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Abstract

The objective of this Master thesis was to synthesize 4-amine substituted thienopy-
rimidines, and study their breast cancer activity and their effect as human epider-
mal growth factor receptor 2, HER2, inhibitors. Abnormal HER2 signaling has
been detected in 15-25% of breast cancers. Amplified HER2 signaling in breast
cancers is an indicator for poor prognosis. The HER2 receptor is therefore an
important target for the treatment of breast cancer.

The thienopyrimidines where prepared by amination, through nuceophilic aromatic
substitution, of 4-chloro-6-bromo-thieno[2,3-d ]pyrimidine and subsequently Suzuki-
Miyaura cross-coupling. The 4-alkoxy aniline substrates were formed by ether
synthesis, through either Williamson ether synthesis or nucleophilic aromatic sub-
stitution, followed by selective reduction.

The Williamson ether synthesis proceeded in moderate yield. A series of SNAr test
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reactions was performed between 1-fluoro-4-nitrobenzyl and phenylethan-1-ol. By
changing the base from NaH to Cs2CO3 and increasing the temperature the reac-
tion proceeded with faster reaction rates. The ether syntheses through nuclophilic
aromatic substitution proceeded with varying yields. The selective reduction of
the nitro arenes were performed using Fe powder and NH4Cl. The reductions pro-
ceeded with full conversion and the products were isolated in mostly high yields.

The aminations were performed between substrate amines and 4-chloro-6-bromo-
thieno[2,3-d ]pyrimidine. The reactions proceeded with full conversion towards the
products, and were isolated in moderate yields. A test reaction and assay NMR re-
vealed that the loss of product occurred during the work up of the reaction. Suzuki
cross-couplings were performed between numerous 4-amine substituted thienopy-
rimidines and boronic acids. The cross-couplings were carried out mostly with full
conversion and high yields.

A selection of six of the target compounds were tested for their HER2 inhibitory
activity. The compounds exhibited moderate to low percentage HER2 inhibition.
The biological study revealed that including a stereocenter at the benzylic position
reduced the inhibitor activity. It also showed that including 3-pyridine at C-6
increased the affinity towards the HER2 receptor.
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Sammendrag

Målet med denne masteroppgaven var å syntetisere 4-aminsubstituerte tienopyrim-
idiner, og studere deres brystkreftaktivitet og deres aktivitet som human epidermal
vekstfaktor reseptor 2, HER2, hemmere. Unormal HER2-signalisering har blitt
påvist i 15-25% av brystkreft tilfeller. Økt HER2-signalering i brystkreft er en in-
dikator for dårlig prognose. HER2-reseptoren er derfor et viktig mål for behandling
av brystkreft.

De substituerte tienopyrimidinene ble fremstilt ved aminering, gjennom nukleofil
aromatisk substitusjon av 4-klor-6-brom-tieno[2,3-d ]pyrimidin, og deretter Suzuki-
Miyaura kryss-kobling. 4-alkoxyanilin substratene ble dannet ved etersyntese, en-
ten gjennom Williamson etersyntese eller nukleofil aromatisk substitusjon, etter-
fulgt av selektiv reduksjon.

Williamson etersyntese ble gjennomført med moderat utbytte. En serie SNAr-
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testreaksjoner ble utført mellom 1-fluor-4-nitrobenzyl og fenyletan-1-ol. Ved å en-
dre basen fra NaH til Cs2CO3 og øke temperaturen, økte reaksjonshastigheten.
Etersyntese gjennom nuklofil aromatisk substitusjon ble isolert med varierende ut-
bytter. Selektiv reduksjon av nitroarenene, ble utført ved bruk av Fe-pulver og
NH4Cl. Reduksjonene ble gjennomført med fullstendig omsetting og produktet ble
isolert med stort sett høye utbytter.

Amineringsreaksjonene ble utført mellom substrat anilinene og 4-klor-6-bromtieno[2,3-
d ]pyrimidin. Reaksjonene ble gjenomført med fullstendig omsetting, mot ønsket
produkt, og ble isolert med moderate utbytter. En testreaksjon og assay NMR
avslørte at tap av produkt oppstår under opparbeidelsen av reaksjonen. Suzuki
kryss-koblingene ble utført mellom en rekke 4-aminsubstituerte tienopyrimidiner
og borsyrer. Kryss-koblingene ble utført hovedsakelig med fullstendig omsetting
og høye utbytter.

Et utvalg på seks av sluttproduktene ble testet for deres HER2-hemmende ak-
tivitet. Forbindelsene oppnådde moderat til lav prosent HER2-inhibering. Den
biologiske studien avslørte at inkludering av et stereosenter i benzylisk posisjon
reduserte hemmeraktiviteten. Studien viste også at å inkludere 3-pyridin ved C-6
økte affiniteten til HER2 reseptoren.
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Chapter 1
Introduction and Theory

In recent times small molecule drug agents have emerged as an extensive field of
research. [1] Receptor tyrosine kinases (RTK) are regulators of crucial cell mecha-
nisms, such as cell growth and survival. [2] The mutation or abnormal activity of
tyrosine kinases have been linked with the development of cancers and several other
diseases. Small molecule drug agents have become an effective method to inhibit
RTKs, and treat diseases that stem from abnormal activity of RTKs.

The second leading cause of cancer related deaths in woman are breast cancers. [3] [4]
The abnormal activity of the RTK, Human epidermal growth factor 2 (HER2/ERBb2)
are found in 15-25% of breast cancers. HER2 positive breast cancers are associ-
ated with poor prognosis. Patients with HER2 positive breast cancer have twice
the mortality rate of patients with HER2 negative breast cancer. [5]

Previous work by the research group has found two hit compounds that are bio-
logical active towards a breast cancer cell line. The objective of this Master thesis
was to prepare a series of compounds, investigate their cellular activity and HER2
inhibitor activity. The biological activity was investigated through a structure
activity relationship (SAR) study. The hit compounds have shown cytotoxicity
towards cancer cell lines, however the mechanism of cytotoxicity is unknown. The
project aims to confirm whether or not the target molecules have activity towards
HER2. In addition, an aim was to investigate the effect of various substituents in
position R1, R2 and R3 on biological activity. The structure of the hit compounds
and the target compounds of this thesis are illustrated in Figure 1.1.
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Chapter 1. Introduction and Theory

Figure 1.1: The structure of the two hit compounds and scaffold structure of target compounds
in the thesis.

1.1 Breast cancer
Breast Cancer is the second leading cause of cancer-related death in woman. [3]
Breast cancer is a genetic disease caused by inherited mutant genes and/or acquired
molecular alterations over an individual’s lifetime. The development of breast
cancer is also affected by hormonal factors through breast proliferative activity. [6]

Breast cancer is categorized into different major molecular subtypes based on their
gene expression profiling. The key factors determining the subtypes are estrogen
receptor (ER) and progesterone receptor (PR), as well as Human epidermal growth
factor 2 (HER2) gene amplification. The molecular subtypes of breast cancer is;
luminal A, luminal B, HER2 enriched and basal-like breast cancer. Luminal A
breast cancer is ER and/or PR positive and HER2 negative. Luminal B breast
cancer is both ER and/or PR positive and HER2 positive. HER2 enriched cancer
is HER2 positive and ER/PR negative. Basal-like breast cancer is both ER/PR
negative and HER2 negative. [7] [8] The treatment of breast cancer is determined by
the molecular subtypes of breast cancer. Whereas Luminal types cancer are treated
with endocrine agents to down regulate ER signaling, HER2 enriched cancers is
treated with small molecule tyrosine kinase inhibitors.

In the search for anti-cancer drugs, one widely used method is testing towards
cancer cell lines. A suitable and frequently used breast cancer cell line is the
Michigan Cancer Foundation-7 (MCF-7) cell line. The parental MCF-7 cell line was
isolated from luminal A molecular subtype metastatic breast cancer in 1973. The
MCF-7 cell line is ER, PR, HER2 and Epidermal growth factor receptor (EGFR)
positive. [9]
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1.2 Tyrosine Kinase

1.2 Tyrosine Kinase
Tyrosine kinases are a group of enzymes which catalyze the phosphorylation of ty-
rosine amino acid residues on target proteins. The phosphorylation of tyrosine in
proteins plays a key role in regulating processes such as, cell growth/proliferation,
differentiation and survival. The regulating effect of tyrosine phosphorylation is
caused by specialized binding domains on other proteins that recognize phos-
phorylated tyrosines, and these interactions initiate intracellular signaling path-
ways. [10] [11] Tyrosine kinases catalyze the transferring of the y-phosphate of an
adenosine triphosphate (ATP) to the hydroxyl group of the tyrosine units in the
target proteins. Through the phosphorylation reaction, tyrosine kinase functions
as a switch for signaling of different cellular functions. [12]

Tyrosine kinases are classified into receptor type and non-receptor type kinases. Re-
ceptor tyrosine kinases (RTKs) consists of an extracelular binding site, a transmem-
brane domain and an intracellular tyrosine kinase domain. [13] [2] [14] Non-receptor
tyrosine kinases (NRTKs) are intracellular cytoplasmic proteins without receptor-
like functions and rely on intracellular signals. [15] Extracellular ligand binding to
RTKs causes receptor dimerization and autophosphorylation in the intracellular ty-
rosine kinase domain. This leads to the activation of the signaling cascade, where
NRTKs have a significant role. [15]

Normally the cellular tyrosine kinase phosphorylation levels are highly regulated
by the antagonizing effects of tyrosine kinases. The TKs signaling can become con-
tinuously activated, independent of ligands, by over-expression or mutations. The
continuous activation causes uncontrolled cell proliferation as well as other unreg-
ulated mechanisms. The unregulated cell responses cause inflammatory responses
and diseases such as cancers. [16] [17]

Inhibitors which inhibit the activity of tyrosine kinases and the signaling pathways
they activate, can function as anti-cancer agents. [16] TKs inhibitors are divided
into small molecule inhibitors and monoclonal antibodies. [17] [18] Small molecule
inhibitors binds to the ATP binding site, of their target kinase, to function as
competitive inhibitors within the catalytic domain. Monoclonal antibodies binds
to the extracellular domain of the target RTKs.

1.3 Human Epidermal Growth Factor Receptor 2
Human epidermal growth factor receptor 2 (HER2) is one of four members in the
human epidermal growth factor RTK family, which also includes EGFR, HER3 and
HER4. The HER family is responsible for oncogenic processes such as proliferation,
survival, motility and angiogenesis. [19] [3] EGFR, HER3 and HER4 have cognate lig-
ands binding to their extracellular domains, whereas HER2 is an non-autonomous
orphan receptor with no assigned ligands. Ligand binding to the extracellular
domains induces conformational changes in the receptor that promotes homo- or
hetrodimerization and activation as RTKs. [20] [21] The different dimerizations can
trigger diverse intracellular signaling pathways. Despite being non-autonomous
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Chapter 1. Introduction and Theory

and with the lack of a known ligand, HER2 participates in an extensive network
of ligand induced formation of heterodimeric complexes, with other HER recep-
tors, that are capable of generating potent cellular signals. [19] [21] The dimerization
activation is illustrated in Figure 1.2

Figure 1.2: The structural basis for HER-receptor dimerization and activation. [21]

The HER heterodimeric complexes that contains HER2 are more stable and their
signaling is more potent. HER2 is regarded as a non-autonomous amplifier of the
network. HER2 is favoured as the heterodimerization partner by the other HER
receptors. Since HER2 is incapable of binding with ligands, it is constantly primed
for heterodimerization with ligand-bound HER receptors. [21]

1.3.1 HER2 and Breast Cancer
Amplification of the HER2 gene and over-expression of the corresponding protein
has been detected in 15-25% of breast cancers. [22] [23] Cancers with genomic alter-
ation of HER2 are associated with poor prognosis and aggressive behavior. The
HER2 gene amplification has been found to be a significant predictor for both
overall survival and time before relapse. [24]

The mechanisms of how HER2 amplification and over-expression contribute to
breast cancer are still unknown. [23] HER2 breast cancer can have up to 25-50 copies
of the the gene, and subsequently 40-100 fold increase of the corresponding protein,
resulting in 2 million receptors expressed at the tumor cell surface. In addition, a
constitutively active aberrant form of HER2, which lack the extracellular domain,
is found in some breast cancers. [24]
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Inhibition of HER2 can be done by either monoclonal antibodies binding to the
extracellular domain, or by small molecule tyrosine kinase inhibition targeting the
intracellular kinase domain of HER2. [25]

Currently there are some clinical approved HER2-targeted agents for treatment of
HER2 positive metastatic breast cancer. These include the monoclonal antibodies
Trastuzumab and Pertuzumab and the small molecule HER2/EGFR kinase in-
hibitors Lapatinib and Neratinib. [25] [26] The molecular structure of Lapatinib and
Neratinib is presented in Figure 1.3

Figure 1.3: The structure of Lapatinib [27] [28] and Neratinib [26].

1.4 Thieno[2,3-d ]pyrimidine
Thienopyrimidines are a group of fused heterocyclic compounds, which contains
an electron rich thiophene moiety and an electron deficient pyrimidine moiety.
There are three forms of thienopyrimidine, based on thiophenes annelation to
the pyrimidine: thieno[2,3-d ]pyrimidine, thieno[3,2-d ]pyrimidine and thieno[3,4-
d ]pyrimidine, see Figure 1.4. [29] Thienopyrimidine can be formed through two main
methods. The first route is by forming the pyrimidine moiety by intramolecular
cyclization of appropriately substituted aminothiopene derivatives. [29] The other
synthesis route is thiophene ring closure for appropriately substituted pyrimidine
derivatives. [29] The three isomeric thienopyrimidine systems and their conventional
numbering systems are illustrated in Figure 1.4
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Figure 1.4: The structure and conventional numbering system of thieno[2,3-d ]pyrimidines ,
thieno[3,2-d ]pyrimidine and thieno[3,4-d ]pyrimidine.

Both the [2,3-d ] and [3,2-d ] isomers of thienopyrimidine can be synthesized from
amine and methyl ester substituted thiophene. Chloro substituted thienopyrim-
idines is formed by the substituted thiophene reacting with formamide, in an pyrim-
idone formation reaction followed by chlorination with POCl2. [30] [31]

The synthesis pathway of formation of 6-bromo-4-chlorothieno[2,3-d ]pyrimidine
performed by Bugge et al. [30] is presented in Scheme 1.4.1

Scheme 1.4.1: The synthesis route to prepare 6-bromo-4-chlorothieno[2,3-d ]pyrimidine. [30]

Thienopyrimidines possess a variety of biological applications, which depends on
their detailed substitution patterns, for instance anti-microbial [32] [33], anti-tumor [32]
and immunosuppressive agents [34]. The pharmacological potential of thienopyrim-
idines has been evaluated through numerous biological studies. As mentioned,
thienopyrimidine derivatives have displayed a number of pharmacological applica-
tions. Thienopyrimidines have been identified as inhibitors of Human IgE synthesis,
as histone deacylase inhibitors and as inhibitors of signaling pathways contribut-
ing to cancer activity. [35] [36] [37] [38] Specifically thieno[2,3-d ]pyrimidine derivatives
have been identified as inhibitors of signaling pathways, such as EGFR [39] [40],
mesenchymal-ephitheial transition factor (c-Met) [41], phosphatidylinostol-3-kinase
(PI3K) [37], fibroblast growth factor receptor 1 (FGFR1) [42], vascular endothelial
growth factor receptor 2 (VEGFR2) and HER2. [43]
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Thienopyrimidine derivatives, with an aromatic aniline moiety, have been identified
as potent EGFR and HER2 inhibitors. [43] The structures of known HER2 inhibitors
are presented in Figure 1.5.

Figure 1.5: Structures of known HER2 and EGFR inhibitors. [43]

In the study by Rheault et al. thieno[2,3-d ]pyrimidine derivatives with the C-
4, C-6 substitution pattern, were identified as dual EGFR and HER2 inhibitors.
The C-4 substituent in the inhibitors is an aniline, while the C-6 substituent is a
heteroaromatic group. [43] Compounds 16 and 18 have an IC50 value towards HER2
of 6 and 43 nM, respectively. Thieno[2,3-d ]pyrimidines with similar substitution
patterns, with C-4 aniline moiety, have shown anticancer effect towards MCF-7
breast cancer cell lines and inhibition of VEGFR2 with IC50 of 200 nM, as well
as inhibition of FGFR1 with IC50 of 160 nM. [42] [44] [45] The structure of known
VEGFR2 and FGFR1 inhibitors is illustrated in Figure 1.6
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Figure 1.6: Structure of known VEGFR2 and FGFR1 inhibitors. [44] [42].

1.5 Previous work by the research group
In previous work by the research group thieno[2,3-d ]pyrimidines with C-4 and C-
6 substitution pattern have been identified as potent EGFR inhibitors. [39] [40] In
addition, a series of 6-bromothieno[2,3-d ]pyrimidines were synthesized as precur-
sors for EGFR inhibitors. [46] In unpublished work by the research group, two of
the 6-bromothieno[2,3-d ]pyrimidine compounds have shown promising cytotoxci-
cty towards two cancer cell lines , HeLa and MCF-7. The structures of the hit
compounds are presented in Figure 1.7.

Figure 1.7: The structure of the two biologically active thienopyrimidines.

The mechanism, by which the compounds triggers cytotoxcicty towards the two
cancer cell lines, is unknown. Structural related compounds such as Lapatinib and
compound 18 have been identified as HER2 inhibitors. Hit compound (I) has the
exact same aniline part as Lapatinib and compound 18. Hit compound (II) has a
closely related aniline substitute to that to pyrrolopyrimidine HER2 inhibitors, see
Figure 1.8, found in a study by Caravatti et al.. [47] The hit compounds could be
HER2 inhibitors, however, the biologically active molecules could antagonize other
biological targets as well.
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Figure 1.8: The structure of pyrrolopyrimidine HER2 inhibitor. [47]

1.6 Fluoride in Pharmaceuticals
The addition of fluorine to medicinal chemistry is relatively recent. Fluorine is
frequently introduced to be applied in a couple of strategies. The metabolic stability
of a compound is a crucial factor of bioavailability of the specific compound. [48]
A recurring problem in drug discovery is low metabolic stability. Lipophilic drug-
targets have disposition to be oxidised, by the cytochrome P450 (CYP) enzymes,
in the liver, which is a frequent limiting factor for bioavailability. A strategy to
circumvent the issue of oxidation is to add a fluorine substituent, which blocks the
reactive site of the liver enzymes, hoping that it does not impair the binding to the
drug target. [48]

The addition of fluoride substituents to a compound affects the physiochemical
properties greatly. [48] [49] [50] In pharmacological chemistry the need for highly ba-
sic functional groups is often required to bind to specific receptors. However, highly
basic groups are also found to lower the bioavailabilty of certain compounds, due
to reduced membrane permeability. Addition of fluoride in close proximity of func-
tional groups, has great effect on pKa. [48] [49] [50] The basicity of the highly basic
compounds, will be reduced and the membrane permeability and bioavailability
will increase. The change in pKa may also negatively effect the compounds bind-
ing affinity towards the target. [48] [51]

Fluorine substituents are also introduced to increase the binding affinity of a
drug. [48] [52] The fluorine substituents may affect binding affinity in a several of
ways. The fluorine substituents may be used to affect the binding affinity through
direct interaction between fluorine and the target protein. The fluorine substi-
tutes can also affect the binding affinity through conformational changes in the
molecule and through the formation of Van der Waal bonds. Fluorine derivatives
of compounds have also increased lipophilicity, which increases the overall molecule
nonspecific affinity towards proteins. [52]
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In conclusion, fluoride subtituents are used to block metabolic labile sites, to mod-
ulate the physiochemical properties and to increase the binding affinty and potency
of the compound. [48] [52]

Some examples of fluorinated compounds, illustrated in Figure 1.9, used in phar-
maceuticals are: Lapatinib which is a HER2 inhibitor used in treatment of breast
cancer, Clofarabine which inhibits DNA polymerase in the treatment of leukemia,
Emitricitabine which is a nucleoside reverse transcriptase inhibitor used in treat-
ment of HIV and hepatitis B. [27] [28] [53]

Figure 1.9: The structure of Clofarabine, Emitricitabine and Lapatinib. [27] [28] [53]

1.7 Synthesis of Aniline
Anilines as mentioned are an important intermediate, used in a variety of phar-
maceuticals. Alkoxy substituted anilines are present in known HER2 inhibitors.
Alkoxy substituted anilines can be formed through various methods. Anilines with
an alkoxy substituent are formed through two part syntheses where the ether moi-
ety is formed first, then the amine functionality is formed through functional group
interchange, FGI. Two widely used methods to form aromatic ethers are Williamson
ether synthesis and nucleophilic aromatic substitution. The FGI to form the amine
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functionality in the aniline, is often formed through either specific reduction of
a nitro group or hydrolysis of acetamide. [54] [55] [56] A retrosynthetic approach to
synthesize 4-alkoxy substituted anilines is illustrated in Scheme 1.7.1

Scheme 1.7.1: Retro synthetic approach of formation of aniline ethers. X= Halide.

Route 1 utilizes the hydrolysis of acetamide to form the aniline, where the ether part
could either be formed through Williamson ether synthesis or through nucleophilic
aromatic substitution. Yang et al. have previously synthesized 4-alkoxy anilines
through Williamson ether synthesis followed by hydrolysis of acetamide, starting
out with N-(4-hydroxyphenyl)acetamide. [57]

Route 2 employs the reduction of the nitro group to form the aniline, the second
route can also employ both Williamson ether synthesis and nucleophilic aromatic
substitution to form the ether moiety. Bugge et al. synthesized 4-alkoxy substituted
anilines, starting from 4-nitrophenol, by Williamson reaction followed by selective
reduction of the nitro group. [46] Yang et al. also synthesized alokoxy substituted
anilines through nucleophilic aromatic substitution followed by reduction. [57]

1.7.1 Williamson Ether Synthesis
The most utilized and versatile method to prepare ethers, which allows for forming
both symmetric and assymetric ethers, is the Williamson ether synthesis. The
Williamson reaction was developed in the 1800s by the English chemist Alexander
Williamson. The synthesis consists of the coupling between alkoxides and alkyl-
/benzyl- halides, or alkyl-/benzyl compounds with other good leaving groups. The
reaction mechanism proceeds through an SN2 type mechanism, in which alkoxide
acts a nucleophile, to displace halide from the alkyl-/ benzyl- halide to form the
ether. The Williamson reaction proceed best with primary alkyl, benzylic and
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alyllic halides. [58] The reactivity of alkyl halides is affected by the alkyl group
and the leaving group. The reactivity of alkyl follows the trend methyl > allylic,
benzylic > primary alkyl > secondary alkyl. The order of reactivity based on
the leaving group is OTs, I > OMs > Br > Cl. Williamson ether synthesis face
some limitations; tertiary and sterical hindred primary and secondary alkyl halides
will undergo E2 eliminations, when reacting with alkoxide, rather than SN2 type
mechanism. The Williamson reaction mechanism is illustrated in Scheme 1.7.2

Scheme 1.7.2: The mechanism of Williamson ether synthesis. [58] [59]

The Williamson ether synthesis is usually carried out by reacting an alkyl halide
and the alkali-metal salt of the hydroxy compound as well as an inorganic base in
an organic solvent. [60] The formation of alkali-metal salt from phenols is usually
obtained by treating phenols with weak bases, e.g potassium or sodium hydroxide
or by reacting them with alkali metal carbonates. [61] To minimize the by-products
formed in the reaction, from dehydrohalogenation, the reaction is generally per-
formed in an aprotic dipolar solvent. Phase-transfer catalyst, PTC, may also be
employed during Williamson reaction. [62] The function of phase-transfer catalysts
are to facilitate the reaction between hydrophobic and hydrophilic compounds. The
use of PTCs allows the reaction to be carried out at milder reaction conditions.
The use of PTC during Williamson ether synthesis has shown significant advances
in convenience, reaction rate and yield. [62]

Another way to perform the Williamson reaction, without organic auxiliary sub-
stances like phase-transfer catalysts, is the use of combined microwave and ultra
sonication. [63]

1.8 Reduction of Nitro Aromatics
The reduction of nitro aromatics is the most widely utilized and facile method
to prepare functionalized anilines. [55] There are numerous methods and reaction
conditions to achieve reduction of aromatic nitro groups reported in the literature,
such as FeCl3·6H20

[64], Pt (nanoparticles)/C [65] and NiCl2-NaBH4. [66]

The first method of reducing nitro compounds to anilines was the Zinin reduction
developed in 1842. This reaction is carried out in basic media employing divalent
sulfur, such as sulfides, hydrosulfides and polysulfides, as reducing agents. [67] The
Zinin reduction was soon replaced by the oldest commercial process for preparing
anilines, which was the Béchamp process. The Béchamp process reduces nitro
compounds in good yields with iron and diluted HCl acid. [67]

Today most large scale anilines are prepared through continuous high pressure
catalytic hydrogenation of nitro aromatics with various heterogeneous catalysts. [67]
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The hydrogenation of nitro compounds can be performed in gas or liquid phase, by
employing supported metal catalysts and organic solvents such as alcohols, acetone,
benzene, ethyl acetate or aqueous acidic solutions. [68]

In the reduction of complex nitro aromatic compounds, containing other reducible
substituents or acid labile functional groups, the reaction conditions during hydro-
genation employing heterogenous catalysts are to harsh. When reducing complex
nitro aromatic compounds, the most important factor for forming functionalized
anilines is the specificity of the reduction. The need to find reduction conditions
which are chemoselective towards the nitro group and leaves the substituents intact,
is important.

The use of hydrogen gas in the presence of either metal or metal oxide, is one
method for reduction of nitro groups to anilines. [69] The general reaction is illus-
trated in Scheme 1.8.1

Scheme 1.8.1: Reduction of nitro aromatic compounds employing molecular hydrogen. [69]

The use of metal-bound catalysts brings issues with metal leaching, low catalyst
loading, higher turnover cycle, recovery of catalyst and chemioselectivity. Platinum
(Pt) oxide with methanol as solvent has previously been used for the chemoselec-
tiv reduction of nitro aromatic compounds, with an ether functionality, without
effecting the ether moiety. [70]

Another method of reduction, employing H2-gass, is the use of polysiloxane gels
with Pt species [Pt]@SiC6 as recyclable heterogeneous catalyst. This system has
been used to reduce various nitro aromatics, such as benzyl, alcohol, ketone, ester
and ether, in excellent yields. [71]

The catalytic system Pt/SiO2 has been used to selectively reduce ester and alkene
substituted nitro compounds in a hydrogen atmosphere at room temperature. [72]
The main problem with Pt catalysts is their reduction selectivity when there are
other functional groups present. [65] Pt catalysts tend to reduce other functional
groups, in addition to the nitro group, when used on complex nitro aromatics.

The use of colloidal nickel(0) on carboxymethylcellulose in methanol is an effective
method to selectively reduce nitro aromatic compounds. The catalyst system has
been used to selectively reduce nitro arenes with ester, alcohol and amine sub-
stituents, in high yields. [73]

A disadvantage of molecular hydrogen in the presence of metal or metal oxide is
the need for high pressure conditions. By generating hydrogen in situ under the
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reduction, the need for sophisticated equipment for handling hydrogen gas can be
avoided. [69] Sodium borohydrid has been used as an in situ source for generation
of hydrogen in fuel cells, in which various metal bound catalysts can be employed,
for the reduction of nitro aromatic compounds. The reduction can be performed
with catalyst systems, such as PdCu/graphene and ethanol, Co3S4 and CuBr2 in
ethanol. [74] [75] [76]The general sodium borohydrid mediate reaction is illustrated in
Scheme 1.8.2

Scheme 1.8.2: Reduction of nitro aromatic compounds mediated by sodium borohydrid. [69]

Reductions mediated by sodium borohydride are safer than the use of H2-gass,
however, the reactions have issues during workup with extraction of the product.
In addition functional groups which are reduced by sodium borohydride are not
tolerated during this reaction. [69]

Hydrazine hydrate decomposes into nitrogen and hydrogen gas when exposed to
transition metals. Hydrazine hydrate is therefore used as an in situ hydrogen donor,
which facilitates reduction reactions. [69] The general hydrazine hydrate facilitated
reaction is illustrated in Scheme 1.8.3

Scheme 1.8.3: Reduction of nitro aromatic compounds with Hydrazine hydrate as reducing
agent. [69]

Hydrazine hydrate has been used as reducing agent in combination with Pd/C
in methanol or ethanol. This reducing system has shown selective reduction of
halogenated nitro compounds, when refluxed in an open system. If performed in
a sealed environment, dehalogenation occurs. [77] In situ generation of iron oxide
nanocrystals (Fe3O4) in ethanol is a reduction system which is used in combination
with Hydrazin hydrate to selectivly reduce nitro compounds with; halogen, ester,
amide, nitrile or ether substituents in high yields. [78] A drawback with the use of
Hydrazine as reducing agent is toxicity in addition to risk of combustion.

A method for selective reduction of nitroarenes to anilines is the use of a metal
catalyst. Active metal can react with water and generate hydrogen, which can
reduce nitro groups in the presence of metal. Metal can directly reduce nitroarenes
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through electron-transfer reaction, where water functions as a proton donor. [69] Iron
nanoparticles in water, in an inert atmosphere, at room temperature have been
used to selectivly reduce nitroarenes, with a widespread of substituents. [79] Iron
nanoparticles have chemoselectivly reduced nitro compounds with ether, halide,
aldehyde and carboxyl acid functional groups, in excellent yields.

Iron powder has also been employed in combination with ammonium chloride in
aqueous ethanol, to obtain chemoselctive reduction to anilines when refluxed. In
this case, the iron powder function as reducing agent and the ammonium chloride
serves as proton donor. [46] [80] [81]

A powerful acidic reduction system is the use of stannous chloride (SnCl2) in com-
bination with hydrochloric acid (HCl). [82] This method has been developed from
only reducing water soluble nitro aromatics to a chemioselective reduction system
by introducing ionic-liquids, different solvents and sonication. [83] [84] [85]

An illustration of a proposed reaction pathway for the formation of anilines from
reduction of functionalized aromatic nitro compounds, is presented in Scheme
1.8.4. [72]

Scheme 1.8.4: Proposed reaction pathway for the reduction of nitroaromatics. [72]
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1.9 Amination

1.9.1 Nucleophilic Aromatic Substitution
Nucleophilic aromatic substitution is considered as one of the most common meth-
ods of amination. [55] Nucleophilic aromatic substitution is the reaction where a
neutral or charged nucleophilic species replaces an atom or functional group, in an
aromatic substrate. [86] The electrophilic character of the aromatic ring is caused
by electron deficiencies, which can be caused by electron withdrawing groups or
by the specific structure of some aromatic heterocycles. [87] Numerous of substrate-
nucleophile couples are known. Typically, reactions with nucleophiles, which are
weak basic, only occurs if an electron withdrawing group is present in either para
or ortho position of the leaving group in the aromatic compound. [88]

In contrast to nucleophilic substitution of aliphatic compounds, neither SN2 or SN1
nucleophilic substitution mechanisms occur on aromatic compounds. Nucleophilic
aromatic substitutions occur via three main mechanisms; addition-elimination,
elimination-addition and unimolecular mechanism. [86] [89]

The addition-elimination mechanism is the most common of the nucleophilic aro-
matic substitutions. The reaction follows a two step mechanism where addition
occurs through nucleophilic attack on the carbon position occupied by halogene or
other nucleofugal groups in an electron deficient aromatic ring. [90] The addition
step occurs through nucleophilic attack on the aromatic ring, which uses a vacant
π-orbital to form a bond with the nucleophile, without expelling any existing sub-
stituents. [91] The nucleophilic attack causes the development of a negative charge
in the arene, known as the Meisenheimer complex. The general formation of the
Meisenheimer complex is illustrated in Scheme 1.9.1

Scheme 1.9.1: The general Meisenheimer complex, where X is a leaving group. [90] [92] [93]

The addition step is the rate determining step, and is greatly affect by electron with-
drawing groups, such as the nitro group. The disruption of the aromatic π system
in the addition step is a great energy cost, which only transpires with an electron
withdrawing group present, with heteroatoms in annular sites, or under extreme
reaction conditions. Such groups or atoms stabilize the Meisenheimer intermediate
and associated transition states. The addition step is subsequently followed by the
departure of the leaving group from the anionic Meisenheimer complex intermedi-
ate, which is energetically favorable due to the rearomatization. [94] [91]
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The reaction rate of the addition-elimination mechanism, is influenced by multiple
factors, such as the stability of the Meisenheimer complex, the reactivity of the
electrophile, the nucleophile, the nucleofugal leaving group and the solvent.

The use of polar aprotic solvents rather than protic solvents, often accelerates
the rates of substitution. This is a consequence of poor solvation of centers of
negative charge in aprotic solvents, which increases the reactivity of nucleophile. [95]
Protic solvents can also accelerate the reaction rate, by contrast to polar aprotic
solvents, negatively charged centers is easily solved in protic media, stabilizing
the transition state and therefore lowering the energy to obtain the transitions
state. [95] However, protic media also stabilizes the negatively charged nucleophile,
decreasing the reactivity of the nucleophile. To increase the rate of substitution it is
important to obtain a net decrease in activiation energy. In finding the best solvent
for nucleophilic aromatic substitution, the increase in reactivity, of the nucleophile,
must be weighed up against the stabilization of the transition state.

The reaction rate is also affected by the strength of the nucleophile, since the
nucleophilic attack and the formation of the Meisenheimer complex is the rate de-
termining step of the addition-elimination nucleophilic aromatic substitution. The
nucleophilic strength is based on three factors, which are their basicity, polarizabil-
ity and the presence of unshared electron pairs in adjacent atom of the nucleophile,
the alpha effect. [96]

The nucleofugality of the leaving group will also affect the reaction rate of the sub-
stitution. Since the rate determining step, RDS, is the formation of the Meisen-
heimer intermediate and not the bond breaking, the reaction rate is more affected
by the leaving groups ability to stabilize the complex, than the bond strength of the
leaving group. The Meisenheimer complex is stabilized by the electronegativity/
electron withdrawing effect of the leaving group, therefore in contrast to normal
substitution, the nucleofugality of halogenes in nucleophilic aromatic substitutions
follows as F � Cl > Br > I. [90]

The reactivity of the electrophile affects the reaction rate. As mentioned the elec-
trophilic character of the aromatic ring is caused by electron deficency. In the case
of the hetroaromatic pyrimidine rings, the nitrogen atoms in the aromatic ring
makes the electrophile more electron deficient. Pyrimidines are activated towards
nucleophilic aromatic substitution at C-2 and C-4 due the heteroaromatic ring’s
ability to stabilize the addition intermediate through resonance structures. [97] This
is illustrated in Scheme 1.9.2
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Scheme 1.9.2: The pyrimidines ability to stabilize negative charge through resonance. [97]

In the particular case of amination of pyrimidines, the reaction proceeds through a
nucleophilic attack by aniline, on the halogenated pyrimidine. After the formation
of the Meisenheimer intermediate, removal of the excess proton in the amine is
needed. Deprotonation can occur by another aniline molecule acting as base or
by adding a co-base to the reaction mixture. Subsequently the nucleofugal halide
anion is expelled. In this project amination will be carried out by 6-bromo-4-
chloro-thieno[2,3-d ]pyrimidine reacting with aniline as nucleophile. This will ex-
pel the chlorine atom at C-4 in the electron deficient pyrimidine ring, while the
bromine atom at C-6 in the electron rich thiophene, will be unaffected. A pro-
posed mechanism of SNAr amination of thieno[2,3-d ]pyrimidine with anilines, in
basic conditions, is presented in Scheme 1.9.3.

Scheme 1.9.3: A proposed mechanism of SNAr amination of thieno[2,3-d ]pyrimidine. [90] [98] [97]

20



1.9 Amination

Introduction of substituents at C-4 in thienopyrimidnines can be carried out through
various methods. Previously Han et al. have introduced alkoxy subtituents at C-4
by nucleophilic aromatic substitution in basic conditions. [99] The research group has
previously introduced anilines at C-4 in thienopyrimidines through different meth-
ods. The research group have performed amination through SNAr in thermal and
in slightly basic conditions. [46] Kurup et al. have reported amination of thienopy-
rimidines with acidic reaction conditions. [100] All the different detailed reaction
conditions to perform nucleophilic aromatic substitution, at C-4 in thienopyrim-
idines, are reported in excellent yields.

1.9.2 Buchwald-Hartwig Amination
Another popular method of amination is the Buchwald-Hartwig cross-coupling. [55]
Buchwald-Hartwig cross-coupling is a palladium (Pd) catalyzed process between
aryl halides and amines with stoichiometric amounts of base present for the forma-
tion of C-N bonds. [101]

The Buchwald-Hartwig mechanism goes through a catalytic cycle which is similar
to other cross couplings. [102] [103] [104] The catalytic cycle for the Buchwald-Hartwig
cross-coupling is illustrated in Scheme 1.9.4. The first step is oxidative addition
between palladium, Pd(0), and the aryl halide. The next step in the cycle is amine
binding to form the Pd(II)-aryl amine complex which can occur in two possible
ways, as illustrated in the two different routes in Scheme 1.9.4. The two ways are
from the direct displacement of halide from the Pd(II)-complex by the amine or
from amine reacting with an Pd(II)-alkoxide intermediate complex. In both routes
deprotonation of the amine moiety of the complex occurs by the alkoxide base. The
final step of the catalytic cycle is reductive elimination, which forms the desired
C-N coupled aryl amine and regenerates the catalyst. [105]
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Scheme 1.9.4: The catalytic cycle for the Buchwald-Hartwig cross-coupling. [106] [103] [105] [107]

A possible issue with the Buchwald-Hartwig cross-coupling is that it is not con-
trolled by the electron deficiency of the aryl halide. In the case of amination of
6-bromo-4-chloro-thieno[2,3-d ]pyrimidine in this project, it is possible to form un-
wanted by-products through amination at both C-4 and C-6. Buchwald-Hartwig
cross-coupling has previously been performed by Gonzalez et al. to add amine
groups to thienopyrimidnes. [108] However, the amination was carried out in rela-
tive low yields.

1.10 Suzuki-Miyaura Cross-Coupling
Reactions in which formation of carbon-carbon bonds occur, are important, since
they provide essential steps in the development of complex molecules from simple
substrates. The palladium catalyzed reaction between organoboron compounds and
organic halides is an effective method for the formation of carbon-carbon bonds,
known as Suzuki-Miyaura cross-coupling. The Suzuki-Miyaura cross-coupling is
frequently referred to as the Suzuki reaction. Only catalytic amounts of palladium
catalyst and a suitable base is necessary for the reaction to take place. [109] A general
Suzuki reaction is given in Scheme 1.10.1.
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The Suzuki reaction is the most versatile and widely used method for forming
sp2-sp2 bonds. [110] [111] The Suzuki-Miyaura cross-coupling is one of the easiest
and effective methods to form biaryls through aryl-aryl cross-couplings. [112] The
broad application of the Suzuki reaction is due to the many commercial avail-
able organoboron reagents, mild reaction conditions and toleration of a broad span
of functional groups. [113] The reaction also tolerates water, which allows for ef-
ficient and facile removal of inorganic by-products. In addition, the reaction is
generally stereo- and regioselective. The use of non-toxic environmentally friendly
organoborons in the Suzuki reaction, compared to the toxic organostannanes used
in alternative cross-couplings, makes the Suzuki cross-coupling a green option as
well. [104]

Scheme 1.10.1: A general Suzuki-Miyaura cross-coupling [114]

The mechanism, of the Suzuki cross-coupling, follows the general catalytic circle
for cross-coupling reactions. The catalytic cycle consists of four mechanistic stages;
Oxidative addition, metathesis, transmetalation and reductive elimination. [104] [115]
The Suzuki reaction is initiated by oxidative addition, which alters the oxidation
state from Pd(0) to Pd(II). This occurs from the addition of the organo halide to
the Pd(0) complex catalyst, to form a Pd(II) organo halide complex. The initiation
of the Suzuki reaction requires anionic Pd(0) intermediate, which is important for
the rate of the oxidative step. [116]

The next step in the catalytic cycle, which differentiate the Suzuki reaction from
general catalytic cycles, is metathesis. [104] During metathesis, the halide anion at-
tached to the Pd complex, is displaced and exchanged with the anion from the base.
This forms a more reactive organopalladium alkoxide or hydroxide complex, based
on the base utilized in the reaction. [117] Metathesis is followed by transmetallation
between Pd(II) and the organoboron compound, where the organo moiety of the
organoboron compound is transferred to the Pd(II)-complex. [118] There has been
some discussion about the reaction pathway, whether or not the transmetallation
step occurs between trihydroxyborate and the organopalladium halide species [119]
or with the organopalladium hydroxo complex and boronic acid. Recent studies
have provided evidence which concluded that the transmetallation occurs between
the boronic acid and the organopalladium hydroxo species. [118] [112] The biorgano
palladium complex, from the transmetallation step, can finally undergo reductive
elimination, as the final step of the catalytic cycle, to form the carbon-carbon bond,
as well as regenerate the Pd(0) catalyst. [118] [112] The general Suzuki-Miyaura cross-
coupling catalytic cycle is illustrated in Scheme 1.10.2
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Scheme 1.10.2: The general catalytic cycle of Suzuki-Miyaura cross-coupling. [104] [115]

The rate determining step of the catalytic cycle depends on the identity of the
organohalide, as well as the base used in the reaction. The rate determining step
can either be the oxidative addition or the transmetallation. The rate determining
factor of oxidative addition is the bond dissociation energies of the carbon-halide
bond. The bond dissosciation energy of carbon-halide bonds follows as Ar-I > Ar-
Br > Ar-Cl > Ar-F. [120] [121] The dissociation energy trend can change due to elec-
tron density. In cases where multiple halides are present, intrinsic electrophilicty
of ring positions affect the electron density. The bond strength of aryl halides
is also lowered by the addition of electron withdrawing groups to the aromatic
compound. [121]

The choice of palladium catalyst greatly affect the Suzuki reaction. The catalyst’s
nature and amount, as well as ligands utilized, influence the reaction rate and the
formation of by-products. The electronic and steric properties of ligands have effect
on the reaction rate of the cross-coupling. [122] Catalysts with phosphine ligands,
which are electron rich and bulky, can improve stability, hence enhance the selec-
tivity and rate of the reaction. [123] By stabilizing the Pd(II)-complex formed in the
oxidative addition step, electron rich ligands will increase the reaction rate.

The first catalyst reported utilized in Suzuki-Miyaura cross-coupling was Pd(PPh3)4. [124]
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The traditional palladium catalysts were improved to widen the application of the
reaction, by addition of bulky, electron-rich ligands. [123] With the addition of new
ligands, new cross-couplings, such as biaryl formation from aryl chloride and aryl
boron compounds, were feasible. Illustration of widely used palladium catalysts
and ligands is presented in Figure 1.10.3.

Scheme 1.10.3: Ligands and palladium catalysts used in Suzuki-Miyaura cross-
coupling. [123] [125]

The use of the Pd(Ph3)4 catalyst in Suzuki cross-couplings on 4-amine-substituted
thienopyrimidines has been reported in excellent yields. [39] The Pd2(dba)3 cata-
lyst also was reported used in Suzuki reactions with thienopyrimidines, however
problems with purification were reported along with the use of the catalyst. [126]
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Chapter 2
Results and Discussion

In previous work, the research group has found thieno[2,3-d ]pyrimidnes with aniline
ether substituents at C-4 to have cytotoxicity towards HeLa and MCF-7 cancer cell
lines. The aim of this project was to synthesise a library of thieno[2,3-d ]pyrimidnes,
with C-4 and C-6 substituents, to perform a structure activity relationship (SAR)
study towards HER2 and to investigate their cellular activity. The aim of the
SAR study was to investigate the importance of C-4 and C-6 substituents for the
biological activity. The structures of the target compounds are given in Figure 2.1.

Figure 2.1: Structure of target molecules
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The thieno[2,3-d ]pyrimidine 1 was prepared previously by the research group and
compound 11 was synthesized in the pre-Master project. [127] These compounds
were used as building blocks in this thesis. This project introduced aniline sub-
stituents at C-4 and aromatic ring moieties at C-6. The first steps of the synthesis
were preparing the aniline substrates, through either Williamson ether synthesis
or SNAr with a nitroarene reagent, followed by reduction of the nitro group, to
form the anilines. The next step was amination of the thienopyrimidine at C-4
through SNAr. The final step towards the target molecules was Suzuki-Miyaura
cross-coupling to add the arene substitute at C-6. The synthesis route is presented
in Scheme 2.0.1.

Scheme 2.0.1: The synthesis route to prepare the C-4 and C-6 substituted thieno[2,3-
d ]pyrimidine target molecules.

This chapter is divided into seven sections. The four first sections discuss the
different synthetic steps: ether synthesis, reduction, amination and Suzuki cross-
coupling. The last sections covers chromatography, structure elucidation of the
synthesized compounds and biological testing.
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2.1 Ether Synthesis

2.1 Ether Synthesis
The first step, in preparation of the aniline substrates, used in C-4 amination of the
thieno[2,3-d ]pyrimidine, was ether synthesis. The ether synthesis was carried out
either by Williamson ether synthesis or nucleophilic aromatic substitution. The
Williamson reaction was performed between alkylbromide and 4-nitrophenol. The
SNAr reaction was carried out with benzylic alcohols and 1-fluoro-4-nitrobenzene.

2.1.1 Synthesis of Compound 2
Compound 2 was synthesized by Williamson ether synthesis between 4-nitrophenol
and (bromomethyl)cyclohexane. The reaction was carried out with K2CO3 as the
base. The reaction conditions are presented in Scheme 2.1.1

Scheme 2.1.1: Williamson ether synthesis between 4-nitrophenol and (bromomethyl)-
cyclohexane.

A series of test reactions was carried out in a 100 mg scale. The reaction conditions
for the first test reaction was taken from the pre-Master project. [127] Test reaction
one was carried out for 24 hours at 22℃ with 1.2 equivalents of K2CO3 as the base.
This reaction had 25% conversion. The conversion was determined by 1H-NMR
using the integral of the protons in the ortho-position to the nitro group in the
starting material and the product. After extraction, a yellow solid was obtained.
The crude yield was 15%. Due to the low conversion rate and yield, another test
reaction was performed. The reaction was carried out with the same reaction
conditions, with the addition of 0.1 equivalents of KI as nucleophilic catalyst. The
reaction had 42% conversion after 24 hours and crude yield of 25%.

Based on the significant increase in both conversion and crude yield with the addi-
tion of KI, further test reactions with KI were carried out. The test reactions were
performed at 60, 80 and 100 ℃. The conversion at 24 hours and crude yields are
reported in Table 2.1.

Table 2.1: Conversion after 24 hours and crude yield of test reactions.

Temperature [℃] Conversion [%] Crude Yield [%]

60 89 58
80 >95 78
100 >95 64
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When a satisfactory conversion rate and crude yield was obtained, a scale up reac-
tion was performed. It was carried out at 80 ℃, since the test reaction at 80 ℃ had
full conversion and the highest crude yield. The reaction was carried out in a 2.77
g scale and was stopped after 24 hours with >95% conversion. A off-white were
obtained in a 43% yield. A similar reaction, between (bromomethyl)cyclohexane
and N -(4-hydroxyphenyl)acetamide with the same equivalents of base and nucle-
ophilic catalyst at room temperature, has previously been performed by Yang et
al. in 26% yield. [57]

2.1.2 Synthesis of Compounds (R)-3 and (S)-3
Compounds (R)-3 and (S)-3 were synthesized by nucleophilic aromatic substitu-
tion between 1-fluoro-4-nitrobenzyl and (R)-1-phenylethan-1-ol and (S )-1-phenylethan-
1-ol, respectively. The reaction was carried out with Cs2CO3 as the base in DMF.
The reaction conditions are presented in Scheme 2.1.2

Scheme 2.1.2: Nucleophilic aromatic substitution between (R)-1-phenylethan-1-ol and 1-fluoro-
4-nitrobenzyl

To investigate how different temperatures, solvents and bases affected the reaction
rate, a series of test reactions were conducted with 1-fluoro-4-nitrobenzyl and (R)-
1-phenylethan-1-ol. The reaction conditions and results from the test reactions are
presented in Table 2.2.

Table 2.2: Reaction conditions and results from the test reactions.

Entry Scale Temperature [℃] Solvent Base Conversion a

[mg] [℃] [%]
2.5 h 24 h

1 100 22 DMF 1.3 eq. NaH 27 -
2 500 65 DMF 1.3 eq. NaH 25 40
3 100 95 ACN 1.2 eq. Cs2CO3 33 53
4 100 95 DMF 2.5 eq. Cs2CO3 55 >95

a The conversion was determined by 1H-NMR using the integral of the protons in the benzylic
position in the starting material and in the product.

The test reactions with NaH / DMF (Entry 1, Entry 2) were slower than that of
reactions employing Cs2CO3 as base. The reactions with NaH / DMF, showed
that higher temperature had no significant impact on the conversion. The increase
of reactivity of Cs2CO3 / ACN (Entry 3) as compared to NaH / DMF (Entry
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1, Entry 2), may be due to the base’s, Cs2CO3, high degree of solubility, and Cs-
alkoxide’s low degree of solvation. [99] The use of Cs2CO3 / DMF (Entry 4), instead
of Cs2CO3 / ACN (Entry 3) showed a major increase in conversion rate. The use of
polar aprotic solvents is known to accelerate the rate of substitution in nucleophilic
aromatic substitutions. [95]

Compound (R)-3 was then synthesized with the reaction conditions of Entry 4 in
Table 2.2. The reaction was carried out in a 1 g scale and stopped after 24 hours
with >95% conversion. After one round of silica-gel column chromatography, the
product was isolated as a orange solid in 82% yield, with a specific rotation of [α]20D
= + 63.70°.

Enantiomer (S)-3 was synthesized with the same method in a 1 g scale. The
reaction was stopped after 24 hours with >95% conversion. After one round of
silica-gel column chromatography a orange solid were obtained. The product was
isolated in 59% yield with specific rotation of [α]20D = - 52.95°.

Compounds (R)-3 and (S)-3 were unstable during mass-spectroscopy analysis.
Both electronspray (ES+) and atmospheric solid analysis probe (ASAP+) high
resolution mass-spectroscopy have been employed. The [M+H] peak was not de-
tected, however the fragments, see Figure 2.2, of the compounds were observed
during ASAP+ HRMS. The presence of the fragments in combination with NMR
analysis, as well as further synthesis, confirms the formation of the compounds.

Figure 2.2: The structure of fragments observed during MS.

2.1.3 Synthesis of Compounds (rac)-, (R)- and (S)-4
Nucleophilic aromatic substitution was performed on 1-fluoro-4-nitrobenzene and
rac-, (R)- and (S )-2,2,2-trifluroro-1-phenylethanol. The reaction conditions are
presented in Scheme 2.1.3.

Scheme 2.1.3: Nucleophilic aromatic substitution between 2,2,2-trifluroro-1phenylethanol and
1-fluoro-4-nitrobenzyl
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A test reaction with the racemate was carried out in a 200 mg scale with the
reaction conditions found in the optimization of the synthesis of compound (R)-3.
1H-NMR analysis showed >95% conversion after 2.5 hours. The addition of the
-CF3 group, as compared to the methyl group in compound (R)-3, had a major
increase in reactivity. This is probably due to the electron withdrawing effect of
the -CF3 group, which makes the adjacent proton substantially more acidic.

TLC of the test reaction showed that by-products were formed. The by-products
made the purification and isolation of the desired product difficult. Extraction
with EtOAc and saturated NaHCO3 brine did not remove the formed by-products
from the reaction mixture. The product was isolated by one round of silica-gel
column chromatography. The column employed an eluent gradient that started
at 98% n-pentane and 2% EtOAc composition, which was gradually increased to
90% n-pentane and 10% EtOAc. During the silica-gel column a lot of tailing and
some overlapping between the desired product and by-products were observed. The
product was isolated pure at the cost of the yield, as a colourless oil. The yield of
the reaction was 38%. The by-products formed in the synthesis were not isolated
or further investigated.

Compounds (rac)-4, (R)-4, (S)-4 were synthesized in scale up reactions with (R)-
, (S )-, and 2,2,2-trifluroro-1-phenylethanol, carried out with 2.5 eq. of Cs2CO3 and
DMF at 96℃. 1H-NMR analysis showed that reactions achieved high to full, >95%,
conversion after 2-3,5 hours. The products were isolated as pale yellow crystals.
The scale, reaction time and results of the scale up reactions are presented in Table
2.14

Table 2.3: Results of the synthesis of compounds (rac)-4 - (S)-4 through SNAr reactions. All
reactions were carried out in DMF at 96 ℃, with Cs2CO3 as base.

Product Stereochem. Scale RX time Conv.a Yield Mp [α]20D
[g] [h] [%] [%] [℃] [°]

(rac)-4 rac 2.0 2.5 >95 48 67.1-68.8 -
(R)-4 (R) 0.78 2 >95 61 83.4-85.0 -39.57
(S)-4 (S ) 1.5 3.5 94 71 66.9-70.3 45.58

a Conversion was determined by 1H-NMR using the integral of the proton in the benzylic position
in the starting material and in the product.

The issues with the work up were still apparent in the scale up reactions. How-
ever, there was less formation of by-products in the synthesis of the enantiomers,
compared with the racemate.

In the 1H-NMR-specter of the purified compound (S)-4, some impurities affiliated
with the unreacted 2,2,2-trifluoro-1-phenylethanol were observed, equivalent to 6%
of the product. Compound (S)-4 was not further purified due the difficult silica-
gel column chromatography. The further purification was not performed, since the
remaining alcohol would not affect the subsequent synthetic steps, and the work
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up in latter synthetic steps were much simpler.

2.1.4 Summary of Ether Synthesis
Ether synthesis has been performed through Williamson ether synthesis and nucle-
ophilic aromatic substitution. The Williamsons reaction was performed between
4-nitrophenol and (bromomethyl)cyclohexane. SNAr reactions were performed be-
tween 1-fluoro-4-nitrobenzene and various benzylic alcohols. Table 2.4 gives a sum-
mary of the results from the ether syntheses.

Table 2.4: Summary of the results from the ether syntheses. The Williamson ether synthesis
was carried out in DMF at 80 ℃, with K2CO3 as base and catalytic amount of KI.
All the SNAr reactions were carried out in DMF at 95 ℃, with Cs2CO3 as base.

Prod. Scale Rx time Conv.a Yield State Mp.
[g] [h] [%] [%] [℃]

2 2.77 24 >95 43 Off-white 43.6-44.7
solid

(R)-3 1.0 24 >95 82 Orange 45.6-47.8
solid

(S)-3 1.0 24 >95 59 Orange 43.1-45.4
solid

(rac)-4 0.20 2.5 >95 38 Colourless -
oil

2.0 2.5 >95 48 Pale yellow 67.1-68.8
crystals

(R)-4 0.78 2 >95 61 Pale yellow 83.4-85.0
crystals

(S)-4 1.5 3.5 >95 71 Pale yellow 66.9-70.3
crystals

a Conversion was determined by 1H-NMR using the integral of the proton in the benzylic position
in the starting material and the product.

The Williamson ether synthesis had a moderate yield, however higher than ex-
pected from previously reported yields. [57] Overall, the SNAr reactions achieved
varying yields. To improve SNAr ether synthesis, the base and solvent system re-
quires further development. Each substituent in the reagents affects the reactivity
towards the reaction distinctly. More tailored reaction conditions may limit the
formation of by-products. The general work up of the ether syntheses may also be
improved.
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2.2 Reduction of Nitro-aromatics
The anilines used in amination of C-4 carbon, in the target compounds, were
finalized through the reduction of the nitro group. The reaction conditions for
selective reduction of nitro arenes with an ether group present, were established in
the pre-Master project. [127] These conditions resulted in high yields and fairly easy
work up. The method utilized was 3 equivalents iron powder and 9 equivalents
ammonium chloride in aqueous ethanol, illustrated in Scheme 2.2.1. The pre-
master project showed that the presence of 30% water was crucial for the reaction
to proceed with a decent rate. [127]

Scheme 2.2.1: General reaction conditions for the reduction of nitro arenes with an ether group
present.

2.2.1 Synthesis of Compound 5
The cylohexyl derivative 5 was synthesized by reduction of compound 2. The
reaction was carried out with iron powder and NH4Cl. The reaction conditions are
presented in Scheme 2.2.2

Scheme 2.2.2: Reaction conditions of the reduction of compound 2

The reaction was carried out twice, in 500 mg and 1.5 g scale. Both reactions
reached full conversion according to TLC, after 3 hours. The work up for the 500
mg scale reaction consisted of filtration through celite with 50/50 ethanol and water
and extraction with EtOAc and water.

In the crude product of the 1.5 g scale reaction, by-products, not present in the
crude product of the 500 mg scale, were observed on TLC and in crude 1H-NMR
analysis. The presence of by-products added additional steps to the purification.
After filtration and extraction, the product was purified through one round of
silica-gel column chromatography. The products from both reactions were isolated
as brown solids. The product from the 500 mg scale parallel was isolated in 95%
yield, while the product from the 1.5 g scale parallel was isolated in 62% yield.
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The major difference in yield between the two different parallels is due to a com-
bination of formation of by-products at the cost of the desired product and loss
of product on the silica-gel column. The loss of product on the silica-gel column
occurred through tailing due to crystallization of the product on the silica.

2.2.2 Synthesis of Compounds (R)-, (S)-6 and (rac)-, (R)-,
(S)-7

Compounds (R)-, (S)-6 and (rac)-, (R)-, (S)-7 were synthesized through re-
duction of the nitro derivatives (R)-, (S)-3 and (rac)-, (R)-, (S)-4 respectively.
The reductions were carried out applying the iron powder and NH4Cl reducing
system. The reactions are presented in Scheme 2.2.3.

Scheme 2.2.3: Reduction reactions with the nitro arene substrates ((R)-3-(S)-4).

1H-NMR analysis showed that all the reactions reached full conversion, >95%, after
1.5 - 3.5 hours. The conversion was calculated from the integral of protons in the
benzylic position in both the product and the starting material. The work up of the
reactions consisted, as in Section 2.2.1, by filtration through celite and extraction.
The products were isolated as brown oils. The scales, results and reaction times of
the reactions are presented in Table 2.5.

35



Chapter 2. Results and Discussion

Table 2.5: Results from the synthesis of compounds (R)-, (S)-6 and (rac)-, (R)-, (S)-7
through selective reduction of nitro arenes. All reactions were carried out in EtOH
/ water with the reducing system of Fe powder/ NH4Cl.

Substrate Prod. Stereochem. Scale Rx time Conv.a Yield [α]20D
[g] [h] [%] [%] [°]

(R)-3 (R)-6 (R) 0.70 3.5 >95 62 52.80
(S)-3 (S)-6 (S ) 0.80 3.5 >95 59 -60.57

(rac)-4 (rac)-7 (rac) 0.99 1.5 >95 79 -
(R)-4 (R)-7 (R) 0.50 2.0 >95 85 -72.71
(S)-4 (S)-7 (S ) 1.03 2.5 >95 86 82.93

a Conversion was determined by 1H-NMR using the integral of the proton in the benzylic position
in the starting material and in the product.

2.3 Amination
Nucleophilic aromatic substitution was used to add the anilines, formed in the pre-
vious synthetic steps, at the C-4 position in thienopyrimidine 1. The synthesis was
based on the work of Bugge et al. for similar compounds. [46] In the pre-Master
project, the reaction conditions of C-4 amination of thieno[2,3-d ]pyrimidines through
nucleophilic aromatic substitution were evaluated. [127] The SNAr reaction was
performed with various substituted anilines and diverse substituted thieno[2,3-
d ]pyrimidines. The general reaction conditions employed with C-4 amination is
given in Scheme 2.3.1.

Scheme 2.3.1: The general reaction conditions for the amination of thienopyrimidine 1 with
aniline substrates.

2.3.1 Synthesis of Compound 8
Compound 8 was synthesized through nucleophilic aromatic substitution of aniline
5 to thienopyrimidine 1. The reaction was carried out in i -PrOH at 80 ℃ with
DIEPA as co-base, see Scheme 2.3.2.
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Scheme 2.3.2: Selective amination of thienopyrimidine 1 with aniline 5.

The reaction, performed in a 346 mg scale, reached >95% conversion after 4 hours.
The conversion was calculated from 1H-NMR analysis by the integral of the proton
at C-2 position in the product and in the starting material. The product was
isolated through one round of silica-gel column, starting out with 9 : 1 [ n]-pentane
/ EtOAc eluent composition. However, when crystallisation of the product on the
silca was observed, the product was flushed out with 100% EtOAc. Compound 8
was isolated as an off-white solid, in a 48% yield, with HPLC purity of 99% and a
melting point of 189.5 - 190.1 ℃.

2.3.2 Synthesis of (R)-9 and (S)-9
The 1-phenylethylamine containing compounds (R)-9 and (S)-9 were synthesized
through selective nucleophilic aromatic substitution using thienopyrimidine 1 and
aniline (R)-6 and (S)-6 respectively, see Scheme 2.3.3. The reactions were carried
out in 130 mg scale.

Scheme 2.3.3: The reaction conditions for the amination of thienopyrimidine 1 with aniline
substrates (R)-6 and (S)-6.

1H-NMR analysis showed that the reactions reached >95% conversion after 4 - 4.5
hours. The conversion was calculated from 1H-NMR analysis by the integral of
the proton at the C-2 position in the product and in the starting material. The
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products were isolated as light brown solids, after two rounds of silica-gel column
chromatography.

Purification of compound (R)-9 consisted of two rounds of silica-gel column chro-
matography. The first silica-gel column employed 1:1 of n-pentane and EtOAc as
the eluent giving good separation on TLC. The good separation on TLC did not
transfer to the silica-gel column. To obtain better separation, the retention was
increased by increasing the amount of non polar solvent in the eluent composition
too 7 : 3 n-pentane / EtOAc. Compound (R)-9 was isolated in a 32% yield, with
HPLC purity of 99%, a melting point of 156.7-157.7 ℃, [α]20D of 45.92° and EE(%)
of 99.

To mitigate the need for two rounds of silica-gel column chromatography during
purification of compound (S)-9, the amount of non polar solvent in the eluent
composition was increased to 3 : 2 n-pentane / EtOAc for the first column. How-
ever, there were still some impurities in the product after the first silica-gel column.
Another round of silica-gel column chromatography, with 4 : 1 n-pentane / EtOAc,
was employed to ensure high purity of the product. Compound (S)-9 was isolated
in a 41% yield, with HPLC purity of 99%, a meltingin point of 157.9-158.6 ℃, [α]20D
of -37.85° and EE(%) of 99.

2.3.3 Synthesis of Compounds (rac)-, (R)- and (S)-10
Nucleophilic aromatic substitution was performed on thienopyrimidine 1 with the
anilines (rac)-7 - (S)-7, to synthesize trifluoro derivatives (rac)-10 - (S)-10, see
Scheme 2.3.4. The reactions were conducted in 100 mg and 200 mg scale.

Scheme 2.3.4: The reaction conditions for the amination of thienopyrimidine 1 with aniline
substrates (rac)-10 - (S)-10.

1H-NMR analysis showed that the reactions reached full conversion, >95%, after
6 - 24 hours. All products were isolated, by one round of silica-gel column chro-
matography, as off-white solids. All the compounds had HPLC purity of >96%.
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The scale and results from the reactions are presented in Table 2.6. The specific ro-
tation, enantiomeric excess and melting point of the isolated compounds are given
Table 2.7.

Table 2.6: Results from the synthesis of Compounds (rac)-10-(S)-10 through amination of
thienopyrimidine 1 with aniline substrates (rac)-7 - (S)-7. All reactions were carried
out in i-PrOH 80 ℃, with DIEPA as co-base.

Substrate Prod. Stereochem. Scale Rx time Conv.a Yield Purityb
[mg] [h] [%] [%] [%]

(rac)-7 (rac)-10 (rac) 200 6 >95 51 96
(R)-7 (R)-10 (R) 100 6.5 >95 56 99
(S)-7 (S)-10 (S ) 200 24 >95 52 99

a Conversion was determined by 1H-NMR analysis of the integral of the proton at C-2 position
in the product and in the starting material.
b Purity was determined by the method described in Section 4.1.2.

Table 2.7: Melting point, specific rotation and enantiomeric excess of compounds (rac)-10-
(S)-10.

Compound Mp. [α]20D EE(%)a
[℃] [°]

(rac)-10 199.7 - 200.6 - -
(R)-10 174.9 - 176.5 -61.49 96
(S)-10 173.8 - 175.8 61.82 97

a EE(%) were determined by method 1 described in Section 4.1.2.

The overall yield of the reactions were fairly similar, however the conversion time
was a lot slower for compound (S)-10. This may be due to the presence of the
impurity, from the synthesis of compound (S)-4, in the starting aniline (S)-7.

2.3.4 Loss of Product during Amination
The amination of thienopyrimidine 1 with various anilines (5 - (S)-7), achieved
mediocre yields. The amination reaction of similar compounds has been performed
by Bugge et al., with slightly basic and thermal reaction conditions, in >80%
yields. [46] The amination of similar compounds has also been done by Kurup et al.,
in acidic conditions, in >80% yield. [100]. To investigate the loss of product during
the amination, compound 11 from the pre-Master project was synthesized again,
see Scheme 2.3.5. The reaction was carried out in a 1 gram scale.
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Scheme 2.3.5: The reaction condition for the amination of thienopyrimidine 1 with 4-
(benzyloxy)aniline hydrochloride.

The reaction reached full conversion after 6.5 hours. After no further work up than
concentration of the reaction mixture in vacuo, a 1H-NMR assay was recorded.
The assay 1H-NMR was recorded with 4-chlorothieno[2,3-d ]pyrimidine as standard,
presented in Figure 2.3. The assay was used to determine whether or not the loss
of product occurred during the reaction or in the work up.
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Figure 2.3: Assay NMR of the crude product of the reaction, with 4-chlorothieno[2,3-
d ]pyrimidine as standard.

1H-NMR analysis of the integral of the proton at C-2 position in the product 11
and the standard, was used to determine the percentage of product in the crude
mixture. The assay value obtained was 58 wt% of product in the crude, which
correlates to 116% yield of compound 11. The obvious deviation in yield from
the theoretical value may be due to differences in the relaxation times for different
protons during NMR analysis, which affect the intensities of the proton peaks. The
1H-NMR assay strongly indicated that no product was lost during the reaction,
therefore the loss of product is assumed to occur during the work up.

Each step of the work up was investigated to discover where the loss of product
occurred. The silica-gel column chromatography step was performed on a part
of the crude reaction mix. Extraction was not carried out prior to the silica-gel
column chromatography, in contrast to the other amination reactions. The silica
gel column removed all UV active impurities and the purification occurred without
any substantial loss of product. However, the silica-gel column did not remove
any of the HCl salt formed in the reaction. Since there was no significant loss of
product, the silca-gel step was repeated on the rest of the crude product. The
repeated step achieved the same outcome, which made the main suspect for the
loss of product the extraction.

The final step to be investigated was extraction of HCl salt. The crude product
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was partitioned between EtOAc and (aq.) NaHCO3. The organic phase was dried
over Na2SO4 and filtrated. The product was isolated in a 81% yield. There was
some loss of product during the final step of the work up, but less than expected.
In the pre-Master project, compound 11 was synthesized in 37% yield. [127] Further
investigation is needed to determine if it was the pH variation by the HCl salt,
during silica gel column chromatography, that resulted in no loss on the column.
Alternatively the investigation may confirm that the product was lost during the
extraction.

2.3.5 Summary of Amination
Thienopyrimidine 1 has been selectively aminated in C-4 position with a number
of anilines. A summary of the results is presented in Table 2.8

Table 2.8: Summary of the results achieved in the amination reactions. All reactions were
performed in i-PrOH at 80 ℃, with DIEPA as co-base.

Prod. Scale Rx time Conv.a Yield State Purity Mp.
[mg] [h] [%] [%] [%] [℃]

8 350 4 >95 48 Off-white 99 189.5-190.1
solid

(R)-9 130 4 >95 32 Light brown 99 156.7-157.7
solid

(S)-9 130 4.5 >95 41 Light brown 99 157.9-158.6
solid

(rac)-10 200 6 >95 51 Off-white 96 199.7-200.6
solid

(R)-10 100 6.5 >95 56 Off-white 99 174.9-176.5
solid

(S)-10 200 24 >95 52 Off-white 99 173.8-175.8
solid

11 1000 6.5 >95 81 Off-white 99 174.9-177.6
solid

a Conversion was determined by 1H-NMR analysis of the integral of the proton at C-2 position
in the product and in the starting material.
b Purity was determined by the method described in Section 4.1.2.

Overall, the products were isolated in mediocre yields. There was no formation of
by-products or loss of product during the reaction itself. The loss of product dur-
ing the SNAr amination occurred during the work up. The yield was significantly
increased by performing the silica-column chromatography first and then the ex-
traction. To improve the amination reaction, the work up method needs further
development.
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2.4 Suzuki-Miyaura Cross-Coupling
The final step in the synthetic route towards the target compounds was Suzuki-
Miyaura Cross-Coupling. The Suzuki reaction was performed to create Sp2-Sp2

couplings at C-6 in the target compounds. The reactions were carried out between
boronic acids and a number of thienopyrimidines.

2.4.1 Synthesis of Compounds 12-15
The Suzuki reactions were performed with thienopyrimidines 8, (rac)-10, (S)-10
and 11 and phenyl- or 3-pyridinylboronic acid. The reactions were carried out
in 1,4-dioxane and water at 80 ℃, with K2CO3 as base. The catalyst employed
during the reactions was Pd(dppf)Cl2. All reactions achieved full conversion after
15 minutes - 2.5 hours. Conversion was determined from the 1H-NMR integrals of
the N-H protons of both products and starting materials. The compounds were
isolated as off-white solids, after one round of silica-gel column chromatography.
The scale, reaction time and results of the Suzuki cross-couplings are presented in
Table 2.9
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Table 2.9: The results of the Suzuki-Miyaura cross-couplings. All reactions were carried out in
1,4-dioxane / water at 80 ℃, with K2CO3 as base and Pd(dppf)Cl2 as catalyst.

Substrate Prod. R2 Scale Rx time Yield Puritya Mp.
[mg] [min] [%] [%] [℃]

11 12 75 20 67 99 211.2-211.4

11 13 75 15 64 99 216.2-218.1

8 14 100 150 27 99 224.2-226.2

(rac)-10 (rac)-15 100 15 88 99 217.7-218.6

(S)-10 (S)-15 100 20 90 99 166.7-167.8
a Purity was determined by the method described in Section 4.1.2.

Compound (S)-15 had a specific rotation, [α]20D , of 53.30 ° and an enantiomeric
excess, EE(%), of 99. The Suzuki reactions achieved overall high yields, except
for compound 14. The work up for the reactions was fairly facile. The cross-
coupling with compound 8 was significantly slower compared to the other reac-
tions. Compound 14 was also isolated in a considerably less yield. The presence of
cyclohexane, in the molecule had major impact on the reactivity during the Suzuki
reaction. The Suzuki cross-coupling may benefit from employing an alternative
palladium-catalyst.
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2.5 Determination of Enantiomeric Purity
Throughout the synthesis of enantioenriched compounds in this thesis, the specific
rotation of enantiomeric pairs has had some deviation in absolute values. To ensure
that racemization has not occurred during the synthetic steps, enantiomeric purity
was determined using HPLC equipped with chiral stationary phases. The chiral
analyses of C-6 bromide substituted target compounds were carried out with a
ChiralCel OD column and i -PrOH:n-hexane (1:9) as mobile phase. This method
had a relatively short rentention time and a resolution factor of Rs>3.5 for the
racemic mixtures.

For the C-6 aryl substituted thienopyrimidines, the same method as for the bromide
substituted substrates, did not give sufficient separation. To try to improve the
separation, the ChiralCel OD column was exchanged with a LUX 5u Cellulose-1
column, without success. The retention time increased drastically and the enan-
tiomers coeluted. Finally, sufficient separation was obtained by the eluent composi-
tion, EtOH (with 0.1% TFA):n-hexane (5:95) and with the ChiralCel OD column.
This method of HPLC obtained Rs of 3.88, however the retention time was far from
optimal. The enantiomeric excess for all the analyzed compounds was greater than
96%. EE(%)>96 confirms that the compounds are enantiomeric pure and that
racemization did not occur, despite the reported specific rotations. The EE(%)
of the compounds are specified in the sections discussing the synthesis of the spe-
cific compounds. The chromatograms for Compounds (R)-,(R)-9, (rac)-, (R)-,
(S)-10, (rac)-15 and (S)-15 can be found in Appendix .2.

2.6 Structure Elucidation
To identify compounds which are not referenced in literature, structure elucidation
was performed. Structure characterisation and assigning of shifts to the atoms in
the compounds were assigned by 1D-NMR and 2D-NMR. The NMR-spectroscopy
utilized to determine the chemical shifts was 1H-, 13C-,19F-NMR, 1H-1H COSY,
1H-13C HSQC and 1H-13C HMBC. To validate the structures obtained from NMR
analysis, high resolution mass spectroscopy (HRMS) was performed. Infrared (IR)
spectroscopy was carried out to identify the common vibrational modes of the
functionality in the different compounds. This section addresses the structure
elucidation for each compound series. All spectra used in the structure elucidation
can be found in Appendix .1.

The chemical shifts of solvents and some common impurities in DMSO-d6 are given
in Table 2.10
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Table 2.10: 1H-NMR and 13C-NMR shifts of solvent and common impurities in DMSO-d6. [128]

1H [ppm] 13C [ppm]

DMSO-d6 2.50 39.52
H2O 3.33 (s) -
Grease 0.82-0.88 (m), 1.24 (s) -
EtOAc 1.17 (t), 1.99 (s), 4.03 (q) 14.5, 20.7, 59.7, 170.3

2.6.1 Nitro and Amine Compounds
Throughout the general synthesis series, there are changes in chemical shifts that
are true for all target compounds series. During the synthesis of substrate anilines,
the chemical shifts in position 3,4 and 5 decreased. The higher chemical shifts of
the nitro compounds at position 3 and 5 are caused by the electron withdrawing
nitro group. This reduces the electron density of the aromatic ring and causes
deshielding. Reduction converts the electron withdrawing nitro group to the elec-
tron donating amine group. The atoms in position 3, 4 and 5 are now shielded.
This also affects the carbon shifts in position 3 and 5.

Through reduction the 1H-shift values in position 3 decreases from 8.12-8.20 ppm
to 6.42-6.62 ppm. The 1H-shifts in position 4 decreased from 7.11-7.27 ppm to
6.42-6.49 ppm. The 13C-shifts in position 3 and 5 decreased from 125.8-125.9 and
160.6-164.2 ppm to 115.3-117.3 and 147.0-150.2 ppm respectively. In addition, by
reducing the nitro groups to amine groups, a new 1H-shift will be introduced in po-
sition 1. The chemical shifts in position 7 varies based on the chemical environment
created by substituents.

2.6.2 Compound 2 and 5
The assigned 1H and 13C-NMR shifts for compound 2 and 5 are presented in Table
2.11. The spectroscopic data for the compounds are given in Appendix .1.1 and
.1.7.

The chemical shifts of compounds 2 and 5 follows the change in chemical shifts
described above, for nitro and amine compounds. The chemical shifts in position
7 are significant lower for the cyclohexyl derivatives compared to the benzylic
derivatives. This is due to the aliphatic chemical environment of the cyclohexyl.
The protons corresponding to the carbon shifts in the cyclohexane are split into two
chemical shifts, due to the different chemical environments of axial and equatorial
protons. The chemical shifts of the axial protons are significantly lower than for
the equatorial protons.
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Table 2.11: 1H-NMR and 13C-NMR shifts for compound 2 and 5 respectively, obtained at 600
MHz and 150 MHz. DMSO-d6 was used as solvent for both compounds.

1H [ppm] 13C [ppm]
Pos. 2 5 2 5

1 - 4.56 (s, 2H) - -
2 - 140.6 142.2

3 8.19 6.62 125.9 115.3(d, 3J =9.3 Hz, 2H) (d, 3J =8.8 Hz, 2H)

4 7.14 6.49 115.0 114.9(d, 3J =9.3 Hz, 2H) (d, 3J =8.8 Hz, 2H)

5 - - 164.2 150.2
6 - - - -

7 3.93 3.61 73.6 73.4(d, 3J =6.3 Hz, 2H) (d, 3J =6.4 Hz, 2H)

8 1.76 (m, 1H) 1.65 (m, 1H) 36.9 37.2

9 1.79 (m, 2H) 1.78 (m, 2H) 29.0 29.4/ 1.06 (m, 2H) / 0.99 (m, 2H)

10 1.71 (m, 2H) 1.70 (m, 2H) 25.2 25.3/ 1.24 (m, 2H) / 1.21 (m, 2H)

11 1.64 (m, 1H) 1.63 (m, 1H) 25.9 26.1/ 1.17 (m, 1H) / 1.16 (m, 1H)

2.6.3 Compounds (R)-, (S)-3 and (R)-, (S)-6
The assigned 1H and 13C-NMR shifts for the nitro substrates (R)-3 are presented
in Table 2.12, and the assigned 1H and 13C-NMR shifts for the aniline compound
(R)-6 are given in Table 2.13. The spectroscopic data for the compounds (R)-,
(S)-3, (R)- and (S)-6 is given in Appendix .1.2 - .1.3 and .1.8 - .1.9. All NMR-
spectra are recorded using DMSO-d6 as solvent.
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Table 2.12: 1H-NMR, 13C-NMR shifts for compound (R)-3 and (S)-3 respectively, obtained
at 600 MHz and 150 MHz. DMSO-d6 was used as solvent.

1H [ppm]
13C [ppm]

Pos. (R)-3 (R)-3

1 - -
2 - 140.7
3 8.12 (d, 3J =9.3 Hz, 2H) 125.7
4 7.11 (d, 3J =9.3 Hz, 2H) 116.1
5 - 162.8
6 - -
7 5.71 (d, 3J =6.4 Hz, 2H) 75.8
8 - 141.8
9 7.42 (d, 3J =7.1 Hz, 2H) 125.7
10 7.36 (t, 3J =7.5 Hz, 2H) 128.7
11 7.27 (t, 3J =7.3 Hz, 1H) 127.8
12 1.59 (d, 3J =6.4 Hz, 3H) 23.8
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Table 2.13: 1H-NMR and 13C-NMR for compound (R)-6, obtained at 600 MHz and 150 MHz,
respectively. DMSO-d6 was used as solvent.

1H [ppm] 13C [ppm]
Pos. (R)-6 (R)-6

1 4.55 (s, 1H) -
2 - 142.5
3 6.61 (d, 3J =8.6 Hz, 2H) 117.0
4 6.42 (d, 3J =8.7 Hz, 2H) 114.7
5 - 148.6
6 - -
7 5.23 (d, 3J =6.3 Hz, 2H) 75.5
8 - 143.7
9 7.36 (d, 3J =7.8 Hz, 2H) 125.8
10 7.31 (t, 3J =7.5 Hz, 2H) 128.3
11 7.23 (t, 3J =8.1 Hz, 1H) 127.1
12 1.48 (d, 3J =6.4 Hz, 3H) 24.1

The chemical shifts of (R)-3 and (S)-3 are identical within 0.01 ppm for the 1H-
shifts and 0.1 ppm for the 13C-shifts. Compounds (R)-6 and (S)-6 have identical
chemical shifts within 0.02 ppm for the 1H-shifts and 0.1 ppm for the 13C-shifts.
The 1H- and 13C-NMR shifts in position 7 varies with the chemical environment
of the adjacent groups. The 1H-shifts in benzylic position are significantly higher
in compounds (R)-3/(S)-3 and (R)-6/(S)-6 compared to the 1H-shifts of the
cyclohexyl compounds. The chemical shifts in (R)-3, (S)-3, (R)-6 and(S)-6
experience the change described in Section 2.6.1, for reduction of nitro substrates
to amine compounds.

2.6.4 Compounds (rac)-, (R)-, (S)-4 and (rac)-, (R)-, (S)-7
The assigned 1H- and 13C-NMR shifts for the nitro substrate (rac)-4 are presented
in Table 2.14, and the assigned 1H- and 13C-NMR shifts for the aniline compound
(R)-6 are given in Table 2.15. The spectroscopic data for the compounds (rac)-,
(R)-, (S)-4 and (rac)-, (R)-, (S)-7 is given in Appendix .1.4 - .1.6 and .1.10 -
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.1.12. All NMR-spectra are recorded using DMSO-d6 as solvent.

Table 2.14: 1H-NMR and 13C-NMR shifts for compound (rac)-4, obtained at 600 MHz and
150 MHz respectively. DMSO-d6 was used as solvent.

1H [ppm] 13C [ppm]
Pos. (rac)-4 (rac)-4

1 - -
2 - 142.1
3 8.19 (d, 3J = 9.3 Hz, 2H) 125.9
4 7.26 (d, 3J = 9.2 Hz, 2H) 116.4
5 - 160.6
6 - -
7 6.58 (q, 3J = 6.4 Hz, 1H) 75.6 (q, 2JCF = 31.9 Hz)
8 - 130.8
9 7.60 (d, 3J = 6.5 Hz, 2H) 128.0
10 7.46 (m, 2H) 130.1
11 7.47 (m, 1H) 129.0
12 - 124.4 (q, 1JCF = 281.2 Hz)

The 19F-NMR shifts of position 12 in compounds (rac)-4, (R)-4 and (S)-4 are
all -77.80 ppm. The 19F-NMR spectra are recorded at 565 MHz, with DMSO-d6
as solvent and hexafluorbenzene as standard. The chemical shifts of the (rac)-4,
(R)-4 and (S)-4 are identical, within 0.02 ppm for 1H-shifts and 0.2 ppm for the
13C-shifts.
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Table 2.15: 1H-NMR and 13C-NMR shifts for compound (rac)-7 obtained at 600 MHz and 150
MHz respectively. DMSO-d6 was used as solvent.

1H [ppm] 13C [ppm]
Pos. (rac)-7 (rac)-7

1 4.72 (s, 2H) -
2 - 143.9
3 6.71 (d, 3J =8.9 Hz, 2H) 117.3
4 6.44 (d, 3J =8.9 Hz, 2H) 114.5
5 - 147.1
6 - -
7 5.91 (q, 3J =6.8 Hz, 1H) 76.9 (q, 2JCF = 30.8 Hz)
8 - 132.6
9 7.55 (d, 3J =6.4 Hz, 2H) 128.1
10 7.41 (m, 2H) 129.4
11 7.42 (m, 1H) 128.5
12 - 124.9 (q, 1JCF = 282.2 Hz)

The 19F-NMR shifts of position 12 in compounds (rac)-7, (R)-7 and (S)-7 are
all -77.76 ppm. The chemical shifts of (rac-, (R) and (S)-7 are identical within
0.03 ppm for the 1H-shifts and 0.2 ppm for the 13C-shifts.

The introduction of -CF3 group in position 12 has major effect on the chemical
shifts in position 7 and 12. Due to coupling to three fluoro atoms, the carbons in
position 7 and 12 are observed as quartets in 13C-NMR. The coupling constants
of the 13C-shifts in the 7th position is in the range 30.3 - 32.5 Hz. The coupling
constants of the 13C-shifts in the 12th position varies in the range 280.0 - 282.3 Hz,
for compounds (rac)-4 - (S)-4 and (rac)-7 - (S)-7. In addition to the splitting
of the 13C-shifts the introduction of CF3 increased the 1H-shifts in position 7 of the
nitro substrates compared to that of the compounds with methyl group. This is
caused by the electron withdrawing effect of CF3 and the subsequent deshielding.
The addition of CF3 contributed to a small increase in the chemical shifts of the
adjacent phenyl ring.
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The change in chemical shifts between the nitro substrates and the amines fol-
lows the description in Section 2.6.1. In addition, the 1H-shifts in 7th position of
compounds (rac)-4, (R)-4 and (S)-4 decreases after reduction.

2.6.5 Amination
As for the reduction reaction, there are changes in chemical shifts that occur after
amination, in all of the target compound series. The 1H-shifts of the amine function
increases drastically. The amine shifts jump form the range 4.55-4.72 to 9.46-9.54
ppm. This is caused by the coupling to the electron deficient pyrimidine group.

The shielding effect of secondary amines is weaker than for primary amines. The
change from primary amine to secondary amine during amination, affects the chem-
ical shifts in position 12, 13 and 14, which corresponds to position 3,4 and 5 in the
aniline substrates. Less shielding by the amine group causes the observed increase
in chemical shifts in position 12, 13 and 14.

In addition, the 13C-shifts in position 11 decreases from the amination. The chem-
ical shifts of the ether moiety of the compounds, remains mostly unaffected by the
amination reaction. The addition of thienopyrimidine in the compounds introduces
two new 1H-shifts in position 2 and 5.

2.6.6 Compounds (R)- and (S)-9
The assigned 1H and 13C-NMR shifts for the compound (R)-9 are presented in
Table 2.16. The spectroscopic data for compounds (R)- and (S)-9 is given in
Appendix .1.14 and ??. All NMR-spectra are recorded using DMSO-d6 as solvent.
The chemical shifts of the (R)-9 and (S)-9 are identical, within 0.02 ppm for the
1H-shifts and 0.1 ppm for the 13C-shifts. Compounds (R)-9 and (S)-9 follows the
general transformation, described in Section 2.6.9, for aminated compounds.
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Table 2.16: 1H-NMR and 13C-NMR shifts for compound (R)-9, obtained at 600 MHz and 150
MHz respectively. DMSO-d6 was used as solvent.

1H [ppm] 13C [ppm]
Pos. (R)-9 (R)-9

1 - -
2 8.37 (s, 1H), 153.7
3 - -
4 - 153.6
5 7.96 (s, 1H) 122.6
6 - 110.5
7 - -
8 - 167.0
9 - 117.3
10 9.46 (s, 1H) -
11 - 131.6
12 7.53 (d, 3J =9.0 Hz, 2H) 123.4
13 6.92 (d, 3J =9.0 Hz, 2H) 115.8
14 - 153.9
15 - -
16 5.49 (q, 3J =6.1 Hz, 2H) 74.9
17 - 143.0
18 7.42 (d, 3J =7.7 Hz, 2H) 125.7
19 7.34 (t, 3J =7.8 Hz, 2H) 128.5
20 7.25 (t, 3J =7.3 Hz, 1H) 127.4
21 1.56 (d, 3J =6.4 Hz, 3H) 24.2
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2.6.7 Compounds 11, 12 and 13
The assigned 1H- and 13C-NMR shifts for the compounds 11 and 12 are presented
in Table 2.17. The assigned 1H- and 13C-NMR shifts for compound 13 are given
in Table 2.18 The spectroscopic data for the compounds is given in Appendix .1.19
- .1.21. All NMR-spectra are recorded using DMSO-d6 as solvent. The chemical
shifts of compound 11 follows as describe in Section .

54



2.6 Structure Elucidation

Table 2.17: 1H-NMR and 13C-NMR shifts for compounds 11 and 12 respectively, obtained at
600 MHz and 150 MHz. DMSO-d6 was used as solvent for both compounds.

1H [ppm] 13C [ppm]
Pos. 11 12 11 12

1 - - - -
2 8.41 8.43 153.8 153.5
3 - - - -
4 - - 153.7 154.6
5 8.01 8.23 122.7 115.3
6 - - 110.5 138.9
7 - - - -
8 - - 167.0 165.8
9 - - 117.4 118.0
10 9.53 9.58 - -
11 - - 131.9 132.2
12 7.63 7.71 123.5 123.2
13 7.05 7.07 114.8 114.8
14 - - 154.8 154.7
15 - - - -
16 5.11 5.12 69.4 69.4
17 - - 137.2 137.2
18 7.46 7.48 127.7 127.7
19 7.40 7.40 128.5 128.4
20 7.33 7.34 127.8 127.8
21 - - - 133.1
21 - 7.73 - 125.8
23 - 7.53 - 129.5
24 - 7.43 - 128.8
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Table 2.18: 1H-NMR and 13C-NMR shifts for compound 13, obtained at 600 MHz and 150
MHz respectively. DMSO-d6 was used as solvent.

Pos. 1H [ppm] 13C [ppm]

1 - -
2 8.45 (s, 1H) 153.9
3 - -
4 - 154.72
5 8.31 (s, 1H), 116.9
6 - 134.1
7 - -
8 - 166.2
9 - 117.9
10 9.64 (s, 1H) -
11 - 132.0
12 7.70 (d, 3J =9.0 Hz, 2H) 123.3
13 7.07 (d, 3J =9.0 Hz, 2H) 114.8
14 - 154.74
15 - -
16 5.12 (s, 1H) 69.4
17 - 137.2
18 7.48 (d, 3J =7.1 Hz, 2H) 127.7
19 7.41 (t, 3J =7.4 Hz, 2H) 127.8
20 7.34 (t, 3J =7.3 Hz, 1H) 128.4
21 - 129.2
22 8.10 (s, 1H), 133.2
23 7.57 (q, 3J =4.8 Hz, 1H) 124.3
24 8.62 (m, 1H) 149.5
25 - -
26 8.96 (s, 1H) 146.4

After cross-coupling, the exchange of bromide with either phenyl or 3-pyridyl added
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4-6 new chemical shifts to the compounds. The addition of an aromatic group
affected the chemical shifts in position 5 and 6 in the thienopyrimidine ring. The
nature of the 6-aryl group affected the chemical shifts differently, due to the electron
poor nature of 3-pyridyl. In both cases the 1H-shifts increased and the 13C-shifts
decreased in position 5. Exchanging bromide with phenyl increased the 13C-shift
in position 6 significantly. A modest increase in 13C-shift in position 6 was also
observed with addition of 3-pryidyl, in comparison to phenyl.

In the case of 3-pyridyl, the chemical shifts of the heterocycle have significantly
higher chemical shifts for the atoms adjacent to the nitrogen, compared to the
chemical shifts of the phenyl ring. The significant difference is caused by the
electron poor nitrogen.

2.6.8 Compounds 8 and 14
The assigned 1H- and 13C-NMR shifts for compounds 8 and 14 are presented in
Table 2.19. The spectroscopic data for the compounds is given in Appendix .1.13
and .1.22. All NMR-spectra are recorded using DMSO-d6 as solvent. The chemical
shifts of compound 8 follows the change by amination as described in Section .
Compound 14 shows the same changes from cross-coupling with 3-pyridyl that
are described for compound 13 in Section 2.6.7. The 2JCH-

3JCH-coupling in the
cyclohexane moiety of compound 14 were not portrayed in the 1H-13C HMBC
specter. The proton and carbon shifts of the cyclohexane were assigned by the
1H-1H COSY and 1H-13C HSQC interactions.
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Table 2.19: 1H-NMR and 13C-NMR shifts for compound 8 and 14, obtained at 600 MHz and
150 MHz respectively. DMSO-d6 was used as solvent for both compounds.

1H [ppm] 13C [ppm]
Pos. 8 14 8 14

1 - - - -
2 8.40 8.46 153.8 153.9
3 - - - -
4 8.00 8.32 153.6 154.7
5 - - 122.7 116.9
6 - - 110.8 135.1
7 - - - -
8 - - 166.9 166.1
9 - - 117.4 117.8
10 9.50 9.63 - -
11 - - 131.6 131.7
12 7.62 7.69 123.4 123.3
13 6.93 6.98 114.4 114.4
14 - - 155.4 155.3
15 - - - -
16 3.76 3.80 72.9 72.9
17 1.73 1.74 37.1 37.1
18 1.81 / 1.04 1.81/1.05 29.3 29.3
19 1.72 / 1.25 1.72/1.26 25.3 25.3
20 1.65 / 1.16 1.67 /1.19 26.0 26.1
21 - - - 129.2
22 - 8.10 - 133.2
23 - 7.58 - 124.4
24 - 8.62 - 149.5
25 - - - -
26 - 8.97 - 146.4
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2.6.9 Compounds (rac)-,(R)-,(S)-10 and (rac)-,(S)-15
The assigned 1H- and 13C-NMR shifts for the compound (rac)-10 are presented
in Table 2.20. The assigned chemical shifts of compound (rac)-15 are given in
Table 2.21 The spectroscopic data for the compounds (rac)-, (R)-, (S)-10 and
(rac)-, (S)-15 is given in Appendix .1.16 - ??, .1.23 and .1.24. All NMR-spectra
are recorded using DMSO-d6 as solvent. The chemical shifts of (rac)-, (R)-, (S)-
10 are identical within 0.02 ppm for the 1H-shifts and 0.1 ppm the 13C-shifts. The
chemical shifts of the aminated compounds 10 follow the change by amination as
described in Section .

The chemical shifts of (rac)-15 and (S)-15 are identical within 0.01 ppm for
1H-shifts and 0.3 ppm for 13C-shifts. Compounds (rac)-15 and (S)-15 show the
same changes from cross-coupling with 3-pyridyl that are described for compound
13 in Section 2.6.7.
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Table 2.20: 1H-NMR and 13C-NMR shifts for compound (rac)-10, obtained at 600 MHz and
150 MHz respectively. DMSO-d6 was used as solvent.

1H [ppm] 13C [ppm]
Pos. (rac)-10 (rac)-10

1 - -
2 8.39 (s, 1H) 153.7
3 - -
4 - 153.5
5 7.98 (s, 1H) 122.6
6 - 110.7
7 - -
8 - 167.1
9 - 117.4
10 9.52 (s, 1H) -
11 - 133.2
12 7.62 (m, 2H) 123.2
13 7.06 (d, 3J =8.9 Hz, 2H) 116.1
14 - 152.1
15 - -
16 6.26 (q, 3J =8.8 Hz, 1H) 76.0 (q, 2JCF = 31.3 Hz)
17 - 131.9
18 7.60 (m, 2H) 128.0
19 7.45 (m, 2H) 129.7
20 7.46 (m, 1H) 128.7
21 - 124.8 (q, 1JCF = 281.2 Hz)
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Table 2.21: 1H-NMR and 13C-NMR shifts for compound (rac)-15, obtained at 600 MHz and
150 MHz respectively. DMSO-d6 was used as solvent.

1H [ppm] 13C [ppm]
Pos. (rac)-15 (rac)-15

1 - -
2 8.43 (s, 1H) 153.7
3 - -
4 - 154.5
5 8.27 (s, 1H) 116.8
6 - 135.2
7 - -
8 - 166.2
9 - 117.9
10 9.64 (s, 1H) -
11 - 133.4
12 7.67 (d, 3J =7.7 Hz, 2H) 123.2
13 7.08 (d, 3J =7.8 Hz, 2H) 116.1
14 - 152.1
15 - -
16 6.26 (q, 3J =6.2 Hz, 2H) 76.0 (q, 3J =31.5 Hz)
17 - 131.9
18 7.62 (d, 3J =7.6 Hz, 2H) 128.1
19 7.45 (m, 2H) 129.7
20 7.47 (m, 1H) 128.8
21 - 124.8 (q)
22 - 129.2
23 8.08 (d, 3J =8.0 Hz, 1H) 133.2
24 7.55 (m, 1H) 124.4 (q, 3J =282.0 Hz)
25 8.61 149.5
26 - -
27 8.94 (s, 1H) 146.5
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The 19F-NMR shifts of position 12 in compounds (rac)-10, (R)-10 and (S)-10
are all -77.75 ppm. The 19F-NMR spectra are recorded at 565 MHz, using DMSO-
d6 as solvent and utilizing hexafluorbenzene as standard. The 19F-NMR shifts of
compounds (rac)-15 and (S)-15 are both -77.74 ppm.

To showcase how structure elucidation was performed, a detailed description of the
structure elucidation of target compounds (rac)-10 and (rac)-15 is presented.

The chemical shifts were assigned through 1D- and 2D-NMR analysis. The chem-
ical shifts of neighboring protons were assigned from their multiplicity, coupling-
constants and integrals, as well as their 1H-1H COSY interactions. The 13C-shifts
of carbons with directly attached protons, were assigned based on their 1H-13C
HSQC correlation via the 1JCH coupling. The 1H-13C HMBC spectra were used to
validate the findings from the 1H-1H COSY correlations. The 1H-13C HMBC in-
teractions were also used to position protons based on their 2JCH-

3JCH-coupling,
where the 1H-1H COSY interactions were insufficient. The 1H-13C HMBC cor-
relations used to determine the position of protons in compounds (rac)-10 and
(rac)-15 are illustrated in Figure 2.4

Figure 2.4: 1H - 13C HMBC correlations used to assign the position of protons in compounds
(rac)-10 and (rac)-15 respectively.

The chemical shifts of carbons, with no directly coupled protons, were assigned by
their 1H-13C HMBC correlations. The 1H-13C HMBC correlations used to assign
13C-shifts in compounds (rac)-10 and (rac)-15 are showcased in Figure 2.5.
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2.6 Structure Elucidation

Figure 2.5: The HMBC correlations used to assign the position of carbons in compounds (rac)-
10 and (rac)-15 respectively.

Along with the 1H-1H COSY, 1H-13C HSQC and 1H-13C HMBC spectra, numerous
of the 1H- and 13C-shifts are in characteristic ranges, based on their chemical
environment. The chemical shifts in position 2, 4 and 9 correlate with the typical
shift ranges for pyrimidines. The amine group in position 10 in compounds (rac)-
10 and (rac)-15 has the highest 1H-shifts. The carbons in position 8 are between a
nitrogen and a sulfur atom and have the highest 13C-shift in substituted thieno[2,3-
d ]pyrimidines. The chemical shifts of both protons and carbons in position 16 are
in the typical range of a -CH- group adjacent to an oxygen atom. In addition,
the 13C-shifts in position 16 and 21 experience the characteristic splitting of CF3-
coupling. The splitting pattern corresponds to characteristic coupling constants
for both direct C-F coupling and for the adjacent carbon.

The chemical shifts in the phenyl ring are in the characteristic aromatic signature
range. Carbons without directly coupled protons exhibits chemical shifts in the
higher part of the range. The 3-pyridyl ring exhibits chemical shifts characteristic
for heterocycles, where the chemical shifts are higher for the protons and carbons
adjacent to the heteroatom.

2.6.10 Infrared Spectroscopy
The compounds were analyzed with IR-spectroscopy. The structural similarities of
the analyzed compounds cause, the spectra to consist of almost identical absorp-
tion bands. The most important vibration modes, found in the spectra given in
Appendix .1, are presented and discussed in this section.

All analyzed compounds exhibit weak broad peaks between 3200-2900 cm –1 which
corresponds to aromatic C-H stretching. [129] Most of the compounds contains ab-
sorption bands between 3000-2840 cm –1, corresponding to aliphatic C-H stretch-
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ing. All the IR-spectra contain absorption bands corresponding to out-of plane
aromatic C-H bending between 900-650 cm –1. The compounds also exhibit ab-
sorption bands between 1600-1450 cm –1, which equates to skeletal aromatic C-C
and N-C stretching.

The nitro compounds exhibit an additional strong absorption peak within 1600-
1580 cm –1. The additional strong absorption band corresponds to N-O stretching.
A medium absorption band in the region 1650-1580 cm –1 is present in all spectra,
except for the nitro compounds, equating to N-H bending. All the spectra contain
a strong peak between 1260-1220 cm –1, correlating to the C-O stretching of the
ether group.

The spectra of the thienopyrimidine compounds contain an absorption band in
the region 1275-1030 cm –1, corresponding to aromatic C-S stretching. The com-
pounds containing bromine, 8 - 10, exhibit absorption peaks in the region 850-515
cm –1 which correlates to C-Br stretching. The IR-spectra of the CF3 compound
series have an additional strong absorption band in the region 1400-1000 cm –1,
corresponding to C-F stretching.
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2.7 Biological Activity
Based on the assumption that the synthesized compounds could be inhibitors of
HER2 kinase, the HER2 inhibitory effect was evaluated by in vitro enzymatic
assay. A selection of six of the synthesized thienopyrimidines was assayed for their
inhibition at 500 nM test concentration. The ATP level was equal to KM. Each of
the compounds was assayed twice. The results of the assays are presented in Table
2.22.

Table 2.22: The percent inhibition of HER2 at 500 nM test concentration, of the six selected
4-amine substituted thieno[2,3-d ]pyrimidines

Compound Identity Inhibition (%)
Compound NTNU code R1 R2 Assay 1 Assay 2 Average

11 HKB-01-20 26 20 23

(R)-9 HKB-01-71 15 15 15

(S)-9 HKB-01-72 -1 3 1

(R)-10 HKB-01-88 1 2 1

(S)-10 HKB-01-90 8 9 9

(rac)-15 HKB-01-91 11 11 11

The six selected thienopyrimidines had overall low HER2 inhibitor activity. The
parent compound 11 had mediocre inhibition of HER2, average of 23%. From
the testing, introducing a stereocenter in compounds (R)-9, (S)-9, (R)-10 and
(S)-10 obviously reduced the inhibitor activity even further. Thus, the effect of
substitution of the benzylic carbon follows the trend H > (R)-CH3 > (S )-CF3
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> (S )-CH3 > (R)-CF3. Modification of the scaffold structure to increase affin-
ity towards HER2 must therefore be performed elsewhere. This could be other
modifications of the aniline structure where the aromatic phenyl is replaced by the
aliphatic cylcohexane, for which derivatives 8 and 14 has been prepared in this
thesis.

Further, assay of compound (rac)-15 hints that variation of the C-6 substituted
aryl group is another possibility for increasing HER2 affinity. Although compound
(rac)-15 is a racemate, the inhibition is increased as compared to that expected
from the data obtained from compounds (R)-10 and (S)-10.

Cellular studies on selected derivatives are currently on-going. However, these data
did not arrive in time to be included in this thesis.
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In total, 12 novel thieno[2,3-d ]pyrimidine compounds have been synthesized, in-
cluding seven 4-aniline substituted 6-bromo-thienopyrimidines and five 4-aniline
substituted 6-aryl-thienopyrimidines. A selection of six compounds have been as-
sayed for their HER2 inhibition activity.

The synthesis route consisted of preparing 4-alkoxylated anilines through ether syn-
thesis, by either Williamson ether synthesis or nucleophilic aromatic substitution,
and subsequently selective reduction of the nitro arenes. The target compounds
were then formed by basic amination at C-4, followed by Suzuki-Miyaura cross-
coupling at C-6.

The ether synthesis were performed in 38-81% yields. A series of test reactions
showed that the Williamson ether synthesis proceeded best with 1.2 eq. K2CO3
and 0.1 eq. of nucleophilic catalyst KI, at 80 ℃. Another series of experiments
revealed that nucleophilic aromatic substitution of ethers proceeded with fastest
conversion rate using a 2.5 eq. K2CO3/DMF base/solvent system. The selective
reduction of nitroarenes was carried out in high yields, 59-95%.

Selective amination was performed to introduce an aniline substituent, at C-4,
on the thieno[2,3-d ]pyrimidine in moderate yields, 32-56%. By performing the
silica-gel chromatography before the extraction, the purification was easier and the
product was obtained in a significantly higher yield, 81%.

To introduce C-6 aryl substituents, Suzuki-Miyaura cross-coupling was utilized.
The Suzuki reaction proceeded mostly in good yields, 27-90%. The exception was
synthesis of compound 14.
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Biological evaluation of six selected thienopyrimidines (R)-, (S)-9, (R)-, (S)-
10, 11 and (rac)-15, displayed moderate to low inhibitory effect of HER2. The
biological data revealed that introducing a stereocenter at benzylic position, in
the aniline, reduced the activity towards HER2. In addition, the activity data
indicated that introducing a 3-pyridyl at C-6 in the thienopyrimidine increased the
HER2 activity.
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3.1 Future Work
In this Master thesis, 12 new 4-amine substituted thieno[2,3-d ]pyrimidines have
been synthesized. A selection of the synthesized target compounds has been sent
to cellular breast cancer activity testing, beyond HER2 assays. The results from
the breast cancer activity testing may affect the direction of future work on this
project drastically.

The substrate anilines in this thesis were synthesized through ether synthesis and
reduction. The ether synthesis through SNAr reaction, showed promising results
with the base/solvent system Cs2CO3/DMF. However, the syntheses employing
Cs2CO3/DMF formed a lot of byproducts. Han et al. reported that the opti-
mal base/solvent systems for nucleophilic aromatic substitution varied with the
substitutients in the alcohol nucleophile. [37] To ensure less formation of byprod-
ucts, further investigation of the optimal base/solvent for the reagents utilized, is
needed. Avoiding byproduct formation will help with the problematic purification
of the nitro arene ether compounds.

The target compounds were formed through amination and Suzuki cross-coupling.
The mediocre yields in the amination reaction, were due to the work up. The
problems with loss of product seemed to be avoided by reversing the order of the
work up, performing the silica-gel column chromatography first and then extrac-
tion. Further investigation of the loss of product is needed, to confirm whether
or not the product is lost during of the extraction. The loss of product may have
been avoided by the addition of HCl salt, from the reaction, which pH adjusted the
eluent composition used in the silica-gel column. Further investigation may find
that simple pH adjusting of the eluent may increase the yield.

The breast cancer activity study may indicate that the synthesized compounds
inhibit other biological targets than HER2. If the compounds are primarily HER2
inhibitors, the study have provided valuable information for further work. The
testing with stereocenters at benzylic position, for increasing the HER2 activity is
not fruitful. Modifications to the inhibitors must be performed elsewhere in the
compound. The addition of pyridine in C-6 position, increased the HER2 inhibitor
activity. This suggests that modifications to the C-6 aryl are a possible target to
increase the affinity towards HER2.
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Chapter 4
Experimental Procedure

4.1 General Information
All commercially available solvents and reagents were purchased from Sigma Aldrich
and used without any further purification. Compound 1 was previously made by
the research group, and compound 11 was made during the pre-Master project.
When dried solvents were required, they were obtained from MBraun SPS-800
solvent cleaner under N2-atmosphere and stored over molecular sieves (4 Å). If
reactions were carried out above room temperature, an oil bath was utilized to
control the reaction temperature. A magnetic stirrer, coated with a teflon layer,
was employed throughout all reactions.

4.1.1 Separation Techniques
Thin Layer Chromatography

Thin layer chromatography (TLC) was used to observe conversion of the reactions,
as well as optimizing eluent systems utilized in silica-gel column chromatography
purification. During TLC analysis, TLC Silica-gel 60 F254 aluminum plates from
Merck were applied. UV-light (254 nm) was used to visualize TLC-plates.

Column Chromatography

During silica-gel column chromatography, silica-gel 40-63 µm from VWR chemicals
was used as stationary phase. The eluent systems applied, are specified for the
specific purification step. The utilized adsorbate was Celite®(545, 0.002-0.1 mm)
from Merck.
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4.1.2 Chromatography Analyses
To determine the purity of the final compounds, high-performance liquid chro-
matography was applied. HPLC was performed on an Agilent 1100-series instru-
ment with G1379A degasser,G1313A ALS autosampler and Agilent G1315D diode
array detector. The column used was an Agilant Poreshell 120 EC-18 (4,6 x 100
mm) with 2,7 µm pore size. The flow used was 1.0 mL/min with a gradient from
ACN: water 10:90 to 100:0 over 5 minutes. The chromatograms were recorded at
254 nm using Agilent ChemStation as processing software.

Enantiomeric Purity

To analyze the enantiomeric excess of the final compounds, HPLC with chiral
stationary phases was applied. The chiral analyses were performed on a Aligent
1100 series instrument with G1379A degasser, G1328B manual injector and Agilent
G1315D diode array detector. The chromatograms were recorded at 254 nm using
Agilent ChemStation as processing software.

Method 1: The column used was a OD ChiralCel (4.6 × 250 mm) with 5 µm pore
size. The injection volume was 10 µL. The flow rate was 1.0 mL/min of isocratic
i -PrOH: n-hexane (10:90).

Method 2: The column used was a Lux 5u Cellulose 1 (4.6 × 250 mm) with 5
µm pore size. The injection volume was 10 µL. The flow rate was 1.5 mL/min of
isocratic i -PrOH: n-hexane (15:85).

Method 3: The column used was a OD ChiralCel (4.6 × 250 mm) with 5 µm pore
size. The injection volume was 10 µL. The flow rate was 1.0 mL/min of isocratic
EtOH (0.1% TFA): n-hexane (5:95).

4.1.3 Spectroscopic Analyses
Accurate mass determination in positive or negative mode was performed on a
"Synapt G2-S" Q-TOF instrument from Water TM. Samples were ionized by the
use of an ASAP probe (APCI) or ESI probe. No chromatographic separation was
used previous to the mass analysis. Calculated exact mass and spectra processing
was done using Waters TM Software Masslynx V4.1 SCN871.
1H-NMR, 13C-NMR and 19F-NMR spectra were recorded on 600 MHz Bruker
Avance III HD NMR and 400 MHz Bruker Avance III HD NMR spectrometers.
1H-NMR were recorded at 400 MHz and 600 MHz, 13C-NMR at 150 MHz and
19F-NMR at 565 MHz. All NMR spectra were recorded using DMSO-d6 as deuter-
ated solvent. The chemical shifts are presented in δ, ppm, in relation to DMSO-d6
solvent peaks (1H-NMR: 2.50 ppm and 13C-NMR: 39.52 ppm). Hexafluoroben-
zene (19F-NMR: -162.65 ppm) was utilized as reference standard to calibrate the
19F-NMR spectra. The splitting pattern of peaks are referred to based on their
multiplicity; singlet; s, doublet; d, triplet; t, quartett; q and multiplet; m. Coupling
constants, J , are reported in Hz.
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The infrared absorption, IR, spectra were recorded employing a FTIR Thermo
Nicolet Nexus FT-IR Spectrometer, using a Smart Endurance reflection cell. The
IR spectra were recorded in the range of 4000 - 400 cm –1. The OPUS 7.5 software
was used to process the spectra.

4.1.4 Melting Point
Melting point analysis was performed employing a Stuart automatic melting point
SMP40 instrument.

4.1.5 Specific Rotation
The specific rotations were recorded employing Anton Paar MCP 5100 polarimeter,
with Anton Paar 10 mm, Ø 5 mm stainless steel cuvette. All specific rotations were
recorded in a 1.00 g/100mL concentration in chloroform, at 20 ℃.

4.1.6 In vitro HER2 Inhibitory Potency
The compounds were supplied in a 10 mM DMSO solution, and enzymatic HER2
inhibition potency was determined by Invitrogen (TermoFisher) using their Z’-
LYTE assay technology [130]. In short, the assay is based on fluorescence reso-
nance energy transfer (FRET). In the primary reaction, the kinase transfers the
gamma-phosphate of ATP to a single tyrosine residue in a synthetic FRET-peptide.
In the secondary reaction, a site-specific protease recognizes and cleaves non-
phosphorylated FRET-peptides. Thus, phosphorylation of FRET-peptides sup-
presses cleavage by the development reagent. Cleavage disrupts FRET between the
donor (i.e.,coumarin) and acceptor (i.e., fluorescein) fluorophores on the FRET-
peptide, whereas uncleaved, phosphorylated FRET-peptides maintain FRET. A
ratiometric method, which calculates the ratio (the emission ratio) of donor emis-
sion to acceptor emission after excitation of the donor fluorophore at 400 nm, is
used to quantitate inhibition. All compounds were first tested for their inhibitory
activity at 500 nM in duplicates.

4.2 Synthesis of 1-(cyclohexylmethoxy)-4-
nitrobenzene (2) [70]

4.2.1 100 mg Scale
The reaction was performed five times. 4-Nitrophenol (100
mg, 0.719 mmol) and (bromomethyl)cyclohexane (127 mg,
0.719 mmol) were dissolved in DMF (3 mL). K2CO3 (119 mg,
0.863 mmol) was added while stirring. The reaction mixtures
were stirred for 24 hours at 22 ℃. The reaction mixtures
were extracted with EtOAc (20 mL) and water (4 × 10 mL). The organic phase
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was dried over Na2SO4, filtrated and concentrated in vacuo. The crude product
was obtained as a yellow solid in 15% crude yield (25.4 mg, 0.108 mmol).

The reaction was repeated four times, with the addition of nucleophilic catalyst
KI, at different temperatures. 4-Nitrophenol (100 mg, 0.719 mmol) and (bro-
momethyl)cyclohexane (127 mg, 0.719 mmol) were dissolved in DMF (3 mL).
K2CO3 (119 mg, 0.863 mmol) and KI (potassiumiodid) (12 mg, 0.0719 mmol)
were added while stirring. The reaction mixtures were stirred for 24 hours at 22
℃, 60 ℃, 80 ℃ and 100 ℃. The reaction mixtures were extracted with EtOAc (20
mL) and water (4 × 10 mL). The organic phase was dried over Na2SO4, filtrated
and concentrated in vacuo. The product from the reaction at 22 ℃ was obtained
as a yellow oil in a 26% crude yield (43.8 mg, 0.186 mmol). The product from the
reaction at 60 ℃ was obtained as a pale yellow solid in a 58% crude yield (98.8 mg,
0.420 mmol). The product from the reaction at 80℃ was obtained as a yellow solid
in a 78% crude yield (131.2 mg, 0.560 mmol). The product from the reaction at
100 ℃ was isolated as a yellow solid in a 64% crude yield (107.9 mg, 0.459 mmol).

4.2.2 2.77 g Scale
The procedure described in Section 4.2.1 was repeated at the following scale:
4-Nitrophenol (1) (2.77 g, 19.9 mmol), (bromomethyl)cyclohexane (3.53 g, 19.9
mmol), K2CO3 (3.30 g, 23.9 mmol) and KI (0.33 g, 1.9 mmol). The reaction was
performed in DMF (15 mL) at 80 ℃ for 24 hours. The reaction mixture was ex-
tracted with EtOAc (40 mL) and water (4 × 40 mL) and the organic phase was
dried over Na2SO4, filtrated and concentrated in vacuo. The product was purified
by extracting with EtOAc and water, which was pH adjusted with NaOH (5 M)
to pH 11. The organic phase was dried over Na2SO4, filtrated and concentrated in
vacuo. The product was isolated as a off-white solid in a 43% yield (2.01 g, 8.54
mmol) with Mp. 43.6-44.7 ℃

Spectroscopic data for compound (2) (Appendix .1.1): 1H-NMR (600 MHz, DMSO-
d6) δ: 8.19 (d, 3J =9.3 Hz, 2H), 7.14 (d, 3J =9.3 Hz, 2H), 3.93 (d, 3J =6.3 Hz,
2H), 1.79 (m, 2H), 1.76 (m, 1H), 1.71 (m, 2H), 1.64 (m, 1H), 1.24 (m, 2H), 1.17 (m,
1H), 1.06 (m, 2H); 13C-NMR (150 MHz, DMSO-d6) δ: 164.2, 140.6, 125.9 (2C),
115.0 (2C), 73.6, 36.9, 29.0 (2C), 25.9, 25.2 (2C); IR (cm−1) ν: 2921 (m), 1593 (s),
1502 (s), 1451 (m), 1330 (s), 1299 (s), 1261 (s), 1223 (m), 1174 (m), 1105 (s), 1005
(s), 840 (s), 752 (s), 689 (m), 655 (s). HRMS (ASAP+, m/z): detected 236.1289,
calculated for C13H18NO3 [M+H]+ 236.1287.

4.3 Synthesis of (R)-1-nitro-4-(1-phenylethoxy)-
benzene ((R)-3)

4.3.1 Test Reactions
(R)-1-Phenylethan-1-ol (100 mg, 0.819 mmol) and 1-fluoro-4-nitrobenzene (115 mg,
0.819 mmol) and NaH 60 wt% in mineral oil (42.6 mg, 0.983 mmol) were stirred
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in DMF (5 mL) at 22 ℃ for 4.5 hours which gave 38% conversion.

The reaction was repeated in the following scale: (R)-
1-Phenylethan-1-ol (500 mg, 4.10 mmol) and 1-fluoro-4-
nitrobenzene (592 mg, 4.10 mmol) and NaH 60 wt% in mineral
oil (213 mg, 5.33 mmol) were stirred in DMF (20 mL) at 22℃
for 24 hours, which gave 36% conversion. The reaction was re-
peated, with a different base and solvent, at following scale: (R)-1-Phenylethan-1-ol
(100 mg, 0.819 mmol), 1-fluoro-4-nitrobenzene (139 mg, 0.983 mmol) and Cs2CO3
(320 mg, 0.983 mmol) was stirred in acetonitrile (3 mL) for 24 hours at 95℃, which
gave 53% conversion. The reaction was then repeated, with a different solvent and
increased amount of base, at the following scale: (R)-1-Phenylethan-1-ol (100 mg,
0.819 mmol), 1-fluoro-4-nitrobenzene (139 mg, 0.983 mmol) and Cs2CO3 (667 mg,
2.05 mmol). The were stirred in DMF (3 mL) for 24 hours at 95 ℃, which gave
83% conversion.

4.3.2 1 gram Scale
(R)-1-Phenylethan-1-ol (1.0 g, 8.19 mmol), 1-fluoro-4-nitrobenzene (1.39 g, 9.83
mmol) and Cs2CO3 (6.67 g, 20.48 mmol) were stirred in DMF (20 mL) for 24
hours at 95 ℃. The reaction mixture was diluted with EtOAc (100 mL) and the
organic phase was washed with saturated aq. NaHCO3 (2 × 80 mL), water (3 ×
80 mL) and brine (80 mL). The organic phase was dried over Na2SO4, filtrated
and concentrated in vacuo. The crude product was purified by silica-gel column
chromatography (n-pentane/EtOAc 6/4, Rf = 0.76). The product was isolated as
a orange solid in a 82% yield (1.63 g, 6.70 mmol), with specific rotation [α]20D =
63.70° and Mp. 45.6-47.8 ℃.

Spectroscopic data for Compound (R)-3 (Appendix .1.2): 1H-NMR (600 MHz,
DMSO-d6) δ: 8.12 (d, 3J =9.3 Hz, 2H), 7.11 (d, 3J =9.3 Hz, 2H), 7.42 (d, 3J =7.1
Hz, 2H), 7.36 (t, 3J =7.5 Hz, 2H), 7.27 (t, 3J =7.3 Hz, 1H), 5.71 (d, 3J =6.4 Hz,
2H), 1.59 (d, 3J =6.4 Hz, 3H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 162.8, 141.8,
140.7, 128.7 (2C), 127.8, 125.8 (2C), 125.7 (2C), 116.0 (2C), 75.8, 23.8; IR (cm−1)
ν: 3115 (w), 2980 (w), 2929 (w), 1911 (w), 1590 (s), 1503 (s), 1492 (s), 1338 (s),
1328 (s), 1295 (m), 1245 (s), 1210 (m), 1172 (m), 1107 (m), 1063 (s), 1026 (m),
1007 (m), 995 (m), 925 (m), 858 (m), 842 (s), 761 (s), 750 (s), 702 (s), 689 (m),
657 (s).

4.4 Synthesis of (S)-1-nitro-4-(1-phenylethoxy)-
benzene ((S)-3)

The reaction was performed following the procedure de-
scribed in section 4.3.2 with the following compounds: (S )-1-
phenylethan-1-ol (1.0 g, 8.19 mmol), 1-fluoro-4-nitrobenzene
(1.39 g, 9.83 mmol) and Cs2CO3 (6.67 g, 20.5 mmol). The
mixture was stirred in DMF (25 mL) for 24 hours at 95 ℃.
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The reaction mixture was diluted with EtOAc (100 mL) and washed with saturated
aq. NaHCO3 (2 × 100 mL), water (3 × 100 mL) and brine (100 mL). The organic
phase was dried over Na2SO4, filtrated and concentrated in vacuo. The crude prod-
uct was purified by silica-gel column chromatography (n-pentane/EtOAc 6/4, Rf
= 0.82). The product was isolated as a orange solid in a 59% yield (1.17 g, 4.82
mmol), with specific rotation [α]20D = - 52.95° and Mp. 43.1-45.4 ℃.

Spectroscopic data for Compound (S-)3 (Appendix .1.3): 1H-NMR (600 MHz,
DMSO-d6) δ: 8.12 (d, 3J =9.2 Hz, 2H), 7.42 (d, 3J =7.3 Hz, 2H), 7.36 (t, 3J =7.5
Hz, 2H), 7.27 (t, 3J =7.3 Hz, 1H), 7.11 (d, 3J =9.2 Hz, 2H), 5.71 (d, 3J =6.4 Hz,
2H), 1.59 (d, 3J =6.5 Hz, 3H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 162.8, 141.8,
140.7, 128.7 (2C), 127.8, 125.7 (2C), 125.7 (2C), 116.1 (2C), 75.8, 23.8; IR (cm−1)
ν: 3115 (w), 2981 (w), 2929 (w), 1911 (w), 1590 (s), 1492 (s), 1451 (m), 1338 (s),
1245 (s), 1172 (s), 1107 (s), 1063 (s), 1026 (m), 995 (m), 925 (m), 842 (s), 750 (s),
702 (s), 657 (s), 562 (m), 530 (m), 498 (m).

4.5 Synthesis of 1-nitro-4-(2,2,2-trifluoro-1-phenyl-
ethoxy)benzene ((rac)-4)

The synthesis of nitro compound (rac)-4 was performed
according to the procedure described in section 4.3.2,
with the following compounds and scale: 2,2,2-trifluoro-1-
phenylethanol (200 mg, 1.14 mmol), 1-fluoro-4-nitrobenzene
(192 mg, 1.36 mmol) and Cs2CO3 (925 mg, 2.84 mmol). The
mixture was stirred in DMF (6 mL) for 2.5 hours at 95 ℃. The reaction mixture
was diluted with EtOAc (50 mL) and washed with saturated aq. NaHCO3 (2 ×
50 mL), water (3 × 50 mL) and brine (50 mL). The organic phase was dried over
Na2SO4, filtrated and concentrated in vacuo. The crude product was purified by
silica-gel column chromatography (n-pentane/EtOAc 98/2 →9/1, Rf = 0.40 at
n-pentane/EtOAc 98/2). The product was isolated as colourless oil in a 38% yield
(0.1286 g, 0.433 mmol).

The reaction was repeated at the following scale: 2,2,2-trifluoro-1-phenylethanol
(2.0 g, 11.48 mmol), 1-fluoro-4-nitrobenzene ( 1.94 g, 13.78 mmol) and Cs2CO3
(9.36 g, 28.71 mmol). The mixture was stirred in DMF (30 mL) for 2.5 hours at
95 ℃. The reaction mixture was diluted with EtOAc (100 mL) and washed with
saturated aq. NaHCO3 (2 × 100 mL), water (3 × 100 mL) and brine (100 mL). The
organic phase was dried over Na2SO4, filtrated and concentrated in vacuo. The
crude product was purified by silica-gel column chromatography (n-pentane/EtOAc
98/2 →9/1, Rf = 0.40 at n-pentane/EtOAc 98/2). The product was isolated as
pale yellow crystals in a 48% yield (1.661 g, 5.59 mmol) with Mp. 67.1-68.8 ℃.

Spectroscopic data for Compound (rac)-4 (Appendix .1.4): 1H-NMR (600 MHz,
DMSO-d6) δ: 8.19 (d, 3J = 9.3 Hz, 2H), 7.60 (d, 3J = 6.5 Hz, 2H), 7.47 (m, 1H),
7.46 (m, 2H), 7.26 (d, 3J = 9.2 Hz, 2H), 6.58 (q, 3J = 6.4 Hz, 1H); 13C-NMR (150
MHz, DMSO-d6 ) δ: 160.6, 142.1, 130.8, 130.1 (2C), 129.0, 128.0 (2C), 125.9 (2C),
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124.4 (q, 1JCF = 281.2 Hz), 116.4 (2C), 75.6 (q, 2JCF = 31.9 Hz); 19F-NMR (565
MHz, DMSO-d6, C6F6): -77.80; IR (cm−1) ν: 3117 (w), 1588 (s), 1509 (s), 1493
(s), 1459 (m), 1337 (s), 1279 (m), 1268 (m), 1239 (s), 1174 (s), 1139 (s), 1126 (s),
1108 (s), 1042 (m), 1029 (m), 901 (m), 863 (m), 843 (s), 748 (m), 706 (s), 687 (s),
655 (m), 565 (m), 491 (m). HRMS (ASAP+, m/z): detected 298.0693, calculated
for C14H11NO3F3 [M+H]+ 298.0691.

4.6 Synthesis of (R)-1-nitro-4-(2,2,2-trifluoro-1-
phenylethoxy)benzene ((R)-4)

The synthesis was carried out according to the procedure
described in section 4.3.2 with the following compounds
and scale: (R)-2,2,2-trifluoro-1-phenylethanol (780 mg, 4.43
mmol), 1-fluoro-4-nitrobenzene (750 mg, 5.31 mmol) and
Cs2CO3 (3600 mg, 11.1 mmol). The mixture was stirred
in DMF (15 mL) for 2 hours at 60 ℃. The reaction mixture was diluted with
EtOAc (75 mL) and washed with saturated aq. NaHCO3 (2 × 75 mL), water (3
× 75 mL) and brine (75 mL). The organic phase was dried over Na2SO4, filtrated
and concentrated in vacuo. The crude product was purified by silica-gel column
chromatography (n-pentane/EtOAc 98/2 →8/2, Rf = 0.14 at n-pentane/EtOAc
98/2). The product was isolated as pale yellow crystals in a 61% yield ( 805 mg,
2.71 mmol), with specific rotation [α]20D = -39.57° and Mp. 83.4-85.0 ℃.

Spectroscopic data for Compound (R)-4 (Appendix .1.5): 1H-NMR (600 MHz,
DMSO-d6) δ: 8.19 (d, 3J = 9.2 Hz, 2H), 7.60 (d, 3J = 6.7 Hz, 2H), 7.47 (m, 1H),
7.46 (m, 2H), 7.26 (d, 3J = 9.2 Hz, 2H), 6.58 (q, 3J = 6.3 Hz, 1H); 13C-NMR (150
MHz, DMSO-d6 ) δ: 160.6, 142.1, 130.8, 130.1 (2C), 129.0, 128.0 (2C), 125.9 (2C),
124.4 (q, 1JCF = 282.3 Hz), 116.4 (2C), 75.8 (q, 2JCF = 31.52 Hz); 19F-NMR
(565 MHz, DMSO-d6, C6F6): -77.80; IR (cm−1) ν: 3115 (w), 1736 (w), 1590 (s),
1508 (s), 1493 (s), 1341 (s), 1273 (m), 1241 (s), 1206 (m), 1192 (m), 1173 (s), 1132
(s), 1111 (s), 1044 (m), 1028 (m), 897 (m), 844 (s), 750 (s), 704 (s), 686 (s), 564
(w), 530 (w), 496 (w). HRMS (ASAP+, m/z): detected 298.0695, calculated for
C14H11NO3F3 [M+H]+ 298.0691.

4.7 Synthesis of (S)-1-nitro-4-(2,2,2-trifluoro-1-
phenylethoxy)benzene ((S)-4)

The synthesis was carried out according to the procedure de-
scribed in section 4.3.2 with the following compounds and
scale: (S )-2,2,2-trifluoro-1-phenylethanol (1.50 g, 8.71 mmol),
1-fluoro-4-nitrobenzene (1.44 g, 10.2 mmol) and Cs2CO3 (7.09
g, 21.8 mmol). The mixture was stirred in DMF (25 mL) for
3.5 hours at 60℃. The reaction mixture was diluted with EtOAc (100 mL) and the
organic phase was washed with saturated aq. NaHCO3 (2 × 100 mL), water (3 ×
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100 mL) and brine (100 mL). The organic phase was dried over Na2SO4, filtrated
and concentrated in vacuo. The crude product was purified by silica-gel column
chromatography (n-pentane/EtOAc 98/2 →8/2, Rf = 0.23 at n-pentane/EtOAc
98/2). The product was isolated as pale yellow crystals in a 71% yield (1.84 g, 6.19
mmol), with specific rotation [α]20D = 45.58° and Mp. 66.9-70.3 ℃.

Spectroscopic data for Compound (S)-4 (Appendix .1.6): 1H-NMR (600 MHz,
DMSO-d6) δ: 8.20 (d, 3J = 9.2 Hz, 2H), 7.61 (d, 3J = 7.2 Hz, 2H), 7.48 (m, 1H),
7.47 (m, 2H), 7.27 (d, 3J = 9.2 Hz, 2H), 6.59 (q, 3J = 6.5 Hz, 1H); 13C-NMR (150
MHz, DMSO-d6 ) δ: 160.6, 142.1, 130.8, 130.1 (2C), 129.0, 128.0 (2C), 125.9 (2C),
124.4 (q, 1JCF = 281.7 Hz), 116.4 (2C), 75.8 (q, 2JCF = 32.5 Hz); 19F-NMR (565
MHz, DMSO-d6, C6F6): -77.80; IR (cm−1) ν: 3448 (w), 3115 (w), 1734 (w), 1590
(s), 1493 (s), 1341 (s), 1241 (s), 1172 (s), 1130 (s), 1111 (s), 1044 (s), 896 (m), 845
(s), 750 (m), 704 (s), 629 (m), 492 (m); HRMS (ASAP+, m/z): detected 298.0692,
calculated for C14H11NO3F3 [M+H]+ 298.0691

4.8 Synthesis of 4-(cyclohexylmethoxy)aniline (5)
Nitro-compound 2 (500 mg, 2.13 mmol), NH4Cl (1.02 g, 19.1
mmol) and iron powder (356 mg, 6.38 mmol) were mixed
in degassed EtOH / water (4:1, 23.5 mL) under an N2-
atmosphere. The reaction mixture was stirred at 78 ℃ for
3 hours. The reaction mixture was filtrated through celite
and extracted with DCM (60 mL) and water (2 × 60 mL). The organic phase
was washed with brine (30 mL), dried over Na2SO4, filtrated and concentrated in
vacuo. The product was isolated as a brown solid in a 95% yield (413 mg, 2.01
mmol).

The reaction was repeated with the procedure described above, in the following
scale: Nitro-compound 2 (1.50 g, 6.35 mmol), NH4Cl (3.06 g, 57.2 mmol) and iron
powder (1.06 g, 19.1 mmol). The reaction was performed in degasssed EtOH / wa-
ter (4:1, 73.5 mL) at 78℃ for 3 hours. The product was purified by silica-gel column
chromatography (n-pentane/EtOAc 8/2 →0/10, Rf = 0.32 at n-pentane/EtOAc
8/2). The product isolated as a brown solid in a 62% yield (810 mg, 3.95 mmol)
with Mp. 52.4-53.0 ℃

Spectroscopic data for Compound 5 (Appendix .1.7): 1H-NMR (600 MHz, DMSO-
d6) δ: 6.62 (d, 3J =8.8 Hz, 2H), 6.49(d, 3J =8.8 Hz, 2H), 4.56 (s, 2H), 3.61 (d,
3J =6.4 Hz, 2H), 1.78 (m, 2H), 1.70 (m, 2H), 1.65 (m, 1H), 1.63 (m, 2H), 1.21
(m, 2H), 1.16 (m, 1H), 0.99 (m, 2H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 150.2,
142.2, 115.3 (2C), 114.9 (2C), 73.4, 37.2, 29.4 (2C), 25.3 (2C), 26.1; IR (cm−1) ν:
3411 (w), 3311 (w), 3209 (w), 2915 (m), 2847 (m), 1611 (w), 1509 (s), 1466 (m),
1447 (m), 1238 (s), 1029 (s), 827 (s), 716 (m), 681 (m), 640 (m), 511 (s); HRMS
(ASAP+, m/z): detected 206.1548, calculated for C13H20NO [M+H]+ 206.1545.
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4.9 Synthesis of (R)-4-(1-phenylethoxy)aniline
((R)-6)

Synthesis of (R)-4-(1-phenylethoxy)aniline was performed fol-
lowing the procedure in Section 4.8 in the following scale:
Nitro-compound (R)-3 (700 mg, 2.88 mmol), NH4Cl (1.39
g, 25.90 mmol) and iron powder (485 mg, 8.63 mmol) were
mixed in degassed EtOH / water (4:1, 33.5 mL) under an
N2-atmosphere. The reaction mixture was stirred at 78 ℃ for 3.5 hours. The re-
action mixture was filtrated through celite and concentrated in vacuo, extracted
with DCM (60 mL) and water (2 × 60 mL). The product was isolated as a brown
oil in a 62% yield (380 mg, 1.78 mmol), with specific rotation [α]20D = 52.80°.

Spectroscopic data for Compound (R)-6 (Appendix .1.8): 1H-NMR (600 MHz,
DMSO-d6) δ: 7.36 (d, 3J =7.8 Hz, 2H), 7.31 (t, 3J =7.5 Hz, 2H), 7.23 (t, 3J =8.1
Hz, 1H), 6.61 (d, 3J =8.6 Hz, 2H), 6.42 (d, 3J =8.7 Hz, 2H), 5.23 (d, 3J =6.3
Hz, 2H), 4.55 (s, 2H), 1.48 (d, 3J =6.4 Hz, 3H); 13C-NMR (150 MHz, DMSO-d6 )
δ: 148.6, 143.7, 142.5, 128.3 (2C), 127.1, 125.8 (2C), 117.0 (2C), 114.7 (2C), 75.5,
24.1; IR (cm−1) ν: 3355 (w), 2976 (w), 1730 (w), 1622 (w), 1507 (s), 1450 (w),
1228 (s), 1069 (s), 1011 (m), 931 (w), 823 (m), 762 (m), 700 (m), 514 (m); HRMS
(ASAP+, m/z): detected 214.1236, calculated for C14H16NO [M+H]+ 214.1232.

4.10 Synthesis of (S)-4-(1-phenylethoxy)aniline
((S)-6)

Synthesis of (S )-4-(1-phenylethoxy)aniline was performed fol-
lowing the procedure in Section 4.8 in the following scale:
Nitro-compound (s-)3 (800 mg, 3.29 mmol), NH4Cl (1.58
g, 29.60 mmol) and iron powder (551 mg, 9.87 mmol) were
mixed in degassed EtOH / water (4:1, 37.5 mL) under an
N2-atmosphere. The reaction mixture was stirred at 78 ℃ for 3.5 hours. The re-
action mixture was filtrated through celite, concentrated in vacuo and extracted
with DCM (60 mL) and water (2 × 60 mL). The product was isolated as a brown
oil in a 62% yield, with specific rotation of [α]20D = -60.47°.

Spectroscopic data for Compound (S)-6 (Appendix .1.9): 1H-NMR (600 MHz,
DMSO-d6) δ: 7.36 (d, 3J =7.1 Hz, 2H), 7.31 (t, 3J =7.5 Hz, 2H), 7.23 (t, 3J =7.1
Hz, 1H), 6.61 (d, 3J =8.9 Hz, 2H), 6.42 (d, 3J =8.9 Hz, 2H), 5.23 (d, 3J =6.4
Hz, 2H), 4.56 (s, 2H), 1.47 (d, 3J =6.5 Hz, 3H); 13C-NMR (150 MHz, DMSO-d6 )
δ: 148.6, 143.7, 142.5, 128.3 (2C), 127.1, 125.8 (2C), 117.0 (2C), 114.7 (2C), 75.5,
24.1; IR (cm−1) ν: 3432 (w), 3358 (w), 2976 (w), 1612 (w), 1505 (s), 1450 (m),
1225 (s), 1067 (s), 1010 (m), 821 (s), 751 (m), 698 (s), 511 (s); HRMS (ASAP+,
m/z): detected 214.1235, calculated for C14H16NO [M+H]+ 214.1232.
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4.11 Synthesis of 4-(2,2,2-trifluoro-1-phenylethoxy)
-aniline ((rac)-7)

Synthesis of 4-(2,2,2-trifluoro-1-phenylethoxy)aniline was car-
ried out according to the procedure in Section 4.8 with the
following compounds and scale: Compound (rac)-4 (989 mg,
3.33 mmol), NH4Cl (1.62 g, 30.3 mmol), iron powder ( 564
mg, 10.1 mmol) were stirred in degassed EtOH / water (4:1,
50 mL) at 78℃ for 1.5 hours. The reaction mixture was filtrated through celite and
concentrated in vacuo. The reaction mixture was diluted with EtOAc (100 mL)
and washed with water (2 × 100 mL) and brine (100 mL). The organic phase was
dried over Na2SO4, filtrated and concentrated in vacuo. The product was isolated
as a brown oil in a 79% yield (0.694 g, 2.60 mmol)

Spectroscopic data for Compound (rac)-7 (Appendix .1.10): 1H-NMR (600 MHz,
DMSO-d6) δ: 7.55 (d, 3J =6.4 Hz, 2H), 7.42 (m, 1H), 7.41 (m, 2H), 6.71 (d,
3J =8.9 Hz, 2H), 6.44 (d, 3J =8.9 Hz, 2H), 5.91 (q, 3J =6.8 Hz, 1H), 4.72 (s, 2H);
13C-NMR (150 MHz, DMSO-d6 ) δ: 147.0 , 143.9, 132.6, 129.4 (2C), 128.5, 128.1
(2C), 124.9 (q, 1JCF = 282.2 Hz), 117.3 (2H), 114.5 (2C), 76.9 (q, 2JCF = 30.8
Hz); 19F-NMR (565 MHz, DMSO-d6, C6F6): -77.76; IR (cm−1) ν: 3441 (w), 3361
(w), 3218 (w), 3039 (w), 2916 (w), 1624 (w), 1508 (s), 1455 (w), 1362 (w), 1267
(m), 1224 (s), 1173 (s), 1129 (s), 1085 (m), 1054 (m), 892 (m), 825 (m), 758 (m),
702 (s), 633 (m), 511 (m); HRMS (ASAP+, m/z): detected 268.0955, calculated
for C14H13NOF3 [M+H]+ 268.0949.

4.12 Synthesis of (R)-4-(2,2,2-trifluoro-1-phenyl-
ethoxy)aniline (((R)-7))

The synthesis of (R)-4-(2,2,2-trifluoro-1-phenylethoxy)aniline
was performed according to the procedure in Section 4.8, with
the following compounds and scale: Compound (R)-4 (499
mg, 1.68 mmol), NH4Cl (846 mg, 15.1 mmol), iron powder (
270 mg, 5.05 mmol) were stirred in degassed EtOH / water
(4:1, 30 mL) at 78 ℃ for 2 hours. The reaction mixture was filtrated through celite
and concentrated in vacuo. The reaction mixture was diluted with EtOAc (100
mL) and washed with water (2 × 100 mL) and brine (100 mL). The organic phase
was dried over Na2SO4, filtrated and concentrated in vacuo. The product was
isolated as a brown oil in a 85% yield (0.383 g, 1.434 mmol) with Specific rotation
[α]20D = -72.71 °.

Spectroscopic data for Compound (R)-7 (Appendix .1.11): 1H-NMR (600 MHz,
DMSO-d6) δ: 7.55 (d, 3J =7.0 Hz, 2H), 7.42 (m, 1H), 7.41 (m, 2H), 6.71 (d,
3J =8.9 Hz, 2H), 6.44 (d, 3J =8.8 Hz, 2H), 5.92 (q, 3J =6.8 Hz, 1H), 4.72 (s, 2H);
13C-NMR (150 MHz, DMSO-d6 ) δ: 147.1, 144.0, 132.6, 129.4 (2C), 128.5, 128.1
(2C), 124.9 (q, 1JCF = 280.0 Hz), 117.3 (2C), 114.5 (2C), 76.9 (q, 2JCF = 30.65,
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1C); 19F-NMR (565 MHz, DMSO-d6, C6F6): -77.76; IR (cm−1) ν: 3443 (w), 3365
(w), 3214 (w), 3040 (w), 2907 (w), 1624 (w), 1508 (s), 1455 (w), 1362 (w), 1267
(m), 1224 (s), 1173 (s), 1129 (s), 1086 (m), 1055 (m), 892 (m), 825 (m), 758 (m),
702 (s), 511 (s).

HRMS (ASAP+, m/z): detected 268.0954, calculated for C14H13NOF3 [M+H]+

268.0949.

4.13 Synthesis of (S)-4-(2,2,2-trifluoro-1-phenyl-
ethoxy)aniline ((S)-7)

The synthesis of (S )-4-(2,2,2-trifluoro-1-phenylethoxy)aniline
was performed according to the procedure in Section 4.8, with
the following compounds and scale: Compound (S)-4 (1.03
g, 3.47 mmol), NH4Cl (1.69 g, 30.3 mmol), iron powder (540
mg, 10.1 mmol) were stirred in degassed EtOH / water (4:1,
60 mL) at 78℃ for 2.5 hours. The reaction mixture was filtrated through celite and
concentrated in vacuo. The reaction mixture was diluted with EtOAc (150 mL)
and washed with water (2 × 150 mL) and Brine (150 mL). The organic phase was
dried over Na2SO4, filtrated and concentrated in vacuo. The product was isolated
as a brown oil in a 86% yield (0.773 g, 2.90 mmol) with Specific rotation of [α]20D
= 82.93.

Spectroscopic data for Compound (S)-7 (Appendix ??): 1H-NMR (600 MHz,
DMSO-d6) δ: 7.55 (d, 3J =7.0 Hz, 2H), 7.42 (m, 1H), 7.41 (m, 2H), 6.71 (d,
3J =8.8 Hz, 2H), 6.44 (d, 3J =8.8 Hz, 2H), 5.93 (q, 3J =6.7 Hz, 1H), 4.72 (s, 2H);
13C-NMR (150 MHz, DMSO-d6 ) δ: 147.1, 144.0, 132.6, 129.4 (2C), 128.5, 128.1
(2C), 124.9 (q, 1JCF = 281.6 Hz), 117.3 (2C), 114.5 (2C), 77.0 (q, 2JCF = 30.3
Hz); 19F-NMR (565 MHz, DMSO-d6, C6F6): -77.76; IR (cm−1) ν: 3451 (w), 3368
(w), 3220 (w), 3040 (w), 2917 (w), 1730 (w), 1625 (w), 1508 (s), 1456 (w), 1362
(w), 1267 (m), 1222 (s), 1173 (s), 1127 (s), 1053 (m), 892 (m), 824 (s), 757 (m),
701 (s), 633 (m), 510 (m).

HRMS (ASAP+, m/z): detected 268.0954, calculated for C14H13NOF3 [M+H]+

268.0949.

4.14 Synthesis of 6-bromo-N -(4-(cyclohexyl-meth-
oxy)phenyl)thieno[2,3-d ]pyrimidin-4-amine
(8)

Thienopyrimidine 1 (346 mg, 2.03 mmol), aniline-compound 5 (500 mg, 2.44 mmol)
were dissolved in i -PrOH (16 mL) and DIPEA (595 mg, 4.06 mmol) under an N2-
atmosphere and stirred at 80℃ for 4 hours. The reaction mixture was concentrated
in vacuo, extracted with EtOAc (40 mL) and water (2 × 40 mL). The organic phase
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was washed with brine (20 mL), dried over Na2SO4, filtrated and concentrated in
vacuo. The crude product was purified by silica-gel column chromatography (n-
pentane/EtOAc 9/1 →0/10, Rf = 0.13 at n-pentane/EtOAc 9/1). The product
was isolated as off-white solid in a 48% yield (408 mg, 0.976 mmol), with HPLC
purity of 99% and Mp. 189.5-190.1 ℃.

Spectroscopic data for Compound 8 (Appendix .1.13): 1H-
NMR (600 MHz, DMSO-d6) δ: 9.51 (s, 1H), 8.40 (s, 1H),
8.00 (s, 1H), 7.62 (d, 3J =9.0 Hz, 2H), 6.95 (d, 3J =9.1 Hz,
2H), 3.77 (d, 3J =6.4 Hz, 2H), 1.81 (m, 2H), 1.73 (m, 1H),
1.72 (m, 2H), 1.65 (m, 1H), 1.25 (m, 2H), 1.16 (m, 1H), 1.04
(m, 2H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 166.9, 155.3, 153.8, 153.6, 131.5,
123.4 (2C), 122.7, 117.3, 114.4 (2C), 110.4, 72.9, 37.1, 29.3 (2C), 26.0, 25.3 (2C);
IR (cm−1) ν: 3071 (w), 2915 (m), 2848 (m), 1600 (m), 1570 (m), 1542 (m), 1504
(s), 1481 (m), 1465 (m), 1439 (s), 1411 (m), 1346 (s), 1297 (s), 1253 (m), 1235 (s),
1215 (m), 1204 (m), 1170 (m), 1022 (m), 849 (m), 827 (m), 773 (m), 684 (m), 518
(m).

HRMS (ASAP+, m/z): detected 418.0593, calculated for C19H21N3OS79Br [M+H]+

418.0589.

4.15 Synthesis of (R)-6-bromo-N -(4-(1-phenyl-
ethoxy)phenyl)thieno[2,3-d ]pyrimidin-4-amine
((R)-9)

The procedure described in Section 4.14 was repeated with
the following compounds: Aniline-compound (R)-6 (200 mg,
0.938 mmol) and thienopyrimidine 1 (133 mg, 0.781 mmol),
DIEPA (0.27 mL, 1.56 mmol) and i -PrOH (8 mL). The re-
action was stirred at 80 ℃ for 4 hours. The crude product
was purified with two rounds of silica-gel column chromatog-
raphy (n-pentane: EtOAc: Et3N; 1:1, Rf=0.33) (n-pentane:
EtOAc: Et3N; 7:3, Rf=0.67). The product was isolated as
light brown solid with 32% yield (127 mg, 0.297 mmol) and HPLC purity 99%,
specific rotation of [α]20D = 45.92 °, Mp. 156.7-157.7 ℃ and EE(%) = 99 (Method
1, tR= 17.4 min, Rs= 4.7).

Spectroscopic data for Compound (R)-9 (Appendix .1.14): 1H-NMR (600 MHz,
DMSO-d6) δ: 9.46 (s, 1H), 8.37 (s, 1H), 7.96 (s, 1H), 7.53 (d, 3J =9.0 Hz, 2H),
7.42 (d, 3J =7.7 Hz, 2H), 7.34 (t, 3J =7.8 Hz, 2H), 7.25 (t, 3J =7.3 Hz, 1H),
6.92 (d, 3J =9.0 Hz, 2H), 5.49 (q, 3J =6.1 Hz, 2H), 1.56 (d, 3J =6.4 Hz, 3H);
13C-NMR (150 MHz, DMSO-d6 ) δ: 167.0, 153.9, 153.7, 153.6, 143.0, 131.6, 128.5
(2C), 127.4, 125.7 (2C), 123.4 (2C), 122.6, 117.3, 115.8 (2C), 110.5, 74.9, 24.2; IR
(cm−1) ν: 3266 (w), 3073 (w), 2972 (w), 1607 (m), 1570 (m), 1540 (m), 1503 (s),
1442 (s), 1345 (s), 1305 (m), 1226 (s), 1201 (s), 1067 (m), 1002 (m), 932 (w), 823
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(m), 773 (m), 752 (m), 696 (s), 582 (w), 517 (m), 469 (m).

HRMS (ASAP+, m/z): detected 426.0278, calculated for C20H17N3OS79Br [M+H]+

426.0276.

4.16 Synthesis of (S)-6-bromo-N -(4-(1-phenyl-
ethoxy)phenyl)thieno[2,3-d ]pyrimidin-4-amine
((S)-9)

The procedure described in Section 4.14 was repeated with
the following compounds: Aniline-compound (S)-6 (200 mg
, 0.938 mmol) and thienopyrimidine 1 (133 mg , 0.781 mmol),
DIEPA (0.27 mL, 1.56 mmol) and i -PrOH (8 mL). The re-
action was stirred at 80 ℃ for 4.5 hours. The crude product
was purified with two rounds of silica-gel column chromatog-
raphy (n-pentane: EtOAc: Et3N; 6:4, Rf=0.34) (n-pentane:
EtOAc; 8:2, Rf=0.38). The product was isolated as light
brown solid with 41% yield (165 mg, 0.386 mmol) and HPLC purity 99%, with
specific rotation of [α]20D = -37.85 °, Mp. 157.9-158.6 ℃ and EE(%) = 99 (Method
1, tR= 21.5 min, Rs= 4.7).

Spectroscopic data for Compound (S)-9 (Appendix .1.15): 1H-NMR (600 MHz,
DMSO-d6) δ: 9.46 (s, 1H), 8.37 (s, 1H), 7.96 (s, 1H), 7.54 (d, 3J =8.8 Hz, 2H),
7.42 (d, 3J =6.7 Hz, 2H), 7.34 (t, 3J =7.3 Hz, 2H), 7.25 (t, 3J =7.1 Hz, 1H),
6.93 (d, 3J =9.0 Hz, 2H), 5.49 (q, 3J =6.1 Hz, 2H), 1.56 (d, 3J =9.0 Hz, 3H);
13C-NMR (150 MHz, DMSO-d6 ) δ: 167.0, 153.9, 153.7, 153.6, 143.0, 131.6, 128.5
(2C), 127.4, 125.7 (2C), 123.4 (2C), 122.6, 117.3, 115.8 (2C), 110.5, 74.9, 24.2; IR
(cm−1) ν: 3265 (w), 3073 (w), 2971 (w), 2925 (w), 1608 (m), 1570 (m), 1540 (m),
1503 (s), 1482 (m), 1442 (s), 1408 (m), 1345 (s), 1305 (m), 1250 (m), 1226 (s),
1201 (m), 1067 (w), 1002 (m), 932 (m), 823 (m), 773 (m), 752 (m), 696 (s), 582
(w), 517 (w), 469 (m).

HRMS (ASAP+, m/z): detected 426.0278, calculated for C20H17N3OS79Br [M+H]+

426.0276.

4.17 6-bromo-N -(4-(2,2,2-trifluoro-1-phenylethoxy)
phenyl)thieno[2,3-d ]pyrimidin-4-amine ((rac)-
10)

The synthesis of 6-bromo-N -(4-(2,2,2-trifluoro-1-phenylethoxy)-
phenyl)thieno[2,3-d ]pyrimidin-4-amine ((rac)-10) is per-
formed following the procedure in Section 4.14 with the fol-
lowing compounds and scale: Compound (rac)-7 (416 mg,
1.56 mmol), thienopyrimidine 1 (213 mg , 1.25 mmol) and
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DIEPA (0.42 mL, 2.49 mmol) was stirred in i -PrOH (16 mL)
at 80 ℃ for 6 hours. The crude product was purified by silica-gel column chro-
matography (n-pentane/EtOAc 6:4, Rf = 0.42). The product was isolated as off
white crystals in a 51% yield (311 mg, 0.648 mmol) with HPLC purity 96% and
Mp. 199.7-200.6 ℃.

Spectroscopic data for Compound (rac)-10 (Appendix .1.16): 1H-NMR (600 MHz,
DMSO-d6) δ: 9.52 (s, 1H), 8.39 (s, 1H), 7.98 (s, 1H), 7.62 (m, 2H), 7.60 (m, 2H),
7.46 (m, 1H), 7.45 (m, 2H), 7.06 (d, 3J =8.9 Hz, 2H), 6.26 (q, 3J =8.8 Hz, 1H);
13C-NMR (150 MHz, DMSO-d6 ) δ: 167.1, 153.7, 153.5, 152.1, 133.2, 131.9, 129.7
(2C), 128.7, 128.0 (2C), 124.8 (q, 1JCF = 281.2 Hz), 123.2 (2C), 122.6, 117.4, 116.1
(2C), 110.7, 76.0 (q, 2JCF = 31.3 Hz); 19F-NMR (565 MHz, DMSO-d6, C6F6): -
77.75; IR (cm−1) ν: 3280 (w), 3073 (w), 1619 (m), 1575 (m), 1541 (m), 1504 (s),
1482 (m), 1444 (s), 1412 (m), 1345 (s), 1306 (m), 1286 (m), 1274 (m), 1247 (s),
1230 (s), 1202 (s), 1167 (m), 1135 (s), 1055 (m), 896 (m), 850 (m), 833 (s), 774
(m), 756 (m), 700 (s), 520 (m), 473 (m).

HRMS (ASAP+, m/z): detected 479.9995, calculated for C20H14N3OS79BrF3
[M+H]+ 479.9993.

4.18 (R)-6-bromo-N -(4-(2,2,2-trifluoro-1-phenyl-
ethoxy)phenyl)thieno[2,3-d ]pyrimidin-4-amine
((R)-10)

The synthesis of Compound (R)-10 was carried out according
to the procedure in Section 4.14 with following compounds:
Compound (R)-7 (204 mg, 0.763 mmol), thienopyrimidine 1
(108 mg , 0.633 mmol) and DIEPA (0.21 mL, 1.147 mmol)
were stirred in i -PrOH (8 mL) at 80 ℃ for 6.5 hours. The
crude product was purified by silica-gel column chromatog-
raphy (n-pentane/EtOAc 8:2, Rf = 0.54). The product was
isolated as off white crystals in a 56% yield (0.1699 g, 0.354
mmol) and HPLC purity 99%, with specific rotation of [α]20D = -61.49, Mp. 174.9-
176.5 ℃ and EE(%) = 96 (Method 1, tR= 19.9 min, Rs= 3.8).

Spectroscopic data for Compound (R)-10 (Appendix .1.17): 1H-NMR (600 MHz,
DMSO-d6) δ: 9.52 (s, 1H), 8.39 (s, 1H), 7.98 (s, 1H), 7.62 (m, 2H), 7.60 (m, 2H),
7.46 (m, 1H), 7.44 (m, 2H), 7.06 (d, 3J =9.0 Hz, 2H), 6.25 (q, 3J =5.4 Hz, 1H);
13C-NMR (150 MHz, DMSO-d6 ) δ: 167.1, 153.7, 153.5, 152.1, 133.2, 131.9, 129.7
(2C), 128.7, 128.1 (2C), 124.8 (q, 1JCF = 282.8 Hz), 123.2 (2C), 122.6, 117.4, 116.1
(2C), 110.7, 76.0 (q, 2JCF = 31.17 Hz); 19F-NMR (565 MHz, DMSO-d6, C6F6):
-77.75; IR (cm−1) ν: 3254 (w), 3203 (w), 3099 (w), 3071 (w), 3045 (w), 2923 (w),
1609 (m), 1573 (m), 1541 (m), 1504 (s), 1483 (m), 1443 (s), 1345 (m), 1260 (m),
1249 (m), 1222 (s), 1201 (s), 1176 (s), 1139 (s), 1126 (m), 1049 (m), 853 (m), 824
(m), 773 (m), 700 (s), 633 (w), 526 (w), 450 (w) HRMS (ASAP+, m/z): detected
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479.9993, calculated for C20H14N3OS79BrF3 [M+H]+ 479.9993.

4.19 (S)-6-bromo-N -(4-(2,2,2-trifluoro-1-phenyl
ethoxy)phenyl)thieno[2,3-d ]pyrimidin-4-amine
((S)-10)

The synthesis of Compound (S)-10 was carried out according
to the procedure in Section 4.14 with following compounds:
Compound (S)-7 (415 mg, 1.55 mmol), thienopyrimidine 1
(217 mg , 1.27 mmol) and DIEPA (0.42 mL, 2.49 mmol) was
stirred in i -PrOH (16 mL) at 80 ℃ for 24 hours. The crude
product was purified by silica-gel column chromatography (n-
pentane/EtOAc 4:1, Rf = 0.54). The product was isolated as
off white crystals in a 52% yield (0.375 g, 0.780 mmol) with
HPLC purity 99%, specific rotation [α]20D = 61.82 °, Mp. 173.8-175.8 ℃ and EE
(%) = 97 (Method 1, tR= 16.0 min, Rs= 3.8).

Spectroscopic data for Compound (S)-10 (Appendix .1.18): 1H-NMR (600 MHz,
DMSO-d6) δ: 9.52 (s, 1H), 8.39 (s, 1H), 7.98 (s, 1H), 7.62 (m, 2H), 7.60 (m, 2H),
7.46 (m, 1H), 7.44 (m, 2H), 7.06 (d, 3J =7.5 Hz, 2H), 6.25 (q, 3J =6.5 Hz, 1H);
13C-NMR (150 MHz, DMSO-d6 ) δ: 167.1, 153.7, 153.5, 152.1, 133.2, 131.9, 129.7
(2C), 128.7, 128.1 (2C), 124.8 (q, 1JCF = 281.7 Hz), 123.2 (2C), 122.6, 117.4, 116.1
(2C, 110.7, 76.0 (q, 2JCF = 31.5 Hz); 19F-NMR (565 MHz, DMSO-d6, C6F6): -
77.75; IR (cm−1) ν:3252 (w), 3070 (w), 2960 (w), 2925 (w), 1609 (m), 1573 (m),
1540 (m), 1503 (s), 1482 (m), 1441 (s), 1344 (s), 1260 (m), 1248 (m), 1219 (s), 1199
(s), 1174 (s), 1137 (s), 1124 (s), 1083 (m), 1048 (m), 1001 (m), 852 (m), 823 (m),
773 (m), 754 (m), 698 (s), 633 (m), 506 (m), 469 (m).

HRMS (ASAP+, m/z): detected 479.9995, calculated for C20H14N3OS79BrF3
[M+H]+ 479.9993.

4.20 Synthesis of N -(4-(benzyloxy)phenyl)-6-
bromo-thieno[2,3-d ]pyrimidin-4-amine (11)

Thienopyrimidine 1 (1.01g , 4.01 mmol), 4-(benzyloxy)aniline
hydrochloride (1.134 g, 4.81 mmol) were dissolved in i -PrOH
(40 mL) and DIPEA (1.4 mL, 8.02 mmol) under an N2-
atmosphere and stirred at 80 ℃ for 6.5 hours. The mixture
was concentrated in vacuo. An assay 1H-NMR of the mixture
(206 mg) was recorded with 4-chlorothieno[2,3-d ]pyrimidine
(159 mg) as standard, assay value of 58%. The crude product
was purified with two parallel silica-gel column chromatography (n-pentane/EtOAc
3:2, Rf = 0.69). The product was further purified through extraction with EtOAc
(100 mL × 3), NaHCO3-brine (100 mL × 3), water (100 mL × 9) and brine (100
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mL × 3. The product was isolated as an off-white solid, in a 81% yield (1.34g, 3.26
mmol) with HPLC purity of 99% and Mp. 174.9-177.6 ℃.

Spectroscopic data for Compound 11 (Appendix .1.19): 1H-NMR (600 MHz, DMSO-
d6) δ: 9.53 (s, 1H), 8.41 (s, 1H), 8.01 (s, 1H), 7.63 (d, 3J =7.4 Hz, 2H), 7.46 (d,
3J =7.4 Hz, 2H), 7.40 (t, 3J =7.5 Hz, 2H), 7.33 (t, 3J =7.3 Hz, 1H), 7.05 (d,
3J =8.9 Hz, 2H), 5.11 (s, 2H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 167.0, 154.8,
153.8, 153.7, 137.2, 131.9, 128.5 (2C), 127.8, 127.7 (2C), 123.5 (2C), 122.7, 117.4,
114.8 (2C), 110.5, 69.4; IR (cm−1) ν: 3264 (w), 3072 (w), 3008 (w), 2859 (w), 1618
(m), 1609 (m), 1540 (m), 1504 (s), 1481 (m), 1446 (s), 1344 (m), 1221 (s), 1201 (s),
1033 (m), 827 (s), 770 (m). HRMS (ASAP+, m/z): detected 334.1014, calculated
for C19H14N3OS79Br [M+H]+ 334.1018

4.21 Synthesis of N -(4-(benzyloxy)phenyl)-6-
phenyl-thieno[2,3-d ]pyrimidin-4-amine (12)

Compound 11 (75 mg, 0.182 mmol), phenylboronic acid
(27 mg, 0.218 mmol), K2CO3 (75 mg, 0.546 mmol) and
Pd(dppf)Cl2 (6.7 mg, 0.0091 mmol) were dissolved in de-
gassed ACN (2 mL) and water (1 mL). The reaction was
stirred at 80 ℃ for 20 minutes. The reaction mixture was
concentrated in vacuo, and extracted with water (10 mL)
and EtOAc (3 × 10 mL). The combined organic phase were
washed with brine (10 mL) and dried over Na2SO4, filtrated
and concentrated in vacuo. The crude product was purified with silica-gel column
chromatography (n-pentane: EtOAc; 1:1, Rf=0.64). The product was isolated as
a white solid with 67% yield (50 mg, 0.122 mmol) with HPLC purity 99% and Mp.
211.2-211.4 ℃.

Spectroscopic data for Compound 12 (Appendix .1.20): 1H-NMR (600 MHz, DMSO-
d6) δ: 9.58 (s, 1H), 8.43 (s, 1H), 8.23 (s, 1H), 7.73 (d, 3J =7.9 Hz, 2H), 7.71 (d,
3J =9.0 Hz, 2H), 7.53 (t, 3J =7.7 Hz, 2H), 7.48 (d, 3J =7.4 Hz, 2H), 7.43 (m,
1H), 7.40 (m, 2H), 7.34 (t, 3J =7.4 Hz, 2H), 7.07 (d, 3J =9.0 Hz, 2H), 5.12 (s,
1H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 165.7, 154.7, 154.6, 153.5, 138.9, 137.2,
133.2, 132.2, 129.5 (2C), 128.8, 128.4 (2C), 127.8, 127.7 (2C), 125.8 (2C), 123.2
(2C), 118.0, 115.3, 114.8 (2C), 69.4; IR (cm−1) ν: 3071 (w), 3029 (w), 2959 (w),
2857 (w), 1602 (m), 1571 (m), 1551 (m), 1504 (s), 1483 (m), 1451 (m), 1441 (m),
1414 (m), 1383 (m), 1353 (m), 1298 (m). 1236 (m), 1208 (s), 1028 (w), 992 (w),
860 (w), 754 (m), 733 (m), 690 (m), 544 (w), 516 (w), 463 (w).

HRMS (ASAP+, m/z): detected 410.1331, calculated for C25H20N3OS [M+H]+

410.1327.
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4.22 Synthesis of N -(4-(benzyloxy)phenyl)-6-
(pyridin-3-yl)thieno[2,3-d ]pyrimidin-4-amine
(13)

The procedure described in Section 4.21 was repeated with the
following compounds: Compound 11 (75 mg, 0.182 mmol),
pyridin-3-ylboronic acid (27 mg, 0.218 mmol), K2CO3 (75 mg,
0.546 mmol), Pd(dppf)Cl2 (6.7 mg, 0.0091 mmol) in degassed
ACN (2 mL) and water (1 mL). The reaction was stirred at
80 ℃ for 15 minutes. The crude product was purified with
silica-gel column chromatography (n-pentane: EtOAc; 4:1,
Rf=0.16). The product was isolated as a yellow solid with
64% yield (48 mg, 0.116 mmol), HPLC purity 99% and Mp. 216.2-218.1.

Spectroscopic data for Compound 13 (Appendix .1.21): 1H-NMR (600 MHz, DMSO-
d6) δ: 9.64 (s, 1H), 8.96 (m, 1H), 8.62 (m, 1H), 8.45 (s, 1H), 8.31 (s, 1H), 8.10 (m,
1H), 7.70 (d, 3J =9.0 Hz, 2H), 7.57 (q, 3J =4.8 Hz, 1H), 7.48 (d, 3J =7.1 Hz, 2H),
7.41 (t, 3J =7.4 Hz, 2H), 7.34 (t, 3J =7.3 Hz, 1H), 7.07 (d, 3J =9.0 Hz, 2H), 5.12
(s, 1H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 166.2, 154.74, 154.73, 153.9, 149.5,
146.4, 137.2, 135.2, 133.2, 132.2, 132.0, 129.2,128.4, 127.8 (2C), 127.7 (2C), 124.3,
123.3 (2C), 117.8, 116.8, 114.8 (2C), 69.4; IR (cm−1) ν: 3247 (w), 3030 (w), 2919
(w), 2853 (w), 1741 (w), 1605 (m), 1568 (m), 1500 (s), 1440 (m), 1373 (m), 1347
(m), 1301 (m), 1231 (s), 1206 (m), 1006 (m), 989 (m), 858 (m), 795 (s), 767 (m),
755 (s), 732 (m), 702 (m), 690 (s), 625 (m), 616 (m), 539 (m), 524 (m), 460 (m).

HRMS (ASAP+, m/z): detected 411.1283, calculated for C24H19N4OS [M+H]+

411.1280.

4.23 Synthesis of N -(4-(cyclohexylmethoxy)phenyl)-
6-(pyridin-3-yl)thieno[2,3-d ]pyrimidin-4-amine
(14)

The procedure described in Section 4.21 was repeated with
the following compounds: compound 8 (100 mg, 0.239 mmol),
pyridin-3-ylboronic acid (35 mg, 0.287 mmol), K2CO3 (99 mg,
0.717 mmol), Pd(dppf)Cl2 (8.7 mg, 0.012 mmol) in degassed
ACN (4 mL) and water (2 mL). The reaction was stirred at
80 ℃ for 2.5 hours. The crude product was purified with
silica-gel column chromatography (n-pentane: EtOAc; 8:2,
Rf=0.11). The product was isolated as a off-white solid in a
27% yield (26.8 mg, 0.064 mmol) with HPLC purity 99% and Mp. 224.2-226.2 ℃

Spectroscopic data for Compound 14 (Appendix .1.22): 1H-NMR (600 MHz, DMSO-
d6) δ: 9.63 (s, 1H), 8.97 (m, 1H), 8.62 (m, 1H), 8.46 (s, 1H), 8.32 (s, 1H), 8.10
(m, 1H), 7.69 (d, 3J =8.9 Hz, 2H), 7.58 (q, 3J =4.8 Hz, 1H), 6.98 (d, 3J =9.0 Hz,
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2H), 3.80 (d, 3J =6.4 Hz, 2H), 1.81 (m, 2H), 1.74 (m, 3H), 1.67 (m, 1H), 1.26 (m,
2H), 1.19 (m, 1H), 1.05 (m, 2H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 166.1, 155.3,
154.7, 153.9, 149.5, 146.4, 135.1, 133.2, 131.7, 129.2, 124.4, 123.3 (2C), 117.8, 116.9,
114.4 (2C), 72.9, 37.1, 29.3 (2C), 26.1, 25.3 (2C); IR (cm−1) ν: 3280 (w), 3104 (w),
2905 (w), 2850 (w), 1627 (m), 1569 (m), 1543 (m), 1503 (s), 1468 (m), 1445 (s),
1418 (m), 1379 (m), 1350 (m), 1301 (m), 1251 (m), 1228 (m), 1203 (m), 1024 (m),
990 (m), 862 (m), 830 (m), 806 (m), 766 (m), 718 (m), 706 (m), 608 (m), 545 (m),
521 (m). HRMS (ASAP+, m/z): detected 417.1752, calculated for C24H25N4OS
[M+H]+ 417.1749.

4.24 Synthesis of 6-(pyridin-3-yl)-N -(4-(2,2,2-
trifluoro-1-phenylethoxy)phenyl)thieno[2,3-d ]-
pyrimidin-4-amine (rac)-15

The synthesis of compound (rac)-15 was carried out by the
procedure described in Section 4.21, with the following com-
pounds: compound (rac)-9 (101 mg, 0.210 mmol), pyridin-
3-ylboronic acid (32 mg, 0.260 mmol), K2CO3 (91 mg, 0.655
mmol), Pd(dppf)Cl2 (7.2 mg, 0.098 mmol) in degassed ACN
(4 mL) and water (2 mL).The reaction was stirred at 80 ℃
for 15 minutes. The crude product was purified with silica-gel
column chromatography (n-pentane: EtOAc; 3:7, Rf=0.32).
The product was isolated as a off-white solid in a 88% yield (87.4 mg, 0.183 mmol)
and HPLC purity 99%, Mp. 217.7-218.6 ℃, Rs = 3.9 determined from method 3
in Section 4.1.2.

Spectroscopic data for Compound (rac)-15 (Appendix .1.23): 1H-NMR (600 MHz,
DMSO-d6) δ: 9.64 (s, 1H), 8.94 (s, 1H), 8.61 (s, 1H), 8.43 (s, 1H), 8.27 (s, 1H), 8.08
(d, 3J =8.0 Hz, 1H), 7.67 (d, 3J =7.7 Hz, 2H), 7.62 (d, 3J =7.6 Hz, 2H), 7.55 (m,
1H), 7.47 (m, 1H), 7.45 (m, 2H), 7.08 (d, 3J =7.8 Hz, 2H), 6.26 (q, 3J =6.2 Hz,
2H); 13C-NMR (150 MHz, DMSO-d6 ) δ: 166.2, 154.6, 153.8, 152.0, 149.5, 146.4,
135.3, 133.4, 133.2, 132.0, 129.7 (2C), 129.2, 128.8, 128.1 (2C), 124.8 (q, 3J =282.0
Hz), 124.3, 123.1 (2C), 117,9, 116.7, 116.1 (2C), 76.0 (q, 3J =31.5 Hz); 19F-NMR
(565 MHz, DMSO-d6, C6F6): -77.74; IR (cm−1) ν: 3260 (w), 3037 (w), 2925 (w),
2854 (w), 1728 (m), 1612 (m), 1574 (m), 1501 (s), 1442 (s), 1350 (m), 1229 (s),
1205 (s), 1175 (s), 1131 (s), 1046 (m), 990 (m), 894 (m), 767 (s), 757 (m), 701
(s), 627 (m), 524 (m). HRMS (ASAP+, m/z): detected 479.1152, calculated for
C25H18N4OF3S [M+H]+ 479.1153.
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4.25 Synthesis of (S)-6-(pyridin-3-yl)-N -(4-(2,2,2-
trifluoro-1-phenylethoxy)phenyl)thieno[2,3-d ]
pyrimidin-4-amine (S)-15

The synthesis of compound (S)-15 was carried out by the procedure described
in Section 4.21, with the following compounds: compound (S)-9 (99.1 mg, 0.206
mmol), pyridin-3-ylboronic acid (30.5 mg, 0.248 mmol), K2CO3 (90.5 mg, 0.655
mmol), Pd(dppf)Cl2 (7.8 mg, 0.011 mmol) in degassed ACN (4 mL) and water (2
mL). The reaction was stirred at 80 ℃ for 20 minutes. The crude product was
purified with silica-gel column chromatography (n-pentane: EtOAc; 3:7, Rf=0.32).
The product was isolated as a off-white solid in a 90% yield (89.0 mg, 0.186 mmol)
and HPLC purity 99%, specific rotation [α]20D = 53.30 °, Mp. 166.7-167.8 ℃, EE
(%) = 99 (Method 3, tR= 63.4 min, Rs= 3.9).

Spectroscopic data for Compound (S)-15 (Appendix .1.24):
1H-NMR (600 MHz, DMSO-d6) δ: 9.64 (s, 1H), 8.94 (s, 1H),
8.61 (m, 1H), 8.43, 8.27, 8.08 (m, 1H), 7.67 (d, 3J =9.0 Hz,
2H), 7.62 (d, 3J =7.3 Hz, 2H), 7.55 (q, 3J =4.7 Hz, 1H), 7.47
(m, 1H), 7.45 (m, 2H), 7.08 (d, 3J =9.1 Hz, 2H), 6.26 (q,
3J =6.5 Hz, 2H); 13C-NMR (150 MHz, DMSO-d6 ) δ:166.2,
154.6, 153.8, 152.0, 149.5, 146.4, 135.3, 133.4, 133.2, 132.0,
129.7 (2C), 129.2, 128.8, 128.1 (2C), 124.8 (q, 3J =280.1 Hz),
124.3, 123.1 (2C), 117.9, 116.7, 116.1 (2C), 76.0 (q, 3J =31.3 Hz); 19F-NMR (565
MHz, DMSO-d6, C6F6): -77.74; IR (cm−1) ν: 3265 (w), 3037 (w), 2920 (w), 2851
(w), 1729 (w), 1613 (m), 1573 (m), 1501 (s), 1442 (m), 1228 (s), 1205 (s), 1174 (s),
1131 (s), 1047 (m), 990 (m), 767 (m), 701 (s), 627 (m), 524 (m). HRMS (ASAP+,
m/z): detected 479.1153, calculated for C25H18N4OF3S [M+H]+ 479.1153.
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.1 Spectroscopic Data

.1.1 Spectroscopic data for Compound 2

Figure 1: 1H-NMR specter of compound 2 105



Figure 2: 13C-NMR specter of compound 2
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Figure 3: COSY specter of compound 2
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Figure 4: HSQC specter of compound 2
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Figure 5: HMBC specter of compound 2
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Figure 6: IR-spectrum of compound 2
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Elemental Composition Report                                                                                          Page 1

Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
787 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-5    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-195 89 (1.759) AM2 (Ar,35000.0,0.00,0.00); Cm (87:89)
 1: TOF MS ASAP+ 

 5.69e+006
140.0354

236.1289

237.1322

238.1346
339.3456

519.1396
622.4365 931.8329

1049.3132 1204.5448

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

236.1289   236.1287    0.2    0.8    5.5    3557.7  0.000  100.00  C13 H18 N O3 
           236.1289    0.0    0.0    -4.5   3589.6  31.908 0.00    C6 H26 N3 S3 

Figure 7: MS specter of compound 2
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.1.2 Spectroscopic data for Compound (R)-3

Figure 8: 1H-NMR specter of compound (R)-3
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Figure 9: 13C-NMR specter of compound (R)-3
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Figure 10: COSY specter of compound (R)-3
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Figure 11: HSQC specter of compound (R)-3
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Figure 12: HMBC specter of compound (R)-3
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Figure 13: IR-spectrum of compound (R)-3
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m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

%

0

100

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

%

0

100
 2021-279 76 (0.726) AM2 (Ar,35000.0,0.00,0.00)  1: TOF MS ES+ 

 8.28e4610.1848

536.1661

281.0520

207.0333103.9561

453.7862355.0708

537.1667

538.1642

539.1648

611.1855

684.2033

613.1829

614.1805

685.2047

758.2206

688.1998 761.2181 832.2403
906.2589

 2021-279 41 (0.829) AM2 (Ar,35000.0,0.00,0.00)  1: TOF MS ASAP+ 
 2.99e4140.0351

123.0325

141.0390

261.0506 1073.0223417.9610382.9335
491.7924 954.6960647.4001573.7203 843.9969

786.6089 !
1262.75401130.6442

1481.31741374.7061

Figure 14: MS specter of compound (R)-3
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.1.3 Spectroscopic data for Compound (S)-3

Figure 15: 1H-NMR specter of compound (S)-3
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Figure 16: 13C-NMR specter of compound (S)-3
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Figure 17: COSY specter of compound (S)-3
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Figure 18: HSQC specter of compound (S)-3
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Figure 19: HMBC specter of compound (S)-3
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Figure 20: IR-spectrum of compound (S)-3
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m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

%

0

100

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

%

0

100

 2021-280 67 (0.639) AM2 (Ar,35000.0,0.00,0.00)  1: TOF MS ES+ 
 8.92e4610.1854

536.1660

281.0522

271.1888
103.9564207.0331

503.1087

355.0702

684.2039

685.2036

686.2030

758.2229
760.2208

832.2405
911.2183

!
985.2402

 2021-280 41 (0.829) AM2 (Ar,35000.0,0.00,0.00)  1: TOF MS ASAP+ 
 4.10e3140.0351

261.0500

!
206.1670

353.0820 776.4779573.0745510.6870 1444.10471306.5266925.6537 1114.6296

Figure 21: MS specter of compound (S)-3
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.1.4 Spectroscopic data for Compound (rac)-4

Figure 22: 1H-NMR specter of compound (rac)-4
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Figure 23: 13C-NMR specter of compound (rac)-4

130



Figure 24: 19F-NMR specter of compound (rac)-4
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Figure 25: COSY specter of compound (rac)-4
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Figure 26: HSQC specter of compound (rac)-4
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Figure 27: HMBC specter of compound (rac)-4
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Figure 28: IR-spectrum of compound (rac)-4
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Elemental Composition Report                                                                                          Page 1

Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
3891 formula(e) evaluated with 14 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    F: 0-3    S: 0-1    Br: 0-1    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-210 82 (1.621) AM2 (Ar,35000.0,0.00,0.00); Cm (78:82)
 1: TOF MS ASAP+ 

 1.50e+006
298.0693

159.0426

160.0457

299.0724

451.1128
590.1400 663.4536

1263.4738891.2313 1041.0391
1336.3699

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

298.0693   298.0691    0.2    0.7    8.5    2525.2  0.006  99.36   C14 H11 N O3 F3 
           298.0691    0.2    0.7    -7.5   2535.7  10.522 0.00    C4 H23 N O3 F2
                                                                   I
           298.0690    0.3    1.0    15.5   2544.1  18.952 0.00    C20 H12 N S 
           298.0690    0.3    1.0    -2.5   2551.3  26.080 0.00    C5 H19 N5 O2 F2
                                                                   Br
           298.0688    0.5    1.7    -4.5   2552.9  27.688 0.00    C7 H25 N O4 S
                                                                   Br
           298.0699    -0.6   -2.0   -8.5   2552.9  27.681 0.00    C4 H26 N O5 F S
                                                                   Br
           298.0701    -0.8   -2.7   0.5    2552.5  27.361 0.00    C8 H21 N5 S Br 
           298.0685    0.8    2.7    -0.5   2543.3  18.153 0.00    C6 H15 N3 O5 F3
                                                                   S
           298.0702    -0.9   -3.0   11.5   2543.5  18.344 0.00    C17 H13 N O F S 
           298.0702    -0.9   -3.0   -4.5   2542.6  17.405 0.00    C7 H25 N O S I 
           298.0702    -0.9   -3.0   -6.5   2551.3  26.106 0.00    C2 H20 N5 O3 F3
                                                                   Br
           298.0680    1.3    4.4    12.5   2530.4  5.196  0.55    C17 H10 N O2 F2 
           298.0679    1.4    4.7    1.5    2551.2  26.004 0.00    C8 H18 N5 O F
                                                                   Br
           298.0679    1.4    4.7    -3.5   2532.2  7.061  0.09    C7 H22 N O2 F I 

Figure 29: MS specter of compound (rac)-4
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.1.5 Spectroscopic data for Compound (R)-4

Figure 30: 1H-NMR specter of compound (R)-4
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Figure 31: 13C-NMR specter of compound (R)-4

139



Figure 32: 19F-NMR specter of compound (R)-4
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Figure 33: COSY specter of compound (R)-4

141



NT
NU

_M
as

te
rs

_T
he

si
s_

TE
MP

LA
TE

/f
ig

/S
pe

ct
ro

sc
op

y/
84

/H
SQ

C-
84

.p
df

Figure 34: HSQC specter of compound (R)-4
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Figure 35: HMBC specter of compound (R)-4
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Figure 36: IR-spectrum of compound (R)-4
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Elemental Composition Report                                                                                          Page 1

Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
3891 formula(e) evaluated with 11 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    F: 0-3    S: 0-1    Br: 0-1    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-212 64 (1.257) AM2 (Ar,35000.0,0.00,0.00); Cm (64)
 1: TOF MS ASAP+ 

 1.25e+006
298.0695

159.0427

160.0458

228.0666

299.0724
451.1135

433.1029 452.1168 590.1403
707.0938 970.8589 1106.0507 1371.0365

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

298.0695   298.0691    0.4    1.3    8.5    2304.1  0.002  99.76   C14 H11 N O3 F3 
           298.0691    0.4    1.3    -7.5   2310.2  6.077  0.23    C4 H23 N O3 F2
                                                                   I
           298.0702    -0.7   -2.3   -4.5   2314.1  10.013 0.00    C7 H25 N O S I 
           298.0685    1.0    3.4    -0.5   2314.8  10.718 0.00    C6 H15 N3 O5 F3
                                                                   S
           298.0702    -0.7   -2.3   11.5   2315.4  11.298 0.00    C17 H13 N O F S 
           298.0690    0.5    1.7    15.5   2316.0  11.858 0.00    C20 H12 N S 
           298.0699    -0.4   -1.3   -8.5   2322.4  18.291 0.00    C4 H26 N O5 F S
                                                                   Br
           298.0701    -0.6   -2.0   0.5    2322.5  18.346 0.00    C8 H21 N5 S Br 
           298.0688    0.7    2.3    -4.5   2322.5  18.401 0.00    C7 H25 N O4 S
                                                                   Br
           298.0690    0.5    1.7    -2.5   2323.4  19.313 0.00    C5 H19 N5 O2 F2
                                                                   Br
           298.0702    -0.7   -2.3   -6.5   2323.5  19.361 0.00    C2 H20 N5 O3 F3
                                                                   Br

Figure 37: MS specter of compound (R)-4
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.1.6 Spectroscopic data for Compound (S)-4

Figure 38: 1H-NMR specter of compound (S)-4
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Figure 39: 13C-NMR specter of compound (S)-4

148



Figure 40: 19F-NMR specter of compound (S)-4
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Figure 41: COSY specter of compound (S)-4
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Figure 42: HSQC specter of compound (S)-4
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Figure 43: HMBC specter of compound (S)-4
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Figure 44: IR-spectrum of compound (S)-4
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Elemental Composition Report                                                                                          Page 1

Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
3891 formula(e) evaluated with 14 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    F: 0-3    S: 0-1    Br: 0-1    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-215A 83 (1.638) AM2 (Ar,35000.0,0.00,0.00); Cm (83:91)
 1: TOF MS ASAP+ 

 4.49e+006
298.0692

159.0425

160.0456
164.1187

299.0724

451.1132
590.1389 716.1852 912.8511

1027.4622
1249.6837 1426.5795

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

298.0692   298.0691    0.1    0.3    8.5    2986.1  0.005  99.46   C14 H11 N O3 F3 
           298.0691    0.1    0.3    -7.5   2997.5  11.341 0.00    C4 H23 N O3 F2
                                                                   I
           298.0690    0.2    0.7    15.5   3006.7  20.602 0.00    C20 H12 N S 
           298.0690    0.2    0.7    -2.5   3014.1  28.031 0.00    C5 H19 N5 O2 F2
                                                                   Br
           298.0688    0.4    1.3    -4.5   3014.5  28.420 0.00    C7 H25 N O4 S
                                                                   Br
           298.0685    0.7    2.3    -0.5   3005.4  19.242 0.00    C6 H15 N3 O5 F3
                                                                   S
           298.0699    -0.7   -2.3   -8.5   3014.4  28.310 0.00    C4 H26 N O5 F S
                                                                   Br
           298.0701    -0.9   -3.0   0.5    3015.0  28.868 0.00    C8 H21 N5 S Br 
           298.0702    -1.0   -3.4   11.5   3006.1  19.959 0.00    C17 H13 N O F S 
           298.0702    -1.0   -3.4   -4.5   3004.6  18.495 0.00    C7 H25 N O S I 
           298.0702    -1.0   -3.4   -6.5   3014.4  28.322 0.00    C2 H20 N5 O3 F3
                                                                   Br
           298.0680    1.2    4.0    12.5   2991.4  5.327  0.49    C17 H10 N O2 F2 
           298.0679    1.3    4.4    1.5    3014.2  28.066 0.00    C8 H18 N5 O F
                                                                   Br
           298.0679    1.3    4.4    -3.5   2993.6  7.501  0.06    C7 H22 N O2 F I 

Figure 45: MS specter of compound (S)-4
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.1.7 Spectroscopic data for Compound 5

Figure 46: 1H-NMR specter of compound 5
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Figure 47: 13C-NMR specter of compound 5

157



Figure 48: COSY specter of compound 5
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Figure 49: HSQC specter of compound 5
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Figure 50: HMBC specter of compound 5
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Figure 51: IR-spectrum of compound 5
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Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
612 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-5    

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

%

0

100

 2021-196 58 (0.553) AM2 (Ar,35000.0,0.00,0.00); Cm (55:58)
 1: TOF MS ES+ 

 6.55e+004
206.1548

147.0929

98.9620
72.9381

113.9648

175.1238

148.0873 176.1267

207.1579

218.1547 355.0717338.3423
281.0532

305.1572

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

206.1548   206.1545    0.3    1.5    4.5    1726.8  n/a    n/a     C13 H20 N O 

Figure 52: MS specter of compound 5
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.1.8 Spectroscopic data for Compound (R)-6

Figure 53: 1H-NMR specter of compound (R)-6
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Figure 54: 13C-NMR specter of compound (R)-6
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Figure 55: COSY specter of compound (R)-6
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Figure 56: HSQC specter of compound (R)-6
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Figure 57: HMBC specter of compound (R)-6
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Figure 58: IR-spectrum of compound (R)-6
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
245 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-201 160 (1.502) AM2 (Ar,35000.0,0.00,0.00)
 1: TOF MS ES+ 

 3.41e+005
110.0609

214.1236

215.1270
449.2227305.1646

825.4155781.3899471.1031 869.4446 1001.5568 1306.7441
1420.7656

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

214.1236   214.1232    0.4    1.9    7.5    2025.0  n/a    n/a     C14 H16 N O 

Figure 59: MS specter of compound (R)-6
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.1.9 Spectroscopic data for Compound (S)-6

Figure 60: 1H-NMR specter of compound (S)-6
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Figure 61: 13C-NMR specter of compound (S)-6
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Figure 62: COSY specter of compound (S)-6
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Figure 63: HSQC specter of compound (S)-6
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Figure 64: HMBC specter of compound (S)-6
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Figure 65: IR-spectrum of compound (S)-6
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
245 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-202 61 (0.586) AM2 (Ar,35000.0,0.00,0.00)
 1: TOF MS ES+ 

 7.63e+005
110.0609

214.1235

449.2226

215.1266
425.2213

450.2259

634.3053 725.3478 846.3942
1033.8750 1332.5103

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

214.1235   214.1232    0.3    1.4    7.5    2635.4  n/a    n/a     C14 H16 N O 

Figure 66: MS specter of compound (S)-6
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.1.10 Spectroscopic data for Compound (rac)-7

Figure 67: 1H-NMR specter of compound (rac)-7
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Figure 68: 13C-NMR specter of compound (rac)-7
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Figure 69: 19F-NMR specter of compound (rac)-7
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Figure 70: COSY specter of compound (rac)-7
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Figure 71: HSQC specter of compound (rac)-7
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Figure 72: HMBC specter of compound (rac)-7
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Figure 73: IR-spectrum of compound (rac)-7
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
3084 formula(e) evaluated with 9 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    F: 0-3    S: 0-1    Br: 0-1    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-211 73 (1.449) AM2 (Ar,35000.0,0.00,0.00); Cm (73:79)
 1: TOF MS ASAP+ 

 9.77e+006
268.0955

108.0452
269.0986 560.1660

320.1264 561.1691

785.1927827.2512
966.5394 1100.9789 1242.7927

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

268.0955   268.0949    0.6    2.2    7.5    3635.5  0.491  61.17   C14 H13 N O F3 
           268.0960    -0.5   -1.9   -7.5   3659.7  24.698 0.00    C2 H22 N5 O F3
                                                                   Br
           268.0949    0.6    2.2    -8.5   3643.6  8.525  0.02    C4 H25 N O F2 I 
           268.0957    -0.2   -0.7   -9.5   3661.2  26.178 0.00    C4 H28 N O3 F S
                                                                   Br
           268.0948    0.7    2.6    -3.5   3659.7  24.672 0.00    C5 H21 N5 F2 Br 
           268.0943    1.2    4.5    -1.5   3652.8  17.780 0.00    C6 H17 N3 O3 F3
                                                                   S
           268.0946    0.9    3.4    -5.5   3661.3  26.270 0.00    C7 H27 N O2 S
                                                                   Br
           268.0945    1.0    3.7    2.5    3636.0  0.947  38.81   C8 H15 N3 O6 F 
           268.0967    -1.2   -4.5   1.5    3652.4  17.417 0.00    C8 H18 N3 O5 S 

Figure 74: MS specter of compound (rac)-7
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.1.11 Spectroscopic data for Compound (R)-7

Figure 75: 1H-NMR specter of compound (R)-7
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Figure 76: 13C-NMR specter of compound (R)-7
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Figure 77: 19F-NMR specter of compound (R)-7
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Figure 78: COSY specter of compound (R)-7
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Figure 79: HSQC specter of compound (R)-7
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Figure 80: HMBC specter of compound (R)-7
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Figure 81: IR-spectrum of compound (R)-7
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
3084 formula(e) evaluated with 9 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    F: 0-3    S: 0-1    Br: 0-1    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-214 163 (1.536) AM2 (Ar,35000.0,0.00,0.00); Cm (157:164)
 1: TOF MS ES+ 

 4.28e+006
268.0954

109.0530

269.0988

453.7862
270.1013

825.4213781.3933 869.4487 1001.5465 1149.6129
1346.0555

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

268.0954   268.0949    0.5    1.9    7.5    2873.5  0.076  92.66   C14 H13 N O F3 
           268.0945    0.9    3.4    2.5    2876.0  2.617  7.30    C8 H15 N3 O6 F 
           268.0949    0.5    1.9    -8.5   2881.3  7.924  0.04    C4 H25 N O F2 I 
           268.0943    1.1    4.1    -1.5   2888.0  14.583 0.00    C6 H17 N3 O3 F3
                                                                   S
           268.0967    -1.3   -4.8   1.5    2888.2  14.806 0.00    C8 H18 N3 O5 S 
           268.0957    -0.3   -1.1   -9.5   2895.1  21.695 0.00    C4 H28 N O3 F S
                                                                   Br
           268.0946    0.8    3.0    -5.5   2895.1  21.735 0.00    C7 H27 N O2 S
                                                                   Br
           268.0948    0.6    2.2    -3.5   2895.7  22.280 0.00    C5 H21 N5 F2 Br 
           268.0960    -0.6   -2.2   -7.5   2895.8  22.449 0.00    C2 H22 N5 O F3
                                                                   Br

Figure 82: MS specter of compound (R)-7
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.1.12 Spectroscopic data for Compound (S)-7

Figure 83: 1H-NMR specter of compound (S)-7
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Figure 84: 89C-NMR specter of compound (S)-7
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Figure 85: 19F-NMR specter of compound (S)-7

200



Figure 86: COSY specter of compound (S)-7
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Figure 87: HSQC specter of compound (S)-7
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Figure 88: HMBC specter of compound (S)-7
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Figure 89: IR-spectrum of compound (S)-7
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
1070 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-5    O: 0-12    F: 0-3    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-281 176 (1.657) AM2 (Ar,35000.0,0.00,0.00); Cm (176:180)
 1: TOF MS ES+ 

 6.38e+005
268.0954

103.9565

105.9547

122.0973

269.0984
453.7862

487.3604 702.8654 770.8494
875.6915 1001.8393

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

268.0954   268.0956    -0.2   -0.7   -1.5   2623.1  4.983  0.69    C5 H16 N3 O7 F2 
           268.0949    0.5    1.9    7.5    2618.2  0.124  88.31   C14 H13 N O F3 
           268.0945    0.9    3.4    2.5    2620.3  2.207  11.00   C8 H15 N3 O6 F 

Figure 90: MS specter of compound (S)-7
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.1.13 Spectroscopic data for Compound 8

Figure 91: 1H-NMR specter of compound 8
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Figure 92: 13C-NMR specter of compound 8
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Figure 93: COSY specter of compound 8
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Figure 94: HSQC specter of compound 8
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Figure 95: HMBC specter of compound 8
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Sample : HKB-01-55Frequency Range : 3996.93 - 398.256Measured on : 12.04.2021
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Resolution : 4
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Figure 96: IR-spectrum of compound 8
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Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
1509 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-1    Br: 0-2    

m/z
380 390 400 410 420 430 440 450 460 470 480

%

0

100

 2021-197 119 (1.126) AM2 (Ar,35000.0,0.00,0.00); Cm (118:126)
 1: TOF MS ES+ 

 2.10e+006
420.0574

416.0438
403.1111389.0963

421.0602

422.0564

453.7866423.0575 443.3352 471.1055 479.7834

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

418.0593   418.0589    0.4    1.0    10.5   2444.9  0.000  100.00  C19 H21 N3 O S
                                                                   Br
           418.0586    0.7    1.7    -9.5   2469.4  24.489 0.00    C6 H34 N3 O5 S
                                                                   Br2
           418.0592    0.1    0.2    -0.5   2469.5  24.662 0.00    C14 H30 N O3
                                                                   Br2

Figure 97: MS specter of compound 8
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.1.14 Spectroscopic data for Compound (R)-9

Figure 98: 1H-NMR specter of compound (R)-9
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Figure 99: 13C-NMR specter of compound (R)-9
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Figure 100: COSY specter of compound (R)-9
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Figure 101: HSQC specter of compound (R)-9
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Figure 102: HMBC specter of compound (R)-9
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Figure 103: IR-spectrum of compound (R)-9
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
2919 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-1    Br: 0-2    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-203 89 (0.848) AM2 (Ar,35000.0,0.00,0.00); Cm (89:100)
 1: TOF MS ES+ 

 7.92e+006
428.0259

321.9651

320.9571110.0610

429.0289

430.0252
519.0676 610.1844

721.3935 853.4680

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

426.0278   426.0276    0.2    0.5    13.5   2580.3  0.000  100.00  C20 H17 N3 O S
                                                                   Br
           426.0287    -0.9   -2.1   -6.5   2594.2  13.953 0.00    C7 H30 N3 O2 S
                                                                   Br I
           426.0273    0.5    1.2    -6.5   2603.0  22.725 0.00    C7 H30 N3 O5 S
                                                                   Br2
           426.0293    -1.5   -3.5   2.5    2603.6  23.296 0.00    C15 H26 N Br I 
           426.0279    -0.1   -0.2   2.5    2603.6  23.340 0.00    C15 H26 N O3
                                                                   Br2
           426.0297    -1.9   -4.5   20.5   2611.7  31.439 0.00    C21 H8 N5 O4 S 
           426.0274    0.4    0.9    5.5    2617.1  36.829 0.00    C11 H17 N5 O5 I 
           426.0263    1.5    3.5    25.5   2617.6  37.351 0.00    C24 H4 N5 O4 

Figure 104: MS specter of compound (R)-9
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.1.15 Spectroscopic data for Compound (S)-9

Figure 105: 1H-NMR specter of compound (S)-9
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Figure 106: 13C-NMR specter of compound (S)-9
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Figure 107: COSY specter of compound (S)-9

225



Figure 108: HSQC specter of compound (S)-9
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Figure 109: HMBC specter of compound (S)-9
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Figure 110: IR-spectrum of compound (S)-9
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
2919 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-1    Br: 0-2    I: 0-2    

m/z
175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650

%

0

100

 2021-204 96 (0.909) AM2 (Ar,35000.0,0.00,0.00); Cm (96:112)
 1: TOF MS ES+ 

 2.75e+006
428.0257

321.9648

320.9570175.1237
242.0388

338.3421 424.0116

429.0284

430.0251

454.7892 500.2448 633.3396573.3019

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

426.0278   426.0276    0.2    0.5    13.5   2276.8  0.000  100.00  C20 H17 N3 O S
                                                                   Br
           426.0287    -0.9   -2.1   -6.5   2293.7  16.900 0.00    C7 H30 N3 O2 S
                                                                   Br I
           426.0273    0.5    1.2    -6.5   2301.4  24.502 0.00    C7 H30 N3 O5 S
                                                                   Br2
           426.0279    -0.1   -0.2   2.5    2302.8  25.997 0.00    C15 H26 N O3
                                                                   Br2
           426.0293    -1.5   -3.5   2.5    2303.0  26.113 0.00    C15 H26 N Br I 
           426.0297    -1.9   -4.5   20.5   2310.6  33.714 0.00    C21 H8 N5 O4 S 
           426.0274    0.4    0.9    5.5    2316.1  39.265 0.00    C11 H17 N5 O5 I 
           426.0263    1.5    3.5    25.5   2316.7  39.804 0.00    C24 H4 N5 O4 

Figure 111: MS specter of compound (S)-9
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.1.16 Spectroscopic data for Compound (rac)-10

Figure 112: 1H-NMR specter of compound (rac)-10
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Figure 113: 13C-NMR specter of compound (rac)-10

232



Figure 114: 19F-NMR specter of compound (rac)-10
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Figure 115: COSY specter of compound (rac)-10
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Figure 116: HSQC specter of compound (rac)-10
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Figure 117: HMBC specter of compound (rac)-10
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Figure 118: IR-spectrum of compound (rac)-10
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
9888 formula(e) evaluated with 36 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-1    Br: 0-1    I: 0-2    F: 0-3    

m/z
420 440 460 480 500 520 540 560 580 600 620 640

%

0

100

 2021-208 98 (0.927) AM2 (Ar,35000.0,0.00,0.00); Cm (98:109)
 1: TOF MS ES+ 

 6.15e+006
481.9976

477.9836453.7856

483.0005

483.9969

484.9978 570.0421557.0953536.1660
610.1837 633.3395

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

479.9995   479.9993    0.2    0.4    13.5   2237.0  0.051  95.04   C20 H14 N3 O S
                                                                   Br F3
           479.9989    0.6    1.3    8.5    2240.6  3.644  2.61    C14 H16 N5 O6 S
                                                                   Br F
           479.9977    1.8    3.8    12.5   2240.7  3.819  2.20    C17 H15 N5 O5 S
                                                                   Br
           479.9982    1.3    2.7    17.5   2243.7  6.731  0.12    C23 H13 N3 S Br
                                                                   F2
           479.9981    1.4    2.9    1.5    2245.1  8.160  0.03    C13 H25 N3 S Br
                                                                   I F
           480.0017    -2.2   -4.6   16.5   2247.1  10.168 0.00    C22 H15 N3 O3 S
                                                                   Br
           479.9993    0.2    0.4    -2.5   2248.8  11.919 0.00    C10 H26 N3 O S
                                                                   Br I F2
           480.0004    -0.9   -1.9   -6.5   2251.9  14.938 0.00    C7 H27 N3 O2 S
                                                                   Br I F3
           479.9988    0.7    1.5    -7.5   2253.3  16.350 0.00    C4 H28 N5 O6 S
                                                                   Br I
           480.0007    -1.2   -2.5   13.5   2254.7  17.751 0.00    C19 H13 N3 O5 Br
                                                                   F2
           479.9995    0.0    0.0    17.5   2256.3  19.368 0.00    C22 H12 N3 O4 Br
                                                                   F
           480.0018    -2.3   -4.8   9.5    2256.4  19.469 0.00    C16 H14 N3 O6 Br
                                                                   F3

Figure 119: MS specter of compound (rac)-10
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.1.17 Spectroscopic data for Compound (R)-10

Figure 120: 1H-NMR specter of compound (R)-10
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Figure 121: 13C-NMR specter of compound (R)-10
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Figure 122: 19F-NMR specter of compound (R)-10
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Figure 123: COSY specter of compound (R)-10
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Figure 124: HSQC specter of compound (R)-10
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Figure 125: HMBC specter of compound (R)-10
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Figure 126: IR-spectrum of compound (R)-10
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Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
9184 formula(e) evaluated with 18 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-5    O: 0-12    F: 0-3    S: 0-1    Br: 0-2    

m/z
340 360 380 400 420 440 460 480 500 520 540 560 580 600 620

%

0

100

 2021-282 99 (0.935) AM2 (Ar,35000.0,0.00,0.00); Cm (99:101)
 1: TOF MS ES+ 

 1.02e+006
481.9973

355.0708 429.0903381.2981 453.7858

483.0000

483.9969
610.1841536.1655484.9971 577.1255

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

479.9993   479.9993    0.0    0.0    13.5   1834.2  0.049  95.23   C20 H14 N3 O F3
                                                                   S Br
           479.9992    0.1    0.2    23.5   1871.1  37.031 0.00    C25 H6 N O10 
           479.9992    0.1    0.2    -2.5   1857.5  23.397 0.00    C9 H25 N3 O8 F
                                                                   Br2
           479.9991    0.2    0.4    28.5   1865.4  31.276 0.00    C27 H3 N5 O2 F
                                                                   S
           479.9995    -0.2   -0.4   17.5   1853.1  18.981 0.00    C22 H12 N3 O4 F
                                                                   Br
           479.9990    0.3    0.6    19.5   1865.6  31.530 0.00    C23 H8 N O7 F2
                                                                   S
           479.9996    -0.3   -0.6   9.5    1858.0  23.903 0.00    C21 H24 N S Br2 
           479.9990    0.3    0.6    -6.5   1857.6  23.444 0.00    C7 H27 N3 O5 F3
                                                                   S Br2
           479.9989    0.4    0.8    8.5    1837.2  3.052  4.73    C14 H16 N5 O6 F
                                                                   S Br
           479.9997    -0.4   -0.8   2.5    1858.5  24.387 0.00    C15 H23 N O3 F3
                                                                   Br2
           479.9998    -0.5   -1.0   -4.5   1849.8  15.707 0.00    C7 H22 N O12 F3
                                                                   S Br
           479.9987    0.6    1.3    -0.5   1846.9  12.806 0.00    C10 H21 N O11 F2
                                                                   S Br
           480.0000    -0.7   -1.5   4.5    1842.0  7.873  0.04    C11 H17 N5 O7 F2
                                                                   S Br

Figure 127: MS specter of compound (R)-10
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.1.18 Spectroscopic data for Compound (S)-10

Figure 128: 1H-NMR specter of compound (S)-10
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Figure 129: 13C-NMR specter of compound (S)-10
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Figure 130: 19F-NMR specter of compound (S)-10
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Figure 131: COSY specter of compound (S)-10
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Figure 132: HSQC specter of compound (S)-10
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Figure 133: HMBC specter of compound (S)-10
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Figure 134: IR-spectrum of compound (S)-10
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Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
9184 formula(e) evaluated with 18 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-5    O: 0-12    F: 0-3    S: 0-1    Br: 0-2    

m/z
410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580

%

0

100

 2021-283 57 (0.544) AM2 (Ar,35000.0,0.00,0.00); Cm (53:57)
 1: TOF MS ES+ 

 6.78e+005
481.9976

453.7862
441.2982413.2665

479.1149

483.0004

483.9967

484.9990 536.1659521.7728
543.9200

572.0450

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

479.9995   479.9993    0.2    0.4    13.5   1726.2  0.600  54.88   C20 H14 N3 O F3
                                                                   S Br
           479.9989    0.6    1.3    8.5    1726.5  0.897  40.80   C14 H16 N5 O6 F
                                                                   S Br
           480.0000    -0.5   -1.0   4.5    1728.7  3.172  4.19    C11 H17 N5 O7 F2
                                                                   S Br
           479.9987    0.8    1.7    -0.5   1732.3  6.790  0.11    C10 H21 N O11 F2
                                                                   S Br
           479.9998    -0.3   -0.6   -4.5   1734.3  8.732  0.02    C7 H22 N O12 F3
                                                                   S Br
           479.9995    0.0    0.0    17.5   1743.6  18.043 0.00    C22 H12 N3 O4 F
                                                                   Br
           480.0002    -0.7   -1.5   8.5    1743.7  18.105 0.00    C13 H15 N5 O10
                                                                   Br
           479.9992    0.3    0.6    -2.5   1745.4  19.802 0.00    C9 H25 N3 O8 F
                                                                   Br2
           480.0004    -0.9   -1.9   -6.5   1745.5  19.961 0.00    C6 H26 N3 O9 F2
                                                                   Br2
           479.9996    -0.1   -0.2   9.5    1746.2  20.685 0.00    C21 H24 N S Br2 
           479.9997    -0.2   -0.4   2.5    1746.3  20.730 0.00    C15 H23 N O3 F3
                                                                   Br2
           479.9990    0.5    1.0    -6.5   1748.0  22.419 0.00    C7 H27 N3 O5 F3
                                                                   S Br2
           479.9991    0.4    0.8    28.5   1756.0  30.416 0.00    C27 H3 N5 O2 F

Figure 135: MS specter of compound (S)-10
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.1.19 Spectroscopic data for Compound 11

Figure 136: 1H-NMR specter of compound 11
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Figure 137: 13C-NMR specter of compound 11
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Figure 138: COSY specter of compound 11
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Figure 139: HSQC specter of compound 11

261



Figure 140: HMBC specter of compound 11
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Figure 141: IR-spectrum of compound 11
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Single Mass Analysis
Tolerance = 1.0 PPM   /   DBE: min = -50.0, max = 100.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
7985 formula(e) evaluated with 4 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-10    O: 0-10    Na: 0-1    S: 0-1    Br: 0-1    

m/z
400.0 405.0 410.0 415.0 420.0 425.0 430.0

%

0

100

 2020_437 59 (0.569) AM2 (Ar,35000.0,0.00,0.00); Cm (43:60)
 1: TOF MS ES+ 

 4.67e+006
414.0102412.0121

408.7882406.7943
402.3580

415.0130

416.0093

417.0105 429.0888425.4464421.3533 430.0897

Minimum:                             -50.0
Maximum:               5.0    1.0    100.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

412.0121   412.0119    0.2    0.5    13.5   2590.4  0.000  100.00  C19 H15 N3 O S
                                                                   Br
           412.0117    0.4    1.0    10.5   2613.2  22.839 0.00    C11 H11 N9 O4
                                                                   Br
           412.0120    0.1    0.2    6.5    2613.6  23.194 0.00    C13 H16 N3 O6 Na
                                                                   Br
           412.0123    -0.2   -0.5   26.5   2631.3  40.928 0.00    C26 H3 N3 O2 Na 

Figure 142: MS specter of compound 11
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.1.20 Spectroscopic data for Compound 12

Figure 143: 1H-NMR specter of compound 12
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Figure 144: 13C-NMR specter of compound 12

267



Figure 145: COSY specter of compound 12
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Figure 146: HSQC specter of compound 12
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Figure 147: HMBC specter of compound 12
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Figure 148: IR-spectrum of compound 12
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Single Mass Analysis
Tolerance = 5.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
1270 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-1    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-205 117 (1.109) AM2 (Ar,35000.0,0.00,0.00); Cm (110:122)
 1: TOF MS ES+ 

 2.26e+006
410.1331

338.3423147.0927

411.1358

412.1334

453.7859
853.4674716.4371 913.4732 1040.6353 1263.2617

Minimum:                             -10.0
Maximum:               5.0    5.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

410.1331   410.1327    0.4    1.0    17.5   2136.4  0.000  99.98   C25 H20 N3 O S 
           410.1338    -0.7   -1.7   -2.5   2145.0  8.614  0.02    C12 H33 N3 O2 S
                                                                   I
           410.1345    -1.4   -3.4   6.5    2155.1  18.656 0.00    C20 H29 N I 

Figure 149: MS specter of compound 12
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.1.21 Spectroscopic data for Compound 13

Figure 150: 1H-NMR specter of compound 13

274



Figure 151: 13C-NMR specter of compound 13
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Figure 152: COSY specter of compound 13
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Figure 153: HSQC specter of compound 13
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Figure 154: HMBC specter of compound 13
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Figure 155: IR-spectrum of compound 13
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Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
1284 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-1    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-206 82 (0.778) AM2 (Ar,35000.0,0.00,0.00); Cm (82:93)
 1: TOF MS ES+ 

 1.75e+006
411.1283321.0816

91.0551

319.0655
167.0449

412.1311

503.1337

504.1361 684.2036 832.2394

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

411.1283   411.1280    0.3    0.7    17.5   2046.9  0.001  99.90   C24 H19 N4 O S 
           411.1277    0.6    1.5    -7.5   2056.5  9.599  0.01    C10 H36 O6 S I 
           411.1291    -0.8   -1.9   -2.5   2053.9  7.032  0.09    C11 H32 N4 O2 S
                                                                   I

Figure 156: MS specter of compound 13

280



281



.1.22 Spectroscopic data for Compound 14

Figure 157: 1H-NMR specter of compound 14
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Figure 158: 13C-NMR specter of compound 14
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Figure 159: COSY specter of compound 14
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Figure 160: HSQC specter of compound 14
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Figure 161: HMBC specter of compound 14
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Figure 162: IR-spectrum of compound 14
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Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
1303 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-6    O: 0-6    S: 0-1    I: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-207 70 (0.666) AM2 (Ar,35000.0,0.00,0.00); Cm (65:75)
 1: TOF MS ES+ 

 4.80e+006
417.1752

321.0815

161.0450

418.1782

610.1850
536.1658 611.1854

758.2219 832.2407

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

417.1752   417.1749    0.3    0.7    14.5   2282.4  0.000  99.96   C24 H25 N4 O S 
           417.1760    -0.8   -1.9   -5.5   2290.2  7.830  0.04    C11 H38 N4 O2 S
                                                                   I

Figure 163: MS specter of compound 14
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.1.23 Spectroscopic data for Compound (rac)-15

Figure 164: 1H-NMR specter of compound (rac)-15
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Figure 165: 13C-NMR specter of compound (rac)-15
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Figure 166: 19F-NMR specter of compound (rac)-15
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Figure 167: COSY specter of compound (rac)-15
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Figure 168: HSQC specter of compound (rac)-15
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Figure 169: HMBC specter of compound (rac)-15
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Figure 170: IR-spectrum of compound (rac)-15
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Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
9140 formula(e) evaluated with 14 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-5    O: 0-12    F: 0-3    S: 0-1    Br: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-284 133 (1.257) AM2 (Ar,35000.0,0.00,0.00)
 1: TOF MS ES+ 

 6.99e+005
321.0811

159.0429

240.0622

479.1152

322.0843

323.0799

480.1181

481.1159

482.1157 610.1846
793.1627

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

479.1152   479.1153    -0.1   -0.2   17.5   1620.8  0.019  98.15   C25 H18 N4 O F3
                                                                   S
           479.1151    0.1    0.2    -2.5   1642.2  21.393 0.00    C12 H31 N4 O5 F3
                                                                   S Br
           479.1153    -0.1   -0.2   1.5    1639.1  18.302 0.00    C14 H29 N4 O8 F
                                                                   Br
           479.1154    -0.2   -0.4   -6.5   1644.2  23.346 0.00    C13 H41 N2 O4 S
                                                                   Br2
           479.1154    -0.2   -0.4   12.5   1627.2  6.428  0.16    C23 H21 O9 F2 
           479.1156    -0.4   -0.8   21.5   1629.0  8.148  0.03    C27 H16 N4 O4 F 
           479.1147    0.5    1.0    3.5    1625.0  4.207  1.49    C15 H25 N2 O11
                                                                   F2 S
           479.1157    -0.5   -1.0   6.5    1639.5  18.678 0.00    C20 H27 N2 O3 F3
                                                                   Br
           479.1157    -0.5   -1.0   13.5   1641.9  21.083 0.00    C26 H28 N2 S Br 
           479.1146    0.6    1.3    10.5   1639.5  18.718 0.00    C23 H26 N2 O2 F2
                                                                   Br
           479.1159    -0.7   -1.5   -0.5   1627.2  6.392  0.17    C12 H26 N2 O12
                                                                   F3 S
           479.1144    0.8    1.7    25.5   1630.2  9.421  0.01    C30 H15 N4 O3 
           479.1160    -0.8   -1.7   2.5    1643.8  22.989 0.00    C21 H37 O2 Br2 
           479.1143    0.9    1.9    -9.5   1644.2  23.411 0.00    C10 H39 N2 O6 F2
                                                                   Br2

Figure 171: MS specter of compound (rac)-15
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.1.24 Spectroscopic data for Compound (S)-15

Figure 172: 1H-NMR specter of compound (S)-15
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Figure 173: 13C-NMR specter of compound (S)-15
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Figure 174: 19F-NMR specter of compound (S)-15
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Figure 175: COSY specter of compound (S)-15
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Figure 176: HSQC specter of compound (S)-15
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Figure 177: HMBC specter of compound (S)-15

304



S
am

pl
e 

: 
H

K
B

-9
2

F
re

qu
en

cy
 R

an
ge

 :
 3

99
6.

93
 -

 3
98

.2
56

M
ea

su
re

d 
on

 :
 2

8.
04

.2
02

1

Te
ch

ni
qu

e 
: 

In
st

ru
m

en
t t

yp
e 

an
d 

/ 
or

 a
cc

es
so

ry

C
us

to
m

er
 :

 A
dm

in
is

tr
at

or

R
es

ol
ut

io
n 

: 
4

Ze
ro

fil
lin

g 
: 

2

In
st

ru
m

en
t :

  
A

lp
ha

A
cq

ui
si

tio
n 

: 
 D

ou
bl

e 
S

id
ed

,F
or

w
ar

d-
B

ac
kw

ar
d

S
am

pl
e 

S
ca

ns
 :

 2
4

3265.33

3036.68

2919.55
2851.06

1728.76

1613.03
1573.31
1500.77
1441.77

1227.60
1204.76
1174.02
1131.36
1047.12
989.75

766.77
700.68
626.65

523.60

50
0

10
00

15
00

20
00

25
00

30
00

35
00

50
0

10
00

15
00

20
00

25
00

30
00

35
00

W
av

en
um

be
r 

cm
-1

707580859095100

707580859095100

Transmittance [%]

Figure 178: IR-spectrum of compound (S)-15
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Single Mass Analysis
Tolerance = 2.0 PPM   /   DBE: min = -10.0, max = 50.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 6

Monoisotopic Mass, Even Electron Ions
9140 formula(e) evaluated with 14 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 0-100    H: 0-100    N: 0-5    O: 0-12    F: 0-3    S: 0-1    Br: 0-2    

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

%

0

100

 2021-285rerun 72 (0.683) AM2 (Ar,35000.0,0.00,0.00); Cm (68:72)
 1: TOF MS ES+ 

 1.06e+006
479.1153

321.0815

159.0427

240.0620

322.0839

453.7859

480.1180

481.1156
610.1846

758.2204 907.2568

Minimum:                             -10.0
Maximum:               5.0    2.0    50.0

Mass       Calc. Mass  mDa    PPM    DBE    i-FIT   Norm   Conf(%) Formula

479.1153   479.1153    0.0    0.0    17.5   1895.5  0.116  89.01   C25 H18 N4 O F3
                                                                   S
           479.1153    0.0    0.0    1.5    1913.5  18.130 0.00    C14 H29 N4 O8 F
                                                                   Br
           479.1154    -0.1   -0.2   12.5   1898.1  2.707  6.67    C23 H21 O9 F2 
           479.1154    -0.1   -0.2   -6.5   1918.0  22.588 0.00    C13 H41 N2 O4 S
                                                                   Br2
           479.1151    0.2    0.4    -2.5   1915.7  20.334 0.00    C12 H31 N4 O5 F3
                                                                   S Br
           479.1156    -0.3   -0.6   21.5   1899.1  3.654  2.59    C27 H16 N4 O4 F 
           479.1157    -0.4   -0.8   6.5    1912.8  17.421 0.00    C20 H27 N2 O3 F3
                                                                   Br
           479.1157    -0.4   -0.8   13.5   1914.9  19.464 0.00    C26 H28 N2 S Br 
           479.1147    0.6    1.3    3.5    1900.6  5.174  0.57    C15 H25 N2 O11
                                                                   F2 S
           479.1159    -0.6   -1.3   -0.5   1902.7  7.319  0.07    C12 H26 N2 O12
                                                                   F3 S
           479.1160    -0.7   -1.5   2.5    1918.0  22.621 0.00    C21 H37 O2 Br2 
           479.1146    0.7    1.5    10.5   1912.8  17.378 0.00    C23 H26 N2 O2 F2
                                                                   Br
           479.1144    0.9    1.9    25.5   1899.9  4.512  1.10    C30 H15 N4 O3 
           479.1162    -0.9   -1.9   -4.5   1915.9  20.481 0.00    C13 H36 O11 S
                                                                   Br

Figure 179: MS specter of compound (S)-15
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.2 Chromatogram

.2.1 Chromatogram of Compounds (R)- and (S)-9
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=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]  mAU   *s   [mAU   ]       %
----|-------|----|-------|----------|----------|--------|
   1  17.448 BB    0.8583 4539.93555   80.74996  52.4601
   2  21.624 BB    1.0676 4114.13525   55.57125  47.5399
 
Totals :                  8654.07080  136.32121
 
 
=====================================================================
                          *** End of Report ***

Data File C:\CHEM32\1\DATA\HAAKON\CHIRALMIX000001.D
Sample Name: HKB7172mix
    =====================================================================
    Acq. Operator   : Haakon                       
    Acq. Instrument : Instrument 1                    Location :   -
    Injection Date  : 3/15/2021 11:27:20 AM        
    Acq. Method     : C:\CHEM32\1\METHODS\HAAKON\CHIRAL_SEP.M
    Last changed    : 3/15/2021 11:16:04 AM by Kristoffer
                      (modified after loading)
    Analysis Method : C:\CHEM32\1\METHODS\CECILIE\YIN_SYRE.M
    Last changed    : 4/21/2021 10:24:05 AM by Mari Rødseth
                      (modified after loading)
    Sample Info     : OD, Isocratic, Hexane:Propanol [90:10], 1 mL/min, 10 L
                      .
                      

    =====================================================================

Instrument 1 4/21/2021 10:24:10 AM Mari Rødseth Page 1 of 1

Figure 180: Chromatogram from chiral HPLC from mix of compound (R)-9 and (S)-9308



=====================================================================
Acq. Operator   : Haakon                       
Acq. Instrument : Instrument 1                    Location :   -
Injection Date  : 3/15/2021 12:32:00 PM        
Acq. Method     : C:\CHEM32\1\METHODS\HAAKON\CHIRAL_SEP.M
Last changed    : 3/15/2021 12:20:28 PM by Haakon
                  (modified after loading)
Analysis Method : C:\CHEM32\1\DATA\ANNA TENNFJORD\F3S3_STD.D\DA.M (ESMOLOLKLORHYDRIN.M)
Last changed    : 4/25/2021 12:14:39 PM by Mari Rødseth
                  (modified after loading)
Method Info     : Separation of (R)- and (S)-chlorohydrin.
 
Sample Info     : OD, Isocratic, Hexane:Propanol [90:10], 1 mL/min, 10 L
                  .
                  
 
Additional Info : Peak(s) manually integrated

min0 5 10 15 20 25 30

mAU   

0

20

40

60

80

100

120

 VWD1 A, Wavelength=254 nm (HAAKON\HKB-01-71000001.D)

 4
.7

87

 1
7.

40
8

  A
rea: 

30
.70

97

 2
2.

08
8

 
=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 

Data File C:\CHEM32\1\DATA\HAAKON\HKB-01-71000001.D
Sample Name: HKB-01-71

Instrument 1 4/26/2021 11:11:28 AM Mari Rødseth Page 1 of 2

Figure 181: Chromatogram from chiral HPLC of compound (R)-9
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=====================================================================
Acq. Operator   : Haakon                       
Acq. Instrument : Instrument 1                    Location :   -
Injection Date  : 3/15/2021 1:14:01 PM         
Acq. Method     : C:\CHEM32\1\METHODS\HAAKON\CHIRAL_SEP.M
Last changed    : 3/15/2021 1:03:04 PM by Haakon
                  (modified after loading)
Analysis Method : C:\CHEM32\1\DATA\ANNA TENNFJORD\F3S3_STD.D\DA.M (ESMOLOLKLORHYDRIN.M)
Last changed    : 4/25/2021 12:14:39 PM by Mari Rødseth
                  (modified after loading)
Method Info     : Separation of (R)- and (S)-chlorohydrin.
 
Sample Info     : OD, Isocratic, Hexane:Propanol [90:10], 1 mL/min, 10 L
                  .
                  
 
Additional Info : Peak(s) manually integrated
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=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 

Data File C:\CHEM32\1\DATA\HAAKON\HKB-01-72000002.D
Sample Name: HKB-01-72

Instrument 1 4/26/2021 11:11:06 AM Mari Rødseth Page 1 of 2

Figure 182: Chromatogram from chiral HPLC of compound (S)-9
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.2.2 Chromatogram of Compounds (rac)-, (R)- and (S)-10
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=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Do not use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]  mAU   *s   [mAU   ]       %
----|-------|----|-------|----------|----------|--------|
   1  17.076 BB    0.5677  490.81873   10.15111  50.4334
   2  20.630 BB    0.6748  482.38358    8.42601  49.5666
 
Totals :                   973.20230   18.57712
 
 
=====================================================================

Data File C:\CHEM32\1\DATA\HAAKON\HKB-83.D
Sample Name: HKB-83-chiralmix
    =====================================================================
    Acq. Operator   : Haakon Bye                   
    Acq. Instrument : Instrument 1                    Location :   -
    Injection Date  : 4/21/2021 9:56:56 AM         
    Acq. Method     : C:\CHEM32\1\METHODS\HAAKON\CHIRAL_SEP.M
    Last changed    : 4/21/2021 9:56:38 AM by Haakon Bye
                      (modified after loading)
    Analysis Method : C:\CHEM32\1\DATA\ANNA TENNFJORD\S4F2_70HEX.D\DA.M (CARTEOLOL.M)
    Last changed    : 6/1/2021 4:11:13 PM by Kristoffer
                      (modified after loading)
    Method Info     : Separation of carteolol enantiomers.

    Sample Info     : Isocratic n-Hexane:i-PrOH (90:10), flow 1.0 mL/min, 10 
                      uL injection. Chiral mix
                      

    =====================================================================

Instrument 1 6/1/2021 4:11:16 PM Kristoffer Page 1 of 1

Figure 183: Chromatogram from chiral HPLC of compound (rac)-10, rasemic mixture of com-
pounds (R)-10 and (S)-10.
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=====================================================================
Acq. Operator   : Haakon Bye                   
Acq. Instrument : Instrument 1                    Location :   -
Injection Date  : 4/21/2021 10:28:46 AM        
Acq. Method     : C:\CHEM32\1\METHODS\HAAKON\CHIRAL_SEP.M
Last changed    : 4/21/2021 10:21:29 AM by Haakon Bye
                  (modified after loading)
Analysis Method : C:\CHEM32\1\DATA\ANNA TENNFJORD\F3S3_STD.D\DA.M (ESMOLOLKLORHYDRIN.M)
Last changed    : 4/25/2021 12:14:39 PM by Mari Rødseth
                  (modified after loading)
Method Info     : Separation of (R)- and (S)-chlorohydrin.
 
Sample Info     : Isocratic n-Hexane:i-PrOH (90:10), flow 1.0 mL/min, 10 
                  uL injection. HKB-88
                  
 
Additional Info : Peak(s) manually integrated
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=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 

Data File C:\CHEM32\1\DATA\HAAKON\HKB-88.D
Sample Name: HKB-88

Instrument 1 4/26/2021 11:09:13 AM Mari Rødseth Page 1 of 2

Figure 184: Chromatogram from chiral HPLC of compound (R)-10
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=====================================================================
Acq. Operator   : Haakon Bye                   
Acq. Instrument : Instrument 1                    Location :   -
Injection Date  : 4/21/2021 11:06:04 AM        
Acq. Method     : C:\CHEM32\1\METHODS\HAAKON\CHIRAL_SEP.M
Last changed    : 4/21/2021 10:52:36 AM by Haakon Bye
                  (modified after loading)
Analysis Method : C:\CHEM32\1\DATA\ANNA TENNFJORD\F3S3_STD.D\DA.M (ESMOLOLKLORHYDRIN.M)
Last changed    : 4/25/2021 12:14:39 PM by Mari Rødseth
                  (modified after loading)
Method Info     : Separation of (R)- and (S)-chlorohydrin.
 
Sample Info     : Isocratic n-Hexane:i-PrOH (90:10), flow 1.0 mL/min, 10 
                  uL injection. HKB90
                  
 
Additional Info : Peak(s) manually integrated
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=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 

Data File C:\CHEM32\1\DATA\HAAKON\HKB-90.D
Sample Name: HKB-

Instrument 1 4/26/2021 11:10:19 AM Mari Rødseth Page 1 of 2

Figure 185: Chromatogram from chiral HPLC of compound (S)-10
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.2.3 Chromatogram of Compounds (rac)-15 and (S)-15

=====================================================================
Acq. Operator   : Haakon Bye                   
Acq. Instrument : Instrument 1                    Location :   -
Injection Date  : 4/27/2021 10:29:12 AM        
Acq. Method     : C:\CHEM32\1\METHODS\HAAKON\CHIRAL_SEP.M
Last changed    : 4/27/2021 10:26:27 AM by Haakon Bye
                  (modified after loading)
Analysis Method : C:\CHEM32\1\DATA\ANNA TENNFJORD\F3S3_STD.D\DA.M (ESMOLOLKLORHYDRIN.M)
Last changed    : 4/25/2021 12:14:39 PM by Mari Rødseth
                  (modified after loading)
Method Info     : Separation of (R)- and (S)-chlorohydrin.
 
Sample Info     : Isocratic n-Hexane:EtOH (0.1% TFA) (95:5), flow 1.0 mL/
                  min, 10 uL injection. 
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=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]  mAU   *s   [mAU   ]       %
----|-------|----|-------|----------|----------|--------|
   1   3.703 BB    0.1985   37.97871    2.73288   0.6568
   2  63.844 BB    2.8833 2914.55884   11.87127  50.4069

Data File C:\CHEM32\1\DATA\HAAKON\HKB-91-OD4.D
Sample Name: HKB-91

Instrument 1 4/27/2021 1:53:43 PM Mari Rødseth Page 1 of 2

Figure 186: Chromatogram from chiral HPLC of racemate compound (rac)-15
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=====================================================================
Acq. Operator   : Haakon Bye                   
Acq. Instrument : Instrument 1                    Location :   -
Injection Date  : 4/27/2021 12:17:37 PM        
Acq. Method     : C:\CHEM32\1\METHODS\HAAKON\CHIRAL_SEP.M
Last changed    : 4/27/2021 12:13:12 PM by Haakon Bye
                  (modified after loading)
Analysis Method : C:\CHEM32\1\DATA\ANNA TENNFJORD\F3S3_STD.D\DA.M (ESMOLOLKLORHYDRIN.M)
Last changed    : 4/25/2021 12:14:39 PM by Mari Rødseth
                  (modified after loading)
Method Info     : Separation of (R)- and (S)-chlorohydrin.
 
Sample Info     : Isocratic n-Hexane:EtOH (0.1% TFA) (95:5), flow 1.0 mL/
                  min, 10 uL injection. 
                  
 
Additional Info : Peak(s) manually integrated
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=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 

Data File C:\CHEM32\1\DATA\HAAKON\HKB-92.D
Sample Name: HKB-92

Instrument 1 4/27/2021 1:49:25 PM Mari Rødseth Page 1 of 2

Figure 187: Chromatogram from chiral HPLC of compound (S)-15
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