors field, the transducer consists of a chemically modified electrode

on the surface able to host the receptor, which interacts with the analyte. If the receptor is a
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biological compound then we are talking about electrochemical biosensors. These are divided
into potentiometric, amperometric, conductometric and impedimetric, depending on the
type of detector and the nature of the measured signal.

For our reserch purpose amperometric biosensors, through which the current variation
produced by the interactions between the analyte and the recognition system is measured,
are very insteresting. These particular biosensors are divided into first, second and third
generation.

In the case of first-generation biosensors, they work indirectly, i.e. the biomolecule reacts
with the substrate producing a secondary product that will be able to interact with the
electrode. However, these biosensors have two major limitations, one is the formation of the
secondary product may not be quantitative leading to a decrease in sensitivity, the second is
due to the fact that other chemical species which participate in the electrode process may be
present. An example of a first generation sensor is the glucose biosensor, in which glucose
is transformed into gluconic acid by oxygen with the concomitant production of hydrogen
peroxide, then detected through a process of oxidation, on an electrode of platinum (Figure
5.6). In this case the presence of ascorbic acid and uric acid, which can in turn be oxidized,

exemplifies one of the aforementioned limits.*

® H20,

Gluconic acid

Electrode
9 O,

Glucose
Figure 5.6. Example diagram of first generation electrochemical amperometric biosensor.

On the other hand, second generation biosensors use a redox mediator, able to reduce and
to oxidize, which allows the transfer of the electronic charge from the biomolecule to the
electrode surface, therefore they also work indirectly (Figure 5.7).” Obviously, the redox
mediator must be stable in both forms, oxidized and reduced, the reaction must be fast and
reversible and the redox potential must be low. The most widely used mediators are transition

metal cations and their complexes such as ferrocene or even Prussian blue."
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reduced analyte oxidated mediator
electrode
® O
oxidated analyte reduced mediator

Figure 5.7. Second generation amperometric electrochemical biosensor.

Third generation biosensors work through a direct electronic transfer which takes place
directly between the redox center of the biomolecule and the electrode surface (Figure
5.8)."" These biosensors are mainly limited to proteins or enzymes in which the redox
center is external and to electrodes functionalized with materials capable of minimizing the

distance between biomolecule and electrode as much as possible.

reduced analyte

electrode
®
oxidated analyte

Figure 5.8. Example diagram of third generation electrochemical biosensors.

A major limitation in the use of CNTs as chemical and biological sensors in aqueous
environments,'”"” however, lies in their low dispersion capacity in both aqueous and organic
solutions." Faced with this, an attempt was made to increase its dispersion through the use
of surfactants.

The surfactant-assisted dispersion process of CNTs is a process that requires an input of
external energy (ultrasound), useful for separating the nanotubes and therefore for breaking
the strong Van der Waals interactions between them. The carbon nanotubes walls, once
separated, will be available as absorption sites for the surfactant molecules.

Based on these observations, bile salts have been observed to be effective dispersing agents,
as their slightly bent rigid skeleton seems to adapt very effectively to the curvature of the

CNT surface, preventing their re-aggregation.'
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In fact, the cholate ions will wrap around the nanotube, orienting themselves perpendicularly
to the cylinder axis, placing the hydrophilic face outwards and the hydrophobic face in
contact with the surface of the CNTs (Figure 5.9)."

Figure 5.9. Absorption simulation of the sodium cholate (at a concentration of 75mM) on

a SWCNT surface.

In addition to offering dispersing properties, bile acids could be an efficient way for the
electrodes surface modification, being an element of the set of nano-structured materials, in
order to increase their sensitivity.

This requires the development of a molecule, derivative of bile acid, which is at the same
time a mediator of ET and an excellent dispersant of carbon nanotubes, favoring their

deposition.

5.1.1 Ferrocenyl-surfactant derivatives

The introduction of a ferrocenyl subunit into the structure of a classical type surfactant has
already been described, as the ferrocene is chemically stable in solution in a wide range of
conditions, and its redox potential made it easy to change in its oxidation state. The oxidation
of the ferrocene unit contained in the ferrocenium ion surfactant lead to a change in the
formal charge, so there is an important change in the polarity properties of the surfactant,
and consequently in the aggregative properties.

Numerous examples of ferrocenyl-substituted surfactants are reported in the literature. The

reported derivatives were neutral, or cationic or anionic (some examples are shown in Figure
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5.10). The interesting aspect was that depending on the structure of the surfactant and the
position of the ferrocene within it, a wide range of different surfactant properties was

observed."”

A .
=N SO,

Z

Fe Fe Fe
Q & Q<
CiqHog
080,

0]

Figure 5.10. Already reported ferrocenyl-substituted surfactants examples.
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5.2 Choice of the target molecules

Since no examples of the introduction of ferrocenyl units in non-classical surfactants such as
bile acids were found.

With this in mind, given the premises made in the previous paragraphs, we decided to prepare
cholic acid derivatives 5.1 and 5.2 having a ferrocenyl subunit in their skeleton, able to act as

a redox mediator (Figure 5.11).

Figure 5.11. Target ferrocenyl derivatives chosen.

In compounds 5.1, the ferrocenyl unit would have been linked to the C-3 of the steroid
skeleton in both the relative configurations o and B. In particular, in derivative 5.1, the choice
of the triazole ring as linker was made in order to possibly increase the interactions with the
nanotubes. Furthermore, as previously described in Chapter 2, in the literature there are no
examples on the application of the Click reaction to bind purely aromatic subunits to C-3 of
steroid compounds. Therefore, conducting this type of reaction would have somehow also
provided data on the trend of the Click reaction involcing these substrates.

Furthermore, we hoped that the triazole ring of compounds 5.1 and 5.2, together with the
metallocene, could have facilitated the aggregation of derivatives through intermolecular n-n
interactions.

In case of compound 5.2, the introduction of ferrocene in the terminal position of this chain
provided a new polar head, if the ferrocene had been oxidized to ferrocenium ion. The choice
of acetyl groups as protectors of the hydroxyl functions was given by the fact that these
functions could be selectively removed from each other, thus opening the way to a further
targeted synthetic manipulation of the derivative.

These compounds could have been useful also in the dispersion of nanotubes and, later, it
would have been interesting to study if they remained adhered to the nanotubes, once

deposited on the electrode surface.

242



5.3 Synthesis of BA/ferrocene derivatives

B-C-3 azidoderivative was obtained with the same procedures decribed in the previous

Chapters as shown in Scheme 5.1.

HCI 37%
—_—
MeOH, A

"OH
5.4 (90%)

HOY HOY

MsCl, Et;N
R

CH,Cl, , 0°C

HO™

5.4

NaN3
E——

DMF, 80°C

o\\ /O\\“‘

HC Yy

5.5 5.6-() (88%)

Scheme 5.1. Synthetic pathway followed for the synthesis of 3-azidoderivative.

The substrate we had to prepare has a relative 3-configuration on C-3 and a ferrocenyl
subunit linked to the steroid skeleton through a triazole function. The followed synthesis
pathway involved the preparation of epimer azide intermediate 5.6-(«) from cholic acid,
which was reacted in a copper catalyzed cycloaddition reaction with ethinylferrocene 5.7

(Scheme 5.2).
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HO™
5.4 5.6-(t) 5.7

5.1-(a)

Scheme 5.2. Synthetic pathway chosen for compound 5.1-(«).

Ethinylferrocene 5.7 that we chose followed a literature'” procedure and began with the
Friedel-Crafts acetylation of ferrocene, commercially available, using acetic anhydride as a

reagent and orthophosphoric acid as a catalyst, as illustrated in Scheme 5.3.

> (CH3CO),0

- =
F

e Mo = O
5.9 (62%)

Scheme 5.3. Ferrocene acetylation in a classical Friedel-Crafts reaction.

The reaction crude was then purified on a chromatographic column, obtaining the desired
product with a yield of 62%.

The synthesis continued obtaining 2-formyl-1-chlorovinylferrocene 5.10 through a
Vilsmeier-Haack reaction with phosphorus oxychloride and dimethylformamide (Scheme

5.4).

POCI; DMF @-,,,,(/“CHO

- > Fe
Fe o NaOAc Cl

5.9 5.10

Scheme 5.4. Vilsmeier-Haack reaction on compound 5.10.

The synthetic stage that led to ethinylferrocene 5.7 involved an elimination reaction on
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compound 5.10 according to the Rosemblum procedure® for treatment with a 1N solution

of NaOH in anhydrous dioxane (Scheme 5.5).

& /"CHO NaoHIN S

Fe %, —— Fe >
< dioxane —
510 5.7

Scheme 5.5. Obtaining ethinylferrocene through Rosemblum procedure.

The azide derivative 5.6-(e) synthesis with configuration retention was carried out by passing
through the formation of 3-(B)-iodocholate 5.11 according to a Mitsunobu reaction variant®'

with triphenylphosphine, imidazole and molecular iodine, as represented in Scheme 5.6.

I, Ph3P, Imidazole

5.11
Scheme 5.6. Mitsunobu reaction on methyl cholate.

This compound was not purified by chromatographic column since the crude was used for
the subsequent Sx2 nucleophilic substitution reaction using sodium azide in DMF, to obtain

compound 5.6-(«) with 76% yield (Scheme 5.7).

NaNj3
—_— >
DMF, 80°C

5.11 5.6-(c) (76%)
Scheme 5.7. Nucleophilic substitution with NaNj; obtaining azido-derivative 5.6-(e).

Once the 5.6-(x) azido-derivative was obtained, this was reacted with the previously
synthesized ethinylferrocene 5.7, forming the 5.8 compound by a click reaction, carried out

in H20/t-BuOH and in the presence of a slight excess of sodium ascorbate and CuSO4
(Scheme 5.8).
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o
Fe CuSQy,, sodium ascorbate
Ny =

tBUOH, H,0 AN
NN

5.6-(ct) 5.7 58 (78%)

pd

(E

Scheme 5.8. Click reaction between azido-derivative 5.6-(«) and ethinylferrocene 5.7.

The compound, purified on a chromatographic column, was obtained with a yield of 78%.
Finally, the cleavage of the ester portion was carried out with a LiIOH 2N solution in

methanol (Scheme 5.9) with a 85% yield after purification.

OH
_ o
_ 1) LIOH 2N, MeOH @\(\
w , _—— -
Fe N OH 2) H+/H,0 Fe N
= "W = W
5.8 51-(a) (85%)

Scheme 5.9. Ester portion cleavage in alkaline conditions.

In order to synthesize 5.1-(f) click reaction was carried out on compound 5.6-(f) in the

same conditions of a epimer with a 68% yield as shown in Scheme 5.10.

§ @\Q CuSO, sodium ascorbate
+ P
Fe {BUOH, H,0 = ¥ o
N3 L — — NN

5.6-(B) 5.7 512 (68%)

Scheme 5.10. Click reaction on {3 epimer.

Once purified, compound 5.12 was hydrolyzed in a LiOH 2N solution in methanol (Scheme
5.11).
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OH
. o
1) LIOH 2N, MeOH
_—
= “, 2) H+/H,0 =
Fe N “OH YRy Fe N
= "W = W
5.12 5.1-(B) (70%)

Scheme 5.11. Methyl ester cleavage of compound 5.21.

Finally, to obtain compound 5.2 we had to functionalize the C-17 position on the side chain
in order to carry out the click reaction with ethinylferrocene 5.7 and to observe any changes
in the aggregative behavior.

First of all, the synthesis of 5.2, illustrated in Scheme 5.12, started with the protection of the
cholic acid hydroxyl groups and formation of the corresponding acyl chloride 5.13.
Subsequently it was reacted with 3-azidopropylamine 5.14 to give the azide derivative 5.15,

precursor of the final product 5.2.

HOY

5.3

Scheme 5.11. Synthetic pathway for compound 5.2.

The first objective of this synthetic strategy was the synthesis of compound 5.13, which
would be used for the subsequent amidation reaction.

Chlorination on C-17 required, as a preliminary step, the acetylation of the hydroxyl groups
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on the cholic acid steroid skeleton 5.3 to give compound 5.16 with 59% yield, which was
obtained starting from cholic acid reaction with DMAP, pyridine and acetic anhydride
(Scheme 5.12).

ol (}Z
o

OH
DMAP, Py
— . 5
O
HO" Acz0 )J\o““' J{
o
5.3 516 (59%)

Scheme 5.12. Peracetylation of compound 5.3.

Once compound 5.16 was obtained, it was converted to the corresponding acyl chloride 5.13,
in a reaction with oxalyl chloride and DMF in anhydrous CH2Cl,. This compound was not
purified and the raw product was used in reaction with 3-azidopropylamine 5.14, obtained
partially reducing the diazide 5.17 in diethyl ether with HCI 5% solution and PPh; (Scheme
5.13).

HCI, PPh;
N3/\/\ N3 _— N3/\/\NH2
Et,0, AcOEt
517 514 (56%)

Scheme 5.13. Partial reduction of 1,3-diazidopropane.

The 3-azidopropylamine 5.14 and the acyl chloride 5.13 were reacted in anhydrous DCM in

presence of triethylamine (Scheme 5.14).

5.13 5.14 5.15

Scheme 5.14. Nucleophilic acyl substitution.

Surprisingly, the amide 5.15 was obtained with a low yield (20%).
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Finally, the synthetic work ended with the Click reaction, in #BuOH/H,O, with CuSO, and

sodium ascorbate, between azide 5.15 and ethinylferrocene 5.7 (Scheme 5.15).

0]

NH @\Q CuSO0y, sodium ascorbate o
Fe
+ t-BUOH, H,0
% = Aor

o)
)CJ)\ 0 o N Yo
Ne
O o& [\ N et
5.15 5.7 52  (65%) —

Scheme 5.15. Final Click reaction in order to obtain derivative 5.4.

Compound 5.2 was obtained with a 65% yield after chromatographic purification.
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5.4 Experimental section

All commercially available reagents used were supplied by Sigma-Aldrich and used without
further purification.

All 'TH-NMR and "C-NMR spectra were performed with a Bruker Avance 400 spectrometer,
400 MHz for 'H-NMR and at 100MHz for "C-NMR using 5mm diameter tubes in CDCls,
DMSO and MeOD.

High-resolution ESI mass spectra were carried out on a Q-TOF Micro spectrometer
operating in a positive ion mode.

The progress of the reactions was followed by thin layer chromatography (TLC) using Merck
Kieselgel 60 F254 silica gel plates (0.25mm thick).

The products were revealed on a slide using as indicators:

* 12% phosphomolybdic acid.

* UV lamp (A = 254 nm)

* 95% sulfuric acid.

The isolation and purification of the products were carried out by column chromatography
using Merck-Kieselgel 60 silica gel (0.063-0.20 mm, 70-230 mesh) as the stationary phase.
The anhydrous solvents used were: tetrahydrofuran (distilled on sodium), dichloromethane
(distilled on phosphorus pentoxide), 1,4-dioxane (distilled on sodium) and N,N-

dimethylfromamide (commercially available as anhydrous).

Synthesis of cholic acid methyl ester 5.4

2, O

HCI
MeOH

HOY HO™

The synthetic procedure is the same as described in Chapter 2 (as product 2.6a)

Synthesis of mesyl derivative 5.5 starting from methyl cholate 5.4

The synthetic procedure is the same as described in Chapter 2 (as product 2.7-(«))
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Synthesis of azido derivative 5.6-() from mesyl derivative 5.5

The synthetic procedure is the same as described in Chapter 2 (as product 2.5-(B))

Acetylferrocene (5.9) synthesis from ferrocene

1.0 g (5.4 mmol) of ferrocene, 3.3 mL (3.35 mmol) of acetic anhydride and 0.7 mL (13.0
mmol) of 85% orthophosphoric acid were added in this order in a 100 mL three-necked
flamed flask equipped with bubble refrigerant, magnetic stir bar and CaCI2 valve and the
mixture was stirred at 85 °C for forty-five minutes. At the end, the mixture was cooled in an
ice bath, diluted with distilled water (7 mL) and neutralized with a 10% sodium hydroxide
solution.

The precipitate was filtered on Hirsch, washed with distilled water and the coloured solution
was transferred to a 100 mlL separating funnel and treated with ethyl acetate (4x10 mlL)
(during processing, a brown pitch may form inside the flask reaction which is easily washed
with ethyl ether).

The organic phases are combined and purified on a chromatographic column (eluent mixture
of petroleum ether/ethyl ether 1:1) obtaining 0.505 ¢ (2.21 mmol) of final product
corresponding to a yield of 62%.

2-formyl-1-chlorovinylferrocene 5.10 preparation starting from acetylferrocene 5.9

0.1 g (0.438 mmol) of acetylferrocene dissolved in 0.2 mL (2.6 mmol) of anhydrous DMF
were placed in a 50 mL three-necked flask equipped with bubble cooler, dropping funnel
and magnetic stir bar at 0 °C under an argon atmosphere. In a schlenk tube, 0.2 mL (2.14
mmol) of phosphorus oxychloride in 0.2 mL (2.6 mmol) of anhydrous DMF were added
under inert atmosphere and in an ice bath and the red complex thus obtained was transferred
into the dropping funnel and added drop by drop for thirty minutes, again at 0 °C. The
mixture was left under stirring for two hours until a change from brown to blue is observed.
At the end the mixture was treated with 0.4 mL of ethyl ether, 0.5 g (3.67 mmol) of sodium
acetate trihydrate, followed by 0.22 mL of distilled water. The ice bath was removed as soon
as the double phase is formed, the organic one of red color and the aqueous one of blue
color.

After three hours, the solution was transferred into a separatory funnel, 10 mL of distilled
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water, 10 mL of ethyl ether were added and the organic phase was extracted. Subsequently,
the aqueous phase was extracted with ethyl ether (4x1 mL) and the combined organic phases
were washed with a saturated solution of NaHCO; (10 mL) and distilled water (4x1 mL),
finally dried over anhydrous Na,SO, and evaporated under reduced pressure. 0.070 g (0.256

mmol) of an unpurified, purple colored crystalline compound was obtained.

Ethinylferrocene 5.7 synthesis

In a 50 mL three-necked flask equipped with bubble refrigerant, 100 mg (0.366 mmol) of 2-
formyl-1-chlorovinylferrocene 5.10 were added in 1.2 mL (14 mmol) of anhydrous 1,4-
dioxane and the whole mixture was refluxed under inert atmosphere. After five minutes of
reflux, 1.14 mL of a boiling 1N sodium hydroxide solution were added and the mixture was
kept under stirring and refluxing for about thirty minutes. The silicone bath was removed,
the flask wass cooled to room temperature and the mixture neutralized with 1IN HCl in the
presence of an ice bath.

After neutralization, the compound was transferred to a separatory funnel, 5 mL of distilled
water, 10 mL of petroleum ether were added and the organic phase was extracted; the
aqueous phase was repeatedly washed with petroleum ether (4x10 mlL) and the combined
organic phases with a saturated solution of NaHCO; (10 mL) and distilled water (3x10 mL).
The organic phase was dried with anhydrous sodium sulphate and evaporated at low
pressure.

The obtained orange oily phase was purified on a chromatographic column (eluent mixture:
pure petroleum ether) obtaining 44 mg (0.209 mmol) of ethinylferrocene corresponding to a

yield of 57%.

Click reaction for the synthesis of compounds 5.8, 5.12 and 5.2

In a 25 mL flask, 1 eq of relative azide and 1 eq. of ethinyl ferrocene were added in 10 mL
of a 7:3 mixture of #BuOH/H,O. Then 3 eq. of sodium ascorbate and finally 1 eq. of CuSO,
were added.

The reaction was left at 60 °C and controlled by TLC. Since the reagents are still present
after 12h, a further addition of sodium ascorbate and CuSO4 was made.

At the end of the reaction, the mixture was transferred to a separatory funnel adding water

2 mL and extracted with ethyl acetate (5 mL x 3). The organic phases were dried over sodium
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sulphate, filtered and dried under vacuum. The reaction crude was purified on a

chromatographic column with an eluent mixture of petroleum ether/ethyl acetate (3:7).

Iododerivative 5.11 preparation starting from the methyl cholate 5.4

0.200 g (1 eq., 0.47 mmol) of methyl cholate in CH2Cl, were added to a three-necked round
bottom flask, equipped with bubble refrigerant and a CaCl, valve. Subsequently, 0.186 g (1.5
eq., 0.71 mmol) of triphenylphosphine and 0.096 g (3.0 eq, 1.42 mmol) of imidazole were
added. The solution was left under stirring for five minutes, after which 0.18 g (1.5 eq., 0.71
mmol) of molecular iodine was added little by little, until the solution turned from
transparent to intense red.

The mixture was left at room temperature for thirty minutes, after which it was transferred
to a separatory funnel and separated with distilled water containing a few drops of 30% H,O»
(15 mL). The aqueous phase was then washed with ethyl acetate (15 mL x 3). The organic
phases were then combined and extracted with Na,S$;Os (15 mL x 3), until the solution
changes from a brownish to a bright yellow color. At this point, the organic phase was dried
over sodium sulphate, filtered and dried to obtain a crude weight of 0.406 g (0.762 mmol).

The obtained compound was used in the subsequent reaction.

Synthesis of azidoderivative 5.6-(«) from iododerivative 5.11

0.406 g (1 eq., 0.762 mmol) of methyl cholate and 0.149 g (3 eq., 2.29 mmol) of sodium azide
were added in 5 mLL of DMF in a three-necked flask, equipped with a liebig, under inert
atmosphere. The reaction was left under stirring at room temperature for 24 hours.
Subsequently, the reaction mixture was transferred to a separatory funnel in which were
added 20 mL of distilled water and extracted with ethyl ether (4 mL) and ethyl acetate (1
mL). The organic phases were collected and dried over sodium sulphate, filtered and brought
to dryness.

The crude product thus obtained was purified on a chromatographic column with an eluent
mixture of petroleum ether:ethyl acetate (8:2).

Compound 5.6-(«) with a weight of 0.161 g (0.36 mmol) was obtained with a 77% yield.
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Cholic acid peracetylation

In a single-necked round-bottomed flask, 1.5 g (3.67 mmol) of cholic acid and 205 mg (1.83
mmol) of DMAP were dissolved in 5 mL of pyridine. Then 1.73 mL of Ac2O were added
and the reaction was left under stirring at room temperature for 12 h. Once the reaction was
over it was quenched with acid water at pH=2. The aqueous phase was extracted 3 times
with CH>Cl, then the organic phase was extracted 3 times with acid water, dried on Na,SO4
and the solvent is evaporated at reduced pressure. The crude is purified on a
chromatographic column with an eluent mixture of petroleum ether/ethyl acetate (6:4). 1.162

g (2.17 mmol) of peracetylate were obtained with a yield of 59%.

Preparation of 5.13 from peracetylated 5.16

In a 25 mL flask, previously flamed, 320 mg (0.598 mmol) of peracetylate were placed in 5
mL of CH,Cl, the flask was then placed in an ice bath and 0.2 mL (2.394 mmol) of oxalyl
chloride was added. Finally, when the effervescences were finished, 3 drops of DMF were
added. The reaction was left at room temperature for 4h. When it was over, the crude was

brought to the rotavapor and used for the subsequent reaction as raw product.

Diazidation of 1,3-dibromopropane to obtain 1,3-diazidopropane 5.17

1.26 g (17.325 mmol) of NaNs and 0.5 mL (4.90 mmol) of 1.3 dibromopropane were added
in 4 mIL of DMF in a one-necked round-bottomed flask equipped with bubble refrigerant
and previously flamed.

The reaction was left at 50 °C for one night and when it was over, 20 mL of ethyl ether were
added and extracted with H,O (5 mL x 3 times) and with Brine (5 mL x 10 times).

The organic phases were dried over sodium sulphate, filtered and dried by distilling in the
rotavapor at atmospheric pressure.

610 mg (4.83 mmol) of crude product were obtained.

Monoreduction of compound 5.17

610 mg (4.84 mmol) of diazidopropane, 3 mL of AcOEt, 3 mL of Et20 and 5 mL of aqueous
solution at 5% of HCl were added in a one-necked round-bottomed flask equipped with
bubble cooler and previously flamed. Then 1.2 g of PPh; (4.74 mmol) were added little by

little by immersing the flask in an ice bath. The reaction was left at room temperature for 16
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h.

When the reaction was over, the mixture was placed in a separatory funnel and the organic
phase was discharged. The aqueous phase was washed twice with CH,Cl, (5 mL x 3 times),
basified (pH>12) and finally extracted with CH2CI2 (5 mL x 4 times).

The extracted organic phases were dried over sodium sulphate, filtered and dried by distilling
them in a rotavapor at atmospheric pressure.

278 mg (2.77 mmol) of product were obtained with a yield of 57%.

Condensation between compounds 5.13 and 5.14

330 mg (0.596 mmol) of raw 5.13 were directly reacted with 119 mg (1.19 mmol) of amine
5.14 and 0.16 mL (1.19 mmol) of EtsN while holding the round-bottomed flask in an ice
bath. The mixture was left for 14 h at room temperature.

Once the reaction was over, CH,Cl, was added and washed with a saturated solution of
NaHCOs. The aqueous phase was extracted with CH>CL (5 mL x 3 times). The organic
phases were then dried over NaSO, and the solvent was removed under reduced pressure.
The reaction crude was purified on a chromatographic column with an eluent mixture of
petroleum ether/ethyl acetate (6:4) obtaining 68 mg (0.11 mmol) of compound 20 with a
yield of 18%.
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5.5 Characterization data

Characterization data of some compounds have already been described in the previous

Chapters and were not repeated in this section.

Acetylferrocene

"H-NMR (400 MHz, CDCL) 8(ppm): 2.38 (s, 3H), 4.19 (m, 5H), 4.49 (m, 2H), 4.76 (m, 2H).
PC-NMR (100 MHz, CDCL) 8(ppm): 27.1, 69.8, 70.0, 72.5, 79.4, 202.3. MS (ESI): m/z (%)
229.0319 [M+H]".

(1-chloro-2-formylvinyl)ferrocene

"H-NMR (400 MHz, CDCls) 8(ppm): 4.22 (m, 5H), 4.55 (m, 2H), 4.75 (m, 2H), 6.38 (d, 1H,
J=7.1 Hz), 10.07 (d, 1H, J=7.1). "C-NMR (100 MHz, CDCls) 8(ppm): 69.8, 70.0, 72.2, 80.0,
120.3, 155.1, 190.7. MS (ESIL): m/z (%) 274.9929 [M+H]".

Ethynylferrocene
"H-NMR (400 MHz, CDCls) 8(ppm): 2.73 (s, 1H), 4.20 (m, 2H), 4.23 (m, 5H), 4.47 (m, 2H).
PC-NMR (100 MHz, CDCl3) 8(ppm): 63.9, 68.7, 70.0, 71.7, 75.5, 82.6. MS (ESI): m/z (%)
211.0213 [M+H]".

(4R)-4-((3S,7R,10S,128,13R,17R)-7,12-dihydroxy-3-((ferrocenecarbonyl)amino)-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoic acid methyl
ester

"H-NMR (400 MHz, CDCL3) 8(ppm): 0.58 (s, 3H), 0.89 (m, 6H), 1.15-2.56 (m, 26 H, steroidic
backbone and side chain), 3.56 (s, 3H), 3.63 (m, 1H), 3.77 (m, 1H), 3.94 (m, 1H), 4.04 (m,
5H), 4.29 (m, 2H), 4.89 (m, 2H), 7.01 (d, 1H, J=5.4 Hz). "C-NMR (100 MHz, CDCly)
d(ppm): 12.5, 17.3, 22.9, 23.2, 24.5, 26.1, 27.4, 28.5, 30.5, 30.8, 31.1, 33.0, 34.1, 35.1, 35.2,
36.8,39.4,41.9, 46.5,47.2, 51.6, 66.8, 68.9, 69.7,70.2, 71.5, 77.4,79.6, 168.7, 174.6. MS (ESI):
m/z (%) 634.3198 [M+H]".
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(4R)-4-((3S,7R,10S,12S,13R,17R)-7,12-dihydroxy-3-((ferrocenecarbonyl)amino)-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoic acid
"H-NMR (400 MHz, CDCls) 8(ppm): 0.58 (s, 3H), 0.89 (m, 6H), 1.15-2.56 (m, 26 H, steroidic
backbone and side chain), 3.63 (m, 1H), 3.77 (m, 1H), 3.94 (m, 1H), 4.11 (m, 5H), 4.31 (m,
2H), 4.89 (m, 2H), 7.01 (d, 1H, J=5.4 Hz). "C-NMR (100 MHz, CDCl;) 8(ppm): 12.5, 17.3,
22.9,23.2,24.5,26.1, 27.4, 28.5, 30.5, 30.8, 31.1, 33.0, 34.1, 35.1, 35.2, 36.8, 39.4, 41.9, 46.5,
47.2, 66.8, 68.9, 69.7, 70.2, 71.5, 77.4, 168.8, 175.3. MS (ESI): m/z (%) 620.3040 [M+H]".

(4R)-methyl 4-((3S,7R,10S,12S,13R,17R)-7,12-dihydroxy-3-iodo-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (400 MHz, CDCl5) 8(ppm): 0.67 (s, 3H), 0.91 (s, 3H), 0.96 (d, 3H, ]=6.2 Hz), 1.15-
2.56 (m, 26 H, steroidic backbone and side chain), 3.65 (s, 3H), 3.85 (m, 1H), 3.95 (m, 1H),
4.93 (m, 1H). "C-NMR (100 MHz, CDCls) 8(ppm): 12.5, 17.3, 22.9, 23.2, 24.5, 26.1, 27.4,
28.5, 30.5, 30.8, 31.1, 33.0, 34.1, 35.1, 35.2, 36.8, 39.4, 41.9, 46.5, 47.2, 51.5, 68.4, 71.9, 73.0,
174.7. MS (ESI): m/z (%) 533.2831 [M+H]".

methyl 4-((3R)-7,12-dihydroxy-10,13-dimethyl-3-(4-ferrocenyl-1H-1,2,3-triazol-1-
yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (400 MHz, DMSO) &(ppm): 0.58 (s, 3H), 0.89 (m, 6H), 1.15-2.56 (m, 26 H,
steroidic backbone and side chain), 3.14 (m, 1H), 3.63 (m, 1H), 3.65 (s, 3H), 3.77 (m, 1H),
4.11 (m, 5H), 4.31 (m, 2H), 4.89 (m, 2H), 7.95 (s, 1H). "C-NMR (100 MHz, DMSO) 8(ppm):
12.5,17.3, 22.9, 23.2, 24.5, 26.1, 27.4, 28.5, 30.5, 30.8, 31.1, 33.0, 34.1, 35.1, 35.2, 36.8, 39.4,
41.9, 46.5, 47.2, 51.0, 31.3, 56.4, 65.6, 71.2, 71.4, 73.3, 74.4, 123.9, 145.9, 178.9. MS (ESI):
m/z (%) 658.3304 [M+H]".

4-((3R)-7,12-dihydroxy-10,13-dimethyl-3-(4-ferrocenyl-1H-1,2,3-triazol-1-
yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoic acid

"H-NMR (400 MHz, MeOD) §(ppm): 0.74 (s, 3H), 1.2 (m, 6H), 1.15-2.56 (cm, 26 H, steroidic
backbone and side chain), 3.14 (m, 1H), 3.69 (m, 1H), 3.83 (m, 1H), 4.04 (m, 5H), 4.31 (m,
2H), 4.71 (m, 2H), 7.95 (s, 1H). "C-NMR (100 MHz, MeOD) 8(ppm): 12.5, 17.3, 22.9, 23.2,
24.5,26.1, 27.4, 28.5, 30.5, 30.8, 31.1, 33.0, 34.1, 35.1, 35.2, 36.8, 39.4, 41.9, 46.5, 47.2, 61.3,
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67.5, 68.3, 69.2, 69.9, 72.6, 116.9, 117.6, 145.9. MS (BSI): m/z (%) 644.3149 [M+H]".

methyl 4-((3R)-7,12-dihydroxy-10,13-dimethyl-3-(4-phenyl-1H-1,2,3-triazol-1-
yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate

"H-NMR (400 MHz, DMSO) 8(ppm): 0.58 (s, 3H), 0.90 (m, 6H), 1.07-2.61 (cm, 26 H,
steroidic backbone and side chain), 2.93 (m, 1H), 3.56 (s, 3H), 3.64 (m, 1H), 3.79 (m, 1H),
3.99 (m, 5H), 4.27 (m, 2H), 4.73 (m, 2H), 8.21 (s, 1H). "C-NMR (100 MHz, DMSO) &(ppm):
12.8,17.2,22.9, 23.2, 24.5, 26.1, 27.4, 28.5, 30.5, 30.8, 31.1, 33.0, 34.1, 35.1, 35.2, 36.8, 39.4,
41.9, 40.5, 47.2, 51.0, 51.3, 56.1, 66.6, 68.6, 69.6, 71.4, 76.6, 120.2, 145.2, 174.2. MS (ESI):
m/z (%) 658.3304 [M+H]".

4-((3R)-7,12-dihydroxy-10,13-dimethyl-3-(4-phenyl-1H-1,2,3-triazol-1-
yl)hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoic acid

"H-NMR (400 MHz, MeOD) &(ppm): 0.72 (s, 3H), 0.90 (m, 3H), 1.2 (m, 3H), 1.11-2.36 (cm,
26 H, steroidic backbone and side chain), 3.03 (m, 1H), 3.83 (m, 1H), 3.98 (m, 1H), 4.05 (m,
5H), 4.33 (m, 2H), 4.78 (m, 2H), 8.03 (s, 1H). "C-NMR (100 MHz, MeOD) 8(ppm): 11.6,
16.2, 22.2, 22.8, 24.3, 27.4, 28.5, 30.5, 30.8, 31.1, 33.0, 34.1, 35.2, 36.8, 39.4, 41.9, 46.5, 47.2,
66.3, 67.5, 68.5, 69.2, 72.5, 119.1, 145.9, 176.8. MS (ESI): m/z (%) 644.3148 [M+H]".

1,3-diazidopropane
"H-NMR (400 MHz, CDCls) 8(ppm): 1.81 (q, 2H, ] = 6.4 Hz), 3.40 (t, 4H, ] = 6.5 Hz). "C-
NMR (100 MHz, DMSO) 8(ppm): 28.2, 48.3. MS (ESI): m/z (%) 127.0729 [M+H]".

3-azidopropan-1-amine

"H-NMR (400 MHz, CDCls) 8(ppm): 1.47 (bs, 2H), 1.74 (q, 2H, ] = 6.8 Hz), 2.80 (t, 2H, | =
6.8 Hz), 3.37 (t, 2H, ] = 6.8 Hz). "C-NMR (100 MHz, DMSO) 8(ppm): 32.3, 39.3, 49.0. MS
(ESI): m/z (%) 101.0829 [M+H]".

(4R)-4-((3R,7R,10S,12S,13R,17R)-3,7,12-triacetoxy-10,13-dimethylhexadecahydro-

1H-cyclopenta[a]phenanthren-17-yl)pentanoic acid
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'H-NMR (400 MHz, CDCls) 8(ppm): 0.74 (s, 3H), 0.83 (m, 3H), 0.93 (s, 3H), 1.00-2.41 (cmn,
34 H, steroidic backbone and side chain), 2.06 (s, 3H), 2.10 (s, 3H), 2.15 (s, 3H), 4.59 (m,
1H), 4.92 (s, 3H), 5.10 (m, 1H). "C-NMR (100 MHz, CDCL) 8(ppm): 12.2, 17.4, 21.4 (2C),
21.6,22.5,22.8, 25.5, 26.8, 27.1, 28.8, 30.5, 30.6, 31.2, 34.3, 34.5, 34.6, 34.7, 37.7, 40.9, 434,
45.0,47.3,70.7, 74.1, 75.4, 170.4, 170.5 (2C), 179.0. MS (ESI): m/z (%) 535.3268 [M+H]".

(3R,7R,10S,12S,13R,17R)-17-((R)-5-((3-azidopropyl)amino)-5-oxopentan-2-yl)-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthrene-3,7,12-triyl triacetate
"H-NMR (400 MHz, CDCl3) 8(ppm): 0.77 (s, 3H), 0.88 (m, 3H), 0.94 (s, 3H), 1.00-2.36 (cm,
34 H, steroidic backbone and side chain), 2.07 (s, 3H), 2.11 (s, 3H), 2.17 (s, 3H), 3.35 (m,
2H), 3.63 (m, 2H), 4.60 (m, 1H), 4.94 (m, 1H), 5.11 (m, 1H), 5.61 (m, 1H). "C-NMR (100
MHz, CDCls) 8(ppm): 12.3, 18.8, 21.4 (2C), 21.6, 22.5, 22.8, 25.6, 26.7, 26.9, 27.3, 28.8, 31.2,
34.3,34.6,34.7,34.9, 35.1, 37.7, 39.9, 40.9, 43.4, 45.1, 47.7, 48.9, 70.6, 74.0, 75.2, 161.8, 170.3,
170.4, 170.5. MS (ESI): m/z (%) 617.3917 [M+H]".

(3R,7R,108,12S,13R,17R)-10,13-dimethyl-17-((R)-5-0x0-5-((3-(4-fetrrocenyl-1H-1,2,3-
triazol-1-yl)propyl)amino)pentan-2-yl)hexadecahydro-1H-
cyclopenta[a]phenanthrene-3,7,12-triyl triacetate

"H-NMR (400 MHz, CDCl3) 8(ppm): 0.71 (s, 3H), 0.80 (m, 3H), 0.90 (s, 3H), 1.21-2.30 (cm,
34 H, steroidic backbone and side chain), 1.97 (s, 3H), 1.99 (s, 3H), 2.05 (s, 3H), 3.46 (m,
3H), 4.03 (m, 5H), 4.29 (m, 2H), 4.45 (m, 2H), 4.69 (m, 2H), 4.79 (m, 1H), 4.97 (s, 1H), 6.00
(s, 1H), 8.13 (s, 1H). "C-NMR (100 MHz, CDCls) 8(ppm): 12.4, 18.5, 21.5, 21.6, 21.8, 22.6,
28.7, 35.1, 37.3, 43.4, 45.1, 47.6, 55.3, 66.7, 68.6, 73.8, 74.9, 75.3, 76.4, 121.1, 127.6, 129.9,
145.6, 162.6, 170.1, 170.2, 170.3. MS (ESI): m/z (%) 827.4049 [M+H]".
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