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Abstract
The formation of a reduction side-product has been preciously observed in the Soai
autocatalytic reaction. This led us to consider taking advantage of the existence of this
mechanism to evaluate the possibility of use of ketones as substrates in a potentially relevant
autocatalytic reduction.
Because of their high electrophilicity on the carbonyl carbon and their ability to undergo
reduction in reactions with organozinc, trifluoromethyl ketones appeared as good candidates
for this purpose.1 However, the desired trifluoromethyl ketones for these reactions were not
commercially available or were synthetically challenging. An added difficulty in the synthesis
of such fluorinated ketones is related to the requirement of heteroaromatic cycles for the
purpose of our studies.
The work carried out during this project demonstrates the attempted synthesis of four selected
trifluoromethyl ketones that were considered viable for their incorporation in the Soai reaction.
Different routes were attempted for each of the four molecules. The reactions presented us with
various problems such as purification, isolation or the formation of by-products. When possible,
intermediates and products were isolated and characterized. However, this part remained a very
difficult task during this project.
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Abbreviations
COSY Correlation Spectroscopy
DCM Dichloromethane
DMSO Dimethyl Sulfoxide
d Doublet (NMR)
ee Enantiomeric Excess
EI Electron Ionization
equiv. Equivalents
ESI Electronspray Ionization
et al. et alii
EtOAc Ethyl Acetate
EWG Electron Withdrawing Ionization
HMBC Heteronuclear Multiple Bond Correlation
HRMS High Resolution Mass Spectroscopy
HSQC Heteronuclear Single Quantum Coherence
Hz Hertz
iPr Isopropyl
J Coupling Constant
MeCN Acetonitrile
MHz Megahertz
MeOH Methanol
m/z Mass to charge ratio
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MS Mass Spectroscopy
NMR Nuclear Magnetic Resonance
NOESY Nuclear Overhauser Effect Spectroscopy
ppm Parts per million
t-Bu tert butyl
TMS Trimethylsilane
TLC Thin Layer Chromatography
THF Tetrahydrofuran
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Aim of the Project
Over the past decade, the Amedjkouh group has had a great interest in the study of
the Soai reaction. The focus of previous students had been the development and testing of new
aldehyde derivatives that would show good potential for amplification of chirality in
asymmetric autocatalytic reaction.
The aim of this project consists of two parts. The first part is the synthesis and characterization
of trifluoromethyl ketones bearing a pyridine or pyrimidine ring. Since there is a
limited number of working procedures to access such compounds, development of new
synthetic methods would be valuable. Trifluoromethyl ketones were chosen because of their
great ability to easily undergo reduction reactions. The reason for their reactivity rises from the
strong inductive effect created by the three fluorine atoms making the carbonyl carbon quite
prone to nucleophilic attack.
The second part was the probing of the Soai reaction using these trifluoromethyl ketones and
investigate the possibility of autocatalytic reduction to the corresponding chiral alcohols. Since
the reduction of trifluoromethyl ketones with diethyl zinc has been described before by
Huang et al.,1 the reaction with isopropyl zinc could open for new possibilities.
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Chapter 1
1 Theoretical Background
1.1 Chirality
The word chirality comes from the Greek word for hand (χειρ=cheir).2 Much like our left and
right hand that are structurally the same, they cannot be overlapped but are mirror images of
each other. In the same manner, molecules can have the same connectivity yet not be
superimposable. In chemistry chirality occurs when there is lack of a symmetry plan within the
molecule.2,3
Chirality is an important part of our biology. More specifically, homochirality (uniformity with
respect to absolute configuration) is wide spread in biological systems such as amino acids and
sugars.3 Since this is of importance for the study of life, this phenomenon has become of great
interest to scientists. Through the years, various mechanisms have been proposed in an effort
to establish models accounting for the origin of homochirality. Some of these mechanisms
involve circularly polarized light, chiral quarts and spontaneous symmetry breaking.4,5

1.2 Asymmetric Autocatalysis
Asymmetric catalytic reactions favour the formation of one enantiomer over another. This often
requires the catalyst to be chiral as well. 6,7 In some reactions, a product is a catalyst for its own
formation resulting in a non-linear reaction rate.8 In other words, the reaction displays low
initial rates and becomes faster upon build-up of product/catalyst. These reactions are known
as autocatalytic. Combining both concepts, autocatalysis and asymmetric catalysis, would result
in an asymmetric autocatalytic reaction allowing replication of chirality. Moreover, in the case
of a symmetry breaking event asymmetric autocatalysis would rise from an achiral
environment.
Frank, a theoretical physicist, proposed a kinetic model for such an asymmetric autocatalytic
reaction: a chiral product arises from an achiral molecule and acts as a catalyst for its own
formation with amplification of chirality.9 This model became a reality when Soai et al.
discovered such a reaction.7 Their study on enantioselective alkylation of pyridine and
13

pyrimidine aldehydes remains to this day the only example of an asymmetric autocatalytic
reaction.4,5,7
In asymmetric catalysis a chiral catalyst C* produces a chiral product D* but their structures
are different, although they might share the same absolute configuration. In contrast, a
asymmetric autocatalytic reaction takes place between two achiral molecules A and B where
the product P* is the catalyst. In this reaction the catalyst P* and the product P* have the same
exact structure and absolute configuration (Scheme 1.1).4,6,10

Scheme 1.1. Asymmetric catalysis vs. asymmetric autocatalysis

1.3 Soai Reaction
Soai et al. studied the enantioselective addition of iPr2Zn to pyridine-3-carbaldehyde I.4,5,7,10
They noticed that addition of enantiomerically enriched 3-pyridyl alkanol II to the reaction
acted as an asymmetric autocatalyst (Scheme 1.2). This was the first observation of a reaction
proving asymmetric autocatalysis was feasible.4,5,7,10 However, the enantiomeric excess (ee) of
the alcohol II decreased during the reaction.6,7

Scheme 1.2. Asymmetric autocatalytic addition of iPr2Zn to 3-pyrimidinecarbaldehyde I
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Other pyridine and pyrimidine derivatives were tested in search for more efficient autocatalysts
and potentially higher enantioselectivity. Pyrimidine derivatives even provided ee
amplification.4,7,10,11
When the reaction was performed with pyrimidine carbaldehyde, using the autocatalyst with a
2% ee, the ee of the product and the catalyst was amplified to 10%. Using the product of this
reaction in a second run the ee was amplified even further (57%). After four runs using the
product of one run as the catalyst for the next reaction (Scheme 1.3), the ee was amplified to
88% in the final run. This proved that autocatalytic reaction could also exhibit amplification of
ee. 4,5,10,11

Scheme 1.3. Amplification of ee through multiple autocatalytic runs

Since pyrimidyl alcohol has been found to be a good asymmetric autocatalyst, its derivatives
have been used to investigate further the unique property of the amplification of ee. Starting
from ee values as low as 0,00005 %, quasi-homochirality was achieved in three consecutive
runs. The ee values after each run were 57, 99 and >99,5 % ee respectively when the pyrimidine
carbaldehyde III was reacted with iPr2Zn in the presence of the catalyst IV (Scheme 5).4,5,10,11

Scheme 1.4. Asymmetric Autocatalytic Reaction using (S)-1-(2-(3,3-dimethylbut-1-yn-1-yl)pyrimidin-5-yl)-2methylpropan-1-ol as a catalyst.
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In other words, it went from an almost racemic mixture to an enantiomerically pure product.
Therefore, the reaction of III with iPr2Zn with the use of IV as a catalyst seemed to be a perfect
autocatalytic reaction. In addition, it proved that even from a small enantiomeric imbalance, an
almost enantiomerically pure compound could be prepared.4,5,10,11

1.4 Fluorine in molecules
1.4.1General Information
Fluorine is the smallest substituent, similar to hydrogen in size, yet with a considerably higher
inductive effect.2 As the most electronegative element in the periodic table, it is very reactive
towards other elements. In the last couple of decades, scientists have discovered new methods
for the incorporation of fluorine into organic molecules.12
As a consequence of the high electronegativity, when fluorine is integrated into molecules it
alters the physiological and chemical properties of small molecules, such as their biological and
metabolic stability, lipophilicity, acidity as well as their binding selectivity.2,12 Moreover,
fluorine can affect the pharmacological function of drugs, like their absorption and distribution
effects in the metabolic system, which can be of great importance.13 Because of this unique
effect, these compounds have become of more and more interest in fields such as chemistry,
biology and material sciences.14
Even though these fluorinated compounds have a large range of application in biological
studies, fluorination rarely occurs naturally. A rare example of a naturally fluorine containing
compound is monofluoroacetic acid (Figure 1.1) which is found in a number of plants in places
such as Brazil, Australia and Africa.15 Almost all other fluorinated compounds in use in the
fields mentioned above are artificially synthesized (Figure 1.2).16

Figure 1.1. Example of a naturally occurring fluorine-containing compound
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Figure 1.2. Examples of artificially synthesised fluorine-containing derivatives of natural molecules

Even though it is more common to add a single fluorine atom on a carbon the addition of two
or even three has started to gain more popularity in recent years. Specifically, the
trifluoromethyl group has shown to be a very attractive functional group. Despite its
resemblance to the methyl analogue, it has proven to have a key role in the development of new
compounds for fields such as pharmaceutical, agrochemical, medicinal and even material
science.12,16,17
In biological systems the trifluoromethyl group has been of great importance since it can be
made to act as a bioisoster. Bioisosters are chemical substitutes or groups having comparable
physical or chemical properties that show substantially similar biological properties to other
chemical compounds.12,18
As a functional group, trifluoromethyl is highly electron withdrawing (strong negative
induction effect).19,20 Incorporating this group into a compound modifies its physiological,
steric, electronic and chemical properties.12,16,17 These changes can be measured through
parameters like pKa, dipole moment, metabolism rate and chemical stability of the compound.14
CF3 analogues (selected examples in Figure 1.3) of an enzyme substrate can act as a transition
state analogue, therefore being potent inhibitors.12,21

Figure 1.3. Examples of trifluoromethyl ketones used in biological studies
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Placing the trifluoromethyl ketone group adjacent to a ketone yields a trifluoromethyl ketone.
This functional group has become of great interest because it contains most of the functionalities
presented by the trifluoromethyl group.12,21 Furthermore, they are used as probes in mechanistic
studies as well as potent enzyme inhibitors in biological pathways such as esterase and protease
(selected examples in Figure 1.3). They have proven to be important intermediates in the
construction of fluorinates analogues of natural products.12,21
Trifluoromethyl ketones are more volatile and have a higher Rf value than the ketone with
hydrogen substituents.12 The incorporation of the trifluoromethyl group has direct implications
on the carbon of the carbonyl group. Since it generates an increased positive charge, it makes
the carbonyl carbon more prone to nucleophilic attacks.12 As a result of this, a common concern
that arises in the reactions involving the trifluoromethyl ketones is hydration. Depending on the
structure and functional groups on the ketone, stable hydrates can be formed (Scheme 1.5). In
some cases, the equilibrium will favour the keto form, but if there is a second electron
withdrawing group, the hydrate will be preferred.12 A consequence of the formation of hydrates
is increased water solubility.

Scheme 1.5. Formation of hydrates from trifluoromethyl ketones

Due to this increased predisposition to undergo nucleophilic attacks, trifluoromethyl ketones
are highly competitive inhibitors. They are particularly effective in inhibiting enzymes that
degrade biomolecules, making them potential drug candidates.12

1.4.2Coupling Pattern of 19F in 13C
13

C-NMR spectra are routinely collected with a sequence that removes the coupling to adjacent

protons (so-called decoupling).22,23 This is beneficial, as the coupling patterns complicate the
spectrum and the signal to noise ratio is better for singlets. Coupling to other NMR-active nuclei
18

with high abundancy still creates a coupling pattern, as the decoupling is tailored to protons.
Fluorine is monoisotopic, and this isotope is NMR active with a spin of ½.22,23 Therefore,
fluorine creates coupling patterns following the same rule as for neighbouring hydrogens in a
proton NMR, which is the n+1 rule.22,23
The nuclear spin of the fluorine is the same as that for a proton and a phosphorus.23 By using
the n+1 rule we expect there to be a doublet present for the C in alpha position, thus if there
were 2 there would be a triplet and so on.23

Figure 1.4. Naming of carbons with respect to the fluorine atom

The
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C-NMR signal of a CF3-group will be visible as a quartet, usually centering around

125 ppm.23 The fluorine will not only affect the carbon in the α position, but can also the affect
the β and sometimes even the γ position (Figure 1.4). The coupling will decrease in value the
longer the distance.23

1.5 Cross Coupling Reactions
1.5.1General information and mechanism
The formation of carbon-carbon bonds is a major challenge of synthetic chemistry. In these
reactions a metal catalyst promotes the coupling of two different hydrocarbons. An
organometallic compound RM, where R is an organic fragment and M a metal (commonly
transition metals), is coupled with an organic halide R'X (Scheme 1.6).2,24 Even though there
is a broad range of coupling reactions, some of the most commonly encountered are those
catalysed by palladium or copper.2

Scheme 1.6. Coupling reaction

In the general mechanism of coupling reactions, the first step consists of an oxidative addition
of the organic halide to the metal catalyst followed by a transmetallation reaction. The coupling
partners are now located on the same metal centre. The last step in the catalytic cycle is a
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reductive elimination of the two coupling fragments to give the organic product, while
regenerating the catalyst (Scheme 1.7). 2,24

Scheme 1.7. Coupling reaction mechanism

1.5.2Sonogashira Coupling reaction
A widely used cross coupling reaction is the Sonogashira reaction. The Sonogashira crosscoupling is used for the formation of carbon-carbon bonds between a terminal alkyne and a
vinyl or aryl halide. This reaction uses palladium as main catalyst and copper as a co-catalyst
(Scheme 1.8).24,25

Scheme 1.8. Sonogashira coupling reaction (scheme reproduced from reference25)

The mechanism of the Sonogashira reaction consists of two catalytic cycles (Scheme 1.9) – one
for palladium and one for copper, though the mechanism of the latter is not fully known.24,25
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Scheme 1.9. Sonogashira double catalytic cycle mechanism (scheme reproduced from reference25)

The reactivity of vinyl halides is greater than that of aryl halides.25 Fluorine does not react in a
Sonogashira reaction. The selectivity sequence of the Sonogashira reaction for the halides is:
I

>

Br

>>

Cl

This allows for selective alkynylation in the presence of a second halide, an advantage if
multiple cross-couplings are to be executed.25

1.5.3Grignard Reagent
1.5.3.1 General information
François Auguste Victor Grignard, a French chemist, discovered in 1900 that
organomagnesium halides were formed by allowing metallic magnesium to react with organic
halides in a dry ether (Scheme 1.10). Such reagents, called Grignard reagents, are highly useful
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and essential synthetic tools for the synthesis of carbon-carbon or carbon-heteroatom bondforming reactions.2,24

Scheme 1.10. Grignard reagent and reaction

Despite the broad use of Grignard reagents, they are prone to form two groups of by-products.
The first one is formed through protonation of the carbanion. It typically forms in the presence
of water. It is therefore crucial to work with dry solvents and glassware. The second is a
homocoupling reaction which is formed in competition with the Grignard reagent.2

1.5.3.2 Turbo Grignard Reagent
In 2004, Prof. Knochel developed and studied a Grignard reagent that included the use of
lithium chloride.26 This reagent, referred to as the turbo Grignard reagent, is a magnesium
chloride lithium chloride complex. This complex was able to accelerate halogen-magnesium
exchange reactions and found a wide range of applications in laboratory synthesis.26,27
In the common Grignard reaction, the magnesium-bromide exchange can be slower when the
reaction is performed at lower temperatures. This causes limitations for the synthesis regarding
the range of functional groups that can be used. Additionally, lower yields can be observed on
reactions performed on electron-rich aromatic bromides due to the competing elimination of
HBr from the alkyl halide produced during the reaction. (ref)
These issues were addressed with the developemant of the turbo Grignard reagent complex.
Reactions could be run at various temperatures with improved yields, from good to excellent,
22

depending on the structure of the aromatic bromides. Prof. Knochel did not report any side
products during this reaction such HBr.

Prof. Knochel theorized that the function of the lithium chloride in the turbo Grignard reagent
was to activate the iPrMgCl and enhance the isopropyl group's nucleophilic character. This is
supposedly achieved by disaggregating iPrMgCl oligomers and forming a four-membered
MgCl*LiCl ring structure instead (Scheme 1.11).26,27

Scheme 1.11. Formation of the four-membered ring between MgCl and LiCl (scheme reproduced from reference
26

)

Similar to coupling reactions the reactivity of halides in turbo Grignard reactions follows the
same trend with iodine being the most reactive (I > Br > Cl).27
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Chapter 2
2 Results and Discussion: Synthesis and
Characterization of Trifluoromethyl Ketones
2.1 Motivation
The Soai reaction has been of great interest to the Amedjkouh group for the past decade. A
number of previous students have studied the reaction and synthesized new compounds that
could work in this type of reaction. During their studies they noticed the formation of a side
product that had not been reported.28,29 The formation of this side product is a result of a
reduction reaction taking place on the aldehyde (Scheme 2.1). This reaction involves a hydride
transfer instead of the expected alkylation from the iPr2Zn.

Scheme 2.1. Alkylation and Reduction of 1

This observation triggered our interest to probe the reduction mechanism in the asymmetric
autocatalytic Soai model reaction. Therefore, it became of interest to synthesize compounds
that would undergo preferentially a reduction reaction in the presence iPr2Zn. Naturally,
ketones would be ideal substrates for reduction into alcohols.30 However, our approach requires
ketones that are more prone to hydride addition rather than alkylation to generate chiral alcohols
by reaction with iPr2Zn. Therefore, we identified trifluoromethyl ketones as potential substrates
that match the criteria for the Soai model.1,31
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Scheme 2.2. Reaction of aldehyde and trifluoromethyl ketone with iPr2Zn

In 2015, Huang et al. described the beta-H transfer reduction of aromatic alpha-trifluoromethyl
ketones and the alkylation of aromatic aldehydes, which afforded products with high
enantiopurity.1 The reaction was done by addition of diethyl zinc in the presence of a chiral
phoshoramide zinc complex. One of the substrates in their study included both an aldehyde and
a trifluoromethyl ketone on the same molecule.1
The similarities between the Soai reaction and the study by Huang et al. are striking as both
reactions make use of a dialkylzinc reagents on aldehyde substrates.1,4 Furthermore, both
describe enantioselective reactions.1,4
Recent publications by the Amedjkouh group identified the hydration byproduct of the Soai
reaction.28,29 Given these parallels we decided to probe the Soai reaction with trifluoromethyl
ketones (Scheme 2.1).
However, these compounds were not commercially available, so the synthesis and
characterisation of such compounds became the principle part of this project.

2.2 Target molecules
Target molecule 4 (Figure 2.1) is the trifluoromethyl ketone analogue of the most commonly
used aldehyde (1) for the Soai reaction (see Section 1.3).
25

Figure 2.1. Left: Aldehyde used in Soai reactions, Right: Trifluoromethyl ketone analogue

Target molecule 6 (Figure 2.2) is the analogue of 5 based on research performed in the
Amedjkouh group by Carlo Romagnoli and Giuseppe Rotunno.28,29 They used aldehyde 3 in
both heterogeneous and homogeneous Soai reactions.28,29

Figure 2.2. Left: Aldehyde developed in the group for Soai reactions. Right: Trifluoromethyl ketone analogue

The other two target molecules, 7 and 8, carry both, trifluoromethyl ketone and aldehyde on the
same molecule. Thus, there is no need for additional aldehyde present, as it is the case for 4 and
6.
Target molecule 8 (Figure 2.3) is its trifluoromethyl ketone analogue of the amide structure 7
which was tested by Soai et al.32,33 They observed no reactivity on the amide moiety, while the
aldehyde reacted as expected for a Soai substrate.4,32,33 The intent is to maintain alkylation
reactivity on the aldehyde (including ee amplification), while also reducing the ketone. As both
reactions create stereo centres, their potential interplay could be of high synthetic value.

Figure 2.3. Left: Amides tested by Soai.(R1,R2= iPr, t-Bu)4,32,33 Right: Trifluoromethyl ketone analogue

In 9 (Figure 2.4), the two functional groups are on separate rings and have a spatial distance
between them.
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Figure 2.4. Aldehyde and ketone on separate aromatic rings

In the following subchapters, the synthesis and characterisation of the selected trifluoromethyl
ketones and the problems encountered during their synthesis will be discussed.

2.3 Synthesis of 1-(3,3-dimethyl-1-butyn-1yl)pyrimidin-5-yl)-2,2,2-trifluoroethanone (4)
For the synthesis of 4, two synthetic routes were proposed (Scheme 2.3). In route A (Scheme
2.3) the trifluoromethyl ketone is introduced in the first step via a turbo Grignard reaction (see
Section 1.5.3.2).26,34 In this case the turbo Grignard would selectively react with the iodide at
C-5 in compound 10. In the second step, the R-group would be introduced through a
Sonogashira cross coupling reaction on the chlorine at C-2. The newly generated
trifluoromethyl ketone 11 is synthetically versatile to provide a range of ketones with varying
R-groups.

Scheme 2.3. Proposed synthetic routes for 4

Alternatively, route B (Scheme 2.3) is inspired by the established synthesis of aldehyde 1.6
Starting from 12, the second route inverses the order of steps, with the Sonogashira coupling
27

preceding the turbo Grignard. However, variation of the R-group must be selected from the first
step.

2.3.1Evaluation of the turbo Grignard reaction
As a starting point for this project the reaction by Funabiki et al. was performed on 3iodopyridine 14 (Scheme 2.4) using ethyl trifluoroacetate instead of the described methyl
trifluoroacetate to evaluate the reaction.34

Scheme 2.4. Reaction on 3-iodopyridine 14
1

H-NMR showed the formation of a major product and traces of unconverted stating material

14 and traces of a second product. Looking at the 13C-NMR a quartet is visible at 180 ppm (A
in Figure 2.5) which is expected for the carbonyl carbon of the trifluoromethyl ketone (see
Section 1.4.2). The quartet for the trifluoromethyl group is also visible at 112-120 ppm (B in
Figure 2.5)

Figure 2.5. A) Quartet for the carbonyl carbon of the trifluoromethyl ketone B) Quartet for the trifluoromethyl
group

To confirm that the major product of this reaction was compound 15 an EI-MS was run. MS
analysis gave a molecular ion (M+) with an m/z of 175. This is in accordance with 15 and is
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supported by the fragmentation pattern (Figure 5.1). Due to the small amount of the minor
product and the overlap with the starting material 14, the structure of it was not identified.
Upon further research on the article it was noticed that reaction on a similar molecule (4iodopyridine) did not yield the trifluoromethyl ketone at all. They report a 96:4 mixture of a
hemiacetal and hydrate (Figure 2.6).34

Figure 2.6. Products formed as described by Funabiki et al. for 4-iodopyridine

It was suspected that the unidentified minor product of the reaction might either be 16 (hydrate)
or 17 (hemiacetal). None of them were confirmed by any of the analytical methods used.

Figure 2.7. Suspected structures of the minor product

2.3.1.1 Reduction of 15 using LiAlH4
An additional method to assess the formation of the ketone is through reduction of compound
15 to the corresponding alcohol 18. A reduction with LiAlH4 was attempted on the crude
product of the reaction in Section 2.3.1 (Scheme 2.5).

Scheme 2.5. Reduction of 15 to the alcohol 18 with LiAlH4
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A quartet (coupling of the H to the three F) at 5.1 ppm was observed in the 1H-NMR
corresponding to the proton at the neighbouring carbon to the trifluoromethyl group. Although
full conversion of 15 was not reached, the reduction confirmed the presence of the
trifluoromethyl ketone in the reaction mixture by forming the corresponding alcohol 18. In
Scheme 2.8the product from the reduction is compared to the crude from the Grignard reaction.

Figure 2.8. 1H-NMR (CDCl3, 400 MHz) of 15 (crude product) Above: 1H-NMR (CDCl3, 400 MHz) after the
reduction (* peaks corresponding to 18)

2.3.2Attempted synthesis of 1-(3,3-dimethyl-1-butyn-1yl)pyrimidin-5-yl)-2,2,2-trifluoroethanone 4 via route A
2.3.2.1 Turbo Grignard reaction on 2-chloro-5-iodopyrimide 10
2-Chloro-5-iodopyrimidine 10 was reacted with ethyl trifluoroacetate through a Grignard
reaction following the procedure by Funabiki et al. (Scheme 2.6).34
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Scheme 2.6. Turbo Grignard reaction on 10

Starting material 10 was almost fully converted but there is a large amount of diethyl ether and
THF present. The 1H-NMR showed that more than one species was formed as a result of this
reaction. Compound 11 was confirmed as one of the products of the reaction with the use of
EI-MS (Figure 5.2). Looking at the 1H-NMR (Figure 5.3) it is visible to see a doublet and a
triplet. These can be attributed to hydrolysis occurring on C-5 on 10. Although, it is unclear
whether one of the singlets in the spectrum comes a hydrolysis occurring on C-2. Structures 19
and 20 are two possible by-products that would give rise to the doublet and triplet.

Figure 2.9. Proposed structured of products in the reaction

Other products that may have formed in the reaction are hemiacetals and hydrates which are
mentioned by Funabiki et al.34 It is not stated in the article by Funabiki et al. or in the paper by
Knochel if chlorides can undergo a turbo Grignard.26,34 If this is a possibility then the number
of plausible products is high. Additionally, the coupling of two pyrimidine rings has a small
probability of happening making the number of possible products even higher.
Due to the formation of several unidentified products in the reaction, no separation of them was
attempted, and it was decided to engage in the second synthetic route.

2.3.3 Attempted synthesis of 1-(3,3-dimethyl-1-butyn-1yl)pyrimidin-5-yl)-2,2,2-trifluoroethanone 4 via route B
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2.3.3.1 Sonogashira coupling reaction for the synthesis of 5-bromo-2-(3,3dimethyl-1-butyn-1-yl)pyrimidine (13)
5-Bromo-2-iodopyrimidine 12 was reacted with 3,3-dimethylbutyne through a Sonogashira
cross coupling reaction to form 5-bromo-2-(3,3-dimethyl-1-butyn-1-yl)pyrimidine 13 (Scheme
2.7). This was done following the procedure described by Matias Funes Maldonado.6

Scheme 2.7. Sonogashira reaction on 5-bromo-2-iodopyrimidine 12
1

H-NMR showed complete conversion of 12 to two products in a 8:1 ratio with compound 13

being the major product. The minor product is not reported in the literature so analysis to
identify its structure was undertaken. The fact that starting material 12 contains two halides
provides the possibility for a Sonogashira reaction at both these positions, although to a
different extent. The structure of the minor product (21) was confirmed by EI-MS and was in
accordance with the peaks in the 1H-NMR.

Figure 2.10. Structure of the minor product of the Sonogashira reaction

Variation was observed in reproducibly of the reaction with the minor product forming in a
range of 14% up to 24 %. The reason for this variation remains unknown but it is suspected that
change in temperature during the reaction promoted the formation of the minor product.
The formation of compound 21 may follow a two-step Sonogashira coupling leading to a double
alkynylation. Thus, substrate 12 undergoes a first catalytic alkynylation step to provide
compound 13. A small amount of compound 13 then goes through a second catalytic cycle for
an additional Sonogashira alkynylation to produce compound 19. On the other hand, formation
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of 22 by alkynylation at C-5 in the first catalytic cycle is excluded due to the lower reactivity
at the bromide site (see Section 1.5).

Scheme 2.8. Suggested pathways for the formation of 22

TLC showed the retention value of the two compounds overlapping. Purification by flash
column chromatography turned out repeatedly challenging or difficult. Therefore, the mixture
of the two products was used in the following reactions.

2.3.3.2 Turbo Grignard on 5-bromo-2-(3,3-dimethyl-1-butyn-1-yl)pyrimidine (13)
The turbo Grignard reaction as described by Funabiki et al. was performed on the mixture of
compounds 13 and 21 (Scheme 2.9) using ethyl trifluoroacetate as the reagent.34 Since 21 does
not contain a halide it would be unreactive in the turbo Grignard reaction.

Scheme 2.9. Turbo Grignard reaction for the synthesis of 4
1

H-NMR analysis of the crude mixture showed the formation of multiple compounds and

indicated that most of the starting material 13 was unreacted. Compound 21 is also visible in
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the 1H-NMR. One of the products, was assigned to be the hydrolysis byproduct (23) of the
Grignard reaction (see Section 1.5.3) as a doublet and triplet are visible in the 1H-NMR.

Figure 2.11. Structure of the byproduct from hydrolysis.

One of the peaks is believed to belong to compound 4 as there is a weak peak at 180 ppm in the
13

C-NMR. The

19

F-NMR shows the presence of four fluorine species, one of which was

assigned to ethyl trifluoroacetate. Even though Knochel described reactions on brominated
compounds, the presence of the pyrimidine ring might alter the reactivity towards the turbo
Grignard reagent in our case.26 The other products in the crude were not able to be identified
and an alternative method was considered.

2.3.3.3 Halide Exchange on 5-bromo-2-(3,3-dimethyl-1-butyn-1-yl)pyrimidine
(13)
Based on the article by Funabiki et al. where all the reactions involved iodine derivatives, a
halide exchange – from bromide to iodine – was attempted.34 The reaction (Scheme 2.10) was
conducted following the procedure by Klapars and Buchwald.35

Scheme 2.10. Halide exchange reaction on 13
1

H-NMR showed that the reaction did not give full conversion of 13. The double alkynylation

product 21 also remained. NMR and MS analysis confirmed that the product of the reaction
was 2-(3,3-dimethylbut-1-yn-1-yl)-5-iodopyrimidine 24.
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TLC analysis showed that compounds 13, 21 and 24 have the same retention factors so
separation of these by flash column chromatography was not attempted. Since the mixture of
product was otherwise pure by NMR and EI-MS, no further attempts at purification was done.

2.3.3.4 Turbo Grignard on 2-(3,3-dimethylbut-1-yn-1-yl)-5-iodopyrimidine (21)
The synthesis of compound 4 by reaction of 24 with ethyl trifluoroacetate catalysed by the turbo
Grignard reagent (Scheme 2.11).

Scheme 2.11. Turbo Grignard on 2-(3,3-dimethylbut-1-yn-1-yl)-5-iodopyrimidine 24

In the first attempt H-NMR analysis of the crude showed mainly the formation of compound 4
with traces of other products and impurities. The 13C-NMR showed a plethora of peaks across
the whole spectrum but the quartets for the trifluoromethyl ketone are clearly visible at 180
ppm and 116 ppm. In the 19F-NMR there are four peaks, none of which correspond to the ethyl
trifluoroacetate.
Repeated attempts of the reaction resulted formation of higher amounts of a by-product. NMR
and MS analysis did not allow for a clear elucidation of the structure of this by-product. Based
on literature data it was thought that the by-product could be the corresponding hemiacetal or
hydrate but none of the matched the peaks in the NMR or the m/z from the EI-MS and ESI-MS.
Purification by flash column chromatography on silica using a hexane and ethyl acetate mixture
was attempted on the crude mixture containing 4. Separation was not successful; decomposition
was noticed on the fractions collected and none of compound 4 or the by-product were
recovered.
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2.4 Synthesis of 1-(6-(3,3-dimethyl-1-butyn-1yl)pyridine-3-yl)-2,2,2-trifluoroethanone (6)
The proposed synthetic route for target molecule 6 consists of a two-step synthesis shown in
Scheme 2.12. In the first step substrate 25 is subjected to a Sonogashira coupling reaction to
yield compound 26, which is then followed by a trifluoromethylation of the ester with the
Ruppert-Prakesh reagent to give 4.

Scheme 2.12. Proposed synthetic route of 4

2.4.1Synthesis of methyl-6-(3,3-dimethyl-1-butyn-1yl)pyridine-3-yl)-2,2,2-trifluoroethanone (26)
Methyl-6-chlronicotinate 25 was reacted with 3,3-dimethyl-1-butyne through a Sonogashira
coupling reaction following the procedure by Matias Funes Maldonado (Scheme 2.13).

Scheme 2.13. Sonogashira reaction on 25

Running the reaction at 0 °C for 18 h, as described in the literature procedure, resulted in only
63% conversion of the starting material 25 to a compound 26. Both NMR and MS analyses
confirmed the structure to be 26.
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Increasing the reaction time to 24 h didn’t improve the conversion. The crude was rerun and
even then, the conversion was not complete but was increased to 84%. The downside of
rerunning the reaction was the increase of the triphenylphosphine oxide amount.
In an effort to improve the conversion, the reaction was run at room temperature instead of 0 °C
without any increase in the amounts of the catalysts. The reaction was followed by 1H-NMR,
showing 50 % conversion after 2 h. Full conversion was observed after 14 h with a small amount
of triphenylphosphine oxide present. Removal of triphenylphosphine oxide was attempted by
running the crude through a silica plug using dichloromethane as an eluent, but this was
unsuccessful. No further purification was attempted.

2.4.2Attempted trifluoromethylation of methyl-6-(3,3dimethyl-1-butyn-1-yl)pyridine-3-yl)-2,2,2trifluoroethanone (26)
2.4.2.1 First attempt at trifluoromethylation
Trifluoromethylation was attempted according to a procedure by Singh et al.36 The authors
describe a solvent free reaction in which CsF is used as the initiator (Scheme 2.14).

Scheme 2.14. Trifluoromethylation of 26

The total volume of CF3-TMS corresponding to the equivalent amount described in the
procedure was too small to result in a solution mixture in the presence of solid 26. Doubling
the amount of CF3-TMS didn’t dissolve it either.
Eventually addition of THF was considered to dissolve the solids. Otherwise the reaction was
then performed according to literature. 1H-NMR analysis showed no conversion of the starting
material 26. This procedure was therefore abandoned.
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2.4.2.2 Second attempt at trifluoromethylation
Another approach for the trifluoromethylation was attempted using a procedure by Wiedemann
et al., shown in Scheme 2.15.20 Similar to the procedure by Singh et al. CF3-TMS is used as the
reagent, but instead of CsF, tetrabutylammonium fluoride (TBAF) is used as the initiator.36 The
main difference is that the procedure by Wiedemann et al. was possible to perform in solvents
such as toluene and chloroform depending on the molecule.20

Scheme 2.15. Trifluoromethylation of 26

A first reaction was performed using toluene as solvent. 1H-NMR analysis of the crude showed
the presence of unconverted starting material 26 and two sets of additional species. Further
analysis of

13

C-NMR indicated the formation of trifluoromethyl ketone 6, confirmed by the

presence of a quartet visible at 180 ppm. The other species is believed to be the intermediate
27 of the reaction shown in Figure 2.12.

Figure 2.12. Products suspected to be in the crude mixture

Performing the reaction in chloroform instead of toluene gave no conversion to any product and
only starting material 26 was recovered. The reaction was repeated using toluene as solvent but
with increased reaction time. 1H-NMR showed the intermediate 27 was the major product of
the reaction. The trifluoromethyl ketone 6 has not formed in the reaction and there is still a
significant amount of starting material 26. No further attempts were possible for the synthesis
of 6 due to lack of time at the end of the project.
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2.5 Synthesis of 5-(2,2,2trifluoroacetyl)nicotinaldehyde (8)
The synthetic route for target molecule 8 is based on a two-step procedure by Huang et al. for
the synthesis of 3-(trifluoroacetyl)-benzaldehyde. 1

Scheme 2.16. Proposed synthetic route for 8

2.5.1Synthesis of 3-bromo-5-(1,3-dixolan-2-yl)pyridine (29)
The addition of the protecting group was done according to the procedure by Huang et al.1 5bromonicotinaldehyde 28 was reacted with ethylene glycol to yield 3-bromo-5-(1,3-dioxolan2-yl)pyrimidine 29 in 76% yield (93% for 3-(trifluoroacetyl)-benzaldehyde in the literature).1

Figure 2.13. Addition of protecting group to 28

The lower yield was attributed to the difficulty in the separation during work up of the reaction.
NMR and MS confirmed the formation of the product as well as a small presence of toluene.
There was no attempt at the removal of the toluene and the product was used as is for the next
reaction.
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2.5.2Synthesis of 5-(2,2,2-trifluoroacetyl)nicotinaldehyde (8)
Still following the procedure by Huang et al. compound 29 was subjected to a reaction with nBuLi and ethyl trifluoroacetate (Scheme 2.17).1

Scheme 2.17 Introduction of the trifluoromethyl ketone and hydrolysis of 29

Analysis of the crude product by NMR, after the hydrolysis showed no presence of the desired
product. It was then assumed that the acidic conditions protonated the nitrogen on the aromatic
ring. This might have made it soluble in water and therefore not present in the organic phase
during the extraction.
The reaction was repeated with an additional step to the procedure. In order to deprotonate the
nitrogen, the aqueous phase was neutralized by careful addition of 1M NaOH. The pH was
tested during the NaOH addition and was added until reaching a pH of 7.

Figure 2.14. Above: Crude product without neutralization Below: Crude product with neutralization
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NMR of the second attempt showed three peaks (Figure 2.14) in the aromatic region compared
to the first attempt were there was only one. It is also visible to see that the protecting group
has not been fully removed with only a tiny amount of aldehyde visible.
The crude product was in addition analysed by

13

C-NMR. The quartets belonging to the

trifluoromethyl ketone are visible. No purification or other attempts were made using this
reaction as time did not allow it.

2.5.3Synthesis of 1-(5-(1,3-dioxolan-2-yl)pyridine-3-yl)-2,2,2trifluoroethane-1,1-diol (30)
As an alternative to the procedure by Huang et al., for introducing the trifluoromethyl group,
the procedure by Funabiki et al. was attempted (Scheme 2.18. Turbo Grignard on ).1,34 The
main argument being the reduced reaction time of the turbo Grignard reaction.

Scheme 2.18. Turbo Grignard on 29

When an NMR sample of the crude product was prepared in deuterated chloroform, not all was
dissolved, and small particles were visible in the NMR tube. The major product of the reaction
was identified as the trifluoromethyl ketone 30. Two characteristic quartets at 180 ppm and 116
ppm are visible in

13

C-NMR. A small amount of starting material 29 was visible, as well as

THF and diethyl ether. Compound 30 was then confirmed by MS analysis.
Since chloroform did not dissolve the crude completely, a spectrum of the crude was taken in
deuterated acetonitrile, in which it dissolved completely. The 1H-NMR spectra in CD3CN
shows 2 major species, as opposed to only one in chloroform. 13C-NMR still showed that 30 is
present in the crude but an additional quartet is visible at 90 ppm.
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Figure 2.15. 1H-NMR of crude in CDCl3 and CD3CN (400 MHz) (*the peaks of the hydrate)

In an effort to transfer the crude product to another flask, dichloromethane was added. This
resulted in the formation of a white solid. It was filtrated and air-dried before running an NMR
in acetonitrile. The solid was not soluble in chloroform. The 1H-NMR showed only 7% of 30.
The major species corresponded to the second species observed earlier. Its spectrum resembles
the one of 30, but with an upfield shift. However, there is an additional, broadened peak 5.7 ppm
that integrated for two protons.
It was then suspected that the product formed in the reaction was the hydrate (31). This product
is described by Funabiki et al. as a byproduct in the turbo Grignard reaction.34 As discussed in
Section 1.4.1, the presence of a second EWG (acetal substituted pyridine) facilitates the
formation of a hydrate.

Figure 2.16. Hydrate (31)
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An interesting phenomenon was observed when the same sample was run a few hours later.
The 1H-NMR showed that 30 had gone from 7% to 40%. 1H-NMR spectra of the white solids
were taken in deuterated methanol and deuterated dimethyl sulfoxide (Figure 2.17) to see if this
observation was solvent-dependent. Both solvents only showed 31. The chemical shift of the
hydroxyls in 31 varied strongly in the different solvents.

Figure 2.17. 1H-NMR (MeOH, DMSO, CD3CN, 300 MHz) of 31 in different solvents

The solids were also analysed by EI-MS and ESI-MS. The EI-MS showed m/z and
fragmentation corresponding to 30. On the other hand, the ESI-MS showed both 30 and 31.
To evaluate the effect of water on keto/hydrate a qualitative experiment was conducted. The
30/31 (ketone/hydrate) equilibrium was monitored in a 1H-NMR experiment with stepwise
addition of water (Figure 2.18).

Before the addition of water (bottom spectrum) the

ketone/hydrate ratio is at 1:2. The peak of hydroxyl groups of the hydrate is at 5.7 ppm.
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Figure 2.18. 1H-NMR (CD3CN, 300 MHz) experiment monitoring the effect of water on the ketone/hydrate
equilibrium

When 4 drops of 10% water in deuterated acetonitrile were added, the peak of the OH groups
shifted to 6.0 ppm –now overlapping with the hydrogen of the protecting group belonging to
30. The higher the water concentration, the stronger the downfield shift of the OH group,
alongside a broadening of the signal. This indicates that a rapid hydrogen bond exchange on
the hydrate is probably taking place. Upon the second addition of water, a decrease in intensity
of the peaks assigned to the ketone (9.2, 9.0 and 8.4 ppm) is observed. With each further
addition, more ketone is converted to the hydrate. After six additions of water (3-4 drops each
time), 30 has completely disappeared.

2.5.4Synthesis of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)
nicotinaldehyde (22)
Hydrolysis of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde 31 was done based on the
procedure by Huang et al.1 The procedure describes only addition of 1M HCl without any
specific stirring time.
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Figure 2.19. Hydrolysis of 31

Addition of the hydrochloric acid and immediate extraction did not hydrolyse compound 31.
When dissolved in hydrochloric acid and left overnight two aldehyde peaks are visible when
run in acetonitrile, one from the ketone and one from the hydrate. However, there was still a
noticeable amount of the starting materials.
Another attempt was made in which the sample was left in an oven at 70 °C overnight. This
resulted in the complete hydrolysis of the hydrate. 1H-NMR in acetonitrile showed the ratio of
ketone and hydrate to be 1:9. This confirms that having a stronger EWG (aldehyde instead of
acetal on pyridine) makes it favour the hydrate over the ketone (see Section 1.4.1).

2.6 Synthesis of 6-((4-(2,2,2-trifluoroacetyl)phenyl)
ethynyl)nicotinaldehyde (9)
The proposed synthetic route for 6-((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde 9
is presented in Scheme 2.19. This route was selected based on the Sonogashira reaction done
on compound 12 and a procedure by Auras et al. 37

Scheme 2.19. Proposed synthetic route for 8
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2.6.1Synthesis of 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)
phenyl)ethanone
Similar to the synthesis of compound 12, 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)
phenyl)ethanone 33 was reacted with ethynyltrimethylsilane in a Sonogashira coupling reaction
based on the procedure by Matias Funes Maldonado.6

Figure 2.20. Sonogashira reaction on 33
1

H-NMR showed complete conversion of starting material 33 to 34. Ethynyltrimethylsilane is

still present as well as formation of a small amount of what is assumed to be triphenylphosphine
oxide. MS analysis confirms the product of the reaction to be compound 34.
There was no purification performed on the crude product and it was used as is in the next
reaction.

2.6.2Synthesis of 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone
Following the procedure by Auras et al. the TMS-group was removed using MeOH and KOH.37

Figure 2.21. Removal of TMS on 34
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Analysis of the crude product by 1H-NMR showed that the TMS group from compound 33 is
not present and there is a new peak with a higher ppm value corresponding to the proton of the
alkyne. Full conversion of the starting material 33 is observed mostly to the product 35 but
there are other species present in small amounts. MS analysis confirmed the formation of 35
and the presence of triphenylphosphine oxide. Furthermore, it showed two more species the
structures of which could not be identified.
Upon dissolving the crude product in dichloromethane and removing it on the rotary evaporator
a small amount of crystals formed on the neck of the round bottomed flask. These were
collected and analysed by NMR and MS. Both showed 35 as a pure compound.
Repetition of this did not result in any more formation of crystals. Therefore, recrystallization
by adding a layer of pentane on top of the dichloromethane was attempted. This resulted in
decomposition of crude product with no crystals formed.
The reaction was repeated, and the crude was used for the next reaction with any purification.

2.6.3Synthesis of 6-((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)
nicotinaldehyde (9)
6-Bromonicotinaldehyde 26 was reacted with the crude product of 25 in a Sonogashira reaction
following the procedure as for compound 11.

Figure 2.22. Sonogashira reaction on 35 and 36

Integration of the peaks in the 1H-NMR were in accordance with those expected for 9. That is
three protons for the pyridine ring and two for the benzene ring. Another species is also visible
which is suspected to be unreacted aldehyde 33 in addition to triphenylphosphine oxide.
Purification by flash column chromatography was attempted. It was done using a gradient
system starting from a 90:10 mixture of hexane and ethyl acetate. From the column only 40 mg
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of pure product was isolated and was used for characterization. Some of the starting material
33 was separated from compound 9 but most of the fraction contained a mixture.
Due to lack of time on the project there was no optimization of the reaction done.
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Chapter 3
3 Conclusions and future aspects
As described in the introduction, the preliminary objective of the present work was the
preparation and characterization of trifluoromethyl ketones containing pyridine and pyrimidine
rings. The second goal was to evaluate these ketones for the autocatalytic reduction reaction to
provide the corresponding chiral alcohols.
During the course of this thesis it was demonstrated that the synthesis of trifluoromethyl ketones
on pyridine or pyrimidine rings can be challenging. The major problem lies in the scarce
literature covering the specific topic of fluorinated heterocycles.
Out of the four target molecules none were successfully isolated. The turbo Grignard reaction
that was used for the synthesis of two of the molecules (5 and 8) showed good potential. Even
though compound 5 was detected in the crude product, the presence of the byproduct became
problematic. Separation with column chromatography resulted in the decomposition of the both
species and other purification methods were not viable. For compound 8, the turbo Grignard
reaction managed to form the ketone, as seen in the crude mixture, but addition of DCM resulted
only in isolation of the hydrate form. It was speculated that the electron withdrawing effect of
the pyridine ring and aldehyde or acetal resulted mainly in the formation of the hydrate instead
of the ketone. It was also noticed that the keto form only formed in MeCN.
Despite the trifluoromethylation of aromatic esters using CF3-TMS being a reported procedure,
the presence of the pyridine ring did not result in clear formation of the trifluoromethyl ketone.
It is suspected that the poor conversion to 8, was due to the presence of the nitrogen on the
aromatic ring.
Synthesis of molecule 9 seemed promising as the ketone was formed and isolated as pure
product (only 5 mg). The major problem of the reaction route was the lack of purification
methods for each of the steps thus hindering the isolation of higher amounts of pure product.
Due of lack of time and the inability to isolate pure compounds from any of the target molecules,
the incorporation of any of them in Soai reactions was not attempted.
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A possibility for future work would be the optimization of the reactions for the isolation of the
products. If this becomes possible then the next step would be to try and perform Soai reactions
using these trifluoromethyl ketones to study the reduction using iPr2Zn.
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Chapter 4
4 Experimental Section
4.1 General Information
Chemicals were used as delivered from Sigma Aldrich, Cambridge Chemicals and Fluorochem
unless stated otherwise. Dry CH2Cl2, THF and Et2O were obtained from an MB SPS-800
Solvent Purification System from MBraun. NMR-solvents were used as delivered from
Cambridge Isotope Laboratories. Only distilled water was used for the reactions that involved
use of water. Argon gas was used to perform reactions under inert atmosphere. Ethyl
trifluoroacetate was dried over molecular sieves.
H, C, F, H-H COSY, NOESY, ROESY, HSQC and HMBC NMR experiments were recorded
in CDCl3 using Bruker DPX200 operating at 200 MHz (1H), DPX300 operating at 300 MHz
(1H) and 75 MHz (13C), Bruker AVII400 or AVIIHD400 operating at 400 MHz (1H), 101
MHz (13C) and 377 MHz (19F), or AVI600 operating at 600 MHz (1H). All spectra were
recorded at 25 C. Chemical shift (d) are given in parts per million (ppm) relative to the solvent
used. Residual solvent peaks as references (CHCl3 (δH = 7.24 ppm), CDCl3 (δC = 77.0 ppm).
Chemical shift (δ) is given in parts per million (ppm) and coupling constants (J) are given in
Hertz (Hz). Multiplicities are abbreviated as: s - singlet; d - doublet; t - triplet; m - multiplet; br
- broad.
Mass spectra were obtained by MicroMass Prospec Q (EI) and MicroMass QTOF 2W (ESI) by
Osamu Sekiguchi. All ESI-spectra were run in positive ion mode, unless otherwise noted.
Melting point are not reported for the compound as they contained more than one species or
were not solids (wax or oil) and thus accurate measurements could not be taken.
For the melting point recorded a Stuart SMP10 point apparatus was used.
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4.2 3-trifluoroacetylpyridine

3-Iodopyrimidine (205 mg, 1.00 mmol, 1.00 equiv.) was added in a round bottomed flask and
flushed with argon. iPrMgCl*LiCl complex solution 1.3 M in THF (0,81 mL, 1.30 mmol,
1.27 equiv.) was added dropwise under argon atmosphere at -25 °C. The solution was left to
stir for 30 min at -25 °C. Ethyl trifluoroacetate (0.37 mL, 3.1 mmol, 3.1 equiv.) was added
dropwise at -25°C before transferring the flask to an ice bath (0 °C). The mixture was left ot
stir for 30 min. NH4Cl (20 mL) was added to quench the reaction, followed by extraction with
diethyl ether (3x30 ml). The gathered organic phase was dried with Na2SO4 and concentrated
under reduced pressure to give 3-trifluoroacetylpyridine as a yellow oil. No yield was
calculated.*
1H

NMR (400 MHz, CDCl3) δ 9.26 (d, J = 2.4 Hz, 1H, H4), 8.91 (dd, J = 4.9, 1.7 Hz, 1H, H5),

8.34 (m, 1H, H7), 7.53 (m, 1H, H6).
13C

NMR (101 MHz, CDCl3) δ 179.89 (q, J = 36.7 Hz), 155.36, 151.07 (q, J = 2.8 Hz), 147.87,

144.77, 137.50 (q, J = 2.0 Hz), 126.07, 124.16.
MS (EI, MeOH) m/z (rel %): 175 (12, [M+]), 106 (98, [M-CF3]), 78 (100, [M-COCF3]), 69 (17,
[COCF3]
This compound is commercially available

*

The yield was not calculated for the product because there was a significant amount of diethyl ether and THF in
the crude.
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Figure 4.1. 1H-NMR (400 MHz, CDCl3) of 3-trifluoroacetylpyridine 13 (*starting material ¤by-product)

Figure 4.2. 13C-NMR (151 MHz, CDCl3) of 3-trifluoroacetylpyridine 13 (*starting material,¤by-product)
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4.3 2,2,2-trifluoro-1-(pyridine-3-yl)-ethanol (18)

3-trifluoroacetylpyridine (9.00 mg, 0.05 mmol, 1.00 equiv.) dissolved in diethyl ether
(0.30 mL) was added dropwise to LiAlH4 (10 mg, 0.26 mmol, 5.20 equiv.) dissolved in diethyl
ether (0.03 mL). The reaction was left to stir for 15 min at room temperature. 10 % NaOH (0.10
mL) was added, NH4Cl (0.20 ml) and diethyl ether (0.20 mL). The organic phase was extracted
and concentrated under reduced pressure.
1H

NMR (400 MHz, CDCl3) δ 9.27 (d, J = 2.3 Hz, 0H), 8.64 (d, J = 15.6 Hz, 2H), 7.89 (d, J =

8.0 Hz, 1H), 7.42 – 7.35 (m, 1H), 5.10 (q, J = 6.6 Hz, 1H)
19F

NMR (376 MHz, CDCl3) δ -78.4
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Figure 4.3. 1H-NMR (400 MHz, CDCl3) of 2,2,2-trifluoro-1-(pyridine-3-yl)-ethanol 18 (*starting material)

Figure 4.4. 1F-NMR (376 MHz, CDCl3) of 2,2,2-trifluoro-1-(pyridine-3-yl)-ethanol 18 (*starting material)
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4.4 5-bromo-2-(3,3-dimethylbut-1-yn-1-yl)pyrimidine
(13)

To a round bottomed flask, 5-bromo-2-iodopyrimidine (2.00 g, 7.02 mmol, 1.00 equiv.),
Pd(PPh3)4 (0.18 g, 0.15 mmol, 0.02 equiv.) and CuI (0.07 g, 0.35 mmol, 0.05 equiv.) were
added. The flask was covered with a septum and flushed with argon. Dry THF (15.6 mL) and
diisopropylamine (4.00 mL, 28.6 mmol, 4.07 equiv.) were added under argon at room
temperature. The flask was placed in an ice bath (0 °C) and left to stir for 10 min before adding
3,3-dimethyl-1-butyne (0.95 mL, 7.72 mmol, 1.10 equiv.) dropwise. The mixture was left to
stir for 18 h at 0 °C. The milky white solution was filtrated through celite and concentrated
under reduced pressure, resulting in a light brown solid. The compound was purified using
column chromatography (SiO2, EtOAc:Hexane 5:95) which afforded 1,27 g of 5-bromo-2-(3,3dimethylbut-1-yn-yl)pyrimidine 11 and as an slightly yellow solid in 76% yield.*
1H

NMR (600 MHz, CDCl3) δ 8.70 (s, 2H, H2-H3), 1.34 (s, 9H, H8-H10)

13C

NMR (151 MHz, CDCl3) δ 158.9 (C2-C3), 151.3 (C4), 118.7 (C1), 99.7 (C6), 78.0 (C5),

30.4 (C8-C10), 28.3 (C7)
HR-MS (ESI): m/z [M++Na] (C13H15NO2Na): Calculated: 240.1000 Found: 240.0995 (0.4
ppm)
MS (EI, MeOH) m/z (rel %): 238/240 (23/21, [M+]), 223/225 (100/95, [M-CH3]), 144 (68, [MCH3-Br])
The spectroscopic data are in accordance to what is previously reported in the literature.6

*

Yield calculated on the mixture of products
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Figure 4.5. 1H-NMR (600 MHz, CDCl3) of 5-bromo-2-(3,3-dimethylbut-1-yn-yl)pyrimidine 13 (*minor product
21 see section 4.4.1)

Figure 4.6. 13C-NMR (151 MHz, CDCl3) of 5-bromo-2-(3,3-dimethylbut-1-yn-yl)pyrimidine 13 (*minor product
21 see section 4.4.1)
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4.4.12,5-bis(3,3-dimethyl-1-butyn-1-yl)pyrimidine (21)

See procedure 4.4 21 was the minor product in the reaction for the synthesis of 13. The minor
product was not isolated.*
1H

NMR (600 MHz, CDCl3) δ 8.60 (s, 2H, H8-H9), 1.34 (s, 9H, H14-H16), 1.30 (s, 9H, H1-

H3)
13C

NMR (151 MHz, CDCl3) δ 158.9 (C8-C9), 150.4 (C10), 118.4 (C7), 107.2 (C12), 99.5

(C5), 78.74 (11), 72.91 (C6), 30.76 (C1-C3), 30.52 (C14-C16), 28.39 (C4), 28.07 (C13)
MS (ESI): m/z [M++H] (C16H21N2): Calculated: 241.1704 Found: 241.1699
MS (EI, MeOH) m/z (rel %): 240 (43, [M+]), 225 (100, [M-CH3]), 210 (38, [M-C2H6])
This compound has not been reported in the literature.

*

Assignment of peaks was done from the mixture of 13 and 21
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4.5 2-(3,3-dimethylbut-1-yn-1-yl)-5-iodopyrimidine

5-bromo-2-(3,3-dimethyl-1-butyn-1-yl)pyrimidine (478 mg, 2.00 mmol, 1.00 equiv.), CuI
(19.0 mg, 0.10 mmol, 0.05 equiv.) and NaI (600 mg, 4.00 mmol, 2.00 equiv.) were added to a
round bottomed flask. N,N-dimethylethylenediamine (22.0 µL, 0.20 mmol, 0.10 equiv.)
dioxane (2.00 mL) were added under argon at room temperature. The mixture was then stirred
at 110 °C for 24 h. The resulting suspension was allowed to reach room temperature, before
diluting with 28% aq. ammonia (10.0 mL). Water was added (40.0 mL) and extracted with
dichloromethane (3x30.0 mL). The combined organic phase was dried with Na2SO4 and
concentrated under reduced pressure to give 532 mg of 2-(3,3-dimethyl-1-yn-1-yl)-5iodopyrimidine 24 as a white solid in 93% yield.*
1H

NMR (600 MHz, CDCl3) δ 8.81 (s, 2H, H2-H3), 1.32 (s, 9H, H8-H10).

13C

NMR (151 MHz, CDCl3) δ 162.59 (C2-C3), 151.32 (C4), 99.87 (C6), 91.31 (C1), 78.07

(C5), 30.38 (C8-C10), 28.04 (C7).
MS (EI, MeOH) m/z (rel %): 286 (35, [M+]), 271 (86, [M-CH3]), 144 (96, [M-CH3-I]), 65 (100,
[M-(CH3)3C3-I]
HR-MS (ESI): m/z [M++H] (C10H12N2I): Calculated: 287.0045 Found: 287.0040 (0.1 ppm)
This compound has not been reported in the literature.

*

Yield was calculated from the mixture of products
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Figure 4.7 1H-NMR (600 MHz, CDCl3) of 2-(3,3-dimethyl-1-yn-1-yl)-5-iodopyrimidine (*minor product)

Figure 4.8.13C-NMR (151 MHz, CDCl3) of 2-(3,3-dimethyl-1-yn-1-yl)-5-iodopyrimidine (*minor product)
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4.6 Methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate

To a round bottomed flask, methyl-6-chloronicotinate (1.00 g, 5.85 mmol, 1.00 equiv.),
Pd(PPh3)4 (0.15 g, 0.13 mmol, 0.02 equiv.) and CuI (0.06 g, 0.29 mmol, 0.05 equiv.) were
added. The flask was covered with a septum and flushed with argon. Dry THF (13.0 mL) and
diisopropylamine (3.30 mL, 23.8 mmol, 4.07 equiv.) were added under argon at room
temperature. 3,3-Dimethyl-1-butyne (0.79 mL, 6.40 mmol, 1.09 equiv.) was added dropwise
and the mixture was left to stir for 14 h at room temperature. The milky brown solution was
filtrated through celite and concentrated under reduced pressure resulting in a brown solid. The
compound was purified using a silica plug and using dichloromethane as the eluent. This
afforded 1.20 g of methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate 23 as an orange solid in 94%
yield.
1H

NMR (400 MHz, CDCl3) δ 9.11 (dd, J = 2.2, 0.9 Hz, 1H, H5), 8.19 (dd, J = 8.2, 2.2 Hz,

1H, H4), 7.42 (dd, J = 8.1, 0.9 Hz, 1H, H6), 3.93 (s, 3H, H1), 1.34 (s, 9H, H11-H13).
13C

NMR (101 MHz, CDCl3) δ 165.56 (C2), 150.99 (C5), 147.79 (C7), 137.12 (C4), 126.51

(C6), 124.21 (C3), 102.41 (C9), 78.98 (C8), 52.52 (C1), 30.67 (C11-C13), 28.18 (C10)
MS (EI, MeOH) m/z (rel %): 217 (29, [M+]), 202 (100, [M-CH3]), 143 (49, [M-CH3COOCH3])
HR-MS (ESI): m/z [M++Na] (C13H15NO2Na): Calculated: 240.1000 Found: 240.0995 (0.4
ppm)
Melting point: 94-99 °C
This compound has not been reported in the literature.
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Figure 4.9. 1H-NMR (400 MHz, CDCl3) of methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate 23

Figure 4.10. 13C-NMR (101 MHz, CDCl3) of methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate 23
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4.7 3-Bromo-5-(1,3-dioxolan-2-yl)pyridine

5-bromonicotinaldehyde (3.00 g, 16.2 mmol, 1.00 equiv.) was added in a round bottomed flask
and dissolved in toluene (32.4 mL). Ethylene glycol (3.17 mL, 56.8 mmol, 3.50 equiv.) and a
catalytic amount of p-toluenesulfonic acid monohydrate (0.154 g, 0.8 mmol, 0.05 equiv.) were
added. The flask was fitted with a Dean-Stark apparatus and refluxed at 135 °C for 24 h. The
reaction mixture was allowed to cool down to room temperature before washing with brine
(2x20.0 mL) followed by extraction with dichloromethane (2x20.0mL). The gathered organic
phase was dried with Na2SO4 and concentrated under reduced pressure to give 2,80 g of 3bromo-5-(1,3-dioxolan-2-yl)pyridine as a transparent oil in 76% yield.
1H

NMR (600 MHz, CDCl3) δ 8.67 (s, 1H, H2), 8.61 (s, 1H, H4), 7.94 (t, J = 2.1 Hz, 1H, H3),

5.83 (s, 1H, H6), 4.13 – 4.02 (m, 4H, H7-H8).
13C

NMR (151 MHz, CDCl3) δ 151.63 (C2), 146.55 (C4), 136.89 (C3), 135.59 (C5), 120.81

(C1), 101.11 (C6), 65.58 (C7-C8)
HR-MS (ESI): m/z [M++H] (C8H9NO2Br):

Calculated: 229.9817/231.9797 Found:

229.9810/231.9790 (0.3 ppm)
MS (EI, MeOH) m/z (rel %): 228/230 (3/3, [M+]), 157/159 (17/16, [M-CH3]), 73 (100,
[C3H5O2])
The spectroscopic data are in accordance to what is previously reported in the literature.
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Figure 4.11. 1H-NMR (600 MHz, CDCl3) of 3-bromo-5-(1,3-dioxolan-2-yl)pyridine (*toluene)

Figure 4.12. 13C-NMR (151 MHz, CDCl3) of 3-bromo-5-(1,3-dioxolan-2-yl)pyridine (*toluene)
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4.8 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1diol

3-bromo-5-(1,3-dioxolan-2-yl)pyridine (1.00 g, 4.35 mmol, 1 equiv.) was added in a round
bottomed flask and flushed with argon. iPrMgCl*LiCl complex solution 1.3 M in THF (4.35
mL, 5.66 mmol, 1.3 equiv.) was added dropwise under argon atmosphere at -25 °C. The solution
was left to stir for 30 min at -25 °C. Ethyl trifluoroacetate (0.37, 3.1 mmol, 3.1 equiv.) was
added dropwise at -25°C before transferring the flask to an ice bath (0 °C). The mixture was
left ot stir for 30 min. NH4Cl (90 mL) was added to quench the reaction, followed by extraction
with diethyl ether (3x100 ml), The gathered organic phase was dried with Na2SO4 and
concentrated under reduced pressure to give 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1diol and 1-(5-(1,3-dioxolan-2-yl)pyridine-3-yl)-2,2,2-trifluoroethanone as an orange oil.
Dichloromethane was added to the crude oil, which gave white solids that were filtrated.
Hydrate:
1

H NMR (600 MHz, CD3CN) δ 8.81 (d, J = 2.2 Hz, 2H, H), 8.66 (d, J = 2.1 Hz, 2H), 8.05 (t, J

= 2.2 Hz, 2H), 5.84 (s, 2H), 4.18 – 3.95 (m, 4H).
C NMR (151 MHz, CD3CN) δ 149.99, 149.88, 134.59, 134.30, 134.07, 126.80-121.10,

13

102.20, 93.67-93.02, 66.29.
19

F NMR (376 MHz, CDCl3) δ, -85.16.

This compound has not been reported in the literature.
Ketone:
1

H NMR (600 MHz, CD3CN) δ 9.19 (dd, J = 2.3, 1.1 Hz, 1H H), 8.97 (d, J = 2.1 Hz, 1H), 8.39

– 8.36 (m, 1H), 5.95 (s, 4H), 5.93 (s, 1H), 4.18 – 3.95 (m, 4H).
C NMR (151 MHz, CD3CN) δ 181.11-180.39, 154.92, 152.00, 136.07, 135.95, 126.80,

13

120.14-114.37, 101.59, 66.40,
19

F NMR (376 MHz, CDCl3) δ -73.19,
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This compound has not been reported in the literature.

Figure 4.13. 1H-NMR (600 MHz, CD3CN) of (H) 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol and (K)
1-(5-(1,3-dioxolan-2-yl)pyridine-3-yl)-2,2,2-trifluoroethanone mixture (*CD3CN peak, **water peak from
CD3CN)

Figure 4.14. 13C-NMR (151 MHz, CD3CN) of (H) 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol and
(K) 1-(5-(1,3-dioxolan-2-yl)pyridine-3-yl)-2,2,2-trifluoroethanone mixture (*CD3CN peak)
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Figure 4.15. 19F-NMR (376 MHz, CD3CN) of (H) 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol and (K)
1-(5-(1,3-dioxolan-2-yl)pyridine-3-yl)-2,2,2-trifluoroethanone mixture
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4.9 5-(2,2,2-trifluoro-1,1dihydroxyethyl)nicotinaldehyde

In a glass vial 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol (100 mg, 0.38 mmol, 1
equiv) was dissolved in 1M HCl (5 mL). The vial was sealed and placed in a drying oven set to
70 °C and left overnight. The vial was taken out of the oven and left to cool down to room
temperature. The solution was neutralized (pH=7) with 1M NaOH (approximately 5 mL) before
extracting with ethyl acetate (3x5 mL). The organic phase was gathered and dried with Na2SO4
before evaporating the solvent under reduced pressure to give a transparent oil. The oil was left
to air dry for 3 days to give 40.8 mg of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde
as a white solid in 48% yield.
1H

NMR (600 MHz, CD3CN) δ 10.12 (s, 1H), 9.07 (d, J = 2.0 Hz, 1H), 9.03 (d, J = 2.3 Hz,

1H), 8.42 (t, J = 2.2 Hz, 1H), 6.08 (s, 2H).
13C

NMR (101 MHz, CD3CN) δ 192.30, 153.88, 152.70, 136.24, 135.04, 131.98, 123.82 (q, J

= 287.0 Hz), 93.21 (q, J = 32.7 Hz).
19F

NMR (376 MHz, CD3CN) δ -85.16.

HR-MS (ESI): m/z [M++H] (C8H7NO3F3): Calculated: 222.0373 Found: 222.0378 (0.0 ppm)
This compound has not been reported in the literature.
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Figure 4.16. 1H-NMR (600 MHz, CD3CN) of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde (*CD3CN
peak, **water peak from CD3CN)

Figure 4.17. 13C-NMR (151 MHz, CD3CN) of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde (*CD3CN
peak)
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Figure 4.18. 19F-NMR (376 MHz, CD3CN) of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde
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4.10 2,2,2-trifluoro-1-(4((trimethylsilyl)ethynyl)phenyl)ethan-1-one

To a 25 ml round bottomed flask 4-bromo-2,2,2-trifluoroacetophenone (495 mg, 2.00 mmol,
1.00 equiv.), Pd(PPh3)4 (53.0 mg, 0.05 mmol, 0.02 equiv.) and CuI (0.07 g, 0.35 mmol, 0.05
equiv.) were added. The flask was closed with a rubber septum and backfilled with argon to
create an inert atmosphere. Dry THF (4.5 mL) and diisopropylamine (1.2 mL, 8.17 mmol, 4.07
equiv.) were added under argon at room temperature. The mixture was cooled down to 0 °C
before adding ethynyltrimethylsilane (0.3 mL, 2.2 mmol, 1.10 equiv.) dropwise and leaving it
to stir for 18 h, while allowing the temperature to slowly reach room temperature. The milky
brown solution was filtrated through celite and concentrated under reduced pressure resulting
in 366 mg of 2,2,2-Trifluoro-4-(trimethylsilylethynyl)acetophenone of a dark brown wax.
Yield: 68%*
1H

NMR (600 MHz, CDCl3) δ 8.01-7.98 (m, 2H, H4-H5), 7.61 – 7.57 (m, 2H, H6-H7), 0.27

(s, 9H)
13C

NMR (151 MHz, CDCl3) δ 179.91 (q, J = 35.3 Hz), 132.54, 130.78, 130.01 (q, J = 2.2

Hz), 129.20, 116.74 (q, J = 291.2 Hz), 103.47, 100.86, -0.16.
19F

NMR (376 MHz, CDCl3) δ -71.44

MS (EI, MeOH) m/z (rel %): 270 (8, [M+]), 255 (100, [M-CH3]), 158 (31, [M-CH3-COCF3])
HR-MS (ESI): m/z [M++Na] (C13H13SiOF3Na): Calculated: 293.0586 Found: 293.0580 (0.3
ppm)
The spectroscopic data is in accordance with the literature.
*yield on the reaction was calculated on the crude product.

71

Figure 4.19. 1H-NMR (600 MHz, CDCl3) of 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)phenyl)ethan-1-one
(*Ph3PO from catalyst, **TMS peak from ethynyltrimethylsilane)

Figure 4.20. 13C-NMR (151 MHz, CDCl3) of 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)phenyl)ethan-1-one
(*Ph3PO from catalyst, **TMS peak from ethynyltrimethylsilane)
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Figure 4.21. 19F-NMR (376 MHz, CDCl3) of 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)phenyl)ethan-1-one
(*Ph3PO from catalyst, **TMS peak from ethynyltrimethylsilane)
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4.11 1-(4-ethynylphenyl)-2,2,2-trifluoroethan-1-one

In a round bottomed flask (2,2,2-Trifluoro-4-(trimethylsilylethynyl)acetophenone) (366 mg,
1.34 mmol, 1 equiv.) was dissolved in MeOH (8.4mL), followed by the addition of KOH (98.5
mg, 1,70 mmol, 1.27 equiv.). The reaction mixture was stirred at room temperature for 2h.
Saturated NaCl (20 mL) was added, followed by extraction with ethyl acetate (3x20 mL) and
drying over Na2SO4. Evaporation of the solvents under reduced pressure afforded 1-(4ethynylphenyl)-2,2,2-trifluoroethanone as 5.2 mg of transparent crystals (needles) and 145.4
mg as a black oil.
NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.1 Hz, 2H, H4-H5), 7.64 (d, J = 8.5 Hz, 2H),
3.36 (s, 1H).
1H

13C

NMR (101 MHz, CDCl3) δ 179.95 (q, J = 35.5 Hz), 132.80, 130.09 (q, J = 2.2 Hz), 129.72,

129.66, 116.69 (q, J = 291.3 Hz), 82.51, 82.32.
19F

NMR (376 MHz, CDCl3) δ -71.51

MS (EI, MeOH) m/z (rel %):
HR-MS (ESI):
This compound has not been reported in the literature but is available for purchase.
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Figure 4.22. 1H-NMR (600 MHz, CDCl3) of 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone (*Water peak from
CDCl3)

Figure 4.23. 13C-NMR (151 MHz, CDCl3) of 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone
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Figure 4.24. 19F-NMR (376 MHz, CDCl3) of 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone
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4.12 6-((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)
nicotinaldehyde

To a 25 ml round bottomed flask 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone (802 mg, 4.05
mmol, 1.1 equiv.), Pd(PPh3)4 (92.0 mg, 0.08 mmol, 0.02 equiv.), CuI (36 mg, 0.18 mmol, 0.05
equiv.) and 6-bromonicotinaldehyde (685 mg, 3.68 mmol, 1 equiv.) were added. The flask was
closed with a rubber septum and backfilled with argon to create an inert atmosphere. Dry THF
(8.2 mL) and diisopropylamine (2.1 mL, 15.0 mmol, 4.07 equiv.) were added under argon at 0
°C and left to stir for 18 h, while allowing the temperature to slowly reach room temperature.
Activated charcoal was added to the milky brown solution before filtrating through celite. The
solvents were removed under reduced pressure resulting in a brown oil. The compound was
purified using column chromatography (SiO2, Gradient starting from 90:10 Hexane:EtOAc)
which afforded 6-((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde.
1H

NMR (400 MHz, CDCl3) δ 10.14 (s, 1H, H16), 9.10 (d, J = 2.1 Hz, 1H, H14), 8.20 (dd, J

= 8.0, 2.1 Hz, 1H, H13), 8.11 – 8.07 (m, 2H, H4-H5), 7.79 – 7.75 (m, 2H, H6-H7), 7.73 (d, J =
8.0 Hz, 1H, H12).
13C

NMR (101 MHz, CDCl3) δ 189.86 (C16), 179.85 (q, J = 35.8 Hz, C2), 152.45 (C14),

147.39 (C11), 136.25 (C13), 132.84 (C6-C7), 130.42 (C15), 130.21 (q, J = 2.2 Hz, C4-C5),
130.15 (C8), 128.92 (C12), 127.89 (C3), 116.69 (q, J = 291.3 Hz, C1), 92.46 (C10), 91.12 (C9)
19F

NMR (376 MHz, CDCl3) δ -71.51

MS (EI, MeOH) m/z (rel %): 303 (31, [M+]), 234 (100, [M-CF3]), 206 (41, [M-COCF3]), 177
(27, [M-COCF3-CHO])
This compound has not been reported in the literature.
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Figure 4.25. 1H-NMR (600 MHz, CDCl3) of 6 -((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde

Figure 4.26. 13C-NMR (151 MHz, CDCl3) of 6 -((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde
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Figure 4.27. 19F-NMR (376 MHz, CDCl3) of 6 -((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde
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4.13.1

Reduction of 3-Trifluoroacetylpyridine

3-trifluoroacetylpyridine (9.00 mg, 0.05 mmol, 1.00 equiv.) dissolved in diethyl ether
(0.30 mL) was added dropwise to LiAlH4 (10 mg, 0.26 mmol, 5.20 equiv.) dissolved in diethyl
ether (0.03 mL). The reaction was left to stir for 15 min at room temperature. 10 % NaOH (0.10
mL) was added, NH4Cl (0.20 ml) and diethyl ether (0.20 mL). The organic phase was extracted
and concentrated under reduced pressure.
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Chapter 5
5 Appendix
5.1 3-trifluoroacetylpyridine

Figure 5.1. EI-MS spectrum showing fragmentation of 3-trifluoroacetylpyridine

5.2 1-(2-chloropyrimidin-5-yl)-2,2,2-trifluoroethanone

Figure 5.2. EI-MS spectrum showing fragmentation of 1-(2-chloropyrimidin-5-yl)-2,2,2-trifluoroethanone
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Figure 5.3. 1H-NMR (400 MHz, CDCl3) of 11 (crude mixture with unknown species)

5.3 5-bromo-2-(3,3-dimethylbut-1-yn-1-yl)pyrimidine

Figure 5.4. HSQC of 5-bromo-2-(3,3-dimethylbut-1-yn-yl)pyrimidine
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Figure 5.5. HMBC of 5-bromo-2-(3,3-dimethylbut-1-yn-yl)pyrimidine

Figure 5.6. COSY of 5-bromo-2-(3,3-dimethylbut-1-yn-yl)pyrimidine
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Figure 5.7. NOESY of 5-bromo-2-(3,3-dimethylbut-1-yn-yl)pyrimidine

5.4 2-(3,3-dimethylbut-1-yn-1-yl)-5-iodopyrimidine

Figure 5.8. HSQC of 2-(3,3-dimethyl-1-yn-1-yl)-5-iodopyrimidine
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Figure 5.9. HMBC of 2-(3,3-dimethyl-1-yn-1-yl)-5-iodopyrimidine

Figure 5.10. COSY of 2-(3,3-dimethyl-1-yn-1-yl)-5-iodopyrimidine
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Figure 5.11. NOESY of 2-(3,3-dimethyl-1-yn-1-yl)-5-iodopyrimidine

5.5 1-(2-(3,3-dimethyl-1-butyn-1-yl)pyrimidin-5-yl)2,2,2-trifluoroethanone

Figure 5.12. EI-MS

86

5.6 Methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate

Figure 5.13. HSQC of methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate
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Figure 5.14. HMBC of methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate

Figure 5.15. COSY of methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate
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Figure 5.16. NOESY of methyl-6-(3,3-dimethylbut-1-yn-1-yl)nicotinate

89

5.7 3-Bromo-5-(1,3-dioxolan-2-yl)pyridine

Figure 5.17. HSQC of 3-bromo-5-(1,3-dioxolan-2-yl)pyridine

90

Figure 5.18. HMBC of 3-bromo-5-(1,3-dioxolan-2-yl)pyridine

Figure 5.19. COSY of 3-bromo-5-(1,3-dioxolan-2-yl)pyridine
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Figure 5.20. NOESY of 3-bromo-5-(1,3-dioxolan-2-yl)pyridine

Figure 5.21. DEPT135 of 3-bromo-5-(1,3-dioxolan-2-yl)pyridine
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5.8 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1diol

Figure 5.22. HSQC of (H) 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol and (K) 1-(5-(1,3-dioxolan-2yl)pyridine-3-yl)-2,2,2-trifluoroethanone mixture
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Figure 5.23. HMBC of (H) 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol and (K) 1-(5-(1,3-dioxolan-2yl)pyridine-3-yl)-2,2,2-trifluoroethanone mixture

Figure 5.24. COSY of (H) 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol and (K) 1-(5-(1,3-dioxolan-2yl)pyridine-3-yl)-2,2,2-trifluoroethanone mixture
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Figure 5.25. NOESY of (H) 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol and (K) 1-(5-(1,3-dioxolan-2yl)pyridine-3-yl)-2,2,2-trifluoroethanone mixture

Figure 5.26. DEPT135 of (H) 1-(5-(1,3-dioxolan-2-yl)-2,2,2-trifluoroethane-1,1-diol and (K) 1-(5-(1,3-dioxolan2-yl)pyridine-3-yl)-2,2,2-trifluoroethanone mixture
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5.9 5-(2,2,2-trifluoro-1,1dihydroxyethyl)nicotinaldehyde

Figure 5.27. HSQC of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde
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Figure 5.28. HMBC of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde

Figure 5.29. COSY of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde
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Figure 5.30. NOESY of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde

Figure 5.31. DEPT135 of 5-(2,2,2-trifluoro-1,1-dihydroxyethyl)nicotinaldehyde
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5.10 2,2,2-Trifluoro-4(trimethylsilylethynyl)acetophenone

Figure 5.32. HSQC of 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)phenyl)ethan-1-one
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Figure 5.33. HMBC of 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)phenyl)ethan-1-one

Figure 5.34. COSY of 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)phenyl)ethan-1-one
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Figure 5.35. NOESY of 2,2,2-trifluoro-1-(4-((trimethylsilyl)ethynyl)phenyl)ethan-1-one
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5.11 1-(4-ethynylphenyl)-2,2,2-trifluoroethan-1-one

Figure 5.36. HSQC of 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone

Figure 5.37. HMBC of 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone
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Figure 5.38. COSY of 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone

Figure 5.39. NOESY of 1-(4-ethynylphenyl)-2,2,2-trifluoroethanone
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5.12 6-((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)
nicotinaldehyde

Figure 5.40. HSQC of 6 -((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde
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Figure 5.41. HMBC of 6 -((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde

Figure 5.42. COSY of 6 -((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde
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Figure 5.43. NOESY of 6-((4-(2,2,2-trifluoroacetyl)phenyl)ethynyl)nicotinaldehyde
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