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ABSTRACT

The G protein-coupled receptor (GPCR) superfamily with more than 800 members is one of
the most important target classes for drug development. After an agonist binds to the receptor,
it induces a conformational change leading to the activation of a heterotrimeric guanine
nucleotide-binding protein (G protein). G proteins play a key role in signal transduction from
GPCRs activated by extracellular signals to intracellular second messenger systems. GPCRs
are involved in almost all physiological and pathophysiological processes. About 100 of the
more than 800 human GPCRs are so-called orphan receptors, whose endogenous ligands remain

to be identified or confirmed.

In 2001, Dong et al. discovered a subfamily of orphan receptors comprising over 50 rodent and
human GPCRs, which were termed Mas-related gene receptors (MRGs). Later, in 2002, Lembo
et al. discovered the same GPCR family to be expressed in rat primary cultures of dorsal root
ganglia (DRG) and designated them sensory neuron-specific receptors (SNSRs). The current
nomenclature declared by the International Union of Pharmacology (IUPHAR) of these orphan
receptors is Mas-related G protein-coupled receptors (MRGPR).

This receptor family can be divided into nine distinct subfamilies (MRGPRA-H and -X). They
belong to the d-branch of class A, rhodopsin-like GPCR subgroup. Among the nine subfamilies
of MRGPRs, four members (MRGPRX1-4) are primate-specific. Due to their expression
profile, they are supposed to be involved, e.g., in pain transmission, immune responses, itching

and wound healing.

The present study was aimed at developing potent, selective ligands as pharmacological tool
compounds for investigating the poorly studied subtypes MRGPRX2 and -4 based on

previously discovered hit compounds.

To achieve this, we initially developed an optimized synthesis of carboxamides of 5,6-
diaminouracils, which are crucial intermediates for the synthesis of xanthines, a novel scaffold
for MRGPRX4 agonists. Subsequently, their physicochemical properties were examined in
detail. These studies led to two publications (Marx, D., Wingen, L.M., Schnakenburg, G.,
Miiller, C.E., Scholz, M.S. Synthesis of 6-amino-5-carboxamidouracils as precursors for 8-
substituted xanthines. Front. Chem., 2019, 7, 56, 1-15 and Marx, D., Schnakenburg, G.,
Grimme, S., Miiller, C.E. Structural and conformational studies on carboxamides of 5,6-
diaminouracils—precursors of biologically active xanthine derivatives. Molecules 2019, 24,

2168).
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The optimization of the synthesis of key precursors for MRGPRX4 ligands provided the basis
for the development of a large number of diverse MRGPRX4 agonists, and part of this study
was submitted as a patent application (Marx, D.; Miiller, C.; Alnouri, W.; Riedel, Y.;
Namasivayam, V.; Pillaiyar, T.; Thimm, D.; Hockemeyer, J. MRGPRX4 agonists and
antagonists. UBN0005(EP) 2020). Since no synthetic procedure for the synthesis of these
selective and highly potent MRGPRX4 agonists was known in the literature, a broad range of
chemical methods had to be investigated to finally obtain the desired target compounds in 6 to
9 synthesis steps. This reaction usually starts with 6-aminouracils, which can be selectively
alkylated at the N3 position, followed by nitrosylation and subsequent reduction to obtain 5,6-
diaminouracil derivatives. A further regioselective amide coupling reaction yields the 6-amino-
5-carboxamidouracil derivatives described above. With diethyl(4-iodobutyl)phosphonate as
alkylating agent, followed by a ring closure reaction using 2N NaOH, the desired xanthine
derivatives bearing a alkyle phosphonate group in the N3 position can be obtained after

cleavage of the protective group of the phosphonic acid ester.

The compounds were designed supported by molecular modeling, synthesized and structure-
activity relationship (SARs) were analyzed. Homology models were established, and molecular
docking studies were performed to support the drug development efforts. In cooperation with
pharmacologists, the potencies of the newly synthesized compounds were determined in

calcium mobilization and B-arrestin assays.

A further patent application describes the design, synthesis and structure-activity relationships
of a series of novel tricyclic benzimidazole derivatives as antagonists for MRGPRX2 (Miiller,
C.; Alnouri, W.; Riedel, Y.; Thimm, D.; Marx, D.; Namasivayam, V.; Gattner, S.; Herdewyn,
P.; De Jonghe, S.; Leonczak, P.; Verdonck, S. MRGX receptor antagonists. US16/670,149
2019). The new MRGPRX2 antagonists were shown to inhibit mast cell degranulation and thus
constitute potential novel therapeutics for asthma, allergic rhinitis, anaphylaxis, chronic

urticaria, atopic dermatitis and other inflammatory diseases.

The final part of the present cumulative thesis describes the development of MRGPRX2
antagonists that show significantly improved water solubility compared to the compounds

disclosed in the above-mentioned patent.

The present thesis constitutes a significant advance in the field of MRGPRX receptors and their

modulators, which have great potential as future drugs.



1. Introduction

1.1. Drug discovery

The European Medicines Agency defined a drug as ““a substance or combination of substances
that is intended to treat, prevent or diagnose a disease, or to restore, correct or modify
physiological functions by exerting a pharmacological, immunological or metabolic action.”
These substances may be of natural, synthetic or semi-synthetic origin. Very early in history,
people were aware that different plants could cause different biological effects in humans.! For
a medicinal product to be effective, it must interact at a molecular level with a component of
the body or an infectious microorganism. Many plants contain a large number of chemical
molecules, some of which can exert disease-modifying properties on humans. But they also
contain numerous substances that have toxic and undesirable properties on the human organism.
The goal in early drug development at the beginning of the 19" century was the identification
and isolation of individual substances from plants, microbes or animals that were able to
alleviate or prevent diseases and cause as few or no side effects as possible. After several
successful and still used drugs such as morphine from the plant Papaver somniferum L. (opium
poppy) could be isolated, progress in organic synthesis led to the semi-synthetic and synthetic
production of biologically active substances. The first synthetic drug was the hypnotic chloral
hydrate (1, Figure 1), which was discovered in 1869 and is still marketed today under the trade

name Noctec®.!
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Figure 1: Structure of the hypnotic chloral hydrate, the first synthetic drug.



Modern drug discovery often follows the following procedure. First a target is identified and
selected for further discovery. This is often designated as target validation procedure.’
Currently, the most important classes of drug targets are G protein-coupled receptors (GPCRs,
33%), ion channels (18%), nuclear receptors (16%) and kinases (3%). Together they account
for 70% of all drug targets.*
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Figure 2: Overview of the most important drug targets.*

Target validation is an extremely versatile process, ranging from in vitro techniques and animal
models to clinical testing in suitable patients. Target validation can include among others,
transgenic animal models for the observation of phenotypic endpoints, monoclonal antibodies
or chemical genomics which is defined as the study of genomic responses to chemical
compounds.® The next step is the identification of a hit molecule. A breakthrough in drug
development was the establishment of high throughput screening (HTS) which had its origins
in the 1980s and 1990s.! This method has now been further developed to ultra-high throughput
screening (UHTS), which can screen more than one million compounds for biological activity
in less than two days.’ Since this method can usually be used to find weakly effective hit
molecules, these must be optimized with regard to their biological activity, selectivity,
physicochemical and pharmacokinetic properties. Methods such as homology modeling,
molecular docking and quantitative structure-activity relationship (QSAR) support the process

of hit to lead compound development.®

In the field of small molecules, researchers often follow the Lipinski rule of five, which states

that:

- adrug should typically have a molar mass of less than 500 Dalton,



- adrug should have less than 5 hydrogen bridge donors,
- adrug should feature less than 10 hydrogen bridge acceptors,

- adrug should have a logP of no more than 5.

Further in vitro assays are used to obtain important information about absorption, distribution,
metabolism and excretion properties (ADME). Different assays for the determination of water
solubility, LogD value, the determination of peroral bioavailability, possible blood-brain barrier
permeability, microsomal stability, CYP450 inhibition, and various toxicological screenings
are required.’ Once a substance has been found that meets most of the above requirements, this
compound can further be tested in in vivo models. The pharmacodynamic and pharmacokinetic

properties of the drug candidates will then be determined in a suitable animal model.
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Figure 3: Overview of the development of drugs, from target validation up to their approval by a drug
approval authority such as the U.S. Food & Drug Administration (FDA) or the European Medicines
Agency (EMA) for the EU market.?

Once the preclinical studies have been successfully completed, the drug candidate can be tested
in clinical trials on humans. These are divided into four different phases. In phase one, the drug
is tested for safety in a small group of healthy volunteers. After successful completion of phase
one, the drug candidate can then be tested for the first time in patients (phase II). Different doses
are evaluated to determine active and at the same time safe doses, and the efficacy of the active
substance is usually tested against placebo and/or the current gold standard. If this second phase
is also successful, the active substance is tested on a very large number (often more than 1000
patients, depending on the indication) for efficacy and rare side effects to evaluate the risk-
benefit ratio. If the first three phases have been successfully completed, the drug candidate can
be approved for marketing by the relevant regulatory authorities. In a fourth phase, the long-

term effects of the substance as well as side-effects in large groups of heterogenous patients



under less controlled conditions can then be examined.” The costs for the development of drugs
are mostly in the hundreds of millions or even billions of Euros, and it can take more than 10

years from the discovery of the hit molecule to approval.®

Since 1982, after the approval of the first biological drug insulin, biopharmaceuticals have
played an increasingly important role in drug development. In 2018, 59 new drugs were
approved by the FDA, of which 42 were new chemical entities (NCE) and 17 were biologicals,
meaning that almost one third of the approved drugs are now biological molecules such as
antibodies or enzymes.” However, the development of biologicals is often more costly and
risky compared to NCEs, and peroral application is not feasible at present.'? Therefore, small
molecules are still the most important substance class in drug development, and between 2007
and 2016, 212 (77%) of the 275 new FDA-approved drugs were small molecules.!! Many of

these synthetic compounds have a natural origin in plants or animals.



1.2. Importance of the xanthine scaffold in medicinal chemistry

Plants are at the beginning of the food chain, as they belong to the autotrophic organisms that
are able to produce their food autonomously via photosynthesis. Plants, algae and
phytoplankton are therefore primary producers and usually consumed by heterotrophs. To
protect plants from herbivores and microbes, they have developed many defense mechanisms
over the course of evolution. Plants are using mechanical defense systems such as spines,
thorns, hooks, trichomes, glandular and stinging hairs, or chemical defense systems known as
allelochemicals or secondary metabolites (SM).!? They have no immune system to protect
themselves against microbes and herbivores and are therefore dependent on SMs. Maplestone
et al. defined SMs as “naturally produced substances which do not play an explicit role in the
internal economy of the organism that produces it”.!*> SMs can be distinguished into nitrogen-
containing SMs and SMs without nitrogen (terpenoids, phenolics, fatty acids, steroids or
waxes). The largest group of nitrogen-containing SMs are alkaloids which are biosynthesized

from amino acids.'*

1.2.1. Classification of alkaloids

At the beginning of the 19" century, in 1804, the first bioactive plant alkaloidmorphine (1) was
extracted by the young German pharmacist Friedrich Sertiirner. The term ‘“alkaloid” was
introduced in 1819 by the pharmacist Carl Friedrich Wilhelm MeifBner.!> An exact definition
for alkaloids is sometimes debated today, but in general they are known as natural nitrogen-

containing cyclic molecules of limited distribution.'®

1.2.2.  Structure, biosynthesis and catabolism of xanthine alkaloids

An important subgroup of alkaloids are xanthines. The main methylxanthines (Table 1) are
caffeine (1,3,7-trimethylxanthine, 2), theobromine (3,7-dimethylxanthine, 3), theophylline
(1,3-dimethylxanthine, 4) and methyluric acid (5). The methylxanthines are frequently
consumed central stimulants present, e.g., in tea (Camellia sinensis L.), coffee (Coffea sp.) and
cacao (Theobroma cacao L.).""” Methylxanthines were isolated and characterized at the
beginning of the 19™ century and could also be produced synthetically by Emil Fischer at the
end of the 19™ century, for which he was awarded with the Nobel Prize in Chemistry in 1902.
In plants, the methylxanthines are biosynthetically formed from purine nucleotides. The first

initial precursor, xanthosine (6), can be produced by de novo purine synthesis (de novo route),



from the cellular adenine nucleotide pool (AMP route), from adenosine (7) released from the
S-adenosyl-L-methionine cycle (SAM cycle route) or from the guanine nucleotide pool (GMP
route). The de novo pathway represents the synthesis of inosine-5'-monophosphate (IMP, 8)
from 5-phosphoribosylamine (PRA). PRA can be synthesized from S5-phosphoribosyl-1-
pyrophosphate (PRPP), which is obtained by ribose-5-phosphate, an intermediate of the pentose
phosphate pathway. For the synthesis of xanthosine, IMP (8) is dehydrogenated by the NAD"-
dependent IMP dehydrogenase to the nucleotide xanthosine monophosphate (XMP, 10).
Finally, XMP (10) is converted by a 5'-nucleotidase to the nucleoside xanthosine (6). In the
GMP route, guanine monophosphate (GMP, 11) is first dephosphorylated to guanosine (12) and
afterwards converted to xanthosine (6) by guanosine deaminase. In the SAM cycle S-adenosyl-
L-homocysteine (SAH), obtained by the methyl group donor S-adenosylmethionine (SAM), is
hydrolyzed to homocysteine and adenosine (7). Adenosine monophosphate (AMP, 13) is
obtained by transformation of adenine (14) via adenine phosphoribosyl transferase and can be

further converted to IMP (8, Scheme 1).!%-1?
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Scheme 1: Biosynthesis of xanthosine (7), the initial intermediate in the purine alkaloid synthesis. '8!

The important enzymes involved are as follows: AdK (adenosine kinase, EC 2.7.1.20), PNP (purine
nucleoside phosphorylase, EC 2.4.2.1), APRTase (adenine phosphoribosyltransferase, EC 2.4.2.7),
AMPD (adenosine 5'-monophosphate deaminase, EC 3.5.4.6), IMPDH (inosine-5'-monophosphate
dehydrogenase, EC 1.1.1.205), 5°’NT (5'-nucleotidase EC 3.1.3.5), GDA (guanine deaminase, EC
3.54.3).

Most of the methylxanthine derivatives are then formed via a four step synthesis.!” The first
step is the conversion of xanthosine (6) to 7-methylxanthosine (15) catalyzed by
7-methylxanthosine synthase. The next step is the hydrolysis of 15 to 7-methylxanthine (16)
followed by a methylation to theobromine (3), which is catalyzed by the S-adenosyl-L-



methionine (SAM)-dependent N-methyltransferase(s). Further methylation yields the caffeine
(2) and is catalyzed by the dual-functional caffeine synthase (Scheme 2 and 3).!*
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Scheme 2: Proposed biosynthesis of the purine alkaloids caffeine (5) and theobromine (7) in plants.'®1°

The important enzymes involved are as follows: 7-NMT (N-7-methyltransferase, EC 2.1.1.158), N-
MeNase (N-methyl nucleosidase, EC 3.2.2.25), MXMT (theobromine synthase, EC 2.1.1.159), CCS1
(caffeine synthase, EC 2.1.1.160).

Another proposed biosynthetic approach is the synthesis of xanthine (17) from xanthosine (6)
which can be further methylated to theophylline (4) and caffeine (2).

o
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Scheme 3: Further approach for the biosynthesis of the purine alkaloids caffeine (2) and theophylline
(4) in plants.’®! The important enzymes involved are as follows: PNP (purine nucleoside
phosphorylase, EC 2.4.2.1) and MXMT (monomethylxanthine methyltransferase, EC 2.1.1.159).

There are two theories about the physiological role of purine alkaloids. One assumes that purine
alkaloids serve as chemical defenders of the plant to protect itself from herbivores and

1.%% verified in tobacco plants that caffeine acts as a neurotoxin

pathogens. Hollingsworth ef a
against snails and kills or expels them. The second theory assigns purine alkaloids an important
role in allelopathic or autotoxic function. It is assumed that caffeine is released in the seed coat
and the falling leaves in the soil and prevents the seeds from germinating around the parent
plants.?!3 Methylxanthines differ in their molecular structure by the number and position of

N-methyl groups (see Table 1).
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Table 1: Structure and occurence of most important methylxanthines.

Name R! R R’ Occurrence
Xanthine H H H Product of the purine degradation pathway. Oxidation product of
(17) hypoxanthine by xanthine oxidase.?*
Paraxanthine | CHj H CH; Paraxanthine is the main product of caffeine metabolism catalyzed by
(18) cytochrome P450 (subtypes 1A2 and 2E1).%
Theobromine H CH; CHs; Theobromine occurs mainly in cocoa products and in smaller amounts
3) in tea.26-28
Theophylline | CHs;  CHjs H Theophylline is found in green coffee beans?, in smaller amounts in
(4) black tea (Camellia sinensis)*® and in traces in cacao cotyledon and
dried mate.*
Caffeine CHs CH; CH; Caffeine can be found in more than 60 plant species including coffee,
(2) tea, cacao beans, guarana, mate, and kola nuts.>!

In the catabolism of caffeine (2) and other methylxanthines in plants the compounds are first
degraded by demethylases to xanthine (17). Xanthine (17) is afterwards oxidized to uric acid
(19) via xanthine oxidase or NAD"-dependent xanthine dehydrogenase. The uric acid (19) is
then converted to allantoin (20) by an uricase via several intermediate steps. In the next step
allantoin (20) is degraded into allantoate (21) catalyzed by an amidohydrolyase. After 21 has

been converted to ureidogycolate, it can be excreted as ammonia and CO; (Scheme 4).!%1?
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Scheme 4: Catabolism of caffeine (2) and other methylxanthines in bacteria and fungi. Caffeine (2) is
first demethylated to xanthine (17) in the caffeine metabolism pathway and afterwards degraded during
the purine catabolism pathway over several steps catalyzed by numerous enzymes and finally excreted
as CO; and NHs. The most important enzymes are as follows: demethylase enzymes (EC 1.13.12.-);
XDH (xanthine dehydrogenase or xanthine oxidase, EC 1.17.3.2); uricase or uricate oxidase (EC
1.7.3.3); amidohydrolyase and ureases (EC 3.5.1.5).1%%



1.2.3.  Pharmacology of methylxanthines

Caffeine (2) and theophylline (4) are known for their CNS stimulation and their diuretic and
antiasthmatic effects. Caffeine (2) is a component of numerous beverages, such as coffee, tea
or energy drinks, and is therefore considered the most consumed psychoactive substance in the
world.?? The psychoactive reactions that can be triggered by cocoa, coffee and tea are mediated
by the blockade of adenosine receptors (ARs) caused by these methylxanthines (Table 2).3
ARs are activated by the important signaling molecules, the nucleoside adenosine (7). The AR
family comprises four subtypes Ai—, A2a—, A2p— and A3ARs, which belong to the large family
of GPCRs.*** GPCRs are characterized by their 7 transmembrane a-helices and will be

discussed in more detail in chapter 4.

The AjAR is highly expressed in the brain®® but also present in heart’’, kidney?®, adipose
tissue*® and pancreas. Adenosine (7) and most naturally occurring methylxanthines show high
affinity for this receptor subtype (Table 2). The A1AR is a Gi, coupled receptor, and upon
activation the AjAR leads to an inhibition of adenylate cyclase (AC) activity resulting in

decreased cAMP production. This leads to reduced protein kinase A (PKA) activity.

The AxaAR is coupled to Gs and Goir (olfactory neuron specific G protein). In peripheral tissues
or in the brain, activation of A>aAR increases AC activity and the increased cAMP
concentration stimulates the cyclic AMP-protein kinase A (PKA) pathway. This leads to the
phosphorylation of various proteins, ion channels and phosphodiesterases.>* 3¢ 404! [dentified
A1AR-A2AAR heterodimers might be involved in the regulation of neurotransmitter release.*?
A deficiency of the neurotransmitter dopamine plays a decisive role in Parkinson's disease.
Parkinson's disease (PD) is the second most common neurodegenerative disease after the
Alzheimer's disease (AD) and is characterized by symptoms such as bradykinesis, akinesia,
rigor and tremor. It is caused by a lack of dopamine in the brain due to a progressive
degeneration of dopaminergic neurons in the pars compacta of the substantia nigra, possibly
caused by an accumulation of misfolded a synuclein. Dopamine receptor agonists such as
ropinirol are used to increase the dopamine level. But also the non-proteinogenic a-amino acid
levodopa (L-DOPA), which is a precursor in the biosynthesis of messenger substances such as
adrenalin and dopamine, plays an important role in the therapy of PD. Due to the colocalization
of A2A and D2 receptors in the striatum and the adeonsine-dopamine antagonism, A2aAR
antagonists are potential novel therapeutics for the treatment of PD, and the first drug with this

mechanism of action, istradefylline, has been approved in Japan and the USA.*
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The A>BAR shows a lower affinity for adenosine compared to the AR subtypes A1 and Aza.
The receptor is ubiquitously expressed, but at low levels under physiological conditions.
However, it can be significantly upregulated upon hypoxia, inflammation, and cancer. Blockade
of the A>sAR has been proposed for the treatment of asthma, cardiopulmonary disease and
cancer.®” The AzBAR is a Gs and Gg11 coupled receptor and activation of the AAR can

increase AC and phospholipase C (PLC) activity. *!

The A3AR can be found in lung, kidneys, placenta, eye, microglia and astrocytes and inhibits

AC activity via a GiGg11 coupling. The receptor is proposed to have cardioprotective and

analgesic effects and might have an important antitumoral role.**

Table 2: Adenosine receptor affinities of natural occuring xanthines.

Natural xanthine Al A4 Azp As
derivatives [nM] [nM] [nM] [nM]
Caffeine (2) 10,700 (h)* 23,400 (h)* 33,800 (h)*’ 13,300 (h)*

44,900 (h)* 9,560 (h)* 10,400 (h)**  >100,000 (1)*
41,000 (1) 45,000 (r)°" 20,500 (h)*
44,000 (r)* 32,500 (1)} 30,000 (r)*
48,000 (r)* 13,000 (m)**
Theophylline (4) 6,770 (h)*3 1,710 (h)* 9,070 (h)* 22,300 (h)*
14,000 (r)* 6,700 (h)* 74,000 (h)® 86,400 (h)*
8,740 (r)» 22,000 (r)* 15,100 (r)*® >100,000 (r)*
25,300 (r)*S 5,630 (m)®’ 85,000 (r)°®
Theobromine (3) 105,000 (1) >250,000 (r)** 130,000 (h)®  >100,000 (r)**
83,400 (r)*° 187,000 (r)*°
Paraxanthine (18) 21,000 (r)*® 32,000 (r)** 4,500 (h)*° >100,000 (1)*

h: human, r: rat, m: mouse

Methylxanthines mainly act as antagonists for ARs but further mechanisms like
phosphodiesterase inhibition, direct effects on ryanodine receptors inducing intracellular
calcium release, modulation of GABAA receptor activity, or histone deacetylase activation were

described for caffeine and also suggested for other methylxanthines.** ¢!
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1.2.4. Approved xanthine drugs

1.2.4.1. Caffeine and theophylline

The first described synthesis of xanthine derivatives was that of caffeine (2) and theophylline
(4) by Emil Fischer and Lorenz Ach. Emil Fischer was awarded with the Nobel Prize for
Chemistry in 1902, based on his research on the synthesis of sugars and purines.®*%* The
synthesis starts with a amide coupling reaction of 1,3-dimethylurea (22) with malonic acid
yielding 1,3-dimethylbarbituric acid (23) followed by nitrosation and reduction to the 5-amino-
1,3-dimethylbaributric acid (24). Potassium cyanate is used to convert 24 to the urea derivative
25. Cyclization reaction yields 1,3-dimethyluric acid (26). After chlorination (27) using PCls
and dehalogenation with HI the methylxanthine theophylline (4) can be obtained. Methylation
of the N7 position yielded the widely consumed stimulant caffeine (2, Scheme 5).

- o O o o .
j\H HOMOH \N)i 1. HNO, \N)INHZ KOCN \N)INTNHZ
7K OZ\T 5 2. Red. O}\T ° O}\T 50
22 23 24 25
o} o o} o
. H H H /
H ~N N PCls ~N N HI >N N CHgl >N N
A 70 e N W P % A M2
o l\‘l ” o r\‘l N o] l\‘l N o l\‘l N
26 27 4 2

Scheme 5: Total synthesis of theophylline (4) and caffeine (2) by Emil Fischer.®

Caffeine (2) is produced on a large scale both synthetically and by extraction. Decaffeination
produces caffeine (2) as a by-product, which can then be resold. The industrial synthesis of
caffeine (2) and theophylline (4) is based on the Traube purine synthesis (Scheme 5). The
largest producers of caffeine (2) are companies such as CSPC and Shandong Xinhua from
China, Kudos Chemie Limited from India and BASF for the European market. In 2018, the
global caffeine market amounted to around US$340 million and is expected to grow further in
the coming years.%> The synthesis also starts with ring closure reaction using 1,3-dimethylurea
(22) and 2-cyanoacetic acid to obtain 6-amino-1,3-dimethyluracil (28). The next steps are quite
similar as described for the first total synthesis of caffeine by Emil Fischer, including nitrosation

to 29 followed by reduction to diaminouracil 30 and subsequent amide coupling to the 6-amino-
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S-amido-uracil derivative 31, which is further cyclized to caffeine (2) under basic condition

(Scheme 6).

S ;
H
NN NC - \N)i HNO, \NJEENO
o) O)\ITJ NH, OA\T NH;
22 28 29
0 j\ o CH,Cl o
41\ l l O )\ l />
o} III NH, o) ITI NH> o} ITI N
30 31 2

Scheme 6: Modification of the Traube purine synthesis for the large-scale production of caffeine (2).%

Due to their biological activity, xanthine derivatives have gained increasing attention with
regard to the development of new drugs. After Emil Fischer showed that the compound class
could also be produced synthetically, numerous modifications were made to the basic structure
of xanthine, on the one hand to increase biological activity, and on the other hand to increase
the selectivity for specific targets. In order to highlight the medical significance of this class of
compounds, a systematic analysis of the approved drugs and those in clinical trials was carried
out. According to the DrugBank database, 12 xanthine derivatives are approved as drugs (Table
3) and another 13 are currently in clinical trials (data from February 2020). Further xanthine
derivatives are approved in individual countries in the Far East or have a high significance in
research and development. The FDA has assigned the suffix “fylline” to the theophylline and

caffeine derivatives and analogs.

Henry Hyde Salter reported for the first time in 1859 about the effects of methylxanthines for
the treatment of bronchoconstriction. Salter was an asthmatic and studied the effects of strong
coffee on his respiratory symptoms.®” After theophylline (4) was first used as a diuretic, various

clinical studies were carried out by the US American David I. Macht in 192168

and by Samson
Hirsch from Germany in 1922,% which showed that theophylline (4) is a much more effective
agent for the relaxation of smooth muscles than caffeine (2).%” Theophylline was clinically

approved as ethylenediamine salt known as aminophylline (32) or in its pure form for asthma
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treatment in 1922.7° This makes theophylline (4) one of the oldest and for a long time most
prescribed drugs for the treatment of asthma and chronic obstructive pulmonary disease
(COPD) worldwide.”! However, due to its narrow safety window, it is nowadays not used as a
first-line treatment anymore. Derivatives of theophylline (4) have also been approved over time,
such as 8-bromotheophylline (33), the active ingredient in pamabrom®, which is metabolized
to theophylline (4) and then develops its weak diuretic action and can be used to treat primary
dysmenorrhea and premenstrual syndrome.”?> 8-Bromotheophylline (33) can be synthesized
from theophylline (4) by the addition of bromine under acidic conditions.”® Oxtriphylline (34)
the choline salt of theophylline (4) is also used to relax the smooth muscles of bronchial and
pulmonary vessels and to induce antiasthmatic effects.”* Theophylline (4) and the other
methylxanthines have a moderate water solubility and sometimes incompatibilities and

unpleasant effects when administered.

In 1946, the group around Maney” synthesized the N7-dihydroxypropyl-substituted
theophylline derivative dyphylline (35) with good tolerability and less nausea compared to
aminophylline (32). Xanthine derivative 35, also known as diprophylline, is marketed under the
trade name Dilor® (U.S.) for the treatment of respiratory diseases such as asthma, cardiac

dyspnoea and bronchitis due to its bronchodilating and vasodilating effects.’”¢"””

A further disadvantage of 4 is the possibility of severe CNS toxicity at high plasma
concentrations.”® In addition, the plasma half-life of 4 can vary considerably due to
unpredictable metabolic rates.” In order to avoid the disadvantages of 4 mentioned above,
further substitutions were made to the theophylline scaffold by Persson's group. Persson ef al.
developed the 3-propylxanthine (enprofylline, 36) in 1981 and identified it as a clinical

candidate due to its bronchodilator effects.?°

The replacement of the N1-methyl group by a 5-oxohexyl group resulted in the drug
pentoxifylline (37), which was approved by the FDA in 1984 for the treatment of intermittent
claudication, a symptom of peripheral arterial occlusive disease (PAD).3! Pentoxifylline acts
primarily by inhibiting PDE, which leads to increased cAMP levels. This results in an increased
synthesis of thromboxane and prostacyclin (prostaglandin 12) leading to a reduction in blood

viscosity and a decrease in the potential for platelet aggregation and thrombus formation.®?

By further functionalization of the N7-position of theophylline (4), other important drugs such
as the vasodilator xanthinol (38) and the antihypertensive drug Akrinor® (39) a mixture of

cafedrine and theodrenaline (20:1) were obtained.®3-
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By derivatizing the C8-position of the xanthine scaffold it was possible to produce selective
AR antagonists, such as the drug istradefylline (40) developed by Kyowa Kirin (Japan). After
the FDA rejected approval in the USA in 2008, the drug was approved in Japan in 2013 as the
first AoAAR antagonist for the treatment of Parkinson's disease. Six years later, on 28 August
2019, istradefylline was finally approved by the FDA in the USA as NOURIANZ® on the basis

of new clinical studies.
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Scheme 7: Istradefylline (40) synthesis.®#¢

Due to the variety of possibilities for derivatizing the xanthine scaffold, it has been possible to
target other enzymes than PDEs and other receptors than ARs. In 2007, Boehringer Ingelheim
developed linagliptin (41), a selective dipeptidyl peptidase 4 (DPP-4) inhibitor, which was
approved in 2011 in Europe and the U.S for the treatment of type 2 diabetes.®’*® The drug was
also approved in Germany but the Institute for Quality and Efficiency in Health Care (IQWiG)
was unable to demonstrate any additional benefit compared to the alternative treatment options

with metformin and sulfonylurea. The synthesis of Linagplitin (41) is shown in Scheme 8.%
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Table 3: Xanthine derivatives approved as drugs”

Name Structure Target Disease
(Trade name)

Caffeine (2) (0] Nonselective AR antagonist, PDE  Caffeine citrate (Cafcit) has been shown to reduce the incidence
(Cafcit®, NoDoz®, >N N/ inhibitor and HDAC activator.*  of premature apnea.’®®! Furthermore, caffeine can be taken as a
Vivarin®, Revive®, o )\N | N/> ol stimulant in capsule form (NoDoz, Vivarin,...).%

Stay Awake®, |
Enerjets®, Lucidex®)
Theophylline (4) (0] Nonselective AR antagonist, PDE = Theophylline is indicated for the treatment of chronic asthma

(Uniphyl®, SN H inhibitor and HDAC activator. and other chronic lung diseases such as emphysema and chronic

Theochron®) o N | N/> bronchitis and remains the most widely prescribed anti-asthma

| drug worldwide.”>%*
Aminophylline®(32) o Nonselective AR antagonist®, Approved for asthma or other chronic lung diseases such as

(Norphyl®) ~N ﬁ PDE Inhibitor (isoenzyme type III  chronic bronchitis and emphysema to relieve the symptoms of

)\ | /> HaN__~ and IV)’® and HDAC activator”.  reversible airway obstruction. Also approved for the prevention
o 'Tl N of apnea in premature infants.”®
2
8-Bromotheophyllin O H Nonselective AR antagonist, PDE  The weak diuretic pamabrom is effective in the treatment of
33) N inhibitor and HDAC activator.®" primary dysmenorrhea and premenstrual syndrome. The active
(Pamabrom®) OéI\N | N/>—Br HO » xanthine derivative of pamabromo is theophylline. It has been

shown to relieve adenosine-induced angina-like chest pain,

postdural puncture headache and pain during experimental

ischaemia in humans.’% 100-101




81

Oxtriphylline (34)
(Choledyl SA®)

Dyphylline or
Diprophylline (35)
(Dilor®, Lufyllin®)

Enprofylline (36)
(Nilyph®)

Pentoxifylline (37)

(Trental®, Pentoxil®)

Xanthinol (38)

(Complamina®)

H

N

| )

N

T
N
| )

NN

Nonselective AR antagonist PDE
inhibitor and HDAC activator.

Nonselective Aj-, AoaAR
antagonist and PDE inhibitor.

Nonselective AR antagonist and

PDE inhibitor.

Nonselective AR antagonist PDE
inhibitor and HDAC activator.

Increased synthesis and secretion

of prostaglandin D2

Oxtriphylline is the choline salt of theophylline and is converted
into it after ingestion. Theophylline then relaxes the smooth
muscles of the bronchial and pulmonary vessels and reduces the
reaction of the airways to histamine, methacholine, adenosine
and allergen.!0%103

Used in the treatment of respiratory diseases such as asthma,
heart dyspnoea and bronchitis due to its bronchodilator and

vasodilator effects.”®7’

Due to its bronchodilator effects it is used in the treatment of

asthma 104-105

Pentoxifyllin increases the walking distance of patients with

intermittent claudication compared to placebo or vasodilators.!%

Used for cerebrovascular disorders, peripheral vascular disease
and other conditions. Xantinol nicotinate is a peripheral
vasodilator and, when injected intralesionally in OSMF patients,
leads to increased mouth opening, tongue protrusion, cheek

flexibility and relief of burning sensation.%3




61

Cafedrine/Theodrenal Cafedrine Proposed interaction with

ine 20:1 (39) B1-adrenoceptor,

\N 0
OH
Akrinor® O H as PDE inhibitor and with
Y A~ N
N
/N y _J al-adrenoceptor!'?’

+

Theodrenaline

\' o
O\\/\N H OH
N OH
N SN
/ =

OH

Approved as an anti-hypotensive agent.®

“Unless otherwise stated, the data were taken from the DrugBank database.
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1. Article I: Fast, Efficient, and Versatile Synthesis of 6-Amino-5-

carboxamidouracils as Precursors for 8-Substituted Xanthines

Daniel Marx, Lukas M. Wingen, Gregor Schnakenburg, Christa E. Miiller” and Matthias S.
Scholz

The characterization and synthesis of methylxanthines originated at the end of the 19" century
through work by Emil Fischer and Lorenz Ach. Today the synthesis of xanthine derivatives is
mostly performed by nitrosylation of the 5-position of 6-aminouracils with subsequent
reduction to the corresponding 5,6-diaminouracil derivatives. These intermediates can be
selectively coupled with carboxylic acids to the corresponding S5-amidouracils thereby
introducing different substitution patterns at the 8-position of the final xanthine scaffold. This
coupling reaction is often performed by using hazardous chlorinating reagents to convert the
carboxylic acids into the activated carboxylic acid chlorides or using the irritant and moisture-
sensitive 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC-HCI). These
reactions show several drawbacks, because, on the one hand, long reaction times are required,
and, on the other hand. the yields are only moderate. In the following article a novel, fast and
versatile synthesis without the necessity of hazardous coupling or chlorinating reagents to

obtain 5-amido-6-aminouracils is described.
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The coupling reagent COMU proved to be a safe and convenient alternative to the classical
coupling reagents. COMU contains no explosive benzotriazole moiety and is characterized by
high solubility and stability in various solvents. It can be easily removed from the system, since
only water-soluble by-products are generated. With the described method, significantly
accelerated reaction times of only five to ten minutes with quantitative yields and 99% purity
were achieved without the requirement of complex column chromatographic purification

procedures.
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Fast, Efficient, and Versatile
Synthesis of 6-amino-5-
carboxamidouracils as Precursors
for 8-Substituted Xanthines

Daniel Marx', Lukas M. Wingen'', Gregor Schnakenburg?, Christa E. Miiller ™ and
Matthias S. Scholz’

! Pharmaceutical Chemistry 1, Pharmaceutical Institute, University of Bonn, Bonn, Germany, 2 Department of Chemistry,
Institute of Inorganic Chemistry, University of Bonn, Bonn, Germany

Substituted xanthine derivatives are important bioactive molecules. Herein we
report on a new, practical synthesis of 6-amino-5-carboxamidouracils, the main
building blocks for the preparation of 8-substituted xanthines, by condensation
of 5,6-diaminouracil derivatives and various carboxylic acids using the recently
developed non-hazardous coupling reagent COMU (1-[(1-(cyano-2-ethoxy-2-0x0
ethylideneaminooxy)dimethylaminomorpholinomethylene)jmethanaminium  hexafluoro
phosphate). Optimized reaction conditions led to the precipitation of pure products
after only 5 to 10 min of reaction time. The method tolerates a variety of substituted
5,6-diaminouracil and carboxylic acid derivatives as starting compounds resulting in
most cases in more than 80% isolated yield. Regioselectivity of the reaction yielding only
the 5-carboxamido-, but not the 6-carboxamidouracil derivatives, was unambiguously
confirmed by single X-ray crystallography and multidimensional NMR experiments.
The described method represents a convenient, fast access to direct precursors of
8-substituted xanthines under mild conditions without the necessity of hazardous
coupling or chlorinating reagents.

Keywords: amide, COMU, purine, uracil, xanthine, X-ray crystal structure

INTRODUCTION

Xanthines are privileged structures in medicinal chemistry (Jacobson et al., 1993; Scammells et al.,
1994; Kim et al., 2000; Baraldi et al., 2004; Miiller and Jacobson, 2011). The methylxanthines
caffeine (compound 1, Figure 1), theobromine (2) and theophylline (3) are frequently consumed
and therapeutically applied natural products (Franco et al., 2013). The biological activities of 1
and 2, including central nervous system stimulatory, diuretic and antiasthmatic effects, are due to
their blockade of adenosine receptors (ARs). The ARs, which belong to the family of G protein-
coupled receptors (GPCRs), are (potential) drug targets for several diseases, in particular for heart
and brain diseases (Baraldi et al., 2008; Miiller and Jacobson, 2011; Chen et al., 2013). Recent
findings point toward a great potential of A;s and A, AR antagonists in immuno-oncology
(Leone et al., 2015; Miiller et al., 2018).
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Xanthine Precursors
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Caffeine and theophylline are weak, non-selective AR
antagonists (Nieber, 2017; Onatibia-Astibia et al, 2017).
Replacing the hydrogen atom at C8 by a larger residue, in
combination with suitable substituents at the xanthine nitrogen
atoms, may result in highly potent and subtype-selective AR
antagonists (Baraldi et al., 2007; Miller and Jacobson, 2011).
Inspired by the natural methylxanthines, several drugs have
been developed, which were designated by the suffix “fylline”
(Figure 1) (Alciato et al., 1990; LeWitt et al, 2008). An
example is rolofylline (KW-3902, 4, Figure 1), which carries
a bulky noradamantanyl residue at the 8-position and acts as
a selective A; AR receptor antagonist (LeWitt et al., 2008).
Istradefylline (KW-6002, 5, Figure 1), a potent, selective Aja
AR antagonist was approved for the treatment of Parkinson’s
disease (PD) in Japan (LeWitt et al., 2008; Dungo and Deeks,
2013; Kondo and Mizuno, 2015). It features a styryl residue
at the xanthine 8-position and ethyl groups at the xanthine
N1 and N3 nitrogen atoms. An Nl-propargyl residue in
combination with a C8-styryl substitution yielded the potent
and selective Ay;p AR antagonist MSX-2 (6b) and its prodrug
MSX-3 (6¢) prepared from the precursor MSX-1 (6a) (Sauer
et al., 2000; Hockemeyer et al., 2004). PSB-601 (7a), PSB-0788
(7b) and PSB-603 (7c) are potent, selective A,p AR antagonists.
These xanthines carry a para-sulfonamido-substituted phenyl
ring at the 8-position and are potential therapeutics for the
treatment of asthma, pain and cancer (Feoktistov et al., 1998;
Yan et al., 2006; Singh and Yadav, 2016; Hinz et al, 2018;
Miiller et al., 2018). The tricyclic purine derivatives PSB-
10 (8a) and PSB-11 (8b) are selective A3 AR antagonists
(Miiller et al., 2002; Ozola et al., 2003).

Crystal structures of the AR subtypes A; (Cheng et al., 2017;
Glukhova et al., 2017) and Ays (Doré et al., 2011; Liu et al., 2012;
Sun et al., 2017) showed that large 8-substituents of xanthine
derivatives point out of the receptor binding pocket toward
the extracellular space. This makes C8a privileged position for
the attachment of fluorophores (Kose et al., 2018), solubilizing
moieties (Daly et al., 1985), spin labels for electron paramagnetic
resonance (EPR) studies (Ilas et al., 2005) or linkers for dual-
acting compounds (Jacobson, 2009). An example of a dual ligand
is compound 9 (Jacobson, 2009).

Receptors other than ARs, and enzymes can also be addressed
by selecting appropriate substituents at the xanthine scaffold.
Stacofylline (10) inhibits the enzyme acetylcholinesterase; it
contains a diethylaminocarbonylpiperazinyl residue connected
via a propyl spacer to the 8-position of caffeine (Gallagher, 2004).
Bamifylline (11), a phosphodiesterase inhibitor, carries a benzyl-
substituent at C8 and is used as an analgesic, bronchodilatory and
vasodilatory drug (Alciato et al., 1990). The phosphodiesterase
inhibitor laprafylline (12) features, similar to stacofylline (10), a
piperazinyl residue attached by an ethyl linker to the 8-position
of 1-methyl-3-isobutylxanthine. Recently, dipeptidylpeptidase
4 (DPP-4) inhibitors have gained attention for the treatment
of type 2 diabetes (Crepaldi et al., 2007; Costante et al,
2015). Xanthine-derived compounds, such as CN103373999A
(13), bearing a piperazinylmethyl residue at the xanthine
8-position have been identified as potent DPP-4 inhibitors
(Costante et al., 2015).

8-Substituted xanthines can be synthesized by reacting
5,6-diaminouracil derivatives with carboxylic acids or
aldehydes (Scheme 1).

Different routes have been employed to obtain the required
xanthine precursors. Condensation of 5,6-diaminouracils with
aldehydes forming the corresponding imines [5-(arylidene-
or alkylidene-amino)-6-aminouracils] as precursors, followed
by oxidative cyclization is a commonly used route for
the synthesis of 8-substituted xanthine derivatives (Hayallah
et al, 2002; El-Sabbagh et al, 2007). However, aldehydes
are less stable than the corresponding carboxylic acids, and
commercial availability is often limited (Procedure A, Scheme 1)
(Daly et al, 1985; Hayallah et al, 2002). Alternatively,
6-amino-5-carboxamidouracils can be prepared, which are
the most frequently utilized xanthine precursors, that can
be cyclized using a variety of methods, e.g., by sodium
hydroxide or methylate, trimethylsilyl polyphosphate (PPSE),
hexamethyldisilazane (HMDS) (Hayallah et al., 2002), or
phosphorus pentoxide (Miiller et al., 2008), depending on their
reactivity and stability.

An established method for their preparation is the coupling
of 5,6-diaminouracil derivatives with carboxylic acids in
the presence of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC-HCI) as a coupling reagent (Procedure B,
Scheme 1) (Sauer et al., 2000; Hayallah et al., 2002; Hockemeyer
et al, 2004; Basu et al, 2017). Another method requires
the activation of the carboxylic acid by formation of the
carboxylic acid chloride (Procedure C, Scheme 1) (Jacobson
et al., 1989; Hockemeyer et al., 2004). Procedure C had been
used to establish a multigram-scale synthesis of istradefylline (5).
Drawbacks of this reaction are long reaction times (16h) for
the formation of the amide, only moderate yields (65%), and
importantly, an additional step due to conversion of the acid into
the corresponding acid chloride using hazardous chlorinating
reagents. Furthermore, carboxylic acid chlorides are less stable
than the corresponding carboxylic acids rendering storage and
handling more demanding (Hockemeyer et al., 2004). Coupling
reactions with the irritant and moisture-sensitive EDC-HCI also
suffer from rather long reaction times, and typically provide
moderate yields requiring tedious purification (Sauer et al., 2000;
Hockemeyer et al., 2004).

All of these disadvantages motivated us to search for an
alternative amide coupling procedure for the preparation of 6-
amino-5-carboxamidouracil derivatives being the most stable
and easily storable xanthine precursors. Our aim was to
develop a fast and effective coupling method applicable to
a variety of diaminouracils and carboxylic acids that would
allow simple work-up and straightforward isolation of the
desired product (Scheme 3).

EXPERIMENTAL

Chemicals were purchased from Merck (Darmstadt, Germany),
ABCR (Karlsruhe, Germany) or TCI (Eschborn, Germany).
Analytical thin layer chromatography (TLC) was performed
on TLC plates Fys4 (Merck) and analyzed using UV light.
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SCHEME 1 | Syntheses of 8-substituted xanthine derivatives.

High resolution mass spectra (HR-MS) were recorded on
a micrOTOF-Q mass spectrometer (Bruker), low resolution
mass spectra (LR-MS) on an API 2000 (Applied Biosystems)
mass spectrometer. 'H NMR and !'*C NMR spectra were
recorded in CDCIl; or (CD3),SO on a Bruker Ascend 600
MHz NMR-spectrometer operating at 600.18 MHz (*H), and
150.93 MHz (}3C). Chemical shifts (3) are reported in ppm
and are referenced to the chemical shifts of the residual solvent
proton(s) present in chloroform 8 [(CHCl3) = 7.26 ppm for
the 'H NMR spectra and § (CDCl3) = 77.16 ppm for the
13C NMR spectra] and in dimethylsulfoxide § ((CHj3),SO)
= 2.50 ppm for the 'H NMR spectra and § ((CD3),S0) =
39.52 ppm for the '*C NMR spectra. Multiplicity: s, singlet;
d, doublet; q, quartet; m, multiplet. Coupling constants (J) are
shown in Hertz (Hz). The infrared spectra were recorded as
solid samples on an ALPHA-T (Bruker) with a Platinum ATR
Module using the Opus software. The IR spectra were measured
in the attenuated total reflection (ATR) mode in the region
of 4,000-385 cm™! (s, strong; m, medium; w, weak) and are

reported in cm™?.

General Amide Formation Procedure

To a solution of the respective carboxylic acid (1.0 equiv.)
and COMU (1.1 equiv.) dissolved in a minimum of
dimethylformamide (DMF), a mixture of diaminouracil
(1.1 equiv.) and N,N-diisopropylethylamine (DIPEA)
(1.1 equiv.) dissolved in a minimum DMF was added
dropwise. The reaction was stirred for 5-10min at room

temperature, and water was added. The resulting precipitate
was filtered off, washed with water and dried under
reduced pressure. Most of the reactions were performed
using 300mg of the respective diaminouracil and 4ml of
DMF. The product was precipitated using 20ml of water
and washed with small portions of water (10ml). The
reaction generally performed well from 60mg up to 1.5g
of diaminouracil as a precursor. For the 1.5g scale 8ml
of DMF were used for dissolution, and 40 ml of water for
precipiation, and 20ml for the subsequent washing step.
All other conditions were identical, and virtually the same
percentage of yield as obtained independent of the scale of
the reaction.

(9H-fluoren-9-yl)methyl 4-(2-((6-amino-3-
methyl -2,4-dioxo-1,2,3,4-tetrahydro-pyrimi
din-5-yl)amino)-2-oxoethyl)piperazine-1-
carboxylate (21)

Yield: 62% (white solid); mp 181-184°C; 'H NMR (500 MHz,
DMSO-dg) 8 10.48 (s, 1H, N1-H), 8.21 (s, 1H, CONH), 7.90
(d, J] = 7.5Hz, 2H, Harom), 7.63 (d, ] = 7.5Hz, 2H, Harom),
7.42 (t, ] = 7.4Hz, 2H. Hyom), 7.35 (td, J] = 7.4, 1.1 Hz, 2H,
Harom), 6.01 (s, 2H, NH;), 4.40 (d, ] = 6.5Hz, 2H, CH,), 4.28
(t, ] = 6.4Hz, 1H, CH), 3.40-3.32 (m, 4H, 2 x CH3), 3.06 (s,
3H, CH3), 3.05-3.01 (m, 2H, CH,), 2.48-2.37 (m, 4H, 2 x CH,).
13C NMR (126 MHz, DMSO) § 169.5 (CON), 160.7 (C6), 154.3
(OCON), 149.9 (CO), 149.7 (CO), 143.8 (2C, Carom), 140.8 (2C,

34
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SCHEME 3 | Proposed reaction mechanism of amide coupling with COMU.

Carom)s 127.6 (2C, Carom), 127.1 (2C, Carom)s> 124.9 (2C, Carom)s
120.1 (2C, Carom)» 86.7 (C5), 66.4 (CH,), 61.0 (CH,), 52.2 (2C,
2 x CHy), 46.8 (2C, 2 x CH,), 43.3 (CH), 26.4 (CH3). IR
(cm™1): 7 = 3,556 (w), 33,481 (W), 3,327 (W), 3,208 (w), 3,010
(W), 2,949 (w), 2,895 (w), 2,811 (W), 2,757 (w), 1,730 (m), 1,688
(s), 1,655 (m), 1,556 (s), 1,505 (s), 1,458 (s), 1,442 (s), 1,289
(w), 1,237 (s), 1,203 (w), 1,124 (s), 1,082 (m), 1,006 (m), 966
(m), 755 (s), 737 (s), 641 (w),621 (w), 576 (m), 499 (s), 412
(s). HRMS (ESI-QTOF) calculated for CysH23NgOs [M+H]T:
505.2194; found: 505.2190.

N-(6-amino-1-methyl-2,4-dioxo-1,2,3,4-

tetrahydropyrimidin-5-yl)benzamide (22)

Yield: 78% (white solid); mp > 320°C; 'H NMR (500 MHz,
DMSO-dg) 8 10.59 (s, 1H, N3-H), 8.83 (s, 1H, CONH), 7.99 (d,
J = 7.8Hz, 2H, Harom), 7.54 (t, ] = 6.8 Hz, 1H, Harom), 7.48
(q ] = 7.9, 7.3 Hz, 2H, Harom), 6.65 (s, 2H, NH,), 3.27 (s, 3H,
CHj3). 3C NMR (DMSO, 126 MHz) § 166.6 (CON), 160.0 (C6),
153.7 (CO), 150.4 (CO), 134.7 (Carom)> 131.2 (Carom), 128.1 (2C,
Carom)> 128.1( 2C, Carom), 87.8 (C5), 29.2 (CH3). IR (cm™1): ¥
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= 3,342 (w), 3,201 (w), 3,063 (w), 1,778 (w), 1,713 (s), 1,638
s), 1,584 (s), 1,506 (s), 1,484 (s), 1,390 (w), 1,294 (m), 1,263
w), 1,220 (w), 1,176 (w), 1,072 (w), 1,012 (w), 891 (w), 782
m), 744 (w), 715 (s), 686 (w), 584 (m), 545 (s), 477 (s), 428
w). HRMS (ESI-QTOF) calculated for C;,H12N4O3 [M+H]T:
261.0982; found: 261.0981.

N-(6-amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-
tetrahydropyrimidin-5-yl)-4-methoxy-
benzamide (23)

Yield: 87% (off-white solid); mp 109-112°C; 'H NMR (600 MHz,
DMSO-dg) 8 8.73 (s, 1H, CONH), 7.95 (d, J = 8.9 Hz, 2H, Harom)>
7.00 (d, ] = 8.9 Hz, 2H, Harom), 6.65 (s, 2H, NH,), 3.86-3.82 (m,
2H, N1-CH, or N3-CH,), 3.82 (s, 3H, OCH3), 3.75-3.68 (m, 2H,
N1-CH; or N3-CH,), 1.57 (dt, J = 15.1, 7.5 Hz, 2H, CH,), 1.51
(dt,] = 14.8, 7.6 Hz, 2H, CH>), 0.89 (t, ] = 7.4 Hz, 3H, CH3), 0.83
(t, ] = 7.5Hz, 3H, CHs). 13C NMR (DMSO, 151 MHz) § 166.1
(CON), 161.6 (Carom)s 159.2 (C6), 151.7 (CO), 150.4 (CO), 129.8
(Carom)s 126.8 (Carom)> 113.1 (Carom), 87.6 (C5), 55.3 (OCH3),
43.7 (N1-CH, or N3-CH,), 41.8 (N1-CH, or N3-CH,), 20.8 (2C,
CH,), 11.2 (CH3), 10.7 (CH3). IR (cm™!): ¥ = 3,416 (w), 3,348
(W), 3,219 (w), 2,963 (W), 2,939 (w), 2,877 (w), 2,841 (w), 1,695
(m), 1,636 (m), 1,605 (s), 1,488 (s), 1,415 (m), 1,381 (w), 1,259
(s), 1,191 (m), 1,114 (w), 1,080 (w), 1,029 (m), 901 (w), 852
(m), 762 (m), 551 (s), 513 (s). HRMS (ESI-QTOF) calculated for
Ci13H24N4O4 [M+H]™: 361.1870; found: 361.1885.

4-Nitrophenyl 4-((6-amino-3-ethyl-2,4-
dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-
carbamoyl) benzenesulfonate (24)

Product was purified by column chromatography
(CH,Cl,/MeOH, 95:5). Yield: 78% (yellowish solid); mp
203-206°C; 'H NMR (500 MHz, DMSO-ds) & 10.49 (s, 1H,
N1-H),9.21 (s, 1H, CONH), 8.30-8.26 (m, 2H, Hyrom), 8.21-8.17
(m, 2H, Harom), 8.06-8.02 (m, 2H, Harom), 7.42-7.36 (m, 2H,
Harom)» 622 (s, 2H, NH,), 3.75 (q, ] = 7.0 Hz, 2H, N3-CH,), 1.06
t, ] = 7.0Hz, 3H, CH3).>*C NMR (DMSO, 126 MHz) § 164.8
CON), 160.3 (C6), 153.0 (Carom), 150.5 (CO), 149.7 (CO), 146.2
Carom)s 140.6 (Carom)s 135.6 (Carom)s 129.4 (2C, Carom), 128.2
2C, Carom) 125.9 (2C, Carom)» 123.3 (2C, Carom), 86.4 (C5), 34.4
(N3-CH,), 13.3 (CH3). IR (cm™): ¥ = 3,304 (w), 3,185 (w),
3,078 (w), 2,971 (w), 2,917 (w), 2,851 (w), 1,734 (m), 1,627 (m),
1,507 (s), 1,480 (s), 1,374 (s), 1,349 (s), 1,314 (m), 1,293 (m),
1,203 (s), 1,153 (s), 1,091 (m), 1,012 (w), 866 (s), 757 (s), 733
(w), 692 (m), 630 (w), 606 (s), 564 (s), 500 (s), 445 (m). HRMS
(ESI-QTOF) calculated for C;oH;7N504S[M+H]T: 476.0871;
found: 476.0860.

(2R,3as,5S,6as)-N-(6-amino-2,4-dioxo-1,3-
dipropyl-1,2,3,4-tetrahydropyrimidin-5-
yl)octahydro-2,5-methanopentalene-3a-

carboxamide (25)

Most of the compound precipitated overnight. To increase the
yield, the filtrate was extracted with diethyl ether, dried over
MgSOy, and after filtration the solvent was removed in vacuo.
Yield: 99% (slightly brown solid); mp 153-157°C; 'H NMR (600

(
(
(
(

(
(
(
(

MHz, DMSO-dg) 8 7.74 (s, 1H, CONH), 6.33 (s, 2H, NH,),
3.88-3.78 (m, 2H, NCH;), 3.74-3.62 (m, 2H, NCH,), 2.74-
2.69 (m, 1H, CH), 2.24 (s, 2H, Hadamantyl)» 2.05 (d, ] = 9.8 Hz,
2H, Hadamantyl)’ 1.83-1.76 (m, 4H, Hadamantyl)’ L.55 (P> ] =
7.2Hz, 6H, Hygamantyt and CH,CH3), 149 (q, J = 7.4Hz, 2H,
CH,CH3), 0.88 (t, ] = 7.4Hz, 3H, CHs3), 0.82 (t, ] = 7.4Hz,
3H, CH3). >C NMR (DMSO, 151 MHz) § 177.1 (CON), 158.9
(C6), 151.4 (CO), 150.3 (CO), 88.2 (C5), 54.7 (Cadamantyl)s 46.8
(NCH3), 43.6 (NCHy), 43.2 (Cadamantyl)) 42.3 (Cadamantyl)r 41.8
(Cadamantyl)’ 37.0 (Cadamantyl)’ 34.5 (Cadamantyl)’ 20.8 (Cadamantyl)’
11.2 (Cadamantyl)x 10.7 (Cadamantyl)~ IR (Cm_l): v = 3,425 (w),
3,331 (w), 2,925 (w), 2,871 (w), 1,694 (s), 1,627 (m), 1,556 (s),
1,492 (s), 1,374 (w), 1,338 (w), 1,272 (m), 1,226 (m), 1,204 (m),
L,111 (w), 1,085 (w), 899 (w), 843 (w), 763 (w), 716 (w), 549 (m),
475 (w), 429 (w). HRMS (ESI-QTOF) calculated for C,oH3oN4O3
[M+H]™: 375.2391; found: 375.2389.

N-(6-amino-3-methyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)cyclopentane-
carboxamide (26)

Yield: 70% (white solid); mp > 320°C; 'H NMR (500 MHz,
DMSO-dg) 8 10.38 (s, 1H, N1-H), 8.21 (s, 1H, CONH), 5.77 (s,
2H, NH,), 3.04 (s, 3H, NCH3), 2.74 (p, ] = 8.0Hz, 1H, CH),
1.84-1.75 (m, 2H, Heydopenty)> 1.74-1.66 (m, 2H, Heyclopentyl)s
1.61 (qt, J = 10.3, 4.3 Hz, 2H, Heyopentyt)> 1.50 (dtt, J = 9.2,
5.6, 29 Hz, 2H, Heydopentyl): °C NMR (DMSO, 126 MHz) 8
176.0 (CON), 160.9 (C6), 150.1 (CO), 150.0 (CO), 87.7 (C5),
44.1 (Ceyopenty)> 30.1 (2C, Ceyclopentyl)> 26.6 (CH3), 25.9 (2C,
Ceyclopenty)- IR (em™1): ¥ = 3,328 (w), 3,173 (), 2,967 (), 2,951
(w), 2,872 (w), 1,720 (s), 1,651 (s), 1,633 (s), 1,552 (s), 1,497 (s),
1,456 (s), 1,380 (w), 1,302 (w), 1,211 (m), 1,170 (w), 1,120 (w),
1,024 (w), 996 (w), 961 (w), 945 (w), 755 (s), 711 (m), 662 (m),
592 (s), 549 (m), 512 (s), 471 (m), 417 (s). HRMS (ESI-QTOF)
calculated for C;1H16N4O3 [M+H]T:253.1295; found: 253.1294.

(E)-N-(6-amino-1,3-diethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3,4-
dimethoxyphenyl)acrylamide (27)

Yield: 70% (white solid); mp 108-112°C; 'H NMR (500 MHz,
DMSO-dg) § 8.49 (s, 1H, CONH), 7.39 (d, ] = 15.8 Hz, 1H, CH),
7.18 (d, ] = 1.9Hz, 1H, Harom), 7.15 (dd, J = 8.3, 1.9Hz, 1H,
Harom), 7.01 (d, J = 8.4Hz, 1H, Harom), 6.71 (d, J = 15.8 Hz,
1H, CH), 6.62 (s, 2H, NH3), 3.93 (q, ] = 6.9Hz, 2H, N1-CH;
or N3-CH;), 3.80 (d, ] = 6.3 Hz, 8H, N1-CH; or N3-CH, and 2
x OCHj3 ), 1.14 (t, ] = 7.0 Hz, 3H, CH3 ), 1.07 (t, ] = 7.0 Hz, 3H,
CHj3). BC NMR (DMSO, 126 MHz) § 165.6 (CON), 158.8 (C6),
151.0 (Carom), 150.1 (CO), 149.8 (CO), 148.9 (Carom) 138.8 (CH),
127.8 (Carom)> 121.1 (Carom), 120.4 (Carom), 111.9 (Carom), 110.2
(CH), 87.8 (C5), 55.5 (OCH3), 55.4 (OCH3), 37.6 (N1-CH,), 35.4
(N3-CH,), 13.2 (2C, CH3). IR (cm™1): ¥ = 3,370 (w), 3,197 (w),
2,987 (w), 2,939 (w), 2,840 (w), 1,705 (s), 1,661 (m), 1,644 (m),
1,581 (s), 1,509 (s), 1,464 (s), 1,419 (m), 1,374 (w), 1,325 (w),
1,267 (s), 1,238 (s), 1,185 (s), 1,161 (s), 1,139 (s), 1,024 (m), 974
(m), 848 (w), 794 (m), 760 (m), 671 (m), 554 (s), 529 (s), 448
(s). HRMS (ESI-QTOF) calculated for Ci9H4N4Os [M+H]™:
389.1819; found: 389.1812.
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(E)-N-(6-amino-2,4-dioxo-3-(prop-2-yn-1-
yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3-
methoxyphenyl)acrylamide (28)

Yield: 83% (white solid); mp 295-298°C; 'H NMR (500 MHz,
DMSO-dg) 8 10.59 (s, 1H, N1-H), 8.67 (s, 1H, CONH), 7.44 (d, ]
= 15.8 Hz, 1H, CH), 7.35 (t, ] = 7.9 Hz, 1H, Harom), 7.17 (d, ] =
7.7 Hz, 1H, Harom), 7.15-7.12 (m, 1H, Harom), 6.98-6.95 (m, 1H,
Harom), 6.82 (d, ] = 15.8 Hz, 1H, CH), 6.13 (s, 2H, NH,), 4.44 (d,
J = 2.4 Hz, 2H, N3-CH,), 3.80 (s, 3H, OCH3), 3.03 (t, ] = 2.4 Hz,
1H, Hpropargy)- >C NMR (DMSO, 126 MHz) § 165.0 (CON),
159.6 (C6), 150.3 (CO), 149.1 (CO), 138.8 (Carom or CH), 136.4
(Carom or CH), 130.0 (Carom)» 122.7 (Carom)> 119.7 (Carom)> 115.2
(Carom): 112.7 (CH)> 86.9 (C5)> 79.9 (Cpropargyl)> 724 (Cpropargyl)>
55.1 (OCH3), 28.9 (N3-CHy). IR (cm™1): ¥ = 3,393 (w), 3,290
(W), 3,252 (w), 3,120 (w), 1,727 (s), 1,707 (m), 1,650 (s), 1,625
(m), 1,598 (s), 1,550 (s), 1,508 (s), 1,492 (s), 1,447 (s), 1,410 (w),
1,388 (w), 1,340 (m), 1,313 (m), 1,295 (m), 1,250 (s), 1,187 (m),
1,159 (m), 1,038 (w), 1,016 (w), 976 (s), 944 (w), 930 (w), 903 (w),
885 (w), 836 (w), 778 (m), 759 (s), 698 (s), 643 (s), 564 (s), 456
(s). HRMS (ESI-QTOF) calculated for C;7H16N4O4 [M+H]T:
341.1244; found: 341.1241.

N-(6-amino-1,3-dimethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)-2-phenyl-
acetamide (29)

Yield: 85% (white solid); mp 258-261°C; 'H NMR (500 MHz,
DMSO-dg) & 8.58 (s, 1H, CONH), 7.38-7.33 (m, 2H, Harom),
7.32-7.27 (m, 2H, Harom), 7.21 (tt, ] = 6.4, 1.1 Hz, 1H, Harom),
6.54 (s, 2H, NH,), 3.59 (s, 2H, CH,), 3.31 (s, 3H, CH3), 3.11 (s,
3H, CH3). 3C NMR (DMSO, 126 MHz) § 170.7 (CON), 159.3
(C6), 152.0 (CO), 150.5 (CO), 136.5 (Carom)> 129.2 (Carom), 128.0
(Carom)> 126.1 (Carom), 87.5 (C5), 42.0 (CH,), 30.0 (CH3), 27.5
(CH3). IR (cm™1): ¥ = 3,322 (w), 3,190 (w), 1,699 (m), 1,667 (s),
1,643 (m), 1,583 (s), 1,496 (s), 1,421 (w), 1,381 (w), 1,344 (w),
1,322 (w), 1,225 (m), 1,164 (w), 1,153 (m), 1,057 (w), 1,028 (w),
979 (w), 954 (w), 935 (w), 903 (w), 837 (w), 756 (m), 728 (s),
693 (m), 557 (s), 535 (m), 487 (s), 438 (m). HRMS (ESI-QTOF)
calculated for C14H sN4O3 [M+H]T:289.1295; found: 289.1296.

N-(6-amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-
tetrahydropyrimidin-5-yl)benzamide (30)
Yield: 85% (off-white solid); mp. 121-124°C; I'H NMR (600 MHz,
chloroform-d;) § 8.19 (s, 1H, CONH), 7.93 (d, ] = 7.4 Hz, 2H,
Harom), 7.52 (t, ] = 7.1 Hz, 1H, Hyrom), 7.43 (t, ] = 7.5 Hz, 2H,
Harom), 5.71 (s, 2H, NH3), 3.83 (dt, ] = 14.3, 7.8 Hz, 4H, 2 x
NCH,), 1.72 (q, ] = 7.4Hz, 2H, CH,), 1.61 (q, ] = 7.4 Hz, 2H,
CH,), 0.99 (t, ] = 7.3 Hz, 3H, CH3), 0.91 (t, ] = 7.4 Hz, 3H, CH3).
13C NMR (CDCI3, 151 MHz) § 166.9 (CON), 160.2 (C6), 150.2
(CO), 148.0 (CO), 133.4 (Carom), 132.3 (Carom), 128.8 (Carom)s
127.6 (Carom), 92.3 (C5), 44.9 (NCH,), 43.6 (NCH,), 21.6 (CH,),
21.3 (CHy), 11.4 (CH3), 11.3 (CH3). IR (cm™1): ¥ = 3,364 (w),
3,216 (W), 2,963 (W), 2,931 (w), 2,874 (w), 1,696 (m), 1,664 (m),
1,578 (s), 1,508 (s), 1,463 (s), 1,414 (m), 1,278 (m), 1,160 (w),
1,073 (w), 1,000 (w), 900 (w), 842 (w), 764 (m), 689 (m), 543
(s), 456 (m). HRMS (ESI-QTOF) calculated for C;7H,,N4O3
[M+H]": 331.1765; found: 331.1767.

N-(6-amino-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)cinnamamide (31)
Yield: 80% (off-white solid); mp > 320°C; 'H NMR (500 MHz,
DMSO-dg) 5 10.43 (s, 1H, N1-H), 8.68 (s, 1H, CONH), 7.58 (d, J
=7.4Hz, 2H, Hyrom) 7.50-7.37 (m, 4H, Harom + Huyiny1), 6.83 (d,
J = 159 Hz, 1H, Hyiny), 5.99 (s, 2H, NH,), 3.74 (q, ] = 6.5 Hz,
2H, CH,), 1.06 (t, ] = 6.7 Hz, 3H, CH3). 1*C NMR (DMSO, 126
MHz) § 164.9 (CON), 160.3 (C6), 149.7 (CO), 149.5 (CO), 138.8
(Cvinyl or Carom): 135.0 (Cvinyl or Carom)> 129.4 (Cvinyl or Carom)a
129.0 (2C, Carom)» 127.4 (2C, Carom)> 1224 (Cyiny1 0F Carom), 87.4
(C5), 34.4 (N3-CH>), 13.2 (CH3). IR (em™1): ¥ = 3,315 (w), 3,166
(W), 3,065 (w), 3,026 (W), 2,976 (w), 2,940 (w), 2,913 (w), 1,723
(s), 1,646 (s), 1,617 (s), 1,557 (s), 1,490 (s), 1,427 (m), 1,381 (w),
133 (m), 1,291 (w), 1,192 (m), 1,161 (w), 1,047 (w), 999 (m),
741 (s), 713 (m), 586 (s), 543 (s), 505 (s), 487 (s), 450 (w), 433
(w). HRMS (ESI-QTOF) calculated for C15H15N4O3 [M+H]+:
301.1295; found: 301.1294.

N-(6-amino-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)-3-
phenylpropanamide (32)

Yield: 90% (white solid); mp > 320°C; 'H NMR (500 MHz,
DMSO-dg) 8 10.38 (s, 1H, N1-H), 8.39 (s, 1H, CONH), 7.28 (t,
J = 7.4Hz, 2H, Harom), 7.24 (d, ] = 6.9 Hz, 2H, Harom), 7.18 (t,
J = 7.1Hz, 1H, Harom), 5.82 (s, 2H, NH;y), 3.73 (q, /] = 6.9 Hz,
2H, N3-CH,), 2.91-2.80 (m, 2H, CH5), 2.53 (dd, ] = 9.2, 7.0 Hz,
2H, CH»), 1.04 (t, ] = 7.0 Hz, 3H, CH3). 1*C NMR (DMSO, 126
MHz) § 171.7 (CON), 160.4 (C6), 149.9 (CO), 149.6 (CO), 141.5
(Carom)> 128.3 (2C, Carom), 128.1 (2C, Carom)> 125.8 (Carom), 87.2
(C5), 36.8 (CH,), 34.3 (N3-CH,), 30.9 (CH,), 13.2 (CH3). IR
(em™): ¥ = 3,341 (w), 3,290 (w), 3,180 (w), 3,066 (W), 3,029 (w),
2,913 (w), 1,725 (m), 1,637 (s), 1,552 (s), 1,486 (s), 1,382 (m),
1,333 (m), 1,301 (m), 1,192 (w), 1,157 (m), 1,124 (w), 1,044 (w),
970 (w), 921 (w), 799 (w), 78 (w), 760 (s), 730 (m), 695 (m), 662
(m), 571 (s), 501 (s), 481 (s). HRMS (ESI-QTOF) calculated for
C15H13N403 [M+H]+: 303.1452; found: 303.1454.

N-(6-amino-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)-2-phenylcyclo-
propanecarboxamide (33)

Yield: 89% (white solid); mp 302-305°C; 'H NMR (500 MHz,
DMSO-dg) 8 10.35 (s, 1H, N1-H), 8.68 (s, 1H, CONH), 7.29 (t,
J = 7.5Hz, 2H, Harom), 7.19 (d, ] = 7.7 Hz, 1H, Harom), 7.14 (d,
J = 7.9Hz, 2H, Harom), 5.90 (s, 2H, NH»), 3.72 (q, ] = 6.9 Hz,
2H,N3-CH,), 2.28 (dt, ] = 9.5, 6.0 Hz, 1H, CH), 2.09 (dt, ] = 8.8,
4.7Hz, 1H, CH), 1.37 (dt, ] = 9.0, 4.5 Hz, 1H, CH), 1.26-1.20 (m,
1H, CH), 1.04(t, ] = 6.9 Hz, 3H, CH3). '*C NMR (DMSO, 126
MHz) § 171.5 (CON), 160.4 (C6), 149.9 (CO), 149.5 (CO), 141.2
(Carom)» 128.2 (2C, Carom) 125.9 (3C, Carom), 87.4 (C5), 34.4 (N3-
CH,), 25.6 (Ccyclopropyle)) 243 (Ccyclopropyle)) 16.1 (Ccyclopropyle))
13.2 (CH3). IR (cm™): ¥ = 3,355 (w), 3,312 (w), 3,186 (w), 3,082
(W), 3,032 (w), 3,011 (w), 2,978 (w), 2,941 (w), 1,726 (s), 1,650
(s), 1,628 (s), 1,555 (s), 1,497 (s), 1,454 (s), 1,427 (m), 1,382 (w),
1,334 (m), 1,300 (m), 1,199 (m), 1,160 (w), 1,080 (w), 1,026 (w),
957 (w), 760 (s), 693 (m), 662 (m), 592 (m), 543 (m), 518 (s), 499
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(m). HRMS (ESI-QTOF) calculated for C;¢H;gN4O3 [M+H]™:
315.1452; found: 315.1460.

N-(6-amino-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)-2-phenoxyacet-
amide (34)

Yield: 88% (off-white solid); mp 289-293°C; 'H NMR (500 MHz,
DMSO-dg) 8 10.45 (s, 1H, N1-H), 8.53 (s, 1H, CONH), 7.31 (td,
J = 7.4, 2.0 Hz, 2H, Harom), 7.05-6.99 (m, 2H, Harom), 6.97 (t, ]
= 7.3Hz, 1H, Harom), 6.07 (s, 2H, NH,), 4.57 (s, 2H, COCH,),
3.73 (g, ] = 7.0Hz, 2H, N3-CH,), 1.05 (t, ] = 7.0Hz, 3H,
CH3). 3C NMR (DMSO, 126 MHz) § 167.9 (CON), 160.3 (C6),
157.9 (Carom), 150.2 (CO), 149.6 (CO), 129.4 (2C, Carom), 121.0
(Carom)> 114.7 (2C, Carom), 85.9 (C5), 66.9 (COCH,), 34.4 (N3-
CH,), 13.2 (CH3). IR (cm™1): 7 = 3,364 (w), 3,321 (w), 3,273 (W),
3,170 (w), 1,716 (m), 1,689 (m), 1,643 (m), 1,574 (s), 1,487 (s),
1,458 (m), 1,379 (w), 1,339 (w), 1,279 (w), 1,249 (w), 1,221 (s),
1,167 (w), 1,111 (w), 1,084 (w), 1,065 (w), 924 (w), 830 (w), 791
(W), 753 (s), 6,966 (w), 635 (m), 578 (w), 534 (s), 508 (m), 440
(w). HRMS (ESI-QTOF) calculated for C14H;sN4O4 [M+H]™:
305.1244; found: 305.1253.

N-(6-amino-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)-2-methyl-3-
phenylpropanamide (35)

Yield: quantitative (white solid); mp 265-267°C; I'H NMR (500
MHz, DMSO-dg) § 10.37 (s, 1H, N1-H), 8.42 (s, 1H, CONH), 7.28
(t, ] = 7.4Hz, 2H, Harom), 7.25-7.21 (m, 2H, Harom), 7.18 (t, ] =
7.2 Hz, 1H, Harom), 5.51 (s, 2H, N3-NH;), 3.72 (q, ] = 6.9 Hz, 2H,
CH,),2.98 (dd, ] = 13.4, 6.2 Hz, 1H, CH), 2.78-2.68 (m, 1H, CH),
2.57-2.51 (m, 1H, CH), 1.04 (t, ] = 7.0 Hz, 3H, CH3), 1.00 (d, ] =
6.8 Hz, 3H, CH3). 13C NMR (DMSO, 126 MHz) § 175.4 (CON),
160.3 (C6), 149.6 (CO), 149.5 (CO), 140.1 (Carom), 128.9 (2C,
Carom)> 128.1 (2C, Carom)s 125.9 (Carom), 87.5 (C5), 41.0 (CCH3),
34.4 (N3-CH,), 16.8 (CH3), 13.2 (CH3). IR (cm™1): ¥ = 3,354 (w),
3,318 (w), 3,178 (w), 3,082 (w), 3,022 (w), 3,002 (w), 2,975 (w),
2,938 (w), 2,875 (w), 1,723 (s), 1,632 (s), 1,552 (s), 1,492 (s), 1,457
(s), 1,426 (s), 1,378 (m), 1,331 (w), 1,299 (m), 1,226 (w), 1,181
(W), 1,160 (w), 1,116 (w), 1,044 (w), 948 (w), 759 (s), 745 (m), 698
(s), 659 (m), 543 (s), 505 (s). HRMS (ESI-QTOF) calculated for
Ci6H20N4O3 [M+H]T: 317.1608; found: 317.1617.

N-(6-amino-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)benzamide (36)
Yield: 87% (off-white solid); mp > 320°C; 'H NMR (500 MHz,
DMSO-de) § 10.38 (s, 1H, N1-H), 8.86 (s, 1H, CONH), 7.99-7.91
(m, 2H, Harom), 7.56-7.51 (m, 1H, Harom), 7.47 (t, ] = 7.5 Hz, 2H,
Harom), 6.06 (s, 2H, NH3), 3.75 (q, ] = 7.0 Hz, 2H, N3-CH,), 1.06
(t, ] = 7.0 Hz, 3H, CH3). '*C NMR (126 MHz, DMSO) § 166.4
(CON), 160.5 (C6), 150.4 (CO), 149.7 (CO), 134.5 (Carom), 131.1
(Carom)» 128.0 (Carom)» 127.8 (Carom), 87.1 (C5), 34.4 (N3-CHa),
13.3 (CH3). IR (cm™1): ¥ = 3,302 (w), 3,166 (w), 3,061 (w), 2,976
(w), 1,718 (m), 1,627 (m), 1,552 (s), 1,504 (s), 1,481 (s), 1,456
(s), 1,426 (s), 1,381 (m), 1,334 (w), 1,299 (m), 1,165 (w), 1,047
(w), 926 (w), 883 (w), 797 (m), 760 (m), 692 (m), 657 (m), 544

(s), 503 (m), 473 (m), 445 (w). HRMS (ESI-QTOF) calculated for
C13H14N4O3 [M+H]™: 275.1139; found: 275.1142.

N-(6-amino-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)-2-
phenylacetamide (37)

Yield: 80% (white solid); mp > 320°C; I'H NMR (500 MHz,
DMSO-dg) § 10.39 (s, 1H, N1-H), 8.58 (s, 1H, CONH), 7.35-7.31
(m, 2H, Harom), 7.28 (m, 2H, Harom), 7.23-7.19 (m, 1H, Harom),
5.90 (s, 2H, NH, ), 3.71 (g, ] = 7.0Hz, 2H, N3-CH,), 3.56 (s,
2H, CH,), 1.03 (t, J] = 7.0Hz, 3H, CH3). *C NMR (DMSO,
126 MHz) § 170.6 (CON), 160.5 (C6), 150.1 (CO), 149.7 (CO),
136.6 (Carom)> 129.4 (Carom)> 128.2 (Carom), 126.3 (Carom), 87.5
(C5), 42.1 (COCH,), 34.5 (N3-CH;), 13.4 (CH3). IR (cm™!): ¥
= 3,349 (w), 3,297 (w), 3,184 (w), 3,065 (w), 2,980 (w), 2,909
(w), 2,885 (w), 1,729 (m), 1,638 (s), 1,547 (s), 1,483 (s), 1,421 (s),
1,331 (m), 1,294 (m), 1,216 (w), 1,180 (m), 1,155 (m), 1,031 (w),
963 (w), 926 (w), 793 (w), 758 (s), 694 (s), 661 (m), 599 (s), 488
(s). HRMS (ESI-QTOF) calculated for C14H;N4O3 [M+H]*:
289.1295; found: 289.1304.

N-(6-amino-3-ethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)-6-
methylheptanamide (38)

Yield: 81% (white solid); mp 278-281°C; 'H NMR (500 MHz,
DMSO-dg) § 10.34 (s, 1H, N1-H), 8.24 (s, IH, CONH), 5.82 (s,
2H, NH,), 3.70 (g, ] = 7.0 Hz, 2H, N3-CH,), 2.24-2.12 (m, 2H,
COCH,), 1.55-1.45 (m, 3H, CH, and CH), 1.34-1.23 (m, 2H,
CH,), 1.19-1.11 (m, 2H, CH,), 1.03 (t, ] = 7.0 Hz, 3H, CH3),
0.85 (d, ] = 6.6 Hz, 6H, 2 x CH3). 3C NMR (DMSO, 126 MHz)
§ 172.7 (CON), 160.6 (C6), 150.0 (CO), 149.7 (CO), 87.6 (C5),
38.5 (CH,), 35.4 (CHy), 34.5 (N3-CH,), 27.4 (CH,), 26.7 (CH),
25.4 (CH,), 22.7 (2 x CHj3), 13.4 (CH3). IR (cm™): ¥ = 3,341
(w), 3,302 (w), 3,186 (w), 3,075 (w), 2,957 (w), 2,915 (w), 2,875
(w), 2,851 (w), 1,728 (m), 1,637 (s), 1,551 (s), 1,488 (s), 1,424 (s),
1,379 (m), 1,333 (m), 1,294 (m), 1,200 (w), 1,159 (m), 1,111 (w),
1,048 (w), 967 (w), 925 (w), 760 (s), 729 (w), 664 (m), 580 (s),
500 (s), 444 (m). HRMS (ESI-QTOF) calculated for C;4H4N4O3
[M+H]*:297.1921; found: 297.1924.

(3aS,4S,5S,7aR)-N-(6-amino-3-ethyl-2,4-
dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)
-octahydro-1H-2,5-methanoindene-4-

carboxamide (39)

Filtrate was extracted with Et,O, dried over MgSO4 and the
solvent removed in vacuo. Yield: 75% (off-white solid); mp >
320°C; 'H NMR (500 MHz, DMSO-dg) § 10.33 (s, 1H, N1-H),
7.77 (s, 1H, CONH), 5.64 (s, 2H, NH,), 3.71 (q, ] = 7.0Hz,
2H, N3-CH,), 1.97 (s, 3H, Hporadamantane), 1.87 (d, J = 2.7 Hz,
6H, Hnoradamantane)> 1.69-1.63 (m, 6H, Hyoradamantane)> 1.04 (t,
J] = 7.0Hz, 3H, CH;3). 1*C NMR (DMSO, 126 MHz) § 177.3
(CON), 160.2 (C6), 149.7 (CO), 149.6 (CO), 87.6 (C5), 38.6
(CHanoradamantane)> 36-2 (CHanoradamantane)> 34.3 (N3-CHz), 27.7
(4C, CHporadamantane)> 13.2 (CH3). IR (Cmil): v = 3,478 (w),
3,428 (w), 3,289 (w), 3,165 (w), 3,067 (w), 2,984 (w), 2,909 (w),
2,853 (w), 1,718 (m), 1,622 (s), 1,545 (s), 1,507 (s), 1,486 (s),
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- O i 14 R3 = methyl; R? = methyl
> 2 15 R3 = ethyl; R2 = ethyl
NH, 16 R3 = propyl; RZ = propy!
R2 17 R3 = methyl; RZ2=H
18 R3 = ethyl; R2=H
19 R3 = propargyl; R2=H
20 R3 = H; R? = methyl

FIGURE 2 | N1-Mono- and N1,N3-disubstituted 5,6-diaminouracil derivatives
synthesized as starting materials for amide formation (for details see
Supporting Material Data Sheet 1).

1,446 (s), 1,372 (w), 1,330 (w), 1,291 (m), 1,244 (w), 1,184 (w),
1,161 (w), 1,110 (w), 1,042 (w), 989 (w), 927 (w), 760 (s), 701
(w), 653 (m), 542 (s), 499 (m). HRMS (ESI-QTOF) calculated for
C17H24N403 [M+H]+: 333.1921; found: 333.1922.

RESULTS AND DISCUSSION

Disadvantages of irritant and hazardous coupling procedures,
long reaction times and moderate yields encouraged us to
search for a new method to yield the desired 6-amino-5-
carboxamidouracil derivatives. After initial experiments with
various procedures, the coupling reagent COMU showed
the most promising results. COMU, which was developed in
2009, does not contain a potentially explosive benzotriazole
moiety, and is therefore safer than classical coupling reagents
such as, for example, 1-[bis(dimethylamino)methylene]-1H-
1,2,3-triazolo[4,5-b]pyridinium-3-oxide ~ hexafluorophosphate
(HATU). COMU shows high solubility, is stable in typically used
solvents, can be easily removed due to the water-solubility of
its products, and may be used for a broad range of carboxylic
acids and amines yielding the corresponding amides ((EI-
Faham et al, 2009; El-Faham and Albericio, 2010, 2011);
Hjorringgaard et al., 2012).

The synthetic procedure which led to differently substituted
6-amino-5-carboxamidouracils is shown in  Scheme 2.
Diaminouracil derivatives and carboxylic acids were used
as starting materials and subjected to amide coupling using
COMU. N1-mono- and N1,N3-disubstituted 5,6-diaminouracil
derivatives (14-20, Figure 2) were individually prepared (for
details see Supporting Material Data Sheet 1) according to
previously described procedures and (Maxwell and Salivar,
1952; Miiller et al, 1993; Hockemeyer et al., 2004), while
the employed carboxylic acid derivatives were in most cases
commercially available.

Amide Coupling Reaction

Amide formation with the coupling reagent required the
adjustment of different parameters, including solvent, reaction
time, temperature and base. With DMFE, DIPEA and COMU the
optimal conditions were found (Scheme 2). The reaction may

also be performed in other solvents, such as CH,Cl,, ethyl acetate
or tetrahydrofurane (MacMillan et al., 2013), however, DMF is
preferred resulting in short reaction times, and, importantly, the
product can easily be precipitated in high purity by the addition
of water. This renders a tedious isolation and purification
procedure dispensable.

Scheme 3 depicts the proposed reaction mechanism, which
is based on the mechanism proposed for the synthesis of esters
using COMU (Twibanire and Grindley, 2011). The first step
is the nucleophilic attack of the carboxylic acid (A) at the
uronium moiety of COMU (B) resulting in intermediate C.
Decomposition of C, followed by addition of the resulting anion
E to the carbonyl group of D and subsequent elimination of
the urea derivative F leads to the activated carboxylic acid
G. Finally, the corresponding amide derivative is formed by
nucleophilic attack of an amine and elimination of the water-
soluble side product H.

According to the proposed reaction mechanism, the
carboxylic acid was converted to its active ester after dissolving
it (1.0 equiv) together with COMU (1.1 equiv) in a minimum
of DMF (mixture A, Scheme 2). Then, a solution of the 5,6-
diaminouracil derivative (1.2 equiv) and diisopropylethylamine
(DIPEA, 1.1 equiv) as a base dissolved in a minimum of DMF
(mixture B) was added, followed by 5-10min of stirring at
room temperature (Scheme 2). Upon addition of cold water, the
product precipitated. It was filtered off, washed with cold water,
and dried under reduced pressure yielding the target compounds
21-39 (Table 1) in high purity and with yields ranging from
62 to 99%. Due to our interest in AR antagonists, we prepared
various precursors for 8-substituted xanthines, which we
could obtain in high yields and isolate by simple precipitation
as shown for various examples (22-29). The 1,3-dipropyl
derivatives 23 and 30 were formed in 87 and 85% yield, with
98 and 99% purity, respectively. Compound 23 is a precursor
of the dual-acting A; AR-opioid receptor ligands, such as 9.
Compound 22 was obtained in 78% yield and provides access
to the Az AR antagonists PSB-11 (8b). Compound 24, the key
compound for the synthesis of highly potent and selective Ajp
AR antagonists, was successfully condensed and precipitated.
The carboxylic acid for the synthesis of 24 was not commercially
available and was therefore prepared according to a literature
procedure (Borrmann et al., 2009). To gain a purity of over 95%
for 24, an additional chromatographic purification procedure
was required. Compound 25, the precursor of the A; AR
antagonist rolofylline (4), which contains an 8-noradamantanyl
substituent, and propyl residues on N1 and N3, precipitated in
high purity (99%); fractional precipitation after cooling to 0°C
was required to give a final yield of 79%. The less bulky and
less hydrophobic cyclopentanecarboxylic acid was reacted with
5,6-diamino-3-methyluracil to obtain amide 26 as a precursor
for 8-cyclopentyltheophylline (CPX), and was isolated in 69%
yield with 99% purity. The additional substituent on N1 can
be easily introduced subsequently by alkylation according to
literature procedures (Hockemeyer et al., 2004). The precursor
29 of the A; AR antagonist bamifylline (11), with methyl groups
at both wuracil nitrogen atoms, precipitated immediately in
85% yield and 99% purity. Compound 27, the precursor of the

Frontiers in Chemistry | www.frontiersin.org

February 2019 | Volume 7 | Article 56


https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry%23articles

Marx et al.

Xanthine Precursors

TABLE 1 | Formation of 6-amino-5-carboxamidouracil derivatives.

Precursors for xanthines with known bioactivity

0

H

3

RE ’ N

O)\N NH;
R2

R‘I

Compounds R! Precursor for (targety R2 RS  Isolated yield (%) Purity after precipitation (%)
21 N 13 H Me 62 99
M /\}\l (DPP-4 inhibitor)
K/ ~Fmoc
22 8b Me H 78 96
(Az antagonist)
23 O_ c 9 Pr Pr 87 98
;{[:r H3 (A1 antagonists)
240 (e} 7a, 7b, 7¢ H Et 78 992
g_ O_ONO (Aog antagonists)
25¢ 4 Pr Pr 79 99
(A4 antagonist)
26 CPX H Me 69 99
(A4 antagonist)
27¢ O, 5 S 70 o7
CHS (Aop antagonist)
\ O/ CH3
28° 6a-c H Propargy! 83 98
(Aop antagonists)
29 11 Me Me 84 99
(A4 antagonists)
Precursors for xanthines with various 8-substituents
30f )@ - Pr Pr 85 99
31 - H Et 80 94
AN
32 J{\/@ - H Et 90 99
(Continued)

40
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TABLE 1 | Continued

Compounds R1 Precursor for (target) R2 R3S Isolated yield (%)  Purity after precipitation (%)
33 )A@ H Et 89 98
34 /@ H Et 88 99
X0
35 /@ H Et 99 99
X0
369 }{@ H Et 87 99
37 ?L/© H Et 80 90
38 CH; H  Et 81 99
X\/\)\CH:;
H Et 78 87

” H)

apyrity after additional column chromatography. ?(Borrmann et al., 2009); °(Moore et al., 1999); 9(Rabasseda et al., 2001); ©(Hockemeyer et al., 2004); f(Daly et al., 1985);

9(Rodriguez-Borges et al., 2010).

Ajx AR antagonist and anti-Parkinson drug istradefylline (5),
precipitated in 70% yield with 97% purity. Amide formation
with 3-methoxycinnamic acid, carrying the styrene moiety,
which is required for the preparation of the potent and selective
Ajx AR antagonists of the MSX series (6a-c), gave the 6-
amino-5-carboxamidouracil precursor 28 in 83% isolated yield
after precipiation.

To investigate the impact of different carboxylic acid
derivatives regarding precipitation of the product, we used
3-ethyldiaminouracil and various carboxylic acids as a
test system for the formation of differently substituted 6-
amino-5-carboxamidouracils (Table 1). Compound 32, with
a phenylpropionyl residue, was isolated in 90% yield. The
analogous compound 33 containing a rigidified cyclopropyl
ring gave a similar yield of 89%, as did the ether analog 34. The
presence of an a-methyl group in compound 35 resulted in
quantitative product formation and precipitation. The 6-amino-
5-carboxamidouracil 38 bearing an alkyl residue was isolated in
81% yield with 99% purity.

Comparing all reactions, we observed the following trends:
1,3-disubstituted uracils could be formed best in case of a
bulky, hydrophobic carboxylic acid derivative, which favors
precipitation from the DMF/H,O solution. Reactions of

N1-unsubstituted diaminouracils generally gave higher product
yields, and the products were easily precipitated. The melting
points of those products were high indicating the formation of
intermolecular hydrogen bonds in the solid state, which was
confirmed by the crystal structure of 32 (see below).

Structural Studies and Regioselectivity

Since 5,6-diaminouracil carries two amino groups, the question
arises, which one forms the amide bond (Yang et al., 2015). Due
to literature reports, the 5-amino group is proposed to react
(Sauer et al.,, 2000; Hayallah et al., 2002; Hockemeyer et al.,
2004). We checked this assumption by NMR and small single
molecule X-ray crystallography, comparing the NMR signals
of 6-aminouracil, 6-amino-5-nitrosouracil, 5,6-diaminouracil,
and 5-amino-6-carboxamidouracil. We additionally applied
2-dimensional NMR spectroscopy, namely heteronuclear
multiple bond correlation (HMBC) and nuclear Overhauser
enhancement spectroscopy (NOESY), for determining the
structure of amide 25.

In literature, the product of the first reaction step has
been described as a 5-nitroso derivative. Based on our NMR
experiments, the 5-(hydroxyimino)-6-imino derivative is the
tautomer that is present in chloroform employed as a solvent
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SCHEME 4 | NMR signals of 6-aminouracil derivatives with various substituents in the 5-position, and NOESY cross correlation for structure/tautomer analysis

013

FIGURE 3 | (A) Crystal structure of 6-amino-5-carboxamidouracil 32. (B) Structure of 32. (C) Intermolecular interactions building the crystal structure of 32. (D) Most
important intermolecular hydrogen bonds of 32. Supporting Material Data Sheet 2.

D H A | d(D-H)/A |d(H-A)/A | d(D-A)/A |D-H-A/
N1 H1 010! 0.88 1.90 2.717(3) | 153.7
N11 H11 013? 0.88 2.39 2.975(3) | 123.7
N22 H22A | 010! 0.86 2.18 2.875(3) | 1375
N22 | H22B | 0132 | 0.86 214 | 2.994(3) | 1705
(a] H9B 073 0.98 231 3.276(3) | 168.6

(Scheme 4). The chemical shift of the 5-amino group in
compound 16 indicates a magnetic shielding of the hydrogen
atoms giving the nitrogen atom a more nucleophilic character,
which is in accordance with our regioselectivity studies.

Finally, we tried to obtain a crystal structure of 25.
Different crystallization experiments were performed but the
crystallization of 25 has not been successful. Fortunately,
compound 32, crystallized from DMSO solution at room
temperature, yielding a crystal of the size 0.4 x 0.2 x 0.08 mm.

Measurement and analysis of the resulting crystal structure
using a Bruker X8-KappaApexII instrument showed a monocline
crystal system within the space group P2;. In accordance with
the NMR experiment of 25 the crystal structure of 32 confirmed
a regioselective amide coupling of the carboxylic acid with
the 5,6-diaminouracil derivative in position 5. The crystal is
mainly formed by intermolecular hydrogen bonds. m-Stacking
or interaction with the solvent could not be observed. The most
important intermolecular hydrogen bonds are summarized in
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Figure 3. All NH groups showed a donor functionalization and
all oxygen atoms showed acceptor properties to surrounding
molecules. Figure 3 visualizes these intermolecular interactions.
The surrounding molecules are shaded while the intermolecular
interactions are shown in turquoise. All bond lengths were in the
expected range.

CONCLUSIONS

In summary, we report on a new regioselective amide formation
of 5,6-diaminouracil derivatives with carboxylic acids using the
coupling reagent COMU which leads to the preparation of
important precursors for xanthine derivatives. The reaction is
completed after only 5-10 min of stirring at room temperature
in DME followed by straightforward isolation of the formed
amides by precipitation through the addition of water. After
filtration, the 6-amino-5-carboxamidouracils were obtained
in high isolated yields and showed in most cases purities
of 90% or higher requiring no further chromatographic
purification. The new procedure is advantageous with regard
to reaction time and yields, and it avoids hazardous coupling
or chlorinating reagents. In addition to several new derivatives,
we synthesized the 6-amino-5-carboxamidouracil precursors of
important, biologically active and literature-known xanthines
utilizing the new method. The regioselectivity of the amide
formation with the 5- rather than the 6-amino group of the
uracil derivatives was proven by 2D-NMR spectroscopy and
X-ray crystallography. The new regioselective amide coupling
procedure allows the preparation of a variety of xanthine
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Synthesis of diaminouracil derivatives

Different N1- and N3-substituted uracil derivatives required as precursors were synthesized according
to literature procedures (Maxwell, et al., 1952; Miiller et al., 1993; Hockemeyer et al., 2004). Due to
the therapeutic potential of A>a and Az adenosine receptor antagonists, we synthesized various 6-
amino-5-carboxamidouracil precursors for xanthine derivatives containing ethyl and propargyl
substituents at the uracil N1 atom, which are known to be beneficial for interaction with those

adenosine receptor subtypes.

Scheme S1. Preperation of symmetrical N1,N3-dialkyl-5,6-diaminouracil derivatives.

R o) o) 0
“NH o a R b R. NO c R NH,
oA o doen — T — T = ]
& HO 07 >N~ NH, 07 >N~ NH, 07 >N~ NH,
R R R
14 R = methyl 14-16
15 R = ethyl
16 R = propyl

Reagents and conditions: (a) Ac20, 60 °C, 3 h; (b) aq. AcOH, HNO,, 50-60 °C; (c) sodium dithionite,
NH3/H0, 60 °C.

Scheme S2. Preperation of NV1- or N3-substituted 5,6-diaminouracil derivatives.

o) 0 o) o)
Hoy a R b R NO c R NH,
O)\N NH, O)\N NH, O)\N NH, 07 >N~ NH,
R2 R? R2 R2
17R2 ™ Rs= ethyi 17-20

18Rz~ Ra= gy
19R2 Ry  propargy
20R2 ™ methyl; Ry = H (starting from the commercially available 1-methyl-6-aminouracil)
Reagents and conditions: (a) 2.1 equiv. of hexamethyldisilazane (HMDS), reflux, 60-70 °C, 1.7
equiv of methyl iodide for (17), ethyl iodide for (18) or 3-bromopropyne for (19); (b) aq. AcOH,
HNO3, 50-60 °C; (¢) sodium dithionite, NH3/H>0O, 60 °C. 2
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Analytical data were in accordance with published data. For details see (Maxwell, et al., 1952; Miiller

et al., 1993; Hockemeyer et al., 2004).

Crystallographic data

CCDC 1878798 contains the supplementary crystallographic data for this paper. The data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/structures.

Table S1. Crystal data and structure refinement for compound 32.

Identification code GPHARMG62, 32 // GXray5353f

Crystal Habitus clear colourless plate

Device Type Bruker X8-KappaApexlIl

Empirical formula

Moiety formula

Ci5sH1sN4O3

CI5 HI8 N4 O3

Formula weight 302.33
Temperature/K 100

Crystal system monoclinic
Space group P2,

a/lA 4.6833(3)
b/A 28.2023(18)
c/A 5.4732(4)
a/° 90

p/e 98.690(3)
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v/° 90

Volume/A? 714.60(8)

Z 2

Pealeg/cm’ 1.405

pwmm’! 0.101

F(000) 320.0

Crystal size/mm’ 0.4 x 0.2 x0.08
Absorption correction multi-scan

Tmin; Tmax 0.6046; 0.7460
Radiation MoKa (A =0.71073)

20 range for data collection/® 7.532 to 60.124°

Completeness to theta 0.995

Index ranges -2<h<6,-39<k<39,-7<1<7
Reflections collected 11797

Independent reflections 4180 [Rint = 0.0380, Rsigma = 0.0471]

Data/restraints/parameters ~ 4180/1/201
Goodness-of-fit on F? 1.026

Final R indexes [[>=26 (I)] Ri=0.0441, wR>=0.1014
Final R indexes [all data] Ri1 =0.0569, wR> =0.1097
Largest diff. peak/hole / ¢ A= 0.32/-0.23

Flack parameter 0.2(5)
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Table S2. Bond lengths for compound 32.

Atom Atom Length/A Atom Atom Length/A

07

o10

013

N1

N1

N3

N3

N3

NI1

NI1

N22

c4

C2

C4

Cl12

C2

Co

C2

C4

C8

C5

C12

C6

C5

1.214(3)

1.244(3)

1.237(3)

1.381(3)

1.369(3)

1.383(3)

1.396(3)

1.485(3)

1.420(3)

1.351(3)

1.351(3)

1.425(3)

C5

C8

C12

Cl4

CI15

Cl6

Cl6

C17

C18

C19

C20

C6

C9

Cl4

CI5

Cl6

C17

C21

CI18

C19

C20

C21

1.375(3)

1.523(4)

1.511(3)

1.522(3)

1.515(3)

1.381(4)

1.386(4)

1.391(4)

1.355(5)

1.384(5)

1.387(4)
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Table S3 Bond angles for compound 32.

Atom Atom Atom Angle/° Atom Atom Atom Angle/°

C6 NI C2 12452) N22 C6 C5 124.6(2)

C2 N3 C4 123.6(2) N3 C&8 C9 112402

C2 N3 €8 11652) 013 Cl2 NIl 1224(2)

C4 N3 C8 1199(2) 013 Cl12 Cl4 123.2(2)

Cl2 NIl C5 1232(2) N11 Cl12 Cl4 11442

07 C2 NI 121.02) CI2 Cl4 Cl5 114.0Q2)

07 C2 N3 1235Q2) Cl6 Cl15 Cl4 112.8(2)

Nl C2 N3 1155Q2) C17 Cl6 ClI5 120.5(3)

010 C4 N3 120.1(2) Cl17 Cl6 C21 117.7(3)

010 C4 C5 123.02) C21 Cl6 CI5 121.7(2)

N3 C4 C5 11692) Cl6 Cl7 CI8 121.2(3)

NIl C5 C4 1195(2) C19 C18 C17 120.8(3)

C6 C5 NII 119.8(2) C18 C19 C20 118.9(3)

C6 C5 C4 120.6(2) C19 C20 C21 120.73)

NI C6 C5 11852) Cl6 C21 C20 120.6(3)

N22 C6 NI 1168

51



Table S4. Hydrogen bonds for compound 32.

D H A d(D-H)/A d(H-A)/A d(D-A)/A D-H-A/°

NI Hl 010'0.88 1.90 2.717(3) 153.7
NI1HI1 013%0.88 2.39 2.975(3) 123.7
N22 H22A 010' 0.86 2.18 2.875(3) 137.5
N22 H22B 013%0.86 2.14 2.9943) 170.5
C9 H9B O7° 0.98 2.31 3.276(3) 168.6

LIHXAY 142 21X Y A Z XY, 1+ Z
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'H- and '3C-NMR spectra of compounds 21-
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Figure S1. "TH-NMR spectrum of 21 in (CD3)2SO at room temperature.
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Figure S3. TH-NMR spectrum of 22 in (CD3):SO at room temperature.
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Figure S23. TH-NMR spectrum of 32 in (CD3):SO at room temperature.
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Figure S25. 3C-NMR spectrum of 33 in (CD3)2SO at room temperature.
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Figure S29. TH-NMR spectrum of 35 in (CD3)2SO at room temperature.
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checkCIF/PLATON report

Structure factors have been supplied for datablock(s) 5353f

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.  |CIF dictionary|  [Interpreting this report|

Datablock: 5353f

Bond precision: C-C = 0.0042 A Wavelength=0.71073

Cell: a=4.6833(3) b=28.2023(18) c=5.4732(4)
alpha=90 beta=98.690(3) gamma=90
Temperature: 100 K
Calculated Reported
Volume 714.60(8) 714.60(8)
Space group P 21 P1211
Hall group P 2yb P 2yb

Moiety formula
Sum formula

Cl5 H18 N4 03
Cl5 H18 N4 03

Cl5 H18 N4 03
Cl5 H18 N4 03

Mr 302.33 302.33

Dx,g cm-3 1.405 1.405

Z 2 2

Mu (mm-1) 0.101 0.101

F000 320.0 320.0

FO00O0" 320.14

h,k, lmax 6,39,7 6,39,7

Nref 4207 2143] 4180

Tmin, Tmax 0.976,0.992 0.605,0.746
Tmin’ 0.960

Correction method= # Reported T Limits: Tmin=0.605 Tmax=0.746
AbsCorr = MULTI-SCAN

Data completeness= 1.95/0.99 Theta(max)= 30.062
R(reflections)= 0.0441( 3602) wR2 (reflections)= 0.1097( 4180)

S =1.026 Npar= 201

The following ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type_alert-level.
Click on the hyperlinks for more details of the test.
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¥ alert level C

PLAT220 ALERT 2 C|Non-Solvent Resd 1 C Ueq(max)/Ueq(min) Range 3.1 Ratio
PLAT340 ALERT 3 C|Low Bond Precision on C-C BONdS ....eeeeeeeecns 0.00417 Ang.
PLAT911 ALERT 3 C|Missing FCF Refl Between Thmin & STh/L= 0.600 5 Report
¥ Alert level G
PLAT007 ALERT 5 G| Number of Unrefined Donor-H AtOmMS .....ceeeeeess 4 Report
PLAT032 ALERT 4 G| Std. Uncertainty on Flack Parameter Value High . 0.500 Report
PLAT910 ALERT 3 G|Missing # of FCF Reflection(s) Below Theta(Min). 2 Note
PLAT912 ALERT 4 G|Missing # of FCF Reflections Above STh/L= 0.600 6 Note
PLAT933 ALERT 2 G| Number of OMIT Records in Embedded .res File ... 6 Note
PLAT978 ALERT 2 G| Number C-C Bonds with Positive Residual Density. 8 Info

0 ALERT level A = Most likely a serious problem - resolve or explain

0 ALERT level B = A potentially serious problem, consider carefully

3 ALERT level C = Check. Ensure it is not caused by an omission or oversight

6 ALERT level G = General information/check it is not something unexpected

0 ALERT type 1 CIF construction/syntax error, inconsistent or missing data

3 ALERT type 2 Indicator that the structure model may be wrong or deficient

3 ALERT type 3 Indicator that the structure quality may be low

2 ALERT type 4 Improvement, methodology, query or suggestion

1 ALERT type 5 Informative message, check

It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the
minor alerts point to easily fixed oversights, errors and omissions in your CIF or refinement
strategy, so attention to these fine details can be worthwhile. In order to resolve some of the more
serious problems it may be necessary to carry out additional measurements or structure
refinements. However, the purpose of your study may justify the reported deviations and the more
serious of these should normally be commented upon in the discussion or experimental section of a
paper or in the "special_details" fields of the CIF. checkCIF was carefully designed to identify
outliers and unusual parameters, but every test has its limitations and alerts that are not important
in a particular case may appear. Conversely, the absence of alerts does not guarantee there are no
aspects of the results needing attention. It is up to the individual to critically assess their own
results and, if necessary, seek expert advice.

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E or IUCrData, you should make sure that[full publication checks|
are run on the final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to
CIF submission.
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2. Article II: Structural and Conformational Studies on Carboxamides of

5,6-Diaminouracils—Precursors of Biologically Active Xanthine Derivatives

Daniel Marx, Gregor Schnakenburg, Stefan Grimme and Christa E. Miiller®

The 5-amido-6-aminouracil derivatives represents important intermediates in the xanthine
synthesis. If these compounds are examined by NMR spectroscopy, a duplication of the signals
is noticeable, which was analyzed in some detail in the following article. Different analytical
experiments such as dynamic and two-dimensional NMR spectroscopy, density functional
theory (DFT) calculations, X-ray analysis and dynamic high-performance liquid
chromatography (HPLC) were performed in order to explain these unexpected properties of the

6-amino-5-carboxamidouracil derivatives.

kcis/ ktrans

Geometry-optimized Geometry-optimized
trans-conformer cis-conformer

The data indicated a low rotational barrier of the Csp>—N bond of the described amides. Thus,
rotation around the amide bond is slow on the NMR timescale and the observation of two
conformers is permitted. If this rotation is accelerated e.g. by temperature increase, a
coalescence of the two NMR signals can be observed. This effect varies depending on the

substituent on the carboxamide residue.
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Structural and Conformational Studies on
Carboxamides of 5,6-Diaminouracils—Precursors of
Biologically Active Xanthine Derivatives
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Abstract: 8-Arylethynylxanthine derivatives are potent, selective adenosine A, receptor antagonists,
which represent (potential) therapeutics for Parkinson’s disease, Alzheimer’s dementia, and the
immunotherapy of cancer. 6-Amino-5-amidouracil derivatives are important precursors for
the synthesis of such xanthines. We noticed an unexpected duplication of NMR signals in
many of these uracil derivatives. Here, we present a detailed analytical study of structurally
diverse 6-amino-5-carboxamidouracils employing dynamic and two-dimensional NMR spectroscopy,
density functional theory calculations, and X-ray analysis to explain the unexpected properties of
these valuable drug intermediates.

Keywords: amide; DFT calculation; dynamic NMR; rotamers/conformers; uracil; xanthine; X-ray
crystallography

1. Introduction

The nucleoside adenosine is an important (patho)physiological modulator in the brain as well
as in peripheral tissues and organs [1]. It activates G protein-coupled adenosine receptors (ARs)
which comprise Aj—, Ajpa—, Azp—, and A3AR subtypes. The Ays AR subtype has become a major
(potential) drug target. Apo AR antagonists have been developed for neurodegenerative diseases such as
Parkinson’s [2] and Alzheimer’s disease [3], and, recently, their great potential for the immunotherapy
of cancer has been discovered [4]. The first identified AR antagonists were the natural alkaloids caffeine
(1,3,7-trimethylxanthine, 1) and theophylline (1,3-dimethylxanthine, 2) (Figure 1) [5]. After discovering
these alkylxanthines as moderately potent, non-selective AR antagonists, several groups tried to modify
the xanthine scaffold to obtain more potent and selective compounds. N7-methylation, as in caffeine,
combined with coplanar aromatic substitution at the C8-position of xanthines as in the styrylxanthines
3 and 4 (Figure 1) led to high affinity and selectivity for the A5 AR [6-8]. A disadvantage of the
styrylxanthine structure is its photosensitivity in solid form as well as in dilute solutions [9].
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First generation: Natural, nonselective adenosine receptor antagonists

7 Chs 7 u
HiC. N HsC. N
N N
A A A A
07 N7 NT o7 NN
GH; °© CHs
Caffeine Theophylline
1 2

Second generation: 8-styrylxanthines - selective but photosensitive Ay, AR

antagonists

0 oHs Q  CH,
= N ‘N N N
BN an\ BED I CHy
o >N N 07 >N" N o]
KL /o K /O
HaC HsC

OH

MSX-2 Istradefylline
3 4

Third generation: Selective A, , AR antagonist 6 showing increased

stability, obtained by cyclization of amide precursor 5

i T/© i fHs
N = N
N__Z /N)t; _ <:>
= N — |
//;\)t T O}\N N/
07N ONH; o
H 3

5 6

20f16

Figure 1. Examples of adenosine receptor antagonists with a xanthine scaffold. Shown is the
development of the xanthine derivatives caffeine and theophylline towards potent and selective

adenosine Ay receptor antagonists.

Replacement of the styryl moiety present in 3 and 4, by an arylethynyl residue, as in 6, resulted
in a new class of photochemically stable Ayp AR antagonists (Figure 1) [10]. Their 6-amino-5-
carboxamidouracil precursors (e.g., compound 5, Figure 1) were often not fully characterized,
but directly converted to the final xanthine derivatives [11]. Upon close examination of 'H- and
13C-NMR spectra of 6-amino-5-arylethynylcarboxamidouracil 8a (Scheme 1), obtained by coupling of
5,6-diamino-3-ethyl uracil 7 with phenylethynyl carboxylic acid, we observed a duplication of almost
all signals (see Figure 2). However, this phenomenon was not observed for its styryl analog containing
a double bond instead of the triple bond in 8a. Thus, we performed a comprehensive analytical study
of 6-amino-5-arylethynylcarboxamidouracil (8a) in order to rationalize these unexpected observations.
Additionally, different N1,N3-substituted 6-amino-5-carboxamidouracil derivatives were synthesized

and analyzed.
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Scheme 1. Potential products obtained by coupling of 5,6-diamino-3-ethyluracil 7 with
phenylethynylcarboxylic acid. (A) Possible regioisomers 8a and 9 that could result from an amide
coupling reaction of 7 with phenylethynylcarboxylic acid. (B) Possible formation of tautomers 8b, 8c,
and 8d of 8a. (C) Possible cis- and trans-amide bond conformers 8a and 8e.
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Figure 2. 'H-NMR spectra of compound 8a in DMSO-dg.
Different explanations for the duplication of peaks in the NMR spectra of
6-amino-5-arylethynylcarboxamides are conceivable. A mixture of regioisomers 8a and 9 appeared to

be likely due to possible amide coupling with the 5- or the 6-amino group of 5,6-diamino-3-ethyluracil (7,
Scheme 1A). On the other hand, the presence of amide-iminol tautomers might be possible (Scheme 1B,
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structures 8a, 8b, 8c, and 8d). Moreover, amides can exist as different stereoisomers with s-cis (cisoid) or
s-trans (transoid) conformation (see Scheme 1C), a phenomenon that is well known for peptides [12-16].
In the present study, we performed dynamic and 2D-NMR studies and X-ray crystallography,
and additionally employed computational methods to elucidate the structures of 5/6-amino-5/6-
carboxamidouracil derivatives such as 8/9 (Scheme 1). Different analogs of compound 8a were
synthesized and analyzed in detail in order to explore if different N1,N3-substituents or different
linkers affect the structures leading to a duplication of NMR signals, as observed for compound 8.

2. Results and Discussion

2.1. Chemistry

Condensation of 5,6-diaminouracil derivatives 7, 10, and 11 with different carboxylic
acid derivatives in the presence of (1-cyano-2-ethoxy-2-oxoethylidenaminooxy)dimethylamino-
morpholinocarbenium hexafluorophosphate (COMU) yielded the desired 6-amino-5-carboxamido
derivatives 8 and 12-17 (Scheme 2). The amide coupling reaction was performed by the
recently described optimized procedure using COMU as a coupling reagent in the presence of
diisopropylethylamine (DIPEA) as a base in dimethylformamide (DMF) at room temperature [17].
The products were precipitated by the addition of water, filtered off, and dried; no further purification
was required. These precursors can be further converted to the corresponding xanthine derivatives by
a dehydrative cyclization reaction [9,18,19].

O 0O
R! NH, i) R H R3
N i N
N | N | hig
%I\ )\ O
O N NH, O N NH,
Rz R2
7 :Rl=Et, R2=H 8a,12-17
10 : R! = Propargyl, R”2=H
11 : Rl = Me, RZ =Me For R3 see 'lable 1

Scheme 2. Synthesis of 6-amino-5-carboxamidouracil derivatives. Reagents and conditions:
(i) R3-COOH, COMU, DIPEA, DME, rt, 5 min, H,O (79%-90%). The synthesis of the starting material
was performed according to procedures described in the literature (Scheme S1 and S2, Supplementary
Information) [9].

2.2. Analytical Studies

In order to explain the duplication of signals in the NMR spectra of compound 8a (Figure 2)
different analytical experiments were performed. Yang et al. [20] described the formation of two
regioisomers during the condensation reaction of 5,6-diamino-1,3-dimethyluracil with 2-hydroxyacetic
acid. Furthermore, Poulsen et al. [21] proposed the formation of a 6-carboxamidouracil derivative
during the condensation reaction of 5,6-diamino-1,3-dimethyluracil with glutamic anhydride. However,
unambiguous evidence for the acylation of the 6-amino group was not provided by these authors.

High performance liquid chromatography (HPLC) of 8a pointed to only a single product, a first
indication that different regioisomers were likely not present, and the formation of 9 could be excluded
(Scheme 1A). Additionally, compound 12 was selected for dynamic HPLC (DHPLC) experiments to
explore the compound’s behavior at different temperatures. DHPLC measurements were performed at
5,15, 25, and 40 °C, but in all cases one single peak was observed. Only a slight shift in the retention
times and peak broadening was visible upon decreasing of the temperature (Figure S16, Supporting
Information). To further elucidate whether regioisomers, tautomers, or conformational isomers were
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responsible for the signal duplication in the NMR spectra, dynamic NMR and 2D-NMR experiments
were performed.

2.2.1. Dynamic NMR Experiments of 8a at High Temperatures

The most deshielded signal, that of the N1-H, resonates as a broad singlet at 10.43 ppm measured
in DMSO-dg, and the second signal of the corresponding isomer is slightly shifted downfield to
10.48 ppm. The amide proton resonates at 9.17 ppm as a broad singlet, and the second signal shows a
large upfield shift to 8.50 ppm. The amino group at position six resonates as a broad singlet at 6.14 ppm
with an integration of two, while the corresponding second signal is shifted downfield to 6.39 ppm,
showing an integration of 0.67. Dynamic NMR experiments were performed to study whether different
tautomers of 8a were present. The temperature should have a measurable influence on the ratio
between tautomers. At a higher temperature, a higher percentage of the thermodynamically more
stable tautomer would be expected [22]. 'H- and '*C-NMR spectra were recorded in DMF-d; and
DMSO-dg from 223 to 378 K with 5-10 K intervals. The ratio of the isomers determined by integration
of the 'H-NMR signals was found to be 73:27. Unexpectedly, in both solvents, no change in the ratio
between the two species could be observed upon raising of the temperature (Figure 3). Since the
dynamic NMR experiments showed that the existence of two tautomers next to each other in solution
could be excluded (Scheme 1B), a third explanation was investigated in more detail. To confirm the third
hypothesis of different conformers, 2D-NMR experiments in DMSO-dq and DMF-d; were performed.

NI-H(rans)  NHCO (rans) NHCO (cis) NH, (trars)

H(cis NH, (css) |
NI-H (i) | ‘ p L Ly 298 K
SN - - L TR | - e F | '—I —a
| |

| 11 . f0 313 K
J 3 11 {
| ' ' [ ts 323K
| !
| [ .I’i ¢ 333K
— - 4. - 5 -.h i - S— "
L

| b7 343 K

ik . | b6 348 K

S LV A |‘ X PN

by 363K

b2 368 K

F 373K

- -
115 1o 105 10.0 95 %0 0 7.3 70 6.5 6.0 53

r1?',,.5;m1
Figure 3. Dynamic NMR experiments of carboxamidouracil 8a at high temperatures. The '"H-NMR

spectra from 5.0 to 12.0 ppm of 8a were measured in DMSO-d;; at different temperatures, between 298
and 373 K, to analyze the signals of the 6-amino group, the amide NH, and the N1-H in detail.

2.2.2. Two-Dimensional NMR Studies

Nuclear Overhauser enhancement and exchange spectroscopy (NOESY and EXSY) experiments,
showed the presence of cross peaks with the same phase as the diagonal peaks (experimental
mixing time D8 of 300 ms, Figure 4) for almost all 'H signals, which points to a chemical exchange
mechanism [12,23]. This takes place if a nucleus is transferred from one magnetic environment to
another. As an example, the EXSY cross peaks of the cis-amide NH at 8.50 ppm and the trans-amide
NH at 9.20 ppm are shown in Figure 4 in the same sign of the diagonal peaks (shown in red). Chemical
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exchange with the solvent could be excluded by the fact that we observed a cross-correlation also
for non-exchangeable protons. Cross-correlation in phase of the signal of one conformer with the
corresponding signal from the other conformer was observed as a proof for conformer equilibrium
(Figure 4).

trans amide-NH (8a)

o o RYO cis amide-NH (8e)
LY |
O%N NH oZ\N NH, JL
" " A
trans-zrmide (8a) cis-aride (8e)

>

cis amide-NH (8¢) =——>—

=

(&

trans amide-NH (8a) ——> ———

r T T T T T T T T T T T T T T T T T T T T T T T T
945 940 935 930 925 920 915 910 905 900 895 890 885 880 875 870 865 860 855 850 845 840 835 830 825

Figure 4. Exchange spectroscopy (EXSY)-NMR spectrum of 8a in DMSO-d; indicating cross-correlation
in phase between the two amide-NH protons of conformer 8a and 8e. EXSY cross peaks of the cis-amide
NH at 8.50 ppm and the trans-amide NH at 9.20 ppm are shown.

These results clearly showed that the duplication of peaks in the NMR spectra of 8a (and related
amidouracil derivatives) was due to the presence of different conformational isomers, such as 8a and
8e (Scheme 1C).

2.2.3. Analysis of Differently Substituted 5-Amino-6-Carboxamidouracil Derivatives

We subsequently synthesized and investigated different 6-amino-5-carboxamidouracil derivatives
with various carboxylic acid residues (Table 1) by dynamic and multidimensional NMR experiments.
The equilibrium of their conformers and the energy of their rotational barrier were analyzed. In order
to explore if the N1-substitution or the N3-substitution has any influence on the conformer equilibrium,
compounds 12 (3-propargyl) and 13 (1,3-dimethyl) were synthesized (Table 1). Neither the change
of the substitution pattern at the N1- or N3-position nor diethoxy substitution at the phenylethynyl
residue changed the cis—trans ratio significantly (Table 1; compare 8a, 12, and 13).
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Table 1. Synthesized 6-amino-5-carboxamidouracil derivatives, yields, and experimental trans/cis ratios
from 'H-NMR in DMSO-dg.

Compound Structure Yield ? trans/cis % Ratio ®

(0] H _
N / 0, .
8a H3C/\ N | 85% 73:27
OEt
O
H P OEt
12 N\’/<ji 79% 72:28
= N |

OFEt
O
H = OFEt
13 HC | " \”/ii 88% 77:23

O H \'(\/O
PN N ™
14 HsC™ N | 80% 95:5
O H \'(\/©
PN N
15 HC™ N | 90% 89:11
9 y
PN N
16 HsC™ N | 87% 100:0

A O
07 >N~ ONH,
H
P
17 HsC j\ | \(V)\/\© 80% 91:9
07 >N~ NH,
H

2 Isolated yields of the amide coupling reaction of 5,6-diaminouracil derivatives (7, 10, and 11) with different
carboxylic acid derivatives. P The ratio of the cis- and trans-amide conformers of 8a and 12-17 were determined by
integration of their "H-NMR signals.

Finally, derivatives containing different linkers were prepared and analyzed. In the case of
8-arylethynyl derivatives the amount of the less stable conformer was between 20% and 30% in all three
investigated cases (8a, 12, and 13). Mainly a single conformer was observed for the styryl-substituted
derivative 14, while with a single-bond linker in phenylethyl derivative 15 the ratio of trans- and
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cis-amide was approximately 89:11. A shorter linker shifted the equilibrium to a single conformer (16,
17). However, this might also be due to a fast equilibrium between these two isomers, which cannot be
distinguished by NMR spectroscopy. Due to the crystal structure and density functional theory (DFT)
calculation of compound 8a and the NOESY spectra of compound 17, the trans-amide conformer is
concluded to be the more stable rotational conformer.

2.2.4. NMR Studies at Low Temperature

When further dynamic NMR experiments were performed for amide 8 at low temperature
(213-283 K), a different conformer equilibrium was observed. NOESY spectra at 223 K showed the
separation of the amino groups of both amide conformers 8a and 8e (Figure 5). A cross-correlation for
the amino group of conformer A (compound 8a) was found between two peaks at 6.76 and 7.89 ppm.
The same cross peak was found for the amino group of conformer B (compound 8e) at 6.58 and
7.58 ppm. The peak corresponding to the amino group of conformer B could only be observed with
NOESY NMR because it was covered by the aromatic signals. The latter was expected to slow rotation
of the Csp?-N bond [24]. The coalescence temperature of this amino group could be observed between
228 and 233 K (Figure 6). Using the simplified Eyring equation (Equation (4)), compound 8a showed a
rotational barrier for the amino group, AG* = 46.4 + 0.42 kJ-mol~!.

NHA  NHE
| NH,? [
| |
- ‘M re.s
(s
. - ﬁﬁ 25
— = i = i
SRR S - - .
tas
| =
ten B
& L=
| res
T -

ri2e

116 114 11.2 11.0 108 106 104 102 100 98 S6 94 92 u.‘.;”u.a ‘H.O 84 87 B0 7B 76 74 72 70 68 66 64 62 60
om)

Figure 5. EXSY cross-correlation in DMSO-d;; suggesting a low rotational barrier of the CSPZ—N bond
in amide 8a and 8e. Cross-correlations for the amino groups of conformer A and conformer B were
found at 6.76 and 7.89 ppm, and at 6.58 and 7.58 ppm, respectively.
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Figure 6. Proton dynamic NMR experiments of the carboxamidouracil isomers 8a and 8e in DMF-d;
at low temperature. Different NMR spectra for amide 8 were recorded from 213-283 K, with 5-10 K
intervals. Coalescence of the 6-amino group was detected between 228 K and 233 K.

However, the Eyring equation to calculate AG* can only be used if the thermodynamic stability
of the two conformers is equal. To determine AG*, quantum chemical calculations are required.
A line-shape analysis was not possible due to the fact that the coalescence temperature was above
105 °C (see Figure 3). In order to predict the 3D structures of these conformers, density functional
theory (DFT) calculations in liquid phase and X-ray crystallography for the solid state of 8a were
subsequently performed (Figures 7 and 8).

2.2.5. DFT Calculations

The DFT computed free energy difference between the two conformers is AG* = —1 kcal, which
corresponds to a Kirans/Kcis ratio of 84:16 (Figure 7) at room temperature. This is consonant with
the NMR results, which showed a ratio of 73:27 both indicating a higher stability of the s-trans
conformer. The rotational barrier in DMSO solution is calculated to be AG# = 20.0 kcal-mol~!, which is
in accordance with the results from the NMR experiments.

kr'l'_\ﬂ‘tnru-.-

seometry-optimized Geometry-optimized
( . v
s-trans conformer s-is conformer

Figure 7. Geometry-optimized amide bond rotational conformers 8a and 8e. The conformers are shown
in stick models (carbon atoms colored grey, oxygen atoms in red, the nitrogen atoms in blue, and the
hydrogen atoms connected to nitrogen in white).
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2.2.6. X-ray Crystal Structure

Several solvents were tried to obtain single crystals, but finally we only obtained suitable crystals
(triclinic space group P1) of compound 8a from DMSO solution. The resulting crystal structure showed
exclusively the more stable regioisomer 8a (Figure 8). No intramolecular hydrogen bonding and no
ni-stacking between the molecules was observed. The crystals were found to be mainly formed by
intermolecular hydrogen bonding as shown in Figure 8.

H | A d(D-AYA D-H-A?

D
N1 | Hl |021)2.721(3) | 1548

N3 | H3 (03 2911(2)| 1256

N4 | H4A 021 2.87%(2) | 144.0

N4 | H4B |034]2.955(2) | 1492

C1S[H15A|01°| 3.288(3) | 1715 |

Figure 8. Results of the single X-ray crystallography of compound 8. X-ray crystal structure (A)
and chemical structure (B) of compound 8a. (C) Intermolecular hydrogen bond interactions in the
crystal (colored in cyan). (D) Crystal unit cell of the P1 space group. (E) Distances of intermolecular
interactions in the crystal structure. For color coding see Figure 7.

3. Conclusions

6-Amino-5-carboxamidouracil derivatives, which are important intermediates in the synthesis of
pharmaceutically important 8-substituted xanthine derivatives, were observed to show a more or less
pronounced duplication of NMR signals, depending on their carboxylic acid residue. In order
to understand this phenomenon, selected 6-amino-5-carboxamidouracils were analyzed using
dynamic and 2D NMR-experiments, DFT calculations, and single-molecule X-ray crystallography.
The duplication of NMR signals could be correlated with a partial double bond character of the amide
bond and a low rotational barrier of this bond depending on the carboxylic acid residue. According to
DFT calculations, in the case of 5-ethynylcarboxamidouracils, the triple bond appears to stabilize the
thermodynamically less stable cis conformer. This could be observed in solution, while the obtained
crystal structure consisted solely of the more stable trans conformer.

96



Molecules 2019, 24, 2168 11 of 16

4. Materials and Methods

Chemicals were purchased from Merck (Darmstadt, Germany), ABCR (Karlsruhe, Germany),
or TCI (Eschborn, Germany). Thin layer chromatography (TLC) was performed on TLC plates Fjs4
(Merck) and analyzed using UV light. High-resolution mass spectra (HR-MS) were recorded on a
micrOTOF-Q mass spectrometer (Bruker, Billerica, MA, USA), further mass spectra were performed on
an API 2000 (Applied Biosystems, Foster City, CA, USA) mass spectrometer. 'H- and 3C-NMR spectra
were recorded in CDCls, DMSO-ds, or DMF-d; on a Bruker Ascend 600 MHz NMR-spectrometer
(Bruker) operating at 600.18 MHz (*H) or 150.93 MHz (13C), respectively. Chemical shifts (8) are
reported in ppm and are referenced to the chemical shifts of the residual solvent proton(s) present
in CHCl; (7.26 ppm for the 'H-NMR spectra and 77.16 ppm for the 13C-NMR spectra), in DMSO
(2.50 ppm for the "H-NMR spectra and 39.52 ppm for the 1>*C-NMR spectra), and in DMF (2.75 ppm
for the 'H-NMR spectra and 29.76 ppm for the 3C-NMR spectra). Multiplicity: s, singlet; d, doublet;
q, quartet; m, multiplet. Coupling constants (J) are shown in Hertz (Hz). Dynamic HPLC analyses
were performed on “Knauer GmbH” (Berlin, Germany) systems of the “PLATINDblue” series with a P-1
pump, a column oven, a PDA-1 diode array UV-detector, and a Knauer Eurospher II 100-2 C18, (2 mm,
100 x 2.0 mm; number 19040303147) column. The solvents were of HPLC grade.

4.1. Eyring Equation

If rotation around an amide bond is slow on the NMR timescale, and the rotational barrier is
between 3 and 19 kcal/mol, the observation of two conformers is permitted due to the partial double
bond character of the amide C-N bond [25]. Under this assumption, one sharp peak for the duplicated
signals of 8 should be observed at the coalescence temperature in the 'H-NMR spectrum [12,26-28].
Thus, the rotational barrier could be determined using the Eyring equations. Before the coalescence
temperature is reached, the interconversion rate constant corresponds to the following equation:

k :1 < ng 1)

t V2

where k is interconversion rate constant (s™1), t is interconversion time (s), and Av is the NMR shift
(Hz) separation of the signals at low temperatures when exchange does not occur.

Heating leads to a faster exchange rate relative to the NMR timescale and only one averaged
signal becomes detectable. At the coalescence temperature, the equation of the interconversion rate

constant is A
v
kpe=nm— 2)
Y
where k. is the rate constant (s71).
The free Gibbs activation energy AG# of rotation can be calculated using the following
Eyring equations:

_AGH
KkBXTe%

—AG* = (3)

AG*=4.57 x 1072 T (9.972+ log%) 4)

where R is the universal gas constant (%ﬂ%{f{al), kg is the Boltzmann constant (3.2998 x 10724 %l), his

the Planck constant (1.584 x 10734 cals), and Tc is the coalescence temperature (K) [12].

4.2. DFT Calculation

Most of the quantum chemical calculations were carried out with the TURBOMOLE and ORCA
programs [29,30]. All structures were fully optimized at the dispersion-corrected DFT level using the
PBEh-3c DFT [31]. This composite method contains a modified Perdew—Burke-Ernzerhof (PBE)-based
hybrid function together with an efficient valence double-zeta AO basis set. The method also involves
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an approximate counterpoise correction for basis set superposition errors (BSSE), as well as three-body
dispersion effects [31]. Conformational searches [32], pre-optimizations, as well as the calculation
of the Hessian to start transition state searches were conducted at the semi-empirical tight-binding
level (GFN-xTB method) [33]. The GFN-xTB-optimized structures were used as input for subsequent
full PBEh-3¢ optimizations. Reaction paths were obtained with the growing-string method (GSM)
of Zimmerman [34] which was interfaced to our in-house XTB code [35]. Single-point gas phase
energies were computed with the large polarized triple-zeta (def2-TZVPP) sets by Weigend et al. [36]
in combination with the very accurate DSD-BLYP double hybrid functional [37]. The atom pairwise
D3 correction with Becke—Johnson (BJ) damping to account for intra- and intermolecular London
dispersion interactions was included in all treatments [38]. Note, that the original D2 treatment
in DSD-BLYP is replaced by the D3 version (with damping parameters s6 = 0.57, al = 0, s8 = 0,
a2 = 5.4) [39]. This functional performs excellently on the huge GMTKNS55 thermochemical database
(i.e., is practically the best out of 200+ tested DFT approximations) [40]. The combined level of theory
used for electronic gas phase energies is denoted DSD-BLYP/TZ//PBEh-3c¢ in standard notation. In all
DFT treatments, the resolution-of-the-identity approximation [41] has been used for the two-electron
integrals to speed up the computations. The numerical quadrature grid m4 (grid 5 in ORCA) was
employed for the integration of the exchange-correlation contribution. Gibbs free energies at 298.15 K
in DMSO were reported as a solvent (termed AG). The ro-vibrational corrections to the free energy
are obtained from a modified rigid rotor, harmonic oscillator statistical treatment [42] based on scaled
harmonic frequencies obtained at the (gas phase) HF-3c [43] level. For the entropy, all frequencies
with wavenumbers below 100 cm~! were treated as mixed rigid rotors and harmonic oscillators.
Solvent effects on the thermochemical properties have been obtained by the COSMO-RS method [44]
(COSMOtherm software package [44], parametrization from 2016) based on BP86/TZVP [36,45]
single-point calculations. The PBEh-3c as well as GFN-xTB optimizations were run consistently in a
continuum solvent. For GFN-xTB the built-in GBSA solvation model 23 is employed; while for PBEh-3c,
the DCOSMO-RS method is used [46]. The solvation contributions to free energies at 298.15 K in DMSO
solution are computed at those structures (i.e., PBEh-3c[DCOSMO-RS]) The computed free energies
are obtained by AG = AE + AGRRHO + ASGCOSMO-RS, where the last two terms refer to the above
mentioned ro-vibrational/translational and solvation contributions, respectively, to the free energy.
The final theory level is denoted as DSD-BLYP/TZ[COSMO-RS(BP86/TZVP)]//PBEh-3c[DCOSMO-RS]
where the abbreviations in square brackets denote the level of the solvation treatment.

4.3. General Procedures

4.3.1. Synthesis of 5,6-Diaminouracil Derivatives

The different N-substituted 5,6-diaminouracils where synthesized in analogy to procedures
described in the literature [9].

4.3.2. General Procedure for Amide Formation

To a solution of the respective carboxylic acid (1.0 equiv.) and COMU (1.1 equiv.), dissolved in a
minimum amount of DMEF, a mixture of diaminouracil derivative (1.1 equiv.) and DIPEA (2.0 equiv.),
dissolved in a minimum amount of DMF, was added dropwise. The reaction was stirred for 5-10 min
at room temperature. Then, water was added, and the resulting precipitate was filtered off, washed
with water, and dried under reduced pressure.

4.3.3. NMR Spectra

N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-3-phenylpropiolamide (8). Yield: 85%
(white solid); mp = 270-272 °C. Major isomer: TH-NMR (600 MHz, DMSO-d,) 5 10.45 (s, 1H, N1-H),
9.16 (s, 1H, CONH), 7.62-7.56 (m, 2H, Harom), 7.53-7.45 (m, 3H, Harom), 6.14 (s, 2H, NH»), 3.79-3.67
(m, 2H, N1-CH,), 1.04 (t, ] = 7.0 Hz, 2H, CH,CH3). 3C-NMR (126 MHz, DMSO-d) 5 160.0 (CON),
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152.7 (C6), 150.2 (CO), 149.5 (CO), 132.0 (2C, Carom), 130.2 (Carom), 129.0 (2C, Carom), 120.0 (Carom), 85.7
(C5 or Calkyne), 84.9 (C5 or Cyikyne), 83.6 (C5 or Caikyne), 34.4 (N1-CHy), 13.2 (CH,CH3). Minor isomer:
1H-NMR (600 MHz, DMSO-dq) 5 10.49 (s, 1H, N1-H), 8.51 (s, 1H, CONH), 7.54-7.51 (m, 1H, Harom),
7.43-7.39 (m, 2H,Harom), 7.35-7.32 (m, 2H, Harom), 6.40 (s, 2H, NH>), 3.74-3.78 (m, 2H, N1-CH,), 1.01 (t,
J = 7.0 Hz, 3H, CH,CH3). '3C-NMR (151 MHz, DMSO-d;) § 162.3 (CON), 157.6 (C6), 151.5 (CO), 149.5
(CO), 132.0 (2C, Carom), 130.3 (Carom), 129.0 (2C, Carom), 120.0 (Carom), 87.5 (C5 or Cyjkyne), 85.8 (C5 or
Calkyne), 83.2 (C5 or Cyikyne), 34.4 (N1-CHy), 13.3 (CH,CH3). High resolution mass spectra (HRMS)
(electrospray ionization-quadrupole-time-of-flight) (ESI-QTOF)) calculated for C15H14N4O3 [M + H]*:
299.1139; found: 299.1139.

N-(6-Amino-2,4-dioxo-3-(prop-2-yn-1-yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3,4-diethoxyphenyl)
propiolamide (12). Yield: 79% (white solid); mp = 185-183 °C. Major isomer: 'H-NMR (600 MHz,
DMSO-dg) 6 10.64 (s, 1H, N1-H), 9.09 (s, 1H, CONH), 7.14 (dd, | = 8.4, 1.9 Hz, 1H, Harom), 7.09 (d,
J = 2.1 Hz, 1H, Harom), 7.02 (d, | = 8.3 Hz, 1H, Harom), 6.25 (s, 2H, NH3), 4.41 (d, | = 2.4 Hz, 2H,
Hpropargy1), 4.09-4.01 (m, 4H, 2 X OCH>), 3.02 (t, ] = 2.4 Hz, 1H, Hpropargy1), 1.34-1.31 (m, 6H, 2 X
OCH,CHj3). BC-NMR (151 MHz, DMSO-dg) § 159.3, 153.0, 150.7, 150.2, 149.1, 147.9, 125.8 (Carom),
116.2 (Carom), 113.1 (Carom), 111.5 (Carom), 85.5 (C5 or Caikyne), 84.7 (C5 or Cyikyne), 83.7 (C5 or Caikyne),
79.9 (Cpropargyl), 72-5 (Cpropargy1), 63.8 (2C, OCH>), 28.9 (N1-CHy), 14.6 (2C, OCH,CHj3). Minor isomer:
TH-NMR (600 MHz, DMSO-d;) & 10.72 (s, 1H, N1-H), 8.45 (s, 1H, CONH), 6.97-6.90 (m, 2H, Harom),
6.82(d, ] = 1.8 Hz, 1H, Harom), 6.50 (s, 2H, NHy), 4.51-4.44 (m, 2H, Hpropargy1), 4.05-4.02 (m, 2H, OCHy)
3.98(q,] =7.4 Hz, 2H, OCHy), 3.02-3.01 (m, 1H, Hpropargy1), 1.32-1.28 (m, 6H, OCH,CHj). IBC.NMR
(151 MHz, DMSO-dg) 6 160.3, 157.8, 157.8, 151.9, 150.2, 149.1, 147.8, 126.0 (Carom), 116.2 (Carom), 113.0
(Carom), 111.4 (Carom), 87.4 (C5 or Calkyne)/ 87.1 (C5 or Calkyne)/ 81.8 (C5 or Calkyne)/ 79.9 (Cpropargyl)/
724 (Cpropargy1), 63.9 (2C, OCHy), 28.9 (N1-CHy), 14.5 (2C, OCH,CHj3). HRMS (ESI-QTOF) calculated
for CooHyoN4Os5 [M + H]*: 397.1504; found: 397.1506.

N-(6-Amino-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3,4-diethoxyphenyl)
propiolamide (13). Yield: 88% (white solid); mp = 220-223 °C. Major isomer: H-NMR (600 MHz,
DMSO-dg) 6 9.08 (s, 1H, CONH), 7.16 (dd, ] = 8.3, 2.0 Hz, 1H, Harom), 711 (d, ] = 1.9 Hz, 1H, Harom),
7.03 (d, ] = 8.8 Hz, 2H, Harom), 6.76 (s, 2H, NH,), 4.07 (dq, ] = 16.9, 7.0 Hz, 4H, 2 x OCH,), 3.31 (s, 3H,
CHj3), 3.12 (s, 3H, CH3), 1.34 (td, ] = 7.0, 2.7 Hz, 6H, 2 x OCH,CHj3). 3C-NMR (151 MHz, DMSO-d;) &
158.9, 153.3, 152.1, 150.5, 150.2, 147.9, 125.8 (Carom), 116.2 (Carom), 113.1 (Carom), 111.6 (Carom), 86.1 (C5
or Calkyne), 84.5 (C5 or Cyikyne), 83.9 (C5 or Cyikyne), 63.9 (2C, OCHy), 30.0 (CHjs), 27.5 (CH3), 14.6 (2C,
OCH,CHj3). Minor isomer: 'H-NMR (600 MHz, DMSO-dq) & 8.46 (s, 1H, CONH), 7.04 (s, 1TH, Harom),
6.96 (d, ] = 8.4 Hz, 1H, Harom), 6.85 (dd, | = 8.3, 1.9 Hz, 1H, Harom), 6.75 (s, 2H, NH;), 4.07-4.05 (m,
2H, OCHy), 3.95 (q, ] = 6.9 Hz, 2H, OCHy), 3.34 (s, 3H, CH3), 3.15 (s, 3H, CH3), 1.32-1.28 (m, 6H, 2 X
OCH,CHj3). B3C-NMR (151 MHz, DMSO-d) § 160.0, 158.0, 153.2, 150.5, 150.2, 147.9, 125.8 (Carom),
116.1 (Carom), 113.1 (Carom), 111.5 (Carom), 88.1 (C5 or Caikyne), 86.9 (C5 or Cyikyne), 82.1 (C5 or Caikyne),
63.8 (2C, OCHy), 30.1 (CH3), 27.6 (CH3), 14.5 (2C, OCH,CHj3). HRMS (ESI-QTOF) calculated for
C19H22N405 [M + H]+I 387.1663; found: 387.1668.

N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3 4-tetrahydropyrimidin-5-yl)cinnamamide (14). Yield: 80%
(off-white solid); mp > 320 °C; 'H-NMR (500 MHz, DMSO-dg) 6 10.43 (s, 1H, N1-H), 8.68 (s, 1H, CONH),
7.58 (d, ] = 7.4 Hz, 2H, Harom), 7.50~7.37 (m, 4H, Harom + Hyiny1), 6.83 (d, ] = 15.9 Hz, 1H, Hyiny1), 5.99
(s, 2H, NH,), 3.74 (q, ] = 6.5 Hz, 2H, CH,), 1.06 (t, ] = 6.7 Hz, 3H, CH3). 13C-NMR (DMSO-d, 126 MHz)
5 164.9 (CON), 160.3 (C6), 149.7 (CO), 149.5 (CO), 138.8 (Cyiny1 O Carom), 135.0 (Cyiny1 0or Carom), 129.4
(Cyiny1 0r Carom), 129.0 (2C, Carom), 127.4 (2C, Carom), 122.4 (Cyiny1 O Carom), 87.4 (C5), 34.4 (N3-CHy),
13.2 (CHj3). HRMS (ESI-QTOF) calculated for C15H;,N4O3 [M + H]*: 301.1295; found: 301.1294.

N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3 4-tetrahydropyrimidin-5-yl)-3-phenylpropanamide (15). Yield:
90% (white solid); mp > 320 °C; 'H-NMR (500 MHz, DMSO-de) & 10.38 (s, 1H, N1-H), 8.39 (s, 1H,
CONH), 7.28 (t, | = 7.4 Hz, 2H, Harom), 7.24 (d, ] = 6.9 Hz, 2H, Harom), 7.18 (t, | = 7.1 Hz, 1H, Harom),
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5.82 (s, 2H, NH,), 3.73 (q, ] = 6.9 Hz, 2H, N3-CH,), 2.91-2.80 (m, 2H, CH,), 2.53 (dd, ] = 9.2, 7.0 Hz,
2H, CH,), 1.04 (t, ] = 7.0 Hz, 3H, CHj). 13C-NMR (DMSO-d,, 126 MHz) § 171.7 (CON), 160.4 (C6),
149.9 (CO), 149.6 (CO), 141.5 (Carom), 128.3 (2C, Carom), 128.1 (2C, Carom), 125.8 (Carom), 87.2 (C5), 36.8
(CHp), 34.3 (N3-CHy), 30.9 (CH,), 13.2 (CH3). HRMS (ESI-QTOF) calculated for C5H;sN4O3 [M + H]*:
303.1452; found: 303.1454.

N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3 4-tetrahydropyrimidin-5-yl)benzamide (16). Yield: 87% (yellowish
solid; mp > 320 °C; 'H-NMR (500 MHz, DMSO-d) & 10.38 (s, 1H, N1-H), 8.86 (s, 1H, CONH), 7.99-7.91
(m, 2H, Harom), 7.56-7.51 (m, 1H, Harom), 7.47 (t, ] = 7.5 Hz, 2H, Harom), 6.06 (s, 2H, NH>), 3.75 (q,
J =7.0 Hz, 2H, N3-CHj), 1.06 (t, ] = 7.0 Hz, 3H, CH3). 13C-NMR (126 MHz, DMSO-d;) & 166.4 (CON),
160.5 (C6), 150.4 (CO), 149.7 (CO), 134.5 (Carom), 131.1 (Carom), 128.0 (Carom), 127.8 (Carom), 87.1 (C5),
34.4 (N3-CH,), 13.3 (CH3). HRMS (ESI-QTOF) calculated for C13H14N4O3 [M + H]*: 275.1139; found:
275.1142.

N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-2-phenylacetamide (17). Yield: 80%
(white solid); mp > 320 °C; 'H-NMR (500 MHz, DMSO-de) 5 10.39 (s, 1H, N1-H), 8.58 (s, 1H, CONH),
7.35-7.31 (m, 2H, Harom), 7.28 (m, 2H, Harom), 7.23-7.19 (m, 1H, Harom), 5.90 (s, 2H, NH; ), 3.71
(g, ] =7.0 Hz, 2H, N3-CHj), 3.56 (s, 2H, CH,), 1.03 (t, ] = 7.0 Hz, 3H, CHj). 3C-NMR (DMSO-d,
126 MHz) & 170.6 (CON), 160.5 (C6), 150.1 (CO), 149.7 (CO), 136.6 (Carom), 129.4 (Carom), 128.2 (Carom),
126.3 (Carom), 87.5 (C5), 42.1 (COCHy), 34.5 (N3-CHy), 13.4 (CHz). HRMS (ESI-QTOF) calculated for
C14H16N4O3 [M + H]*: 289.1295; found: 289.1304.

Supplementary Materials: The following data are available online. Figure S1-515: NMR spectra, Figure S16:
DHPLC analyses of 12 at 205 nm, Figure S17: UV-spectrum of compound 12. Table S1-5S3: Crystal data and
structure refinement for compound 8. Scheme S1-S2: Synthesis of diaminouracil derivatives.
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Synthesis of diaminouracil derivatives

N1- and N3-substituted 5,6-diaminouracils were used as starting materials for the
preparation of the corresponding 6-amino-5-carboxamidouracil derivatives and

synthesized according to literature procedures [1-4].

G o) 0 o
3C<NH o a HC. b H30\N)§:NO ¢ HC. NH,
+
PN oN —> | — > | — |
© 2: HOJ\/ o)\N NH, O)\N NH, O)\N NH,
3 EH, EH, CH,

1"

Scheme S1. Synthesis of 5,6-diamino-1,3-dimethyluracil. Reagents and conditions: (a)

A0, 60 °C, 3 h; (b) ag. AcOH, HNO, 50-60 °C; (c) sodium dithionite, NHs/H20, 60 °C.

0 0 0 0
1 1 1
Hoy | —a> RY,, | —b> RY,, | NO —C> R\N)iNHZ
O%N NH, O)\N NH, O)\N NH, O)\N NH,
H H H H
7 and 10
7 Rl:ethyl

10R' ™ propargyl

Scheme S2. Synthesis of N3-substituted 5,6-diaminouracil derivatives 7 and 10.
Reagents and conditions: (a) 2.1 equiv of hexamethyldisilazane (HMDS), reflux, 60—
70 °C, 1.7 equiv of ethyl iodide for (7) or 3-bromopropyne for (10); (b) aq AcOH, HNO:,
50-60 °C; (c) sodium dithionite, NHs/H20, 60 °C.

Analytical data were in accordance with published data. For details see [1, 2, 4].
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Crystallographic data

Table S1. Crystal data and structure refinement for compound 8.

o P
H3c/\N)jiN 7
O&I\H NH,

8

Identification code
Crystal Habitus
Device Type

Empirical formula

Moiety formula
Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

/A

af°

B/

Y/

Volume/A3

Z

Qcalcg/ cm’

GPHARMSG63, 8 // GXray5352
clear colourless block

STOE IPDS-2T

C1sH14N1Os

C15H14 N4 O3
298.30
123(2)
triclinic
P1
4.6523(3)
5.5387(4)
13.7337(9)
82.818(5)
89.265(5)
80.921(6)
346.70(4)
1

1.429
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p/mm-

F(000)

Crystal size/mm?

Absorption correction

Radiation

20 range for data collection/°

Completeness to theta

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [[>=20 (I)]

Final R indexes [all data]

Largest diff. peak/hole / e A?

Flack parameter

0.103
156.0
0.32x0.3%x0.24

none

MoKa (A =0.71073)

5.98 to 50.498°

0.999
-5<h<5,-6<k<6,-16<1<16
8705

2406 [Rint = 0.0736, Rsigma = 0.0473]p
2406/3/201

1.070

R1=0.0281, wR2=0.0730
R:1=0.0297, wR2=0.0735
0.16/-0.15

0.5(6)

Table S2 Bond Lengths for compound 8.

AtomAtom Length/A AtomAtom Length/A

01
02
O3
N1
N1
N2
N2
N2
N3

C3
C4
G5
C2
C3
C3
C4
Cl14
C1

1.214(3) C1
1.2493) C5
1.231(3) C6
1.367(3) C7
1.375(3) C8
1.384(3) C8
1.401(3) C9
1.475(3) C10
1.419(3) C11

C4 1.415(3)
C6 1.449(3)
C7 1.201(3)
C8 1.436(3)
9 1.392(3)
C13 1.394(3)
C10 1.387(3)
C11 1.373(4)
C12 1.381(4)
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N3 G5 1.347(3) C12 C13 1.388(3)

N4 Q2 1.339(3) C14 C15 1.518(3)

Cl1 2

Table S3 Bond Angles for compound 8.

Atom Atom Atom Angle/® Atom Atom Atom Angle/®

C2 N1 C3 12482) N2 C4 C1 117.38(19)
C3 N2 (4 122.84(17) O3 C5 N3 123.72(19)
C3 N2 Cl4 116.45(18) O3 C5 C6 12222)
C4 N2 Cl4 12062 N3 C5 Cé6 114.1(2)
C5 N3 C1 122.34(19) C7  C6 C5 177.1(2)
C2 Cl N3 12022(18) C6 C7 C8 179.0(2)
C2 Cl1 C4 120.75(18) C9 C8 C7 119.9(2)
C4 Cl N3 119.03(19) C9 C8 C13 120.1(2)
N1 C2 C1 118.26(18) C13 C8 C7 120.0(2)
N4 C2 N1 1164(2) C10 C9 C8 119.6(2)
N4 C2 (1 125.34(19) C11 C10 C9 120.1(2)
Ol C3 NI 1209(2) C10 C11 CI2 120.7(2)
Ol C3 N2 123.25(18) C11 Cl12 C13 120.1(2)
N1 C3 N2 115.87(18) C12 C13 C8 119.4(2)
02 C4 N2 119.22(19) N2 Cl4 C15 112.32(19)
02 C4 C1 123.40(19)

'H- and *C-NMR spectra of compounds 8, 12-17.
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Figure S1. 'H-NMR spectra of 8 in (CD3)2SO at room temperature.
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Figure S2. 3C-NMR spectra of 8 in (CDs)2SO at room temperature.
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Figure S3. NOESY-NMR spectra of 8 in (CD3)SO at room temperature.
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Figure S4. '"H-NMR spectra of 12 in (CDs)2SO at room temperature.
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Figure S6. '"H-NMR spectra of 13 in (CDs)2SO at room temperature.
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Figure S7. 3C-NMR spectra of 13 in (CD3)2SO at room temperature.
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Figure S8. 'H-NMR spectra of 14 in (CD3)2SO at room temperature.

111



R A B P ” “ h
11
| | | ‘ | ‘ | |
L )
170 160 150 140 130 120 1o 100 9% 8 7 6b 5 ) ) p) 10 (

f1 (ppm)

Figure S9. 3C-NMR spectra of 14 in (CD3)2SO at room temperature.
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Figure S10. 'H-NMR spectra of 15 in (CDs)2SO at room temperature.
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Figure S12. '"H-NMR spectra of 16 in (CDs)2SO at room temperature.
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Figure S13. 3C-NMR spectra of 16 in (CDs3)2SO at room temperature.
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Figure S14. '"H-NMR spectra of 17 in (CDs)2SO at room temperature.
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Figure S15. 3C-NMR spectra of 17 in (CDs3)2SO at room temperature.
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DHPLC analyses of 12
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Figure S16: DHPLC analyses of 12 at 205 nm. Compound 12 (2.1 mg) was dissolved in 4.2 ml MeCN and 0.1 pl
injected for the DHPLC measurements. A mixture of 40% MeCN and 60% H:O was used as eluent with a flow rate
out of 0.2 ml/min. The pressure increased from 358 bar (25 °C) to 583 bar (5 °C). HPLC chromatogram at 40 °C is

shown in black, at 25 °C in red, at 15 °C in green and at 5 °C in pink. The corresponding retention times shifted
from 2.60 min at 40 °C to 3.01 min at 5 °C.
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Figure S17: UV-spectra of compound 12
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4 Medicinal Chemistry of Primate-Specific Mas-Related G Protein-
Coupled Receptors (MRGPRX)

4.1 G protein-coupled receptors

The receptor family of G protein-coupled receptors (GPCRs) represent the largest class of
transmembrane proteins. The first GPCR, bovine rhodopsin, was discovered in 1983 and since
then GPCRs play an increasingly important role in drug research and development.' To date,
more than 800 GPCRs are known, which have in common that they cross the cell membrane
with 7 o helices and are therefore also called as 7 transmembrane receptors (7TM). Another
important characteristic of GPCRs is that they are able to interact with heterotrimeric guanine
nucleotide-binding proteins (G proteins) which are composed of three distinct subunits, a-, B-

and y-subunit.>*

GPCRs are involved in almost all physiological and pathophysiological
processes in the body, including hearing’, smelling®, tasting’, or even our pain sensation is
controlled by GPCRs.® These receptors are able to receive a signal from outside the cell in the
form of light’, mechanical stress'?, lipids'!, hormones or peptides and transmitted it into the cell
interior in order to address various effector proteins (enzymes, ion channels) and trigger an
intracellular signal cascade.'” The activation of GPCRs can initiate G protein controlled
reactions on the one hand, but also arrestin or GPCRkinases (GRKSs) on the other hand. Many
ligands stimulate the G protein and arrestin pathway simultaneously, but independent activation

of these two signal transduction pathways is also possible. Ligands that activate only one of the

two signal transduction pathways are called biased ligands.!?

Ligand

arrestin

Figure 1: Illustration of GPCR activation. The activation of GPCR can trigger different signalling
pathways, either via G proteins (a) or arrestin controlled (b) signal transduction pathways (according
to Shimada et al.)."
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The activation via the G protein signaling pathway proceeds as follows. Activation of the
receptor by a corresponding signaling molecule leads to an exchange of GDP with GTP and the
inactive Gafy-GDP-complex dissociated into a Ga-GTP and a GBy-subunit. The resulting Ga-
GTP and Gpy-subunits subsequently bind to various enzymes such as adenylyl cyclase (AC),
phospholipase C (PLC) or various ion channels, thus activate or deactivate them. This can
promote the formation of secondary messengers such as cyclic adenosine monophosphate
(cAMP), inositol-1,4,5-triphosphate (IP3) or diacylglycerol (DAG), which allows the
regulation of ion concentrations within the cell. Depending on the Ga subunit different effector

systems are addressed.'*

Figure 2: GPCR signaling pathway. Ligand binding changes the GPCR conformation and triggers the
interaction with heterotrimeric G proteins and exchange of GDP with GTP binding (2). This leads to a
separation of the Gafy-GDP-complex (3) and subsequent binding to numerous enzymes (4).
Phosphorylation of GPCR is triggered by a GRK and lead to B-arrestin binding (5+6). Removing of the
ligand is reactivation the GPCR cycle.'

The Gas subunit activates the (AC) and after its activation, the enzyme catalyzes the synthesis
of cAMP from adenosine triphosphate (ATP). cAMP is a second messenger which transfers the
extracellular signal by activating, for example, protein kinase A (PKA). PKA phosphorylates
numerous kinds of proteins leading to different physiological effects. Gao is important for

olfactory receptors and activates also the AC which induces the depolarization of smelling cells.
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Transmission to the bulbus olfactorius, a vertebrate structure of the forebrain, leads to odor
perception. Goj are inhibitor proteins so that conversion of ATP to cAMP will be blocked.
Furthermore, the GBy-subunit can activate the isoenzymes P2 and B3 of the PLC. These soluble
enzymes are attached to the cell membrane where they catalyze the reaction of
phosphatidylinositol-4,5-bisphosphate (PIP>) to the second messenger DAG and IP3. Receptors
of endoplasmic reticulum (ER) are activated by these second messengers which leads to influx
of Ca’" into the cytosol out of the ER. Gaq and Gou 1 activate the isoenzymes B1 and B4 which
also result in mobilization of Ca®" out of the ER. Calmodulin binds Ca®" and starts cellular
reactions, for example muscle contraction. Gai2 and Gaiz activate the small GTP-binding
protein Rho. Rho is important for phosphorylation of myosin consequently also for muscle
work. The last a-subunit Goy is necessary for the eyes photosensitivity by stimulating

phosphorylation of phosphodiesterase 6 (PDE 6).*

Table 1: Most important Ga protein families and their effector systems® 4

G protein family  Effector System GPCR examples
Gas 1 Adenylate cyclase Aoa- and Ajzp-adenosine
| Ca%" channels receptors, dopamine

| Na® channels receptor D1 and Ds

Gais | Adenylate cyclase P2Y12, P2Y 13, P2Y 14, Do,
| Ca®" channels Ds receptor

1 K" channels

1 Phospholipase Az and C

1 cGMP-specific phosphodiesterase

G o g1 1 Phospholipase C (PLC) = cleaves P2Yi, P2Y2, P2Y4, P2Ys,
membrane-bound phosphatidylinositol 4,5-
bisphosphate into inositol trisphosphate (IP3)
and diacylglycerol (DAG)

Aop adenosine receptor

Go 1213 1 Rho guanine-nucleotide-exchange factors GPR35
(GEFs) - activates Rho

1 stimulating, | inhibiting
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Due to their diversity, the GRAFS classification system was designed and all GPCRs were
assigned to one of five subgroups named Glutamate (G, 15 members), Rhodopsin (R, 701),
Adhesion (A, 24), Frizzled/Taste2 (F, 24) and Secretin (S, 15) based on phylogenetic analysis.'®"
¥ The rhodopsin family is by far the largest of the five GPCR families and can be further
divided into four subgroups a-8.1°2° Most of the receptors belonging to this group have
characteristic transmembrane motifs such as the NSxxNPxxY motif in TMVII or the DRY
motif between TMIII and IL2. The a group of the rhodopsin family can be further divided into
five subgroups, prostaglandin receptors, amine receptors, opsin receptors, melatonin receptors,
and MECA receptors. The B-group contains 36 receptors. All known ligands of these receptors
are peptides. The y-group of rhodopsin GPCRs can also be divided into the three subgroups
named SOG receptors, MCH receptors, and the chemochine receptors. The d-group of the
rhodopsin family can as well be divided into four subgroups, the MAS-related G protein-

coupled receptors, glycoprotein receptors, purine receptors, and the olfactory receptors.'®

GPCRs are among the most important targets in drug development and in 2017, 134 GPCRs
were targets for FDA or EU approved drugs. Almost 35% (approx. 700) of all approved drugs
exert their effect via GPCRs.?! However, the potential of this class of substances is far from
exhausted. Currently there are still more than 130 orphan GPCRs whose natural ligand is
unknown and therefore the (patho)physiological role of the receptor is not yet understood.??

These orphan receptors represent a high potential for future drug research.

4.2 Primate specific Mas-related G protein-coupled receptor

In 2001, Dong et al. discovered a set of orphan receptors with over 50 rodent and human
GPCRs, called as Mas-related gene receptors (MRGPRs).? Later in 2002, Lembo et al.
discovered the same GPCR family during a search in the RNA isolated from a primary culture
of rat dorsal root ganglia (DRG) and named as sensory neuron-specific receptors (SNSRs).%* In
general, the receptor family can be classified into nine distinct subfamilies (MRGPRA-H and
-X) and belongs to the d-branch of class A GPCR family. The International Union of Basic and
Clinical Pharmacology (IUPHAR) classify all members as orphan receptors and most of these
receptors are expressed in the sensory neurons of the small-diameter DRG. The primary sensory
neurons in the DRG play a role in nociception and itching. Due to their expression in the DRG,
MRGPRs are therefore considered to be involved in somatosensory functions including pain or
itch.2*2® Among the nine subfamilies of MRGPRs, four members (MRGPRX1-4) are primate-
specific. Cloning of MRGPRX members from other primates like crab-eating macaque

(Macaca fascicularis) and rhesus monkey was possible, which enables development of animal
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models for this subfamily.?” The MRGPRX sub-types have sequence identities from 45.0% to
83.2% and sequence similarities between 58.4% and 88.5% (Table 1). Although the human
MRGPRX?2 and the mouse MRGPRB?2 receptor have only a 50% sequence identity, several
publications suggest that MRGPRB2 could be the orthologous receptor to MRGPRX2.25-%0 In
order to investigate this further, the new investigated MRGPRX2 antagonists presented in this
thesis were also tested at the mouse MRGPRB2 (see unpublished results).

Tabelle 2: Sequence identities (blue) and similarities (orange) between the MRGPRX sub-types.? The
numbers describe the identical amino acids (blue) and similar amino acids (orange) between two
receptors. The identity is the percentage of identical matches between the two sequences over the
reported aligned region. Similarity indicate functional, structural and/or evolutionary relationships
between two biological sequences.

MRGPRX1 MRGPRX2 MRGPRX3 MRGPRX4 MRGPRB2
MRGPRX1 - 213/331 (64.4%)  268/322 (83.2%)  254/322 (78.9%) 164/341 (48.1%)
MRGPRX?2 - 207/337 (61.4%)  206/331 (62.2%) 171/342 (50.0%)
MRGPRX3 - 264/322 (82.0%) 160/344 (46.5%)
MRGPRX4 - 159/353 (45.0%)
MRGPRB2 -
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Figure 3: Phylogenetic tree of the MRGPR family. GORGO= Western lowland gorilla; PONPY=
Bornean orangutan; HOOHO= Western hoolock gibbon; MACMU= Rhesus macaque; MACFA= Crab-

eating macaque; TRAFR= Trachypithecus francoisi; RHIBE= Black snub-nosed monkey

Burstein et al. reported Gi- and Gg-coupled pathways for this receptor.?® It was suggested that

this receptor could play a role in neuropathic pain. Acute and chronic pain become a critical
health problem and is a major reason for the intake of medicaments.’! Approximately 100
million people in the USA have problems with chronic pain every day.*? Drugs of choice are
typical opioids like morphine, codeine, fentanyl or oxymorphone, which trigger their effect via
the opioid receptors.”> However, the use of opioids is controversial due to their causing
addiction and other side effects including sedation, dizziness, and, most importantly, respiratory
paralysis.>* The number of opioid abusers in the United States has increased rapidly in the last

years and is known as “opioid epidemic”.?* In 2014, around 60.9% of the 47,055 reported drug
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overdose deaths were opioid-related.’! The discovery of opioid alternatives as painkillers is of
great interest. Current nonopioid analgesic drugs like, e.g., nonsteroidal anti-inflammatory
drugs (NSAIDs) or acetaminophenon are not as effective as opioids for the treatment of acute

and especially chronic pain.*®

4.2.1 MRGPRXI1

The MRGPRX1 represents a promising non-opioid dependent alternative for treating pain. The
first agonist found for MRGPRX1 was the proenkephalin A degradation product bovine adrenal
medulla peptide 22 (BAM22).2* Proenkephalin A is an opioid peptide precursor that can be
degraded to several natural opioid ligands, including [met]enkephalin, [leu]enkephalin and
prodynorphin the endogenous ligands of the p,  and k opioid receptors. The other degradation
products of proenkephalin A resulting from proteolytic cleavage include peptide F, peptide E,
BAM?22, BAM20 and BAM12. BAM?22 also binds with high affinity to all three known opioid
receptors due to the Met-enkephalin motif YGGFM. Thus, a connection between BAM22 and
pain transmission in humans is suspected.?* 37 It could be shown that BAM22 can activate the
MRGPRX1 receptor and its closest rodent orthologues, mouse MRGPRC11 and rat MRGPRC,
independently of its YGGFM motif and a significantly increase of its proportion is observed in
the spinal cord after tissue inflammation and nerve injury. Thus, it is assumed that there is
another receptor system besides the opioid system which might play a role in pain perception
and transmission in humans. Since MRGPRX are only found in humans and therefore the
investigation of the physiological properties of these receptors is difficult, the research group
around Li et al. expressed the receptor in a humanized mouse model.*” It was shown in the
transgenic MrgprX1 mouse model that BAMS-22, a modification of BAM22 lacking to typical
opioid motif, thus unable to activate opioid receptor but acting as a fully MRGPRX1 agonist,
could alleviate persistent pain, including persistent pain after nerve injury. The results suggested
that pain inhibition by BAMS-22 was MRGPRX1-dependent and probably due to a reduction
in calcium-dependent neurotransmitter release from primary sensory neurons.’’ To learn more
about the physiological properties of the receptor Chen et al. expressed the MRGPRX1 in rat
superior cervical ganglion (SCG), dorsal root ganglion (DRG), and hippocampal neurons using
nuclear injection or recombinant adenoviruses. They were able to show that MRGPRX1
heterologously expressed in rat neurons can be activated by BAMS8-22 and acts via a Gq4- and

Gi/o-coupled signaling pathway and modulates neuronal Ca**- and K*-channels.*

Besides the expression of MRGPRX1 in small-diameter DRG neurons, the receptor could also
be detected at mRNA level in connective tissue mast cells (CTMC), although to a lesser extent
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than MRGPRX2,* and in leukaemia-derived human mast cell line (LAD)-2.*> MRGPRXI1
induces the release of the chemokine receptor 2 (CCR2) agonist chemokine ligand 2 (CCL2) in
LAD-2 mast cells (MC) after activation by BAMS8-22. Activation of the CCR2 receptors is
expected to be responsible for the sensation of pain and therefore the inhibition of these
receptors is a promising approach for the development of new analgesics. The MRGPRX1

receptor could play a crucial role in this process.*’

The expression in MC is not only an interesting approach for the development of new pain
medication, but also for the treatment of pruritus. Basically, two forms of pruritus can be
distinguished: histamine-dependent and histamine-independent pruritus, the latter being
extremely difficult to treat so far. It has been shown in human volunteers that BAMS8-22 causes
non histaminergic itching. Since BAMS8-22 is an MRGPRX1 agonist, this receptor could be a
novel target for the treatment of pruritus.*! Furthermore, a correlation between the MRGPRX1
activation triggered by BAMS8-22 and cholestatic pruritus was described in an obstructive
cholestasis model named bile duct ligation (BDL) mice.** Several ligands have already been
synthesized for MRGPRX1, which facilitates the investigation of the physiological properties

at this receptor.

Wroblowski ef al. synthesized pyridazinone derivatives as potent agonists for the human
MRGPRX1.* Also, a docking study was reported for the most potent pyridazinone derived
agonists based on the homology model of the human MRGPRX1 using bovine rhodopsin
crystal structure (PDB ID: 1f88) as a template that showed an overall sequence identity of
18.6%.% Liu et al. was able to prove that chloroquine activates the human MRGPRX1, thus
might function as itch receptor. Chloroquine-induced pruritus is one of the most common side
effects of this widely used anti-malarial drug. Malaria is caused by protozoa of the genus
plasmodium and can be spread to humans by the bite of female mosquitoes. Chloroquine caps
hemozoin molecules to prevent further bio crystallization of heme. A chloroquine-heme

complex that is highly toxic for the malaria cell is formed.?
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Figure 4: Structure of chloroquine, one of the most important antimalarial drugs and MRGPRX1
agonist.

In 2006, Kunapuli et al. identified 2,3-disubstituted quinuclidine derivatives as MRGPRX1
antagonists that have a putative role in pruritus (Figure 5A).%> % Later in 2011, Bayrakdarian
et al. reported 2,4-diaminopyrimidine derivatives as another scaffold with antagonistic potency
for MRGPRX1 (Figure 5B).*> However, the exact physiological functions of the receptor are

still not completely understood.

A) B) ﬁo

2,3-Disubstituted quinuclidine derivative 2,4,-Diaminopyrimidine derivatives
IC5 = 50 nM in BLA assay IC50 =14 nM

Figure 5: Reported antagonists for the human MRGPRX1.**° (BLA Assay = Cell-based beta-
lactamase (BLA) reporter gene assay)

In addition, new highly potent benzamidine- and 1-aminoisoquinoline-based MRGPRX1
agonists have recently been developed by Prchalova ef al. The agonists will be further tested in

humanized mouse models for their physiological properties in connection with chronic pain.*®

4.2.2 MRGPRX2 and its role in human mast cells

Due to a proliferation assay Burstein er al. suggested a Gi- and Gg-coupled pathway for
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MRGPRX2 both in human and rhesus monkey.?* MRGPRX2, like the other receptor subtypes,
was initially detected in DRG.?® Furthermore, it was shown that the receptor is expressed in
human skin mast cells (MCs), cord blood—derived MCa, CD34" cell-derived MCs, and in
human mas cell line LAD2 (Laboratoy of Allergic Diseases 2) but not in lung MCs (HLMCs).*
In addition, an expression of the receptor in peripheral blood basophils and eosinophils but not
neutrophils has recently been demonstrated by Wedi et al.*® In basophils the upregulation of
the receptor of allergic subjects upon a tricolor granulocyte activation test using grass pollen
has been shown.*® MRGPRX2 mRNA could be further detected in the skin, fatty tissue, bladder

and colon.*

Due to an increased expression of the receptor in human MCs, targeting of MRGPRX2 is
mainly associated with allergic diseases.’® MCs are present in connective tissues throughout the
body, and activation and degranulation of MCs leads to non-IgE-mediated (so-called
pseudoallergic or anaphylactoid) hypersensitivity reactions. MC's are involved in physiological
processes such as vasodilation, vascular homeostasis, innate and adaptive immune response,
angiogenesis and toxin detoxification, as well as pathophysiological processes such as allergy,
asthma, anaphylaxis, gastrointestinal disorders, many types of malignancies and cardiovascular

diseases.’!

Mast cells are located in close proximity to nociceptors and pruriceptors on sensory nerve fibers
in the periphery so that they can communicate with each other. In the brain, mast cells interact
either directly with nociceptive neurons or indirectly with micro- and astroglia in
pathophysiological diseases.’>> Due to these cross-links, mast cells contribute to neuronal
sensitization®®, increased vascular permeability®’, chronic pain®®, itching and
neuroinflammation.>®-> In patients with chronic urticaria, in the lungs of asthma patients and
in human glandular cells of patients with allergic rhinitis an upregulation of the receptor could
be observed.®%2 Although the receptor subtypes of the MRGPRX family have so far only been
found in primates, there are several scientific papers suggesting that MRGPRB2 is the murine

orthologue of MRGPRX2.93-64

A large number of compounds has been reported to activate the MRGPRX2. A distinction can

be made between peptides and small molecule MRGX2 receptor agonists.

4.2.2.1 Peptide derived MRGPX2 agonists
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Robas et al. identified CST-14 (Figure 3) as the first putative ligand for MRGPRX2 that showed
an ECso value of 25 nM in calcium assay in HEK cells. Cortistatin is a cyclic peptide that is able
to activate five somatostatin receptors (SSTR1-5) with a potency comparable to that of
somatostatin. It has been shown to play a role in the induction of slow-wave sleep, inhibition
of motor activity and inhibition of cell proliferation. Cortistatin-14 is very similar to
somatostatin-14, but despite this high similarity they are products of different genes. Many of
the effects attributed to cortistatin are due to the activation of somatostatin receptors.
Nevertheless, there are other modes of action that indicate a specific type of receptor. Moderate
expression levels of MrgX2 in subgroups of neurons in the CA2, CA3 and CA4 regions of the

hippocampus might indicate an effect mediated by cortistatin.®

Another neuropeptide activating MRGPRX2 is substance P (SP). SP is considered an
inflammatory neuropeptide and a powerful endogenous pruritic agent whose action is mediated
by the neurokinin-1 receptor (NK-1R). Antagonists developed for this receptor to inhibit the
nociceptive and proinflammatory properties of SP have been effective in animal models for
various diseases, but surprisingly not in humans. SP is believed to activate MRGPRX2 in

humans and not NK-1R to induce pruritus.'®

Further ligands that were able to activate MRGPRX2 are proadrenomedullin N-terminal 20
peptide (PAMP-20) and PAMP-9-20/PAMP-12.% The proadrenomedullin N-terminal 20-
peptide (PAMP-20) is produced from the adrenomedullin (AM) precursor and induced a strong
hypotensive effect when injected intravenously into anesthetized rats. Furthermore, PAMP-20
inhibits carbachol-induced catecholamine synthesis and secretion in cultured bovine adrenal
medulla cells, which may lead to vasodilating activity caused by PAMP-20. This suggests that
PAMP-20 may play a key role in cardiovascular control.®” Therefore, MRGX2 receptor could

regulate catecholamine secretion from adrenal glands.®

The next class of compounds that are able to activate MRGPRX2 are antimicrobial host defense
peptides (HDPs).?® The main function of HDPs is to promote innate immunity against various
pathogens and further to maintain the homeostasis of the immune system. Both human (-
defensins, an HDP released from epithelium, and cathelicidin LL-37 from neutrophils can
induce chemotaxis and initiate mast cell degranulation through the activation of MRGPRX2.
It was found that the expression of HDPs in the gingiva and saliva of patients with periodontitis
is upregulated compared to that of healthy subjects, suggesting host defense by MRGPRX2-

mediated mast cell activation.®’
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In addition, it could be shown for various alkaloids and peptiderdic or non peptiderdic drugs

30 as well as the Bradykinin

such as morphine’®, complanadine A> 7!, TAN-67"2, ciprofloxacin
B> Receptor Antagonist icatibant that they activate MRGPRX2 to a greater or lesser extent.
Mast cell degranulation was also caused by compound 48/80 in RBL-2H3 and LAD2 mast cell
lines expressing MRGPRX1 and MRGPRX2. Furthermore, this compound utilizes Ca>*

mobilization in HEK293 cells expressing MRGPRX2."?

Small chemokine (C-X-C motif) ligand 14 (CXCL14) is able to activate the MRGX2 receptor
in a dose-dependent manner using cellosaurus CHEM1 cell line recombinantly expressing

MRGPRX2."

4.2.2.2 Small-molecule MRGPRX?2 modulators

Lansu et. al. identified the opioid-related MRGPRX2 agonists including the drugs morphine,
hydrocodone and dextromethorphan and subsequently generated a homology model of the
human MRGPRX?2 based on the X-ray structure of the human k-opioid receptor in complex
with a selective antagonist, JDTic (PDB 4DJH) as a template and searched for novel agonists

using a structure-based virtual screening approach.’

Recently, the first two small molecule competitive antagonists for MRGPRX2 have been
described, on the one hand 1-(phenazin-5(10H)-yl)ethan-1-one and on the other hand 3-
(pyridin-2-ylmethyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one with ICso values of 1.6 and
2.5 uMrespectively, in Ca?*-mobilization assay against 1 uM of CST-14. Both compounds were
able to block icatibant-induced hCMC degranulation and completely inhibited the
degranulation of human cord blood-derived MCs (hCMCs), which suggests, that MRGPRX?2
antagonists are suitable therapeutics for IgE-independent inflammatory diseases and drug-

induced pseudoallergies.’”®

In a compound screening, Alnouri and Miiller found three hits as MRGPRX2 antagonists. One
of these compounds, CB8 (Figure 6), was taken as a lead compound for the development of

more potent derivatives in collaboration with Professor Herdewijn and his coworkers.””
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Figure 6: Structure and activation values of the MRGPRX?2 agonist CST-14 and the
MRGPRX?2 antagonist CBS.

After several CB8 analogues from the Chembridge database had been screened for their
antagonistic activity at the MRGPRX2 and MRGPRB2 (Chapter 7, unpublished results), the
aim was to obtain highly potent compounds of this substance class. Although the activity of the
compounds could be increased into the low nanomolar range by various chemical modifications
in collaboration with Prof. Herdewijn and his coworkers, the compounds showed a very poor
water solubility, which was an obstacle to the development of a drug. Further optimization of

these molecules in order to increase the solubility are in progress and still unpublished.

4.2.3 MRGPRX3

Very little is known about MRGPRX3, the third receptor in the MRGPRX subfamily. Burstein
et al. predicted a Gq coupled pathway, but a direct agonist is needed to confirm this suggestion.
Transient epidermal desquamation and disruption of the cell differentiation process was
observed by overexpressing of MRGPRX3 in transgenic rats.”> The MRGPRX3 gene was
further discovered as a marker for corneal endothelial cells (CECs) to discriminate CECs in the
human body. CECs are crucial for maintaining corneal transparency and have a limited ability
to proliferate. The loss of a significant number of CECs leads to corneal edema, a condition
known as bullous keratopathy, and can result in severe vision loss.” Another publication
describes a potential sexual dimorphism for MRGPRX3 gene regulation, since increased
methylation in the MRGPRX3 gene with increasing age could only be detected in men.®
Furthermore, a reduced gene expression of the MRGPRX3 gene was reported upon the

exposure of electronic cigarettes.®!

4.2.4 Role of MRGPRX3 and MRGPRX4 in keratinocytes

MRGPRX3 and -X4 expression was detected in DRG as well as in human keratinocytes.** %

Keratinocytes are epithelial cells that serve to protect the body from foreign bodies and germs.

The cells mainly produce keratin and involucrin to build up the cornea and the keratin
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intermediate filaments. Keratinocytes play further an important role in wound healing®’, in

2 and against dehydration.’® Wound healing is a

protecting the skin from UV radiation®
complicated process which include several successive mechanisms such as haemostasis,
inflammation, proliferation and maturation.®® The first step after injury is the coagulation and
haemostasis in order to prevent exanguination.®*®* In the inflammation phase first neutrophils,
then macrophages and afterwards lymphocytes begin phagocytosis to destroy and remove
bacteria, foreign particles and damaged tissue, as infected wounds do not heal. 8 The
proliferation phase starts about three days after the injury and includes several mechanisms such
as fibroblast migration,'” collagen synthesis,** angiogenesis,?° epithelialization and granulation
tissue formation. ' In the final phase of remodeling synthesis of collagen and of the extracellular
matrix takes place.!® 8% 87 Keratinocytes produce antimicrobial peptides also known as host
defense peptides (HDPs). On the one hand, HDPs are effective against microorganisms such as
bacteria, fungi or viruses, but are also involved in immunomodulatory functions including
chemotaxis, cytokine/chemokine production, cell differentiation and apoptosis as well as in the
acceleration of angiogenesis. The HDP angiogenic peptide AG-30 regulated the expression of
angiogenesis-related cytokines and growth factors in human aortic endothelial cells.®® AG-30
showed similar angiogenic properties to those of LL37 or PR39. In order to further increase the
angiogenic and antimicrobial properties of AG-30 Nakagami et al. modified the peptide
sequence of AG-30 by the substitution of five amino acids yielding AG30/5C (Figure 2). Since
both epidermal cell growth and angiogenesis are responsible for accelerating the time course of
wound healing, AG30/5C is proposed as a possible drug to improve wound healing.*’

AG30 MLSLIFLHRL KSMRKRLDRK LRLWHRKNYP
AG30/5C MLKLIFLHRL KEMRKRLKRK LRLWHRKRYK

Figure 4: Amino acid sequences of AG30 and AG30/5C.* The letters stand for the different amino
acids.

In 2016 Kiatsurayanon et al. could show that the activation of keratinocytes triggered by AG-
30/5C is controlled by MRGPRX3 and MRGPRX4. There is evidence these receptors can
mediate not only AG-30/5C-induced cytokine/chemokine production, but also keratinocyte
migration and proliferation, because the ability of AG-30/5C to promote both keratinocyte
migration and proliferation is significantly suppressed in keratinocytes transfected with
MRGPRX3 or -X4 siRNAs. TLR ligands such as PGN, flagellin, LPS, and
polyinosinic:polycytidylic acid (poly I:C) increased MRGPRX3 mRNA expression 3- to 36-
fold and both hBD-2 and LL-37 are able to stimulate keratinocytes via MRGPRX3 and -X4.
Furthermore, a connection between MRGPRX3 and -X4 with the MAPK and NF-«B pathways
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is assumed, since both receptors in keratinocytes reduce AG30/5C-induced MAPK and IxB
phosphorylation.®® % In order to describe more precise physiological and pathophysiological

effects of MRGPRX3, agonists and antagonists for this receptor are urgently needed.

4.2.5 MRGPRX4

MRGPRX4, the fourth member of the MRGPRX4 family, primarily stimulates Gq-regulated
pathways.?® The expression of the MRGPRX4 receptor could be upregulated by poly I:C. Poly
I:C is a toll-like receptor 3 (TLR3) agonist which accelerated wound closure in patients.’® TLRs
support the innate immune system in the coordination of inflammatory signal transduction and
the functions of these receptors are discussed and explored in wound healing*!, chronic pain’!
and itch®?. Both AG-30/5C and other host defense peptides (HDPs) such as hBD-2 and LL-37
are able to activate keratinocytes via MRGPRX3 and —X4, which suggests that these receptors
play a crucial role in HDP-induced regulation of skin immunity. Furthermore, the
cytokine/chemokine production and keratinocyte migration and poliferation initiated by AG-
30/5C is mediated by MRGPRX3 and -X4.°® Recently, Roy et al. confirmed that AG-30/5C
acts as an MRGPRX2 biased agonist in mast cells and as an MRGPRX4 biased agonist in
keratinocytes. In this publication it was proved, that the diabetes type 2 drug nateglinide, the
first described MRGPRX4 agonist, activates both the B-arrestin and the Ca®'-mediated
signaling pathway of MRGPRX4.”" A frequently observed side effect of nateglinide is
pruritus, which may be a first indication that MRGPRX4 could be an itch receptor.”* Itching is
also a frequently observed phenomenon in wound healing.** Therefore, it is reasonable to
assume that if MRGPRX4 is involved in wound healing, itching could also be mediated by this
receptor. This question was investigated by the research group of Yu et al. and Meixiong et
al %% First, bilirubin was found as a possible ligand for MRGPRX4. Bilirubin is a yellowish
bile acid, which is formed when the heme portion of the red blood pigment is degradet and is
responsible for the yellowing of jaundice. Basically, a distinction can be made between two
types of itch. On the one hand histminergic or acute itch and nonhistaminergic or chronic itch.
In nonhistaminergic itch a communication between keratinocytes, the immune system and the
nonhistaminergic sensory nerves is responsible for the occurrence of itching. In non-
histaminergic itching, as the name suggests, histamine is not involved, so that antihistamine
therapies are often unsuccessful and therefore this type of itching in particular requires new
therapies..®” Nonhistaminergic itch is frequently observed in jaundice which could be triggered
by bilirubin. However, the observed ECs value of bilirubin at MRGPRX4 was only 61.9 pm.*
Later, the scientists were able to identify other bile acids that additionally activated MRGPRX4
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and induce itching in a humanized mouse model as well as in human subjects.*”- > These bile
acid derivatives such as DCA, CDCA and also bilirubin show increased plasma levels in case
of cholestatic itch, which can precipitate in the skin and then presumably activate the
MRGPRX4 receptor and thus trigger itching. ECso values for DCA and CDCA are much higher
than those of bilirubin and are 2,7 uM and 2,6 uM, respectively.*’-** A first homology model of
this receptor was published in a doctoral thesis by Lansu using the k-opioid receptor (PDB code
4DJH) as a template. Several phenylalanine derivatives as well as different glinides were further
described as MRGPRX4 agonists and their SAR evaluated by various docking studies in the
published MRGPRX4 homology model. Mutagenesis studies revealed a potential interaction
of the agonists with R86 and R95.%

3 HDP = Host defense peptides (Cathelicidine LL37, B-Defensine)
3 LPS = Lipopolysaccharide
i TLR = Toll-like receptor

3 ERK = Extracellular-signal regulated kinase

! IkB = IxB-kinase

 TRPV4 = Transient receptor potential cation channel subfamily V member 4 E
s cationic drugs S SSsSSssssssssslisssssssssses
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Figure 5: Summary of the proposed (patho)physiological roles of MRGPRX subtypes.”’

In summary, the MRGPRX family represents interesting opportunities for research into
potential pain therapeutics, drugs against histamine-independent itching and for the
development of anti-allergic drugs. Significant experiments have already been conducted for
MRGPRX1, which propose this receptor as a non-opioid-dependent pain target. Due to the
expression of MRGPRX2 preferably in mast cells, the activation of this receptor represents an
interesting new treatment option especially in the field of allergies. So far, little is known about
MRGPRX3, but the receptor can at present be associated with eye diseases and wound healing.
MRGPRX4 is also associated with wound healing due to its expression in keratinocytes. A
number of publications also show that this receptor can be associated with non-histamine-

dependent itching.
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Advances have been made in medicinal chemistry of MRGPRX over the last years, but the
knowledge about these primate-specific receptors is still sparse. Highly potent and selective
agonists and antagonists are urgently needed for the investigation of the physiological and
pathophysiological roles of these receptors. Therefore, the aim of the present work was to
design, synthesize and analyze the structure-activity relationship of (i) MRGPRGX2
antagonists, and (i) MRGPRX4 agonists as well as antagonists.
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5. Patent I: MRGPRX4 Agonists and Antagonists

Marx, D.; Miiller, C.; Alnouri, W.; Riedel, Y.; Namasivayam, V.; Pillaiyar, T.; Thimm, D.;

Hockemeyer, J.

In a compound screening campaign of the internal, proprietary compound library, MSX-3 was
discovered to show an agonistic effect on the rare natural variant L83S of the MRGPRX4
receptor, which represents an orphan G protein-coupled receptor which is only expressed in
primates. In order to increase its activity and to additionally identify agonists for the wild-type
(WT) MRGPRX4 as well, a variety of chemical modifications was performed. Since the
phosphate group is expected to be enzymatically unstable, it was replaced by a phosphonate
group as well as other bioisosteric functions. To further increase the stability of MSX-3
derivatives, the photosensitive double bond linker between C8 of the xanthine core and the
aromatic residue attached to it via a linker was to be replaced by a more stable linker. Since no
synthetic procedure was known in literature for this kind of target compounds, a broad array of
chemical methods had to be studied in order to finally obtain the desired target compounds in

6 to 9 steps synthetic procedures.

Through these modifications we were able to increase the stability of the agonists on the one
hand, and to increase the agonistic activity at the natural variant of the MRGPRX4 receptor on
the other hand. We were able to obtain the first potent xanthine derivative with agonistic activity
on the WT MRGPRX4 (H-1). Through the synthesis of more than 50 xanthine derivatives by
substitution of the different side groups, the most active MRGPRX4 receptor agonist described
so far could be synthesized showing an ECso value of 26 nM in a B-arrestin assay and of 4 nM
in a G protein-coupled Ca** mobilization assay (B-19). The final compounds were characterized
by 'H-, 1*C- and *'P-NMR and by high-resolution mass spectrometry (HRMS), and analyzed
by HPLC-UV proving their high purity of more than 95%, which is required for subsequent

biological studies.
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Most potent MRGPRX4 agonist so far
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For selectivity studies, selected MRGPRX4 agonists were tested for their potential agonistic
and antagonistic activity on the other MRGPRX subtypes (MRGPRX1 to -X3). The new
developed compounds show only agonistic activity at the MRGPRX4 receptor and were
inactive at the other MRGPRX subtypes due to their different binding pockets. Homology
Modeling and docking studies of selected MRGPRX4 agonists was performed in order to
explain their structure-activity relationships and the most important amino acids involved in

ligand binding.

In addition to an adequate activity at the target protein and an acceptable safety profile, drug
candidates must demonstrate a balanced ratio of gastrointestinal absorption, distribution,
clearance and elimination (ADME), the so-called Drug Metabolism and Pharmacokinetic
(DMPK) properties. Selected MRGPRX4 agonists were tested in in vitro ADME studies
performed by Pharmacelsus and showed excellent water solubility and good metabolic stability
in liver microsomes for example for compound B-16 ti» = 53.7 min. Furthermore B-16 showed

a clearance of 25.8 ul/min/mg protein and a plasma protein binding of 91.20 % + 0.03 %.

Since a weak, non-selective MRGPRX4 agonist has been described to activate human
keratinocytes to produce cytokines and chemokines and to induce their migration and
proliferation via MRGPR X4, the newly synthesized MRGPRX4 agonists were protected in the
following patent application and will further investigated for their wound healing properties.
Some of the synthesized derivatives showed (weak) partial agonistic activity and may be further
optimized as antagonists, which are of high interest as novel drugs for the treatment of pain and
inflammation. Furthermore, the newly synthesized compounds can be used as tool compound
to find out more about the pharmacology of the so far sparsely investigated MRGPRX4

receptor.
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MRGPRX4 Agonists and Antagonists

The invention relates to MRGPRX4 receptor agonists and antagonists useful for treating, alleviating
and/or preventing diseases and disorders related to MRGPRX4 receptor function as well as pharmaceu-
tical compositions comprising such compounds and methods for preparing such compounds. The inven-
tion is further directed to the use of these compounds, alone or in combination with other therapeutic
agents, for alleviating, preventing and/or treating diseases and disorders, especially the use as wound

healing medicaments or medicaments for different types of pain including itching.

MRGPRX4 (in the literature also referred to as “MAS-related G protein-coupled receptor X47,
MRGX4), is a member of the MRGX receptor family (in the literature also referred to as “MAS-related
G protein-coupled receptor X, MRGX, MRGPRX, and the like).

MAS-related gene receptors (MRG receptors, MRGPR) form a large family of G protein-coupled re-
ceptors. The MRGPRX (MRGX) subfamily of MRGPRs is expressed in small-diameter sensory neurons
of dorsal root ganglia, in keratinocytes and few other tissues. The MRGPRX family consists of 4 sub-
types (MRGPRX1-X4) which are expressed in primates including humans, but not found, e.g., in ro-
dents. Non-primate orthologs of MRGPRX4 have not been identified to date. Proliferative responses
mediated by human MRGPRX4 are pertussis toxin- (PTX-) insensitive MRGPRX4 and primarily me-
diated by the stimulation of Gg-regulated pathways (E. S. Burnstein et al., Br J Pharmacol. 2006
Jan;147(1):73-82. doi: 10.1038/sj.bjp.0706448). Besides, GPCRs induce B-arrestin recruitment fol-
lowed by internalization of the receptor, and in fact, B-arrestin recruitment was shown to be induced by

MRGPRX4 activation.

It is known that angiogenic peptide (AG)-30/5C activates human keratinocytes to produce cyto-
kines/chemokines and to migrate and proliferate via MRGX receptors. There is evidence that AG-30/5C
may be a useful therapeutic agent for wound healing by activating human keratinocytes (Ch. Kiatsura-

yanon et al., J Dermatol Sci. 2016 Sep;83(3):190-9. doi: 10.1016/j.jdermsci.2016.05.006).

The human MRGPRX4 receptor represents a fundamentally new drug target, and the development of
potent MRGPRX4 receptor agonists, partial agonists, and antagonists/inverse agonists to be used for the
treatment of MRGPRX4-associated conditions, disorders or diseases requires the design of novel drugs

targeting the MRGPRX4 receptor.
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It is an object of the invention to provide compounds that have advantages compared to the compounds
of the prior art. The compounds should act as potent and selective agonists or antagonists of the
MRGPRX4 receptor, in particular of the human wildtype MRGPRX4 receptor, and thus may be useful
as drugs or for the prevention or treatment of MRGPRX4-associated conditions, disorders or diseases.
Moreover, it was an object of the invention to provide methods for preparing said compounds. It was
furthermore an object of the invention to provide compounds and pharmaceutical formulations for the
treatment, alleviation and/or prevention of MRGPRX4-associated conditions, disorders or diseases. It
was a further object of the invention to provide the use of these compounds for alleviating, preventing
and/or treating conditions, diseases and disorders connected to MRGPRX4 function, particularly for,
but not limited to the use for treating open or closed wounds, e.g. for wound healing, and for the treat-

ment of different types of pain and itch.

This object has been solved by the subject-matter of the patent claims.

The invention is directed to MRGPRX4 receptor agonists or antagonists, respectively, that are useful

for preventing or treating MRGPRX4-associated conditions, disorders or diseases.

A first aspect of the invention relates to a compound according to general Formula 1

0 ?7
R1
NN N
)\ | %Ra
0 T N
R3

wherein

R1  represents -H, -Ci.ip-alkyl, -Ci.10-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl;

R3  represents -Ci.10-alkyl-P(=0)(OCi.i0-alkyl), -Ci.10-alkyl-P(=0)(OH)(OC.0-alkyl), -Ci-10-
alkyl-S(=0)2(OH), -Ci.i0-alkyl-S(=0)2(NH,), -Ci.i10-alkyl-C(=0)(OH), or -Ci.i¢-alkyl-
P(=0)(OH)y;

R7  represents -H, -Cj.ip-alkyl, -Ci.10-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.io-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl; and

R8  represents -H, -Ci.ip-alkyl, -Ci.10-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-O-aryl, -Cs.¢-cycloalkyl-aryl, -Cs.¢-

cycloalkyl-heteroaryl, -Ci.jp-alkyl-heteroaryl, or -Ci.ip-alkyl-O-heteroaryl;
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wherein in each case "Cj.jo-alkyl" may be linear or branched, unless expressly stated otherwise
saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from -
C=CH, -C(=0)OH, -C(=0)O-Cj.jp-alkyl, -OH, -O-Ci.jp-alkyl, -NH», -NH-C_jp-alkyl, -N(Ci-10-
alkyl), -N3, -F, -Cl, -Br, and -I;

wherein in each case "Cs.jo-cycloalkyl" may be linear or branched, unless expressly stated other-
wise saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from
-C=CH, -C(=0)OH, -C(=0)O-Ci¢-alkyl, -OH, -O-Cy.io-alkyl, -NH», -NH-Cj.10-alkyl, -N(C1.10-
alkyl), -N3, -F, -Cl, -Br, and -I;

wherein in each case "aryl" is a 6-14-membered aryl moiety which may be unsubstituted, mono-
or disubstituted with a substituent independently selected from -C=CH, -CF3, -CCls, -CBr3, -Cl3,
-C(=0)OH, -C(=0)0-Ci.10-alkyl, -OH, -O-Cj.10-alkyl, -NH», -NH-C1.10-alkyl, -N(Ci.10-alkyl),, -
N3, -F, -Cl, -Br, and -I;

wherein in each case "heteroaryl" is a 5-14-membered heteroaryl moiety which may be unsubsti-
tuted, mono- or disubstituted with a substituent independently selected from -C=CH, -CF3, -CCls,
-CBr3, -Cls, -C(=0O)OH, -C(=0)0O-C\.jp-alkyl, -OH, -O-Ci.jp-alkyl, -NHz, -NH-C.jo-alkyl, -N(C;.
10-alkyl)s, -Ns, -F, -Cl, -Br, and -I;

or a physiologically acceptable salt thereof;

with the proviso that the compound is not a compound selected from the group consisting of

o)
H
=" "N N
/)\)%[N/ \
1) 0~ N
OMe

compounds J-1 to J-3:

Ho/ﬁ\OH
0
0
H
\/\N N
X =3
0o~ N~ N
J-2)
_P<
HO™ I "OH
0
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1 H
\/\N N
o
J-3)
HO/(IF;\OH

The compounds according to the invention are derivatives of xanthine (2,6-dihydroxypurine). The num-

bering of substituents R1, R3, R7 and R8 corresponds to the numbering of ring atoms of the xanthine
scaffold.

The compounds according to the invention may reflect two substitution patterns, for the purpose of the

specification indicated as (i) and (ii), respectively.

According to substitution pattern (i),

R1 represents -H, -Ci.io-alkyl, -Ci.jo-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, or -Ci.io-alkyl-het-

eroaryl;
R3 represents -Ci.jo-alkyl-P(=O)(OH)2;

R7 represents -H, -Ci.io-alkyl, -Ci.io-alkyl-Cs.j0-cycloalkyl, -Cj.jo-alkyl-aryl, or -Cj.io-alkyl-het-

eroaryl; and

RS represents -Cs.g-cycloalkyl-aryl, -Css-cycloalkyl-heteroaryl, -Ci.jo-alkyl-aryl or -Ci.jo-alkyl-
heteroaryl (wherein in case of -C;-alkyl-aryl, the alkyl-moiety is saturated).

According to substitution pattern (ii),

R1 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.ip-alkyl-O-heteroaryl;

R3 represents -Ci.jo-alkyl-P(=0)(OCi.10-alkyl)s; -Ci.10-alkyl-P(=O)(OH)(OC;.0-alkyl); -Ci.j0-al-
kyl-S(=0)2(OH); -Ci.10-alkyl-S(=0)2(NHy); or -Ci.10-alkyl-C(=0)(OH);

R7 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.1o-cycloalkyl, -C.jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl; and

RS represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -Ci.jo-alkyl-O-aryl, or -Ci.jo-alkyl-O-heteroaryl.
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Within the above definitions of the compounds according to substitution patterns (i) and (ii), in each
case "Ci-10-alkyl" independently may be linear or branched, unless expressly stated otherwise saturated
or unsaturated, unsubstituted or monosubstituted with a substituent selected from -C=CH, -C(=0)OH, -
C(=0)0O-Ci.i0-alkyl, -OH, -O-Ci.0-alkyl, -NH», -NH-Cj.10-alkyl, -N(Ci-10-alkyl),, -N3, -F, -Cl, -Br, and
-1.

Unless expressly stated otherwise, "alkyl" preferably refers to an aliphatic hydrocarbon including
straight chain, or branched chain groups. Preferably, the alkyl group has 1 to 10 carbon atoms (C;-Cio
alkyl), more preferably 1 to 6 carbon atoms (C;-Cs alkyl) and most preferably 1 to 4 carbon atoms (C;-
C4 alkyl), e. g., methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, tert-butyl and the like.
The aliphatic hydrocarbon may be saturated or unsaturated. When it is unsaturated, it may contain one
or more unsaturations, i.e., -C=C-double and/or -C=C-triple bonds. If there is more than one unsatura-
tion, the unsaturations may be conjugated or isolated. Thus, for the purpose of the specification the term
"alkyl" encompasses saturated hydrocarbons as well as alkenyl, alkynyl and alkenynyl residues.
"Alkenyl" preferably refers to an alkyl group, as defined above, consisting of at least two carbon atoms
and at least one carbon-carbon double bond e.g., ethenyl, propenyl, butenyl or pentenyl and their struc-
tural isomeric forms such as 1- or 2-propenyl, 1-, 2-, or 3-butenyl and the like. "Alkynyl" preferably
refers to an alkyl group, as defined above, consisting of at least two carbon atoms and at least one carbon-
carbon triple bond e. g., acetylene, ethynyl, propynyl, butynyl, or pentynyl and their structural isomeric
forms as described above. Alkyl may be substituted or unsubstituted. When substituted, the substituent
group(s) is one or more, for example one or two groups, individually selected from the group consisting
of -C=CH, -C(=0)OH, -C(=0)O-Ci.i0-alkyl, -OH, -O-Ci.10-alkyl, -NH», -NH-Cj.10-alkyl, -N(Ci.10-al-
kyl),, -N3, -F, -Cl, -Br, and -I.

Within the above definitions of the compounds according to substitution patterns (i) and (ii), in each
case "Cs.10-cycloalkyl" independently may be linear or branched, unless expressly stated otherwise sat-
urated or unsaturated, unsubstituted or monosubstituted with a substituent selected from -C=CH, -
C(=0O)OH, -C(=0)0O-Cis-alkyl, -OH, -O-C.jp-alkyl, -NH>, -NH-C.jo-alkyl, -N(Cj.jo-alkyl)2, -N3, -F, -
Cl, -Br, and -I.

Unless expressly stated otherwise, "cycloalkyl" preferably refers to cyclic hydrocarbon residue that con-
tains no heteroatoms as ring members and that is not aromatic. "Cyclo-alkyl" may encompass a single
cycle or more than one cycle. Preferably, cycloalkyl has 3 to 8 carbon atoms (-Cs-Cs cycloalkyl). Cy-
cloalkyl may be saturated, e.g., cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane,
adamantane; or unsaturated (e.g., cycloalkenyl, cycloalkynyl), e.g., cyclobutenyl, cyclopentenyl, cyclo-
hexenyl, cyclo-hexadiene, cycloheptatriene and the like. Cycloalkyl may be substituted or unsubstituted.

When substituted, the substituent group(s) is one or more, for example one or two groups, individually
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selected from —CECH, —C(:O)OH, —C(=O)O—C1,6—alkyl, —OH, —O—Cl,lo—alkyl, —NHz, —NH—Cl,lo—alkyl, -
N(Cl,lo—alkyl)z, —N}, —F, —Cl, —Bl‘, and -I.

Within the above definitions of the compounds according to substitution patterns (i) and (ii), in each
case "aryl" independently is a 6-14-membered aryl moiety which may be unsubstituted, mono- or di-
substituted with a substituent independently selected from -C=CH, -CF3, -CCls, -CBr3, -Cl3, -C(=0O)OH,
-C(=0)0-Ci.10-alkyl, -OH, -O-Ci.10-alkyl, -NH,, -NH-C;.jo-alkyl, -N(Ci.10-alkyl), -N3, -F, -ClI, -Br, and
-1.

Unless expressly stated otherwise, "aryl" preferably refers to an aromatic all-carbon monocyclic or
fused-ring polycyclic group (i.e., rings which share adjacent pairs of carbon atoms) of 6 to 14 ring atoms
and having a completely conjugated pi-electron system. Examples, without limitation, of aryl groups
are phenyl, naphthalenyl and anthracenyl. The aryl group may be substituted or unsubstituted. When
substituted, the substituted group(s) is one or more, for example one, two, or three substituents, inde-
pendently selected from the group consisting of -C=CH, -CF3, -CCls, -CBr3, -Cls, -C(=0)OH, -C(=0)0O-
Ci.i0-alkyl, -OH, -O-Ci.i0-alkyl, -NH», -NH-C.10-alkyl, -N(Ci.10-alkyl)2, -N3, -F, -Cl, -Br, and -I.

Within the above definitions of the compounds according to substitution patterns (i) and (ii), in each
case "heteroaryl" independently is a 5-14-membered heteroaryl moiety which may be unsubstituted,
mono- or disubstituted with a substituent independently selected from -C=CH, -CF3, -CCls, -CBrs, -Cls,
-C(=0)OH, -C(=0)0O-C.jp-alkyl, -OH, -O-Cj.jo-alkyl, -NH,, -NH-C_jo-alkyl, -N(Cj.j0-alkyl), -N3, -F,
-Cl, -Br, and -1.

Unless expressly stated otherwise, "heteroaryl" preferably refers to a monocyclic or fused aromatic ring
(i.e., rings which share an adjacent pair of atoms) of 5 to 10 ring atoms in which one, two, three or four
ring atoms are selected from the group consisting of N, O and S and the rest being carbon. Examples,
without limitation, of heteroaryl groups are pyridyl, pyrrolyl, furyl, thienyl, imidazolyl, oxazolyl, isox-
azolyl, thiazolyl, isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadi-
azolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, 1,3,4-triazinyl, 1,2,3-triazinyl, benzofuryl, isobenzofuryl,
benzothienyl, benzotriazolyl, isobenzothienyl, indolyl, isoindolyl, 3H-indolyl, benzimidazolyl, benzo-
thiazolyl, benzoxazolyl, quinolizinyl, quinazolinyl, pthalazinyl, quinoxalinyl, cinnnolinyl, napthyridi-
nyl, quinolyl, isoquinolyl, tetrazolyl, 5,6,7,8-tetrahydroquinolyl, 5, 6, 7, 8-tetra-hydroisoquinolyl, puri-
nyl, pteridinyl, pyridinyl, pyrimidinyl, carbazolyl, xanthenyl or benzoquinolyl. The heteroaryl group
may be substituted or unsubstituted. When substituted, the substituted group(s) is one or more, for ex-
ample one or two substituents, independently selected from the group consisting of -C=CH, -CF3, -CCls,
-CBr3, -Cls, -C(=0)OH, -C(=0)O-C.ip-alkyl, -OH, -O-Cj.jo-alkyl, -NH», -NH-C;.jo-alkyl, -N(Cj-j0-al-
kyl),, -N3, -F, -Cl, -Br, and -I.
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If not expressly stated otherwise, any residue, group or moiety defined herein that can be substituted is
preferably substituted with one or more substituents independently selected from the group consisting
of -C=CH, -CF3, -CCl;, -CBr3, -Cl;, -C(=0)OH, -C(=0)0O-Ci.10-alkyl, -OH, -O-Ci.10-alkyl, -NH>, -NH-
Ci.0-alkyl, -N(Ci.io-alkyl),, -N3, -F, -Cl, -Br, and -1.

The invention also relates to the stereoisomers of the compounds according to general formula 1 e.g. the

enantiomers or diastereomers in racemic, enriched or substantially pure form.

In preferred embodiments of the compounds according to substitution patterns (i) and (ii), R1 represents

-Ci.10-alkyl, optionally substituted with -C=CH; or -Cj.j¢-alkyl-Cs.jo-cycloalkyl;
preferably -C,s-alkyl, optionally substituted with -C=CH; or -Cs-alkyl-Cs.s-cycloalkyl;

more preferably -CH,CHj3, -CH,CH,>CH3, -CH>C=CH, or -CH»-cyclobutyl.

In preferred embodiments of the compounds according to substitution patterns (i) and (ii), R3 represents
-Cs.s-alkyl-P(=0)(OH),; -Cs.s-alkyl-P(=0)(OCi.s-alkyl),; -Cs.s-alkyl-P(=0)(OH)(OC¢-alkyl); -Cs.s-al-
kyl-S(=0),(OR); -Cs.s-alkyl-S(=0)2(NH>); or -Cs.s-alkyl-C(=O)(OH);

preferably -Cs_s-alkyl-P(=O)(OH),; more preferably -Cs-alkyl-P(=O)(OH)..

In preferred embodiments of the compounds according to substitution patterns (i) and (ii), R7 represents

-H; -Ci.j0-alkyl, optionally substituted with -OH; -C_jo-alkyl-Cs.1o-cycloalkyl; or -Cj.jo-alkyl-aryl;

preferably -H; -Ci.-alkyl, optionally substituted with -OH; -C¢-alkyl-Cs.s-cycloalkyl; or -Ci¢-alkyl-
aryl;

more preferably -H, -CH3, -CH>CH3, -CH>CH»-OH, -CH>CH,CH3, -CHa-cyclopropyl, or -CH,-phenyl.
In preferred embodiments of the compounds according to substitution patterns (i) and (ii), R8 represents
-Cs.10-cycloalkyl, -Ci.10-alkyl-Cs.10-cycloalkyl, -aryl, -Ci.i0-alkyl-aryl, -Cs.6-cycloalkyl-aryl, or -Ci.1-al-
kyl-O-aryl;

preferably -phenyl, optionally substituted with -F, -Br, -Cl, -CH3, -CF3, -OCH3; -CHz-phenyl, optionally
substituted with -F, -Br, -Cl, -CH3, -CF3, -OCHj3; -CH>CH»>-phenyl, optionally substituted with one or
two substituents independently of one another selected from -F, -Br, -Cl, -CH3, -CF3, -OCH3s; -CH=CH-
phenyl, optionally substituted with -F, -Br, -Cl, -CHs, -CF3, -OCH3; -CH>-O-phenyl, optionally substi-
tuted with -F, -Br, -Cl, -CH3, -CF3, -OCHs; -cyclopropyl-phenyl, optionally substituted with -F, -Br, -
Cl, -CHj3, -CF3, -OCH3; or -Cs¢-cycloalkyl;

more preferably -phenyl, optionally substituted with -OCH3s; -CH»-phenyl, optionally substituted with -
CI; -CH2CHz-phenyl, optionally substituted with one or two substituents independently of one another
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selected from -F, -Br, -Cl, -CHj3, -CF3, -OCH3; -CH=CH-phenyl, optionally substituted with -OCHj3; -
CH»-O-phenyl; -cyclopropyl-phenyl; or -cyclopentyl.

In preferred embodiments of the compounds according to substitution pattern (i)

R1 represents -H, -C¢-alkyl, -C.s-alkyl-Cs.s-cycloalkyl, -C¢-alkyl-aryl, or -C;.s-alkyl-heteroaryl;

or
R3 represents -C.¢-alkyl-P(=0)(OH):;

R7 represents -H, -Ci¢-alkyl, -C.s-alkyl-Cs.s-cycloalkyl, -C¢-alkyl-aryl, or -C;.s-alkyl-heteroaryl;

and

RS represents -Cs.¢-cycloalkyl-phenyl or -Cis-alkyl-phenyl (wherein in case of -Cs-alkyl-phenyl,
the alkyl-moiety is saturated).

In preferred embodiments of the compounds according to substitution pattern (ii),

R1 represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs.¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroaryl;

R3 represents -Cig-alkyl-P(=0)(OCi¢-alkyl),; -Cis-alkyl-P(=0)(OH)(OCs¢-alkyl); -Ci.s-alkyl-
S(=0)2(OH); -Ci¢-alkyl-S(=0)2(NH>); or -C;.s-alkyl-C(=O)(OH);

R7 represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs.¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroaryl; and

RS represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs.¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroary]l.

In more preferred embodiments of the compounds according to substitution pattern (i),
R1 represents -H, -C¢-alkyl, -Ci¢-alkyl-Cs.s-cycloalkyl, -C¢-alkyl-aryl, or -C;.s-alkyl-heteroaryl;
R3 represents -Cs-alkyl-P(=0)(OH)»;

R7 represents -H, -C¢-alkyl, -C.s-alkyl-Cs.s-cycloalkyl, -C¢-alkyl-aryl, or -C;s-alkyl-heteroaryl;

and

RS represents -Cs-cycloalkyl-aryl or -Ci¢-alkyl-phenyl (wherein in case of -C;-alkyl-phenyl, the

alkyl-moiety is saturated).

In more preferred embodiments of the compounds according to substitution pattern (ii),

R1 represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs.¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroaryl;
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R3 represents -Cs-alkyl-P(=0)(OCi¢-alkyl),;  -Cs-alkyl-P(=O)(OH)(OCi.s-alkyl); -Cs-alkyl-
S(=0)2(OH); -C4-alkyl-S(=0)2(NHy); or -C4-alkyl-C(=0)(OH);

R7 represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs.¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroaryl; and

RS represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs.¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroaryl.

In still more preferred embodiments of the compounds according to substitution pattern (i),
R1 represents -H, -C¢-alkyl, -Ci¢-alkyl-Cs.s-cycloalkyl, -C¢-alkyl-aryl, or -C;.s-alkyl-heteroaryl;
R3 represents -CH>CH,CH>CH»-P(=0)(OH)2;

R7 represents -H, -Ci¢-alkyl, -C.s-alkyl-Cs.s-cycloalkyl, -C¢-alkyl-aryl, or -C;.s-alkyl-heteroaryl;

and

RS represents -cyclopropyl-aryl, -CH»-phenyl or -CH,CH,-phenyl.

In still more preferred embodiments of the compounds according to substitution pattern (ii),

R1 represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs.¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroaryl;

R3 represents —CHzCHzCHzCHz—P(ZO)(OC1,6—alkyl)z; —CHzCHzCHzCHz—P(ZO)(OH)(OC1,6—alkyl);
-CH,CH,CH,CH,-S(=0)2(OH);  -CH.CH,CH,CH»>-S(=0),(NH,); or -CH,CH.CH,CH.-
C(=0)(OH);

R7 represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs.¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroaryl; and

RS represents -H, -Ci¢-alkyl, -Ci¢-alkyl-Cs¢-cycloalkyl, -Ci¢-alkyl-aryl, -C;.s-alkyl-heteroaryl, -
Csg-cycloalkyl, -Ci.6-O-aryl, or -Ci.6-O-heteroary]l.

Within any of the above definitions of the preferred, more preferred and still more preferred embodi-
ments of the compounds according to substitution patterns (i) and (ii), in each case "Ci¢-alkyl" may be
linear or branched, unless expressly stated otherwise saturated or unsaturated, unsubstituted or mono-
substituted with a substituent selected from -C=CH, -C(=0)OH, -C(=0)O-Ci.ip-alkyl, -OH, -O-Ci.i0-
alkyl, -NHa, -NH-Ci.10-alkyl, -N(Ci.10-alkyl),, -N3, -F, -Cl, -Br, and -I.

Within any of the above definitions of the preferred, more preferred and still more preferred embodi-
ments of the compounds according to substitution patterns (i) and (ii), in each case "Cs-cycloalkyl"

may be linear or branched, unless expressly stated otherwise saturated or unsaturated, unsubstituted or
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monosubstituted with a substituent selected from -C=CH, -C(=0)OH, -C(=0)0O-C,¢-alkyl, -OH, -O-C;.
10—alkyl, —NHz, —NH—Cl,lo—alkyl, —N(Cl,lo—alkyl)z, —N}, —F, —Cl, —Br, and —I.

Within any of the above definitions of the preferred, more preferred and still more preferred embodi-
ments of the compounds according to substitution patterns (i) and (ii), in each case "aryl" and "het-

eroaryl" are as defined above.

Particularly preferred compounds according to substitution pattern (i) are compounds B-1 to B-23:

H
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0
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0
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B-23) o

HO\II:I,/OH

o

and the physiologically acceptable salts thereof.

Particularly preferred compounds according to substitution pattern (ii) where R3 represents -Cj.jo-alkyl-

P(=0)(OCi.10-alkyl), are compounds C-1 to C-10:
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and the physiologically acceptable salts thereof.

159



16

UBNOOO5(EP)

Particularly preferred compounds according to substitution pattern (ii) where R3 represents -Cj.jo-alkyl-

P(=0)(OH)(OC;.10-alkyl) are compounds D-1 to D-3:

ey
éz/iﬁf%j[%
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Br
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0
0
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N
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and the physiologically acceptable salts thereof.

Particularly preferred compounds according to substitution pattern (ii) where R3 represents -Cj.jo-alkyl-

S(=0)»(OH) are compounds E-1 to E-3:
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and the physiologically acceptable salts thereof.

UBNO005(EP)

A particularly preferred compound according to substitution pattern (ii) where R3 represents -Cj.jo-

alkyl-S(=0),(NH>) is compound F-1:

F-1)

0
H
N
o~ N~ N
Br

and the physiologically acceptable salts thereof.

Particularly preferred compounds according to substitution pattern (ii) where R3 represents -Cj.jo-alkyl-

C(=0)(OH) are compounds G-1 and G-2:

G-1)

G-2)

O
!
N
{ H,CO
HO O

CF3

and the physiologically acceptable salts thereof.

Another aspect of the invention relates to a compound of general formula 1
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0 ?7
R1
NN N
)\ I %RB
0 T N
R3

wherein

R1 represents -Ci.jo-alkyl, optionally substituted with -C=CH; or -Cj.10-alkyl-Cs.j0-cycloalkyl; pref-
erably -Cs-alkyl, optionally substituted with -C=CH; or -C.s-alkyl-Cs.-cycloalkyl; more preferably -
CH,CH3, -CH,CH,CH3, -CH>C=CH, or -CH,-cyclobutyl;

R3 represents -Cs.s-alkyl-OH, -Cs.s-alkyl-O-C(=0)C.¢-alkyl, -Css-alkyl-P(=O)(OH).; -Cs.s-alkyl-
P(=0)(OCi.s-alkyl),; -Cs.s-alkyl-P(=O)(OH)(OCi.¢-alkyl); -Css-alkyl-S(=0)>(OH); -Css-alkyl-
S(=0)»(NH>); or -Cs.5-alkyl-C(=O)(OH); preferably -C;_s-alkyl-P(=O)(OH),; more preferably -Cs-alkyl-
P(=0)(OH)y;

R7 represents -H; -Ci.j0-alkyl, optionally substituted with -OH; -C.jo-alkyl-Cs.jo-cycloalkyl; or -Ci.
i0-alkyl-aryl; preferably -H; -C,.s-alkyl, optionally substituted with -OH; -C.s-alkyl-Cs.¢-cycloalkyl; or
-Ci¢-alkyl-aryl; more preferably -H, -CH3, -CH>CH3, -CH>CH»-OH, -CH,CH,CH3, -CHa-cyclopropyl,
or -CHz-phenyl;

RS represents -Cs.jo-cycloalkyl, -Ci.10-alkyl-Cs.1o-cycloalkyl, -aryl, -Ci.io-alkyl-aryl, -Cs.¢-cycloal-
kyl-aryl, or -Cj.jp-alkyl-O-aryl; preferably -phenyl, optionally substituted with -F, -Br, -Cl, -CH3, -CF3,
-OCHj3; -CH>-phenyl, optionally substituted with -F, -Br, -Cl, -CHs, -CF3, -OCHj3; -CH>CH,-phenyl,
optionally substituted with one or two substituents independently of one another selected from -F, -Br,
-Cl, -CH3, -CF3, -OCHj3; -CH=CH-phenyl, optionally substituted with -F, -Br, -Cl, -CH3, -CF3, -OCHj3;
-CH»-O-phenyl, optionally substituted with -F, -Br, -Cl, -CHs, -CF3, -OCHj3; -cyclopropyl-phenyl, op-
tionally substituted with -F, -Br, -Cl, -CH3s, -CF3, -OCH3; or -Cs¢-cycloalkyl; more preferably -phenyl,
optionally substituted with -OCH3; -CHz-phenyl, optionally substituted with -Cl; -CH>CHz-phenyl, op-
tionally substituted with one or two substituents independently of one another selected from -F, -Br, -
Cl, -CHs, -CF3, -OCHj3; -CH=CH-phenyl, optionally substituted with -OCH3; -CH,-O-phenyl; -cyclo-
propyl-phenyl; or -cyclopentyl;

and the physiologically acceptable salts thereof.

Another aspect of the invention relates to a compound of general formula 1
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0 ?7
R1
NN N
)\ I %RB
0 T N
R3

wherein

R1 represents -Ci.jo-alkyl, optionally substituted with -C=CH; or -Cj.10-alkyl-Cs.j0-cycloalkyl; pref-
erably -Cs-alkyl, optionally substituted with -C=CH; or -C.s-alkyl-Cs.-cycloalkyl; more preferably -
CH,CH3, -CH,CH,CH3, -CH>C=CH, or -CH,-cyclobutyl;

R3 represents -Cs.s-alkyl-OH, -Cs.s-alkyl-O-C(=0)C.¢-alkyl, -Css-alkyl-P(=O)(OH).; -Cs.s-alkyl-
P(=0)(OCi.s-alkyl),; -Cs.s-alkyl-P(=O)(OH)(OCi.¢-alkyl); -Css-alkyl-S(=0)>(OH); -Css-alkyl-
S(=0)»(NH>); or -Cs.5-alkyl-C(=O)(OH); preferably -C;_s-alkyl-P(=O)(OH),; more preferably -Cs-alkyl-
P(=0)(OH)..

R7 represents -Ca-jo-alkyl, optionally substituted with -OH; -Cs.jo-alkyl-Cs.jo-cycloalkyl; or -Ca.0-
alkyl-aryl; preferably -C,s-alkyl, optionally substituted with -OH; -C,¢-alkyl-Cs.¢-cycloalkyl; or -Cs.¢-
alkyl-aryl; more preferably -CH>CH3, -CH>CH»-OH, or -CH,CH>CH3;

RS represents -Cs.jo-cycloalkyl, -Ci.10-alkyl-Cs.1o-cycloalkyl, -aryl, -Ci.io-alkyl-aryl, -Cs.¢-cycloal-
kyl-aryl, or -Cj.jp-alkyl-O-aryl; preferably -phenyl, optionally substituted with -F, -Br, -Cl, -CH3, -CF3,
-OCHj3; -CH>-phenyl, optionally substituted with -F, -Br, -Cl, -CHs, -CF3, -OCHj3; -CH>CH»-phenyl,
optionally substituted with one or two substituents independently of one another selected from -F, -Br,
-Cl, -CH3, -CF3, -OCHj3; -CH=CH-phenyl, optionally substituted with -F, -Br, -Cl, -CHj3, -CF3, -OCHj3;
-CH»-O-phenyl, optionally substituted with -F, -Br, -Cl, -CHs, -CF3, -OCHj3; -cyclopropyl-phenyl, op-
tionally substituted with -F, -Br, -Cl, -CH3s, -CF3, -OCH3; or -Cs¢-cycloalkyl; more preferably -phenyl,
optionally substituted with -OCH3; -CHz-phenyl, optionally substituted with -Cl; -CH>CHz-phenyl, op-
tionally substituted with one or two substituents independently of one another selected from -F, -Br, -
Cl, -CHs, -CF3, -OCHj3; -CH=CH-phenyl, optionally substituted with -OCH3; -CH,-O-pheny]l; -cyclo-
propyl-phenyl; or -cyclopentyl;

and the physiologically acceptable salts thereof.

Another aspect of the invention relates to a compound of general formula 1
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0 ?7
R1
NN N
)\ I %RB
0 T N
R3

wherein

R1 represents -CH.C=CH;

R3 represents -Cs_s-alkyl-OH, -Cs.s-alkyl-O-C(=O)C.¢-alkyl, -Css-alkyl-P(=O)(OH).; -Cs.s-alkyl-
P(=0)(OCs-alkyl),; -Css-alkyl-P(=O)(OH)(OCi¢-alkyl); -Css-alkyl-S(=0)»(OH); -Css-alkyl-
S(=0)»(NH>); or -Cs.s-alkyl-C(=O)(OH); preferably -C;_s-alkyl-P(=O)(OH),; more preferably -Cs-alkyl-
P(=0)(OH):;

R7 represents -H; -Ci.j0-alkyl, optionally substituted with -OH; -C.jo-alkyl-Cs.jo-cycloalkyl; or -Ci.
i0-alkyl-aryl; preferably -H; -Ci.s-alkyl, optionally substituted with -OH; -C.s-alkyl-Cs.¢-cycloalkyl; or
-Ci.¢-alkyl-aryl; more preferably -H, -CH3, -CH>CH3, -CH>CH»-OH, -CH,CH,CH3, -CHa-cyclopropyl,
or -CHz-phenyl;

RS represents -Cs.jo-alkyl-Cs.10-cycloalkyl, -Cs.10-alkyl-aryl, -Cs.6-cycloalkyl-aryl, or -Ci.jo-alkyl-
O-aryl; preferably -CH,CH,-phenyl, optionally substituted with one or two substituents independently
of one another selected from -F, -Br, -Cl, -CH3, -CF3, -OCH3; -CH»-O-phenyl, optionally substituted
with -F, -Br, -Cl, -CHj3, -CF3, -OCHj3; or -cyclopropyl-phenyl, optionally substituted with -F, -Br, -Cl, -
CHs, -CF3, -OCH3; more preferably -CH,CH,-phenyl, optionally substituted with one or two substitu-
ents independently of one another selected from -F, -Br, -Cl, -CH3, -CF3, -OCH3; -CH»>-O-phenyl; or -
cyclopropyl-phenyl;

and the physiologically acceptable salts thereof.

Another aspect of the invention relates to a compound of general formula 1

o R7
o
)\ | />7RB
0 N N
s

wherein

R1 represents -C=CH;
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R3 represents -Cs_s-alkyl-OH, -Cs.s-alkyl-O-C(=0)C.¢-alkyl, -Css-alkyl-P(=O)(OH).; -Cs.s-alkyl-
P(=0)(OCi.s-alkyl),; -Cs.s-alkyl-P(=O)(OH)(OCi.¢-alkyl); -Css-alkyl-S(=0)>(OH); -Css-alkyl-
S(=0)»(NH>); or -Cs.5-alkyl-C(=0O)(OH); preferably -C;.s-alkyl-P(=O)(OH),; more preferably -Cs-alkyl-
P(=0)(OH)..

R7 represents -Ca.jo-alkyl, optionally substituted with -OH; -Cs.1o-alkyl-Cs.io-cycloalkyl; or -C.0-
alkyl-aryl; preferably -C,s-alkyl, optionally substituted with -OH; -C,¢-alkyl-Cs.¢-cycloalkyl; or -Cs.¢-
alkyl-aryl; more preferably -CH.CH3, -CH>CH,-OH, or -CH,CH,CHj3;

RS represents -Cs.jo-cycloalkyl, -Ci.10-alkyl-Cs.1o-cycloalkyl, -aryl, -Ci.i0-alkyl-aryl, -Cs.¢-cycloal-
kyl-aryl, or -Cj.jp-alkyl-O-aryl; preferably -phenyl, optionally substituted with -F, -Br, -Cl, -CH3s, -CF3,
-OCHj3; -CH»>-phenyl, optionally substituted with -F, -Br, -Cl, -CHs, -CF3, -OCHj3; -CH>CH»-phenyl,
optionally substituted with one or two substituents independently of one another selected from -F, -Br,
-Cl, -CH3;, -CF3, -OCHj3; -CH=CH-phenyl, optionally substituted with -F, -Br, -Cl, -CH3, -CF3, -OCHj3;
-CH»-O-phenyl, optionally substituted with -F, -Br, -Cl, -CHs, -CF3, -OCHj3; -cyclopropyl-phenyl, op-
tionally substituted with -F, -Br, -Cl, -CH3s, -CF3, -OCH3; or -Cs¢-cycloalkyl; more preferably -phenyl,
optionally substituted with -OCH3; -CHz-phenyl, optionally substituted with -Cl; -CH>CHz-phenyl, op-
tionally substituted with one or two substituents independently of one another selected from -F, -Br, -
Cl, -CHs, -CF3, -OCHj3; -CH=CH-phenyl, optionally substituted with -OCH3; -CH,-O-pheny]l; -cyclo-
propyl-phenyl; or -cyclopentyl;

and the physiologically acceptable salts thereof.

As used herein, the terms "physiologically acceptable salt" refer to those salts which retain the biological
effectiveness and properties of the compound according to general formula 1. Such salts include, but are
not restricted to: (1) an acid addition salt which is obtained by reaction of the free base of the compound
according to general formula 1 with inorganic acids such as hydrochloric acid, hydrobromic acid, nitric
acid, phosphoric acid, sulfuric acid, and perchloric acid and the like, or with organic acids such as acetic
acid, oxalic acid, (D)- or (L)- malic acid, maleic acid, methanesulfonic acid, ethanesulfonic acid, p-
toluenesulfonic acid, salicylic acid, tartaric acid, citric acid, succinic acid or malonic acid and the like,
preferably hydrochloric acid or (L)-malic acid; or (2) salts formed when an acidic proton present in the
compound according to general formula 1 either is replaced by a metal ion, e. g., an alkali metal ion,
such as sodium or potassium, an alkaline earth ion, such as magnesium or calcium, or an aluminum ion;
or coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine, trometham-

ine, N-methylglucamine, and the like.

The compound of general Formula 1 may also act as a prodrug. A "prodrug" preferably refers to an
agent which is converted into the parent drug in vivo. Prodrugs are often useful because, in some situa-

tions, they may be easier to administer than the parent drug. They may, for instance, be bioavailable by
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oral administration whereas the parent drug is not, or they may penetrate into the central nervous system
(CNS) while the parent drug does not. The prodrug may also have improved solubility in pharmaceutical
compositions over the parent drug or otherwise increased lipophilicity to show better solubility in dermal
ointments, to penetrate better into the skin, or to permeate into the CNS. An example, without limitation,
of a prodrug would be a compound of the present invention which is administered as an ester (the "pro-
drug") to facilitate transmittal across a cell membrane where water solubility is detrimental to mobility
but then is metabolically hydrolyzed e.g. to the carboxylic acid or phosphonic acid, the active entity,
once inside the cell where water solubility is beneficial. A prodrug may be converted into the parent

drug by various mechanisms, including enzymatic processes and metabolic hydrolysis.

A further example of a prodrug might be a short polypeptide, for example, without limitation, a 2-10
amino acid polypeptide, bonded through a terminal amino group to a carboxy group of a compound of
this invention wherein the polypeptide is hydrolyzed or metabolized in vivo to release the active mole-

cule. The prodrugs of compounds of general formula 1 are within the scope of this invention.

Additionally, it is contemplated that compounds of general formula 1 would be metabolized by enzymes
in the body of the organism such as a human being to generate a metabolite that can modulate the activity

of the MRGPRX4 receptor. Such metabolites are within the scope of the present invention.

Another aspect of the invention relates to a pharmaceutical composition comprising any of the com-
pounds or salts of the present invention and, optionally, a pharmaceutically acceptable carrier or excip-
ient. This composition may additionally comprise further compounds or medicaments, such as, for ex-
ample, neuroprotective or antinociceptive, anti-inflammatory or antibiotic agents besides the com-

pounds according to general formula 1.

"Pharmaceutical composition" preferably refers to a mixture of one or more of the compounds described
herein, or physiologically/pharmaceutically acceptable salts or prodrugs thereof, with other chemical
components, such as physiologically/ pharmaceutically acceptable carriers and excipients. The purpose

of a pharmaceutical composition is to facilitate administration of a compound to an organism.
As used herein, a "physiologically/pharmaceutically acceptable carrier” refers to a carrier or diluent that
does not cause significant irritation to an organism and does not abrogate the biological activity and

properties of the administered compound.

A "pharmaceutically acceptable excipient" refers to an inert substance added to a pharmaceutical com-

position to further facilitate administration of a compound. Examples, without limitation, of excipients
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include calcium carbonate, calcium phosphate, various sugars and types of starch, cellulose derivatives,

gelatin, vegetable oils and polyethylene glycols.

Physiologically or pharmaceutically acceptable carriers and excipients are known to the skilled person.
In this regard it can be referred to, e.g., H.P. Fiedler, Lexikon der Hilfsstoffe fiir Pharmazie, Kosmetik
und angrenzende technische Gebiete, Editio Cantor Aulendorf, 2001.

The pharmaceutical composition according to the invention can be, e.g., solid, liquid or pasty.

A further aspect of the invention relates to a pharmaceutical dosage form comprising the pharmaceutical

composition according to the invention.

The pharmaceutical dosage form according to the invention may be adapted for various routes of ad-
ministration (e.g. systemic, parenteral, subcutaneous, topic, local), such as oral administration, infusion,
injection and the like. The pharmaceutical dosage form is preferably adapted for oral, local or subcuta-

neous administration, or combinations thereof.

Pharmaceutical dosage forms that are adapted for oral administration include tablets, pellets, capsules,

powders, granules and the like.

The pharmaceutical dosage form is preferably adapted for administration once daily, twice daily or
thrice daily. The pharmaceutical dosage form may release the compound according to general formula
1 immediately (immediate release formulation) or over an extended period of time (retarded release,

delayed release, prolonged release, sustained release, and the like).

Another aspect of the invention relates to the compounds according to the invention as described above

for use as a medicament.

Another aspect of the invention relates to the compounds according to the invention as described above
for use in the prevention or treatment of a condition, disease or disorder that is associated with the
MRGPRX4 receptor, preferably that can be prevented or treated by modulating, preferably agonizing
the MRGPRX4 receptor, preferably the human wildtype MRGPRX4.

Another aspect of the invention relates to the use of the compounds according to the invention as de-

scribed above for the manufacture of a medicament for the prevention or treatment of a condition, dis-

ease or disorder that is associated with the MRGPRX4 receptor, preferably that can be prevented or
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treated by modulating, preferably agonizing the MRGPRX4 receptor, preferably the human wildtype
MRGPRX4.

Another aspect of the invention relates to a method for preventing or treating a condition, disease or
disorder that is associated with the MRGPRX4, preferably that can be prevented or treated by modulat-
ing, preferably agonizing the MRGPRX4, preferably the human wildtype MRGPRX4, the method com-
prising the step of administering an effective amount of a compound according to the invention as de-

scribed above to a subject in need thereof.

Preferably, the disease or disorder that is associated with the MRGPRX4 receptor is selected from

- open wounds, e.g. incisions or incised wounds, lacerations, abrasions (grazes), avulsions, punc-

ture wounds, penetration wounds and gunshot wounds; and

- closed wounds, e.g. hematomas and crash injuries; and

- painful states, itching, neuropathic pain, chronic pain.

Preferably, the disease or disorder that is associated with the MRGPRX4 receptor is associated with the
wildtype of the MRGPRX4 receptor (not its mutant L83S).

Preferably, the compound, the pharmaceutical composition or the pharmaceutical dosage form is ad-

ministered topically and/or locally.

The compounds according to the invention show agonistic or antagonistic effects at the MRGPRX4

receptor.

In another aspect, the invention relates to the use of the compounds according to general formula 1 for
activating or blocking MRGPRX4 function. In a further aspect, the compounds according to general
formula 1 may thus also be used for the prevention, alleviation and/or treatment of a condition, disease

or disorder related to MRGPRX4 receptor activity.

"Treat", "treating" and "treatment" preferably refer to a method of alleviating or abrogating an
MRGPRX4 receptor related disease or disorder and/or its attendant symptoms. "Prevent", "preventing"
and "prevention" preferably refer to a method of hindering an MRGPRX4 receptor related disease or

disorder from occurring, i.e. a prophylactic method.

The compounds according to the invention are useful for treating various organisms. "Organism" pref-
erably refers to any living entity comprised of at least one cell. A living organism can be as simple as,

for example, a single eukaryotic cell or as complex as a mammal, including a human being.
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The compounds according to the invention are used in therapeutically effective amounts. "Therapeuti-
cally effective amount" preferably refers to that amount of the compound being administered which will

relieve to some extent one or more of the symptoms of the disorder being treated.

Preferably, the subject afflicted by a disease treated, alleviated or prevented according to the invented

use is a human.

Another aspect of the invention relates to a compound according to general Formula 1

o) ?7
R1
NN N
ﬁ %RB
0 N N
!

wherein

R1 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.1o-cycloalkyl, -Cj.jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl;

R3 represents -Ci.jo-alkyl-P(=0)(OCi.10-alkyl),, -Ci.10-alkyl-P(=O)(OH)(OC:;.10-alkyl), -Ci.10-al-
kyl-S(=0),(OR), -C;.10-alkyl-S(=0)2(NH>), -Ci-10-alkyl-C(=O)(OH), or -Ci.j¢-alkyl-P(=O)(OH),;

R7 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.io-cycloalkyl, -C.jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl; and

RS represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.jo-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.io-cycloalkyl, -Ci.i0-alkyl-aryl, -Ci.i0-alkyl-O-aryl, -Cs¢-cycloalkyl-aryl, -Css-cycloalkyl-
heteroaryl, -Ci.jo-alkyl-heteroaryl, or -Ci.jo-alkyl-O-heteroaryl;

wherein in each case "Ci.jo-alkyl" may be linear or branched, unless expressly stated otherwise saturated
or unsaturated, unsubstituted or monosubstituted with a substituent selected from -C=CH, -C(=0)OH, -
C(=O)O—C1,1o—alkyl, —OH, —O—Cl,lo—alkyl, —NHz, —NH—Cl,lo—alkyl, —N(Cl,lo—alkyl)z, —N}, —F, —Cl, —BI‘, and
I

wherein in each case "Cs.jo-cycloalkyl" may be linear or branched, unless expressly stated otherwise
saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from -C=CH, -
C(=0O)OH, -C(=0)0O-Cis-alkyl, -OH, -O-C.jp-alkyl, -NH>, -NH-C.jo-alkyl, -N(Cj.jo-alkyl)2, -N3, -F, -
Cl, -Br, and -I;
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wherein in each case "aryl" is a 6-14-membered aryl moiety which may be unsubstituted, mono- or
disubstituted with a substituent independently selected from -C=CH, -CF3;, -CCl;, -CBr3, -Cls, -
C(=0)OH, -C(=0)0O-Ci.10-alkyl, -OH, -O-Ci.10-alkyl, -NH>, -NH-Cj.10-alkyl, -N(C1.10-alkyl), -Ns, -F, -
Cl, -Br, and -I;

wherein in each case "heteroaryl" is a 5-14-membered heteroaryl moiety which may be unsubstituted,
mono- or disubstituted with a substituent independently selected from -C=CH, -CF3, -CCls, -CBrs, -Cls,
-C(=0)OH, -C(=0)0O-Ci.10-alkyl, -OH, -O-Ci.10-alkyl, -NH», -NH-Cj.10-alkyl, -N(Ci.10-alkyl)s, -N3, -F,
-Cl, -Br, and -I;

or a physiologically acceptable salt thereof,

for use in the prevention or treatment of a condition, disease or disorder that is associated with the

MRGPRX4 receptor, preferably associated with the wildtype of the MRGPRX4 receptor.

The above compounds for use according to the invention may again reflect two substitution patterns, for

the purpose of the specification indicated as (iii) and (iv), respectively.

According to substitution pattern (iii) of the compounds for use according to the invention,

R1 represents -H, -Ci.io-alkyl, -Ci.io-alkyl-Cs.jo-cycloalkyl, -Cj.jo-alkyl-aryl, or -Cj.io-alkyl-het-

eroaryl;
R3 represents -Cj.io-alkyl-P(=O)(OH) ;

R7 represents -H, -Ci.io-alkyl, -Ci.jo-alkyl-Cs.jo-cycloalkyl, -Cj.jo-alkyl-aryl, or -Ci.io-alkyl-het-

eroaryl; and

RS represents -Csg-cycloalkyl, -aryl, -heteroaryl, -Ci.jo-alkyl-aryl, or -Ci.o-alkyl-heteroaryl

(wherein in case of -Cs-alkyl-aryl, the alkyl-moiety is unsaturated);

According to substitution pattern (iv) of the compounds for use according to the invention,

R1 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.jo-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.ip-alkyl-O-heteroaryl;

R3 represents -Cio-alkyl-OH; or -Ci.j0-alkyl-O-C(=O)Ci.10-alkyl;

R7 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.io-cycloalkyl, -C.jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl; and

RS represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -Ci.jo-alkyl-O-aryl, or -Ci.jo-alkyl-O-heteroaryl.
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Within the above definitions of the compounds for use according to substitution patterns (iii) and (iv),
in each case "Cj.jo-alkyl", "Cs.jo-cycloalkyl", "aryl", and "heteroaryl" independently have the same

meaning as defined above.

In preferred embodiments of the compounds for use according to substitution pattern (iii),

R1 represents -H, -Ci.io-alkyl, -Ci.jo-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, or -Cj.io-alkyl-het-

eroaryl;
R3 represents -C.¢-alkyl-P(=0)(OH):;

R7 represents -H, -Ci.io-alkyl, -Ci.jo-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, or -Cj.io-alkyl-het-

eroaryl; and

RS represents -Css-cycloalkyl, -aryl, -heteroaryl, -Ci.¢-alkyl-aryl, or -C_¢-alkyl-heteroaryl (wherein
in case of -C,-alkyl-aryl, the alkyl-moiety is unsaturated).

In preferred embodiments of the compounds for use according to substitution pattern (iv),

R1 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -C.jo-alkyl-O-aryl, or -Ci.ip-alkyl-O-heteroaryl;

R3 represents -Ci¢-alkyl-OH; or -C;¢-alkyl-O-C(=0)Cs-alkyl;

R7 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.1o-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.io-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl; and

RS represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -Cj.jo-alkyl-O-aryl, or -Ci.jo-alkyl-O-heteroaryl.

In more preferred embodiments of the compounds for use according to substitution pattern (iii),

R1 represents -H, -Ci.io-alkyl, -Ci.jo-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, or -Ci.io-alkyl-het-

eroaryl;
R3 represents -CH>CH,CH>CH»-P(=0)(OH)2;

R7 represents -H, -Ci.io-alkyl, -Cj.jo-alkyl-Cs.jo-cycloalkyl, -Cj.jo-alkyl-aryl, or -Cj.io-alkyl-het-

eroaryl; and

RS represents -cyclopentyl, -phenyl, or -CH=CH-phenyl.

In more preferred embodiments of the compounds for use according to substitution pattern (iv),

R1 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -C.jo-alkyl-O-aryl, or -Ci.ip-alkyl-O-heteroaryl;
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R3 represents -CH>CH>CH,-OH; or -CH,CH,CH»-O-C(=0)Ci.¢-alky];

R7 represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl; and

RS represents -H, -Ci.jo-alkyl, -Ci.io-alkyl-Cs.io-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -Ci.jo-alkyl-O-aryl, or -Ci.jo-alkyl-O-heteroaryl.

Within any of the above definitions of the preferred and more preferred embodiments of the compounds
for use according to substitution patterns (iii) and (iv), in each case "Ci.s-alkyl", "Cs.s-cycloalkyl",

"aryl", and "heteroaryl" have the same meaning as defined above.

Particularly preferred compounds for use according to substitution pattern (iii) are compounds J-1 to J-

3:
0
N
/)N\JI \
J-1) 0 N N
OMe

/P\
HO™ Il "OH
)

T H
QLS
07~ N~ N

J-2)
/P\
HO 1 OH
0
H
0o~ N~ N
J-3)

Ho foH
O

and the physiologically acceptable salts thereof.

Preferably, the disease or disorder that is associated with the MRGPRX4 receptor is selected from
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- open wounds, e.g. incisions or incised wounds, lacerations, abrasions (grazes), avulsions, punc-

ture wounds, penetration wounds and gunshot wounds; and

- closed wounds, e.g. hematomas and crash injuries; and

- painful states, itching, neuropathic pain, chronic pain.

Preferably, the disease or disorder that is associated with the MRGPRX4 receptor is associated with the
wildtype of the MRGPRX4 receptor (not its mutant L83S).

Preferably, the compound is administered topically and/or locally.

The inventions illustratively described herein may suitably be practiced in the absence of any element
or elements, limitation or limitations, not specifically disclosed herein. Thus, for example, the term "in-
cludes" shall be read expansively and without limitation. Additionally, the terms and expressions em-
ployed herein have been used as terms of description and not of limitation, and there is no intention in
the use of such terms and expressions of excluding any equivalents of the features shown and described
or portions thereof, but it is recognized that various modifications are possible within the scope of the
invention claimed. Thus, it should be understood that although the present invention has been specifi-
cally disclosed by preferred embodiments and optional features, modification and variation of the in-
ventions embodied therein herein disclosed may be resorted to by those skilled in the art, and that such

modifications and variations are considered to be within the scope of this invention.

The invention has been described broadly and generically herein. Each of the narrower species and
subgeneric groupings falling within the generic disclosure also form part of the invention. This includes
the generic description of the invention with a proviso or negative limitation removing any subject mat-

ter from the genus, regardless of whether or not the excised material is specifically recited herein.

Other embodiments are within the following claims and non-limiting examples. In addition, where fea-
tures or aspects of the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual member or subgroup of

members of the Markush group.

The present inventions will be explained in more detail in the following examples. However, the exam-

ples are only used for illustration and do not limit the scope of the present invention.
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Experimental Part

Synthesis of Reference Compounds A-1 and H-1 — H-9):

0 0
HNJ]\ i) )i u) )K/[No m) RTNJj:NHz iv)
—_— —_—
O)\N | NH )\ )\ O)\N | NH
2 2
H H
1 2 (R = propargyl) 5 (R = propargyl) 8 (R = propargyl)
3 (R = ethyl) 6 (R" = ethyl) 9 (R = ethyl)
4 (R" = methyleyclobutyl) 7 (R = methyleyclobutyl) 10 (R" = methyleyclobutyl)
0
RIN H R?
2 LS B o i HQ
RTN N\n/Rz v) 0~ "N” "NH; vi) vm)
Syt Bl \ .
07 °N” "NH;
H 0 0 0
Ao /go Ao
11a-h 12a-h 13a-h 14a-f
IX
:2: _vii \)& j")
RZ — (0] R4
R! {
a (R = propargyl, n=0, R = m-OCHj) j\ | )—R?
n=0-2 b (R' = propyl, n =1, R® = p-OCHs) 0”7 °N” N
% 5 ¢ (R" = propargyl, n=1, R® = p-Cl) KL
R® 4 (R = propargyl, n=2, R®=m-OCH,)
e (R = propyl, n =2, R® = m-OCH,) OH
______________________________________________________ 15a-f: R4 = CH,
15¢-i: R*=H

f(R'= I, R® = m-OCH
( propyl, m 3) 15]

% , 9 (R" = propargyl, R® = m-OCHj)
R® h(R' = propyl, R® = H) _
i (R' = ethyl, R% = m-OCH.) j xi)

j (R' = propyl, R®=H, R* = CHy)

(0] ,R4
R N
Py | )—R2
0 NH\N
R*=CH;: R'=H: Q

|

16a=A1 16g=H3 HO~P=0
16b=H8 16h = H4 OH
16¢c=H9 16i = H7

16d = H1

16e = H2

16f = H6

16j = H5

Reagents and conditions: (i) 2.1 equiv of hexamethyldisilazane (HMDS), reflux, 60-70 °C, I, alkyl
halogenide, 120 °C, 2 h, saturated aq. NaHCOj solution, 70-75%; (ii) aq. AcOH, HNO,, 60-65 °C, 68-
75%; (iii) aqg NH3 (15% or 25%), Na»S:0s, 70 °C, 50-70 %; (iv) R*-COOH, EDC*HCl, methanol, 24 h,
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rt, 70-85%; (v) 3-iodopropyl acetate, K,COs, DMF, tt, 24 h, 60-70%; (vi) P.Os, DMF, 100 °C, 10-30
min, 70-88%; (vii) Pd/C (10%), Ha), methanol, 5 h, 95%; (vii) CHsl, K»,CO3, DMF, rt, 24 h, 72-90%;
(viii) KOH/methanol/H,O, 76-100% ; (ix) PO(OMe);/POCls, rt, 30 min, H,O, 41-80%.

Synthesis of Inventive compounds G-1 — G-2:

H H
R! N R1
: SSRGS
H /Y
)\ | 0 R?
07 N7 NH;
H
o7 o o7 “OH
17a-b 18a-b 19a=G-1
19b = G-2

a (R" = propargyl, RZ = 0-OCHs)
b (R = cyclobutylmethyl, R? = m-CF5)

Reagents and conditions: (i) ethyl 5-iodopentanoate, KoCO3, DMF, 55 °C, 12 h, (ii) 2N NaOH, 90 °C,
60 min, HCI, 9-12% over 2 steps.
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Synthesis of Inventive Compounds B-1 — B-23, C-1 —C-10, D-1 — D-3 and J-1 — J-3):

, (0] R4
RZ
N

A

|
0N N

N
)R

23h = D-1 (R* = CH3)

H 23g=D-2 (R¢=H)

23b = D-3 (R* = H)

07 °N” °NH 0”7 "N” "NH; o NH3 N
H H
8-10 20a-s 21a-s
R2 < O=P-OEt O=p-OEt 0=P-OEt
, . OEt OEt OEt
a (R" = propargyl, R° =H
b ER1 = propargyl R3= m).OCH ) 22a-s: 249 = C-2 (R" = CHy)
| propargyl ® = 3 22g = C-1 24f = C-5 (R* = CH,)
¢ (R" = propargyl, R® = m-F) 22d =C-3
d (R = propargyl, R® = m-Br) 22e = C-4 y‘) v))/
< e (R" = propargyl, R® = m-CHg) 22b =C-6
\/\©~R3 f (R = propargyl, R® = m-CF) gglr(nf é:g

g (R" = propargyl, R® = 0-OCH3) 22q - C:9 , 9 B“
h (R" = propargyl, R® = 0-Br) 22r = C-10 R‘N | N>_Rz
i (R" = propargyl, R® = 0-Cl) )\ Y
j (R" = propargyl, R® = 0/p-OCH3) o~ N
k (R' = propargyl, R® = m/p-OCH3)
I (R" = ethyl, R® = m-OCH3) .
m (R" = methylcyclobutyl, R® = m-OCH,) 25a=B-1 (R4 =H)
n (R' = ethyl, R3 = p-F) 25b =B-2 (R*=H) O=F;’—OH

-------------------------- [T 25c=B-3(R*=H) OH
° (21 - pmpy:' 22 - Cﬁdoﬁemyl) 25d=B-4 (R: =h) 26b =B-15 (R* = CHy)

______________________ PR =propyL R2=phenyl) . 25e =B-5 (R'=H) 26f = B-16 (R* = CH3)

s (R" = propargyl, RZ = m-OCH3)

25f=B-6 (R*=H)
25g = B-7 (R*=H)
25h = B-8 (R*=H)
25i =B-9 (R* = H)
25j = B-10 (R* = H)
25k = B-11 (R* = H)
251 = B-12 (R* = H)
25m = B-13 (R* = H)
25n = B-14 (R* = H)
250=J-2 (R*=H)
25p = J-3 (R*=H)
25s = J-1 (R* = H)

26i = B-17 (R* = CHj)

26h = B-18 (R* = CHj)

27h =B-19 (R* = Et)

28h = B-20 (R* = CH,CH4OH)

29h =B-21R*= ;J\A

30h =B-22R*=Pr
31h =B-23R*=Bn

Reagents and conditions: (i) carboxylic acid, COMU, DIPEA, DMF, rt, H,O; 72% — 99% (ii) diethyl (4-
iodobutyl)phosphonate, K,COs3, DMF, 60 °C, 12 h; 24—62% (iii) 2N NaOH, 90 °C, 30 min, HCI; 8-46%
(iv) alkyl iodide, DMF, 1t, 12 h; 67-99% (v) TMSBr, CH2Cly,1t, 24 h; 49-82% (vi) HMDS, (NH4)2SO4,
150 °C, 16 h, MeOH, 11-24%.
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Synthesis of Compounds E-1 — E-3 and F-1):

0 O
R N Rl H
1] & PN
0O
O
© HWQ ) O NTUNH; L Nh_@
N 2 - -
A | 0 i R?
0”7 N~ ONH;
H
20b, g, h, | 0=$=0 0=8=0
b (R = propargyl, R = m-OCHj) OH OH
g (R = propargyl, R? = 0-OCHj) 32b, g, h, | 33h =E-1
h (R" = propargyl, R? = 0-Br) 331= E-2
| (R" = ethyl, R2 = m-OCHs) 33b=E-3
1+
1
R N N
PP,
iii) 0~ "N N
R2
O:§:O
NH,
34h =F-1

Reagents and conditions: (i) 1,4-butane sultone, K.CO3, DMF, 55 °C, 12 h, (ii) 2N NaOH, 90 °C, 30
min, 8—15% over 2 steps; (iii) 1. SOCL, DMF, 0 °C to rt, 2. 25% aq. NH3,0 °C, 1 h, 18%.

General Procedures:

The synthesis of 3-substituted 5,6-diaminouracil derivatives (8—10) was performed according to litera-
ture procedures (Maxwell, L.C.E., and Salivar, C.J. Method of preparing 4-aminouracils. US2715625A,
1952, Miiller et al., J. Med. Chem. 1993, 36: 3341-3349)

General procedure A: Amide coupling reaction to produce N3-substituted 5-amino-6-carboxamidoura-

cil derivatives (11a-h, 17a-b, 20a-s)

To a solution of the appropriate carboxylic acid (1.0 equiv) and COMU (1.1 equiv) dissolved in a min-
imum amount of dimethylformamide (DMF) a mixture of the substituted diaminouracil (8-10, 1.1 equiv)
and N,N-Diisopropylethylamine DIPEA (1.1 equiv) dissolved in DMF was added dropwise. The mixture
was stirred at room temperature for 5 — 10 min. After complete conversion of the starting material water
(30 ml) was added and the resulting precipitate was filtered off, washed with water and dried under
reduced pressure to yield the pure 6-amino-5-carboxamidouracil derivatives 11a-h, 17a-b, 20a-s in high

isolated yields (75-99%).
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General procedure B: Alkylation of N1 of the 3-substituted 6-amino-5-carboxamidouracil derivatives

(12a-h, 18a-b and 21a-s, 32b, g, h, )

6-Amino-5-carboxamidouracil derivative (11a-h, 17a-b, 20a-s, 1.0 equiv), 1.1 equiv of diethyl (4-iodo-
butyl)phosphonate or 1,4-butansultone or ethyl 5-bromopentanoate and K>COs (1.2 equiv) were dis-
solved in a minimum amount of DMF (1-2 ml). After stirring for 12 h at 55 °C, DMF was removed,
water (15 ml) was added, and the resulting mixture extracted with dichloromethane (3 x 15 ml). The
combined organic phases were washed with brine (20 ml), dried over MgSO, and the solvent was re-
moved in vacuo. The residue was purified by flash column chromatography on silica gel 60 (eluent:
dichloromethane/methanol, 9:1) to yield the desired substituted uracil derivatives (12a-h, 18a-b and
21a-s, 32b, g, h, 1).

General procedure D: Ring closure reaction to the corresponding xanthines using NaOH (13a-h, C-1,

C-3, C-4, C-6 to C-10, E-1 to E-3, G-1 to G-2)

The 1,3-disubstituted-6-amino-5-carboxamidouracil derivatives were dissolved in a minimum amount
of NaOH (2N) and stirred at 90 °C until complete conversion of the starting material (TLC: dichloro-
methane/methanol, 9:1) was observed (20-30 min). The mixture was cooled to 0 °C in an ice bath, and
the desired product was precipitated by the addition of concentrated HCI solution. The precipitate was

filtered off and washed with water to yield the xanthine derivatives as off-white solids.

General procedure E: Alkylation of the xanthine N7-position (14a-f, 23h, g, b, 24g, f, C-2, C-5)

The xanthine derivatives (I3a-h, 22a-s, C-2, C-5, 1.0 equiv), K,CO; (1.2 equiv) and alkyl iodide/or
alkly bromide (1.1 equiv) were dissolved in a minimum of DMF (1-2 ml) and stirred at room tempera-
ture overnight. After complete conversion of the starting material (TLC: dichloromethane/methanol,
9:1) DMF was removed, water was added, and extracted three times with EtOAc (5-10 ml). The com-
bined organic phases were washed with brine, dried over MgSQ,, filtered, and the solvent was removed

in vacuo to yield the N7-alkylated xanthine derivatives (14a-f, 23h, g, b, 24g, f, C-2, C-5).

General procedure F: Deprotection of the phosphonic acid esters using trimethylsilyl bromide (A-1, B-
1to B-23, J-1 to J-3 and H-1 to H-10)

The phosphonic acid ester derivatives were dissolved in dichloromethane (5-10 ml), TMSBr (3 equiv)
was added, and the resulting solution was stirred for 12 h at rt. The solvent was removed in vacuo and
the residue was dissolved in 2N NaOH (2-3 ml), the product was then precipitated by addition of a
minimum amount of concentrated HCI solution and washed with water (3 x 5 ml) to yield the final

xanthine derivatives (4-1, B-1 to B-23, J-1 to J-3 and H-1 to H-10).

A-1) 3-(8-(3-Methoxyphenyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-

yl)propyl dihydrogen phosphate: White solid; Yield 76%; 'H-NMR (600 MHz, DMSO-ds) § [ppm] =
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7.49 —7.44 (m, 1H, Haom), 7.33 (d, J = 7.6 Hz, 1H, Harom), 7.31 — 7.27 (m, 1H. Harom), 7.15 — 7.08 (m,
1H, Huom), 4.61 (d, J = 2.4 Hz, 2H, N1-CH,), 4.10 (t, J = 7.3 Hz, 2H, N3-CH,), 3.97 (s, 3H, OCHs),
3.87 (m, 2H, OCHy), ), 3.82 (s, 3H, N7-CH3), 3.11 — 3.03 (m, 1H, Hpropargy1), 2.00-1.98 (m, 2H, Hapy1).
BC-NMR (151 MHz, DMSO-ds) & [ppm] = 159.44 (Carom-OCH3), 153.81 (C8), 151.65 (C6), 149.98
(C2), 147.62 (C4), 130.16 (Carom), 129.48 (Carom), 128.18 (Carom), 125.66 (Caromy, 121.62 (Carom), 108.00
(C5), 79.77 (Cpropargy1)s 72.96 (Cpropargy1), 63.13 (OCHz), 55.57 (OCH3), 40.49 (N3-CHa), 33.88 (N1-CHa),
30.21 (N7-CHs3), 28.93 (CH,). *'P-NMR (243 MHz, DMSO-ds) & [ppm] = 0.27.

B-1) (4-(2,6-Dioxo-8-phenethyl-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)butyl)phos-
phonic acid: Yield 57%; "H NMR (500 MHz, DMSO-ds) & 13.27 (br s, 1H, N7-H), 7.30 — 7.22 (m, 2H,
Harom) 7.12 = 7.11 (m, 3H, Harom), 4.58 (d, J = 2.5 Hz, 2H, N1-CH>), 3.97 (t, J = 7.2 Hz, 2H, N3-CH,),
3.07 (t, J=2.1 Hz, 1H, Hpropargy1), 3.05 — 2.95 (m, 4H, C8-CH,CH2>), 1.73-170 (m, 2H, Haiy), 1.52-1.47
(m, 4H, Haiy). “C NMR (126 MHz, DMSO-ds) & 154.14 (C8), 153.02 (C6), 150.12 (C2), 148.14 (C4),
140.58 (Carom), 128.45 (Carom), 128.42 (Carom), 126.22 (C5), 79.89 (Cpropargyt), 72.81 (Cpropareyt), 42.91
(N3-CH>), 33.36 (C8-CH>CH>), 30.20 (C8-CH,CH>), 28.78, 28.66, 28.12 (1C, PCH,CH>), 27.04 1C,
PCH>), 20.28 (Caxy). *'P NMR (243 MHz, DMSO) § 26.73. *'P-NMR (243 MHz, DMSO-ds)  [ppm]
26.73. HRMS (ESI-QTOF) calculated for C20H23N4OsP [M+H]": 431.1484; found: 431.1480).

B-2) (4-(8-(3-Methoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)bu-
tyl)phosphonic acid: White solid; m.p. 240-242 °C. '"H-NMR (600 MHz, DMSO-d) & [ppm] = 13.28
(brs, 1H, N7-H), 7.16 (t, J=7.8 Hz, 1H, Harom), 6.79 —6.71 (m, 3H, Harom), 4.6 (d, J=1.6 Hz, 2H, N1-
CH,), 3.97 (t, J=7.2 Hz, 2H, N3-CH.>), 3.70 (s, 3H, OCHs), 3.05 (t, J= 2.1 Hz, 1H, Hpropargy1), 2.99 (s,
4H, C8-CH,CH>), 1.76 — 1.70 (m, 2H, Hay), 1.58 — 1.44 (m, 4H, Huiy). "C-NMR (151 MHz,
DMSO-ds) & [ppm] = 159.4 (Carom-OCH3), 153.0 (C8), 150.2 (C2 or C6), 148.2 (C2 or C6), 142.2 (C4),
129.5 (Carom), 120.7 (Carom), 117.5 (Carom), 114.1 (Carom), 111.8 (Carom), 106.0 (C5), 79.9 (Cpropargyt), 72.9
(Cpropareyt), 55.0 (OCH3), 42.9 (N3-CH>), 33.4 (CH»), 30.2 (CH>), 30.1 (N1-CH>) 28.7 (d, *Jcp = 14.9 Hz,
1C, PCH,CH>), 27.5 (d, 'Jep = 138.8 Hz, 1C, PCH>), 20.3 (Caiky). *'P-NMR (243 MHz, DMSO-ds) &
[ppm] = 27.0. HRMS (ESI-QTOF) calculated for C»1H2sN4OP [M+H]": 461.1584; found: 461.1587.

B-3) (4-(8-(3-Fluorophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)bu-
tyl)phosphonic acid: White solid: m.p. 154-156 °C. '"H-NMR (600 MHz, DMSO-ds) & [ppm] = 13.32
(brs, 1H, N7-H), 7.29 (q, J= 7.8 Hz, 1H, Harom), 7.07 (d, J=10.1 Hz, 1H, Harom), 7.03 (d, J=7.6 Hz,
1H, Harom), 6.99 (td, J=28.7, 2.4 Hz, 1H, Harom), 4.58 (d, J=2.1 Hz, 2H, N1-CH>), 3.96 (t, J=7.1 Hz,
2H, N3-CH>), 3.06 (t, J=2.4 Hz, 1H, Hpopargy1), 3.05 —2.99 (m, 4H, C8-CH,CH>), 1.72 (p, J= 7.5 Hz,
2H, Haiy1), 1.58 — 1.51 (m, 2H, Haxy1), 1.47 (dp, J=15.6,9.0, 7.9 Hz, 2H, Haiy1). “C-NMR (151 MHz,
DMSO-ds) § [ppm] = 162.4 (d, 'Jer = 240.5 Hz, 1C, Carom-F), 154.0 (Cxanttine), 153.0 (Cxanthine), 150.2
(Cxanthine), 148.2 (Cxanthine), 143.6 (d, *Jer = 7.5 Hz, 1C, Carom), 130.4 (d, *Jer = 8.9 Hz, 1C, Carom), 124.7
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(d, *Jer=3.0 Hz, 1C, Carom), 115.3 (d, Jcr=20.7 Hz, 1C, Carom), 113.0 (d, 2Jcr=20.7 Hz, 1C, Carom),
106.0 (C5), 79.9 (Cypropareyl)s 72.9 (Cproparey1), 42.9 (N3-CH>), 33.0 (CH>), 30.3 (CH,), 29.8 (N1-CH>), 28.8
(d, 2Jer=16.1Hz, 1C, PCH,CH>), 27.4 (d, 'Jcp = 135.7 Hz, 1C, PCH>), 20.2 (d, *Jcr=4.4 Hz, 1C,
PCH,CH,CH>). *'P-NMR (243 MHz, DMSO-ds) § [ppm] = 27.2. HRMS (ESI-QTOF) calculated for
C20H22FN,OsP [M+H]": 449.1385; found: 449.1389.

B-4)  (4-(8-(3-Bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)bu-
tyl)phosphonic acid: White solid; m.p. 240242 °C. '"H-NMR (600 MHz, DMSO-ds) § [ppm] = 13.31
(s, IH, N7-H), 7.45 (s, 1H, Harom), 7.37 (d, J= 7.4 Hz, 1H, Harom), 7.22 (dt, J=12.6, 7.5 Hz, 2H, Harom),
4.59 (s, 2H, N1-CH>), 3.98 (t, J= 6.9 Hz, 2H, N3-CH>), 3.05 (s, 1H, Hpropargy1), 3.02 (s, 4H, C8-CH,CH»),
1.78 — 1.68 (m, 2H, Hauy), 1.57 (dt, J=16.8, 7.6 Hz, 2H, Haiy), 1.52 — 1.44 (m, 2H, Hayy1). *C-NMR
(151 MHz, DMSO-ds) 6 [ppm] = 153.7 (Cxanthine), 152.9 (Cxanthine), 150.0 (Cxanthine), 147.9 (Cxanthine), 143.3
(Cxanthine), 131.2 (Carom), 130.5 (Carom), 129.0 (Carom), 127.5 (Carom), 121.6 (Carom), 105.9 (C5), 79.7 (Cpro-
pargyl)s 72.7 (Cpropargyt)s 42.7 (Cati), 32.6 (Caiiyt), 30.1 (Catit), 29.6 (Caiiyt), 28.5 (d, *Jep = 15.9 Hz, 1C,
PCH,CH>), 27.2 (d, 'Jer=136.7 Hz, 1C, PCH>), 20.0 (d, *Jcr=4.1 Hz, 1C, P(CH,),CH,). *'P-NMR
(243 MHz, DMSO-de) & [ppm] =27.2. HRMS (ESI-QTOF) calculated for C0H23BrNsOsP [M+H]":
509.0584; found: 509.0578.

B-5)  (4-(8-(3-Methylphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-3-yl)bu-
tyl)phosphonic acid: White solid; m.p. 244-246 °C. '"H-NMR (600 MHz, DMSO-ds) & [ppm] = 13.29
(s, 1H, N7-H), 7.14 (t, J= 7.5 Hz, 1H, Harom), 7.04 (s, 1H, Hawom), 6.98 (d, J=7.5 Hz, 2H, Harom), 4.59
(d, J=2.2 Hz, 2H, N1-CH), 3.97 (t, J="7.2 Hz, 2H, N3-CH>), 3.05 (t, J=2.4 Hz, 1H, Hpropargy1), 2.98
(s, 4H, C8-CH2CH>), 2.26 (s, 3H, CH3), 1.74 (p, J=7.5 Hz, 2H, Haxy), 1.61 — 1.54 (m, 2H, Haiy1), 1.51
— 1.45 (m, 2H, Hay). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 154.1 (Cxanthine), 152.9 (Cxanthine), 150.0
(Cxanthine), 148.0 (Cxanthine), 140.3 (Carom), 137.3 (Carom), 129.0 (Carom), 128.2 (Carom), 126.8 (Carom), 125.3
(Carom), 105.8 (C5), 79.8 (Cpropargy1), 72.7 (Cpropargy1)s 42.7 (Caiky1) 5 33.2 (Caiky1), 30.1 (Caikyt), 30.0 (Caiy1),
28.6 (d, *Jcp=15.3 Hz, 1C, PCH,CH>), 27.3 (d, 'Jer=136.3 Hz, 1C, PCH,), 21.0 (CHs), 20.0 (d,
3Jep=13.9 Hz, 1C, P(CH2),CH,). *'P-NMR (243 MHz, DMSO-ds) & [ppm] = 27.2. HRMS (ESI-QTOF)
calculated for C,1HasN4OsP [M+H]": 445.1635; found: 445.1650.

B-6) (4-(2,6-Dioxo-1-(prop-2-yn-1-yl)-8-(3-(trifluoromethyl)phenethyl)-1,2,6,7-tetrahydro-3H-purin-
3-yl)butyl)phosphonic acid: White solid; m.p. 223-226 °C. 'H-NMR (500 MHz, DMSO-ds) § [ppm]
=13.29 (br s, 1H, N7-H), 7.55 (s, 1H, Harom), 7.51 (q, J = 6.8 Hz, 3H, Harom), 4.57 (d, 2H, N1-CH>),
3.95 (t, 2H, N3-CH>»), 3.14 — 3.10 (m, 2H, C8-CH>), 3.05 — 3.02 (m, 3H, C8-CH>CH, and Hpropargy1), 1.71
(dg, J=13.1, 6.8 Hz, 2H, Haiy1), 1.55 — 1.45 (m, 4H, Hay). “C-NMR (151 MHz, DMSO-ds) & [ppm]
= 153.8 (C8), 153.2 (C2 or C6), 150.1 (C2 or C6), 148.1 (C4), 142.1 (Carom), 132.8 (Carom), 129.5 (Carom),
129.2 (q, *Jer=32.8 Hz, 1C, Cuom-CF3), 125.1 (Carom), 124.4 (q, 'Jcr=272.1 Hz, 1C, CF3), 122.9
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(Carom), 123.1 (C5), 79.9 (Cpropargyt), 72.9 (Cpropargy), 43.0 (N3-CHz), 33.0 (CH), 30.3 (N1-CH»), 29.8
(CHy), 28.8 (d, 2Jcp=153Hz, 1C, PCH.CH,), 27.7 (d, 'Jer =138.1 Hz, 1C, PCH,), 20.4 (d,
3Jep=4.5Hz, 1C, PCH,CH,CH,). *'P-NMR (243 MHz, DMSO-ds) § [ppm] = 26.3. HRMS (ESI-
QTOF) calculated for C21HF3N4OsP [M+H]": 499.1280; found: 449.1283.

B-7) (4-(8-(2-Methoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-3-yl)bu-
tyl)phosphonic acid: White solid; m.p. 169-172 °C. '"H-NMR (600 MHz, DMSO-ds) & [ppm] = 13.25
(brs, 1H, N7-H), 7.19 — 7.15 (m, 1H, Harom), 7.08 (d, J=7.3 Hz, 1H, Hawm), 6.94 (d, J=8.1 Hz, 1H,
Harom), 6.82 (t, J = 7.3 Hz, 1H, Harom), 4.58 (d, J=2.0 Hz, 2H, N1-CH>), 3.96 (t, J = 7.2 Hz, 2H,
N3-CHb), 3.77 (s, 3H, OCHs), 3.04 (t, J= 2.3 Hz, 1H, Hpropargy1), 2.93 —2.97 (m, 4H, C8-CH,CH>), 1.72
(p, J= 7.4 Hz, 2H, Hay1), 1.49 — 1.53 (m, 4H, Haiy1). “C-NMR (151 MHz, DMSO-de) & [ppm] = 157.3
(Carom-OCH3), 154.5 (Cxanthine), 153.0 (Cxanthine), 150.1 (Cxanthine), 148.2 (Cxanthine), 129.8 (Carom), 128.3
(Carom), 127.8 (Carom), 120.4 (Carom), 110.8 (Carom), 106.0 (CS5), 79.9 (Cpropargy1)s 72.8 (Cpropargyl), 55.4
(OCH3), 42.9 (N3-CHa), 30.2 (N1-CH»), 28.7 (CH,), 28.7 (d, Jcp=16.1 Hz, 1C, PCH,CH>), 28.6
(CHo), 27.5 (d, 'Jep = 136.6 Hz, 1C, PCHy), 20.3 (d, *Jcr = 4.3 Hz, 1C, PCH2CH,CH,). *'P-NMR (243
MHz, DMSO-de) & [ppm] = 26.9. HRMS (ESI-QTOF) calculated for C»1HsN4sOP [M+H]": 461.1584;
found: 461.1586.

B-8)  (4-(8-(2-Bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-3-yl)bu-
tyl)phosphonic acid: White solid; m.p. 209-212 °C; 'H-NMR (500 MHz, DMSO-ds) & [ppm] = 13.33
(s, IH, N7-H), 7.58 (d, J= 8.0 Hz, 1H, Harom), 7.29 (d, J=4.4 Hz, 2H, Harom), 7.15 (dt, J=8.7, 4.6 Hz,
1H, Harom), 4.59 (d, J=2.4 Hz, 2H, N1-CH,), 3.14 (t, J="7.6 Hz, 2H, -CH>), 3.07 — 2.99 (m, 3H, -CH»
and Hpropargyt), 1.74 (p, J = 7.5 Hz, 2H, -CH), 1.64 — 1.43 (m, 4H, -CH,CH>). >*C-NMR (126 MHz,
DMSO-ds) & [ppm] = 153.4 (C8 or C4), 152.9 (C8 or C4), 150.0 (CO), 148.0 (CO), 139.3 (Carom), 132.5
(Carom), 130.7 (Carom), 128.4 (Carom), 127.9 (Carom), 123.7 (Carom), 106.0 (CS5), 79.7 (Cpropargyt), 72.7 (Cpro-
pargyl), 42.7 (N-CH>), 33.5 (N-CHy), 30.1 (-CH»), 28.5 (d, %Jcp = 15.6 Hz, 1C, PCH,CH>), 28.3 (-CH>),
27.2 (d, "Jep=136.2 Hz, 1C, PCH,), 20.0 (d, *Jcp = 4.3 Hz, PCH,CH,CH>). *'P-NMR (243 MHz,
DMSO-de): & [ppm] = 27.3. HRMS (ESI-QTOF) calculated for C2H23BrN4OsP [M+H]": 509.0584;
found: 509.0566.

B-9) (4-(8-(2-Chlorophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-3-yl)bu-
tyl)phosphonic acid: White solid; m.p. 207-209 °C; 'H-NMR (600 MHz, DMSO-ds) § [ppm] = 13.51 —
12.94 (m, 1H, N7-H), 7.41 (dd, J = 7.0, 2.1 Hz, 1H, Harom), 7.29 (dd, J = 7.0, 2.4 Hz, 1H, Harom), 7.24
(tt, J=17.4,5.3 Hz, 2H, Harom), 4.59 (d, J = 2.5 Hz, 2H, N1-CH>), 3.97 (t, J=7.2 Hz, 2H, N3-CH>), 3.14
(t, J=7.6 Hz, 2H, CH»), 3.09 — 3.04 (m, 1H, Hyoropargy1), 3.02 (t, J= 7.6 Hz, 2H, CH>), 1.73 (p, J=7.3
Hz, 2H, CH»), 1.52 (m, 4H, 2 x CH,). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 153.5 (C8 or C4),
152.9 (C8 or C4), 150.0 (CO), 148.0 (CO), 137.6 (Carom), 132.9 (Carom), 130.7 (Carom), 129.2 (Carom),
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128.2 (Carom), 127.3 (Carom), 105.9 (CS), 79.7 (Cpropargyl), 72.7 (Cpropargyl), 42.7 (—CHZ), 31.1 (—CHZ), 30.1
(-CHa), 28.5 (d, 2Jcp = 15.6 Hz, 1C, PCH,CH>), 28.2 (<CHa), 27.3 (d, 'Jep = 137.0 Hz, 1C, PCH,), 20.0
(d, *Jep = 4.2 Hz, PCH,CH,CHa). 'P-NMR (243 MHz, DMSO-ds) 8 [ppm] = 27.0. HRMS (ESI-QTOF)
n.d.

B-10) (4-(8-(2,4-Dimethoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-
yl)butyl)phosphonic acid: White solid; m.p. 255-257 °C. '"H-NMR (600 MHz, DMSO-ds) & [ppm]
=7.02 (d, J= 8.1 Hz, 1H, Harom), 6.50 (d, J=2.3 Hz, 1H, Harom), 6.39 (dd, J=8.3, 2.3 Hz, 1H, Harom),
4.58 (d, J=1.9 Hz, 2H, N1-CH; ), 4.01 — 3.92 (m, 2H, N3-CH>), 3.77 (s, 3H, OCH3), 3.71 (s, 3H,
OCHz3), 3.03 (t, J=2.3 Hz, 1H, Hpropargy1), 2.93 —2.83 (m, 4H, C8-CH,CH>), 1.77 — 1.68 (m, 2H, Haiy),
1.57 — 1.48 (m, 2H, Haxy), 1.40 (dt, J=14.5, 6.7 Hz, 2H, Huy). “C-NMR (151 MHz, DMSO-ds) &
[ppm] = 163.8 (Carom-OCH3), 160.0 (Carom-OCH3), 158.9 (Cxanthine)s 157.9 (Cxanthine), 154.6 (Cxanthine),
149.9 (Cxanthine), 129.8 (Carom), 121.3 (Carom), 105.4 (C5) 104.3 (Carom), 98.3 (Carom), 80.4 (Cpropargyt), 72.2
(Cpropargy1), 55.2 (OCH3), 55.03 (OCH3), 43.5 (N3-CH>), 32.1 (-CH>) 29.8 (N1-CHy), 29.4 (-CH>), 27.7
(PCH,CH>), 21.0 (PCH>), 16.7 (P(CH,),CHa), 15.8 (POCH,CH3). *'P-NMR (243 MHz, DMSO-ds) &
[ppm] = 26.9. HRMS (ESI-QTOF) calculated for C2,H27N4O7P [M+H]": 491.1690; found: 491.1690.

B-11) (4-(8-(3,4-Dimethoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-
yl)butyl)phosphonic acid: White solid; m.p. 254-256 °C. '"H-NMR (600 MHz, DMSO-ds) & [ppm]
=7.02 (d, J= 8.1 Hz, 1H, Harom), 6.51 (d, J=2.3 Hz, 1H, Harom), 6.38 (dd, J=28.3, 2.3 Hz, 1H, Harom),
4.58 (d, J=1.9 Hz, 2H, N1-CH; ), 4.02 — 3.93 (m, 2H, N3-CH>), 3.77 (s, 3H, OCH3), 3.71 (s, 3H,
OCHz3), 3.02 (t, J=2.3 Hz, 1H, Hpropargy1), 2.93 —2.83 (m, 4H, C8-CH,CH>), 1.77 — 1.68 (m, 2H, Haiy),
1.57 — 1.48 (m, 2H, Huiy), 1.40 (dt, J=14.5, 6.7 Hz, 2H, Haxy). *C-NMR (151 MHz, DMSO-ds) &
[ppm] = 163.6 (Carom-OCH3), 160.2 (Carom-OCH3), 158.9 (Cxanthine)s 157.9 (Cxanthine), 154.6 (Cxanthine),
149.9 (Cxanthine), 129.8 (Carom), 121.3 (Carom), 105.4 (C5) 104.3 (Carom), 98.3 (Carom), 80.4 (Cpropargy1), 72.2
(Cpropargy1), 55.2 (OCH3), 55.03 (OCH3), 43.5 (N3-CH>), 32.1 (-CH>) 29.7 (N1-CHy), 29.4 (-CH>), 27.7
(PCH,CH>), 21.0 (PCH»), 16.7 (P(CH,),CH.), 15.8 (POCH,CH3). *'P-NMR (243 MHz, DMSO-ds) &
[ppm] = 26.7. HRMS (ESI-QTOF) calculated for C2,H27N4O7P [M+H]": 491.1690; found: 491.1690.

B-12)  (4-(1-Ethyl-8-(3-methoxyphenethyl)-2,6-dioxo-1,2,6,7-tetrahydro-3H-purin-3-yl)butyl)phos-
phonic acid: White solid; m.p. 243-245 °C. 'H-NMR (600 MHz, DMSO-ds) & [ppm] = 7.15 (t, J=7.8
Hz, 1H, Harom), 6.78 — 6.75 (m, 2H, Harom), 6.73 — 6.69 (m, 1H, Harom), 3.93 (t, J=7.6 Hz, 2H, N1-CH,),
3.89 —3.86 (m, 2H, N3-CH>), 3.69 (s, 3H, OCH3), 2.96 (s, 4H, C8-CH.CH>), 1.69 (dq, J=15.2,7.9,
6.9 Hz, 2H, Haiy), 1.51 — 1.44 (m, 2H, Haiy1), 1.40 (dt, J=15.8, 7.4 Hz, 2H, Hawy1), 1.07 (t, J=7.0 Hz,
3H, CHCH;). *C-NMR (151 MHz, DMSO-de) & [ppm] = 159.4 (Carom-OCH3), 154.0 (Cxanthine), 153.3
(Cxanthine), 150.5 (Cxanthine), 147.0 (Cxanthine), 142.3 (Carom), 129.4 (Carom), 120.7 (Carom), 114.0 (Carom), 111.8
(Carom), 106.7 (CS5), 55.0 (OCHj3), 43.0 (N3-CH>), 35.6 (CH») 33.5 (CH»), 30.1 (N1-CH>), 29.0 (d,
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2Jep=15.1 Hz, 1C, PCH.CH,), 28.8 (d, 'Jcr=135.7 Hz, 1C, PCHy), 21.1 (d, *Jcp=4.1 Hz, 1C,
PCH,CH,CH>), 13.3 (N1-CH,CH;). *'P-NMR (243 MHz, DMSO-ds) & [ppm] = 23.8. HRMS (ESI-
QTOF) calculated for C20H27N4sO6P [M+H]": 451.1741; found: 451.1743.

B-13)  (4-(1-(Cyclobutylmethyl)-8-(3-methoxyphenethyl)-2,6-dioxo-1,2,6,7-tetrahydro-3 H-purin-3-
yl)butyl)phosphonic acid: White solid; m.p. 205-207 °C. 'H-NMR (600 MHz, DMSO-ds) & [ppm]
=13.16 (br s, 1H, N7-H), 7.17 (t, J = 8.0 Hz, 1H, Huom), 6.77 (d, J = 6.0 Hz, 2H, Haom), 6.74 — 6.72
(m, 1H, Harom), 3.95 (d, J=7.1 Hz, 2H, N1-CH>), 3.92 (d, J= 7.2 Hz, 2H, N3-CH>), 3.69 (s, 3H, OCH3),
2.98 (s, 4H, C8-CH,CH>), 2.62 (dt, J=15.0, 7.5 Hz, 1H, Hay), 1.91 — 1.86 (m, 2H, Hay), 1.72 — 1.76
(m, 6H, Haiy), 1.55 (dt, J=16.8, 7.8 Hz, 2H, Haiy), 1.50 — 1.42 (m, 2H, Hauy). "C-NMR (151 MHz,
DMSO0-ds) & [ppm] = 159.4 (Carom-OCH3), 154.2 (Cxanthine)s 153.8 (Cxanthine)> 151.0 (Cxanthine), 147.8 (Cxan-
wine)s 142.2 (Carom), 129.5 (Carom), 120.7 (Carom), 114.0 (Carom), 111.8 (Carom), 106.2 (C5), 55.0 (OCH3),
452 (N1-CH), 42.6 (N3-CHy), 34.2 (Caiy1), 33.5 (Caty1), 30.1 (Cant), 28.7 (d, 2Jer = 16.2 Hz, 1C,
PCH,CH,), 27.4 (d, 'Jcp = 136.5 Hz, 1C, PCH,), 25.7 (2C, Ceyclobuyte), 20.2 (d, *Jcr = 3.9 Hz, 1C,
P(CH2)2CH2), 17.9 (Ceyclobutyte). >'P-NMR (243 MHz, DMSO-ds) 8 [ppm] = 27.3. HRMS (ESI-QTOF)
calculated for Co3H3 N4OgP [M+H]": 491.2054; found: 491.2068.

B-14) (4-(1-Ethyl-8-(4-fluorophenethyl)-2,6-dioxo-1,2,6,7-tetrahydro-3H-purin-3-yl)butyl)phosphonic
acid: White solid; m.p. 256-260 °C. 'H-NMR (600 MHz, DMSO-ds) & [ppm] = 13.19 (br s, 1H, N7-H),
7.26 — 7.18 (m, 2H, Harom), 7.10 — 7.03 (m, 2H, Haom), 3.95 — 3.91 (m, 2H, N1-CH), 3.90 — 3.85 (m,
2H, N3-CH>), 3.00 — 2.94 (m, 4H, C8-CH.CH>), 1.73 — 1.66 (m, 2H, Hay), 1.52 — 1.42 (m, 4H, Huy),
1.08 (t, J=5.8 Hz, 3H, CH,CH3). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 161.2 (d, ' J =245 Hz,
1C, CaomF), 154.1 (Canthine), 153.8(Cranthine), 150.8 (Cxanthine), 137.0 (d, “Jer = 3.0 Hz, 1C, Carom), 130.6
(d, *Jer=7.8Hz, 2C, Caom), 115.5 (d, 2Jcr=20.6 Hz, 2C, Cuom), 106.7 (C5), 43.0 (N3-CH,), 36.1
(CH,), 32.9 (CH>), 30.5 (N1-CHa), 29.1 (d, %Jcr = 16.0 Hz, 1C, P-CH,CH?2), 28.0 (d, 'Jep = 135.5 Hz,
1C, PCH,), 20.7 (d, *Jcp=4.5Hz, 1C, PCH,CH,CH>), 13.6 (N1-CH,CH3). *'P-NMR (243 MHz,
DMSO-ds) 8 [ppm] =26.3. HRMS (ESI-QTOF) calculated for CioH2FN4OsP [M+H]": 439.1541;
found: 439.1543.

B-15) (4-(8-(3-Methoxyphenethyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3H-pu-
rin-3-yl)butyl)phosphonic acid: white solid; m.p. n.d.; '"H-NMR (600 MHz, DMSO-ds) & [ppm] = 6.82
—6.79 (m, 2H, Harwom), 6.76 — 6.74 (m, 1H, Hawom), 6.66 — 6.62 (m, 1H, Hawom),, 4.58 (d, 2H, N1-CH,),
3.97 (t, J=7.0 Hz, 2H, N3-CH>), 3.71 (s, 3H, OCH3 or NCHs), 3.70 (s, 3H, OCH3s or NCH3), 3.06 —
3.04 (m, 2H, C8-CH>), 3.04 — 3.02 (m, 1H, Hpropargy1), 2.99 —2.96 (m, 2H, C8-CH,CHb), 1.74 — 1.69 (m,
2H, Haiy1), 1.58 — 1.52 (m, 2H, Haiy), 1.51 — 1.45 (m, 2H, Haiy). *C-NMR (151 MHz, DMSO-d;) &
[ppm] = 171.6 (COCH3), 159.4 (C8), 154.3 (C2 or C6), 153.4 (C2 or C6), 149.9 (C4), 147.5 (Carom),
142.1 (Carom), 129.5 (Carom), 120.8 (Carom), 114.2 (Carom), 111.9 (Carom), 106.4 (C5), 79.8 (Cpropargyt), 72.9
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(Cpropargyl),  55.0 (OCH3), 42.5 (N3-CH.), 32.8 (CH:), 31.4 (CH.), 30.0 (N1-CH)), 28.7 (d,
2Jep=14.9 Hz, 1C, PCH,CH>), 27.9 (N7-CH3) 27.4 (d, 'Jep = 137.2 Hz, 1C, PCH»), 20.2 (d, *Jcp = 3.9
Hz, 1C, PCH,CH,CH>). *'P-NMR (243 MHz, DMSO-ds) § [ppm] = 27.0. HRMS (ESI-QTOF) calcu-
lated for CHosN4O6P [M+H]": 475.4618; found: 475.4620.

B-16) (4-(7-Methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-8-(3-(trifluoromethyl)phenethyl)-1,2,6,7-tetrahydro-
3H-purin-3-yl)butyl)phosphonic acid: White solid; m.p. n.d. °C; 'H-NMR (600 MHz, DMSO-ds) &
[ppm] = 7.63 (s, 1H, Haom), 7.58 (d, J=7.5 Hz, 1H, Harom), 7.54 (d, J = 7.8 Hz, 1H, Haom), 7.50 (t, J
= 7.6 Hz, 1H, Hurom), 4.58 (d, J=2.3 Hz, 2H, N1-CHb), 3.95 (t, J= 7.1 Hz, 2H, N3-CH>), 3.76 (s, 3H,
N7-CHs), 3.11 (d, J=3.4 Hz, 4H, C8-CH,CH>), 3.05 (t, J= 2.4 Hz, 1H, Hpropargy1), 1.71 (p, J=7.4 Hz,
2H, Caiy1), 1.58 — 1.52 (m, 2H, Caiy), 1.50 — 1.43 (m, 2H, Caxy). “C-NMR (151 MHz, DMSO-ds) &
[ppm] = 154.0 (Cxanthine)> 153.5 (Cranthine)> 150.0 (Cxanthine), 147.5 (C4), 142.1 (Carom), 133.1 (Carom), 129.5
(Carom), 129.2 (q, 2Jcr=32.9Hz, 1C, CCF3), 1254 (q,*Jcr=3.4Hz, 1C, CHCF;), 124.5 (q,
'Jer=272.0 Hz, 1C, CF3), 123.1 (q, *Jcr = 3.7 Hz, 1C, CHCF3), 106.5 (C5), 79.9 (Cproparey1), 72.9 (Cpro-
pargy)), 42.5 (N1-CH2), 32.2 (Catky1), 31.6 (Caiiyt), 30.1 (Caiiyt), 28.7 (d, 2Jcp = 16.5 Hz, 1C, PCHy), 27.6
(N7-CHs), 27.4 (d, "Jep=136.6 Hz, 1C, PCH,), 20.2 (d, *Jcp = 4.7 Hz, 1C, PCH,CH,CH,). *'P-NMR
(243 MHz, DMSO-ds) § [ppm] =27.3. HRMS (ESI-QTOF) calculated for C»H,sF3sN4OsP [M+H]'":
513.1509; found: 513.1491.

B-17) (4-(8-(2-Chlorophenethyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-
3-yl)butyl)phosphonic acid: White solid; m.p. n.d. °C; '"H-NMR (600 MHz, DMSO-ds) & [ppm] = 7.42
(dd, J=6.6,2.5 Hz, 1H), 7.36 (dd, J= 6.7, 2.7 Hz, 1H), 7.28 — 7.23 (m, 2H), 4.59 (d, /= 2.7 Hz, 2H),
3.96 (t,J=17.1 Hz, 2H), 3.74 (s, 3H), 3.13 (t, /= 7.4 Hz, 2H), 3.10 — 3.03 (m, 3H), 1.71 (p, /= 7.4 Hz,
2H), 1.59 — 1.50 (m, 2H), 1.51 — 1.43 (m, 2H). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 153.6 (C8
or C4), 153.3 (C8 or C4), 149.7 (CO), 147.3 (CO), 137.6 (Carom), 133.0 (Carom), 131.0 (Carom), 129.2
(Carom), 128.3(Carom), 127.3 (Carom), 106.4 (C5), 79.7 (Cpropargy1), 72.7 (Cpropargy1), 42.4 (-CHz), 31.3 (-CHa),
30.4 (-CHa), 29.9 (-CH>), 28.5 (d, 2Jcp = 15.6 Hz, 1C, PCH,CHy), 27.3 (d, 'Jcp = 136.5 Hz, 1C, PCH,),
26.1 (-CH>), 20.0 (d, *Jcp = 3.6 Hz, PCH,CH>CH>). HRMS (ESI-QTOF) n.d.

B-18) (4-(8-(2-Bromophenethyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-
3-yl)butyl)phosphonic acid: White solid; m.p. n.d.; "H-NMR (600 MHz, DMSO-d) & [ppm] = 7.59 (dd,
J=179, 1.2 Hz, 1H, Haom), 7.35 (dd, J=7.7, 1.8 Hz, 1H, Harom), 7.31 (td, J=7.4, 1.3 Hz, 1H, Harom),
7.17 (td, J=17.6, 1.8 Hz, 1H, Harom), 4.59 (d, J = 2.5 Hz, 2H, N1-CH>), 3.96 (t, J= 7.1 Hz, 2H, N3-
CHy), 3.74 (s, 3H, N7-CH3), 3.13 (t, J= 7.1 Hz, 2H, -CH), 3.10 — 3.02 (m, 3H, -CH; and Hpropargy!),
1.76 — 1.67 (m, 2H, -CH>), 1.59 — 1.51 (m, 2H, -CH>), 1.51 — 1.43 (m, 2H, -CH,). *C-NMR (151 MHz,
DMSO-ds) & [ppm] = 153.5 (C8 or C4), 153.3 (C8 or C4), 149.8 (CO), 147.3 (CO), 139.3 (Carom), 132.5
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(Carom)s 131.0 (Carom), 128.6 (Carom), 127.9 (Carom), 123.7 (Carom), 106.4 (C5), 79.7 (Cypropargyt)> 72.7 (Cpro-
pareyl), 42.4 (N-CH>), 33.0 (N-CH>), 31.3 (N7-CH3), 29.9 (CHy), 28.5 (d, 2Jc.p = 15.6 Hz, 1C, PCH,CH>),
272 (d, Jep=137.5Hz, 1C, PCH,), 26.3 (CH,), 20.0 (d, *Jcp = 4.4 Hz, PCH,CH,CHy). *'P-NMR (243
MHz, DMSO-ds) & [ppm] = 27.1.

B-19) (4-(8-(2-Bromophenethyl)-7-ethyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-3-
yl)butyl)phosphonic acid: White solid; m.p. 192 — 195 °C; 'H-NMR (600 MHz, DMSO-ds) § [ppm] =
7.59 (d, J=17.9 Hz, 1H, Harom), 7.36 (d, J=7.5 Hz, 1H, Harom), 7.30 (t, J=7.4 Hz, 1H, Harom), 7.16 (t,
J="1.5Hz, 1H, Harom), 4.59 (d, J=2.5 Hz, 2H, N1-CHy), 4.18 (q, J="7.1 Hz, 2H, N7-CH>), 3.96 (t, J
=7.2 Hz, 2H, N3-CH>), 3.15 (t, J= 7.6 Hz, 2H, -CH2), 3.09 — 3.05 (m, 3H, -CH; and Hproparey1), 1.72 (p,
J=17.4 Hz, 2H, -CH,), 1.58 — 1.44 (m, 4H, -CH,CH>), 1.22 (t, J= 7.1 Hz, 3H, N7-CH,CH3). “C-NMR
(151 MHz, DMSO-ds) 6 [ppm] = 152.9 (C8 or C4), 152.7 (C8 or C4), 149.8 (CO), 147.7 (CO), 139.3
(Carom), 132.5 (Carom), 131.1 (Carom), 128.6 (Carom), 127.9 (Carom), 123.8 (Carom), 105.5 (C5), 79.7 (Cpropar-
1)y 72.8 (Cpropargyl), 42.5 (N-CHa), 39.5 (N-CHa), 33.3 (N-CHa), 30.0 (-CH,), 28.6 (d, *Jcp=15.7 Hz,
1C, PCH,CH»), 27.5 (d, 'Jcp=136.1 Hz, 1C, PCH,), 26.1 (-CH,), 202 (d, *Jcp= 4.2 Hz,
PCH,CH,CH>), 15.9 (N7-CH,CH;). *'P-NMR (243 MHz, DMSO-ds): & [ppm] = 26.6. HRMS (ESI-
QTOF) calculated for C22H26BrN4sOsP [M+H]": 537.0897; found: 537.0888.

B-20) (4-(8-(2-Bromophenethyl)-7-(2-hydroxyethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-
3H-purin-3-yl)butyl)phosphonic acid: White solid; m.p. 157160 °C; 'H-NMR (600 MHz, DMSO-ds)
o [ppm] = 7.59 (d, J="7.7 Hz, 1H, Hawom), 7.38 (dd, J= 7.6, 1.7 Hz, 1H, Hawom), 7.33 — 7.28 (m, 1H,
Harom), 7.17 (td, J=7.7, 1.8 Hz, 1H, Harom), 4.59 (d, J=2.5 Hz, 2H, N1-CH>), 4.19 (t, J=5.3 Hz, 2H,
N-CH»), 3.98 (t, J= 7.2 Hz, 2H, N-CH), 3.67 — 3.66 (m, 1H, -CH,OH), 3.18 —3.13 (m, 2H, -CH>),
3.14 — 3.09 (m, 2H, -CH>), 3.06 (q, J = 2.6 Hz, 1H, Hproparey1), 1.73 (p, J = 7.3 Hz, 2H, -CH>), 1.61 —
1.53 (m, 2H, -CH»), 1.53 — 1.45 (m, 2H, -CH>). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 154.3 (C8
or C4), 153.0 (C8 or C4), 149.8 (CO), 147.7 (CO), 139.6 (Carom), 132.5 (Carom), 131.0 (Carom), 128.5
(Carom), 127.9 (Carom), 123.8 (Carom), 105.7 (CS), 79.7 (Cpropargy1)s 72.8 (Cpropargyt), 60.1 (-CH,OH), 47.3
(N7-CH>), 42.4 (N-CH>), 33.1 (N-CH>), 30.0 (-CH>), 28.5 (d, *Jcp = 15.8 Hz, 1C, PCH,CH>), 27.2 (d,
Jep=136.5 Hz, 1C, PCH,), 26.5 (-CH>), 20.0 (d, *Jcp = 4.1 Hz, PCH,CH,CH>). *'P-NMR (243 MHz,
DMSO-de): & [ppm] = 27.2. HRMS (ESI-QTOF) calculated for C»H26BrN4OP [M+H]": 553.0846;
found: 553.0829.

B-21) (4-(8-(2-Bromophenethyl)-7-(cyclopropylmethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahy-
dro-3H-purin-3-yl)butyl)phosphonic acid: White solid; m.p. 181-184 °C; 'H-NMR (600 MHz, DMSO-
ds) & [ppm] =7.59 (dd, J=28.1, 1.2 Hz, 1H, Harom), 7.39 (dd, J=7.7, 1.7 Hz, 1H, Huaom), 7.31 (td, J =
7.4, 1.2 Hz, 1H, Harom), 7.16 (td, J= 7.6, 1.7 Hz, 1H, Harom), 4.59 (d, J= 2.4 Hz, 2H, N1-CH>), 4.08 (d,
J=17.1Hz, 2H, N7-CHy), 3.98 (t, J=7.2 Hz, 2H, N3-CH>), 3.18 (t, J=7.5 Hz, 2H, -CH>), 3.10 (dd, J
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= 8.0, 6.6 Hz, 2H, -CH>), 3.06 (t, J= 2.4 Hz, 1H, Hpropareyt), 1.74 (p, J=7.4 Hz, 2H, -CH>), 1.61 — 1.46
(m, 4H, -CH,CH>), 1.23 — 1.14 (m, 1H, N7-CH,CH), 0.45 — 0.41 (m, 2H, -CH2 cyclopropy), 0.40 — 0.36 (m,
2H, -CHa cyclopropyl)- “C-NMR (151 MHz, DMSO-ds) & [ppm] = 153.1 (C8 or C4), 153.0 (C8 or C4),
149.8 (CO), 147.7 (CO), 139.4 (Carom), 132.5 (Carom), 131.1 (Carom), 128.6 (Carom), 127.9 (Carom), 123.8
(Carom), 105.8 (C5), 79.7 (Cpropareyt)s 72.8 (Cpropareyt), 48.3 (N-CHa), 42.5 (N-CH>), 33.1 (N-CH>), 30.0 (-
CH>), 28.6 (d, “Jcp = 15.7 Hz, 1C, PCH,CH>), 27.3 (d, 'Jcp = 136.7 Hz, 1C, PCH,), 26.3 (-CH>), 20.1
(d, *Jcp = 4.0 Hz, PCH,CH,CHb), 11.7 (-CH ¢yciopropy1)s 3.3 (<CHz cyclopropyl)- - P-NMR (243 MHz, DMSO-
ds) & [ppm] = 27.2. HRMS (ESI-QTOF) calculated for C2sHxBrN4OsP [M+H]": 563.1053; found:
563.1038.

B-22) (4-(8-(2-Bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-7-propyl-1,2,6,7-tetrahydro-3 H-purin-
3-yl)butyl)phosphonic acid: White solid; m.p. 178-181 °C; "H-NMR (600 MHz, DMSO-ds) & [ppm] =
7.59 (d, J=7.9 Hz, 1H, Hawom), 7.37 (d, J=7.6 Hz, 1H, Harom), 7.30 (t, J= 7.4 Hz, 1H, Harom), 7.16 (t,
J=1.5Hz, 1H, Harom), 4.59 (d, J=2.4 Hz, 2H, N1-CH>), 4.09 (t, J=7.4 Hz, 2H, N-CH»), 3.98 (t, J =
7.1 Hz, 2H, N-CHy), 3.20 — 3.14 (m, 2H, -CH>), 3.10 — 3.04 (m, 3H, -CH> and Hpropargy1), 1.74 (p, J =
7.3 Hz, 2H, -CH>), 1.66 — 1.53 (m, 4H, 2 x -CH»), 1.53 — 1.45 (m, 2H, -CH>), 0.81 (t, J=7.4 Hz, 3H, -
CH;). "C-NMR (151 MHz, DMSO-ds) & [ppm] = 153.0 (C8 or C4), 152.9 (C8 or C4), 149.8 (CO),
147.7 (CO), 139.3 (Carom), 132.5 (Carom), 131.1 (Carom), 128.6 (Carom), 127.9 (Carom), 123.8 (Carom), 105.8
(C5), 79.7 (Cpropargy1)> 72.8 (Cpropargy1), 46.0 (N-CHbz), 42.4 (N-CHy), 33.3 (N-CHy), 30.0 (-CH>), 28.5 (d,
2Jep=15.8 Hz, 1C, PCH,CH>), 27.3 (d, 'Jcp = 136.8 Hz, 1C, PCH>), 26.2 (-CH>), 23.6 (-CH>), 20.1 (d,
3Jep = 4.1 Hz, PCH,CH,CH,), 10.6 (-CH3). *'P-NMR (243 MHz, DMSO-ds): § [ppm] = 27.2. HRMS
(ESI-QTOF) calculated for C23H20BrNsOsP [M+H]": 551.1053; found: 553.1038.

B-23) (4-(7-Benzyl-8-(2-bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-
3-yl)butyl)phosphonic acid: White solid; m.p. 126129 °C; 'H-NMR (600 MHz, DMSO-ds) & [ppm] =
7.55(, J=17.9 Hz, 1H), 7.32 (t, J=7.4 Hz, 2H), 7.29 — 7.25 (m, 3H), 7.17 — 7.10 (m, 3H), 5.50 (s,
2H), 4.59 (d, J=2.5Hz, 2H), 4.00 (t, J=7.2 Hz, 2H), 3.08 — 3.04 (m, 3H), 3.01 (dd, J=8.2, 5.8 Hz,
2H), 1.75 (p, J=7.4 Hz, 2H), 1.62 — 1.46 (m, 4H). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 153.6
(C8 or C4), 153.3 (C8 or C4), 149.8 (CO), 147.7 (CO), 139.2 (Carom), 136.4 (Carom), 132.5 (Carom), 130.9
(Carom), 128.8 (2C, Carom), 128.6 (Carom), 127.9 (Carom), 127.7 (Carom), 126.6 (2C, Carom), 123.7 (Carom),
106.0 (CS), 79.6 (Cpropargyl), 72.8 (Cpropargy), 47.2 (N7-CHy), 42.5 (N-CHz), 32.9 (N-CH>), 30.0 (-CH>),
28.5 (d, %Jcp=15.5Hz, 1C, PCH,CH>), 27.2 (d, 'Jep=137.1 Hz, 1C, PCH>), 26.3 (-CH,), 20.1 (d,
3Jcp = 4.2 Hz, PCH,CH,CH>). *'P-NMR (243 MHz, DMSO-ds): § [ppm] = 27.2. HRMS (ESI-QTOF)
calculated for Co7H2sBrN4OsP [M+H]": 599.1053; found: 5991051.

C-1) Diethyl (4-(8-(2-Methoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-
3-yl)butyl)phosphonate: White solid; m.p. 104-106 °C. 'H-NMR (500 MHz, DMSO-ds) & [ppm] =
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13.26 (s, 1H, N7-H), 7.18 (td, J= 7.8, 1.7 Hz, 1H, Huwom), 7.09 (dd, J= 7.5, 1.7 Hz, 1H, Haom), 6.96
(dd, J=8.3, 1.0 Hz, 1H, Hurom), 6.83 (td, J=7.4, 1.1 Hz, 1H, Hawom), 4.59 (d, J=2.5 Hz, 2H, N1-CH),
4.00 (t, J= 6.8 Hz, 2H, N3-CH>), 3.98 — 3.90 (m, 4H, POCH>), 3.78 (s, 3H, OCH3), 3.05 (t, J=2.4 Hz,
1H, Hpropargy1), 3.01 —2.91 (m, 4H, CH.CH>), 1.83 — 1.73 (m, 4H, CH,CH>), 1.48 (m, 2H, CH>), 1.19 (4,
J =17.0 Hz, 6H, POCH,CH3). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 157.1 (Carom-OCH3), 154.4
(C8), 152.9 (CO), 150.0 (CO), 148.1 (C4), 129.5 (Carom), 128.1 (Carom), 127.6 (Carom), 120.2 (Carom), 110.6
(Carom), 105.9 (C5), 79.7 (Cpropargyt)s 72-6 (Cpropareyt), 60.7 (d, Jc.p = 6.7 Hz, 1C, POCH,), 55.2 (OCH3),
42.4 (N3-CH>), 30.0 (N1-CH,), 28.4 (CH,), 28.3 (CH>), 28.2 (d, 2Jcr = 15.1 Hz, 1C, PCH,CH,), 24.1
(d, 'Jep=138.8 Hz, 1C, PCH>), 19.3 (d, *Jcp= 5.2 Hz, 1C, P(CH,),CH>), 16.2 (d, *Jcr= 5.6 Hz, 2C,
POCH,CHs). *'P-NMR (243 MHz, DMSO-ds) § [ppm] = 32.8. HRMS (ESI-QTOF) calculated for
C2sH33N406P [M+H]": 517.2210 ; found: 517.2213.

C-2) Diethyl (4-(8-(2-methoxyphenethyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-
3H-purin-3-yl)butyl)phosphonate: White solid; m.p. 124-146 °C. 'H-NMR (600 MHz, DMSO-ds) &
[ppm] = 7.20 (ddd, J=38.2,7.4, 1.7 Hz, 1H, Harom), 7.11 (dd, J=7.4, 1.7 Hz, 1H, Hawom), 6.95 (dd, J =
8.3, 1.1 Hz, 1H, Harom), 6.84 (td, J=7.3, 1.1 Hz, 1H, Harom), 4.57 (d, J=2.4 Hz, 2H, N1-CH>), 4.00 —
3.89 (m, 6H, N3-CHz, POCH>), 3.77 (s, 3H, OCHs), 3.70 (s, 3H, N7-CH3), 3.05 (t, J = 2.4 Hz, 1H,
Hpropargy1), 2.99 —2.92 (m, 4H, CH,CH>), 1.81 — 1.71 (m, 4H, CH,CH>), 1.51 — 1.42 (m, 2H, CH>), 1.18
(t, J=17.0 Hz, 6H, POCH,CH3). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 157.3 (Carom-OCH3), 154.5
(C8), 153.4 (CO), 150.0 (CO), 147.6 (C6), 130.0 (Carom), 128.1 (Carom), 128.0 (Carom), 120.4 (Carom), 110.8
(Carom), 106.4 (C5), 79.8 (Coproparey1)> 72.8 (Cpropareyt), 60.9 (d, Jcp = 6.4 Hz, 2C, POCH,) , 55.4 (OCH3),
42.3 (N3-CH,), 31.4 (N7-CH3), 30.0 (N1-CH,), 28.3 (d, %Jcp = 15.3 Hz, 1C, PCH,CH>), 28.0 (CHo),
26.6 (CHy), 24.2 (d, 'Jcp=138.9 Hz, 1C, PCH»), 19.4 (d, *Jcp= 4.7 Hz, 1C, P(CH,),.CH,), 16.4 (d,
3Jcp = 5.6 Hz, POCH,CH3). *'P-NMR (243 MHz, DMSO-ds) § [ppm] = [ppm] = 32.8. HRMS (ESI-
QTOF) calculated for CosH3sN4sO6P [M+H]": 531.2367; found: 531.2361.

C-3) Diethyl (4-(8-(3-bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-
yl)butyl)phosphonate: White solid; m.p. 133-135 °C. 'H-NMR (600 MHz, DMSO-d) & [ppm] = 13.28
(brs, 1H), 7.45 (s, 1H, Harom), 7.38 (d, J=7.8 Hz, 1H, Hawom), 7.23 (t, J=7.7 Hz, 1H, Harom), 7.20 (d,
J="1.7Hz, 1H, Harom), 4.59 (s, 2H, N1-CH>), 4.01 — 3.90 (m, 6H, N3-CH and 2 x OCH>), 3.05 (t, J=
2.4 Hz, 1H, Hypropargy1), 3.05 —2.95 (m, 4H, C8-CH>CH>), 1.82 — 1.74 (m, 4H, Haxy1), 1.52 — 1.42 (m, 2H,
Haiy1), 1.19 (t, J= 7.0 Hz, 6H, 2 x CH,CH3). *C-NMR (151 MHz, DMSO-de) & [ppm] = 153.7 (C8),
152.9 (CO), 150.0 (CO), 148.0 (C6), 143.3 (Carom), 131.1 (Carom), 130.4 (Carom), 129.0 (Carom), 127.4
(Carom) 121.6 (Carom), 106.0 (C5), 79.7 (Cproparey), 72.7 (Cproparey), 60.8 (d, *Jep = 6.6 Hz, POCH>), 42.4
(N3-CH>) , 32.7 (CH>), 30.1 (N1-CHa), 29.7 (CHa), 28.1 (d, *Jcp = 16.4 Hz, 1C, PCH.CHy), 24.1 (d,
Jep=139.2Hz, 1C, PCH,), 19.3 (d, *Jcp=5.0Hz, 1C, P(CH:),CH)), 16.2 (d, *Jep= 6.5 Hz,
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POCH,CHs). *'P-NMR (243 MHz, DMSO-ds) 5 [ppm] = 32.8. HRMS (ESI-QTOF) calculated for
Co4H30BrN4OsP [M+H]": 565.1210; found: 565.1226.

C-4) Diethyl (4-(8-(3-methylphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-
yl)butyl)phosphonate: White solid; m.p. 111-113 °C. 'H-NMR (600 MHz, DMSO-d;) & [ppm] = 13.31
(brs, 1H, N7-H), 7.15 (t, J= 7.5 Hz, 1H, Haom), 7.04 (s, 1H, Harom), 6.98 (t, J = 7.7 Hz, 2H, Harom),
4.59 (d, J=2.2 Hz, 2H, N1-CH), 4.02 — 3.98 (m, 2H, N3-CH>), 3.97 — 3.91 (m, 4H, 2 x OCH>), 3.06
(t, J=2.4 Hz, 1H, Hpropargy1), 2.98 (s, 4H, C8-CH,CHo), 2.26 (s, 3H, CaromCHs), 1.83 — 1.74 (m, 4H,
Haiy1), 1.53 — 1.43 (m, 2H, Haiy), 1.19 (t, J= 7.0 Hz, 6H, 2 x OCH,CH;). “C-NMR (151 MHz, DMSO-
ds) 6 [ppm] = 154.1 (C8), 152.9 (CO), 150.0 (CO), 148.1 (C4), 140.3 (Carom), 137.3 (Carom), 128.9 (Carom),
128.2 (Carom), 126.8 (Carom), 125.2 (Carom), 105.8 (C5), 79.7 (Cpropargyt), 72.7 (Cpropareyt), 60.8 (d, 2cp =
6.1 Hz, POCH>), 42.4 (N3-CH,), 33.2 (CH,), 30.0 (N1-CH,), 28.1 (d, %Jcp = 15.4 Hz, 1C, PCH,CH>),
24.1 (d, "Jep = 138.5 Hz, 1C, PCH>), 21.0 (CH»), 19.3 (d, *Jcp = 4.4 Hz, 1C, P(CH),.CH,), 16.3 (d,
3Jcp = 5.6 Hz, POCH,CH3).*'P-NMR (243 MHz, DMSO-ds) & [ppm] = 32.8. HRMS (ESI-QTOF) cal-
culated for C,sH33N4OsP [M+H]": 501.2261; found: 501.2262.

C-5) Diethyl (4-(7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-8-(3-(trifluoromethyl)phenethyl)-1,2,6,7-tet-
rahydro-3 H-purin-3-yl)butyl)phosphonate: white solid; m.p. 121-124 °C. '"H-NMR (600 MHz, DMSO-
ds) & [ppm] = 7.62 (t, J = 1.7 Hz, 1H, Hawom), 7.59 — 7.49 (m, 3H, Harom), 4.57 (d, J = 2.5 Hz, 2H,
N1-CHy), 3.99 — 3.88 (m, 6H, N3-CH,, POCH>), 3.76 (s, 3H, N7-CH3), 3.13 — 3.10 (m, 4H, CH,CH>),
3.05 (t, J=2.4 Hz, 1H, Hpropargy1), 1.81 — 1.69 (m, 4H, CH,CH>), 1.50 — 1.41 (m, 2H, CHy), 1.18 (t, J =
7.0 Hz, 6H, POCH,CH3). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 153.7 (C8), 153.3 (CO), 149.8
(CO), 147.3 (C6), 141.9 (Carom), 132.8 (Carom), 129.2 (Carom), 129.0 (q, *Jor = 32.1 Hz, 1C, Carom-CF3),
125.1 (q, *Jer = 3.9 Hz, 1C, Cuom), 124.3 (q, 'Jer = 272.3 Hz, 1C, CF3), 122.9 (q, *Jcr= 3.8 Hz, 1C,
Carom), 106.3 (C5), 79.6 (Cpropareyt)> 72.7 (Cpropareyt), 60.8 (d, *Jcp = 6.2 Hz, 2C, POCH>), 42.0 (N3-CH>),
32.0 (N7-CHs), 30.8 (N1-CHa), 29.9 (CHa), 28.1 (d, %Jcr = 16.5 Hz, 1C, PCH,CH>), 27.3 (CH,), 24.1
(d, 'Jep=137.8 Hz, 1C, PCH,), 19.2 (d, *Jcp=4.7Hz, 1C, P(CH,),CH»), 16.2 (d, *Jcp = 5.9 Hz,
POCH,CH3). *'P-NMR (243 MHz, DMSO-ds) § [ppm] = 32.8. HRMS (ESI-QTOF) calculated for
Ca6H33F3N4OsP [M+H]": 569.2135; found: 569.2103.

C-6) Diethyl (4-(8-(3-methoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-
yl)butyl)phosphonate: White solid; m.p. 135-137 °C; 'H-NMR (500 MHz, DMSO-d) & [ppm] = 13.29
(s, IH, N7-H), 7.18 (t, J= 7.8 Hz, 1H, Harom), 6.79 — 6.72 (m, 3H, Harom), 4.59 (d, J = 2.5 Hz, 2H,
NI1-CHy), 4.01 —3.98 (m, 2H, N3-CH3), 3.98 — 3.90 (m, 4H, POCH>), 3.71 (s, 3H, OCH3), 3.05 (t, J=
2.4 Hz, 1H, Hpropargy1), 3.00 (s, 4H, CH,CH>), 1.84 — 1.70 (m, 4H, CH,CH>), 1.54 — 1.40 (m, 2H, CH>),
1.19 (t, J= 7.0 Hz, 6H, POCH,CH3). *C-NMR (126 MHz, DMSO-ds) & [ppm] = 159.2 (Carom-OCH3),
154.0 (C8), 152.8 (CO), 150.0 (CO), 148.1 (C4), 142.0 (Carom), 129.3 (Carom), 120.4 (Carom), 113.9 (Carom),
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111.6 (Carom), 105.8 (C5), 79.7 (Cpropargyt)s 72.6 (Cpropargy1), 60.7 (d, Jep = 6.3 Hz, 1C, POCH,), 54.8
(OCH3), 42.4 (N3-CHy), 33.2 (CHa), 30.0 (N1-CHy), 29.9 (CH), 28.2 (d, *Jer=154Hz, 1C,
PCH,CH,), 24.1 (d, 'Jepr=138.9 Hz, 1C, PCH,), 19.3 (d, *Jcp=4.7 Hz, 1C, P(CH,),CH>), 16.2 (d,
3Jcp=15.7 Hz, 2C, POCH,CH;). *'P-NMR (243 MHz, DMSO-ds) & [ppm] = 32.8. HRMS (ESI-QTOF)
calculated for CosH33sN4OgP [M+H]": 517.2210; found: 517.2221.

C-7) Diethyl (4-(1-(cyclobutylmethyl)-8-(3-methoxyphenethyl)-2,6-dioxo-1,2,6,7-tetrahydro-3 H-pu-
rin-3-yl)butyl)phosphonate: White solid; m.p. 82-84 °C. 'H-NMR (600 MHz, DMSO-ds) § [ppm]
=13.17 (brs, 1H,N7-H), 7.17 (t, J=8.0 Hz, 1H, Harom), 6.77 — 6.72 (m, 3H, Harom), 3.97 (t, J=7.0 Hz,
2H, N1-CH>), 3.96 — 3.93 (m, 2H, N3-CH,), 3.93 — 3.91 (m, 4H, POCH>), 3.69 (s, 3H, OCHs), 2.99 —
2.95 (m, 4H, C8-CH.CH>), 2.66 — 2.58 (m, 1H, Hauy1), 1.91 — 1.85 (m, 2H, Hauy), 1.79 — 1.71 (m, 8H,
Haiy), 1.44 (dq, J=15.0, 8.2, 6.2 Hz, 2H, Hauy), 1.17 (t, J=7.0 Hz, 6H, Hay). *C-NMR (151 MHz,
DMSO-ds) § [ppm] = 159.4 (Carom-OCH3), 154.2 (C8), 153.7 (CO), 151.0 (CO), 147.9 (C4), 142.2
(Carom)s 129.5 (Carom)s 120.6 (Carom), 114.0 (Carom), 111.8 (Carom), 106.2 (CS5), 60.9 (d, *Jcp = 6.5 Hz,
POCH>), 55.0 (OCHs3), 45.1 (N3-CHa), 42.4 (Cai1), 34.2 (Caiyt), 33.5 (Cany), 30.1 (N1-CHy), 28.4 (d,
*Jep=16.4 Hz, 1C, PCH,CHy), 25.7 (2C, Ceyelobuyte), 24.3 (d, 'Jep = 138.6 Hz, 1C, PCH,), 19.4 (d,
3Jep=5.4Hz, 1C, P(CH2),CH,), 17.9 (Ceyelobuyyle), 16.4 (d, *Jep = 5.9 Hz, POCH,CH;). *'P-NMR (243
MHz, DMSO-ds) § [ppm] = 32.8. HRMS (ESI-QTOF) calculated for C27H3N4O6P [M+H]": 547.2680;
found: 547.2678.

C-8) Diethyl (4-(8-(3,4-dimethoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-pu-
rin-3-yl)butyl)phosphonate: White solid; m.p. n.d. '"H NMR (600 MHz, DMSO-d;) & 13.27 (s, 1H, N7-
H), 6.83 (d, J= 8.2 Hz, 1H, Huom), 6.78 (d, J = 2.0 Hz, 1H, Hurom), 6.69 (dd, J = 8.2, 2.0 Hz, 1H, Hurom),
4.59 (d, J= 2.5 Hz, 2H, N-CH>), 4.00 (t, J= 6.9 Hz, 2H, N-CH>), 3.97 — 3.91 (m, 4H, 2 x OCH,), 3.70
(s, 6H, 2 x OCH3), 3.06 (t, J = 2.4 Hz, 1H, Hproparey1), 2.99 — 2.93 (m, 4H, CH>-CH>), 1.82 — 1.74 (m, 4H,
Haiy), 1.52 — 1.44 (m, 2H, Haiy), 1.19 (t, J= 7.0 Hz, 6H, 2 x OCH,CH3). *C NMR (151 MHz, DMSO)
0 154.2 (Cxanthine), 152.8 (Cxanthine), 150.0 (Cxanthine), 148.6 (Cxanthine), 148.1 (Cxanthine), 147.2 (Cxanthine),
132.8 (Carom), 120.0 (Carom), 112.2 (Carom), 111.9 (Carom), 105.8 (C5), 79.7 (Cpropargyt), 72.6 (Cpropargyt), 60.8
(d, *Jep = 6.6 Hz, POCH>), 55.5 (2 x OCHs), 42.4 (Caiky1), 32.9 (Catiyt)> 30.3 (Caiyt), 30.0 (Caiyr), 28.2 (d,
2Jerp=16.1 Hz, 1C, PCH.CH,), 24.0 (d, 'Jcr=138.4 Hz, 1C, PCHy), 19.3 (d, *Jcp=4.8 Hz, 1C,
P(CH,),CH>), 16.2 (d, *Jcp = 5.6 Hz, POCH,CH3). *'P NMR (243 MHz, DMSO) & 32.8.

C-9) Diethyl (4-(1-ethyl-2,6-dioxo-8-(2-phenylcyclopropyl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)bu-
tyl)phosphonate: Off-white solid; m.p. 124-126 °C. "H NMR (600 MHz, DMSO-d): 5 [ppm] = 13.10
(s, 1H, N7-H), 7.31 — 7.26 (m, 2H, Harom), 7.21 — 7.16 (m, 3H, Harom), 3.99 —3.95 (m, 2H, N1-CH; or
N3-CHy), 3.95 — 3.87 (m, 6H, 2 x OCH; and N1-CH> or N3-CHy), 2.25 — 2.20 (m, 1H, CHcyctopropyle),
1.84 — 1.67 (m, SH, CHeyclopropyte and 2 x Haiyt), 1.62 — 1.54 (m, 1H, CHcyclopropyle), 1.48 — 1.37 (m, 2H,
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Haiy), 1.16 (td, J= 7.0, 2.7 Hz, 6H, 2 x OCH,CH3), 1.10 (t, J = 7.0 Hz, 3H, CH;). *C NMR (151 MHz,
DMSO): 6 [ppm] = 154.7 (Cxanthine), 153.5 (Cxanthine), 150.6 (Cxanthine), 148.1 (Cxanthine), 140.7 (Cxanthine),
128.6 (Carom), 126.3 (Carom), 125.9 (Carom), 106.1 (C5), 60.9 (d, %Jep = 6.1 Hz, POCH>), 42.2 (Caiy1), 35.7
(Caiiy), 28.3 (d, 2Jcp = 16.1 Hz, 1C, PCH,CHa), 27.1 (Ceyelopropyte), 24.1 (d, 'Jcp = 139.0 Hz, 1C, PCH,),
21.4 (Ceyclopropyte), 19.4 (d, *Jep=15.1 Hz, 1C, P(CH2),CH)), 17.5 (Ceyclopropyl), 16.4 (d, *Jep = 6.2 Hz,
POCH,CH3), 13.3 (CH3). *'P NMR (243 MHz, DMSO): § [ppm] =32.9. LC-MS: positive mode [m/z]=
490.2 ([M+H]"). ESI-MS purity: 93.5%.

C-10) Diethyl (4-(1-ethyl-2,6-dioxo-8-(phenoxymethyl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)butyl)phos-
phonate: Oft-white solid; m.p. n.d. '"HNMR (600 MHz, DMSO-ds) 6 13.80 (s, 1H, N7-H), 7.34 — 7.29
(m, 1H, Harom), 7.07 — 7.03 (m, 1H, Harom), 7.00 — 6.96 (m, 1H, Harom), 5.13 (s, 2H, C8-CH>), 4.00 (t, J =
6.9 Hz, 2H, N-CH2>), 3.98 —3.90 (m, 3H, Hpropargy1), 1.81 —1.73 (m, 4H, Hay1), 1.52 — 1.44 (m, 2H, Hay1),
1.18 (t,J= 7.0 Hz, 6H, 2 x OCH,CH3), 1.12 (t, J = 7.0 Hz, 3H, CH,CH3). *C NMR (151 MHz, DMSO)
0 157.7 (Cxanthine)> 153.9 (Cxanthine), 150.4 (Cxanthine), 148.6 (Cxanthine), 147.5 (Cxanthine), 129.5 (2C, Carom),
121.3 (Carom), 114.8 (2C, Carom), 62.7 (OCH>), 60.7 (2 x OCH>), 42.3 (Caiky1), 35.7 (Caiky1), 28.3 (Caiy1),
28.2 (d, %Jcp=15.6 Hz, 1C, PCH,CH,), 24.0 (d, 'Jcp = 140.0 Hz, 1C, PCH,), 19.3 (d, *Jcp = 4.8 Hz,
1C, P(CH,),CH»), 16.2 (d, *Jcp = 5.7 Hz, POCH,CH3), 13.1 (Caiy). *'P NMR (243 MHz, DMSO) &
32.8.

Synthesis of compounds class D (D-1) — D-3))

D-1) Ethyl hydrogen (4-(8-(2-bromophenethyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahy-
dro-3 H-purin-3-yl)butyl)phosphonate: White solid; m.p. n.d.; "H-NMR (600 MHz, DMSO-ds) & [ppm]
=7.60 (dd, J=7.9, 1.2 Hz, 1H, Hawom), 7.35 (dd, J=7.7, 1.8 Hz, 1H, Harom), 7.31 (td, J=7.4, 1.2 Hz,
1H, Harom), 7.20 — 7.14 (m, 1H, Hawom), 4.59 (d, J=2.5 Hz, 2H, N1-CH>), 3.97 (t, J= 7.0 Hz, 2H, N3-
CH»), 3.92 — 3.85 (m, 2H, POCH>), 3.74 (s, 3H, N7-CH3), 3.13 (t, J=7.2 Hz, 2H, -CH>), 3.09 — 3.04
(m, 3H, -CH; and Hpropargyt), 1.77 — 1.70 (m, 2H, -CH>), 1.65 (ddd, J=18.0, 9.3, 6.5 Hz, 2H, -CH>), 1.52
—1.41 (m, 2H, -CH), 1.18 (t, J= 7.0 Hz, 3H, POCH,CHj3). *C-NMR (151 MHz, DMSO-ds) & [ppm]
=153.5(C8 or C4), 153.3 (C8 or C4), 149.8 (CO), 147.4 (CO), 139.3 (Carom), 132.5 (Carom), 131.0 (Carom),
128.6 (Carom), 127.9 (Carom), 123.7 (Carom), 106.4 (CS), 79.6 (Cpropargy)s 72.7 (Cpropargyl), 59.8 (d,
*Jep= 6.2 Hz, 1C, POCH,CH3), 42.2 (N-CH>), 32.9 (N-CH,), 31.3 (N7-CH3), 29.9 (-CH,), 28.3 (d,
2Jep=15.8 Hz, 1C, PCH,CH,), 26.3 (-CHa), 25.4 (d, 'Jcp=138.2 Hz, 1C, PCH»), 19.6 (d, *Jcp =
4.4 Hz, PCH,CH,CH>), 16.4 (d, *Jcp = 6.1 Hz, POCH,CH3). *'P-NMR (243 MHz, DMSO) § [ppm] =
29.7.

D-2) Ethyl hydrogen (4-(8-(2-methoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-
purin-3-yl)butyl)phosphonate: White solid; m.p. 172-174 °C. '"H-NMR (600 MHz, DMSO-ds) & [ppm]
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=13.26 (br s, 1H, N7-H), 7.21 — 7.17 (m, 1H, Huwom), 7.16 — 7.13 (m, 1H, Hawom), 6.96 (d, J=8.2 Hz,
1H, Hurom), 6.84 (t, J=7.4 Hz, 1H, Haom), 4.58 (d, J=2.5Hz, 2H, N1-CH>), 4.17 (q, J=7.1 Hz, 2H,
POCH>), 3.96 (t, J= 7.1 Hz, 2H, N3-CH>), 3.77 (s, 3H, OCH3), 3.05 (t, J= 2.3 Hz, 1H, Hpropargyl), 2.96
(dt, J=11.4,5.7 Hz, 4H, C8-CH,CH, ), 1.73 (p, J=7.4 Hz, 2H, Haiy1), 1.59 — 1.52 (m, 2H, Huny),
1.51 — 1.45 (m, 2H, Haxy), 1.23 (t, J = 7.1 Hz, 3H, POCH,CH3). *C-NMR (151 MHz, DMSO-ds) &
[ppm] = 157.3 (Carom-OCH3), 153.8 (Cxanthine), 153.0 (Cxanthine); 150.0 (Cxanthine), 147.9 (Cxanthine), 130.1
(Carom), 128.1 (Carom), 128.0 (Carom), 120.4 (Carom), 110.8 (Carom), 105.6 (C5), 79.9 (Cproparey1), 72.9 (Cpro-
argyl), 554 (2C, POCH, and OCH3), 42.6 (N3-CH), 39.6 (POCH.), 30.1 (N1-CH»), 28.7 (d,
2Jep=16.5Hz, 1C, PCH,CH,), 28.6 (CH»), 27.4 (d, 'Jcp = 136.0 Hz, 1C, PCH,), 26.4 (CH»), 20.2 (d,
3Jep=4.2 Hz, 1C, PCH,CH,CH>), 16.0 (POCH,CH3).*'P-NMR (243 MHz, DMSO-ds) & [ppm] = 27.1.
HRMS (ESI-QTOF) calculated for C23H30N4OP [M+H]": 489.1903; found: 489.1904.

D-3) Ethyl hydrogen (4-(8-(3-methoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-
purin-3-yl)butyl)phosphonate: White solid; m.p. 118-120 °C. '"H-NMR (600 MHz, DMSO-ds) & [ppm]
=7.19 (t, J=7.8 Hz, 1H, Harom), 6.85 — 6.82 (m, 2H, Harom), 6.76 (dd, J=8.2, 2.3 Hz, 1H, Harom), 4.60
(d, J=2.2 Hz, 2H, N1-CH,), 4.18 (q, J= 7.1 Hz, 4H, POCH>), 4.00 (t, J="7.1 Hz, 2H, N3-CH>), 3.71
(s, 3H, OCHs), 3.10 — 3.08 (m, 1H, Hpropargy1), 3.08 —3.06 (m, 2H, C8-CH>), 3.02 (t, J= 7.4 Hz, 2H, C8-
CH,CH»), 1.79 — 1.73 (m, 2H, Hawy), 1.62 — 1.55 (m, 2H, Haiy), 1.51 (dq, J=15.5, 8.6, 7.3 Hz, 2H,
Haiyi), 1.20 (t, J = 7.1 Hz, 3H, CH,CH;). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 159.8 (Carom-
OCHz), 153.9 (Cxanthine), 153.3 (Cxanthine), 150.3 (Cxanthine), 148.2 (Cxanthine), 142.5 (Carom), 129.8 (Carom),
121.2 (Carom), 114.6 (Carom), 112.2 (Carom), 105.9 (C5), 80.2 (Cpropargy1); 73-2 (Cpropargy1), 55.4 (OCH3), 42.9
(N3-CH>), 39.6 (POCH>), 33.5 (CH,), 30.4 (N1-CHa), 29.0 (d, *Jcp=15.4 Hz, 1C, PCH,CH,), 28.0
(CHa), 27.7 (d, 'Je = 135 Hz, 1C, PCH>), 20.5 (d, *Jcp = 4.7 Hz, 1C, PCH,CH,CH>), 16.3 (POCH,CH3).
3'P-NMR (243 MHz, DMSO-ds) § [ppm] =27.2. HRMS (ESI-QTOF) calculated for Ca;H30N4OsP
[M+H]": 489.1903; found: 489.1905.

E-1) 4-(8-(2-Bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)butane-
1-sulfonic acid: '"H NMR (500 MHz, DMSO-ds) & 7.58 (d, J = 7.9 Hz, 1H, Hurom), 7.31 — 7.29 (m, 2H,
Harom), 7.15 (dt, J= 8.0, 4.5 Hz, 1H, Harom), 4.60 (d, J= 2.5 Hz, 2H, CH>), 3.97 (t, /= 7.2 Hz, 2H, CH>),
3.19-3.10 (m, 2H, CHy), 3.07 —3.00 (m, 3H, CH2and Hpropargyt), 1.80 — 1.69 (m, 2H, Haiy1), 1.64 — 1.54
(m, 2H, Haiy1). *C NMR (126 MHz, DMSO) & 153.3 (Cxanthine), 152.9 (Cxanthine), 149.9 (Cxanthine), 147.9
(Cxanthine), 139.3 (Carom), 132.5 (Carom), 130.7 (Carom), 128.4 (Carom), 127.9 (Carom), 123.7 (Carom), 106.0
(C5), 79.7 (Cpropargyt), 72.7 (Cpropargyl), S1.1 (Caiyt), 43.0 (Cais1), 33.5 (Caiky1), 30.0 (Caiy1), 28.3 (Caiyl),
26.9 (Cay1), 22.2 (Caiky1).

E-2) 4-(1-Ethyl-8-(3-methoxyphenethyl)-2,6-dioxo-1,2,6,7-tetrahydro-3 H-purin-3-yl)butane-1-sul-
fonic acid: White solid; m.p. 179-181 °C. "H-NMR (600 MHz, DMSO-ds) & [ppm] = 7.17 (t, J=17.8
Hz, 1H, Harom), 6.81 — 6.77 (m, 2H, Harom), 6.74 (dd, J=18.2,2.5 Hz, 1H, Harom), 3.95 (t, J=7.1 Hz, 2H,
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N1-CH,), 3.91 (q, J= 7.0 Hz, 2H, N3-CH>), 3.71 (s, 3H, OCH3), 3.02 — 2.96 (m, 4H, CH,CH>), 2.49 —
2.44 (m, 2H, CHy), 1.78 — 1.67 (m, 2H, CH>), 1.58 (q, J=7.7, 7.1 Hz, 2H, CHy), 1.11 (t, J=7.0 Hz,
3H, CH;). ®C-NMR (151 MHz, DMSO-ds) & [ppm] = 159.4 (Carom-OCH3), 153.8 (C8), 153.6 (CO),
150.5 (CO), 147.7 (C6), 142.2 (Carom)s 129.5 (Carom), 120.7 (Carom), 114.0 (Carom), 111.8 (Carom), 106.4
(C5), 55.0 (OCH3), 51.3 (CH2SOsH), 43.0 (N3-CH>), 35.8 (CHz), 33.5 (CH>), 30.1 (CHz), 27.2 (CHy),
22.5 (CHy), 13.4 (CH3). HRMS (ESI-QTOF) calculated for CaoH27N4O6S [M+H]": 451.1646; found:
451.1639.

E-3) 4-(8-(3-Methoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)bu-
tane-1-sulfonic acid: White solid; m.p. 175177 °C. '"H-NMR (500 MHz, DMSO-ds) & [ppm] = 7.20 —
7.15 (m, 1H, Harom), 6.81 — 6.76 (m, 2H, Harom), 6.76 — 6.72 (m, 1H, Harom), 4.60 (d, J = 2.5 Hz, 2H,
NI1-CHy), 3.97 (t, J=7.2 Hz, 2H, N3-CH>), 3.71 (s, 3H, OCH3), 3.04 (t, J=2.4 Hz, 1H, Hpropargy1), 3.02
—2.99 (m, 4H, CH>CH>), 2.50 — 2.48 (m, 2H, CH»), 1.78 — 1.68 (m, 2H, CH>), 1.64 — 1.54 (m, 2H, CH>).
BC-NMR (126 MHz, DMSO-ds) & [ppm] = 159.4 (Carom-OCH3), 154.1 (C8), 153.0 (CO), 150.1 (CO),
148.1 (C6), 142.2 (Carom), 129.5 (Carom), 120.7 (Carom), 114.0 (Carom), 111.8 (Carom), 106.0 (C5), 79.9
(Coropargy1)s 72.8 (Copropargyt), 55.0 (OCH3), 51.2 (CH>SO;H), 43.2 (N3-CHy), 33.4 (CH>), 30.2 (CHy), 30.1
(CHy), 27.1 (CHp), 22.4 (CH,). HRMS (ESI-QTOF) calculated for C,1HxsN4OeS [M+H]": 561.1489;
found: 461.1482.

F-1) 4-(8-(2-Bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)butane-
1-sulfonamide: White solid; m.p. 216-219 °C; 'H-NMR (500 MHz, DMSO-ds) & [ppm] = 7.59 (d, J=
7.9 Hz, 1H, Harom), 7.31 — 7.28 (m, 2H, Harom), 7.19 — 7.13 (m, 1H, Harom), 6.72 (s, 2H, NH>), 4.60 (d, J
=2.5 Hz, 2H, N-CH>), 4.00 (t, /= 7.0 Hz, 2H, N-CH3), 3.15 (dd, J=38.5, 6.7 Hz, 2H, CH>), 3.09 — 2.97
(m, 5H, Hproparey, CHa), 1.85 — 1.75 (m, 2H, CH>), 1.76 — 1.65 (m, 2H, CH,). "C-NMR (126 MHz,
DMSO-ds) & [ppm] = 153.7 (C8 or C4), 153.1 (C8 or C4), 150.2 (CO), 148.2 (CO), 139.5 (Carom), 132.6
(Carom), 130.8 (Carom), 128.6 (Carom), 128.0 (Carom), 123.8 (Carom), 106.3 (CS5), 79.9 (Cpropargyt), 72.8 (Cpro-
pargyl), 94.1 (CHb»), 42.6 (CH>), 33.7 (CH>), 30.2 (CHy), 28.5 (CH>), 26.4 (CH>), 20.9 (CH>).

G-1) 5-(8-(2-Methoxyphenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)pen-
tanoic acid: White solid; m.p. 196-198 °C; 'H-NMR (500 MHz, DMSO-ds) & [ppm] = 7.18 (td, J= 7.9,
1.8 Hz, 1H, Harom), 7.08 (dd, J=7.4, 1.7 Hz, 1H, Hawom), 6.95 (dd, J= 8.3, 1.1 Hz, 1H, Harom), 6.82 (td,
J=7.4,1.1 Hz, 1H, Harom), 4.59 (d, J=2.5 Hz, 2H, N1-CH>), 3.98 (t, J= 7.1 Hz, 2H, N3-CH>), 3.04
(t, J=2.4 Hz, 1H, Hpropargy1), 3.01 —2.90 (m, 4H, CH,CHy), 2.26 (t, J=7.3 Hz, 2H, CH»), 1.75 — 1.63
(m, 2H, CH>), 1.56 — 1.45 (m, 2H, CH,). "C-NMR (126 MHz, DMSO-ds) & [ppm] = 174.2 (COOH),
157.1 (C8), 154.3 (CO), 152.8 (CO), 150.0 (C6), 148.0 (Carom), 129.6 (Carom), 128.1 (Carom), 127.6 (Carom),
120.2 (Carom), 110.6 (Carom), 105.9 (C5), 79.8 (Cpropargyt), 72.6 (Cpropargyt), 55.2 (OCHs), 42.6 (N3-CH,),
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33.2 (CH»), 30.0 (CH»), 28.4 (CHy), 28.3 (CH>), 27.0 (CH»), 21.6 (CH>). HRMS (ESI-QTOF) calculated
for C2oHasN4Os [M+H]": 425.1819; found: 425.1830.

G-2) 5-(1-(Cyclobutylmethyl)-2,6-dioxo-8-(3-(trifluoromethyl)phenethyl)-1,2,6,7-tetrahydro-3 H-pu-
rin-3-yl)pentanoic acid: Off-white solid; m.p. 210-212 °C. '"H-NMR (600 MHz, DMSO-ds) & [ppm]
=13.04 (br s, I1H, COOH), 7.48 —7.52 (m, 4H, Harom), 3.97 — 3.89 (m, 4H, N1-CH,, N3-CH>), 3.11 (t,
J=7.6 Hz, 2H, CH»), 3.02 (t, J= 7.5 Hz, 2H, CH>»), 2.62 (m, 1H, N1-CH,CH), 2.23 (t, J=7.4 Hz, 2H,
Haiy1), 1.88 (td, J = 8.0, 7.4, 3.4 Hz, 2H, Hay), 1.73 — 1.77 (m, 6H, Haiy1), 1.65 (p, J = 7.3 Hz, 2H,
Haiy), 1.47 (p, J= 7.5 Hz, 2H, Haiy). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 174.4 (COOH), 154.2
(C8), 153.3 (CO), 151.0 (CO), 147.8 (C6), 142.1 (Carom), 132.7 (Carom), 129.4 (Carom), 129.1 (q,
2Jer=131.5 Hz, 1C, Carom-CF3), 124.4 (q, 'Jcr =275 Hz, 1C, CF3), 125.1 (q, *Jcr= 4.0 Hz, 1C, Carom),
123.0 (q, Jcr=4.1 Hz, 1C, Carom), 106.3 (C5), 45.1 (N1-CH>), 42.6 (N3-CH>), 34.2 (Caiy1), 33.3 (Caixy1),
33.0 (Caky), 29.8 (Cay), 27.1 (Caiy), 25.7 (2C, Ceyelobutyte), 21.6 (Caiy), 17.9 (Cay1). HRMS (ESI-
QTOF) calculated for C24H»7F3N4O4 [M+H]": 493.2057; found: 493.2077.

H-1) 3-(8-(3-Methoxyphenethyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-
3-yl)propyl dihydrogen phosphate: White solid; Yield 60%; "H-NMR (600 MHz, DMSO-ds) § [ppm] =
7.18 (t, J = 7.8 Hz, 1H, Harom), 6.87 — 6.60 (m, 3H, Harom), 4.57 (d, J = 2.5 Hz, 2H, N1-CH>), 4.12 - 3.95
(m, 2H, N3-CH>), 3.88 (s, 3H, N8-CH3), 3.71 (m, 5SH, OCH>, OCH3), 3.08 — 2.98 (m, 4H, C8aiy1), 2.97
(m, 1H, Hpropargyt), 1.96 (m, 2H, Hauy)). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 159.46 (Carom-
OCH3), 154.32 (C8), 153.42 (C6), 149.95 (C2), 147.40 (C4), 142.13 (Carom) 129.50 (Carom), 120.86
(Carom), 114.17 (CS5), 111.97 (Carom), 106.48 (Carom), 79.83 (Cpropargy), 72.89 (Cpropargyt), 63.29 (N7-CHs),
55.09 (OCH3), 32.93 (N1-CH3), 31.46 (N2-CH3), 30.06, 28.89, 27.92 (Caiyis). >'P-NMR (243 MHz,
DMSO-de) & [ppm] = 0.01. (HRMS (ESI-QTOF) calculated for C21H2sN4O7P [M+H]": 499.1359; found:
499.1353).

H-2) 3-(8-(3-Methoxyphenethyl)-7-methyl-2,6-dioxo- 1 -propyl-1,2,6,7-tetrahydro-3 H-purin-3-yl)pro-
pyl dihydrogen phosphate: White solid; Yield 64%; 'H-NMR (600 MHz, DMSO-ds) & [ppm] = 7.17 (t,
J =8.0 Hz, 1H, Harom), 6.84 — 6.78 (m, 2H, Harom), 6.79 — 6.53 (m, 1H, Harom), 4.03 (t, J = 7.3 Hz, 2H,
N1-CHy), 3.86 (q, J = 6.6 Hz, 2H, N3-CH>), 3.84 (s, 3H, N§-CH3), 3.70-386 (m, SH, Haiy, OCH3), 3.02
(m, 2H, Haiy1), 2.95-2.94 (m, 2H, Haixy1), 1.95-1.93 (m, 2H Haxy1), 1.54 (m, 2H, Hay), 0.84 (1, J = 7.4
Hz, 3H, CH;). ®C-NMR (151 MHz, DMSO-ds) § [ppm] = 159.77 (Carom-OCH3), 154.70 (C8), 154.15
(Co), 150.82 (C2), 147.42 (C4), 142.51 (C5), 129.80, 121.17, 114.46, 112.27, 106.92 (Carom), 63.51 (N7-
CHs), 55.39 (OCHs3), 42.31, 33.26, 31.68, 29.27, 28.22, 21.28, 11.64 (Caxy). *'P-NMR (243 MHz,
DMSO-ds) & [ppm] 0.22. (HRMS (ESI-QTOF) calculated for C21H2oN4O7P [M+Na]": 503.1672; found:
503.1666).
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H-3) (E)-3-(8-(3-Methoxystyryl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)pro-

pyl dihydrogen phosphate: White solid; Yield 41%; 'H-NMR (600 MHz, DMSO-ds) § [ppm] = 13.77
(br s, NH), 7.65 (d, J = 16.4 Hz, 1H, CH=CH), 7.32-7.30 (m, 1H, Harom), 7.22 — 7.16 (m, 2H, Harom,
CH=CH), 7.12 (d, J=16.4 Hz, 1H, CH=CH), 6.96 — 6.90 (m, 1H, Harom), 4.61 (d, J=2.5 Hz, 2H, N1-
CH,), 4.14 —4.08 (m, 2H, N3-CH>), 3.92 (q, J = 6.7 Hz, 2H, OCH2>), 3.80 (s, 3H, OCH3), 3.09 (t, J=2.4
Hz, 1H, Hpropargyt), 2.02 (p, J = 6.8 Hz, 2H, Haiyi). *C-NMR (151 MHz, DMSO-ds) § [ppm] = 159.84
(Carom), 153.06 (C8), 150.20 (C6), 136.98 (C2), 135.68 (C4), 130.15 (C=C), 130.10 (C=C), 119.86
(Carom), 116.25 (Carom), 115.36 (Carom), 112.18 (Carom), 79.84 (Cpropargyt), 73.00 (Cpropargyt), 63.43 (OCHo),
51.23 (OCH>), 30.36, 28.90 (Caiky). *'P-NMR (243 MHz, DMSO-ds) § [ppm] 0.03. HRMS (ESI-QTOF)
calculated for C20H21N4O7P [M+H]": 461.1226; found: 461.1221).

H-4) (E)-3-(2,6-Dioxo-1-propyl-8-styryl-1,2,6,7-tetrahydro-3H-purin-3-yl)propyl dihydrogen phos-
phate: White solid; Yield 61%; "H NMR (500 MHz, DMSO-de) & 13.56 (s, 1H, 7-NH), 7.82 — 7.56 (m,
3H, Harom, CH=C-), 7.38 (dt, J=31.0, 7.3 Hz, 3H, Harom), 7.04 (d, J=16.4 Hz, 1H, C=CH), 4.13 — 4.04
(m, 2H, N1CH>), 3.91 (q, J= 6.7 Hz, 2H, N3CH>), 3.87 —3.81 (m, 2H, OCH>), 2.01 (p, J = 6.7 Hz, 2H,
Haiy1), 1.66 — 1.35 (m, 2H, Haiy), 0.86 (t, J = 7.4 Hz, 3H, CH3). >C NMR (126 MHz, DMSO-ds) &
154.02 (C8), 150.76 (C6), 149.62 (C2), 148.27 (C4), 135.56 (C=C), 135.36 (C=C), 129.23 (C5), 129.10
(Carom), 127.27 (Carom), 115.93 (Carom), 107.42 (Carom), 63.38 (OCH>), 40.23 (N1aiy1), 28.95 23 (N3aiky),
28.89, 20.98, 11.33 (Caiy1). *'P-NMR (243 MHz, DMSO-ds) § [ppm] 0.03. HRMS (ESI-QTOF) calcu-
lated for C19H23N4O6P [M+H]": 457.1253; found: 457.1247).

H-5) (E)-3-(7-Methyl-2,6-dioxo-1-propyl-8-styryl-1,2,6,7-tetrahydro-3 H-purin-3-yl)propyl dihydrogen
phosphate: White solid; 42%; 'H NMR (600 MHz, DMSO-ds) § 7.71 (d, J= 7.5 Hz, 2H, Harom), 7.58 (d,
J=15.7 Hz, 1H, CH=CH), 7.40 — 7.30 (m, 3H, Harom), 7.23 (d, J=15.7 Hz, 1H, CH=CH), 4.05 (t, J =
7.5 Hz, 2H, N1-CH>), 3.97 (s, 3H, N-CH3), 3.85 (q, J = 6.6 Hz, 2H, N3-CH>), 3.73 (d, ] = 2.5 Hz, 2H,
OCH,), 1.97-1.95 (m, 2H, Hay1), 1.51-1.49 (m, 2H), 0.82 (t, J= 7.4 Hz, 3H, CH3). *C NMR (126 MHz,
DMSO0-ds) 6 154.02, (C8) 150.76 (C6), 149.62 (C2), 148.27 (C4), 135.56 (CH=CH), 135.36 (CH=CH),
129.23 (C5), 129.10, 127.27, 115.93, 107.40 (Carom), 63.38 (N-CH3), 63.34, (OCH>) 28.95, 28.89, 20.98,
11.33 (Caiy). *'P-NMR (243 MHz, DMSO-ds) § [ppm] 0.68. HRMS (ESI-QTOF) calculated for
CaoH2sN4O6P [M+Na]": 471.1409; found: 471.1404).

H-6) (E)-3-(8-(3-Methoxystyryl)-7-methyl-2,6-dioxo- 1 -propyl-1,2,6,7-tetrahydro-3 H-purin-3-yl)pro-
pyl dihydrogen phosphate: White solid; Yield 52%; 'H-NMR (600 MHz, DMSO-ds) & [ppm] = 'H NMR
(600 MHz, DMSO-dy) 6 7.63 (d, J=15.1 Hz, 1H, CH=CH), 7.34-7.31 (m, 4H, Harom, CH=CH), 7.00 —
6.88 (m, 1H, Harom), 4.12-4.11 (m, 2H, N1-CH>), 4.03 (s, 3H, N7-CHz), 3.91.3.90 (m, 2H, N3CH>), 3.81
(s, 3H, OCH3), 2.02-2.00 (m, 2H, Hay1), 1.56-1.55 (m, 2H, Haiy), 0.86 (t, J = 7.5 Hz, 3H, CH3).
BC-NMR (151 MHz, DMSO-ds) & [ppm] = 159.81 (Carom), 154.36 (C8), 150.59 (C6), 149.80 (C2),
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147.78 (C4), 137.13 (C =C), 136.87 (C =C), 129.95 (C5), 120.42 (Carom), 115.37 (Carom), 113.24 (Carom),
112.64 (Carom), 107.56 (Carom), 63.44 (N-CH3), 55.39 (OCH3), 31.61, 20.98, 11.35 (Caiy1). 'P-NMR (243
MHz, DMSO-ds) & [ppm] 0.02. HRMS (ESI-QTOF) calculated for C,iH2;N4O7P [M+Na]™: 501.1515;
found: 501.1510).

H-7) (E)-3-(1-Ethyl-8-(3-methoxystyryl)-2,6-dioxo-1,2,6,7-tetrahydro-3H-purin-3-yl)propyl dihydro-
gen phosphate: White solid; Yield 46%; 'H-NMR (600 MHz, DMSO-d;) & [ppm] = '"H NMR (600 MHz,
DMSO-ds) 6 7.64 (d, J=15.7 Hz, 1H, CH=CH), 7.40 — 7.36 (m, 2H, Harom), 7.35 — 7.29 (m, 2H, Harom,
CH=CH), 6.93 (d, J= 7.7, 1H, Harom), 4.14 — 4.06 (m, 2H, N1CH>), 3.91-390 (m, 4H, N3-CH», OCH.),
3.81 (s, 3H, OCH3), 2.02-2.01 (m, 2H, Haky), 1.12 (t, J = 7.0 Hz, 3H, CH;). "C-NMR (151 MHz,
DMSO-ds) & [ppm] = 159.82 (Carom), 154.17 (C8), 150.40 (C6), 149.81 (C2), 137.14 (C4), 136.90
(C=0), 129.95 (C=C), 120.43 (C5), 115.40 (Carom), 113.28 (Carom), 112.63 (Carom), 107.62 (Carom), 63.46
(OCH,), 55.42 (OCH3), 35.72, 31.65, 13.31 (Caiy1). *'P-NMR (243 MHz, DMSO-ds) § [ppm] 0.20.
HRMS (ESI-QTOF) calculated for C19H23N4O7P [M+Na]'": 473.1202; found: 473.1197).

H-8) 3-(8-(3-Methoxybenzyl)-2,6-dioxo-1-propyl-1,2,6,7-tetrahydro-3 H-purin-3-yl)propyl dihydrogen
phosphate: White solid; Yield 46%; '"H NMR (600 MHz, DMSO-ds) 6 7.12 (d, J= 8.1 Hz, 2H, Harom),
6.84 (d, J= 8.1 Hz, 2H, Hawom), 4.08 (s, 2H, C8CH>), 4.01 (t, J= 7.5 Hz, 2H, N1-CH>), 3.73 (s, N7-CH3),
3.67-3.62 (m, 7H, N3-CH,, OCH3, OCH>), 1.59 — 1.38 (m, 2H, Hawy), 1.13 (t, J = 7.1 Hz, 2H, CH>),
0.80 (t,J=7.5 Hz, 3H, CH3). *C NMR (151 MHz, DMSO) & 158.18 (Carom), 154.39 (C8), 153.08 (C6),
150.41 (C2), 147.14 (C4), 129.56 (C8), 127.81 (Carom), 114.23 (Carom), 106.91 (C5), 55.14 (OCH2),
45.59 (OCH3), 31.75 (N7-CH3), 31.37, 20.91, 11.29 (Caikyis). >'P-NMR (243 MHz, DMSO-ds) & [ppm]
0.08. HRMS (ESI-QTOF) calculated for C20H27N4O7P [M+Na]": 489.1515; found489.1510).

H-9): 3-(8-(4-Chlorobenzyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-
yl)propyl dihydrogen phosphate: White solid; Yield 51%; "H-NMR (600 MHz, DMSO-ds) & [ppm] =
7.35 (d, J=8.0 Hz, 2H, Harom), 7.30 (d, J = 8.3 Hz, 2H, Harom), 4.55 (s, 3H, N7-CH3), 4.02 (t, J=7.4
Hz, 2H, N1-CH2 ), 3.83-382 (m, 2H, N3-CH>), 3.03 (t, J = 2.4 Hz, 1H, Hpopargy1), 1.93-192 (m, 2H,
Haiy1). *C-NMR (151 MHz, DMSO-ds) § [ppm] = 153.19 (C8), 152.54 (C6), 150.09 (C2), 148. 21
(C4), 136.02 (Carom), 131.54 02 (Carom), 130.59 02 (Carom), 128.63 (Carom), 79.83 (Chpropargyt), 72.82 (Cpro-
pargyl), 62.76 (OCH>), 33.65 (N7-CH3), 30.22, 28.95, 28.94 (Caiy). *'P-NMR (243 MHz, DMSO-ds) &
[ppm] 0.37. HRMS (ESI-QTOF) calculated for CisH;sCIN4OP [M+H]": 475.0550; found: 475.0545.

J-1):  (E)-(4-(8-(3-Methoxystyryl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-purin-3-yl)bu-
tyl)phosphonic acid: White solid; Yield 58; '"H-NMR (600 MHz, DMSO-ds) § [ppm] = 12.0 (s, 1H, NH),
7.62 (d, 1H, Hyiny), 7.29-7.33 (m, 1H), 7.15-7.24 (m, 2H), 7.07 (d, J = 16.35 Hz, 1H, Huiny1), 6.93 (m,
1H, Harom), 4.60 (d, J = 2.4 Hz, Cpropargy), 4.02 (t, J = 6.62, 7.14 Hz, 2H, NCH>), 3.80 (d, J = 8.20, 3H,
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OCHj3), 3.07 (t, J = 2.40, 1H, Hpropargy1), 1.79 (m, 2H, PCH>), 1.59 (m, 2H), 1.53 (m, 2H). *C-NMR (151
MHz, DMSO-ds) & [ppm] = 159.8, 153.0, 150.1, 150.0, 148.7, 136.9, 135.7, 130.1, 119.8, 116.2, 115.4,
112.1,107.1, 79.8, 72.9, 55.3, 43.0, 30.3, 28.8, 28.0, 26.9, 20.3, 20.2. *'P-NMR (243 MHz, DMSO-ds) &
[ppm] 27.17.

J-2): (4-(8-Cyclopentyl-2,6-dioxo-1-propyl-1,2,6,7-tetrahydro-3 H-purin-3-yl)butyl)phosphonic acid:
White solid; Yield 13%; 'H-NMR (600 MHz, DMSO-ds) & [ppm] = 13.07 (br s, 1H, 7-NH), 3.95 (t, J =
7.1 Hz, 2H, N1-CH>»), 3.81 (d, J = 6.3 Hz, 2H, N3-CH>), 3.12 (m, 1H, Heyclopenty1), 2.03 — 1.89 (m, 2H,
Haiy1), 1.83 — 1.64 (m, 6H, Haiky1, Heyclopentyt), 1.53-1.51 (m, 8H, Haiy1, Heyetopenty1), 0.84 (t, J = 7.4 Hz, 3H,
CH;). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 158.02 (C8), 154.00 (C6), 150.76 (C2), 147.83 (C4),
106.23 (C5), 42.56 (N1-CHy), 42.12 (N3-CHy), 32.08 (Ccyclopenty), 28.81, 28.00, 27.09, 25.19, 20.99,
20.21, 11.31 (C-alkyl, Ceylopentyl). °'P-NMR (243 MHz, DMSO-d;) & [ppm] 29.21. HRMS (ESI-QTOF):
n.d.

J-3) (4-(2,6-Dioxo-8-phenyl-1-propyl-1,2,6,7-tetrahydro-3 H-purin-3-yl)butyl)phosphonic acid: White
solid; Yield 17%; "H-NMR (600 MHz, DMSO-ds) & [ppm] = "H NMR (600 MHz, DMSO-d;) & 13.82
(brs, 1H, 7-H), 8.25 — 7.86 (m, 2H, Harom), 7.50-7.48 (m, 3H, Harom), 4.23 —3.99 (m, 2H, N1-CH>), 3.92
—3.79 (m, 2H, N3-CH), 1.96 — 1.75 (m, 2H, Hauy1), 1.63 — 1.47 (m, 6H, Haxy1)), 1.08 — 0.70 (m, 3H,
CH3). ®C-NMR (151 MHz, DMSO-ds) & [ppm] = *C NMR (151 MHz, DMSO-ds) & 154.22 (C8),
150.78 (C6), 150.06 (C2), 148.40 (C4), 130.37 (C5), 129.09, 126.65, 107.91 (Carom), 28.80, 27.88, 26.98,
21.00, 20.21, 11.34 (Caiy1). *'P-NMR (243 MHz, DMSO-ds) & [ppm] 27.21. HRMS (ESI-QTOF) calcu-
lated for C1sH23N4OsP [M+Na]™: 429.1304; found: 429.1298).

The potency of the xanthine derivatives was determined at the human wild-type MRGPRX4 (Table 1)
and, in addition, at its rare variant L83S (containing a single point mutation, see Table 2), in B-arrestin
recruitment as well as calcium mobilization assays. For -arrestin recruitment assays, recombinant Chi-
nese hamster ovary (CHO) cells expressing the human wildtype MRGPRX4 were used (DiscoverX/Eu-
rofins) which allowed to measure -galactosidase complementation upon B-arrestin recruitment. For
calcium mobilization assays, recombinant CHO cells expressing the wildtype MRGPXR, or LN229 gli-
oblastoma cells natively expressing the MRGPRX4 L83S mutant were used.

The assays were performed as previously described for other rhodopsin-like GPCRs (Miiller, C.E.; 8-
Benzamidochromen-4-one-2-carboxylic acids: potent and selective agonists for the orphan G protein-
coupled receptor GPR35. J. Med. Chem. 2013, 56:5182-97; Miiller, C.E. Molecular Recognition of Ag-
onists and Antagonists by the Nucleotide-Activated G Protein-Coupled P2Y 2 Receptor. J. Med. Chem.
2017, 60:8425-8440).
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Table 1. Potency of selected compounds in activating the human MRGPRX4

UBNOOO5(EP)

B-arrestin assay
(CHO B-arrestin

ARMS1-ProLink™ 2

Calcium assay
(human MRGPRX4

human MRGPRX4 wild type)
wild type)
ECso £ SEM | Emax® (%) ICs50 £ SEM | ECs50 2 SEM | Emax® (%) ICs0 £ SEM
(uM)? (uM)2© (uM)? (uM)2©
A-1) >10 n.d. >10 >10 n.d. >10
B-1) >10 n.d. >10 3.25+0.61 110 n.d.
B-2) 5.71+1.23 91 n.d. 0.435 + 102 n.d.
0.078
B-3) 7.94 +1.45 89 n.d. 0.601 + 110 n.d.
0.103
B-4) 214 +0.85 103 n.d. 0.0808 + 100 n.d.
0.0168
B-5) 15.2 £ 0.52 99 n.d. 0.492 + 91 n.d.
0.038
B-6) 11.9+1.8 114 n.d. 0.267 + 99 n.d.
0.066
B-7) 3.12+1.20 103 n.d. 0.397 + 108 n.d.
0.032
B-8) 0.243 + 98 n.d. 0.0227 + 114 n.d.
0.045 0.0072
B-9) 1.26 £ 0.27 107 n.d. 0.0552 + 107 n.d.
0.00170
B-10) 145124 100 n.d. 0.425 + 113 n.d.
0.187
B-11) >10 n.d. 50.5+ 1.4 28.0+3.3 100 n.d.
B-12) >10 n.d. >10(-27+ | 3.80+0.19 104 n.d.
9)

B-13) 48.3 + 14.1 96 n.d. 1.60 £+ 0.46 94 n.d.
B-14) >10 n.d. >10 (3 ¢ 9.45 + 3.23 99 n.d.
15)

B-15) 6.28 + 1.38 141 n.d. 0.333 + 113 n.d.

0.007

B-16) 0.370 + 100 n.d. 0.0324 + 100 n.d.
0.050 0.0056

B-17) 0.169 + 114 n.d. 0.00223 + 109 n.d.
0.060 0.00013

B-18) 0.0935 + 132 n.d. 0.00635 + 112 n.d.
0.0054 0.00167

B-19) 0.0259 + 144 n.d. 0.00426 + 115 n.d.
0.0079 0.00056

B-20) 0.0329 + 124 n.d. 0.00186 + 103 n.d.
0.0075 0.00045

B-21) 0.0898 + 163 n.d. 0.00202 + 109 n.d.
0.0209 0.00062
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B-22) 0.208 + 176 n.d. 0.0178 + 119 n.d.
0.049 0.0062
B-23) 0.0599 + 164 n.d. 0.00503 + 103 n.d.
0.0128 0.00159
C-1) >10 n.d. >10 >10 n.d. >10
C-2) >10 n.d. >10 >10 n.d. >10
C-3) >10 n.d. >10 >10 n.d. >10
C-4) >10 n.d. >10 >10 n.d. >10
C-5) >10 n.d. >10 >10 n.d. >10
C-6) >10 n.d. >10 >10 n.d. >10
C-7) >10 n.d. >10 >10 n.d. >10
C-8) >10 n.d. >10 >10 n.d. >10
C-9) >10 n.d. >10 >10 n.d. >10
C-10) >10 n.d. >10 >10 n.d. >10
D-1) 0.395 + 108 n.d. 0.0555 + 115 n.d.
0.126 0.0090
D-2) 0.113 122 n.d. 3.32 + 0.61 103 n.d.
0.033
D-3) 0.407 + 112 n.d. 0.0363 + 114 n.d.
0.71 0.0018
E-1) >10 n.d. >10 >10 n.d. >10
E-2) >10 n.d. >10 >10 n.d. >10
E-3) >10 n.d. >10 >10 n.d. >10
F-1) >10 n.d. >10 >10 n.d. >10
G-1) >10 n.d. >10 >10 n.d. >10
G-2) >10 n.d. >10 >10 n.d. >10
H-1) 13.0+4.1 97 n.d. 0.574 + 107 n.d.
0.179
H-2) >10 n.d. >10 2.50 £ 0.73 113 n.d.
H-3) >10 n.d. >10 >10 n.d. >10
H-4) n.d. n.d. n.d. n.d. n.d. n.d.
H-5) n.d. n.d. n.d. n.d. n.d. n.d.
H-6) n.d. n.d. n.d. n.d. n.d. n.d.
H-7) n.d. n.d. n.d. n.d. n.d. n.d.
H-8) n.d. n.d. n.d. n.d. n.d. n.d.
H-9) n.d. n.d. n.d. n.d. n.d. n.d.
H-10) n.d. n.d. n.d. n.d. n.d. n.d.
J-1) >10 n.d. inhibition >10 n.d. inhibition
J-2) >10 n.d. >10 >50 n.d. >50
J-3) >10 n.d. >10 >10 n.d. >10

*The results represent means of 3-4 independent experiments.

PEfficacies are based on the maximal effect of 100 nM B-16 (set as 100%).

‘Inhibition of the effect of 2.6 pM B-16 (corresponding to its ECsg value)
4Efficacy based on the maximal effect of 1 uM B-16 (set as 100%).
“Inhibition of the effect of 100 nM B-16 (corresponding to its ECs value)
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UBNOOO5(EP)

Table 2. Effects of compounds on MRGPRX4 natural variant receptor L83S determined in [3-arrestin
recruitment and calcium mobilization assays.

B-arrestin assay (CHO B-arrestin hu- Calcium assay
man MRGPRX4 (human glioblastoma LN229 cells ex-
natural variant L83S) pressing the MPGPRX4 natural variant
L83S)
ECso + SEM Emax® ICs0 £ SEM ICso (%)
. ECso + SEM
(HM)? (%) (M) (M)? Emax (%)
A-1) n.d. n.d. >10 >10
B-1) 0.399 + 0.134 +
0.115 84 n.d. 0.017 92 n.d.
B-2) 0.0320 + 0.0112 +
0.0110 % n.d. 0.0013 % n.d.
B-3) 0.0339 + 0.0631 +
0.0051 93 n.d. 0.0186 118 n.d.
B-4) 0.00324 + 0.00469 +
0.00116 10 nd 0.00158 109 nd
B-5) 0.0343 + 0.0181 +
0.0076 103 n.d. 0.0015 96 n.d.
B-6) 0.0205 + 0.0382 +
0.0024 100 n.d. 0.0109 150 n.d.
B-7) 0.00894 + 0.0103 +
0.00138 101 n.d. 0.0013 132 n.d.
B-8) 0.00315 +
0.00082 143 n.d. n.d. n.d. n.d.
B-9) 0.00345 +
0.00028 116 n.d. n.d. n.d. n.d.
B-10) 0.0714 + 0.0306 + 82
0.0193 87 nd 0.0031 nd
B-11) n.d. n.d. 9.72 +1.05 n.d. n.d. n.d.
B-12) 0.214 +
1.19 £ 0.05 102 n.d. 0.051 94 n.d.
B-13) 0.0689 + 0.0599 +
0.0170 93 n.d. 0.0107 91 n.d.
B-14) 0.735 + 0.500 +
0.131 81 n.d. 0.113 74 n.d.
B-15) 0.0300 + 0.0192 +
0.0058 140 n.d. 0.0035 132 n.d.
B-16) 0.00228 + 0.00317 +
0.00016 100 n.d. 0.00060 137 n.d.
B-18) 0.000296 + 0.000501 +
0.000033 128 nd 0.000076 108 nd
C-1) >10 n.d. n.d. n.d. n.d. n.d.
C-2) >10 n.d. n.d. n.d. n.d. n.d.
C-3) >10 n.d. n.d. n.d. n.d. n.d.
C-4) >10 n.d. n.d. n.d. n.d. n.d.
C-5) >10 n.d. n.d. n.d. n.d. n.d.
C-6) >10 n.d. n.d. n.d. n.d. n.d.
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C-7) >10 n.d. n.d. n.d. n.d. n.d.
C-8) >10 n.d. n.d. n.d. n.d. n.d.
C-9) >10 n.d. n.d. n.d. n.d. n.d.
C-10) >10 n.d. n.d. n.d. n.d. n.d.
D-1) 0114 + 0.134 +

0.023 120 n.d. 0.012 105 n.d.
D-2) 0.000493 +

0.000104 141 n.d. n.d n.d n.d
D-3) 0.00580 + 0.00265 +
0.00141 110 n.d. 0.00072 111 n.d.

E-1) >10 n.d. n.d. n.d. n.d. n.d.
E-2) >10 n.d. n.d. n.d. n.d. n.d.
E-3) >10 n.d. n.d. n.d. n.d. n.d.
F-1) >10 n.d. n.d. n.d n.d. n.d.
G-1) >10 n.d. n.d. n.d n.d. n.d.
G-2) >10 n.d. n.d. n.d n.d. n.d.
H-1) 0.374 + 0.238 +

0111 86 n.d. 0.011 98 n.d.
H-2) 0.674 + 0.801 +

0.050 n.d. n.d. 0.233 88 n.d.
H-3) >10 n.d. n.d. >10 n.d. >10
J-1) 0.200 + 0.0116 +

0.059 65 nd 0.0013 nd
J-2) 6.36 + 1.63 76 n.d. >10 4.45 + 0.68
J-3) >10 >10 >10 >10

*The results represent means of 3-4 independent experiments.

PEfficacy based on 100 nM B-16 (set as 100%)

‘Inhibition of the effect of 6 nM B-16 (corresponding to its ECso value) or of 500 nM H-1 (corresponding to its ECgo
value).

dEfficacy based on 30 uM H-1 (set as 100%)

‘Inhibition of 1 uM H-1 (corresponding to its ECs).

200



57 UBNO0005(EP)

Patent claims:

L.

A compound according to general Formula 1

0

}w
R1
NN N
)\ | />~R8
0 N N
L

wherein

R1  represents -H, -Ci.ip-alkyl, -Ci.10-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.io-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl;

R3  represents -Ci.i0-alkyl-P(=0)(OCi.i0-alkyl), -Ci.10-alkyl-P(=0)(OH)(OC.10-alkyl), -Ci-10-
alkyl-S(=0)2(OH), -Ci.i0-alkyl-S(=0)2(NH,), -Ci.i10-alkyl-C(=0)(OH), or -Ci.i¢-alkyl-
P(=0)(OH)y;

R7  represents -H, -Cj.io-alkyl, -Ci.10-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl; and

R8  represents -H, -Ci.io-alkyl, -Ci.10-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -Ci.jp-alkyl-aryl, -Ci.jo-alkyl-O-aryl, -Cs.¢-cycloalkyl-aryl, -Cs.¢-
cycloalkyl-heteroaryl, -Ci.jp-alkyl-heteroaryl, or -Ci.ip-alkyl-O-heteroaryl;

wherein in each case "Cj.jo-alkyl" may be linear or branched, unless expressly stated otherwise
saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from -
C=CH, -C(=0)OH, -C(=0)O-Ci.ip-alkyl, -OH, -O-Cj.jo-alkyl, -NH», -NH-Cj.jo-alkyl, -N(Ci-1o-
alkyl), -N3, -F, -Cl, -Br, and -I;

wherein in each case "Cs.jo-cycloalkyl" may be linear or branched, unless expressly stated other-
wise saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from
-C=CH, -C(=0)OH, -C(=0)0O-C¢-alkyl, -OH, -O-Ci.jp-alkyl, -NH,, -NH-C.jp-alkyl, -N(Ci-10-
alkyl),, -N3, -F, -Cl, -Br, and -I;

wherein in each case "aryl" is a 6-14-membered aryl moiety which may be unsubstituted, mono-
or disubstituted with a substituent independently selected from -C=CH, -CF3, -CCls, -CBr3, -Cl3,
-C(=0)OH, -C(=0)0-Ci.10-alkyl, -OH, -O-Cj.1¢-alkyl, -NH», -NH-C}.10-alkyl, -N(Ci.10-alkyl),, -
Ns, -F, -Cl, -Br, and -I;
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wherein in each case "heteroaryl" is a 5-14-membered heteroaryl moiety which may be unsubsti-
tuted, mono- or disubstituted with a substituent independently selected from -C=CH, -CF3, -CCls,
-CBr3, -Cl3, -C(=0O)OH, -C(=0)0O-C\.jp-alkyl, -OH, -O-Ci.jp-alkyl, -NHz, -NH-C;.jo-alkyl, -N(C;.
10-alkyl)s, -Ns, -F, -Cl, -Br, and -I;

or a physiologically acceptable salt thereof;

with the proviso that the compound is not a compound selected from the group consisting of

H
N
///)N\)iN/ \
51) o7 N

OMe

compounds J-1 to J-3:

J-2)

J-3)

P<
HO 1 "OH
)

The compound according to claim 1, wherein

(1)  R3 represents -Ci.j0-alkyl-P(=O)(OH), and R8 represents -Cs.¢-cycloalkyl-aryl, -Cs.¢-cy-
cloalkyl-heteroaryl, -Ci.10-alkyl-aryl or -Ci.jo-alkyl-heteroaryl (wherein in case of -C»-al-
kyl-aryl, the alkyl-moiety is saturated);
and wherein in each case R1 and R7 independently from one another are selected from -H,
-Ci.0-alkyl, -Ci10-alkyl-Cs.i0-cycloalkyl, -Ci.10-alkyl-aryl, and -Ci.10-alkyl-heteroaryl; or

wherein

(i)  R3represents -Ci.jo-alkyl-P(=0)(OC.19-alkyl).; or
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R3 represents -Ci.10-alkyl-P(=O)(OH)(OC:;-10-alkyl); or
R3 represents -Ci.10-alkyl-S(=0)»(OH); or

R3 represents -Ci.i0-alkyl-S(=0)»(NH>); or

R3 represents -Ci.i0-alkyl-C(=O)(OH);

and wherein in each case R1, R7, and R8 independently from one another are selected from
-H, -Ci.0-alkyl, -Ci.10-alkyl-Cs.j0-cycloalkyl, -Cj.jo-alkyl-aryl, -C.jo-alkyl-heteroaryl, -Cs.
10-cycloalkyl, -Cj-jo-alkyl-O-aryl, and -Cj.jo-alkyl-O-heteroaryl.

3. The compound according to claim 1 or 2, wherein

R1

R7

RS

represents -Ci.jo-alkyl, optionally substituted with -C=CH; or -C.jo-alkyl-Cs.io-cycloalkyl;
preferably -C,s-alkyl, optionally substituted with -C=CH; or -Cs-alkyl-Cs.-cycloalkyl;
more preferably -CH,CHj3, -CH,CH>CH3, -CH>C=CH, or -CH,-cyclobuty];

and/or

represents -Cs.s-alkyl-P(=0)(OH),; -Cs.s-alkyl-O-P(=0)(OH),; -Cjs-alkyl-P(=0)(OCi-
alkyl),;  -Cs.s-alkyl-P(=0)(OH)(OC¢-alkyl);  -Css-alkyl-S(=0)>(OH);  -Css-alkyl-
S(=0)2(NH>); or -Cs.s-alkyl-C(=O)(OH);

preferably -Cs_s-alkyl-P(=O)(OH)a;

more preferably -Cys-alkyl-P(=0)(OH)s;

and/or

represents -H; -Ci_jo-alkyl, optionally substituted with -OH; -Cj.jo-alkyl-Cs.io-cycloalkyl;
or -Cy.jo-alkyl-aryl;
preferably -H; -Ci_¢-alkyl, optionally substituted with -OH; -C¢-alkyl-Cs.¢-cycloalkyl; or
-Cre-alkyl-aryl;
more preferably -H, -CH3, -CH,CH3, -CH,CH,-OH, -CH,CH>CH3s, -CH»-cyclopropyl, or
-CH»-phenyl;

and/or

represents -Cs.jo-cycloalkyl, -Ci.10-alkyl-Cs.10-cycloalkyl, -aryl, -Ci.i0-alkyl-aryl, -Cs¢-cy-
cloalkyl-aryl, or -Ci.j0-alkyl-O-aryl;
preferably -phenyl, optionally substituted with -F, -Br, -Cl, -CH3, -CF3, -OCH3; -CHo-
phenyl, optionally substituted with -F, -Br, -Cl, -CH3, -CF3, -OCH3; -CH>CH»-phenyl,
optionally substituted with one or two substituents independently of one another selected
from -F, -Br, -Cl, -CHj3, -CF3, -OCH3s; -CH=CH-phenyl, optionally substituted with -F, -
Br, -Cl, -CHs, -CF3, -OCH3; -CH»-O-phenyl, optionally substituted with -F, -Br, -Cl, -
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CHs, -CF3, -OCH3s; -cyclopropyl-phenyl, optionally substituted with -F, -Br, -Cl, -CHj3, -
CF3, -OCHs; or -Cs.s-cycloalkyl;

more preferably -phenyl, optionally substituted with -OCH3; -CH,-phenyl, optionally
substituted with -Cl; -CH,CH»-phenyl, optionally substituted with one or two substituents
independently of one another selected from -F, -Br, -Cl, -CH3, -CF3, -OCH3s; -CH=CH-
phenyl, optionally substituted with -OCH3; -CH-O-phenyl; -cyclopropyl-phenyl; or -cy-
clopentyl.

The compound according to any of the preceding claims,
wherein

(1)  R3 represents -Ci¢-alkyl-P(=O)(OH), and R8 represents -Cs.s-cycloalkyl-phenyl or -Ci.4-
alkyl-phenyl (wherein in case of -Cz-alkyl-phenyl, the alkyl-moiety is saturated);

and wherein in each case R1 and R7 independently from one another are selected from -H,

-Crs-alkyl, -Ci6-alkyl-Cs.¢-cycloalkyl, -Cj.¢-alkyl-aryl, and -C;.s-alkyl-heteroaryl; or
wherein
(i)  R3represents -Cis-alkyl-P(=0)(OCi.-alkyl); or

R3 represents -C.6-alkyl-P(=0)(OH)(OC.¢-alkyl); or

R3 represents -Cj.6-alkyl-S(=0)2(OH); or

R3 represents -Cj.6-alkyl-S(=0)2(NH>); or

R3 represents -Ci.6-alkyl-C(=0)(OH);

and wherein in each case R1, R7, and R8 independently from one another are selected from
-H, -Cs-alkyl, -Cj.6-alkyl-Cs.6-cycloalkyl, -C;.s-alkyl-aryl, -C;.¢-alkyl-heteroaryl, -Cs.¢-cy-
cloalkyl, -C;.6-O-aryl, and -C,.-O-heteroaryl;

wherein in each case "Ci¢-alkyl" may be linear or branched, unless expressly stated otherwise
saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from -
C=CH, -C(=0)OH, -C(=0)O-Cj.jp-alkyl, -OH, -O-Ci.jp-alkyl, -NH>, -NH-C_jp-alkyl, -N(Ci-10-
alkyl), -N3, -F, -Cl, -Br, and -I;

wherein in each case "Cs.¢-cycloalkyl" may be linear or branched, unless expressly stated other-
wise saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from
-C=CH, -C(=0)OH, -C(=0)O-Ci¢-alkyl, -OH, -O-Cy.1p-alkyl, -NH», -NH-Cj.10-alkyl, -N(C1.10-
alkyl), -N3, -F, -Cl, -Br, and -I;

or a physiologically acceptable salt thereof.
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The compound according to any of the preceding claims,
wherein

(1)  R3represents -Cs-alkyl-P(=O0)(OH), and R8 represents -Cs-cycloalkyl-aryl or -C;-alkyl-
phenyl (wherein in case of -Cz-alkyl-phenyl, the alkyl-moiety is saturated);

and wherein in each case R1 and R7 are independently from one another are selected from

-H, -Ci¢-alkyl, -C;s-alkyl-Cs.s-cycloalkyl, -C;.s-alkyl-aryl, and -C.-alkyl-heteroaryl; or
wherein
(i)  R3 represents -Cs-alkyl-P(=0)(OC.¢-alkyl),; or

R3 represents -Cs-alkyl-P(=0)(OH)(OC¢-alkyl); or

R3 represents -Cs-alkyl-S(=0),(OH); or

R3 represents -Cs-alkyl-S(=0),(NH>); or

R3 represents -Cs-alkyl-C(=O)(OH);

and wherein in each case R1, R7, and R8 independently from one another are selected from
-H, -Cis-alkyl, -Cj.s-alkyl-Cs.6-cycloalkyl, -C;.s-alkyl-aryl, -C;.¢-alkyl-heteroaryl, -Cs.¢-cy-
cloalkyl, -C;.-O-aryl, and -C,.-O-heteroaryl;
wherein in each case "Ci¢-alkyl" may be linear or branched, unless expressly stated otherwise
saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from -
C=CH, -C(=0)OH, -C(=0)O-Cj.jp-alkyl, -OH, -O-Ci.jp-alkyl, -NH», -NH-C_jp-alkyl, -N(Ci-10-
alkyl), -N3, -F, -Cl, -Br, and -I;
wherein in each case "Cs.¢-cycloalkyl" may be linear or branched, unless expressly stated other-
wise saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from
-C=CH, -C(=0)OH, -C(=0)O-Ci¢-alkyl, -OH, -O-Cy.ip-alkyl, -NH», -NH-Cj.1p-alkyl, -N(C1.10-
alkyl), -N3, -F, -Cl, -Br, and -I;

or a physiologically acceptable salt thereof.

The compound according any of the preceding claims,
wherein

(1)  R3 represents -CH,CH>CH,CH,-P(=O)(OH), and R8 represents -cyclopropyl-aryl, -CH»-
phenyl or -CH.CH:-phenyl (wherein in case of -CH,CH-phenyl, the ethyl-moiety is satu-
rated);

and wherein in each case R1 and R7 independently from one another are selected from -H,

-Crs-alkyl, -Ci6-alkyl-Cs.¢-cycloalkyl, -Cj.¢-alkyl-aryl, and -C;.-alkyl-heteroaryl; or
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wherein
(i)  R3represents -CH,CH>CH,CH,-P(=0)(OC.6-alkyl); or
R3 represents -CH,CH>CH,CH,-P(=0)(OH)(OC,.¢-alkyl); or
R3 represents -CH,CH>CH,CH,-S(=0)>(OH); or
R3 represents -CH,CH>CH,CH,-S(=0)>(NH>); or
R3 represents -CH,CH>CH,CH,-C(=0)(OH);

and wherein in each case R1, R7, and R8 independently from one another are selected from
-H, -Cs-alkyl, -Cj.6-alkyl-Cs.6-cycloalkyl, -C;.s-alkyl-aryl, -C;.¢-alkyl-heteroaryl, -Cs.¢-cy-
cloalkyl, -C;.-O-aryl, and -C,.-O-heteroaryl;

wherein in each case "Ci¢-alkyl" may be linear or branched, unless expressly stated otherwise
saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from -
C=CH, -C(=0)OH, -C(=0)O-Cj.jp-alkyl, -OH, -O-Ci.jp-alkyl, -NH2, -NH-C_jp-alkyl, -N(Ci-10-
alkyl), -N3, -F, -Cl, -Br, and -I;

wherein in each case "Cs.¢-cycloalkyl" may be linear or branched, unless expressly stated other-
wise saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from
-C=CH, -C(=0)OH, -C(=0)O-Ci¢-alkyl, -OH, -O-Cy.io-alkyl, -NH», -NH-Cj.10-alkyl, -N(C1.10-
alkyl), -N3, -F, -Cl, -Br, and -I;

or a physiologically acceptable salt thereof.

The compound according any of the preceding claims which is selected from compounds

(I) B-1to B-23 and the physiologically acceptable salts thereof:

o

B-1)
Ho™ [ oH

0
o]
N
///\)N\sz/
N
B-2) 0~ 'N
OMe

/P\
HO™ 1 "OH
0O
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B-3)

B-4)

Br

B-5)

B-6)

B-7)

B-8)

Br

207

UBNOOO5(EP)



64

(0]
H
N
7 N
/2\ )
i
B-9)
Cl
O=P-OH
OH
(0]
N
=z )N\ !
N OMe
B-10) o N
MeO
P<
HO” 1i"OH
(0]
N
/////q‘\ )
N OMe
B-11) o N
OMe
P<
HO” [1™OH
SN N
PN |
N
B-12) o- N
OMe
P«
HO(IDIOH
(0]
H
D/\N N
)\ |
07N N
B-13)
OMe
_P<
HO™ ) "OH
(0]
H
N N
A A
F
B-14) o~ N
_P<
HO” 1 "OH
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/)N\JIN
N
B-15) o N
OMe
HO/E\OH
0
N
N
///)\ﬁ
B-16) o N
CF;
HO/E\OH
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N
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N
B-17) o N
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T
N
Z V1
0~ "N” N
B-18)
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HO\E/OH
o
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N
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B-19) o N
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Ho\ﬁ/OH
o
OH
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N
P
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o
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Y
B-21) > NH_@

N
P
B-22) o7 "N N

Z V0
B-23) o7 "NT N

and

(II)  C-1to C-10 and the physiologically acceptable salts thereof:

(0]
H
///\N)k/[’\‘/
L)
C-1)
MeO

/P\
EtO” 1 "OEt
O
2
N
N
/\)\)‘ji /
N
C-2) o
MeO
/P\
EtO (')' OEt
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C-3)

O
.
N
H) Br

/P\
EtO" ! OEt

C-4)

(@]
:
N

EtO—IID:O

C-5)

OEt
T
N
0o N~ N
o}

EtO” ﬁ\o Et

Fa

C-6)

0
0
N
0” N~ N
OMe

P<
EtO" I "OEt

C-7)

0
0
H
D/\N N
)\I/
o N~ N
OMe

P<
EtO" Il 'OEt

C-8)

0
0
§
=" "N
/)\m
0” N N OMe
’/H OMe

P~
EtO" ' OEt
O
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C-9)

0
H
/\N N
A |,
0o~ "N~ N

P<
EtO™ Il 'OEt
O

C-10)

@)
H
S N

Po
EtO™ ' "OEt
®)

and

(IIT) D-1 to D-3 and the physiologically acceptable salts thereof:

?
/ji‘\ﬁ@
N
D-1) 0~ "N
Br
EtO” 1 "OH
0 H
/iﬁN/
N
D-2) 0~ "N
MeO
EtO/c'P')\OH
0 H
///\)N\Jt[N/
N
D-3) 07 "N
OMe
EtO/(IP)I\OH

and

(IV) E-1 to E-3 and the physiologically acceptable salts thereof:
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E-1)

E-2)

E-3)

OCH;

and

(V)  F-1 and the physiologically acceptable salts thereof:

F-1)

0=8=0
NH,

and

(VI) G-1 and G-2 and the physiologically acceptable salts thereof:

G-1)

HsCO
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G-2)

The compound according to any of the preceding claims for use as a medicament.

The compound according to any of claims 1 to 7 for use in the prevention or treatment of a con-
dition, disease or disorder that is associated with the MRGPRX4 receptor, preferably associated
with the wildtype of the MRGPRX4 receptor.

A compound according to general Formula 1

0

;Z?
R1
NN N
)\ | />—R8
o) N N
L

wherein

R1  represents -H, -Ci.ip-alkyl, -Ci.10-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl;

R3  represents -Ci.10-alkyl-P(=0)(OCi.i0-alkyl), -Ci.10-alkyl-P(=0)(OH)(OC.10-alkyl), -Ci.10-
alkyl-S(=0)2(OH), -Ci.i0-alkyl-S(=0)2(NH,), -Ci.i0-alkyl-C(=0)(OH), or -Ci.i¢-alkyl-
P(=0)(OH)y;

R7  represents -H, -Cj.ip-alkyl, -Ci.10-alkyl-Cs.jo-cycloalkyl, -Ci.jo-alkyl-aryl, -Ci.jo-alkyl-het-
eroaryl, -Cs.io-cycloalkyl, -C-jo-alkyl-O-aryl, or -Ci.jp-alkyl-O-heteroaryl; and

R8  represents -H, -Ci.i0-alkyl, -Ci.10-alkyl-Cs.10-cycloalkyl, -Ci.i0-alkyl-aryl, -Ci.0-alkyl-het-
eroaryl, -Cs.jo-cycloalkyl, -Ci.i0-alkyl-aryl, -Ci.10-alkyl-O-aryl, -Cs.6-cycloalkyl-aryl, -Cs.¢-
cycloalkyl-heteroaryl, -Ci.jp-alkyl-heteroaryl, or -Ci.jp-alkyl-O-heteroaryl;

wherein in each case "Cj.jo-alkyl" may be linear or branched, unless expressly stated otherwise

saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from -

C=CH, -C(=0)OH, -C(=0)O-Ci.10-alkyl, -OH, -O-Ci.j0-alkyl, -NH,, -NH-C.jp-alkyl, -N(Ci.10-

alkyl),, -N3, -F, -Cl, -Br, and -I;
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wherein in each case "Cj.jo-cycloalkyl" may be linear or branched, unless expressly stated other-
wise saturated or unsaturated, unsubstituted or monosubstituted with a substituent selected from
-C=CH, -C(=0)OH, -C(=0)O-Ci¢-alkyl, -OH, -O-Cy.ip-alkyl, -NH», -NH-Cj.10-alkyl, -N(C1.10-
alkyl), -N3, -F, -Cl, -Br, and -I;

wherein in each case "aryl" is a 6-14-membered aryl moiety which may be unsubstituted, mono-
or disubstituted with a substituent independently selected from -C=CH, -CF3, -CCls, -CBr3, -Cl3,
-C(=0)OH, -C(=0)0O-Ci.10-alkyl, -OH, -O-Cj.10-alkyl, -NH», -NH-C}.10-alkyl, -N(Ci.10-alkyl),, -
N3, -F, -Cl, -Br, and -I;

wherein in each case "heteroaryl" is a 5-14-membered heteroaryl moiety which may be unsubsti-
tuted, mono- or disubstituted with a substituent independently selected from -C=CH, -CF3, -CCls,
-CBr3, -Cls, -C(=0)OH, -C(=0)0O-C\.jp-alkyl, -OH, -O-Ci.jp-alkyl, -NHz, -NH-C.jo-alkyl, -N(C;.
10-alkyl)s, -Ns, -F, -Cl, -Br, and -I;

or a physiologically acceptable salt thereof,

for use in the prevention or treatment of a condition, disease or disorder that is associated with the

MRGPRX4 receptor, preferably associated with the wildtype of the MRGPRX4 receptor.

11.

12.

The compound for use according to claim 10, wherein the compound is according to any of claims

2to7.

The compound according to claim 10, wherein
(iii)) R3 represents -Ci.jp-alkyl-P(=O)(OH), and R8 represents -Cs.¢-cycloalkyl, -aryl, -het-
eroaryl, -Cj.ip-alkyl-aryl, or -Cj.jp-alkyl-heteroaryl (wherein in case of -C,-alkyl-aryl, the

alkyl-moiety is unsaturated);

and wherein in each case R1 and R7 independently from one another are selected from -H,

-Ci-10-alkyl, -Ci-10-alkyl-Cs.1o-cycloalkyl, -Ci.ip-alkyl-aryl, and -Ci.i0-alkyl-heteroaryl; or
wherein
(iv) R3represents -Ci.10-alkyl-OH; or

R3 represents -Ci.10-alkyl-O-C(=0)Ci-10-alkyl;

and wherein in each case R1, R7, and R8 independently from one another are selected from
-H, -Ci.0-alkyl, -Ci.10-alkyl-Cs.j0-cycloalkyl, -Cj.jo-alkyl-aryl, -C.jo-alkyl-heteroaryl, -Cs.
10-cycloalkyl, -Cj.jo-alkyl-O-aryl, and -Cj.jo-alkyl-O-heteroaryl;

for use in the prevention or treatment of a condition, disease or disorder that is associated with

the MRGPRX4 receptor, preferably associated with the wildtype of the MRGPRX4 receptor.
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13.

14.

15.

72

UBNOOO5(EP)

The compound for use according to any of claims 10 or 11, which is selected from compounds

(VII) J-1 to J-3 and the physiologically acceptable salts thereof:

J-1)

OMe

J-2)

Ho™ [ oH

J-3)

O
o)
H
YO
o~ "N~ N

P<
HO™ 1L "OH
S

The compound for use according to any of claims 8 to 13, wherein the disease or disorder that is

associated with the MRGPRX4 receptor, preferably associated with the wildtype of the

MRGPRX4 receptor, is selected from

- open wounds; preferably selected from the group consisting of incisions or incised wounds,

lacerations, abrasions (grazes), avulsions, puncture wounds, penetration wounds and gunshot

wounds; and

- closed wounds; preferably selected from the group consisting of hematomas and crash injuries;

and

- painful states, itching, neuropathic pain, chronic pain.

The compound for use according to any of claims 8 to 14, wherein the compound is administered

topically and/or locally.
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73 UBNO005(EP)

Abstract:

The invention relates to MRGPRX4 receptor agonists and antagonists useful for treating, alleviating
and/or preventing diseases and disorders related to MRGPRX4 receptor function as well as pharmaceu-
tical compositions comprising such compounds and methods for preparing such compounds. The inven-
tion is further directed to the use of these compounds, alone or in combination with other therapeutic
agents, for alleviating, preventing and/or treating diseases and disorders, especially the use as wound

healing medicaments and for the treatment of chronic pain and itch.
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6. Homology Modeling and Docking Studies of the MRGX4 receptor

6.1 Homology model of the human MRGPRX4

To elucidate the binding modes of the newly synthesized xanthine derivatives which act as
agonists for the human MRGPRX4 and their interactions with the receptor, a homology model
of the human MRGPRX4 was generated using Modeller9.16 (see Figure 1).!2 Among the
different available crystal structures of GPCRs, the same o-branch of the class A family and
activation of pathway (Gg) justified the selection of the P2Y| receptor as template for generating
the homology model of the receptor. From the available two crystal structures of P2Y| receptor,
the high resolution (2.2 A) receptor in complex with the antagonist 1-(2-(2-(tert-
butyl)phenoxy)pyridin-3-yl)-3-(4-(trifluoromethoxy)phenyl)urea (BPTU, PDB 4XNV) was
selected.’ The sequence of the human MRGPRX4 and P2Y, receptor was aligned using
EMBOSS Needle.* The gaps in the transmembrane and loop regions were adjusted on the basis
of motifs identified for GPCRs.’ The manual alignment was necessary for improving the quality
of the homology models. The final sequence alignment between both receptors is depicted in
Figure 2. Among the 500 generated models, the best model was selected on the basis of Discrete
Optimized Protein Energy (DOPE) score and visual inspection of the receptor. The selected
homology model was verified using the Ramachandran plot assessment called RAMPAGE
(Figure 3). The number of residues in the favored region was 223 (84.5%) and in the allowed

region 35 (13.3%). There were 6 residues in the outlier region (2.3%).°
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Figure 1: Homology model of MRGPRX4. The homology model of the human MRGPRX4 based on
the P2Y crystal structure (PDB 4XNV) is shown in cartoon representation and in spectrum colors. The
important amino acids in the putative orthosteric binding site is represented in stick model and colored

in grey. The oxygen atoms are colored in red, the nitrogen atoms in blue and sulfur atoms in yellow.
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sp|Q96LAY |MRGX4 HUMAN
sp|PA47900|P2RY1 HUMAN

sp|Q96LAY|MRGX4 HUMAN
sp|P47900 | P2RY1 HUMAN

sp|Q96LAY | MRGX4 HUMAN
sp|P47900 | P2RY1 HUMAN

sp|Q96LA9|MRGX4 HUMAN
sp|P47900 | P2RY1 HUMAN

sp|Q96LAY9 | MRGX4 HUMAN
sp|P47900 | P2RY1 HUMAN

sp|Q96LA9|MRGX4 HUMAN
sp|P47900 | P2RY1 HUMAN

sp|Q96LAY |MRGX4_HUMAN
sp|PA47900|P2RY1 HUMAN

——————————————————————— MDPTVPVFGTKLTPI-NGREETPCYNQTLSFTVLTCT
MTEVLWPAVPNGTDAAFLAGPGSSWGNSTVASTAAVSSSFKCALTKTGFQFYYLPAVYTL

* * * *
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——R-KILVSVMTFPYFTGLSMLSAISTERCLSVLWPIWYRCRRPTHLSAVVCVLLWGLSL
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Figure 2: Manual sequence alignment of MrgX-4 and P2Y .
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Number of residues in allowed region (~2.0% expected) 235 (13.3%)
Number of residues in outlier region 6 (2.3%)

Figure 3: Ramachandran Plot of the MRGPRX4 homology model.

6.2 Docking studies of MRGPRX4 agonists

In order to explore the ligand-receptor interactions of the new xanthine derivatives as

MRGPRX4 agonists, compound B-16 and D-2 were selected for molecular docking

experiments using AutoDock.” The putative orthosteric binding pocket of the receptor was

identified using the SiteFinder module implemented in Molecular Operating Environment

(MOE) 2018.01.% The selected binding pose from docking simulations suggests that the
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xanthine derivatives anchored inside the putative orthosteric binding pocket through the strong
electrostatic interactions between the phosphonate group and the amino acid residues Arg82
and Arg86 (TM2) of the receptor. Furthermore, the phosphonate group of B-16 possibly
introduces an additional weak electrostatic interaction with Met258 (TM7) located at a distance
of 3.5 A which is not present in the case of D-2 due the distance is increased to 4.9 A. The
mono-ester substitution (ethoxy) at the phosphonate group resulted in dramatic improvement
in the activity. Whereas the di-ester substitution (diethoxy) resulted in complete loss of activity
against the receptor (C-1 to C-10). Additionally, bioisosteric replacements of the phosphonate
by carboxylic acid (G-1 and G-2) or sulfonic acid (E-1 to E-3) resulted in complete loss of

activity.

The xanthine core moiety is surrounded by hydrophobic residues include Phel04, Trp158,
Phel63, Leul84, Tyr240, and Met258 and possibly provide a strong hydrophobic interaction.
The compounds are further stabilized by hydrogen bond interactions formed between the
carbonyl group (C2) of the xanthine moiety and the residue Arg82. The keto group at position
6 of the xanthine moiety might introduce a water-mediated interaction with Ser100 or Thr103

which located at a distance of 4-5 A.

The electron rich propargyl moiety fits inside the binding pocket surrounded by polar amino
acids Arg82 (TM2), Ser100 (TM2) and Thr103 (TM2) in distances less than 3 A. The
N1-propargyl substitution was highly preferable in comparison to a methylcyclobutyl (B-13)
and other inactive substitutions include ethyl (B-14). The larger non-polar methylcyclobutyl
moiety which reduces the activity which resulted in complete loss of activity are due to clashes
with the amino acids residues in the binding pocket of the receptor. Alternatively, an ethyl group
seems to be too small for tight binding of the molecule in the pocket and resulted inactive
against the receptor. The size, the angle and the electronic properties of the propargyl group

makes a well-tolerated side chain at the N1-position.

The N7-methyl group of B-16 is directed towards a hydrophobic subpocket formed by Leul84
(TMS), Trp158 (TM4) and Phel04 (TM3). This is supported by the increase in potency for
B-16 (ECso = 0.540 uM) compared to B-6 (ECso = 9.63 uM).

The docked pose of D-2 and B-16 shows that the phosphonic acid ester (D-2) or phosphonate
group (B-16) and the xanthine core moiety of both derivatives positioned in the same orientation
in the binding pocket. However the substituted phenyl group at position C8 of the xanthine core
positioned in the subpocket formed by residues Thr175, Aspl177, Vall81, Leul84, Ile239,
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Tyr240, His 243 and Tyr250. As shown in Figure 4 (A) and (B), the position of the phenyl
group in the subpocket is depend on the different substituents 0-OCH3 (B-16) or m-CF3 (D-2).
The activity can be greatly improved with the optimal substitution at the phenyl group and the

N3- or N7- position of the xanthine core.

In order to explore the selectivity of the MRGPRX4 agonists against other MRGPRX subtypes
(X1-X3) a multiple sequence alignment using Clustal Omega’ was prepared (See Figure 6). The
important amino acids inside the MRGPRX4 binding pocket were analyzed and compared to
other receptor subtypes. The amino acid Arg82 which forms a hydrogen bond interaction with
the phosphonate moiety is only present in the MRGPRX4. Additionally the three tyrosine amino
acids from the transmembrane region 7 (Tyr240, Tyr250 and Tyr254) that stabilized the
aromatic group of the MRGPRX4 agonists are also not present in other MRGX receptor
subtypes (X1-X3). Arg86 which forms a hydrogen bond with the phosphonate group in our
model is only present in the MRGX3 receptor subtype but not in MRGPRX1 or —X2. These
differences of amino acids inside the binding pocket explains the selectivity of the new

synthesized MRGPRX4 agonists.
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Figure 4: A: The docked pose of (A) B-16 (carbon colored dark green) and (B) D-2 (carbon colored
cyan) in the homology model of the human MRGPRX4. The oxygen atoms are colored in red, the
nitrogen atoms in blue, the fluorine atoms in light green and the phosphorus atoms in orange. The ligands
are shown in stick models and the receptors as cartoon representation. (C) Structure of B-16, (D)

structure of D-2.
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Figure 5: The putative binding pose of (A) B-16 and (B) D-2 with the important amino acids in the

binding pocket of the human MRGPRX4 model. The electrostatic interactions between the xanthine

derivatives and the receptor are depicted as dashed red lines. For representation and color coding see

Figure 4.

sp|Q96LB1 | MRGX2 HUMAN
splQ96LA9 |MRGX4_ HUMAN
sp|Q96LB2 |MRGX1_ HUMAN
sp|Q96LB0 | MRGX3 HUMAN

sp|Q96LB1|MRGX2_ HUMAN
Ssp|Q96LA9 |MRGX4 HUMAN
sp|Q96LB2 |MRGX1 HUMAN
sp|Q96LB0 |MRGX3 HUMAN

sp|Q96LB1 |MRGX2_ HUMAN
sp|Q96LAY | MRGX4 HUMAN
sp|Q96LB2 |MRGX1 HUMAN
sp|Q96LB0 | MRGX3_ HUMAN

sp|Q96LB1 |MRGX2_ HUMAN
sp|Q96LAY | MRGX4 HUMAN
sp|Q96LB2 |MRGX1 HUMAN
sp|Q96LB0 |MRGX3 HUMAN

sp|Q96LB1 |IMRGX2_ HUMAN
sp|Q96LAY | MRGX4 HUMAN
splQ96LB2 | MRGX1 HUMAN
sp|Q96LB0 |MRGX3_ HUMAN

sp|Q96LB1 |MRGX2 HUMAN
sp|Q96LA9 |MRGX4_ HUMAN
sp|Q96LB2 |MRGX1 HUMAN
sp|Q96LB0 |MRGX3 HUMAN

MDPTTPAWGTESTTVNGNDQALLLLCGKETLIPVFLILFIALVGLVGNGEVLWLLGFRMR
MDPTVPVEGTKLTPINGREET---PCYNQTLSFTVLTCIISLVGLTGNAVVLWLLGYRMR
MDPTISTLDTELTPINGTEET---LCYKQTLSLTVLTCIVSLVGLTGNAVVLWLLGCRMR
MDSTIPVLGTELTPINGREET---PCYKQTLSFTGLTCIVSLVALTGNAVVLWLLGCRMR

82 86 92 96
RNAFSVYVLSLAGADFLFLCFQIINCLVYLSNFFCSISINFPSFFTTVMTCAYLAGLSML
RNAVSIYILNLAAADFLFLSFQITRLPLRLI----NISHLIRKILVSVMTFPYFTGLSML
RNAFSIYILNLAAADFLFLSGRLIYSLLSFI----SIPHTISKILYPVMMFSYFAGLSFL
RNAVSIYILNLVAADFLFLSGHIICSPLRLI----NIRHPISKILSPVMTFPYFIGLSML

STVSTERCLSVLWPIWYRCRRPRHLSAVVCVLLWALSLLLSILEGKFCGFLFSDGDSGWC
SAISTERCLSVLWPIWYRCRRPTHLSAVVCVLLWGLSLLESMLEWRFCDFLESGADSSWC
SAVSTERCLSVLWPIWYRCHRPTHLSAVVCVLLWALSLLRSILEWMLCGFLESGADSAWC
SAISTERCLSILWPIWYHCRRPRYLSSVMCVLLWALSLLRSILEWMEFCDFLESGANSVWC

QTFDFITAAWLIFLFMVLCGSSLALLVRILCGSRGLPLTRLYLTILLTVLVFLLCGLPFEG
ETSDFIPVAWLIFLCVVLCVSSLVLLVRILCGSRKMPLTRLYVTILLTVLVFLLCGLPFEG
QTSDFITVAWLIFLCVVLCGSSLVLLIRILCGSRKIPLTRLYVTILLTVLVFLLCGLPEFG
ETSDFITIAWLVFLCVVLCGSSLVLLVRILCGSRKMPLTRLYVTILLTVLVFLLCGLPFEFG

240 250 254
IQWFLILWIWKDSDVLFCHIHPVSVVLSSLNSSANPIIYFFVGSFRKQWRLOQPILKLAL
ILGALIYRMHLNLEVLYCHVYLVCMSLSSLNSSANPIIYFEFVGSFRQRON--RONLKLVL
IQFFLFLWIHVDREVLFCHVHLVSIFLSALNSSANPIIYFFVGSFRQRON--RONLKLVL
IQWALFSRIHLDWKVLFCHVHLVSIFLSALNSSANPIIYFFVGSFRQRON--RONLKLVL

QRALQDIAEVDHSEGCFRQGTPEMSRSSLV-
QRALQDKPEVDKGEGQLPEESLELSGSRLGP
QRALQDASEVDEGGGQLPEEILELSGSRLEQ
QRALQDTPEVDEGGGWLPQETLELSGSRLEQ

Numbering is based on MRGPRX4

Figure 6: Multiple sequence alignment of MRGPRX1-X4
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7. Patent II: MRGX Receptor Antagonists — US 16/670,149

Miiller, C.; Alnouri, W.; Riedel, Y.; Thimm, D.; Marx, D.; Namasivayam, V.; Gattner, S.;
Herdewyn, P.; De Jonghe, S.; Leonczak, P.; Verdonck, S.

The MRGPRX2 (also designated MRGX2), as well as the other MRGPRX receptor subtypes,

are expressed in small diameter sensory neurons of the dorsal root ganglia (DRG). MRGPRX?2

is further expressed in human mast cells. Therefore, it is assumed that the activation and
blockade of the receptor may have an effect on pain sensation and transmission, and may also

be involved in itching and allergic reactions. Since no highly potent antagonists for this receptor

is known to date, the design and synthesis of such compounds is essential to explore their
potential for replacing opioid analgesics, and to treat itching and (pseudo)allergic reactions via
this receptor.

We therefore screened our purine-based compound library of more than 20,000 compounds in a
[-arrestin enzyme complementation assay to characterize (potential) MRGPRX2 agonists, and,
in particular, to identify new antagonists. A tricyclic benzimidazole derivative could be
identified as MRGPRX2 antagonist with moderate potency (IC s0l11.6 um, A-8). In order to
increase its potency, numerous tricyclic benzimidazole derivatives were synthesized in
cooperation with the group of Prof. Herdewijn (Medicinal Chemistry and Director of the
Laboratory of Medicinal Chemistry at the Rega Institute for Biomedical Research at the
Katholieke Universiteit Leuven, Belgium). Thereby I was largely involved in the development of
the regioisomeric derivatives. This led to a dramatic improvement of the potency. The best
MRGPRX?2 antagonists synthesized in the present thesis, compound B-40, displayed an IC

sovalue of 23 nM determined in a B-arrestin assay, and 1 nM in a calcium mobilization assay.

Selected MRGPRX2 antagonists were tested for their potential agonistic and antagonistic
activity on the other MRGPRX subtypes (MRGPRX1, -X3 and -X4). The newly developed
antagonists were exclusively active at MRGPRX2 and inactive at the other MRGPRX subtypes.

A-8 B-40
@) E (0]
Lead Optimization
N\ > N\
/)\N 500-Fold Increase F /)\N
N H in Potency N H
IC5y=11.6 £ 3.7 uM (B-arrestin assay) IC53=10.023 + 0.002 uM (B-arrestin assay)
IC50=2.89 + 0.24 uM (Ca**-assay) IC50=10.001 = 0.000 uM (Ca*"-assay)
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In vitro ADME studies were performed by Pharmacelsus for the newly investigated MRGPR X2
antagonists. The antagonists showed poor water solubility, moderate metabolic stability in liver
microsomes (ti2 between 5 to 15 min), high clearance (130 to 217 ul/min/mg protein), a high
plasma protein binding of over 99% and good prospects to cross the blood-brain barrier.

The physicochemical properties of the patented compounds could be improved by introducing

a nitrogen atom, which is discussed in the unpublished part of this thesis (chapter 8).
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having need for the information in order to perform a contract. Recipients of infermation shall be
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552a(m).
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purposes of National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.8.C. 218(0)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that
agency’s responsibility o recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive, Such disclosure shall nol be used to make detlerminations about individuals.,

A record from this system of records may be disclosed, as a rouline use, 1o the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
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MrgX2 Antagonists

[0001] The invention relates to MrgX receptor ligands useful for treating, alleviating and/or preventing
discascs and disorders rclated to MrgX rceceptor function as well as pharmaccutical compositions
comprising such compounds and methods for prepanng such compounds. The invention is further
directed to the use of these compounds, alone or in combination with other therapeutic agents, for
alleviating, preventing and/or trcating discascs and disordcers, cspecially the usc as antinociceptive, anti-

inflammatory or antipruritic dmgs.

[0002] Mas-rclated genes (Mrgs) belong to a large family of G protein-coupled receptor genes found
in rodents. Human MrgX receptors are G protein-coupled 7-transmembrane receptors sharing 41-52%
amino acid identity with each other, but have probably no direct orthologs in rodents. MrgX2 (in the
litcraturc also referred to as “mas-related G protein-coupled receptor X2, MRGX2, MrgprX2, MRGPR-
X2, and the like), 1s a member of the MrgX family {in the hterature also referred to as “mas-related G
protein-coupled receptor X", MRGX, MreprX, Mrgpr-X, and the like). MrgX2 is, for example,
cxpressed in the small diameter ncurons of scnsory ganglia and mast cells. It can be activated by several
compounds, such as substance P, vasoactive intestinal peptide, cortistatin (CST), proadrenomedullin N-
terminal peptide (FAMP), LL-37, PMX-33 and f-defensins. MrgX?2 activation is related to nociception,

adrenal gland scerction and mast ccll degranulation.

[0003] One putative physiological agonist for MrgX2 is C8T-14. CST-14 showed an ECsq value of 25
nM in calcium mobilization assays in recombinant HEK cclls (Solinski, HJ.; Gudermann, T.; Breit, A,
Pharmacology and signaling of MAS-related G protein-coupled receptors. Pharmacol. Rev. 2014, 3,
570-97; Robas, N.; Mead, E.; Fidock, M. MrgX2 is a high potency cortistatin receptor expressed in
dorsal root ganglion. J. Biol. Chem. 2003, 435, 44400-4).

[0004] MrgX2 can be activated by proadrenomedullin N-terminal 20 peptide (PAMP-20) and its
truncated form PAMP-9-20/PAMP-12 (Kamohara, M. Matsuo, A.; Takasaki, J.. Kohda, M.
Matsumoto, M.; Matsumoto, S.; Soga, T.; Hivama, H.; Kobori, M.; Katou, M. ldentification of MrgX?2
as a human G protein-coupled receptor for proadrenomedullin N-terminal peptides. Biochem. Biophys.
Res. Commun. 2005, 4, 1146-52).

[0005] MrgX2 could be activated in calcium assays by morphine (ECso value 4.5 pM), dextrorphan
(ECso 1.4 uM) as well as 3-methoxymorphinan (ECs) 4.7 uM). (Akuzawa, N.; Obinata, H.; Izumi, T.:
Takeda, S. Morphing is an exogenous ligand for MrgX2, a G protein-coupled receptor for cortistatin, /L
Cell Anim. Biol 2007, 12, 216-221),
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[0006] TAN-67, a potent &- opioid agonist, could be identificd as an agonist at the MrgX2 recoptor with
an ECsp value of about 1 uM in both f-arrestin and calcium mobilization assays (Southem, C., Cook,
J.M.; Neetoo-Isseljee, Z.; Taylor, D L,; Kettleborough, C A, Merritt, A ; Bassom, D.L_; Raab, W.J.;
Quinn, E.; Wchrman, T.S.; Davenport, A P., Brown, AJ., Green, A., Wigglesworth, M.J.; Recs, S,
Screening B-arrestin recruitment for the identification of natural ligands for orphan G protein-coupled

receptors. J. Biomol. Screesn. 2013, 18, 599-609).

|0007] The natural product “Complanadine A™ was described as a selective MrgX2 agonist after
screening it at 165 G protein-coupled receptors with an ECso value of 5.5 pM in calcium assays (Johnson,
T.: Sicgel, D. Complanadine A, a sclective agonist for the Mas-related G protein-coupled reeeptor X2
Bioorg, Med Chem. Lett. 20014, 15, 3512-5),

[0008] Novel synthetic agonists for MrgX2 were proposcd by Malik ¢t al. and have a tetracyelic
benzinmdazole scaffold (Mahik, L, Kelly, NM_; Ma, JN.; Curmer, E.A ; Burstein, ES.; Olsson, R
Discovery of non-peptidergic MrgX1 and MrgX2 receptor agonists and exploration of an initial SAR
using solid-phasc synthesis. Bioorg Med. Chem. Lett. 2000, 6, 1729-32).

[0009] MrgX?2 receptors are highly expressed on mast cells. Mast cells express, among others, beta-2
adrencrgic receptors. adenosing receptors, several chemokine receptors, GPR34, Histamine H4, several
nucleotide receptors as well as MrgX1 and MrgX2. The activahon of some of these receptors leads to
degranulation of the mast cells, which means a potential to treat diseases like asthma and urticaria.
MrgX2 is onc of these potential target receptors. (Okavama, Y ; Saito, H.: Ra, C. Targeting human mast
cells expressing G protein-coupled receptors in allergic diseases. Affergof. Inr. 2008, 3, 197-203).

[0010] Tatcmoto et al. have found that basic scerctagogucs could activate MrgX2 reeeptors with ECsy
values between 10 and 107 M in calcium assays using recombinant HEK-293 cells. (Tatemoto, K.;
Nozaki, Y.; Tsuda, R.; Konno, S.; Tomura, K.; Furuno, M.; Ogasawara, H.; Edamura, K ; Takagi, H.;
Iwamura, H.. Noguchi, M.; Naito, T. Immunoglobulin E-indcpendent activation of mast ccll 1s mediated

by Mrg receptors, Biochem. Biophyy. Res. Commmun. 2006, 4, 1322-8),

[0011] The C3a receptor antagonist PMX-33, a cyclic hexapeptide basced on the tcrminal amino acid
sequence of C3a, behaves as an agomist at MrgX2 receptor. PMX-33 could induce mast cell
degranulation and a calcium signal via MrgX2 receptors. It was also found that the C3a agonist, E7,
could activate MrgX2 roceptors in mast cells and induce degranulation, thus behaving as a dual agonist
at MrgX?2 and C3a receptors. (Subramanian, H.; Kashem, S W _; Collington, S.J.; Qu, H.; Lambns, 1.D.;
Ali, H PMX-53 as a dual CD88 antagonist and an agonist for Mas-related gene 2 (MrgX2) in human
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mast ¢ells. Mol. Pharmacel 2011, 6, 1005-13; Kashem, $W.; Subramanian, H.; Collington, S.J,,
Magotti. P.. Lambris, J.D.. Ali, H. G protein- coupled receptor specificity for C3a and compound 48/80-
mmduced degranulation in human mast cells: roles of Mas-related genes MrgX| and MrgX2, Fur. J
Pharmacol. 2011, 1-2, 299-304).

[0012] Another component of the immune system, which was reported to act via MrgX2 receptors, 1s
the antimicrobial peptide LL-37. LL-37 was previously reported to induce chemokme production and
mast ccll degranulation via unknown mechanisms (Subramanian, H., Gupta, K.; Guo, }.; Pricc, R.; Ali,
H. Mas-related gene X2 (MrgX2) is a novel G protein-coupled receptor for the antimicrobial peptide
LL-37 in human mast cells: resistance to receptor phosphorylation, desensitization, and internalization.

J. Biol Chem. 2011, 52, 44739-49).

[0013] Other cationic antimicrobial peptides, human fS-defensin 2 and 3 (hBD 2, 3), were found to
activate MrgX?2 and causc mast ¢cll degranulation (Subramanian, H.: Gupta, K.: Lee, D Bayir, A K ;
Ahn, H: Ali, H. f-Defensins activate human mast cells via Mas-related gene X2 J. Immunol. 2013, 7,
345-52).

[0014] In arecent study, MrgX2 receptor expression in skin mast cells of patients wath chronic urticaria
{CU) was compared with that of a nonatopic control. The study showed that the expression levels of
MrgX2 mRNA in skin mast cclls are much higher than in lung-derived mast cclls and that the number
of MrgX2" mast cells was significantly greater in skin tissues from CU patients than in nonatopic
controls. Hence, the blockade of MreX2 on human skin mast cells might offer a novel approach to the
prevention and treatment of severe CU (Fujisawa, D Kashiwakura, J.; Kita, H ; Kikukawa, Y ; Fujitani,
Y .; Sasaki-Sakamoto, T.; Kuroda, K_; Nunomura, $.; Hayvama, K_; Terw, T.; Ra, C.; Okavama, Y.
Expression of Mas-related gene X2 on mast cells is upregulated in the skin of patients with severe

chronic urticaria. J. Allergy. Clin. Immunol. 2014, 3, 622-633).

[0013] Roy eral identified the angiogenic host defense peptide AG=-30/5C, which induces angiogenesis
and promotes wound healing, as a G protein-biased agonist of MrgX2. AG-30/5C was shown to mediate
degranulation of human LAD?2 mast cells at a concentration of 0.01 uM (estimated ECsq value: less than
0.1 uM) but it was found not to activate S-arrestin-dependent signaling (Roy, $.; Ganguly, A.; Haque,
M.; Ali, H. J Immunol. 2018, 202(4), 1229-38).

[0016] In 2019, MrgX2 was evaluated as a biomarker for predicting treatment outcomes in allergic
asthma in a multicenter cohort study. The G protein-coupled receptor subtype MrgX2 was shown to be

overexpressed in the allergic asthma group (in comparison to the non-allergic asthma group).
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[0017] Furthermore, high MrgX2 serum levels were sigmficantly associated with allergic asthma
requiring modcrate-to-high inhaled corticosteroid (ICS) doscs. Since high levels suggest the usc of
higher ICS doses, MrgX2 might be a valuable biomarker for the therapy of patients with uncontrolled
severe allergic asthma (An, J,; Lee, JH.; Won, HK ; Kang, Y .; Song, W.J.; Kwon, HS ; Cho, Y .S.;
Moon, HB.; Kim, TB. Allergy, 2019, doi: 10.1111/all.14084 (Epub ahcad of print)) and MrgX?2

antagonists may consequently be useful for the treatment of allergic asthma.

[0018] Recently, MrgX2 was demonstrated to be activated by the small chemokine (C-X-C motif)
ligand 14 (CXCL14) in a dose-dependent manner using the cellosaurus CHEMI cell line recombinantly
expressing MrgX2. Its determined ECso value was 0.570 pM. In order to confirm the specificity for
MrgX2, CXCL14 was tested in calcium assayvs using CHEM ¢clls without MrgX?2 overexpression and
was shown not to mediate calcium release (Golz 8. ef @/. European patent, EP 3 011 340 B1, Mrg
receptor modulation, filed 16.06.2014, issued 22.11.2017).

|0019] So far, only very weakly potent MrgX2 antagonists have been described in literature:

- the tripeptide Gln-D-Trp(Formyl-)Phe-benzylester, abbreviatcd QWF, which is a neurokinin-1
receptor antagonist as well; used concentrations: | pM vs. 300 nM substance P in calcium imaging
assay and 100 pM vs, | pM substance P in human LAD?2 mast ccll degranulation assav: j-
hexosaminidase release of SP alone was: 60% and of SP and QWF together: 20% (Azimi, E.; Reddy,
V.B.. Shade. K.C.. Anthony, RM.; Talbot, S.; Pereira. P.J.. Lemer, E.A. Dual action of neurokinin-
1 antagonists on Mas-rclated GPCRs. JCT Insight 2016, 1(16), ¢B9362);

- Saikosaponin A, a trterpenoid glycoside, extracted from the radix of Bupleurum falcatnum; used
concentration: 0.50 pM vs. 30 pug/ mL (= 312 uM) compound 48/80 in human LAD2 mast cell
degranulation assay: f-hexosaminidase release of substance P alone: 100% and of substance P and
satkosaponin A together: 30% (Wang, N .; Che, D.; Zhang, T.; Liu, R; Cao, J; Wang, 1., Zhao, T.;
Ma, P.: Dong. X.: He. L. Saikosaponin A inhibits compound 48/80-induccd pscudo allergy via the
Mrgprx2 pathway in vitro and in vivo. Biochem. Pharmaco! 2018, /48, 147-54),

- Isoliguiritigenin, a chalcone isolated from the roots and stems of (zlyeyrrhiza glabra, (. uralensis
and G. inflate; used concentration: 30 pM vs. 30 pg/mL (= 31.2 puM) compound 48/80 in human
LAD2 mast ¢cll degranulation assay: S-hexosaminidase release of compound 48/80 alone: 85% and
of compound 48/8( and 1soliquiritigenin together: 40% (Hou, Y ; Che, D_; Ma, P.; Zhao, T; Zeng,
Y., Wang. N. Anti-pseudo-allergy effect of isoliquiritigenin is MrgX2-dependent. Imnnmol. Leit.
2018, 7198, 52-539);

- Compound 1 (1-(5H-10A’-phenazin-5-yl)ethan-lone) and compound 2 (3-(pyridine-2-
ylmethyl)-2-thiox0-2,3-dihydro-4H-1A2-quinazolin-4-one) woere tcsted versus CST-14 in caleium

mobilization assays; their ICs values were 1.6 and 2.5 pM, respectively (Ogasawara, H.; Furuno,
4

239



Filed Via EFS @ USPTO.GOV on October 31, 2019
Attorney Docket No. 2235.001US (UBNOOO4{US))

M.; Edamura, K.; Noguchi, M. Novel MrgX2 antagonists inhibit IgE-independent activation of
human umbilical cord blood-derived mast cells. J Lewkeoc. Biol., 2019, 106(5), 1069-77).

[0020] The human MrgX2 receptor represents a fundamentally new drug target, and the development
of potent MrgX2 receptor antagonists to be uscd for antinociception or ncuroprotection or other discascs

requires the design of novel drugs targeting the MrgX2 receptor.

[0021] It was an objcct of the invention to provide compounds that have advantages comparcd to the
compounds of the prior art. The compounds should act as potent and selective MrgX receptor
antagonists, in particular with a high ability to block the G, protein-coupled pathway including biased
antagonists (preferably or solelv blocking the G-protein-coupled pathsway in contrast to f-arrestin
recruitment, exhibit bicavailability, and thus mayv be useful as antinociceptive or antipruritic drugs or
for the prevention or treatment of other diseases. Moreover, it was an object of the invention to provide
methods for preparing said compounds. It was furthermore an object of the invention to provide
compounds and pharmaceutical formulations for the treatment, alleviation and/or prevention of a host
of diseases and disorders connected to MrgX2 function. It was a further object of the invention to provide
the use of these compounds for alleviating, preventing and/or treating diseases and disorders connected

to MrgX function, patticularly for, but not imited to the use as antinociceptive or antipruritic agents.

[0022] This object has been solved by the subject-matter of the patent claims.

|0023] The present invention is directed to certain derivatives which act as Mrg X2 receptor antagonists

and therefore are useful as antinociceptive or antipruritic drugs,

[0024] In a first aspect, the invention is directed to a method for preventing or treating a disease or
disorder that is associated with the MrgX?2 receptor comprising administering to a subject in need thereof

a therapeutically effective amount of an MrgX2 antagonist according to gencral formula (A)

K

\
2 :‘ ?—L““
>~--1

(A)
whercin
K mcans =0 or =5 or =NH, W mcans -CR1=_ and L. mcans -R2; or
K means -R2, W means -CR1=, and L. means =0, or

K means -R1, W means -N=, and L means -R2; or

5
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K means -R1, W means -CH=, and L means -R2;

X means -N= and Y means -NR3-; or

X means -NR4- and Y means -N=; or

X mcans -NR4- and Y mcans -CR0O=; or
X means -N= and Y means -S-; or

X means -0- and Y means -N=; or

X means -S- and Y means -N=; or

X means -N= and Y means -N=;

RO, R1, R2, R3, R4 independently of one another mean -H; -Cs-alkyl; -Cis-cveloalkyl; -phenyl;
-Cs-alkyl-phenyl: -heteroaryl selected from the group consisting of thaenyl, furanyl and pyrrolyl;
-C(=0)0H, -C(=0)0-C,¢-alkyl; -CN; -OH; -0-C ,-alkyl, -NH:, -8-C,¢-alkyl; -F, -Cl, -Br, or -I:
or R1 and R2 together with the atoms to which they are attached form a six membered saturated

unsubstituted alicy¢lic ring;

R9 and R10 independently of one another mean -H, -Cs-alkyl, -CN, -OH, -O-C s-alkyl, -F, -Cl,
-Br, -I; or R9 and R10 togcther with the carbon atoms to which they arc attached form a phenyl

ring optionally substituted with RS, R6, R7 and RS;

wherein R5, R6, R7 and R8 independently of one another mean -H, -C,¢-alky], -CN, -OH, -0-
Cis-alkyl, -F, -Cl, -Br, -I; or R6 and R7 together with the carbon atoms to which they are attached

form an unsubstituted phenyl ring;

wherein in each case the "Cps-alkyl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C(=0)0H, -C(=0)0-C,.
e-alkyl, -OH, -0-C¢-alkyl, -NHz, -NH-C s-alkyl, -N{C,¢-alkyl}, -Ns, -F, -Cl, -Br, -I.

wherein in each case the "C«-cycloalkyl" may be linear or branched, saturated or unsaturated,
unsubstitutcd or monosubstituted with a substituent sclected from -CN, -C(=OH, -C(=0)0-C,.
s-alkyl, -OH, -0-C,.s-alkyl, -NH2, -NH-C.¢-alkyl, -N(C,¢-alky1}s, -Ns, -F, -Cl. -Br, -I;

wherein in each case the "phenv]l” may be unsubstituted, mono- or disubstituted with a substituent
independently selected from -CN, -C(=0)OH, -C(=0)0-C,s-alkyl, -OH, -O-C s-alkyvl, -NH, -
NH-C ¢-alky], -N(C ¢-alkyl)., -N;, -F, -Cl. -Br, -I;

whercin in cach casc the "heteroaryl" may be lincar or branched, saturated or unsaturatcd.
unsubstituted or monosubstituted with a substituent selected from -CN, -C(=0)OH, -C(=0)0-C,.
e-alkyvl, -OH, -0-Csalkyl, -NH;, -NH-Cs-alkyl, -N(C/.s-alkv1}),, -Ns, -F, -Cl, -Br, -I;

or a phvsiclogically acceptable salt thereof.
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[0023] In a preferred embodiment of the method according to the invention, the disease or disorder that
is associated to the MrgX2 receptor is sclected from the group consisting of pain, cspecially acutc,
nociceptive, neuropathic or chronic pamn, inflammatory pain or itch. In another preferred embodiment
of the method according to the invention, the disease or disorder that 1s associated to the MrgX2 receptor
is sclected from the group consisting of anxicty, stress and stress-associated syndromes, depression,
epilepsy, Alzheimer's disease, senile dementia, general cognitive dysfunctions, learming and memory
disorders {as a nootropic), withdrawal symptoms, alcohol and/or drug and/or medicament abuse and/or
dependency, sexual dysfunctions, cardiovascular discases. hypotension, hypertension, tinnitus, pruritus,
migraine, impaired hearing. deficient intestinal motility, impaired food intake, anorexia, obesity,
locomotor disorders, diarrhoea, cachexia, urinary incontinence or as a muscle relaxant, anticonvulsive
or anacsthctic or for co-administration in the casc of trcatment with an opioid analgesic or with an
anagsthetic, for diuresis or antinatriuresis, anxiolvsis, for modulation of motor activity, for modulation
of neurotransmitter secretion and treatment of neurodegenerative diseases associated therewith, for the
trcatment of withdrawal svmptoms and/or for reducing the addictive potential of opioids. In vet another
preferred embodiment of the method according to the invention, the disease or disorder that 1s associated
to the MrgX2 receptor is selected from the group consisting of asthma, urticaria, skin inflammation, dry
skin, atopic ¢czema, psoriasis, urticaria, scabics. non-allergic hypersensitivity rcactions, fibrosis and

1teh.

[0026] In a preferred embodiment of the mcthod according to the invention, the MrgX? antagonist is

according to general formula (B)

Lt

kT

Ré

F:

(B)

wherein

K means =0 or =8, and L means -R2; or

K mcans -R2 and L mcans =0: and

X means -N= and Y means -NR3-; or
X means -NR4- and Y means -N=; or
X means -NR4- and Y means -CR0O=; or

X means -N=and Y means §; or
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X means -0- and Y means -N=; or
X means -S- and Y mcans -N=; or

X means -N= and Y means -N=

[0027] In another preferred cmbodiment of the mcthod according to the invention, the MrgX2

antagomist is according to general formula {(C)

R&

k7 N \ 2

(©)

wherein
K means =0 or =8; and

X means -N= and Y means -NR3-; or

X means -NR4- and Y means -N=; or

X mcans -NR4- and Y mcans -CR0O=; or
X means -N= and Y means §; or

X means -0- and Y means -N=; or

X means -S- and Y means -N=; or

X means -N= and Y means -N=,

[0028] In a preferred embodiment of the method according to the invention, the MrgX2 antagonist is
selected from the group consisting of compounds according to general formula (I), (ID), (IIT), (IV), (V).
(VD). (VII), (VIID), (AX)}, (X), (XI), and (XII):

R RS

R
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[

RO .
i r
N \ R2 : K N \

R9 ; Rt n

[0029] According to a preferred embodiment of the method according to the invention, in gencral
formula (A),

R0 means -H or -CN;

Rl mecans -H, -CHs;, -CH.CH;, -CH:CH.CHs;, -CH.CH;CH.CHs;. -CH,CH:CH(CH:);, -
CH:CH,C(=0)OCH:2CHs, -CH:CH:-CN, -CH:CH:-Cl, -CH:CH,-OH, -CH:CH:-OCH;, -
CH.CH:-N3, -CH2CH:-NHCHs, -C(=0)OH, -C(=0)OCH3:, -C(=0)QCH:CH:, -CHz-phenyl with
phenyl being unsubstituted, -CH.CH,-phenyl with phenyl being unsubstituted, -8-CH; or -NHa;

and/or

R2 means -H, -CH:, -CH:CH;CH:, -CH(CH3),, -CH>CH(CHs)s, -C(CH:)z, -cvelopropyl, -phenyl
with phenyl being unsubstituted, -para-methoxyphenyl, -2-thienyl, -CH,C(=0)0OH, -C(=0)OCHs,
-CH.C{(=0)yOCH:, -CH-C{(=0)OCH:CHa, -C{CH=):(0OH), -CH-OCH:=, -SCH-, -NH: or -OH,

or

R1 and R2 together with the atoms to which they are attached form a cyclohexyl ring and mean

-CH-CH>CH»CH>-;

and/or

R3 means -H, -CHs, -CH>CH»CHs, -CH»-phenyvl, -CH;z-p-chlorophenyl or -CH2-CN.
and/or

R4 means -H, -CH; or -CH:-pheny] with phenyl being unsubstituted;

and/or

R9 mcans -H; and/or R10 mcans -H; or R? and R10 togcther with the carbon atoms to which they
are attached form a phenyl ring optionally substituted with RS, R6, R7 and RS,

wherein

RS, R6, R7 and RS independently of one another mean -H, -CHs, -OH, -OCH;, -F, -Cl, -Br
or -CN, and preferably
10
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RS means -H or -CHa; and/or
Ré6 means -H, -CH3, -OH, -OCH:, -F, -Cl, -Br or -CN; and/or
R7 means -H, -CH;, -F, -Cl_ -Br, -CN, -OCH: or -OH; and/or
RS8 means -H;

or

Ré6 and R7 togcther with the carbon atoms to which they are attached form an unsubstituted

phenyl ring.

[0030] In a preferred embodiment of the method according to the invention, the MrgX2 antagonist 1s

selected from compounds

(1)) A-l to A-30 and the physiologically acceptable salts thercof:

A-1 O

L
A-17 @EI}?:};(

A-18 E:I: g:\}kl—-%

A-16

H
o

@]
8]
O

H
0 Rﬁ/

A-19

%
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O
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d (Lo
cl
) N
/ Cre-
(@] —
A-8 @g—:\ﬁr A-23 C[H}(;}:O
O Q
A-10 C}__? A-25 3 Ao
(Lo QL
A-11 @j;-\H A-26 @z?/;_%__
A-12 - A-27 ) N
S L
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A-13 @N/).\H A28 @:I\%—\” o,
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o
A-14 Q A-29 N o
N Lo
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d o
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N 4
H \
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and
(I B-31 to B-66 and the physiologically acceptable salts thercof:
0, e
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') Gl i N 777N
{ B-49 3 flﬁ}*-NH
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o
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OH Ny S
- y [y
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o | 1 ~nu
RN S ¥ |
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o~/
C[I\,?' i N -"'Nr \\}-“<\
i ] e
NC.H R o \N
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B-43 N B-61 W
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CLe
o o
B-44 X B-62 r?—}/
Pt QPw
o o
B-45 AN B-63 W
- L o
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e f
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B-48 b h ZJ_—.N
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RS H
e
N

and

(I C-67 to C-87 and the physiologically acceptable salts thercof:

C-67

Cl

C-78

15
250




Filed Via EFS @ USPTO.GOV on October 31, 2019
Attorney Docket No. 2235.001US (UBNOOO4{US))

HN—
0
Q
C-68 QA C-79
L
NS
O
C-69 N C-80
gwa
Qi —
" TR e
O E '_N ‘\“ +
Cl“’\;::{\_ ,/--.\3&1,"1""LH“‘"\\1
C-70 N C-81 N H
L T
. o
!f h '_N ‘:}‘
el
L N h
L &
)
F e -
\"M\\\? N}“" \‘\‘ o~ -
Q Bt _.d A
o N.-,.- ~- 7 \
C-71 N C-82
H Er. o —
I?—- \‘y-"""»_ ,‘:‘3’“ -
F \:’Ji »-’:L“N/ _..\
N H
o HO. X~
ey, P
fi:; \:‘\#_Nj -’}"_« ~
\ LT e
TTWTTH
C-72 \@N): C-83 H
o
- W
HON Ll A ST
ot \N, ﬁ
(@)
\ Q
H
\\© F/©:N’>—

251




Filed Via EFS @ USPTO.GOV on Qctober 31, 2019

Attorney Docket No. 2235.001US (UBNOOO4{US))

C-74

I

C-84* -

C-75

B
B

o ‘E T P TS \“
' f—\?{ C-85 o s
peas:
r

C-76

H

C-86 | -

C-77

H
y

C-87

C-88

[0031] Preferably. the MrgX2 antagonist is administered orally.

[0032] Preferably, the MrgX2 antagonist is administered once daily, twice daily or thrice daily.

[0033] Aunother aspect of the invention relates to MrgX2 antagonist according to general formula (B)

17
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R&

Re

(B)

wherein

K means =0 or =5, and L means -R2; or

K mcans -R2 and L mcans =0; and

X means -N= and Y means -NR3-; or
X mecans -NR4- and Y mcans -N=; or
X means -N=and Y means §; or

X means -0- and Y means -N=; or

X mcans -8- and Y mcans -N=; or

X means -N= and Y means -N=.

R1, RZ, R3, R4 independently of one another mean -H; -Cie-alkyl; -Cs-cycloalkyl; -phenyl; -
Ci.s~alkyl-phenyl; -heteroaryl selected from the group consisting of thienyl, furanyl and pyrrolyl:
-C(=0)OH., -C(=0)0-C calkvl, -CN. -OH; -O-C,.-alkyl, -F. -Cl, -Br, or -I. or R1 and R2
together with the atoms to which they are attached form a six membered saturated unsubstituted

alicyclic ring;

wherein RS, Ro, R7 and R8 independently of one another mean -H. -Cis-alkyl, -CN, -OH. -O-
Ce-alkyl, -F, -Cl, -Br, -I, or R6 and R7 together with the carbon atoms to which they are attached

form an unsubstituted phenyl nng;

wherein in each case the "Cirs-alkyl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C(=0)OH, -C(=0)0-C,.
s-alk}-’l__ -OH., -O-Cl-is-alk}-'l, -NH 2, -NH-C H‘.-é‘llkyl__ -N(C La-&lk}-’l)g, -N 3, -F., -Cl__ -Br, -[:_

wherein in cach casc the "Cie-cveloalkvl” may be lincar or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C{(=0)OH, -C(=0)0-C,.
s-alkyl, -OH, -0-C,.¢-alkyl, -NH>, -NH-C\.s-alkyl, -N{Ci-alkyl}, -Ns, -F, -Cl, -Br, -I;

wherein in each case the "pheny]” may be unsubstituted, mono- or disubstituted with a substituent
independently sclected from -CN, -C(=0)0H, -C(=0)0-C\-alkyl, -OH, -0-Cs-alkvl, -NH3, -
N H-Clﬁ-alkyl, -N(Cm-alkyl )3, -N 3. -F, -Cl, -BI'., -l;

18
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wherein 1 each case the "hetercarvl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent sclecied from -CN, -C(=0)OH, -C(=0)0-C,.
s-alkyl, -OH, -0-C¢-alkyl, -NHz, -NH-C4-alkyl, -N(C,_s-alkvl);, -Ns, -F, -Cl1, -Br, -1,

with the proviso that
- at lcast onc of RS, R6, R7 and R8 docs not mean -H; and/or
- at lcast three of R1, R2, R3, R4, RS, R6, R7 and R8 do not mcan -H; and/or

- A-1. A2, A-3, A-4. A-5. A-6, A-T, A-8. A-9. A-10. A-11, A-12. A-13, A-14. A-15. A-16, A-
17, A-18, A-19, A-20, A-21, A-22, A-23, A-24, A-25, A-26, A-27, A-28, A-29 and/or A-30 arc

not included;

or a physiclogically acceptable salt thereof.

[0034] A further aspect of the invention relates to an MrgX2 antagonist sclected from compounds

(ID B-31 to B-66 and the physiologically acceptable salts thercof:

; N
o Gl N 777N
B-49 k /lh;}—"NH
B-31 [ '\?_ preferably " o, ;7
H
o

ca l:1

N
O N
OH BN ’f‘:’o\?r""'N-\ :?"‘" \\ -
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[N
B-32 N B-50 TN -

_ o /7
r\?’ 7
H

vl
O T s
O - \s.-"’ N /N 3 \\
N B-51 El\,_,\;,ﬂ-ﬁ;*“”“
B-33 _ preferably 5
[\?— ca. 1: 1.5 “}’“ﬁﬁ J/
el
H g .ﬂ-N.\ / N,
~ jxl ]\.‘ ":-)-.-NH
\.0.‘ \.\_.:f/ N
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and

(I C-67 to C-87 and the physiclogically acceptable salts thercof:
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[0035] Another aspect of the invention relates to a pharmaceutical composition comprising
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(i)

an MrgX2 antagonist according to general formula (B)

L4

RY

L

(B)

whercin

K mc¢ans =0 or =8, and L mcans -R2: or

K means -R2 and L means =0; and

X mcans -N= and Y mcans -NR3-; or
X means -NR4- and Y means -N=; or
X means -N=and Y means §; or

X mcans -0- and Y mcans -N=: or

X means -5- and Y means -N=; or

X means -N= and Y means -N=,

R1, R2, R3, R4 independently of one another mean -H; -C)g-alkyl; -Ci.s-cycloalkyl; -phenyl; -
Cioalkyl-phenyl; -heteroaryl scelected from the group consisting of thicnyl, furanyl and pyrrolyl:
-C(=0)0H; -C(=0)0-Cs-alkyl; -CN: -OH; -0-C¢-alkyl; -F, -Cl, -Br, or -I; or R1 and R2
together with the atoms to which they are attached form a six membered saturated unsubstituted

alicyclic ring;

whercin RS, R6, R7 and R8 independently of one another mean -H, -C,¢-alkyl, -CN, -OH. -O-
Cirs-alkyl, -F, -Cl, -Br, -I; or R6 and R7 togcther with the carbon atoms to which they are attached

form an unsubstituted phenyl ring;

wherein in each case the "C,gs-alkyl" may be linear or branched, saturated or unsaturated,
unsubstitutcd or monosubstituted with a substitucnt sclected from -CN, -C(=0)0H, -C(=0)0-C,.
15-3."()-"]> -OH., -O-Cpﬁ-alkyl? -NHZ, -NH-CH-aIkyI? -N(Cl_ﬁ-a"()’l)g, -Ns, -F., -CL -Bl‘, -l7

wherein in each case the "Cis-cycloalkyl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C{(=0)OH, -C(=0)Y0-C,.
o-alk}’l‘_ —OH, -O—Cl-b-alk}’L -NHQ, -NI‘[-Cl-u-alk}’l__ -N(Cl-o—alk}’l)g, —N3, -F, -Cl__ —BI’, -I:_

whercin in cach casc the "phenyl” may be unsubstituted, mono- or disubstituted with a substitucnt
independently selected from -CN, -C{(=0)0OH, -C(=0)0-C,s-alkyl, -OH, -0-C,¢-alkvl. -NH:, -
NH-Cs-alkyl, -N(C}¢-alkyl)s, -Nz, -F, -CI. -Br, -1,
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wherein 1 each case the "hetercarvl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent sclecied from -CN, -C(=0)OH, -C(=0)0-C,.
s-alkyl, -OH, -0-C¢-alkyl, -NHz, -NH-C4-alkyl, -N(C,_s-alkvl);, -Ns, -F, -Cl1, -Br, -1,

with the proviso that
- at lcast onc of RS, R6, R7 and R8 docs not mean -H; and/or
- at lcast three of R1, R2, R3, R4, RS, R6, R7 and R8 do not mcan -H; and/or

- A-1. A2, A-3, A-4. A-5. A-6, A-T, A-8. A-9. A-10. A-11, A-12. A-13, A-14. A-15. A-16, A-
17, A-18, A-19, A-20, A-21, A-22, A-23, A-24, A-25, A-26, A-27, A-28, A-29 and/or A-30 arc

not included;
or a physiclogically acceptable salt thereof;, or

(i) an MrgX2 antagonist which is
= selected from any one of compounds (1) B-31 to B-66 and the physiologically acceptable salts
thereof. or
- selected from any one of compounds (I1I) C-67 to C-87 and the physiologically acceptable

salts thereof,

and a physiologicallv acceptable excipient.

|0036] Yet another aspect of the invention relates to a pharmaceutical dosage form comprising

(i) an MrgX2 antagonist according to general formula (B)

R7T

Ro

(B)

wherein

K means =0 or =8, and L means -R2; or

K means -R2 and L means =0; and

X means -N=and Y means -NR3-; or
X mcans -NR4- and Y mcans -N=; or
X means -N= and Y means S; or

X means -0- and Y means -N=; or
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X means -S- and Y means -N=; or

X means -N= and Y mcans -N=,

R1. R2, R3, R4 independently of one another mean -H; -Cs-alkyl; -Cis-¢veloalkyl; -phenyl; -
Ce-alkyl-phenyl; -heteroaryl sclected from the group consisting of thicnyl, furanyl and pyrrolyl;
-C(=0)OH; -C(=0)0-C s-alkyl; -CN: -OH; -0-C,¢-alkyl; -F, -Cl, -Br, or -1 or R1 and R2
together with the atoms to which they are attached form a six membered saturated unsubstituted
alicyclic ring;

wherein RS, Ré, R7 and R8 independently of one another mean -H, -C, ¢-alkyl, -CN, -OH, -O-
Crs-alkyl, -F, -Cl, -Br, -I; or R6 and R7 together with the carbon atoms to which they are attached

form an unsubstituted phenyl nng;

wherein in each case the "Cpe¢-alkyl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C(=()OH, -C(=0)0-C,.
s-alkyl, -OH, -0-C).¢-alkvl, -NH3, -NH-C)¢-alkyl, -N{C¢-alky1}s, -N3, -F, -Cl, -Br, -I;

wherein in each case the "Cs-cvcloalkvl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C{(=0)OH, -C(=0)0-C,.
s-alkyl, -OH, -O-C .e-alkyl, -NHz, -NH-C j.,-alkyl, -N{C,4-alkyl};, -Ns, -F, -Cl, -Br, -1,

wherein in cach casc the "phenyl” may be unsubstituted, mono- or disubstituted with a substituent
independently selected from -CN, -C(=0)0OH, -C(=0)0-C,¢-alkyl, -OH, -0-C,s-alky], -NH;, -
NH-Cm—alkyl_‘ —N(Cm-alkyl)g, -N:. -F, —Cl, -Br, I,

wherein 1 each case the "heteroarvl" mayv be linear or branched, saturated or unsaturated,
unsubstituted or monosubstitutced with a substitucnt sclected from -CN, -C{(=0)OH, -C(=0)0-C,.
s-alkyl, -OH, -0-Cs-alky], -NH3, -NH-C.s-alkyl, -N(C1.s-alkyl)s, -Ns, -F, -Cl_ -Br, -I;

with the proviso that
- at Icast onc of RS, R6. R7 and R8 docs not mean -H: and/or
- at lcast threc of R1, R2. R3, R4, RS R6, R7 and RS do not mcan -H: and/or

-A-1,A-2, A3, A4, A-5. A6, A-7. A8, A9, A-10, A-11. A-12, A-13. A-14. A-15, A-16, A-
17, A-18, A-19, A-20, A-21, A-22, A-23, A-24, A-25, A-26, A-27, A-28, A-29 and/or A-30 are

not included,;
or a physiologically acceptable salt thereof; or

(ii) an MrgX2 antagonist which is
- sclected from any onc of compounds (1I) B-31 to B-66 and the physiologically acceptable salts

thereof, or
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- selected from any one of compounds (III) C-67 to C-87 and the physiologically acceptable
salts thereof;

or

(i) an MrgX?2 antagonist according to gencral formula (B)

RE&

Rt

(B}

wherein

K means =0 or =8, and L means -R2; or

K means -R2 and L means =0; and

X means -N=and Y means -NR3-; or
X mc¢ans -NR4- and Y mcans -N=; or
X means -N=and Y means 8; or

X means -0- and Y means -N=; or

X mcans -5- and Y mcans -N=: or

X means -N= and ¥ means -N=.

R1, RZ, R3, R4 independently of one another mean -H; -C,s-alkyl. -Cis-cycloalkyl: -phenyl; -
Cie-alkylphenyl; -heteroaryl selected from the group consisting of thienyl, furanyl and pvrrolvl:
-C(=O)yOH.; -C(=0)0-C s-alkyl; -CN: -OH, -0-C,.-alkyl; -F, -Cl, -Br, or -I, or R1 and R2
together with the atoms to which they are attached form a six membered samrated unsubstituted
alicycelic ring;

wherein RS, R6, R7 and R8 independently of one another mean -H, -Ci¢-alkyl, -CN, -OH, -0-
Cig-alk¥l, -F, -Cl, =Br, -I; or R6 and R7 together with the carbon atoms to which they are attached

form an unsubstituted phenvl ning;

wherein in each case the "Cie-alkyl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C{(=0)OH, -C(=0)0-C,.
o-alkvl, -OH, -O-C,.s-alkv], -NH3, -NH-C.s-alkyl, -N(C¢-alkv]}s, -N3, -F, -C1, -Br, -I:
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wherein in ¢ach case the "C)gs-cycloalkyl" may be linear or branched. saturated or unsaturated,
unsubstituted or monosubstituted with a substituent sclecied from -CN, -C(=0)OH, -C(=0)0-C,.
s-alkyl, -OH, -0-C¢-alkyl, -NH:, -NH-C,s-alkyl, -N(C,s-alkvl),, -Ns, -F, -Cl, -Br, -I;

wherein in cach casc the "pheny]l” may be unsubstituted, mono- or disubstituted with a substitucnt
independently selected from -CN, -C(=0)0OH, -C(=0)0-C,¢-alkyl, -OH, -0-C,s-alky], -NH, -
NH-CH—alkyL —N(Cl«ﬁ-&lk}’l)g, -N_t, -F., —Cl, —Bl‘., -1;

wherein m each case the "heteroaryl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent sclected from -CN, -C(=OH, -C(=0)0-C,.
s-alkyl, -OH, -0-Cy.s-alkyl, -NH3, -NH-C\s-alkyl, -N(Cis-alkyl}s, -Ns, -F, -Cl, -Br, -I;

with the proviso that
- at least one of RS, R6, R7 and R8 does not mean -H; and/or
- at Icast threc of R1, R2, R3, R4, RS, R6, R7 and R8 do not mcan -H:; and/or

- A-1, A-2, A-3, A4, A-5, A-6. A-7. A-8, A-9, A-10, A-11. A-12, A-13, A-14. A-15, A-16, A-
17, A-18, A-19, A-20, A-21, A-22, A-23, A-24, A-25. A-26, A-27, A-28, A-29 and/or A-30 are

not included;

or a physiologically acceptable salt thercof and further comprising a physioclogicallvy acceptable

cxcipicent; or

{iv) an MrgX2 antagonist which is
- selected from any one of compounds (1) B-31 to B-66 and the physiologically acceptable salts
thereof; or
- sclected from any onc of compounds (III) C-67 to C-87 and the physiolegically acceptable salts

thereof,

and further comprising a physiologically acceptable excipient.

[0037] Prcferably, the pharmaccutical dosage form is sclected from tablets and capsules.

|0038] As used herein, the terms "physiologically acceptable salt" refer to those salts which retain the
biclogical effectiveness and properties of the compound according to general formula (A), (B) and (C).
Such salts include, but arc not restricted to: (1) an acid addition salt which is obtaincd by rcaction of the
free base of the compound according to general formula (A), (B) and (C) with inorganic acids such as
hvdrochloric acid, hydrobromic acid, nitric acid, phosphoric acid, sulfuric acid, and perchloric acid and
the like, or with organic acids such as acetic acid, oxalic acid, (D)- or {(L)- malic acid, maleic acid,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicvlic acid, tartaric acid, citric acid,

succinic acid or malonic acid and the like, preferably hydrochloric acid or (L)-malic acid. or (2) salts
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formed when an acidic proton present in the compound aceording to general formula (A), (B) and (C)
citheris replaced by a metal ion, ¢. g.. an alkali mctal ion, such as sodium or potassium, an alkaline carth
101, such as magnesium or calcium, or an aluminum ion; or coordinates with an organic base such as

¢thanolaming, diethanolamineg, trigthanolaming, tromethaming, N-methylglucamine, and the like,

[0039] The compound of general formula (A), (B) and {C) may also act as a prodrug. A "prodrug"
preferably refers to an agent which 1s converted into the parent drug m vivo. Prodrugs are often useful
because, in some situations, they may be casicr to administer than the parent drug. They may, for
instance, be bioavailable by oral administration whereas the parent drug is not. The prodrug may also
have improved solubility in pharmaceutical compositions over the parent drug. An example, without
limitation, of a prodrug would be a compound of the present invention which is administered as an ester
(the "prodrug") to facilitate transmittal across a cell membrane where water solubility is detrimental to
mobility but then is metabolically hydrolyzed to the carboxylic acid, the active entity, once inside the
cell where water solubility is beneficial. A prodrug may be converted into the parent drug by various

mechanisms, including enzymanc processes and metabolic hydrolysis,

[0040] A further example of a prodrug might be a short polvpeptide, for example, without limitation, a
2-10 amino acid polypeptide, bonded through a terminal amino group to a carboxy group of a compound
of this invention wherein the polypeptide is hydrolyzed or metabolized in vivo to release the active
molccule. The prodrugs of compounds of general formula (A), (B) and (C) are within the scope of this

mvention.

[0041] Additionally, it 1s contemplated that compounds of general formula (A}, (B) and (C) svould be
metabolized by ¢nzymes in the body of the organism such as a human being to generate a metabolite
that can modulatc the activity of the MrgX2 rcceptor. Such metabolites arc within the scope of the

present invention,

[0042] Preferably, unless otherwise stated, the following terms used in the specification and claims

have the following meanings:

[0043] Unless expressly stated otherwise, “alkyl" preferably refers to an aliphatic hydrocarbon
including straight chain, or branched chain groups. Preferably, the alky]l group has 1 to 10 carbon atoms
(C,-C 9 alkyl), more preferably 1 to 6 carbon atoms (C,-Ce alkyl) and most preferably 1 to 4 carbon
atoms (C,-C, alkyl), e. g, methyl, ethyl, n-propyl, 1sopropyl, n-butyl, 1s0-butyl, sec-butyl, tert-butyl and
the like. The aliphatic hydrocarbon may be saturated or unsaturated. When it is unsaturated, it may
contain ong or more unsaturations, 1.¢., -C=C-doublc and/or -C=C-triplc bonds. If there 1s more than onc
ungaturation, the unsaturations may be conjugated or 1solated. Thus, for the purpose of the gpecification

the term "alkyl" encompasses saturated hydrocarbons as well as alkenyl, alkynyl and alkenynyl residues.
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"Alkenyl" preferably refers to an alkyl group. as defined above, consisting of at least two carbon atoms
and at lcast onc carbon-carbon double bond c.g., cthenyl, propenyl, butenyl or pentenyl and their
structural 1someric forms such as 1- or 2-propenyl, 1-, 2-, or 3-buteny] and the hke. "Alkynyl" preferably
refers to an alkyl group, as defined above, consisting of at least two carbon atoms and at least one carbon-
carbon triplc bond c. g., acctylenc, cthynvl, propynyl, butynyl, or pentynyl and their structural isomcric
forms as described above. Alkvl may be substituted or unsubstituted. When substituted, the substituent
group(s) is one or more, for example one or two groups, individually selected from the group consisting
of -C5-Cs cyeloalkyl: -Co-Cyy aryl: a 5-10 membered -heteroaryl wherein 1 to 4 ring atoms are
ndependently selected from N, O or §; a 5-10 membered heterocyeloalkyl wherein 1 to 3 ring atoms
are independently selected from N, O or 5; -OH; -0-C,-Ca alkyl (= C,-Cn alkoxy), -0-Cs-Cx cycloalkyl
(= C3-Cs eycloalkoxy), -0-Co-C1y arvl (= Co-C1q arvloxy): -SH: -$-C,-Cyp alkyl (= alkvlthio): -8-Ce-C )4
aryl (= Cs-Cia arylthio), -CN; -halo, -carbonyl, -thiocarbonyl; -O-carbamyl; -N-carbamyl; -O-
thiocarbamyl; -N-thiocarbamyl; -C-amido; -N-amido; -C-carboxy; -O-carboxy; -NO2, -silyl; -sulfinyl; -
sulfonyl: and -NR"R® where R? and R¢ arc independently sclected from the group consisting of -H, -C)-
C, alkyl, -Cs:Cz eycloalkyl, -Cs-Cia aryl, -carbonyl, -acetyl, -sulfonyl, -amino, and
trifluoromethanesulfonyl; or R and R, together with the nitrogen atom to which they are attached,
combine to form a five- or six-membcered heterocvelo-alkyl ring. Preferably, the substituent(s) is/arc
mdependently selected from -chloro, -fluoro, -bromo, -hydroxy, -methoxy, -mitro, -carboxy, -

methoxycarbonyl, -sulfonyl, or -amino.

[0044] Unless expressly stated otherwise, "cvcloalkyvl" preferably refers to cvclic hvdrocarbon residue
that contains no heteroatoms as ring members and that is not aromatic. "Cyvclo-alkyl” may encompass a
singlc ¢vele or more than onc cyele. Preferably, eveloalkyl has 3 to 8 carbon atoms (-Cs-Cy cveloalkyl),
Cvcloalkyl may be saturated, e.g., cyclopropane, cvclobutane, cvclopentane, cvclohexane,
cvcloheptane, adamantane, or unsaturated (e.g.. cvcloalkenyl, cycloalkynyl), e.g., cvclobutenyl,
cvclopentenyl, cvclohexenyl. evclo-hexadicne, cveloheptatricne and the like. Cyceloalkyl may be
substituted or unsubstituted. When substituted, the substituent group(s) is one or more, for example one
or two groups, individually selected from -C-Cio alkyl; -C3-Cs cycloalkyl; -Ca-Cra aryl; 5-10 membered
-hcicroaryl whercin 1 to 4 ring atoms arc indcpendently sclected from N, O or §; 5-10 mcembered -
heterocycloalkyl wherein 1 to 3 ning atoms are independently selected from N, O or S; -OH; -0-C,-C)o
alkvl; -O-Cs-Cr cycloalkyl; -0-Cs-Cia aryl; -SH; -S-Ci-Cie alkyl; -5-Cs-Cha arvl; -CN; -halo; -carbonyvl;
-thiccarbonyl; -O-carbamyl; -N-carbamyl; -O-thiocarbamyl; -N-thiocarbamyl; -C-amido; -N-amido; -
C-carboxy; -O-carboxy; -NO;; -silyl; -sulfinyl; -sulfonyl; and -NR’R® where R? and R® are independently
selected from the group comsisting of -H, -C,-Cs alkvl, -C:-Cs ¢yeloalkyl, -Ce-Cis arvl, -carbonyl, -
acctyl, -sulfonyl, -amino, and trifluoromethancsulfonyl; or R® and R®, togcther with the nitrogen atom

to which they are attached, combine to form a five- or six-membered heterocycloalkyl ring. Preferably,
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the substituent(s) is/are independently selected from —chlore, -fluero, bromo, -methyl, <cthyvl, -hvdroxy,

-mcthoxy, -nitro, -carboxy, -mcthoxycarbonyl, -sulfonyl, or -amino.

[0045] Unless expressly stated othenwise, "heterocvcloalkyl" preferably refers to a monocyclic or fused
ring of 5 to 10 ring atoms containing onc. two, or three hetcroatoms in the ring which are sclected from
the group consisting of N, O and -S(0)n where n is (-2, the remaining ring atoms being carbon, The
rings may be saturated or unsaturated, 1.e. the rings may have one or more double bonds. However, the
rings arc not aromatic (heterocycloalkyl # heteroaryl). Examples, without limitation, of heterocycloalkyl
groups are pyrrolidine. pipendine. piperazine, morpholine, imidazolidine, tetrahydropyridazine,
tetrahvdrofuran, thiomorpholine, tetrahydropyridine, and the like. Heterocycloalkyl may be substituted
or unsubstitutcd. When substituted, the substituted group(s) is onc or more, for cxample ong, two, or
three substituents, independently selected from the group consisting of -C,-Cio alkyl;, -C3-Cs cycloalkyl:
-Cs-Ca aryl; 3-10 membered -heteroaryl wherein 1 to 4 ring atoms are independently selected from N,
O or 8; 5-10 membcered -heterocy¢loalkyl wherein | to 3 ning atoms arc independently sclected from N,
O or 8; -OH; -0-C,-C,p alkyl; -0-C;-Cs cveloalkyl; -0-Cs-Cha aryl; -SH; -8-C,-Cg alkyl; -8-Cs-C 4 arvl;
-CN; -halo; -carbonyl; -thiocarbonyl; -O-carbamyl; -N-carbamyl; -O-thiocarbamyl; -N-thiocarbamy]l; -
C-amido: -N-amido: -C-carboxy: -O-carboxy: -NO»; -silyl; -sulfinyl; -sulfonvl; and -NR"R® where R®
and R are independently selected from the group consisting of -H, -C1-C4 alkyl, -C:-Cs cycloalkyl, -
Cs-Ci4 aryl, -carbonyl, -acetvl, -sulfonyl, -amino, and trifluoromethanesulfonyl; or R" and R®, together
with thc nitrogen atom to which they arc attached, combince to form a five- or six-membered
heterocycloalkyl nng. Preferably, the substituent(s) 1s/are independently selected from -chloro, -fluoro,

=bromo, -methyvl, -ethyl, -hydroxy, -methoxy, =nitro, =carboxy, -methoxycarbonyl, -sulfonyl, or =amino.

[0046| Unless expressly stated otherwise, "aryl" preferably refers to an aromatic all-carbon monocyclic
or fused-ring polvcyclic group (i.e.. rings which share adjacent pairs of carbon atoms) of 6 to 14 ring
atoms and having a completcly conjugated pi-cleetron svstem. Examples, without limitation, of aryl
groups are phenyl, naphthalenyl and anthracenyl. The aryl group may be substituted or unsubstituted.
When substituted, the substituted group(s) is one or more, for example one, two, or three substituents,
independcently sclected from the group consisting of -C -C o alkvl; -C3-Cs cvcloalkyl; -Ce-C)4 aryl; 5-10
membered -heteroaryl wherein | to 4 ring atoms are independently selected from N, O or §; 3-10
membered -heterocveloalkyl wheremn 1 to 3 ning atoms are mdependently selected from N, O or 5; -OH:
-0-C,-C\p alkyl, -0-C:-Cs cycloalkyl; -0-Cs-C 4 aryl: -SH; -5-C,-Cp alkyl; -5-Ce-C,4 aryl; -CN; -halo:
-carbonyl; -thiocarbonyl; -O-carbamyl; -N-carbamyl; -O-thiocarbamvl; -N-thiocarbamyl; -C-amido; -
N-amido; -C-carboxy; -O-carboxy; -NOy; -silyl; -sulfinyl; -sulfonyl; and -NRPR® where R® and R¢ are
independently sclected from the group consisting of -H, -C,-Cs alkyl, -Cs-Cy cycloalkvl, -Ce-C 4 aryl, -

carbonyl, -acetyl, -sulfonyl, -amino, and trifluoromethanesulfonyl; or R® and R, together with the
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nitregen atom to which they are attached, combine to form a five- or six-membered heterocveloalkyl

ring.

[0047] Preferably the substituent(s) is/are independently selected from -chloro, -fluore, -bromo, -

mcthyl, -cthyl, -hydroxy. -mcthoxy, -nitro, -carboxy, -mcthoxycarbonyl, -sulfonyl, or -amino.

[0048] Unless expressly stated otherwise, "heteroaryl" preferably refers to a monocyclic or fused
aromatic ring (i.c., rings which sharc an adjacent pair of atoms) of 3 to 10 ring atoms in which onc, two,
three or four ring atoms are selected from the group consisting of N, O and § and the rest being carbon.
Examples, without limitation, of heteroaryl groups are pyridyl, pyrrolyl, furyl, thienyl. imidazolyl,
oxazolyl, isoxazolyl, thiazolvl, isothiazolvl, pyrazolyl 1.2 3-triazolyl, 1,2 d-triazolyl, 1.2, 3-oxadiazolyl,
1.2 d-oxadiazolyl, 1,2.5-oxadiazolyl, 1.3 4-oxadiazolyl, 1,3,4-triazinyl, 1,2,3-tnazinyl, benzofuryl,
isobenzofuryl, benzothienyl, benzotriazolyl, isobenzothienyl, indolyl. isocindolyl, 3H-indolvl,
benzimidazolyl, benzothiazolvl, benz—oxazolyl, quinolizinyl, quinazolinyl, pthalazinyl, quinoxalinyl,
cinnnolinyl, napthynrdinyl, quinolyl, isoquinolyl, tetrazolyl, 5.6,7 8-tetrahydroquinolyl, 5, 6, 7, 8-tetra-
hydroisoquinolyl, purinyl, pteridinyl, pyridinyl, pyrimidinyl, carbazolyl, xanthenyl or benzoquinolyl.
The heteroaryl group may be substituted or unsubstituted. When substituted, the substituted group(s) is
one or more, for example one or two substituents, independently selected from the group consisting of
-C-Cio alkyl; -C:-Cs cycloalkyl; -Cs-C4 arvl; 5-10 membered -heteroaryl wherein | to 4 ring atoms are
indcpendently selected from N, O or S: 5-10 membered -heterocyeloalkyl wherein 1 to 3 ring atoms arc
mdependently selected from N, O or 8; -OH; -0-C,-Cyp alkyl; -0-C:-Cs cveloalkyl; -0-Cs-Cyy arvl; -
SH; -8-C1-Cinalkyl; -8-Cs-Cis arvl; -CN; -halo; -carbonyl; -thiocarbonyl; -O-carbamyl; -N-carbamyl; -
O-thiocarbamyl, -N-thiocarbamyl; -C-amido:. -N-amido: -C-carboxy: -O-carboxy: -NO;, -silvl; -
sulfinyl; -sulfonyl; and -NR°R® where R and R° are independently selected from the group consisting
of =H. -C;-Cs alkyl, -C3-Cs cycloalkyl, -Cs-Cyy aryl, -carbonvl, -acetyl, -sulfonyl, -amino, and
trifluoromcthancsulfonyl: or R® and R, together with the nitrogen atom to which they arc attached,
combine to form a five- or six-membered heterocycloalkyl ring. Preferably the substituent(s) is/are
mdependently selected from -chloro, -fluore, -bromo, -methyl, -ethyl, -hydroxy, -methoxy, -nitro, -

carboxy. -mcthoxy-carbonyl. -sulfonyl, or -amino.
[0049] "Hydroxy" preferably refers to an -OH group.
[00530] "Alkoxy" preferably refers to an -Q-unsubstituted alkyl and -O-substituted alkyl group, as

defined herein. Examples include and are not limited to -methoxy, -ethoxy, -propoxy, -butoxy, and the
like.
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[0051] "Cyeloalkoxy” preferably refers to an O cycloalkyl group, as defined herein. One example is -

cyclopropyloxy.

[0052] "Arvloxy" preferably refers to both an -O-aryl and an -O-heteroaryl group, as defined hereimn.

Examplcs include and arc not limited to -phenoxy, -napthyloxy, -pyridyloxy, -furanyloxy, and the like.

[0053] "Mercapto" preferably refers to an -SH group.

[0054] "Alkylthio" preferably refers to both an -$-alkyl and an -S-cycloalkyl group, as defined herein.

Examples include and are not limited to -methylthio, -ethylthio, and the like.

[0055] "Arylthio™ preferably refers to both an -S-aryl and an -S-heteroaryl group, as defined herein
Examples include and are not limited to -phenylthio, -napthylthio, -pyridylthio, -furanylthio, and the
like.

[0056] "Sulfinyl" preferably refers to a -5{(=0)-R* group, wherein, R* is selected from the group
consisting of -H: -OH: -alkyl, -cvcloalkyl, -arvl, -heteroaryl (bonded through a ring carbon) and -

heterocyeloalkyl (bonded through a ring carbon), as defined herein.

[0057] "Sulfonyl" preferably refers to a -S(=0):-R* group wherein, R® is selected from the group
consisting of -H, -OH, -alkyl, -cvcloalkyl, -aryl, -heteroaryl (bonded through a nng carbon) and -

heterocycloalkyl (bonded through a ring carbon), as defined herein.

|0058] "Trihalomethy]l" preferably refers to a -CXs group wherein X is a halo group as defined herein

¢. g., «trifluoromethyl, ~trichloromethyl, ~tribromomethvl, =dichlorofluoromethy¥l, and the like.

[0059] "Carbonv]” preferably refers to a -C(=0)-R* group. where R* is selected from the group
consisting of -H, -alkyl, -cvcloalkyl, -arvl, -heteroaryl (bonded through a ring carbon) and -
heterocyeloalkyl (bonded through a ring carbon), as defined herein. Representative cxamples include
and the not limited to -acetyl, -propionyl, -benzoyl, -formyl, -cyclopropylcarbonyl, -pyvridinylcarbonyl,

-pyrrolidin-1-ylcarbonyl, and the like.

|006(] "Thiocarbonyl” preferably refers to a -C(=S}-R* group, with R* as defined herein,

[0061| "C-carboxy" and "carboxy" which are used interchangeably herein preferably refer to a -
C(=00O-R? group, with R* as defined herein, e. g COOH, -methoxycarbonyl, -¢thoxy-carbonyl, -

benzyvloxyearbonyl, and the like.
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[0062] "O-carboxy" preferably refers to a -OC(=0)R* group. with R* as dcfined hercin, cg. -

methylcarbonyloxy, -phenylcarbonyloxy, -benzylcarbonyloxy, and the like.

[0063] "Acctyl” preferably refers to a -C(=0)YCH: group.

[0064] "Carboxylic acid" preferably refers to a -C(=0)OR? group in which R* is -H.

|0065] "Halo" or "halogen” preferably refers to -fluonne, -chloring, -broming or -ioding,

[0066] "Cyvano" preferably refers to a -CN group.

[0067] "Nitro" preferably refers to a -NO; group.

[0068] "O-carbamyl" preferably refers to a -OC(=0)NR"R® group, with R? and R¢ as defined herein.
[0069] "N-carbamyl" preferably refers to a ROC(=0)NRP- group, with R” and R® as defined herein.
[0070] "O-thiocarbamyl" preferably refers to a -OC(=S)NR"R® group, with R" and R¢ as defined herein.
[0071] "N-thiocarbamyl" preferably refers to a R®OC(=S)NR"- group, with R" and R® as defined herein.
[0072] "Amino" prcferably refers to an -NRPR® group, wherein R and R* are independently -H or
unsubstituted C,-Cs alkyl, e.g, -NHa, -dimethylamino, -diethvlamino, -ethylamino, -methyl-amino, and
the like.

[0073] "C-amido" preferably refers to a -C(=0)NR"R® group, with R" and R® as defined herein. For
example, R" is -H or unsubstituted -C,-C; alkyl and R® is -H, -C,-C4 alkyl optionally substituted with -
heterocycloalkyl, -hydroxy, or -amino. For example, -C(=0)NRPR® may be -aminoccarbonyl, -dimethyl-
aminocarbonyl, -diethvlaminocarbonyl, -diethvlamino-ethvlaminocarbonyl, -ethylaminoethvlamino-

carbonyl, and the like,

[0074] "N-amido" preferably refers to a R°C(=0)NR"- group, with R® and R® as defined herein, e g. -

acctylamino, and the like.

[00753] If not expressly stated otherwise, any residue, group or moiety defined herein that can be

substituted is preferably substituted with onc or more substituents independently sclected from the group
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consisting of -C-Cis alkyl; -C3-Cx cycloalkyl; -Cs-Cia arvl; 3-10 membered -heteroaryl wherein | to 4
ring atoms arc independently sclected from N, O or 8: 3-10 membered -heterocyceloalkyl wherein 1 to 3
ring atoms are independently selected from N, O or §; -OH; -0-C,-C alkyl, -0-Cs-Cs cvcloalkyl: -O-
Cs-Cis aryl; -SH; -8-Ci-Cia alkyl; -8-Ce-C aryl; -CN; -halo; ~carbonyl, -thiocarbonyl; -O-carbamyl; -
N-carbamyl; -O-thio-carbamyl, -N-thiocarbamyl, -C-amido, -N-amido; -C-carboxy; -O-carboxy; -NO»;
-silyl; -sulfinyl; -sulfonyl; and -NRPR® where R® and R® are independently selected from the group
consisting of -H, -C,-C, alkyl, -C:-Cs cycloalkyl, -Cs-C\4 aryl, -carbonyl, -acetyl. -sulfonyl, -amino, and
trifluoromecthancsulfonyl, or R® and R°, together with the nitrogen atom to which they arc attached,
combine to form a five- or six-membered heterocyclo-alkyl ring. Preferably the substituent(s) is/are
independently selected from -chloro, -fluoro, -bromo, -methyl, -ethyl, -hyvdroxy. -methoxy, -nitro, -

carboxy, -mcthoxycarbonyl, -sulfonyl, or -amino.

[0076] The invention also relates to the stercoisomers of the compounds according to general formula

(A), (B) and (C) ¢.g. the cnantiomers or diastercomers in racemie, cnriched or substantially pure form.

[0077] In another aspect, the present invention relates to a pharmaceutical composition comprising any
of the compounds or salts of the present invention and. optionally, a pharmaccutically acceptable carricr
or excipient. This composition may additionally compnse further compounds or medicaments, such as,
for example, neuroprotective or antinociceptive agents besides the compounds according to general

formula (A), (B) and (C).

[0078] "Pharmaceutical composition” preferably refers to a mixture of one or more of the compounds
deseribed herein, or physiologically/pharmaccutically acceptable salts or prodrugs thercof, with other
chemical components, such as physiclogically/ pharmaceutically acceptable carriers and excipients. The

purpose of a pharmaceutical composition is to facilitate administration of a compound to an organism.

[0072] As used herein, a "physiologically/pharmaceutically acceptable carrier” refers to a carrier or
diluent that does not cause significant irrtation to an orgamsm and does not abrogate the biological

activity and propcrtics of the administercd compound.

[0080] A "phammaceutically acceptable excipient” refers to an inert substance added to a pharmaceutical
composition to further facilitate administration of a compound. Examples, without limitation, of
excipients include calcium carbonate, calcium phosphate, various sugars and types of starch, cellulose

derivatives, gelatin, vegetable oils and polyethylene glveols.
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[0081] Physiologically or pharmaceutically acceptable carriers and excipients are known to the skilled
person. In this regard it can be referred to, ¢.g., HP. Ficdler, Lexikon der Hilfsstoffe fiir Pharmazic,
Kosmetik und angrenzende technische Gebiete, Editio Cantor Aulendorf, 2001.

[0082] The pharmaccutical composition according to the invention can be, ¢.g., solid, liquid or pasty.

[0083] A further aspect of the invention relates to a pharmaceutical dosage form comprising the

pharmaccutical composition according to the invention.

[0084] The pharmaccutical dosage form according to the invention mayv be adapted for various routes
of administration (e.g. systemic, parenteral, topic, local), such as oral administration, infusion, injection

and the like.

|0085] Pharmaceutical dosage forms that are adapted for oral administration include tablets, pellets,

capsules, powders, granules and the like.

[0086] The pharmaceutical dosage form is preferably adapted for administration once daily, twice daily
or thrice daily, The pharmaceutical dosage form may release the compound according to general formula
(A), (B) and (C) immcdiately (immediate relcase formulation) or over an cxtended period of time

{retarded release, delaved release, prolonged release, sustained release, and the like).

[0087] The compounds according to the invention show agonistic or antagonistic cffects at the MrgX2

receptors. They may among other indications be used as antinociceptive and/or antipruntic drugs.

[0088] In another aspeet, the invention rclates to the use of the compounds according to gencral formula
(A}, (B) and (C) for activating or antagomzing MrgX?2 receptor function. Thus, in one embodiment, the
compounds of the invention may be used as antinociceptive drugs. In a further aspect, the compounds
according to gencral formula (A), (B) and (C) may thus also be uscd for the prevention, alleviation

and/or treatment of a disease or disorder related to MrgX2 receptor activity.

[0089] The terms "discascs and disorders related to MrgX2 receptor function”, "discases and disorders
connected to MrgX2 receptor function" and "disease or disorder related to MrgX2 receptor activity™” are
used interchangeablv herein to refer to a condition involving MrgX?2 receptor activity. Examples for
such discascs and disorders are neurodegencrative discases, nociceptive pain, and ncuropathic pain.
Since the ademine receptor 1s also expressed in brain, e g n the cortex, also included are CNS disorders,
such as neurcinflammatory conditions and neurodegenerative disorders (eg. Alzheimer's and

Parkinson’s discasc).
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[0090] "Treat", "trcating” and "trcatment" preferably refer to a method of alleviating or abrogating an

MrgX2 receptor related disease or disorder and/or its attendant symptoms.

[0091] "Prcvent", "preventing" and "provention" preferably refer to a method of hinderning an MrgX2

receptor related disease or disorder from occurring, 1.¢. a prophylactic method.

[0092] "Orgamism" preferably refers to any living cntity comprised of at lcast onc cell. A living
organisim can be as simple as, for example, a single eukaryotic cell or as complex as a mammal, including

a human being,.

[0093] "Therapeutically effective amount" preferably refers to that amount of the compound being
administered swhich will relieve to some extent one or more of the symptoms of the disorder being

treated.

[0094] Preferably, the subject afflicted by a disease treated, alleviated or prevented according to the

invented use 1s a human.

[0093] A further aspect of the invention relates to the use of a compound according to general formula
{(A). (B) and (C) for th¢ manufacture of a pharmaccutical composition according to the invention or of
a pharmaceutical dosage form according to the invention for preventing, ameliorating or treating pain

or a prutitus.

|0096| The inventions illustratively described heremn may suitably be practiced in the absence of any
clement or elements, limitation or limitations, not specifically disclosed herein. Thus, for example, the
term “includes" shall be read coxpansively and without limitation. Additionally, the terms and
expressions employved herein have been used as terms of descnption and not of limitation, and there is
no intention in the use of such terms and expressions of excluding any equivalents of the features shown
and decscribed or portions thercof, but it is recognized that various modifications arc possiblc within the
scope of the invention claimed. Thus, it should be understood that although the present invention has
been specifically disclosed by preferred embodiments and optional features, modification and vanation
of the inventions cmbodicd thercin hercin disclosed may be resorted to by thosc skilled in the art, and

that such modifications and variations are considered to be within the scope of this invention,

[0097] The invention has been described broadly and gencrically hercin. Each of the narrowcer specics
and subgenenc groupings falling within the generic disclosure also form part of the invention. This
includes the genenc descrnption of the invention with a proviso or negative limitation removing any
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subject matter from the genus, regardless of whether or not the excised matenal 1s specifically recited

hcrein.

[0098] Other embodiments are within the following ¢laims and non-limiting ¢xamples. In addition,
where features or aspects of the invention arc described in terms of Markush groups, thosc skilled in the
art will recognize that the invention is also thereby descrnbed in terms of any individual member or

subgroup of members of the Markush group.

|0092] The present inventions will be explained in more detail in the following examples. However,

the examples are only used for illustration and do not limit the scope of the present invention,

|0100] For all reactions, analvtical grade solvents were used. 'H, *C and 'F NMR spectra were
recorded using spectrometers: Bruker Avance 300 ('H NMR: 300 MHz, '*C NMR: 75 MHz), Bruker
Avance 500 (‘HNMR: 500 MHz, C NMR: 125 MHz, YF NMR: 470 MHz) or Bruker Avance 600 (‘H
NMR: 600 MHz, *C NMR: 150 MHz). Chemical shifis (3) are reported in ppm relative to
tetramethylsilane (TMS) or residual solvent signal for 'H, residual solvent signal for '*C and
trifluoroacctic acid (—77.0 ppm) for YF NMR. Abbreviations used are: s = singlet, d = doublet, t = triplet,
q = quartet, sept = septet, dt = doublet of triplets, dq = doublet of quartets, td = triplet of doublets, ddd
= doublet of doublet of doublets, m = multiplet, br = broad. Coupling constants are expressed in Hz,
High resolution mass spectra were acquired on a quadrapole orthogonal acecleration time-of-flight mass
spectrometer (Synapt G2 HDMS, Waters, Milford, MA). Samples were infused at 3 pL-min™! and
spectra were obtained in positive {or negative) 1onization mode with a resolution of 153000 (FWHM)
using leucine enkephalin as lock mass. Precoated aluminum shests (Fluka Silica gel/TLC-cards, 254
nm) were used for TLC. Flash column chromatography was performed on JCN silica gel 63—200 mesh,
60 A

Synthesis of 2-alkyl-3-oxoesters:

o) o} O o)

a) or b)
.t RSTX -
2

X=lorBr

. . . |
R)L cl "’ ﬁ 07 Method C
2

Scheme. Synthesis of 2-alky]l-3-oxoesters. Reagents and conditions: a) NaH, THF, rt; b) K:CO:, DMF,
it; ¢) BuLi, DIPEA, THF, —78 °C to rt.
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Table. Overview of the synthesized 3-oxoesters.

o O
. Ao
2
R R:

1 isepropyl (methylethyl) ethyl

2 terr-butyl (1,1-dimethylethyl) ethyl

3 phenyl ethyl

4 cyclopropyl cthyl

5 isobutvl (Z-mcthyvlpropyl) cthyl

6 propyl ethyl

7 isopropyl (methylethyl) propyl

8 propyl propyl

9 methyl 2-methoxyethyl
10 | p-methoxyphenyl ethyl

Method A:

[0101] Approprate 3-oxocster (1.0 cquiv.) was added to a suspension of NaH (60% in mincral oil, 1.0
mol. equiv.) in THF (1 ml/1 mmol of 3-oxoester) at room temperature and resulting mixture was stirred
for 30 min at room temperature. Then alkyl halide (1 mol. equiv.) was added and mixture was refluxed
for defined period of time (TLC control). After cooling to room temperature reaction was quenched with
saturated aqueous NH4C1 (1.2 ml/1 mmol of NaH). The aqueous layer was separated and extracted with
AcOEt (3x). Organic lavers were combined, dried over MgS80,, filtered and concentrated in vacno (at
30 °C). The crude product was purificd by flash column chromatography on silica gel giving colorless
liquid which was pure encugh to be used in the next step without additional purification and fraction

contaminated with starting material which was not further purified.

Method B:

[3102] A mixturc of 3-oxocster (1 mol. ¢cquiv.). alkyl halide (1.1 mol. ¢quiv.) and K>CO; (1.5 mol.
equiv.) in DMF (2.5 ml/l ml of 3-oxopester) was stirred at room temperature overmght. Next, H2Q (10
vol of DMF) was added and mixture was extracted with AcOEt (3x). Organic lavers were combined,
dricd over MgSQ,, filtcred and concentrated w7 vacuo (at 30 °C). The crude product was punficd by
flash column chromatography on silica gel giving colorless liquid which was pure enough to be used in
the next step without additional purification and fraction contaminated with starting material which was

not further purified.
39
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Mecthod C;

[0103] To a solution of butyl lithium (2.3 mol equiv.) in THF at —78°C, was added dusopropylamine
(DIPEA., 2.4 mol cquiv.) dropwisc. The mixturce was stirred at —78°C for half an hour. Ethyl cster (2
mol equiv.} was added dropwise via cannula over 30 minutes and the mixture was allowed to stir further
at —78°C. Lastly acid chlonde {1 mol equiv.) was added dropwise to the reaction mixture and after
addition the rcaction was heated to room temperature and allowed to stir for another 2 hours. After
reaction completion the reaction was quenched using saturated NH4Cl solution and the mixture was
extracted three times with AcOEt. The combined organic layers were dried using Na:50., filtered and
concentrated in vacuo. The crude product was purificd by flash column chromatography on silica gel

yielding a colorless to light vellow oil.

Ethyl 2-ethyl-4-methyl-3-oxopentanoate:
o O
-

Chemical Formula: € 5Ha04

[0104] The title compound was obtained from ethyl isobutyrylacetate (2.50 g; 13.80 mmol) and ethyl
10dide according to Method A in 90% vield (2,64 g, 1417 mmol). 'HNMR (CDCl;, 300 MHz): & (ppm)
0.92(t,J=74Hz, 3H), 1.10(d, J=69Hz, 3H),1.12 (d,J=6.9 Hz, 3H), 1.26 (t,/=7.1 Hz, 3H), 1.87
(dq, /=74, 73 Hz, 2H), 2.80 (sept. /= 6.9 Hz, IH}), 3.53 (t,./= 7.3 Hz, 3H),4.18 {(q../=7.1 Hz, 2H),
BC NMR (CDCls, 75MHz): § (ppm) 12,18, 1422 1816, 1845, 21.84, 40,72, 58.77, 61.26, 169,90,
20026,

Ethyl 2-ethyl-4,4-dimethyl-3-oxopentanoate:
O o

H)J\il\o/\.
|0105] The title compound was obtained from trimethyvlacetvl chlonde (0.50 g; 4,13 mmol) and ethyl
butanoate according to Method C in 38% vield (320 mg, 1.60 mmol). '"H NMR (CDCl: 300MHz): &

(ppm) 0.91 (t, =74 Hz, 3H), 1.17 (s, 9H), 1.24 (t, J= 7.5 Hz, 3H), 1.80 (m, 2H), 3.80 (t,J=7.1 Hz,
IH), 4.13 {q. .J=7.1 Hz, 2H).

Ethyl 2-benzoylbutanoate:
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O o
©)j/u\of\
[0106] The title compound was obtained from benzoyl chloride {0.50 g; 3.56 mmol) and ethyl butanoate

according to Mcthod C and the crude was used in the next reaction without further purification.

Ethyl 2-(cyclopropanecarbonyl)butanoate:

A

[0107] The title compound was obtained from cyclopropanecarbonyl chloride (0.50 g; 4 78 mmol) and
ethyl butanoate according to Method C in 26% vield (320 mg, 1.25 mmol). 'H NMR (CDCl;, 300 MHz)-
o {ppm) 0.93 (t, /= 7.4 Hz, 3H). 1.09 (m, 2H). 1.27 (t, /= 7.1 Hz, 3H), 1.94 (q. /= 7.4 Hz, 2ZH), 2.07
(m, IH). 347 (t, /=74 Hz, 1H), 421 (q,J=7.1 Hz, 2H).

Ethyl 2-ethyl-5-methyl-3-oxohexanoate:

O ]
)\,\j/mo,\

[0108] The title compound was obtained from 3-methylbytyryl chloride (0.30 g. 4,13 mmol) and ethyl
butanoate according to Method C in 58% yield (490 mg, 2.45 mmol). 'H NMR (CDCl;, 300 MHz): &
{ppm) 0.89 (m, 9H), 1.28 (t, /= 7.2 Hz, 3H), 1.55 (m, 3H), 1.68-1.94 (m, 2H), 2.39-2.55 (m, 1H), 4.18
(dd,./=87,57Hz, 2H).

Ethyl 2-ethyl-3-oxohexanoate:
o 0O
o

[0109] The title compound was obtaincd from cthyl butvrvlacetate (1.496 ml; 1 .48 g: 9.353 mmol) and
ethyl iodide according to Method A in 76% yield (1.320 g, 7.087 mmol) as a colorless liquid. 'H NMR
(CDCls, 300 MHz): § (ppm) 0.91 (1, = 7.5 Hz, 3H), 0.92 (t, J = 7.5 Hz, 3H), 1.27 (t,J = 7.2 Hz, 3H),
1.62 (sext, J = 7.5 Hz, 2H), 1.83-1.92 (m, 2H), 2.44 (m, 1H), 2.54 (m, IH), 3.35 (t,./ = 7.2 Hz, |H),
4.19 (q.J=7.2 Hz, 2H). *C NMR (CDCl:, 75MHz): § {ppm) 12.06, 13.68, 14.22, 17.02, 21.70, 43 .87,
60.84, 61.28, 169.98, 205 50,

Ethyl 4-methyl-3-0x0-2-propylpentancate;
O O
o~
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[0110] The title compound was obtained from ethyl isobutyrylacetate (2 mmol) and propyl iodide
according to Mcthod A in 68% (273 mg, 1.363 mmol) vicld as a colorless liquid. 'H NMR (CDCl;, 300
MHz): & (ppm) 0.93 (1, /=73 Hz, 3H), 1 10(d, J=69Hz, 3H), 1.11 {d, J= 6.9 Hz, 3H), 1 23-1 34
(m, 3H). 1.78-1.86 (m, 2H), 2.77 (scpt, J= 6.9 Hz, 1H), 3.61 (t, /=73 Hz, 1H). 4.17 (¢, J = 7.1 Hz,
2H). *C NMR (CDCl;, 75MHz): 8 (ppm) 12.98, 13.22, 17.22, 17.49, 29.52, 39.67, 56.05, 60.29, 169.02,
208.34,

Ethyl 3-oxo-2-propylhexanoate:
o O

SRS

Chemical Formula: Cq4Hz0Q5
Exact Mass: 200,14

[0111] To a mixture of ethyl 3-oxohexancate {1 mmol) in THF {5 ml) was added +~-BuOK (1.1 mmol)
and thce mixturce was stirred for 15 min at room temperature. Then alky] halide (1 mmol) was added
dropwise and nuxture was stirred at room temperature overnight. Afiter that time TLC control showed
presence of mainly starting material. Mixture was brought to reflux and kept refluxing for 20 h. Then it
was poured into saturated aqueonus NHLC1 (50 ml) and extracted with AcOFEt (3x). Organic lavers were
combined, dried over MgSQ,, filtered and concentrated i» vacuo. The crude product was purified by
flash column chromatography on silica gel (CH3Cl) affording 99 mg of colorless liquid (0.494 mmol,
49%) which was purc cnough to be used in the next step. 'H NMR (CDCls, 300 MHz): & (ppm) 0 91 (1,
J =735 Hz, 3H), 0.92 (t, J= 7.2 Hz, 3H), 1.24-1.37 (m, 5H), 1.51-1.66 (m, 2ZH), 1.70-1.75 (m, 2H).
346 (t,J=75Hz, IH), 418 {q. /=72 Hz. 2ZH). V’C NMR (CDCl;, 75MHz): & (ppm) 12.68, 1293,
1322, 16,04, 19.83, 29035 4279 538 11, 60.28, 169.10, 204 34

Ethvl 2-acetyl-4-methoxybutanoate:
o O

)kil:c,/\

O“‘\-.

[0112| The title compound was obtained from ethyl acetoacetate {(1.25 mmol) and 1-bromo-2-
methoxyethane according to Method A in 74% yield (174 mg, 0.925 mmol) as a vellow liguid. 'H NMR
(CDCls, 300 MHz): & (ppm) 1.28 (t, J = 7.2 Hz, 3H), 2.08-2.16 {m. ZH), 2.26 (s, 3H), 3.29 (s, 3H),
3.37-3.41 (m, 2H), 364 (t, /= 6.9 Hz, 1H), 4.20 (q,.J = 7.2 Hz, 2H). !*C NMR (CDCl;, 75MHz): §
{(ppm) 14.19, 28.21, 2938, 56.34, 538.69, 61.49, 70.05, 169.79, 20315,

Ethyl 2-(4-methoxybenzoyl}butanoate:
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o O

JQ)%"A‘
~0

[0113] The title compound was obtained from 2.0 mmol of ethyl 3-(4-methoxyphenyl)-3-
oxopropanoate and cthyl 1odide according to Mcthod A in 653% yicld (325 mg, 1.298 mmol) as a
colorless liquid. 'HNMR (CDCl;, 300 MHz): 8 (ppm) 0.98 (t, J=7.5 Hz, 3H), 1.18 (t,J = 7.2 Hz, 3H),
1 98-2 08 (m, 2H), 3 87 (s, 3H). 4 11-4 20 (m_ 2H), 695 (d,/=8 7Hz, 2H), 798 (d.J= 9.0 Hz, 2H).
BC NMR (CDCls, 73MHz): 8 (ppm) 12 25, 14 17, 22 .58, 24 88, 5562, 55.77. 11401, 129.57_131.06,
163.92,170.32, 193.76.

Synthesis of 2-amincimidazole derivatives:

Ra Rg

R NH, a) Rs N
'\\P—NHz
R NH (Method D} R
& Rs

g

Scheme. Synthesis of 2-aminoimidazole derivatives. Reagents and conditions: a) BrCN, EtOH, 30 °C.

Table. Overview of the synthesized Z-aminobenzimidazole derivatives,

Re
Ry N
' N\>—NH2
Entry Ry L
5

Rz Ra Rs Rs
1 F F H H
2 Cl Cl H H
3 Br Br H H
4* | Mc Mc H H
5 H H H Me
6 Me (H) H (Me) H H
7 CN (H) H (CN) H H
8 Cl (H) H (C1) H H
9 F (H) H{F) H H
10 [ OMc (HYy | H(OMe) | H H
11 Mc H Bn H
12 |H Mc Bn H
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* Product isolated as hvdrobromide salt.

Mcthod D

[0114] To an appropriate aromatic diamino compound (1 mol. equiv.) in EtOH (4.5 ml/l mmol starting
material) was added cvanogen bromide (1.2 mol. equiv.) and resulting mixture was stirred at 50 °C ull
disappcarance of starting matenal (TLC control). Then volatiles were removed in vacuo and the solid
residue was re-dissolved (or suspended) in H:0. Water mixture was extracted with EtOAc (3x). Organic
layer was discarded and water layer was brought to pH 9-10 (according to universal indicator paper)
using 25% NH,0H or | M aqucous NaOH and it was cxtracted with EtOAc (3x). Combincd organic
layers were dried over MgS804. Dryving agent was removed, residue was concentrated to dryness and

purified on silica gel column if needed.

5,6-Difluoro-1H-benzo|d]imidazol-2-amine:

F

N
L)
F

H

Chemical Formula: CzHgF N2
Exact Mass: 169,05

[0113] The title compound was synthesized from | 2-diamino-4,5-difluorobenzene (300 mg, 3.47
mmol) according to the Method D. Purification of crude product on silica gel column (4—6% of MeOH
in CH;Cl; with 2% (v/v) addition of 7 N ammonia in MeOH) afforded 439 mg (2.71 mmol; 78%) of
product as a palc brown solid. 'H NMR (DMSO-ds, 600 MHz): § (ppm) 6.31 (br, 2H), 7.05-7.08 (m,
2H). "“C NMR (DMSO-ds, 150MHZz): 8 (ppm) 99.63, 134.3 (br), 144.6 (dd, J=232.4 Hz, /=151 Hz),
156.99. "*F NMR (DMSO-ds, 470 MHz): & (ppm) —150.2 '"H NMR (CD:OD, 600 MHz): & (ppm) 4.94
(br, 2H), 7.01 (t..J = 9.0 Hz, 2H). 1*C NMR (CD:0D, 150MHz): § (ppm) 100.1 (d, J = 15.1 Hz), 134.6
(br), 147.3 (dd,.J = 236.9 Hz,.J = 16.6 Hz), 158.14, 1*F NMR (CD;0D, 470 MHz): & (ppm) —150.7 (t, J
= 8.7 Hz). HRMS (ESI): m/z | M+H]" calcd for C-HgF2N3: 170.0524, found 170.0531.

5,6-Dichloro-1H-benzo[d]imidazol-2-amine:

Cl N
AL
Cl H

Chemical Formula: C;H5CI N,
Exact Mass: 200,99

[0116] The title compound was synthesized from 1.2-diamino-4,5-dichlorobenzene (500 mg, 2 82
mmol) according to the Mcthod D affording 568 mg (quant.) of product as a pal¢ vellow solid (without
column purification). 'H NMR (DMSO-ds, 300 MHz): & (ppm) 6.58 (s, 2H), 7.27 (s, 2H). “C NMR
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(DMSO-ds, 75MHz): & (ppm) 112.35, 12076, 138.78, 157.12. HRMS (ESI). m/z [M+H|" caled for
C7HsCIaNs: 2019933, found 201.9934.

5,6-Dibromo-1H-benzo|d]imidazol-2-amine:
Br.

N
L
Br

H

Chemical Formula: C;HgBraN,
Exact Mass: 288,89

[0117] The title product was synthesized from 4,5-dibromo-1.2-diaminobenzene (100 mg, 0.376 mmol)
according to thc Mcthod D, Punfication by silica gel column chromatography (3—10% of McOH in
CH;Cly) afforded 100 mg (0.343 mmol, 91%) of product as a white solid. 'H NMR (DMSO-ds, 300
MHz) & (ppm) 6.93 (br, 2H), 7.46 (s, 2H).

5,6-Dimethyl-1H-benzo|d|imidazol-2-amine hydrobromide:
N
e
H e
Chemical Formula: CgHq2BrNg
Exact Mass. 241,02

[0118] Product was synthesized from 1.2-diamino-4,5-dimcthylbenzene bascd on the Mcthod D. After
addition of concentrated aqueous NHz product was still present in H.O. Water laver was concentrated
and solid residue was purified on silica gel column (20% of MeOH in CH:Cl> with 2% vol. addition of
7 N ammonia in McOH) affording 676 mg (2 792 mmol; 76%) of product as a palc yellow solid. 'H
NMR (DMSO-ds, 300 MHz): 5 (ppm) 226 (s, 6H), 7 11 (s, 2H), 7.97 (br, ZH). “C NMR (DMSO-ds,
75MHz). 8 (ppm) 19.61, 11190, 12907, 130.57, 150.66. HRMS (ESI): m/z [M+H]" caled for CoHy2Na:
1621026 found 162.1033.

4-Methyl-1H-benzo[dlimidazol-2-amine:

N
N\>—NH2
H

Chemical Formula: CgHgN;
Exact Mass: 147 08

[0119] The title compound was synthesized from 1,2-diamino-3-methylbenzene (300 mg, 4.09 mmol)
according to the Method D. Purification of cmde product on silica gel column (4-5% of MeOH in
CH:Cl> with 2% vol. addition of 7 N ammonia in MeOH) afforded 327 mg (2.22 mmol; 54%) of product
as a pale orange solid. 'H NMR (DMSO-de, 300 MHz): 8 (ppm) 2.34 (s, 3H), 6 08 (br, 2H), 6 67 (d, J =
7.2 Hz, 1H), 6.75 (t,/ = 7.5 Hz, [H), 6.93 (d, /= 7.5 Hz, 1H). *C NMR (DMSO-ds, 75MHz): & (ppm)
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lo.6l, 108.77, 118,84, 120.07, 121.15, 137.17, 138.37, 154.76. HRMS (ESI); m/z [M+H]" calcd for
CsH oN3: 148 0869, found 148,0874.

5-Methyl-1H-benzo[d]imidazol-2-amine:

N
Ly
H

Chemical Formula: CgHgN,
Exact Mass: 147,08

[ 23] The title product was synthesized from 1,2-diamino-4-methylbenzene (300 mg, 4.093 mmol)
according to the Method D affording 596 mg (4.049 mmol, 96%) of product as red-brown solid. 'H
NMR (DMSO-ds, 300 MEHz): § (ppm) 2.30 (s. 3H), 6.08 (br, 2H), 6.67 (d, /= 7.8 Hz, 1H), 6.91 (s, 1H),
6.96 (d,J =7.8 Hz, 1H). *C NMR (DMSO-ds, 7SMHz): & (ppm) 21.19, 111.03, 111.89, 119.92, 127.67,
136 34, 138.77, 155.01. HRMS (ESI). m/z [M+H]' caled for CsHoN:: 148 0869, found: 148.0861.

2-Amino-1f-benzo|d]imidazole-5-carbonitrile:

NC N
U?NHz
H

Chemical Formula: CgHgN,
Exact Mass: 158,06

[0121] The title product was obtaincd from 3 4-diaminobenzonitrile (500 mg, 3.76 mmol) with slightly
modified Method D After removal of volanles, solid residue was redissolved in H:0 and pH was
adjusted to 89 using 3 N aqueous NaOH. Precipitate that formed was filtered-off, washed with H,O
and dricd under vacuum. Filtrate and washings were combined and extracted with EtOA¢ (3x).
Combined organic lavers were dried over MgS04. After removal of dryving agent and solvent residue
was put on silica gel column (8% of MeOH in CH>Cl: with 2% vol. addition of 7 N ammonia MeOH)
affording additional 77 mg of product. Total vicld: 390 mg (3.73 mmol, 99%) of product as a grey solid.
'H NMR (DMSO-d., 300 MHz): 8 (ppm) 6.67 (bs, 2H), 7.20(d, J= 7.8 Hz, 1H). 7.27 (d, /= 7.8 Hz,
IH). C NMR (DMSO-d¢, 75 MHz): & (ppm) 100.01, 112.43, 114.34, 120.88, 123.86, 138.16, 143.67,
157.67. HRMS (ESI): m/z [M+H]"* caled for CsH-Ny: 159.0665, found: 159.0669.

5-Chloro-1H-benzo|d]imidazol-2-amine:

Cl N
L
H

Chemical Formula: C7HgCIN,
Exact Mass: 167,03
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[0122] The atle compound was synthesized from 4-chloro-1,2-diammobenzene (500 mg, 3.51 mmol)
according to the Mcthod D, Purification of crude product by silica gel column chromatography (3—10%
of MeQOHOH in CH:C1; with 2% vol. addition of 7 N ammonia in MeOH) afforded 512 mg (3.05 mmol:
87%) of product as a brown solid. 'H NMR (DMSO-ds, 300 MHz): § (ppm) 6.36 (bs, 2H), 6.85 (dd. 1H,
J=81Hz, J=18Hz), 707 ({t..J=84Hz IH), 7.10 (d,./= 1.8 Hz, IH}. *C NMR (DMSO-ds;, 75
MHz): & (ppm} 11163, 110175, 118.46, 12326, 136.80, 14086, 15637 HRMS (ESI):. ri/z |M+H]|”
galed for C-H-CIN 168 0323, found 168 0329

5-Fluoro-1H-benzo[d]imidazol-2-amine;:

F N
L
H
Chemical Formula: C;HgFN4
Exact Mass: 151,05

[0123] The title compound was synthesized from 1,2-diamino-4-fluorobenzene (500 mg, 3.96 mmol)
according to the Method D. Crude product was suspended in a mixture of CH2Cl» and cyclohexane,
precipitate was filtered-off, washed with cyclohexane and dried affording 502 mg (3.32 mmol; 84%5) of
product as a brown solid. '"H NMR (DMSO-d., 600 MHz): & (ppm) 6.26 (s, 2H), 6.62-6.66 (m, 1H), 6.88
(dd, dd, /=96, 1.6 Hz, 1H), 7.03 (dd, J = 6.4, 54 Hz, 1H). *C NMR (DMSO-d;, l50MHz): & (ppm)
993(d, J=256 Hz), 1054 (d, J=24.1 Hz), 110.57_ 133.71 (br), 141.00 (br), 156.68, 1576 (d, J=
229.4 Hz). “FNMR (DMSO-ds, 470 MHz): 5 (ppm) —124 .5 (br). 'HNMR (CD-0D, 600 MHz): 5 {(ppm)
4.92 (bs. 2H), 6.70 (ddd./=102,8.4,24Hz, 1H), 689 (dd, J=96,24Hz, 1H),7.07(dd,./=8.4,42
Hz, IH). *C NMR (CD-OD. 150MHz): 8 (ppm) 100.2 (d, J =272 Hz), 1078 (d, /= 25.6 Hz), 112.1
(d, J=10.6 Hz), 134,26, 14064, 158 4 (d, /= 226.4 Hz), 160.7. ""F NMR (CD>0D, 470 MHz}. 5 (ppm)
—(125.64-125.59) (1d, J = 9.6 Hz, J= 4.6 Hz). HRMS (ESI): m/z [M+H]' caled for C;H-FNi: 152.0618,
found 152.0621.

5-Methoxy-1H-benzo[d]imidazol-2-amine;

P N
N\>—NH2
H

Chemical Formula: CgHgN;O
Exact Mass: 163,07

[0124] The title compound was synthesized from 1,2-diamino-4-methoxyvbenzene (500 mg, 3.62 mmol)
according to the gencral procedure. Purification of crude product on FC (6-10% of CHs0H in CH.Cl:
with 1% vol. addition of 7N NHi/CH:OH) afforded 451 mg (2.77 mmol; 76%) of product as a pale
brown solid. 'H NMR (DMSO-de, 300 MHz): 8 (ppm) 3.70 (s, 3H), 6.10 (bs, 2ZH), 6.48 (dd,.J =84, 2 4
Hz, 1H), 6.70 (d, J = 2.4 Hz, 1H), 6.97 (d, ./ = 8 4 Hz, 1H). *C NMR (DMSO-d., 73 MHz): § (ppm)
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55,38, 97.58, 106.07, 110.91, 131.81, 140.03, 153,91, 155.25, HRMS (ESI). m/z [M+H]" calcd for
CsH\oN:O: 164.0818, found 164.0827,

Synthesis of substituted imidazo[1,2-a] pyrimidin-5(1H)-ones, benzo[4,5]imidazo[1,2-a]pyrimidin-
4(10H)-one derivatives and some 4(10H)-thio analogues:

] {Method E or F) -

[y ’
A 4 3

2= _N o O JEEDN ‘
:’ [ W—NH, + ,*JI\\/U\O,/\\ a) orb) - -': [f Qord
Ry

S
S = H, Me, Bn

Ny—R ,\?:_H Ri = Me, iPr
Tt e -

H
Scheme. Synthesis of imidazo[l,2-a]pyrimidin-5(1H)-one and benzo[4,3]imidazo[1.2-¢]pyrimidin-
4(10H)y-one denvatives. Reagents and conditions: ay NaOEt, EtOH, reflux; by DMF, reflux; c) PaSs,
pyriding, reflux; d) Lawesson s reagent, toluene, reflux; e) Me:S0a, NaHCOs, acetone, reflux.
) Rz
N—R,

[:\P_an _a) [ ,\P:

Re 0O R,
o O R, N sorn Ry ;\?-—\&—E
R1/U\;/U\O/\ + . [\?_NHz aorbk) I\P:
2 =3 R
5 Rs
B
O

e - A 2o o

Scheme. Synthesis of substituted imidazo| 1.2-a|pyrimidin-3{1H)-one and benzo|4,3[imidazo| 1.2~
a]pynnudin-4{ 1 0H)-one denvatives. Reagents and conditions: a) NaOEt, EtOH, reflux; by DMF, reflux;
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s S
Ny--R, I?—}—*Rz W -
@E - a) or b) @ - i @[ > R, 2 e, iPr
Ri = e,

Scheme. Synthesis of 2-substituted benzo[4,5]imidazo[ 1.2-a]pvrimidin-4( 10H)-thione derivatives and
2-isopropyl-4-(methylthio)benzo| 4,5 imidazo| 1,2-¢|pyrimidine. Reagents and conditions: a) P)Ss,
pyridine, reflux; b) Lawesson’s reagent, toluene, reflux; ¢) Mez80a, NaHCOs, acetone, reflux.

General procedures;
Method E:

[0125] To a mixture of Z-aminoimidazole denvative (I mol. equiv.) and 3-oxoester (1.0-1.1 mol,
¢quiv.) 1n absolute EtOH (3 ml/l mmol of starting imidazole derivative) was added sodium ¢thoxide
(21% in EtOH; 2 mol. cquiv.). Resulting mixture was refluxed for scveral hours (TLC control). Upon
disappearance of starting matenals or no further progress of the reaction mixture was cooled to room
temperature. Volatiles were removed under reduced and a crude product was purified using flash silica
gcl column chromatography or preparative TLC. In casc of not sufficient purity of product after
chromatographic purification, solid was suspended in MeOH, filtered and dried affording target

compound.
Method F:

[0126] To an appropriatc 2-aminoimidazolc derivative (1 mol. cquiv.) in DMF (1-1.5 ml/1 mmol of
starting material) was added 3-oxoester (1-1.64 mol. equiv.) and the mixture was refluxed for several
hours (TLC control). Upon disappearance of starting materials or no further progress of the reaction
mixturc was cooled to room temperature. If precipitation occurred McOH or EtOH was addced, solid was
filtered off, washed with solvent indicated and dried under vacuum. In other case volatiles were removed

and residue was purified on silica gel column chromatography.
[0127] Purity of all products was determined by HPLC analvysis and was at least 95%.

7-Methylimidazof 1, 2-aJpyrimidin-5¢(8H)-one
O

183

Chemical Formula: C7H7N;O
Exact Mass: 149,06
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[0128] The title compound was svnthesized according to Method E starting from 2-aminoimidazole
hermisulfate (100 mg, 0.758 mmol) and cthyl acctoacctate (1.1 mol. cquiv). Purification by silica gel
column chromatography (0-6% gradient of MeOH in CH;Cl2) afforded 90 mg (0.603 mmol, 80%) asa
white solid. '"H NMR (DMSQO-ds, 300 MHz): & (ppm) 2.61 (s, 3H), 568 (s, 1H), 7.36 (d, ./ = 2.2 Hz,
IH), 7.52 (d, J = 2.2 Hz, 1H), 12.60 (br, 1H). *C NMR (DMSO-de, 75MHz): § (ppm) 22.08, 95 88,
107.00, 121.06, 145.80, 156.91, 159.27. HRMS (ESI): m/z [M+H]" caled for CsHsN:O: 150.0662,
found: 150.0665.

2-(tert-Butyl)-3-ethylthenzofd, 5 fimidazof 1, 2-alpyrimidin-4(10H)-one

o

Chemical Formula: CygHgN5©Q
Exact Mass: 269,15

[0129] The title compound was synthesized according to Mcthod F o starting from 2-
aminobenzimidazole (200 mg, 1.50 mmol) and ethy]l 2-ethyl-4,4-dimethyv]-3-oxopentanocate (1.1 mol.
equiv). Reaction time: 16 h. After removal of volatiles, crude product was purified on silica gel column
(30% of EtOAc in heptane) affording 30.2 mg (0.112 mmol, 7%) of product as an off-white solid. 'H
NMR (DMSQO, 300 MHz). 8 1.15 (t,./ = 7.2 Hz, 3H), 1 .46 (s, 9H), 2.76 (q, ./ = 7.1 Hz, 2H), 7.29 (ddd,
J=84,56,3.1Hz 1H), 7.44 (in, 2H), 8.45 (d, J = 8 0 Hz, 1H), 12,78 (s, 1H). '"C NMR (DMSOQ, 75
MHz): 3 13.91, 19.89, 30.48, 69091, 110.80, 113.15, 121.40, 125.50, 126.20, 145 85, 160.54 HRMS
(ESI): m/z [M+H]" calcd for CisH2oN:0: 270.16007, found: 270.1395,

2-(d-Methoxyphenyl) bengofd, 5 fimidazof 1, 2-alpyrimidin-#(10H)-one
9

S

Chemical Formula: Cq;H3N3z0,
Exact Mass. 281,10

[0130] The title compound was synthesized according to Mcthod E  starting  from  2-
aminobenzimidazole (100 mg, (0.751 mmol) and ethvl 3-(4-methoxyphenyl)-3-oxopropanoate (1 mol.
equiv). Reaction time: 20 h. Column chromatography of crude product (16-20% AcOEt in CH:Cl» as
an clucent) afforded 63 mg (0216 mmol: 29%) of product as an off~white solid. 'H NMR (DMSO-ds.
300 MHz): 8 (ppm) 3.83 (s, 3H), 6.56 (s. IH), 7.05 (d,.7= 9.0 Hz, 1H), 7.29-7 38 (m, 1H), 7.48-7 49
(m, 2H). 8 09 (d..J=9.0 Hz, IH), 846 (d,.7= 8 1 Hz, 1H), 13.01 (br, IH). *C NMR (DMSO-ds, 75
MHz): 8 (ppm) 5529, 9573, 11097 114,01, 11559, 12177, 12584, 126 .04, 128 38, 12916, 130 64,
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149 46, 15977, 160,32, 161.10, HRMS (ESI): m/z [M+H]" caled for Ci-HiaN:0: 292.1080, found:
292.1081.

6-Ethyl-7-methylimidazof1,2-alpyrimidin-5(8H)-one

S

Chemical Formula: CqH ;N3O
Exact Mass: 177,09

[0131] The title compound was synthesized according to Method E starting from 2-amincimidazole
hemisulfate (50 mg, 0.379 mmol) and ethyl 2-ethyl-3-oxobutanoate (1 mol. equiv). Purification on
preparative TLC (6% of MeOH in CH:Cl;) afforded 38 mg (0.214 mmol, 56%) as a white sohd. 'H
NMR (DMSO-dg, 300 MHz): & (ppm) 102 (t, ./ =75 Hz, 3H), 2.32 (s, 3H), 248 (q, f = 75 Hz, 2H:
overlapped with residual solvent signal), 7.36 {d,.J= 2.1 Hz, 1H), 748 (d,./ = 2.1 Hz, IH), 12.40 (br,
IH). 1*C NMR (DMSO-ds, 7SMHz): 8 (ppm) 13.50, 18.30, 19.56, 10668, 108.15, 122.10, 143 98,
153.73, 156,92, '"H NMR (CD:0D, 300 MHz): 8 (ppm) 1.11 (t,.J=7.5 Hz, 3H), 241 (s, 3H), 2.61 (q, J
=7.3 Hz, 2H), 487 (br, 2H), 7.25 (d, J = 2.4 Hz, IH), 7.32 (d, J = 2.4 Hz, I|H). “C NMR (CD.0D,
75MHz). 8 (ppm) 13.68, 19.68, 2021, 108,12, 111,14, 122,10, 145,68, 157.67, 15952, HRMS (ESI);
miz |M+H]|* caled for CoHpaN-O: 178.0975, found. 178.0975.

2-Methylbenzof4, 3 fimiduzof 1, 2-a Jpyrimidin-4(10H)-one
O

o

Chemical Formula: C{HgN;CQ
Exact Mass: 199,07

[0132] The title compound was synthesized according to Mcethod F o ostarting from 2-
aminobenzimidazole (100 mg, (. 751 mmol) and ethyl acetoacetate (1 mol. equiv). Reaction time: 1.5 h,
Filtration, washing with HO and drying afforded product as an off-white solid (98 mg, 0.492 mmol,
66%). 'TH NMR (DMSO-ds, 300 MHz): 3 (ppm) 2.31 (s, 3H), 5 84 (s, |H), 7.29 (t, J=7.5 Hz, 1H), 7.43
(t,J=75Hz 1H), 753 (d, lH,J=75Hz), 8.37(d, J=7.5 Hz, IH), 12.73 (br, IH). "C NMR (DMSO-
do, 75MHz): & (ppm) 21.78, 98.53, 113.76, 11521, 121 41, 12556, 126,94, 13542, 14840, 159.28.
HRMS (ESI}). m/z [M+H]" caled for C HioN:O: 200.0818, found: 200.0822,

2-Methylbenzof4,5fimidazof1,2-afpyrimidine-4(10H}-thione
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<te

H

Chemical Formula: CqHgN3S
Exact Mass: 215,05

[0133] Mixture of 2-methylbenzo[4,5])imidazo| 1,2-¢)pyrimidinc-4{10H)-onc {); 460 mg, 2.309 mmol)
and P2Ss (513 mg, 2309 mg) in pvridine (2.5 ml) was refluxed for 20 h. Then it was cooled to room
temperature, 8 ml of H>O was added and resulting nuxture was extracted with CH2Cl» (3 x). Organic
layers were combined, dried over Mg8Q,, filtered and solvents were removed in vacuo. Residue was
co-evaporated with toluene (3 x). Solid residue was punfied by flash column chromatography on silica
gel (40% of heptane in AcOE() affording 12 mg (0.036 mmol, 2 .3%) of product as a pale brown solid.
'"H NMR (DMSO-d,, 300 MHz): & (ppm) 2.34 (s, 3H), 7.00 (s, 1H), 7.34-7.58 (m, 1H), 7.58-7 .39 (m,
2H).9.73 (d, J=8 4 Hz, 1H), 13.50 (br, IH). HRMS (ESI}: m/z [M+H]' caled for CiiHioN:8: 2160590,
found: 216,059,

3-(2-Methoxyethyl)-2-methylbenzof 4,3 imidazof1,2-alpyrimidin-4(10H)-one

e

Chemical Formula: Cy;H15N;Q5
Exact Mass: 257,12

[0134] The title compound was synthesized according to Mcethod E  starting from 2-
aminobenzimidazole (123 mg, 0.924 mmol) and ethyl 2-acetyl-4-methoxybutanoate (1 mol. equiv).
Reaction time: overnight. After column chromatography (2-3% gradient of MeOH in CH:Cl: as an
cluent) fractions containing product were combined and concentrated to dryvness. Solid was suspended
m EtOH, filiered-off and dned affording 58 mg of off-white sohd. Filtrate containing small amount of
product was concentrated and the residue was put on preparative TLC (3% of MeQOH in CH:Cl»). Elution
of appropriatc band afforded additional 14 mg of product. Total yvicld: 82 mg (0.319 mmol, 35%). 'H
NMR (DMSO-ds, 300 MHz): & (ppm) 2.37 (s, 3H), 2.76 (t, J= 7.2 Hz, 2H), 3.26 (s, 3H), 3.44 (1, J =
72Hz 2H), 728 (td,J=78,12Hz 1H), 742 (td,J=78, 12 Hz, IH), 751 (d,.J=7.8 Hz, IH), 8§ 39
(d, /= 7.8 Hz, 1H), [2.60 (br, 1H). *C NMR (DMSO-ds, 73MH?z): & (ppm) 19.87.25 33, 57 85, 70.60,
10577, 11357, 115.05, 121.05, 12547, 126 81, 133.51, 146.75, 155.27, 159 46. HRMS (ESI): m/z
[M+H]' caled for Ci:HisNaO2: 238 1237, found: 258.1235.

2-Isopropyl-10-methylbenzof 4,5 fimidazof 1,2-ajpyrimidin-4(10H)-one
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SuS

Chemical Formula:
CraHisN:0
Exact Mass: 241,12
[0135] The title compound was synthesized according to Mcthod F starting from 1-mcthyl-1H-
benzo|d|imidazol-2-amine (50 mg, 0.340 mmol) and ethyl 4-methyl-3-oxopentanocate (2.0 mol. equiv).
Reaction time: overnight. DMF was removed under reduced pressure. Crude product was purified by
column chromatography on silica gel using (0-4% gradicnt of MCOH in CH;Cl:) affording 10 mg (0.041
mmol, 12%) of product as an off-white solid. 'H NMR (CDC]l;, 300 MHz): 6 (ppm) 1.30(d,.7=6.9 Hz,
6H), 2.86 (sept, /= 6.9 Hz, 1H), 3.80 (s, 3H), 7.29-7.36 (m, 2H), 746 (td,./= 7.8, 0.9 Hz, I1H), 7.63 (d,
J=78Hz, 1H). BCNMR (CDCIl:, 73MHz): 8 (ppm) 21 .82,28.32,36.29,99.02_ 108.28, 116 91, 12253,
12568, 12607, 131.71, 149.03, 16109, 173.73. HRMS (ESI). m/z |M+H|* caled for CraHsN:O:

242.1288, found: 242.1290.

3-Ethyl-2-isopropylbenzof4,5 fimidazof1,2-alpyrimidin-4(10H)-one
Q
e
H

Chemical Formula: CgH{7N;O
Exact Mass: 255,14

[0136] The title compound was synthesized according to Method E starting from 2-
amimobenzimidazole (117 mg, 0.875 mmol) and ¢thyl] 2-ethyl-4-methvl-3-oxopentanoate {1 mol. equav).
Recaction time: 5.5 h. Crude product was purificd on column chromatography (2% McOH 1in CH:Cl,).
Fractions containing product were combined and concentrated to dryness. The residue was suspended

m EtOH, filtered-off and dried affording 39 mg (0153 mmol; 17%) of product as an off-white¢ solid.

|[0137] The title compound was also synthesized according to Method F starting from 2-
aminobenzimidazole (358 mg, 2 684 mmol) and ¢thyl 2-ethyl-4-methvl-3-oxopentancate (1 mol. equiv).

Rcaction time: 22 h. Filtration of rcaction mixturc afforded 410 mg (1.688 mmol, 67%) product as an

off-white solid.

[0138] 'H NMR (pyridine-ds, 500 MHz): & (ppm) 1.20 (t. J = 7.5 Hz. 3H). 1.27 (d. J = 6.5 Hz, 6H),
2.77 (q,J = 7.5 Hz, 2H), 3.13 (scpt, J = 6.5 Hz, 1H). 7.21 (t, J= 7.5 Hz, IH), 7.34 (t,J = 7.5 Hz, IH),
7.47 (d, J= 8.0 Hz, 1H). 8.85 (d, J = 8.0 Hz, 1H). "*C NMR (pyridinc-ds, 125 MHz): & (ppm) 15.17,
18.82, 21.96,31.52, 111.76, 112.37, 116.67, 121.64, 126.21, 127.56, 148.83, 160.99, 166.61. ‘H NMR
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(DMSO-ds, 300 MHz): & (ppm) 1.08 (t, /=72 Hz, 3H), 1.23(d,./=6.6 Hz, 6H), 2.55 (q,./ = 7.2 Hz,
2H), 3.24 (sept, J = 6.6 Hz, IH), 7.29-7.31 (m, IH), 7.42-7.44 (m, 2H). 8.44 (d../= 8.1 Hz, 1H), 12.71
(br, IH). HRMS (ESI) m/z [M+H]' calcd for CisHisN-O: 2561444, found: 256.1442.

F-Erthyl-9-methyl-2-isopropyltbenzofd,§Jimidazo{ 1, 2-a [pyrimidin-4¢(1 OH)-one
O
ag
HI\P_,

Chemical Formula: C5H13N30
Exact Mass: 269,15

|013¢] The title compound was synthesized according to Method F starting from 4-methyl-1H-
benzo[d]imidazol-2-anmine (150 mg, 1.02 mmol) and ethyl 2-ethyl-4-methy]l-3-oxopentancate (1.0 mol.
cquiv). Reaction time: 40 h, Volatiles were removed under reduced pressure and the residuce was
suspended in MeOH. Solid was filtered-off and dried. Filtrate was concentrated to dryness and the
procedure was repeated. Combined solids were subjected to silica gel column separation {(25% of EtOAc
in cyclohexanc) affording 89 mg (0.330 mmol, 32%) of product (as a single isomer) as an off-whitc
solid. 'THNMR (DMSO-d,, 300 MHz):  (ppm) 1.08 (t, J= 7.5 Hz, 3H), 1.24 (d, J= 6.6 Hz, 6H), 2 .48
(s, 3H), 2.60 (q, ./ = 7.5 Hz, 2H), 3.19-3.26 (m, 1H), 7.17 (t. /= 7.8 Hz. 1H), 7.23 (brd, J = 6.9 Hz,
1H), 8.26 (d, J= 7.5 Hz, 1H), 12.78 (br, 1H). *C NMR (DMSO-ds, 75 MHz): 8 (ppm) 14.54, 1631,
17.74, 21.56, 3060, 111.26 (br), 112.82, 120.73 (br). 121.18, 12551, 126.46, 129 56, 147.64, 15962,
167.05 (bry. HRMS (ESI); m/z [M+H]" caled for CisH>oNzO: 270.1601, found: 270.1394,

7,8-Dimethyl-3-ethyl-2-isopropylhenzofd, 3 fimidazof 1, 2-a jpyrimidin-4(10H)-one

i

Chemical Formula: €7Hz{N:O
Exact Mass: 283,17

|0140| The title compound was synthesized according to Method F starting from 5.6-dimethyl-1H-
benzo[d]imidazol-2-amine hydrobromide (333 mg, 13753 mmol) and ethyl 2-ethyl-4-methyl-3-
oxopentanoate (1.64 mol. equiv), Reaction time: 24 h. McOH was added and precipitate was filtered-
off from reaction mixture, washed with MeOH and dnied affording 141 mg (0.497 mmol, 36%) of
product as a beige solid. 'H NMR (DMSO-ds, 300 MHz): 8 (ppm) 1.07 (t, /=7 5Hz,3H), 1.21(d,.J=
6.6 Hz, 6H), 233 (s, 6H), 2.59 (q, /= 7.5 Hz, 2H), 3.21 (sept, = 6.6 Hz, 1H), 718 (s, 1H). 8.22 (s,
1H), 12.52 (br, 1H). '"H NMR (pyridine-ds, 300 MHz): 8 (ppm) 1.33 (t,./ = 7.5 Hz, 3H; overlapped with
1.38(d, J=6.9 Hz, 6H), 2.26 (s, 6H). 2.91 (q, ./ = 7.5 Hz, 2H), 3.25 (sept, J= 6.9 Hz, 1H), 7.35 (s, IH),
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8.81 (s. IHY. “C NMR (pyridine-ds, 75 MHz): & (ppm) 15.44, 19.11, 20.29, 20.58,22.32, 31.82. 112.23,
112.52, 117.49, 126.06, 130.33, 131.08 (br), 135.11, 14924, 161.12, 166.89. HRMS (ESI): m/z |M+H[*
caled for C-:Ha:N<Q: 284 1757, found: 284 1753,

7, 8-Difluoro-3-ethyil-2-isopropylbenzol4, limidazof 1,2-a[pyrimidin-i(10H)-one

Chemical Formula:
C15H15F2N30
Exact Mass: 291,12

[0141] The title compound was synthesized according to Method F starting from 5.6-difluoro-1H-
benzo[d]imidazol-2-amine (150 mg, 0.886 mmol) and cthyl 2—<thyvl-4-methvl-3-oxopentanoate (1.1 mol.
equiv). Reaction time: 22 h. MeOH was added, precipitate was filtered-off, washed with MeOH and
dried affording 147 mg (0.505 mmol, 57%) of product as a pale yellow solid. 'HNMR (DMSO-ds, 500
MHz}: & {ppm) 1.05 (t. J= 7.5 Hz, 3H), 1.25 (br, 6H), 2.56 (q. J = 7.5 Hz, 2H}), 3.23 (br, IH}, 7.54 (br,
1H), 8.26 (br, 1H), 12,93 and 14.36 (2 x br, 1H). '°F NMR (DMSO-ds, 470 MHz): & (ppm) —140.67,
—143.534, —145.12, —138.93. HRMS (ESI). m/z [M+H]" caled for CsH\¢FaN:O: 292.1256, found:
292.1253.

7, 8-Dichloro-3-cthyl-2-isopropytbenzof4,5 limidazof 1, 2-alpyrimidin-#(10H)-one

Chemical Formula:
Ci5HsClaN50
Exact Mass: 323,06

[0142] The title compound was synthesized according to Method F starting from 3,6-dichloro-1H-
benzo[d]imidazol-2-amine (150 mg, 0.742 mmol) and cthy] 2—cthyl-4-methyl-3-oxopentanocate (1.0 mol.
equiv). Reaction time: 24 h. Volatiles were removed under reduced pressure and crude product was
purified on silica gel column (0-25% gradient of EtOAc in cyclohexane) affording 47 mg (0.145 mmol,
20%) of product as a beige solid. '"H NMR (DMSO-ds, 300 MHz): § {(ppm) 1 07 {(t,J =7 2 Hz, 3H), 1 27
{d, J= 6.6 Hz, 6H), 2.537 {q, J = 7.2 Hz, 2H), 3.25 (sept. J = 6.6 Hz, 1H), 7.70 (s, 1H}, 8.45 (s, 1H},
12.71 (br, 1H). “C NMR (DMSO-d,., 75 MHz): & {ppm) 14.40, 17.59, 20.78, 29,79, 115.91, 122.57,
126 45, 12771, 148 24 15931, HRMS (ESI): m/z [M+H]* caled for C1sHsCL1oN:0: 324 0665, found:
324 0668, 326.0633.

55
290



Filed Via EFS @ USPTO.GOV on October 31, 2019
Attorney Docket No. 2235.001US (UBNOOO4{US))

2-Isopropyl-3-propytbenzof 4,5 limidazof1,2-afpyrimidin-4( 10H)-one

o
N\
L~
H
Chemical Formula: C;gH{gNLO
Exact Mass: 269,15

[0143] The title compound was synthesized according to Method E starting from 2-
aminobenzimidazole (168 mg, 1.258 mmol) and cthyl 4-methyl-3-oxo-2-propyvlpentancate (1 mol.
equiv). Reaction time: 20 h. After column chromatography (10-20% AcOEL in CH:Cl; as an eluent)
fractions containing product were combined and concentrated to dryness. Solid was suspended in
McOH., filtered-off and dricd affording 86 mg (0.320 mmol: 25%) of product as an off-whitc solid. 'H
NMR (pytidinc-ds, 300 MHz): & (ppm) 1.06 (t, J= 7.5 Hz, 3H), 1.36 (d, J = 6.6 Hz, 6H), 1.75 (sext, J
= 7.5 Hz, 2H), 2.81-2.86 (m. 2H), 3.27 (scpt.J=6 6 Hz, I1H}, 729 (td.J=8.1, 0.9 Hz, |H), 742 (td, J
=7.8,09Hz, IH), 7.55(d,J=8.1 Hz, 1H), 8.93 (d, /= 7.8 Hz, 1H). *C NMR (pyridine-ds, 75 MHz):
& (ppm) 14.70, 22.07, 24.03, 27.65, 31.73, 110.97, 111.88, 11680, 121.76, 126.32, 127.69, 133.30,
149.00, 161.33, 166.87. HRMS (ESI): m/z [M+H]" caled for CigH2aN:0: 270.1601, found: 270.1601.

Ethpl-2-propplbenzof 4,5 fimiduzof 1, 2-ajpyrimidin-4(10H)-one
O

N
Ly

Chemical Formula: C5H7MN30
Exact Mass: 255,14

|[0144| The title compound was synthesized according to Method E starting from 2-
aminobenzimidazole (46 mg, 0.342 mmol) and ethy] 3-0x0-2-ethylhexanoate (1.1 mol. equiv). Reaction
time: overnight. Purification on column chromatography using 2-3% gradient of McOH 1n CH,Cl- as

an eluent afforded 38 mg (0. 149 mmol, 44%5) of product as a white solid.

[01453] The title compound was also synthesized according to Mcthod Foostarting from 2-
aminobenzimidazole (358 mg, 2.684 mmol) and ethyl 3-oxo-2-propylhexanocate (1 mol. equiv).
Reaction time: 24 h. Filtration of reaction mixture, washing precipitate with EtOH and drving afforded
320 mg (1.2533 mmol, 47%) of product as an off-whitc solid.

[0146] 'H NMR (DMSO-ds, 600 MHz): 8 (ppm) 0.96 (t../=7.2 Hz, 3H), 1.08 (t../= 7.5 Hz, 3H), 1.69
(sext, J= 7.8 Hz, 2H), 2.54 (q, /= 7.2 Hz, 2H), 2.59-2.61 (m, 2H), 7.26 (td, J = 8.4, 1.2 Hz, 1H), 7.41
(tid, /= 7.8, 1.2 Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H). 8.40 (d, J = 7.8 Hz, 1H), 12.55 (br, 1H}. *C NMR
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(DMSO-ds, 150MHz): § (ppm) 13.87, 14.24, 18.14, 21.90, 3458, 111.14 (br), 113.32, 115.20, 121.07,
125.63, 126.81, 147.01, 159.69. HRMS (ESI): m/z |M+H|" calcd for CisHisN20Q: 256.1444, found:
256.1443.

7, 8-Dimethyl-3-ethyl-2-propyvlbenzofd,5limidagof1,2-aJpyrimidin-4(10H)-one

.

Chemical Formula: Cy7HoNzO
Exact Mass: 283,17

|0147] The title compound was synthesized according to Method F starting from 3_6-dimethyl-1H-
benzo[d]imidazol-2-amine hydrobromide (305 mg, 1.260 nunol) and ¢thyl 2-sthyl-3-oxohexanoate (1.5
mol. cquiv). Reaction time: 24 h. Water was added and precipitate was filtercd-off and dried.
Purification on silica gel column (2-3% gradient of MeOH in CH,Cl,) afforded 65 mg of pure product
as ayellow-orange solid. Second fraction containing contaminated product was concentrated to drvness
and put on preparative TLC (2% of MeOH in CH:Cl> with 1% vol. of 7 N ammonia in McOH) affording
additional 60 mg of product. Total yield: 125 mg (0.441 mmol, 23%). 'H NMR (DMSO-ds, 300 MHz):
3 (ppm) 097 (t,J=7.5Hz, 3H), 1.08 (t,./ =75 Hz, 3H), 1.69 (sext, = 7.5 Hz, 2H), 2.33 (s, 6H}, 2.51-
2.61 (m, 4H; overlapped with residual solvent signal), 7.24 (s, 1H), .20 (s, 1H), 12.44 (br, 1H). 'H
NMR (pyridine-ds, 300 MHz): 8 (ppm) 0.99 (t. J=7.2 Hz, 3H), 1.33 (t../=7.2 Hz, 3H), 1 85 (sext,J=
7.5 Hz, 2H), 2.27 and 2.28 (2 x 5, 6H), 2,71 {t, /=75 Hz, 2H), 2.84 (q, J = 7.2 Hz, 2H), 7.44 (s, 1H),
8.79 (s, IH). "C NMR (pynidine-ds, 75 MHz): & (ppm) 14.55, 14.99, 19.46, 20.35, 20.63, 22.95, 36.18,
11266, 11383, 117.21, 126,65, 130.24, 133 88. 134,89, 148 54, 159.59, 161.01. HRMS (ESI); m/z
[M-+H]" caled for C,;Hz2N:0: 284.1757, found: 284.1758.

2,3-Dipropyibenzofd, 3 Jimidazof 1, 2-alpyrimidin-4(10H)-one

Q0
e
H
Chemical Formula: CygHgNzO
Exact Mass: 269,15

[0148] The title compound was synthesized according to Mcthod E  starting  from  2-
aminobenzimidazole (66 mg, (+.494 mmol) and ethyl 3-oxo-2-propylhexanoate (1 mol_equiv). Reaction
time: overnight. Purification by column chromatography using 2—3% gradient of MeOH in CH:Cl» as
an cluent afforded 40 mg (0. 148 mmol, 30%) of product as an off-white solid. 'HNMR (DMSO-d,, 300
MHz): & (ppm) 0.93-1.00 (m, 6H), 1.50 (scxt, J= 7.3 Hz, 2H), 1.70 (scxt, J= 7.5 Hz, 2H), 2.48-2 52
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(m, 2H; overlapped with residual solvent signal), 2.59-2.64 (m, 2H), 7.24-7.30 (m, 1H), 7.39-7 45 (m,
1H), 7.48 (d. /= 7.8 Hz, 1H), 8.40 (d,J= 8.1 Hz, 1H), 12 48 (br, 1H). *C NMR (DMSO-d,, 75MHz):
S (ppm) 13.76, 1396, 21 74, 2243, 26 71, 34,53, 10953, 113,09, 11511, 12097, 12552, 126.70,
134.99, 146.90, 137.90, 159.75. HRMS (ESI): m/z [M+H]" caled for CicH:oN30: 270.1601, found:
270.1599.

I-Ethyi-2-(4-methoxyphenyllbenzofd, §limidazof1,2-alpyrimidin-4(10H)-one

Q
Xy

H
Chemical Formula: CgH17N30

Exact Mass: 319,13

d

[0149] The title compound was synthesized according to Mcthod E  starting  from  2-
aminobenzimidazole {140 mg, 1.051 mmol) and ethyl 2-(4-methoxvbenzoyl)butanoate (1 mol. equiv).
Reaction time: overnight. After column chromatography (2-3% gradient of McOH in CH:Cl; as an
eluent) fractions containing product were combined and concentrated to dryness. Solid was suspended
in MeOH, filtered-off and dred affording 50 mg (0.156 mmol; 15%) of product as an off-white solid.
'H NMR (pvridine-ds, 300 MHz): § (ppm) 1.37 (t,/ = 7.2 Hz, 3H), 2.80 (q, J = 7.2 Hz, 2H), 3.76 (s,
3H), 7.14 (d. J=8.7Hz. 2H), 7.36 (t. /= 7.8 Hz, IH), 7.49 (t, /= 7.8 Hz, IH), 7.68-7.74 (m, 3H), 8.97
(d. /=78 Hz, 1H). '*C NMR (pyridine-ds, 75 MHz): & {ppm) 14.86, 20.70, 55.67, 113.00, 113.74,
114 48, 116,67, 121.85, 122,35, 126.33, 12822 130,77, 131.12, 13123, 14828, 156.53, 160.88,
161.34. HRMS (ESl): m/z |[M+H|"* caled for CroHisN3O: 320.1393, found: 320.1388.

Mixture of 2-isopropyl-7-methylbenzof4,5]imidazofl,2-alpyrimidin-4{10H)-one and 2-isopropyi-8-
methylbenzof 4,5 fimidagof 1,2-a jpyrimidin-4(10H)-one

Chemical Formula: C,HsN.O
Exact Mass: 241,12

oo

[01530] The title mixture of compounds was obtained according to Method E starting from 2-amino-5-
methyl-1H-benzo[d]imidazole (212 mg, 1.440 mmol) and ethyl 4-methyl-3-oxopentancate (1.0 mol.
cquiv). Reaction time: overnight. Column chromatography (0-35% gradicnt of AcOEt in CH,Cl; as an
eluent) afforded 191 mg (0.792 mmol; 35%) of product as a mixture of 2 isomers (ca. 1.1:1; an off-white
solid). Two isomers were not separable on chromatographic conditions tested. 'H NMR (DMSO-ds, 300

58
293



Filed Via EFS @ USPTO.GOV on Qctober 31, 2019

Attorney Docket No. 2235.001US (UBNOOO4{US))

MHz): & (ppm} .23 (d,./ = 6.6 Hz, 6H), 2.44 (s, 3H), 2.81 (sept, /=66 Hz, IH), 385 and 586 (2 x 5,
IH). 7.10 (d, J = 8.1 Hz, 0.56H), 7 24-7 26 (m, 1H), 7.34 (d, J = 8.4 Hz, 0. 44H), 8§ 23-8.26 (m, 1H),
12.78 (br, IH). *C NMR (DMSO-ds, 75 MHz): & (ppm) 21 .10, 21 27,2138, 21.41, 34 47_34.38, 9631,
96.64, 111.99 (br), 114.95, 11539, 12249, 124 09, 12639, 12665, 13079, 135.46, 148.98, 149.09,
139.49, 139.67. HRMS (ESI): #2/z [M+H]' calcd for C.HsN:O: 2421288, found: 242.1284.

Mixture of 3-ethyl-7-fluore-2-isopropylbenzof4, 5 Jimidazof1,2-alpyrimidin-4(10H)-one and 3-ethyl-
8-fluoro-2-isopropyibengofd. 5 fimidazof1,2-ajpyrimidin-#(10H)}-one

Chemical Formula: C15H15FN3O
Exact Mass: 273,13

[0151] The title mixturc of compounds was obtained according to Mcthod F starting from 2-amino-3-
fluoro-1H-benzo|d]imidazole (1530 mg_ (992 mmol) and ethyl 2-ethyl-4-methyl-3-oxopentanoate (1.0
mol. equiv). Reaction time: 24 h. MeOH was added and precipitate was filtered-off, washed with MeOH
and dricd affording 135 mg (0.494 mmol, 50%) of mixture of 2 1somers (in a ratio ¢ca. 1:2) as a palc
brown flakes. '"HNMR (pyridine-ds, 500 MHz). 8 (ppm) 1.29and 1.30 (2 xt,J=7.5Hz and J= 7.5 Hz,
3H). 1.37 (d, J = 6.5 Hz, 6H), 2.82-2.88 (m, 2H), 3.25 (sept, /= 6.5 Hz, 1H), 7.12-8.84 [3H; 7.12 (td,
J=9535Hz. /J=25Hz),728 (td,/J=9.5Hz,/J=2.5Hz2), 741 (dd,J=90Hz, J=2.0Hz), 7.49 (dd. J
=8.5Hz,J=45Hz), 884 (dd, /= 9.0 Hz. ./ = 5.0 Hz)). '°F NMR (pyridine-ds, 470 MHz}: § (ppm)
—120.38, —115.31. HRMS (ESD): m/z [M+H]" caled for C1sHisFN:0: 274.1350, found: 274.1351.

Mixture of 7-cliloro-3-ethyl-2-isopropylbenzofd, Sfimidazof 1, 2-ajpyrimidin-4(10H)-one and §-
chiloro-3-ethyl-2-isopropylbenzof4,5fimidazof 1, 2-ajpyrimidin-4(i 0H})-one

Chemical Formula: C5H,CIN5C
Exact Mass: 289,10

[0152] The title mixture of compounds was obtained according to Method F starting from 2-amino-3-
chloro-1H-benzo[dlimidazole (140 mg, 0.835 mmol) and cthyl 2-cthyl-4-mcthyl-3-oxopentancate (1.0
mol. equiv). Reaction time: 24 h. EtOH was added and precipitate was filtered-off, washed with EtOH
and dried affording 86 mg (0.297 mmol, 36%5) of mixture of 2 1somers (in a ratio ca. 1:1} as a beige

solid. "H NMR (DMSO-ds, 300 MHz): & {(ppm) 1.07 (. /= 7.2 Hz, 3H), 125 (d, J = 6.6 Hz, 6H), 2.59
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(q. J = 7.2 Hz, 2H), 3.23 (sept, J = 6.6 Hz, 1H; overlapped with H>Q signal), 7.29-8.39 [3H; 7.29 (dd,
J=87Hz, J= 18 Hz), 7.45-7 48 (m), 8.35-8.39 (m)]. '"HNMR (pyridine-ds, 300 MHz): & (ppm) 1.29
(m, 3H), 1.37 (d.J = 6.6 Hz, 6H), 2.83 (g, J = 7.5 Hz, 2H), 3.23 (sept. J = 6.6 Hz, 1H), 7.35-8 98 [3H:
735 (dd.J=8.4Hz, J=18 Hz). 7.46-7.53 (m): 7.68 (d,J= | § Hz): $ §1 (d../= 8.4 Hz) 8.98 (d../ =
1.2 Hz)]. HRMS (ESI): m/z [IM+H]" calcd for C1sHizCIN:O: 290.1034, found: 2901061, 2921031,

Mixture of 3-ethyl-2-isopropyl-7-methylbenzof 4,5 [imidazofl,2-ajpyrimidin-#(10H)-one and 3-ethyl-
2-isopropyl-8-methylbenzof4,3 imidazofl, 2-afpyrimidin-4(10H)-one

Chemical Formula: CgH N3O

Exact Mass; 269,15
o O
Ia R 5o
T Oy
H
H 1:1.5

|0153] The title mixture of compounds was obtained according to Method F starting from 2-amino-5-
mcthyl-1H-benzo[d]imidazole (395 mg, 2.684 mmol) and cthyl 2-¢cthyl-4-methyl-3-oxopentanoate (1.0
mol. equiv). Reaction time: 22 h. Product was filtered-off from reaction mixture, washed with FtOH
and dried affording 402 mg (1.492 mmol, 56%) mixture of 2 isomers {in a ratio ca. 1:1.3) as pale brown
solid. Two isomers were not separable under chromatographic conditions tested. 'H NMR (DMSO-d,,
600 MHz): & (ppm) 1.06(t,J=72Hz, 3H), 1.21{d, J= 6.0 Hz, 6H), 2.43 and 2 44 (2 x s, 3H). 2.58 (q,
J=75Hz, 2H), 3. 18 (m, IH), 7.08 (d,J=8 4 Hz, 0.6H), 7.20-7 .29 (m, 1 4H), 8.27-8.29 (m, 1H), 12.63
(br, 1H), “C NMR (DMSO-ds, 150 MHz): 8 (ppm) 14,64, 17,82, 21,23 2138, 21,71, 30.74, 110.17
(br), 110.60 (br), 111.51 (br), 11518, 1153.70, 12227, 123.73, 12598, 126.80, 12821, 128 49 (br).
130.56, 135.74, 147.70, 15955, 15971, 167.11 (br). HRMS (ESI): m/z [M+H]" caled for CsH2oN<O:
270.1601, found: 270.1599,

Mixture of 3-ethyl-2-isopropyl-7-methoxybenzof4,5fimidazof1,2-ajpyrimidin-4(10H)-one and 3-
ethyl-2-isopropyl-8-methoxybenzof4,3Jimidazof 1,2-aJpyrimidin-4(10H)-one

Chemical Formula: CigHgN3C»
Exact Mass: 285,15

[0154] The title mixture of compounds was obtaincd according to Mcthod F starting from 2-amino-3-
methoxy- | #-benzo|d|imidazole (150 mg, 0.919 mmol) and ethyl 2-ethyl-4-methyvl-3-oxopentanoate

(1.1 mol. equiv). Reaction time: 24 h. MeOH was added and precipitate was filtered-off, washed with
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MeOH and dried affording 138 mg (0,484 mmol, 53%) of product as a mixture of 2 1somers (1n a ratio
ca. 1:1.5) as a brown solid. '"H NMR (pyridine-ds, 300 MHz): § (ppm) 1.32 (t,J= 7.5 Hz, 3H). 1.36 and
1.38 (2 xd, J= 6.6 Hz, GH), 2.85-2.93 (m, 2H), 3.24 (br sept, J = 6.6 Hz, |H), 6.99-8.87 [3H: 6.99 (dd,
J=87Hz.J=24Hz). 7.18-7 22 (m), 747 (d. /= 9.0 Hz), $.66 (d..J = 2.7 Hz), 8.87 (d,.7= 8.7 H2)].
HRMS (ES1): m/z [M+H]* calcd for CisH:oN:O1: 286.1550, found: 286.1549.

Mixture of 2-isopropyl-4-oxe-4,10-dihydrobenzof4,5Jlimidazof1,2-ajpyrimidine-7-carbonitrile and 2-
isppropyl-4-oxo-4, 10-dikydrobenzof4, 3 limidazof 1,2-ajpyrimidine-8-carbonitrile

Chemical Formula: Cy4HoN,O
Exact Mass: 252,10

Restatiossn

|0155] The title mixture of compounds was obtained according to Method E starting from 2-amino- 1 H-
benzo[d]imidazole-3-carbonitrile (100 mg, 0.632 munol) and ethyl 4-methyl-3-oxopentancate (1.0 mol.
cquiv). Reaction time: 8 h, Column chromatography of crude product (50% of AcOE! in cyclohexang
as an eluent) afforded 34 mg (0.135 mmol; 219%) of product as a mixture of 2 1somers (1na ratio 1.1:1)
as an off-white solid. Two isomers were not separable under chromatographic conditions tested. 'H
NMR (DMSO-d,., 600 MHz): & (ppm) 1.24-1.25(2xd, J=72Hz and J= 6.6 Hz, 6H), 2.87 (sept, /=
6.9 Hz, 1H), 5.84 and 5.89 (2 x 5, 1H), 7.63-7.66 (dd,J=8.4, 1.2 Hz and d, J= 8.4 Hz:; 1H), 7.80 (dd.
J=84,12Hz, 0.45H), 8.01 (s, 0.4H), 8 41 (d,/ =78 Hz, 0.4H), 8 58 (d,./ = 1.2 Hz, 0. 45H). *C NMR
(DMBO-ds, 150 MHz): & (ppm) 21.29, 2134, 9549 9631, 102,88, 107,65, 116.03, 118.83, 11939,
11976, 12529, 12737, 129.68, 130 83, 149.55, 150.05, 159.72, 159.88. HRMS (ESI): m/z |M+H|"
caled for CuHNLO: 253.1084, found: 253.1084.

Mixture of 3-ethyl-7-methyl-2-propylbenzof4,5jimidazof 1,2-ajpyrimidin-4(10H}-one and 3-ethyl!-8-
methyl-2-propylbenzof4,3Jimidazof 1,2-alpyrimidin-+({ 0H)-one

ol o

Chemical Formula: GqygH N3O
Exact Mass: 269,15

[0156] The title mixture of compounds was obtained according to Method F starting from 2-amno-5-
mcthyl-1H-benzo[d]imidazole (189 mg, 1.284 mmol) and cthyl 2-cthvl-3-oxohcxanoate (1.2 mol.

equiv). Reaction time. 20 h. Product was filtered-off from reacton mixture, washed with EtOH and
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dried affording 149 mg (0.553 mmol, 43%} of product (mixture of 2 1somers n a ratio 1:1.6) as grey
solid. Two isomers were not separable on chromatographic column. 'H NMR (DMSO-dq, 600 MHz): &
(ppm) 0.96 (t, J = 7.2 Hz, 3H), 1.07 (t, J= 7.2 Hz, 3H), 1.69 (sext.J = 7.2 Hz, 2H), 2.43 and 2.44 (2 x
s, 3H). 2.53 (q. J = 7.2 Hz. 2H). 2.55-2.60 (m. 2H). 7.07 (d. = 8.4 Hz, 0.6H). 7.23 (d..J = 7.8 Hz.
0.36H), 7.26 (s, 0.6H), 7.34 (d,/ = 7.8 Hz, 0.36H), 8.24-8.26 (m, 1H), 12.47 (br, 1H). *C NMR (DMSO-
ds, 150 MHz): & (ppm) 13.93, 14.26, 18.18.21.28. 21.44, 21 87, 21.90, 34.88, (br). 111.05 (br}, 111.41
(br), 114,90, 11539, 122,18, 124 56, 126.62, 126 87, 130.38, 135.34, 14701, 147.11, 15953, 159.71.
HRMS (ESI). m/z [M+H]' calced for CisHzoNz0O: 270.1601, found: 270.1602,

Mixture of 7-cyano-3-ethyi-2-isopropylbenzof4,3fimidazof 1,2-ajpyrimidin-4(10H)-one and 8-cyano-
3-ethyl-2-isopropylbenzofd,5Jimidazof 1,2-ajpyrimidin-4(10H)-one

Chemical Fommula: CugH 5N4O
Exact Mass: 280,13

ST ot
N N
" PN Bt

1

1.5

[01537] The title mixturc of compounds was obtaincd according to Mcthod F starting from 2-amino-5-
cyano- | H-benzo|«[imidazole (150 mg, 0.948 mmol} and ethv] 2-ethyl-4-methvl-3-oxopentanoate (1.0
mol. equiv). Reaction time: 24 h. Volatiles were removed under reduced pressure. Solid residue was
suspended in EtOH, solid was filtered-off, washed with EtOH and dried affording 61 mg (0.218 mmol,
23%) of product (mixture of 2 isomers in a ratio ca. 1.5:1) as a pale vellow solid. 'H NMR (pyridine-ds,
300 MHz): 8 (ppm) 1.28 (t, J=75Hz, 3H), 1 38 and 139 (2 xd, J=69 Hz, 6H), 281 (brq, /=72
Hz, 2H), 3.26 (sept, J= 6.9 Hz, 1H), 7.63-9.20 [3H; 763 (d, J=9.0Hz), 7.76 (dd, J=81Hz, J=13
Hz ), 801 {(d. /= 1.5 Hz}, 885 (d, J= 8.1 Hz), 9.20 (d, /= 1.5 Hz)]. HRMS (ESI): m/z [M+H]' caled
for CisH-N.O: 281.1397, found: 281.1390.

2-Isopropylbenzofd,sJimidazofl,2-ajpyrimidine-4{10H)-thione
5

b

Chemical Formula:
CyaH 3N S
Exact Mass: 243,08
[0158] Mixture of Z-isopropylbenzo[4.5]imidazo[l.2-a]pyrimidine-4{10H)-one (), 300 mg, 1320
mmol) and Lawesson’s reagent (1.068 g, 2 640 mmol) 1n tolucne (15 ml) was refluxed overnight. The
mixture was cooled to room temperature, precipitate was filtered-off, washed with teluene and dried.
Purification using flash column chromatography on silica gel (0—3% gradient of MeOH in CH-:Cl;)
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afforded 226 mg of pale vellow solid. Additional amount of product (30 mg) was obtained from
purification (column chromatography) of filtratc from the rcaction mixture. Total yield: 256 mg (1.032
mmol, 80%). 'HNMR (DMSO-d,, 600 MHz): & (ppm) 1.25 (d, J =72 Hz, 6H), 2.88 (scpt, J= 7.2 Hz,
1H), 6.99 (s, 1H), 7.35 (ddd, J =84, 7.2, 1. 8 Hz, 1H), 7.54-7 59 (m, 2H), 9.72 (d. /= 8 4 Hz, 1H). “*C
NMR (DMSO-de, 150 MHz): & (ppm) 21.59, 34.73, 11140, 115.78, 118.29, 121.02, 12748, 128.10,

131.46, 14839, 166.87, 177.86. HRMS (ESI): m/z [M+H]" caled for C1:HisN:S: 244.0903, found:
244 0889,

2-Isopropyl-#-(methyithic}bengof4, 5 fimidazof 1, 2-a [pyrimidine

e

&

Chemical Formula:
C14H1sN5S

Exact Mass: 257,10
|015¢] To a mixture of 2-isopropylbenzo|4,S imdazo|1,2-a|pvrinmdine-4(10H)-thione (3 100 mg,
0.411 mmol) and NaHCO; (43 mg (0.512 mmol) in acetone (2 ml) was added Mez8S04 (78 ul, 0.822
mmol) and resulting mixture was refluxed for 20 h. Volatiles were removed in vacuo and crude product
was purified first on silica gel column chromatography (0-10% gradient of MeOH in CH:Cl;) and
second on preparative TLC (4% of MeOH in CH;C1;) affording 17 mg (0.066 mmol, 16%) of product.
'H NMR (CDCl;, 300 MHz): & {(ppm) 1.39 (d,./ = 6.9 Hz, 6H), 2.74 (s, 3H}, 3.11 (sept, /= 6.9 Hz, 1H),
6.46 (s, IH), 7.33(t,.J=7.5Hz, IH), 752 (t, /= 7.5Hz, 1H), 7.95(d,/=8.1 Hz, IH), 8 35(d, /=8 4
Hz, 1H). *C NMR (CDCls, 75 MHz): & (ppm) 14.93, 21.77. 37.25_ 100.53, 115.50, 119.88, 121.00,
12577, 128.57, 144.82, 151.72, 152.88, 171.54. HRMS (ESI): m/z [M+H]" caled for CisHigN:S:
238.1039, found: 2581064

1,3,4,6-Tetrahydrobenzofd,5fimidazof 2, I-b Jquinazolin- 1 2(2H)-one

Sre

Chemical Formula: C4H;N;0
Exact Mass: 239,11

[0160] The title compound was synthesized according to Method E starting from 2-
anminobenzimidazole (100 mg, 0.751 mmol) and ethyl 2-oxocvelohexane-1-carboxvlate (1 mol. equav).
Reaction time: 5 h. Volatiles were removed under reduced pressure. Column chromatography (2%
MeOH 1n CH:Cl; as an eluent) of crude reaction mixture afforded [51 mg {(0.631 mmol; 84%) of product

as an white solid. 'H NMR (DMSO-ds, 300 MHz): § (ppm) 1.71-1.79 (m, 4H), 2.45-2 .48 (m, 2H), 2.61-
63
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2.65 (m, 2H), 7.26 (1d,./=8.1, 1.2 Hz, 1H), 740 (td, J= 8.1, 0.9 Hz, IH), 7.49 (d, /= 7.8 Hz, 1H), 7.38
(d,J=7.8 Hz, IH), 1249 (br, 1H). “C NMR (DMSOQO-ds, 75 MHz): 8 (ppm) 21.41, 21.64, 21.71, 29 .44,
10625, 11347, 11495, 120.88, 125.34, 126 85, 133.65, 146.84, 154.80, 159 46, HRMS (ESI): m/z
[M+H]" caled for CsHaN:0: 240.1132, found: 240.1132.

2-Methyinaphthof2',3":4,5 Jimidazofi,2-aJpyrimidin-4(12H)-one
O

Chemical Formula: CgH{N3O
Exact Mass: 249,09

[0161] The tile compound was svnthesized according to Method E starting from 2-amino-1H-
naphtho[2,3-d]imidazole (100 mg, 0.546 mmol) and cthyl acctoacetate (1 mol. cquiv). Reaction time: 6
h. Volatiles were removed under reduced pressure. After column chromatography (50-33% gradient of
AcOEt in CH:2Cl: and next 2% of MeOH in CH:Cl2) fractions containing product were combined and
concentrated to drvness. Solid was suspended in McOH, filtered-off and dricd affording 47 mg (0.188
mmol: 34%) of product as a palc brown solid. 'HNMR (pytidine-ds): 8 (ppm) 2.40 (s, 3H), 6.18 (s, 1H),
7.52-7.65 (m, 2H), 8.06-8.15 (m, 3H), 9.44 (s, |H). HRMS (ESI): m/z [M+H]" caled for C,sH;,N:0:
250.0975, found: 250.0974,

2-Isopropyinaphtlof2',3":4,5 imidazof1,2-aJpyrimidin-4(12H)-one
Q

Chemical Formula: C7HsNzG
Exact Mass: 277,12

[0162] The title compound was synthesized according to Mcthod E starting from 2-amino-1A-
naphtho|2,3-d/|imidazole (100 mg, 0.546 mmol) and ethyl acetoacetate (1.3 mol. equiv). Reaction time:
22 h. Column chromatography of crude product (2% of Me OH in CH-Cl») afforded 85 mg (0.306 mmol;
56%) of product as an off=white solid. '"H NMR (DMSO-ds, 300 MHz): 8 (ppm) 1.27 (d. J =6.9 Hz.
6H), 2.84 (sept, J=6.9 Hz, 1H), 5.95 (s, 1H), 7.44-7.54 (m, 2H), 7.87 (s, IlH), 8.04 (d, /= 8.1 Hz, 1H),
8.12 (d. J= 7.8 Hz, 1H), 8.91 (s, IH). “C NMR (DMSO-d., 75 MHz): 8 (ppm) 21.32, 3476, 97 81,
10702, 11266, 124 12 12555 126 80, 127 11, 128 .35, 128 67, 131 .38, 150.93, 1539 82 171 58 HRMS
(ESI): m/z |[M+H|" caled for Ci7HisNzO: 273 1288, found: 278.1293

7,8-Dibromo-3-ethyi-2-isopropylbenzofd,sfimidazof 1, 2-ajpyrimidin-4(10H)-one
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sossa

Chemical Formula: CgH5BrpN-O
Exact Mass: 410,96

[0163] To a solution of 5,6-dibromo-1H-benzo[d]imidazol-2-amine (100 mg, 0.343 mmol) in pyridinc
was added ethyvl 2-cthvl-d-methyl-3-oxopentanoate {1 mol. Equiv.). The reaction mixture was refluxed
for 48 hours. The solvent was evaporated and the crude was purified using column chromatography
(heptanc: EtOAc — 5:1) viclding 31.2 mg of the product as a beige solid (0.075 mmol. 22%). '‘H NMR
(CDCI1s, 300 MHz): 8 (ppm) .19 (t, J=7.4 Hz, 3H), 1.35 (d..J= 6.9 Hz, 6H), 268 (q,.f = 7.4 Hz, 2H)
3.34 (m, IH), 7.85 (s, 1H), 8.84 (s, 1H). "C NMR (pvridine-ds, 75 MHz): & (ppm) 14 73, 1837, 21.18,
2978, 54.90,6147 111.23. 11514, 118.21, 119.99, 120.59, 137.11, 160.10, 162.36. HRMS (ESI): m/z
[M+H]" calcd for CisHigNsOB12: 411.96556, found: 411 9651,

2-(tert-Buryl)-3-ethylbengofd,3 Jimidazef1,2-alpyrimidin-d(10H)-one
o
'\%@

Chemical Formula: CgH,gNsO
Exact Mass: 269,15

[0164] The title compound was svnthesized according to Mcthod F o starting from  2-
Aminobenzimidazole (200 mg, 1.50 mmol) and ethyl 2-ethyl-4,4-dimethyl-3-oxopentanoate (1.1 mol.
equiv). Reaction time: 16 h. After removal of volatiles crude product was purified by silica gel column
chromatography (30% of EtQAc in heptane) affording 30.2 mg (0.112 mmol; 7%) of product as an off-
white solid. 'H NMR (DMSO, 300 MHz): 8 (ppm) 1.15(t../=7.2 Hz, 3H), 1 46 (5, YH), 2 76 (q. /= T7.1
Hz, 2H). 7.29 (ddd, J= 8.4, 5.6, 3.1 Hz, 1H), 7.44 (m, 2H), 8.45(d, /= 8.0 Hz, 1H), 12.78 (s, 1H). *C
NMR (DMSO, 75 MHz): & (ppm) 1391, 1989, 3048, 6991, 11080, 113.15, 121 40, 125 50, 126.20,
145 85, 160.54. HRMS (ES1): m/z |M+H]" caled for CieHzoN-0: 270.16007, found: 270.1595.

2-Cyclopropyl-3-ethylbenzof4,5 Jimidazof 1, 2-aJpyrimidin-4(10H}-one
Q
?’§:4

Chemical Formula: G gH N3O
Exact Mass: 253,12
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[0165] The utle compound was synthesized according to Method F  starting from 2-
aminobenzimidazole (146 mg, 1.10 mmol) and cthyl 2-(cyclopropanccarbonyl)butanoate (1.1 mol.
equiv). Reaction time: 60 h, After removal of velatiles, crude product was purfied by column
chromatography (30% of EtOA¢ in heptane) affording 34 mg (0.134 mmol; 12%) of product as a white
solid. '"H NMR (DMSO-ds, 300 MHz): § (ppm) 1.02 (m, 4H), 1.12 (t, J = 7.4 Hz, 3H), 2.17 (m, 1H),
2.72(q..J = 7.4 Hz, 2H), 7.28 (m, I1H), 7.41 (m_2H), 8 44 (d,.J = 7.9 Hz, 1H), 12.54 (br, IH). *C NMR
(pyndine-ds, 75 MHz): & (ppm) 10.17, 14,78, 1955, 30.92, 71.79, 111.73_ 114.31, 117,46, 122 46,
126.85, 132.63, 14985, 160.93, 164.22. HRMS (ESI): m/z [M+H]' caled for C1sH o N3O: 254,12878,
found: 2541292

3-Ethyl-2-isobutylbenzo[4,5]imidazo[1,2-a]pyrimidin-4{10H)-one
o
N

Ly

Chemical Formula: C4gH15N3C
Exact Mass: 269,15

[0166] The title compound was synthesized according to Method F starting from 2-
aminobenzimidazole (300 mg, 2.25 mmol) and ethyl Z-ethyl-5-methyl-3-oxchexanoate (1.1 mol. equiv).
Reaction time: 60 h. After removal of volatiles crude product was purified by column chromatography
(30% of EtQAc in heptang). The fractions contained product were combined and concentrated to
dryness. Resulting solid was suspended in a minimal amount of MeOH, the solid was collected by
filtration and purified by column chromatography ¢heptane: EtOAc — 7:3) yvielding 79 mg (0.293 mmol;
13%) of product as a whitc solid. '"H NMR (pyridine-ds, 300 MHz): & (ppm) 0.98 (d, J = 6.6 Hz, 6H),
1.31(t,.J=74Hz, 3H), 229 (scpt, J=69Hz, IH), 262 (d,.J=73Hz, 2H), 2.80 (q,./= 7.3 Hz, 2H),
731(t,J=77Hz, 1H), 743 (t,/= 7.7 Hz, I1H), 762 (d, /= 8.0 Hz, |H), 8 93 (d, 1H, /=79 Hz). *C
NMR (pyridine-ds, 75 MHz): 5 (ppm) 13.87, 18.68, 22.04, 28 06, 29.40, 41.53, 11224, 113.06, 115.71,
12076, 125322, 136,01, 14754, 15638, 160.12. HRMS (ESI): m/z [M+H]" caled for CsHzoN:O:
270.16007, found: 270 1606

3-Ethyl-2-phenylhenzof 4,3 Jlimiduzof1,2-ajpyrimidin-4(10H)-one
)
@'3 G
H

Chemical Formula: CygH,sMN2©O
Exact Mass: 289,12
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[0167] The utle compound was synthesized according to Method F  starting from 2-
aminobenzimidazole (232 mg, 1.75 mmol) and cthyl 2-benzovlbutanoate (1.1 mol. cquiv). Reaction
time: 60 h. After removal of volatiles crude product was punfied on silica gel column (309 of EtQAc
in heptane). Fractions containing product were combined and concentrated till dryness, The residue was
suspended in a mixture heptanc and EtQAc (7.3, v/v) and the precipitatc was filtered off. Solid was
suspended in 10 ml of MeOH, filtered and dried yielding 35 mg {0,121 mmol; 7%) of product as a white
solid. '"H NMR (DMSO-ds. 300 MHz): & (ppm) L.09 (t../= 7.1 Hz, 3H), 2.45 {(q,J = 6.9 H. 2H), 7.34
(m, 1H), 7.51 (m, 7H), 8.51 (d, /= 8.1 Hz, 1H). "C NMR (pyvridinc-ds, 75 MHz): & (ppm) 14.12, 19.69,
99.66, 115.69, 121.52, 126.18, 128.27, 128.33, 128.69. HRMS (ESI): m/z |M+H|* caled for Cy5H1eN;O:
290.1288, found: 290.1292.

Regioselective  spnthesis  of  3-ethpl-2-isopropyl-7-methypl- arnd  3-ethpl-2-isopropyl-8-
methplbenzof4, 3fimidazof 1, 2-ajpyrimidin-4(10H)-one :

R NG R NO. R NH

R NH, Ry NH R NH

Bn Bn

Rz Ry

O QO
o N g F ?—\§:< 9 © ?ﬂ§(—_:<
b 0= O o T
JCLY- s AL
Bn Bn
72-73 70-T1
R, =Me, R,=H
R,=H,R,=Me
Scheme. Regioselective synthesis of 3-ethyl-2-isopropyl-7-methyl- and 3-ethvl-2-isopropyl-8-
methylbenzo[4,5]imidazo| 1.2 -a]pyrimidin-4¢10H)-one. Reagents and conditions: a) BnBr, H20O, reflux;
b) Raney nickel. H:, MecOH, rt; ¢} BrCN, EtOH, 50 °C; d) DMF, reflux; ¢) Ha., Pd/C, CH:Cl., McOH,
rt.

N-Benzyl-4-methyl-2-nitreoaniline:

NO,
[j[N/‘\G
H
Chemical Formula: C;H4N50.
Exact Mass: 242,11

[0168] Mixturce of 4-mcthyl-2-nitroaniline (1 g, 6.57 mmol) and benzyl bromide (940 pl, 7.89 mmol,
1.2 mol. Equiv.} in H:O was stirred at reflux for 1.5 h. Then additional 0.6 mol. equiv. {(3.95 mmol) of

benzyl bromide was added and stirring was continued at reflux for 2 days. After cooling to room
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temperature, saturated NaHCO; was added and mixture was extracted with EtOAc (3x). Organic layers
were combined, washed with H:O (1 x) and dried over Na:SQ4, After removal of drving agent and
solvent, residue was subjected to silica gel column chromatography (heptane:EtQOAc — 9:1) affording
1.29 g (5.33 mmol; 81%) of product as an orange solid. 'H NMR (CDCls, 300 MHz): 8 {(ppm) 2.25 (s,
3H), 453 (d, J=30Hz 2H), 673 (d, J=75Hz, 1H), 7.20(dd, =735, 25 Hz, IH), 7.25-738 (m,
5H). 7.99 (d../ = 2.5 Hz, 1H), 8.33 (br, IH). *C NMR (CDCls, 75 MHz): 5 (ppm) 19.09, 46.25_ 113 .34,
12442, 125.23, 126.13, 126.74, 128.01, 131.04, 136.75, 136.83, 142.63. HRMS (ESI). m/z [M+Na]*
calcd for C.HpaN2O:Na: 265.0948, found 263.0950.

N'-Benzyl-4-methylbenzene-1,2-diamine:

T

Chemical Formula: CqyHygN2
Exact Mass: 212,13

[0169] To asolution of N-benzyl-4-methyl-2-nitroaniline (420 mg_ 1.71 mmol) in methanol was added
a slurry of Ranev nickel (30 mg) and the mixture was stirred vigorously. The flask was flushed with Hz
gas 3 times. The reaction mixture was allowed to stir for 3 h. The catalyst was removed by filtration
through Celite and the reaction was concentrated /s vacuo, vielding the title compound (1.68 mmol,
98%) as a colorless oil which was immediately used in the next reaction. 'H NMR (CDCls, 300 MHz):

5 (ppm) 2.19 (s, 3H), 3.36 (br, 3H), 4.23 (s, 2H), 6.50-6.58 (m, 3H), 7.22-7.34 (m, SH).

1-Benzyl-5-methyl-1H-benzo|d]imidazol-2-amine:
N
QS a

Chemical Formula: CgH5N3
Exact Mass: 237,13

[0170] The utle product was synthesized from &'-benzyl-4-metylbenzene-1,2-diamine (500 mg, 2.36
mmol) according to the Method D affording 294 mg (1.24 mmol, 52%) of product as a white solid. '"H
NMR (DMSQO, 300 MHz): & (ppm) 2.29 (s, 3H), 5.22 (s. 2H), 6.46 (s, ZH), 6. 63 (d, J — 7.8 Hz, 1H),
6.92 (m, 2H), 7.22 (m, 5H).

10-Benzyl-3-ethyl-2-isopropyl-7-methyplben zof 4,5 fimidazof 1,2-alpyrimidin-4(10H)-one
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o
5

Chemical Formula: CoaHo:N30
Exact Mass: 359,20

[0171] The title compound was synthesized according to Method F starting from 1-benzyl-5-methyl-
1LH-benzo[d]imidazol-2-amine (200 mg, 0.842 mmol) and cthyl 2cthyl-4-mcthyl-3-oxopentanoate (1.1
mol. cquiv). Reaction time: 16 h. After removal of volatiles crude product was purificd on silica gel
column (heptane: EtOAc¢ — 9:1) affording 96 mg (0.267 mumol; 32%5) of product as an off-white solid. 'H
NMR (DMSO-d., 300 MHz): & (ppm) 1.08 {t,./=7.4 Hz, 3H), 1.24 (d, J= 6.6 Hz, 6H), 2.62 (m, 2H),
323(m, IH), 346 (s, 2H), 7.17 (t,.J=9.1 Hz, IH), 7.31 (m, 3H), 7.50 (m, 2H), 7.69 (d. /=93 Hz, IH),
8.45 (i, 1H).

3-Ethpi-2-isopropyl-7-methylbenzof 4,3 fimiduzof 1, 2-a [pyrimidin-4( 10H}-one

otag

Chemical Formula: CgH;gN; O
Exact Mass: 269,15

[0172] To a solution of 10-benzyl-3-cthyl-2-isopropyl-7-mcthylbenzo[4,53]imidazo[1,2-g]pyrimidin-
4 10H)-one (; 30 mg, 0.139 mmol) in a mixture of CH>Cl> and MeOH (1.1, v/v) was added Pd/C catalyst
(10 mol?%). The reaction was flushed with H> gas and stirred for 5 hours. The mixture was filtered
through Cclitc and the solvent was cvaporated. The crude product was purnified on silica gel column
(heptane: EtOAc — 7:3) vielding 22 mg of the title compound (0.082 mmol, 38%) as a white solid. 'H
NMR (DMSO-ds, 300 MHz): & (ppm) 1.07 (t. J= 7.4 Hz, 3H), 1.22 (d, J= 6.7 Hz, 6H), 2.45 (s, 3H),
2.60 (m, 2H), 3.21 {m, 1H), 7.28 (m, 2H), , 8.28 (s, 1H), 12.57 (br, 1H). *C NMR (DMSO-ds, 75 MHz):
& (ppm) 14,68, 17.89 21.28, 21.65, 3068, 11093, 11372, 12625, 12685, 13061, 14777, 13978,
HRMS (ESI): m/z [M+H]' caled for C16HzoN20: 270.1601, found: 270.1606,

N-Benzyl-5-methyl-2-nitroaniline;

NO,
/©:N/\©

H

10173] Mixture of S-methyl-2-mitroaniline (1.0 g, 6.57 mmol) and benzyl bromuide (940 pl, 7.89 mmol,

1.2 mol. equiv) in H:O was stirred at reflux for 1.5 h. Then additional 0.6 eq (3.95 mmol} of benzyl

bromidec was added and stirring was continucd at reflux for 2 days. After cooling to room tempcerature,
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saturated NaHCO: was added and mixture was extracted with EtOAc (3x). Organic layers were
combined, washed with H-0O (1 x) and dricd over Nax$0O,4. After removal of dryving agent and solvent,
residue subjected to silica gel column separation (heptane:EtOAc — 9:1) affording 1.08 g (4.46 mmol;
68%5) of product as an orange solid. 'H NMR (DMSO-d,, 300 MHz): & (ppm) 2.23 (s, 3H), 4.63 (s, ZH),
6.54 (d,.J=10.3 Hz, 1H), 7.32 (m, 5H), 6.78 (s, 1H), 7.98 (d,./= 8.7 Hz, 1H), 8.64 (br, 1H).

N'-Benzyl-5-methylbenzene-1,2-diamine:

NH,

/[ IN/\Q
H

[0174] To a solution of N-benzyl-5-mcethyl-2-nitroaniline (420 mg, 1.71 mmol) in McOH was added a

slurry of Raney nickel (30 mg) and the mixture was stirred vigorously. The flask was flushed with H;

gas 3 times. The reaction was allowed to stir for 3 hours. The catalyst was removed by filtration through

Celite and the rcaction was concentrated in vaeuo, viclding the title compound as a colorless oil (1.68

mmol, 98%). 'H NMR (DMSO-ds, 300 MHz): & (ppm) 2.04 (s, 3H), 4.26 (s, 4H), 4.99 (s, IH), 6.21 (d,
J=7.2Hz, 2H), 6.45 (d..J=7.6 Hz, 1H), 7.32 (m. 6H).

1-Benzyl-6-methyl-1H-benzo|d]imidazol-2-amine:

Ty

[0173] The title compound was synthesized from A'-benzyl-3-methylbenzene-1,2-diamine (400 mg,
1.88 mmol) according to the Method D affording 220 mg (0.927 mmol, 49%) of product as a white
solid. 'H NMR (DMSO-de, 300 MHz): & (ppm) 2.27 (s, 3H), 5.22 (s, 2H), 6.40 (s, 2H), 6.74 (d,J = 7.9
Hz, 1H), 685 (s, IH), 7.02(d,./ 8.3 Hz, 1H), 7.26 (m, 5H),

10-Bengpl-3-ethvi-2-isopropyl-8-methyibenzof 4,5 fimidazof 1,2-alpyrimidin-4(10H)-one

Jeton
<

[0176] The titlc compound was svnthesized according to Mcthod F starting from compound 1-benzyl-
6-methyl-1H-benzo|d|imidazol-2-amine (260 mg, 1.10 mmoly and ethyl 2-ethyl-4-methyl-3-
oxopentanoate (1.1 mol. equiv). Reaction time: 16 h. After removal of volatiles crude product was

purificd on silica gel column (heptanc: EtQOAc — 9:1) affording 183 mg (0.509 mmol; 46%) of product
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as an off-white solid. "H NMR (CDCls, 300 MHz): & (ppm) 1.19 (t, /= 7.5 Hz, 3H), 1.29 (d, /= 6.6 Hz,
6H), 2.45 (s, 3H), 2.73 (g, J = 7.5 Hz. 2H), 3.25 (scpt, ./ = 6.6 Hz, 1H), 5.39 (s, 2H), 7.02-7.44 (m, TH).
8.49 (d,J=8.1 Hz, 1H).

3-Ethyl-2-isopropyl-8-methylbenzo[4,5]imidazo[1,2-¢]pyrimidin-4(10H)-one

fosan

H

Chemical Formula: CgH N3O
Exact Mass: 268,15

[0177] To a solution of 10-benzyl-3-ethyl-2-isopropyl-7-methylbenzo[4,5]imidazo[ 1.2-a]pyrimidin-
4(10H)y-one (; 183 mg, 0.509 mmol) in a mixture of CH,Cl: and MeOH (1. 1) was added Pd/C catalyst
{10 mol%s). The reaction was flushed with H» gas and stirred for 3 hours. The mixture was filtered
through Celite and the solvent was evaporated. The crude product was purified on silica gel column
(heptane: FtOAc — 7:3) yielding 74 mg of the title compound (0.274 mmol, 54%} as a white solid. 'H
NMR (DMSO-ds, 300 MHz): 8 (ppm) 1 07 (i, J= 7.0 Hz, 3H), 1.21 (d, J = 6.2 Hz, 6H), 2.44 (s, 3H),
2.57(q. J=69Hz 2H), 3.19 (m, 1H), 709 (d, J=82 Hz, IH) 7.21 (s, 1H), 829 (d, J=8.1 Hz, IH).
12.53 (br, 1H). “C NMR (DMSO-ds, 75 MHz): 8 (ppm) 14.68. 17.87, 21 .44, 21 .69, 30.70, 111.26,
11520, 12231, 1357114775, 159.61. HRMS (ESI): m/z [M+H]" caled for CisHzxoN:O: 270.1601,
found: 270.1592.

Syrthesis of 3-substituted 2-methylbenzof4,5 limidazof 1,2-afpyrimidin-4(10H)-ones:

[ OH | cl
0 0
o
g L= | T | e
H H H
l e) 34 ] c) or d)
OH R
0 o
N AN
LIy LIy~
34 68: R=NCH,
69: R=N3
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Scheme:  Svnthesis  of  3-substituted  2-methylbenzo[4,5]imidazol 1,2-a]pyrimidin—{ 1 0H)-ones.

Reagents and conditions: a) p-TsOH monohydrate, tolucne, reflux; b} POCls, reflux; ¢) 40% aqueous
MeNH,;, 90 °C; d) NaN;, 90 °C; ¢) DMF, reflux.

3-(2-Hydroxpethyl)-2-methylbenzof 4,5 fimidazof 1, 2-alpyrimidin-4(10H)-one
S H
s
H

Chemical Formula; Cy3H,3N,O4
Exact Mass. 243,10

[0178] The title compound was synthesized according to Method F starting from 2-
aminobenzimidazole (100 mg, 0.751 mmol) and 2-acctyl-y-butyrolactone (1 mol. ¢cquiv). Reaction time:
ovemight. DMF was removed under reduced pressure and crude product was punificd using flash
column chromatography on silica gel (2-5% of MeOH in CH-Cl;) affording 49 mg {(0.201 mmol, 27%5)
of product as brown solid. '"H NMR (DMSO-ds, 600 MHz): & (ppm) 2.3% (s, 3H), 2.69 (t, 2H, ./ = 7.2
Hz), 3.51-3.54 (m, 2H), 4.61 (br, IH). 7.27 (td, IH,.J= 84 Hz,.J= | 2 Hz), 7.41 {td, IH.J =7 § Hz,./
=12 Hz), 731 (d, IH, J= 78 Hz), 839 (d, 1H, 7 = 7.8 Hz), 12.56 (br, 1H). "C NMR (DMSO-ds,
150MHz): § (ppm) 19.74, 28 85, 59,73, 106.08, 113,90, 115.02, 120.97, 125.41, 126.99, 136.28, 146,75,
134.69, 139.65. HRMS (ESI): #2/z [M+H]' caled for C;HaN:O-2: 2441080, found: 244.1081.

3-(2-Chloroethyl)-2-methylbenzof4,3 limidazof1,2-ajpyrimidin-4(10H)-one ()

o

H

Chemical Formula: C43H2CIN;O
Exact Mass: 261,07

[0179] Mixture of 2-aminobenzimidazole (666 mg; 5 mmol), 2-acetyl-y-butyrolactone (539 pl; 5 mimol)
and p-toluenesulfonic acid monohydrate (15 mg) in 10 ml of toluene was refluxed for 20 h. Solid was
filtered-off and dried m vacuo at 80 °C for 15 h. Crude product was refluxed m POCI: (15 ml) for 3 h.
Excess of POCl: was removed in vacuo. Iee—old water was added to the residue, mixture was brought
to pH 8-9 using solid Na»CO; and stirred for further 2 h. Solid wasg filtered-off, washed with water and
dried. Crude product was purified on silica gel column (CH>Cl::MeOH - 100:3). Fractions containing
product were combined and concentrated. Solid was suspended in McOH, filtered-off and dricd
affording 316 mg (1971 mmol; 39% after 2 steps) of product as a pale vellow solid. *H NMR (DMSO-
ds, 300 MHz): 8 (ppm) 2.40 (s, 3H), 299 (t,.J= 7.5 Hz, 2H), 3.76 (t, J = 7.5 Hz, 2H), 7.27-7.32 (m,
IH), 7.44 (id, J=7.5, 12 Hz, IH), 7.52 (d, J= 7.5 Hz, 1H), 839 (d, J= 8.1 Hz, 1H), 12.75 (s, IH). '*C
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NMR (DMSQO-de, 75 MHz): § (ppm) 2025, 28 82, 43.09, 10558, 11333, 11512, 121.29, 12566,
126.60, 134,88, 146 87, 136.75, 15928 HRMS (ESI). m/z IM+H]" calcd for Ci:HisN:C10: 262.0742,
found: 262.0741, 264.0719.

2-Methyl-3-(2-(methvlamine)ethyl)benzol 4,5 Jimidazo{ 1, 2-ajpyrimidin-4(10H)}-one

Sioll

Chemical Formula: Cy4H1gN4O
Exact Mass: 256,13

|08 Mixture of 3-(2-chloroethyl)-2-methylbenzo| 4,5 irmdazo| 1,2-a|pyrimidin-4( 1 0H)-one (; 50
mg; 0.191 mmol) and 40% aqueous MeNHb: (2 ml) was stirred at 90 °C for 2.5 h. Volatiles were removed
under reduced pressure and crude product was purificd using column chromatography on silica gel (16—
20% MeOH in CH,Cl; with 1.5% (vol.) addition of 7 N ammonia in MeOH}) afforded 30 mg (0.117
mmol; 61%) of product as an off-white solid. 'H NMR {(DMSQO-d¢, 300 MHz): & (ppm} 2.29 (s, 3H),
254 (5, 3H),2.79(brt,.J= 69 Hz) , 2H. 293 (brt,./J = 6.9 Hz, 2H), 630 (br, 2H), 7.05 (td../= 8.1, 0.9
Hz, 1H), 7.26 (td, J= 8.1, 1.2 Hz, 1H), 7.45 (d, /=78 Hz, 1H), 835 (d, /= 78 Hz, 1H). '"C NMR
(DMSO-ds, 75 MHz); & (ppm) 2147, 23.68, 33,85, 49.25, 101.77, 114,42, 114.77, 118,39, 124,01,
127.68, 140.38, 151.62, 158.30, 160.73. HRMS (ESI). m/z [M+H]' caled for CdHzN4O: 237.1397,
found: 257.1398,

3-(2-Azidoethyi)-2-methylbenzof4,5 imidazaf 1,2-alpyrimidin-4{10H)-one

Sieal

Chemical Formula: C3H,-NzC
Exact Mass: 268,11

[0181] Mixture of 3-(2-chlorocthyl)-2-methyvlbenzo[4, 5imidazo[ 1, 2-alpyrimidin-4(10H)-on¢ { 50 mg;
0.191 mmoly and NaNz (25 mg; .382 mol) in DMF (2 ml) was stirred at 90 °C for 18 h (product and
starting material has the same Rrvalue in various solvent system). Volatiles were removed i vacro and
crude product was purified on silica gel column (1-2% of MeOH in CH:Cl;) afforded 27 mg (0.101
mmol; 53%) of product as an off-white solid. 'H NMR (DMSO-ds, 300 MHz): & (ppm} 238 (s, 3H).
279(t,J=72Hz 2H), 346 (t,./=72 Hz, 2H), 722 (m. 1H), 742 (td, /=7 8, 0.9 Hz, 1H), 7 49 (bd,
J=78Hz, 1H),838(d,./= 7.8 Hz, TH). ¥C NMR (DMSO-ds, 75 MHz): 8 (ppm) 2004, 24,98, 49 39,
10544, 11336, 11511, 121,20, 125360, 126.64, 133,04, 146 89, 13626, 159.36. HRMS (ESI): m/z
[M+H]' caled for CisHisNgO: 269.1145, found: 2691144,
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Synthesis of benzof4d,3limidazof1,2-aj{1,3,5 triazin-4-amine:
H>N
~

N o a N '\(\ b JZN/
@:rNHQ + xo)\,r/ L C[ﬁ\}_( L @:rrj

Scheme. Svnthesis of benzo[4,3]imidazo[1,2-][1,3,5]triazin-4-amine. Reagents and conditions; a)
CHCl:, reflux; b) NaOMe, MeOH, H.NCN, reflux.

N NL-Dimethyl-A-benzimidazolyl-2-fermamidine;

<o

Chemical Formula: Cy5H 2N,
Exact Mass: 188,11

[0182] Mixture of 2-aminobenzimidazole (1.5 g, 11.26 mmol} and N, N-dimethylformamide dimethyl
acetal (1.1 mol. equiv.) in CHCI: (10 ml) was hcated at reflux for 24 h. Volatiles were removed under
reduced pressure and solid residue was chromatographed on silica gel (10% of MeOH in CH:Cl2)
affording 2.03 g (10.78 mmol, 96%). 'H NMR (DMSO-ds, 300 MHz): § (ppm) 3.01 (s, 3H), 3.13 (s,
3H), 6.94-6.96 (m, 2H), 7.20-7.24 (m, 2H), 8.65 (s, 1H), 11.53 (br, IH). *C NMR (DMSO-d,, 75
MHz): 8 (ppm)} 34.24, 40.18, 112.63 (br), 119.79, 157,56, 158.52. '"HNMR {CDCl:, 300 MHz): 5 (ppm)
3.09 (s, 3H), 3.12 (s, 3H), 7.07-7.13 (m, 2H), 7.38-7.40 (m, 2H), 8.78 (s, I1H), 11.533 (br, IH. "C NMR
(CDCls, 75 MHz): & (ppm) 34 9641 10, 112.05 (br), 12113, 157 .94, 158.29 HRMS (ESI): m/z [M+H]'
caled for CioHisN,: 189 1135, found: 189 1139,

Bengofd,5fimidazofi,2-ajf1,3,5 triazin-4-amine

HZ’:?___N/
e

Chemical Formula: GgHsNg
Exact Mass: 185,07

[0183] N',N'-Dimethyl-N?*-benzimidazolyl-2-formamidine (200 mg, 1.062 mmol) and cyanamide (2
mol. cquiv.) were added to the solution of metallic sodium (2 mol. cquiv.) dissolved in anhvdrous McOH
(3.5 ml). Resulting mixture was heated at reflux for 24 . Then volahles were removed in vacuo. Solid
residue was dissolved in H2( and acidified (to pH 3) using concentrated HCI. After 30 min of stirring
at 0 °C, solid was filtcred-off, washed with H»O and reerystallized from DMF affording 108 mg (0.583
mmol, 55%) of title compound as a whitc solid. ‘H NMR (DMSO-d,, 300 MHz): 8 (ppm) 7.37 (t,J =
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7.5 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.74 (d, J = 8.1 Hz, 1H), 8.26 (s, 1H), 8.41 (d, /= 7.8 Hz, 1H).
8.61 (br, 2H). '*C NMR (DMSO-de, 75 MHz): & (ppm) 114.16, 118.45, 121.36, 125.08, 125.85, 143.34,
154.08, 153.49, 159.09. HRMS (ESI): m/z [M+H]' caled for CoHsNs: 186.0774, found: 186.0777.

Synthesis of Examples A-2, A-3 and B-32:

O
© N
D Ao 2 o
N NH2 + /\0 0/‘\ —_— @ —_ —_—
o~ H
3
Q
o OH o
SselEeue

e N
32 2

Scheme. The synthesis of 4-oxo0-4,10-dihvdrobenzo[4,5limidazo[ 1.2-¢]pyrimidine. Reagents and
conditions: a) MeOH, reflux; b) NaOH, H;O, 85 °C; ¢) Cu powder, quinoline, 200 °C.

Eibyl 4-oxo-4,10-dilydroben zofd, 5 limidazof 1, 2-a [pyrimidine-3-carboxylate

%

Q
o
H
Chemical Formula: C,3H; N304
Exact Mass: 257,08

[0184] Mixture of 2-aminobenzimidazole (300 mg, 3 756 mmol) and diethyl ethoxymethylenemalonate
(829 mg, 3.831 mmol) in dry MeOH was heated at reflux for 3 h. The mixture was cooled down In an
icc-watcer bath. Precipitatc was colleeted by filtration. The crude product was purificd by column
chromatography on silica gel (2-20% gradient of MeOH in CH.Cl: with 3% vol_ addition of 7 N
ammonia in MeOH). 'H NMR (DMSO-ds, 300 MHz): 8 (ppm) 1.30 {t, ./ =7.2Hz, 3H), 425 (q, /=72
Hz, 2H), 7.39-745 (m, [H), 753 (td, /=72, 0.9 Hz, IH), 738 (brd,.J=8.1 Hz, IH), 8531 (d,./=8.1
Hz. 1H), 8.68 (s, I1H). '*C NMR (DMSO-d,, 75 MHz): & (ppm) 14.32, 59.66, 103,41, 112.49, 116.05,
122.76, 126.34, 126.69, 131.38, 15061, 156.28, 158.63, 164.27. HRMS (ESI). m/z [M+H]" calcd for
C1:H3N:QO:: 258 0873, found: 2538 0879.
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4-Oxo-4,10-dihydrobenzof4,5limidazof 1,2-alpyrimidine-3-carboxylic acid
O

QO

g ;
H

Chemical Formula: €,,H7N,05
Exact Mass: 229,05

OH

[0183] Mixture of ethyl 4-oxo-4,10-dihvdrobenzo[4.5]imidazo[|,2-#]pyrimidine-3-carboxylate (; 99
mg, 0.385 mmol) and 0.2 M aqucous NaOH (5.4 ml) was heated at 83 °C for 2.5 h. Next, the mixture
was cooled in an ice-water bath and acidified using concentrated HCl. Precipitate was filtered-off,
washed with H-O and dried affording 34 mg (0.236 mmol, 61%) of title compound as pale vellow solid.
"H NMR (DMSO-ds, 300 MHz): 5 (ppm) 7.48 (brt../= 7.2 Hz, 1H}), 7.53 (m, 1H), 7.57-7.66 (m, 2H),
8.48 (d,.J=78 Hz, IH), 8.77 (s, I1H), 13.19 (br, 1H). '“C NMR (DMS0-ds, 75 MHz): § (ppm) 102 .48,
11258, 116.17, 123.26, 126.00, 12698, 131.14, 150.29, 159.14, 160.35, 165.04. HRMS (ESI): m/z [M-
H] caled for C1iHN:Qs5: 2280414, found: 228 0417,

Benzof4d, 5limidazofi,2-ajpyrimidin-4(10H)-one
O

sa

Chemical Formula: CaH;N,O
Exact Mass: 185,06

[0186] Mixture of 4-0x0-4,10-dihvdrobenzo[4,5]imidazo[1.2-@]pyrimidine-3-carboxylic acid {; 47 mg,
0.205 mmol) and Cu powder (8 mg) in quinoline (.8 ml) was heated at 200 °C for 1 h. The hot mixture
was filtered through paper filter and quinoline was removed by vacuum distillation. The residue was
purificd on silica gel column (2-4% gradient of McOH in CH-Cl;). Fractions containing product were
combined, concentrated and repurified using preparative TLC (3% of MeOH in CH2Cl.) affording 6 mg
(0.032 mmol, 16%) of product as an off-whitc solid. 'H NMR (DMSO-ds, 300 MHz): 8 (ppm) 5.96 (d,
J=69Hz, 1H), 732 (d,.J=81,12Hz, 1H), 747 (id,.f=7 8, 1.2 Hz, 1H), 755 (brd, /=78 Hz, 1H),
796 (d, J =69 Hz, 1H), 843 (d,./ = 8.1 Hz, 1H), 12 96 {(br, 1H) BC NMR (DMSO-ds, 75 MHz): 8
{(ppm) 100.07, 113.39, 11540, 121.49, 12577, 126.73, 134 .67, 148.74, 149.03, 159.46. HRMS (ESI):
miz [M+H]' caled for CiwHxN-O: 186.0662, found: 186.0662.

Synthesis of Example B-38:
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O

e = O

-\

Scheme. The synthesis of 4H-benzo[4,5])imidazo[2,1-F][1,3]thiazin-4-one. Reagents and conditions: a)
EtOH, 1t to 60 °C; b) Ph.O, 220 °C.

Ethyl (Z)-3-((1H-benzo|d]imidazol-2-yl)thio)acrylate:

SEEe

Chemical Formula: C;H2N20,8
Exact Mass: 248,06

[0187] Mixture of 2Z-mercaptobenzimidazole (200 mg, 1,332 mmol) and ethyl propiolate (1.1 mol
cquiv.) in EtOH (3.3 ml) was stirrcd overnight at room tecmperature and next at 60 °C for 53 h. The
mixture was concentrated /# vacuo affording 312 mg (1.256 mmol, 94%) of crude product that was pure
enough to be used in the next step without further purification. 'H NMR {DMSQ-ds, 300 MHz): 5 (ppm)
126 (t,J=7.2Hz, 3H), 420 (q. J=7.2 Hz, 2ZH), 629 (d, J =99 Hz, IH), 7.16-7 22 (i, 2ZH), 7.51-
7.54 (m, 2H), 8 37 (d, J = 9.9 Hz, 1H), 12.96 (br, 1H). *C NMR (DMSO-ds;, 75 MHz): & (ppm) 14.12,
6034, 115.18, 122,05, 14189, 14773, 165.93. HRMS (ESI): m/z [M+H]" caled for Ci>Hi2N:0,8:
2490692, found: 249 0680,

JH-benzof4,5fimidazof2,1-bJ{1,3]thiazin-4-one

r

Chemical Formula: CoHzN,CS
Exact Mass: 202,02

|0188] Ethyl (Z)-3-({1H-benzo|dmidazol-2-yl)thic)acrvlate (294 mg, 1.184 mmol) was heated in
diphenyl cther (3 ml) at 220 °C for 4 h. Aficr cooling to room temperature mixture was diluted with
heptane (20 ml). The resulting solid was filtered-off, washed with heptane and dried under vacuum
overnight affording crude product. Filtrate, heptane and ethereal washing were combmed and and kept
at 4 °C for 48 h. Resulted precipitate was collected by filtration and dried affording additional amount
of crude product. Combined precipitates were puntied on silica gel column (0-30% AcOEt in heptane)
affording 71 mg (0.351 mmol, 30%) of target compound as an off-white solid. 'H NMR (CDCl:, 300
MHz);  (ppm) 6.76 (d, J= 104 Hz, 1H), 745 {td,J=7.7, 1.2 Hz, IH), 7.51 {td,J=7.2, 1.2 Hz, IH),
7.68(d,J=104Hz, 1H), 7.79 (d. J=7.5Hz, 1H), 8.58 (d../= 8.0 Hz, 1H}. "*C NMR (CDCls, 75 MHz):
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Sppm) 11629, 11713, 118,62, 124 40, 126.03, 13098, 134 88, 14196, 146 21, 159.61. HRMS (ESI):
miz |M+H]" caled for CpH:N:08: 203.0274, found: 203 0280,

Synthesis of Examples B-59-60:
O

N o O ’?—\}_,
@;}-NHQ + )J\_/U\O/\ Aord) E:IX}-; X=0Qors3

Scheme. Swvnthesis of 4H-benzo[4.5]Joxazolo- and 4H-benzo[4.3]thiazolo[3,2-g]pyrimidin-4-one.
Reagents and conditions: a) Polvphosphoric acid (PPA), 120 °C (for both analogucs): b) AcOH, reflux

{only for thiazolo analogue).

2-Methyl-4H-benzof4,5 Joxazolof3,2-a Jpyrimidin-4-one

o

Chemical Farmula: C,,HgN,C,
Exact Mass: 200,08

[0189] A mixture of 2Z-aminobenzoxazole (200 mg, 1.491 mmol) and ethyl acetoacetate (1.1 mol.
cquiv.) in polyphosphoric acid (1.7 g) was heated at 120 °C overnight, Afier cooling the mixture in an
ice-water bath, ice cold H:O was added to the flask and mixture was neutralized using 10 M aq. NaOH.
Precipitate that formed was filtered-off, washed with H20 and dried. Crude product was suspended in
McOH, solid was filtered-off and dried affording 41 mg (0.205 mmol, 14%) of palc vcllow solid.
Method using AcOH:

[H90] A mixture of 2-aminobenzoxazole (200 mg, 1.491 mmol) and cthyl acctoacctate (1.5 mol.

equiv.) i1 AcOH (1.7 ml) was heated at reflux for 15 h. Volatiles were removed under reduced pressure

and the residue was brought pH ca. 8 using saturated aqueous NaHCOs, and extracted with AcOEt.

Organic lavers were combined, washed with brine, dried over MgSO4, filtered and concentrated to
o

drvness. The crude product was purified by silica gel column chromatography (0-10% gradient of
AcOEt in CH»Cly) affording 31 mg (0.155 mmol, 10%) of pale vellow solid.

[0191] 'H NMR (CDCl:, 300 MHz): 8 (ppm) 2.42 (s, 3H), 6.24 (s, 1H), 7.42-7.55 (m, 3H), 8.38-8 41
(m, 1H). “C NMR (CDCls, 75 MHz): 3 (ppm) 24.46, 106.44, 111.08, 116.66, 125.44, 126,31, 127.14,
144.71, 155.29, 159,47, 164.94. HRMS (ESI); m/z [M+H]" caled for C1\HsN2Os: 201.0658, found:
201.0662.
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2-Methyl-4H-benzof4,5]thiazolof 3,2-alpyrimidin-4-one
O

T

Chemical Formula: CyHsN,08
Exact Mass: 216,04

[0192] Mixture of Z-aminobenzothiazole (200 mg, 1.332 mmol) and ethy] acetoacetate (1.1 mol. equiv.)
in polyphosphoric acid (PPA; 1.5 g) was heated at 120 °C ovemight. After cooling the mixture in an
icc-watcer bath, icc cold H>O was added to the flask and mixturc was ncutralized using 10 M aq. NaOH.
Precipitate that formed was filtered-off, washed with H20 and dred. Crude product was suspended in
MeOH, solid was filtered-off and dried affording 90 mg (0.416 mmol, 31%) of product as a pale vellow

solid.
Method using AcOH:

[0193] To a solution of 2-aminobenzothiazole (200 mg, 1.332 mmol) in AcOH (1.5 ml) was added
cthyvl acctoacctate (1.5 mol. equiv ) and resulting mixture was heated at reflux for 15 h, Volatiles were
removed under reduced pressure and the residue was brought pH ca. § using saturated aquecus NaHCO;,
and extracted with AcOEt. Organic layers were combined, washed with brine, dried over MgSQ04,
filtered and concentrated to dryness. The crude product was purificd by silica gel column
chromatography (0-10% gradient of AcOEt in CH;CL;) affording | 12 mg (0.518 mmol, 39%) of product

as a pale vellow solid.

[0194] 'H NMR (CDCl;, 300 MHz): & (ppm) 2.39 (s, 3H), 6.26 (s, 1H), 7.45-7.54 (m, 2H), 7.65-7.68
(m, 1H), 9.05-9.08 (m, 1H). *C NMR (CDCls, 75 MHz): § (ppm) 23.84, 107.31, 120.19, 121.87,
12422, 127.05, 127.14, 13625, 161.30, 161.56, 163.02. HRMS (ESI): m/z [M+H]' caled for
CuHsN208S: 217.0430, found: 217.0436.

Synthesis of Example B-64:

O OH
o o
N Q C :h‘c’ b) %‘Oc) f_}:c’
@E\NH2+ — _._Q:- _..g- _..Q:—
T 0 (- {
65 64

Scheme. Benzo[4,5]imidazo[1,2-a]pyrimidin-2(10H}-one. Reagents and conditions: a) MeOH, reflux;
b) NaOH. H,O, 85 °C; ¢) Cu powder. qunoline, 200 °C.
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Methyl 2-ox0-2,10-dikydrobenzof4,5 imidazof1,2-alpyrimidine-4-carboxylate
O_-

Chemical Formula: C;HgN:O5
Exact Mass: 243,06

[0193] Mixture of 2-aminobenzimidazole (200 mg, 1.502 mmol) and dimethyl acetylenedicarboxylate
(271 mg, 1.903 mmol) in 4.5 ml of anhydrous McOH was heated at reflux overnight. The maxture in an
1ce-water bath, precipitate was filtered-off and dried affording 245 mg (1.007 mmol, 67%) of the title
compound as a vellow solid. 'H NMR (DMSO-ds, 300 MHz): & {(ppm) 4.06 (s, 3H), 6.52 (s, 1H), 7.22
(t,/=7.8 Hz, IH), 7.35(t,./=7.8 Hz, 1H), 7.53-7.58 (in, 2H). "C NMR (DMSO-ds, 75 MHz): & (ppm)
53.94, 10056, 113.36, 11653, 121.17, 124 64, 12747, 137.52, 13993, 148 02, 161 .17, 161.76. HRMS
(ESI): m/z [M+H]" caled for Ci2HioN:O4; 2440717, found: 244 0714,

2-Ox0-2,10-dihydrobenzo|4,5)imidazo[1,2-a]pyrimidine-4-carboxylic acid ;
OH

Chemical Formula: C{H7N3O5
Exact Mass: 229,05

[0196] Mixture of methyl 2-oxo0-2,10-dihydrobenzo|4,5 [imidazo] 1,2-¢|pynmidine-4-carboxylate (:
206 mg, 0.799 mmol} and 0.2 M aqueous NaOH (3.8 ml) was heated at 85 °C for 2.5 h. Next, the mixture
was coaled In an ice-water bath and acidificd using concentratcd HCL. Precipitate was filtered-off,
washed with HzO and dried affording 153 mg (0.668 mmol, 84%) of an off-white solid. 'H NMR
(DMSO-ds, 300 MHz): & {ppm) 6.44 (s, 1H), 7.23 (t, /= 7.8 Hz, IH), 736 (t,.J = 7.5 Hz, 1H), 7.535 (d.
J =78 Hz, 1H), 7.69 (d, / = 8.4 Hz, 1H). BC NMR (DMSO-ds, 75 MHz): 8 (ppm) 107.58, 113,45,
11650, 12124, 124 71, 127 52, 13984, 147.96, 16222, 162.26. HRMS (ESI). m/z |M+H]" caled for
CuHgN:Os: 230.0560, found: 230.0552,

Bengofd,5limidazof1,2-ajpyrimidin-2(10H)-one
o
H

Chemical Formula: CyH;N;O
Exact Mass: 185,06
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[0197] A mixture of 2-0x0-2,10-dihvdrobenzo[4,5inudazo[ 1, 2-a]lpyrnmiding-4-carboxylic acid (133
mg, 0,380 mmol) and Cu powder (22 mg) in quinolinc (1.1 ml) was heated at 170 °C for 25 min. Then,
the hot mixture swas filtered through filter paper. After cooling to room temperature, filtrate was diluted
with Et;0. Solid was filtered-off, washed with ether and dried. The crude product was purified on silica
gel column (2-3% gradicent of McOH in CH;Cl) affording 38 mg (0.205 mmol, 35%) of titlc compound
as an off-whitc solid. 'HNMR (DMSO-d,, 300 MHz): § (ppm) 6.11 (d,J=7.8 Hz, 1H), 7.22-7.34 (m.
2H), 7.52 (d, J= 7.5 Hz, 1H), 790 (d,J = 7.2 Hz, 1H), 8.79 (d, ./ = 7.8 Hz, 1H), 12.59 (br, 1H). *C
NMR (DMSO-ds, 75 MHz): & (ppm) 105.80, 110.13, 117.01, 120.95, 124 15, 128 46, 134.75, 140.98,
147 28, 162 .04 HRMS (ESI): sm/z [M+H]" caled for CioHsN=-(: 186.0662, found: 1860664 .

[0198] Inhibitory potcncy data of the compounds according to the invention arc compiled in the

following table:

f-arrestin assay calcium assay
(CHO p-arrestin (LN229 cells recombinantly
human MrgX4 expressing human wildtype
L83S) MrgX2
" (o0 inhibition = [Cay & SEM [uiM]*
SEM)¢ {% inhibition £ SEM)
A-1 > 100 (4%)
A-2 > 100 (18%)
A-3 > 100 (25%)
A-4 > 100 (35%)
A-5 > 10 (-3%)
A6 > 10 (14%
A-7 > 100 (43%)
A-8 11.6 £ 37 2.89+0.24
A-9 3.23+£ 036 3.662 £ 10102
A-10 2,42+ 022 0,683+ 0174
A-11 > 100 (37%)
A-12 > 10 (-25%)
A-13 = 100 (24%)
A-14 > 10 {19%)
A-15 1.40 = 083 > 100 (3%)
A-16 = 100 (26%)
A-17 322082 > 100 (70%)
A-18 > 100 (48%)
A-19 14.7+ 13 = 100 (27%)
A-20 > 100 (-2%)
A-21 0.583 + 0.049 0.0121 = 0.0013
A-22 =100 (2%
A-23 > 10 (4%)
A-24 > 100 (16% = 100 (2%)
A-25 =100 (22%)
A-26 > 100 (-13%)
A-27 > 100 (-18%)
A-28 > 100 (4%)
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A-29 > 100 (-33%)

A-30 > 10 (2%) > 100 (31%)
B-31 > 100 (40%)

B-32 > 100 (43%)

B-33 > 100 (24%)

B-34 > 100 (22% > 100 (-2%)
B-35 > 10 (20%

B-36 > 100 (48%) > 100 (10%)
B-37 0.290 + 0.098 0.00248 = 0.00075
B-38 > 100 (15%) 0.0540 + 0.0192
B-39 0.0877 + 0.0368 0.0184 = 0.0054
B-40 0.0225 + 0.0024 0.000420 + 0.000054
B-41 0.477 + 0.087 0.00827 = 0.00082
B-42 0512+ 0.107 > 100 (68%
B-43 0.278 + 0.042

B-44 1,40 + 0.36 0.199 + 0.025
B-45 0214 = 0.032 > 100 (89%)
B-46 0.250 + 0.061

B-47 1,05+ 011

B-48 0.0926 = 0.0426

B-49 0.169 = 0.017 0.0132 = 0.0074
B-50 0.129 + 0.007

B-51 0.213 + 0.079 0.0132 = 00020
B-52 > 100

B-53 0.0711 = 00152

B-54 1.26 + 0.31

B-55 566+115 > 100 (20%
B-56 0.148 + 0.042 0.00394 = 0.00167
B-57 > 100 (-4%)

B-58 = 100 (-44%

B-59 > 100 (13%)

B-60 > 100 (14%)

B-61 > 10 (2%

B-62 > 100 (18%)

B-63 > 100 (6%)

B-64 > 100 (0%)

B-65 > 100 (48%)

B-66 > 100 (4%)

C-67 8.04 % 163

C-68 > 100 (8%)

C-69 > 100 (9%)

C-70 0.147 + 0.015 0.000352 + 0.000070
C-71 0.0910 = 0.0292 0.000446 = 0.000142
C-72 > 10 (39%)

C-73 > 10 (40%)

C-74 0.0180 + 0.0044 0.00126 + 0.00029
C-75 0.800 + 0.184 0.0368 = 0.0034
C-76 0.349 + 0.063

C-77 1.18 + 0.33

C-78 0.468 + 0.052 0.0513 = 0.0191
C-79 0.540 + 0.076 > 10 (105%)
C-80 > 10 (34%)

C-84 0.0582 + 0.0189
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C-85 0.223 £ 0.019

C-86 0.130 + 0.029

C-87 0.246 + 0.068

C-58 554+ 1.74 > 10 (86%
a3
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Patent claims:

I A method for preventing or treating a disease or disorder that is associated with the MrgX2
receptor comprising administering to a subject in need thercof a therapeutically effective amount

of an MrgX2 antagonist according to gencral formula (A)

K

psoe

(A)

wherein

K means =0 or =5 or =NH, W means -CR1=, and L means -R2; or
K means -R2. W means -CR1=, and L means =0; or

K mcans -R1, W mcans -N=, and L. mcans -R2; or

K means -R1, W means -CH=, and L means -R2;

X means -N= and Y means -NR3-; or

X means -NR4- and Y means -N=; or

X means -NR4- and Y means -CRO=; or
X means -N=and Y means -S8-; or

X means -0- and Y means -N=; or

X mcans -8- and Y mcans -N=: or

X means -N= and Y means -N=,

RO RI1, R2, R3, R4 independently of one another mean -H; -C,-alkyl; -Co~cveloalkyl: -phenyl:
-Cs-alkyl-phenyl; -heteroaryl selected from the group consisting of thienyl, furanyl and pyrrolyl;
-C(=0YOH; -C(=0)0-C\s-alky]; -CN; -OH; -0-C 4-alkyl, -NH:, -5-C\4-alkyl; -F, -Cl, -Br, or -I;
or R1 and R2 together with the atoms to which they arc attached form a six membered saturated

unsubstituted alicychic ring;

R9 and R10 independently of one another mean -H, -Cs-alkyl, -CN, -OH, -O-C,s-alkyl, -F, -Cl,
=Br, -I; or R9 and R10 together with the carbon atoms to which thev are attached form a phenyl
ring optionally substitutcd with RS, R6, R7 and RS;

wherein RS, R6, R7 and RS independently of one another mean -H, -C,s-alkyl, -CN, -OH, -O-
Cie-alkyl, -F, -Cl, -Br, -[; or R6 and R7 together with the carbon atoms to which they are attached

form an unsubstituted phenyl ring;
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wherein in each case the "Cis-alkyl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent sclecied from -CN, -C(=0)OH, -C(=0)0-C,.
s-alkvl, -OH, -O-C.¢-alkyl, -NHz, -NH-C.s-alkyl., -N(C,s-alkyl};, -Ns, -F, -Cl, -Br, -I,

wherein in cach casc the "Ce—cycloalkyl” may be lincar or branched, saturatcd or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C(=0)0OH, -C(=0)0-C,.
e-alkyl, -OH, -0-Cjs-alkyl, -NHz, -NH-Cs-alkyl, -N{C,s-alkyl}, -N3, -F, -CL, -Br, -I:

wherein mm each case the "phenyl” may be unsubstituted, mono- or disubstituted with a substituent
independently scleeted from -CN. -C(=0)OH, -C(=0)0-C,,-alkyl, -OH, -0-C,¢-alkyl, -NH_, -
NH-C,s-alkyl, -N(Cs-alkyl)s, -Ns, -F, -Cl, -Br, -1:

wherein in each case the "heteroarvl” mayv be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C(=0)OH, -C(=0)0-C,.
e-alkyl, -OH, -0-C, ¢-alkyl, -NHz, -NH-C,-alkyl, -N(C,-alkyl)., -Ns, -F, -Cl, -Br, -I.

or a physiologically acceptable salt thereof.

2. The method according to claim 1, wherein the disease or disorder that is associated to the MrgX2

rcceptor is sclected from any of the groups consisting of

= pain, especiallv acute, nociceptive, neuropathic or chronic pain, inflammatory pain or itch;

and/or

- anxicty, stress and stress-associated syndromes, depression, cpilepsy, Alzhcimer's discasc,
senile dementia, general cognitive dyvsfunctions, leaming and memory disorders (as a
nootropic), withdrawal symptoms, alcohol and/or drug and/or medicament abuse and/or
dependency, sexual dysfunctions, cardiovascular discascs, hypotension, hypcertension,
tinnitus, pruritus, nugraine, unpaired hearing, deficient intestinal motility, impaired food
intake, anorexia, obesity, locomotor disorders, diarrhoea, cachexia, urinary incontinence or as
a muscle relaxant, anticonvulsive or anacsthetic or for co-administration in the casc of
treatment with an opioid analgesic or with an anaesthetic, for diuresis or antinatriuresis,
anxiolysis, for modulation of motor activity. for modulation of neurotransmitter secretion and
treatment of ncurodegencrative discascs associated therewith, for the trcatment of withdrawal

symptoms and/or for reducing the addictive potential of opioids; and/or

- asthma, urticaria, skin inflammation, dry skin, atopic eczema, psonasis, urticara, scabies, non-

allergic hypersensitivity reactions, fibrosis and itch.
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3. The method according to claim 1, wherein the MrgX2 antagonist is according to gencral formula

(B)

R&

(B)

wherein

K means =0 or =5, and L means -R2; or

K means -R2 and L means =0; and

X means -N=and Y means -NR3-; or

X mcans -NR4- and ¥ mcans -N=; or

X means -NR4- and Y means -CRO=; or
X means -N= and Y means §; or

X means -O- and Y mcans -N=; or

X means -5- and Y means -N=; or

X means -N= and Y means -N=.

4. The method according to claim 1, wherein the MrgX2 antagonist is according to general formula

(C)

R3

r?Y . \ B2

ko

(C)
whercin K mcans =0 or =S; and
X mcans -N= and Y mcans -NR3-; or
X means -NR4- and Y means -N=, or
X means -NR4=- and Y means -CR0= or
86
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X means -N= and Y means S; or
X means -O- and Y mcans -N=; or
X means -S- and Y means -N=; or

X means -N= and Y means -N=,

A

The method according to claim 1, wherein the MrgX?2 antagonist 1s selected from the group
consisting of compounds according to general formula (I}, (II), (IIT), (IV}, (V). (VI}, (VII), (VIII),
(IX), (X}, (X1I), and (XII):

R? N \ Ra RT . \ 5

() (I
n? N>_\§7m o N \ R2
= )
(11D (aIv)
[s) Ll o RI
R7 N>_\§7R? kY - \ R2
(V) (vD)
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R2 k1 Rz Rl
BB F¥

(VII) (VIII)
N />7 2 N /
> N | /> N
\
(IX) X)
RIY . \ ’ - y \ ,
| = =

(XD (XID)

6. The method according to claim 1, wherein
RO means -H or -CN;

R1 means -H, -CH;, -CH.CH; -CH:CH.CH;, -CH.CH>CH:CHs;, -CH:CH:CH(CH3):, -
CH:CH.C(=0)OCH-CHs, -CH.CH.-CN, -CH:CH.-Cl, -CH.CH.-OH, -CH.CH:-OCHi, -
CH-CH,-N;, -CH;CH-NHCH:, -C(=0)OH, -C(=0)OCH:;, -C(=0)0CH.CH:, -CH,-phenyl with
phenyl being unsubstituted, -CH,CH:-phenyl with phenyl being unsubstituted, -5-CH;s or -NH;;

and/or

R2 mcans -H, -CH;, -CH:CH2CH;. -CH(CH3).. -CH,CH(CH3:)z, -C(CH=:);, -cvclopropyl. -phcnyl
with phenyl being unsubstituted, -para-methoxyphenyl, -2-thienyl, -CH>C(=0)OH, -C(=0)OCH;,
-CH;C(=O)OCH:, -CHZC(=O)OCH2CH2, -C(CH;)Q(OH), -CHzOCH}, -SCH;, -NHb- or -OH;

or
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R1 and R2 together with the atoms to which they are attached form a cvclohexyl ring and mean
-CH-CH,CH->CH--,

and/or

R3 means -H, -CHs, -CH;CH>CHs, -CH»-phenyl, -CH;-p-chlorophenyl or -CH»-CN:
and/or

R4 means -H, -CH» or -CHz-phenyl with phenyl being unsubstituted;

and/or

R9 means -H; and/or R10 means -H; or R9 and R10 together with the carbon atoms to which they

are attached form a phenyl ring optionally substituted with RS, R6, R7 and RS,

wherein

RS, Ro, R7 and RS independently of one another mean -H, -CHs, -OH. -OCH:, -F, -Cl, -Br
or -CN, and preferably

RS means -H or -CHz:: and/or
R6 means -H, -CHs, -OH, -OCH,, -F, -Cl, -Br or -CN; and/or
R7 means -H, -CHs, -F, -Cl, -Br, -CN, -OCH: or -OH; and/or
R8 means -H;

or

Ré and R7 together with the carbon atoms to which they are attached form an unsubstituted

phenyl ring,

7. The method according to claim 1, wherein the MrgX?2 antagonist is sclected from compounds

(D) A-1 to A-30 and the physiologically acceptable salts thercof:

N
O W
N o}
A-1) h’ A-16
NS r§{
S o
R
¥/,

oo o
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A-6

- b

A-10

325

A-18

A-19

A-21

A-22

A-23

A-24

A-25

O
N
(Lo
N
¥/
QO
AN
CLp—
(o]
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and

(In

A-11

A-12

A-13

A-14

A-15

A-26

A-27

A-28

A-29

A-30

Ly

O
N
Lo d°
O

B-31 to B-66 and the physiologically acceptable salts thereof:

B-31
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B-32

B-33

B-34

B-33

B-36

B-37

92
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B-50

B-51
preferably
ca. l: 1.3

B-52

B-53

B-54
preferably
ca 1.5:1
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R o2
- ¥

cl
CH,

O \ CH3
Lt =
[®]
B-43 ’?_\?/‘
Lo
(@)
B-d4 W
PO
()

B-45 N

B-42

- o350
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B-60
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Pl N, \O
i { /H}MNH O
B-47 TN . B-65 ==\_o
S, 7 H
N/ >__
SIS ;;""_ J;\\ @ {
>N
6”““\\ N
-":.':b__ﬁ....tfm s
N .
Fu. oM S d\'-\ H;N
B-43 [ L e N
prefer:ftbly ca. - o e B-66 ,\/?
-2 \}»m(: I I\P_,
r,fi}\_k\_fﬁ N 1’}.‘1_{\ H
’j ! ,;‘>""NH l

and

(IlI)y C-67 to C-87 and the physiclogically acceptable salts thereof:

o}
C-67 C-78
Qe

0
C-68 C-79

CI
v/
Q

&

Cl
N
HN-—
N
NS
N
‘\."\y“.’- 1y Mu\/-/""\-\.-.‘_
F’{;‘ _\\Q}._N}w ‘\.\\ +
Ci —--‘i\\;'.".:‘-'—.i€ /L}w-\. '/‘““{
N\ ™
C-70 C-81
O
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C-71

C-72

C-73

C-74

C-75

C-70
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C-82

C-83 N' H

C-84 .
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C-84*
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Cc-77 N C-87 TN

Q7
H S
@N")‘ N A

C-88 @: —
NN,

8. The method according to claim 1, wherein the MrgX2 antagonist is administered orally.

9, The method according to claim |, wherein the MrgX?2 antagonist is administered once daily, twice

daily or thrice dailv.
1. An MrgX2 antagonist according to general formula (B)

L34

Ré

(B)

wherein

K means =0 or =5, and L means -R2; or

K mcans -R2 and L mcans =0; and

X mcans -N=and Y mcans -NR3-: or
X means -NR4- and Y means -N=; or
X means -N=and Y means 5; or

X mcans -0- and Y mcans -N=: or

X means -5- and Y means -N=; or

X means -N=and Y means -N=

R1, R2Z, R3, R4 independently of one another mean -H; -Cjs-alkyl; -Cjs-cycloalkyl; -phenyl; -

Cr.oalkvl-phenyl; -heteroaryl selected from the group consisting of thienyl, furanyl and pyrrolyl;
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11.

-C(=0)OH; -C(=0)0-C s-alkyl; -CN; -OH, -0-Ci¢-alkyl; -F, -Cl, -Br, or -I. or R1 and R2
together with the atoms to which they arc attached form a six membered saturated unsubstituted
alicyclic rng;

wherein RS, R6, R7 and R8 indcpendently of onc another mean -H, -C, ¢-alkyl, -CN, -OH. -0O-
Ci¢-alkyl, -F, -Cl, -Br, I or R6 and R7 together with the carbon atoms to which they are attached

form an unsubstituted phenyl ring;

wherein in each case the "Cre-alkyl" may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C(=()OH, -C(=0)0-C,.
aalkyvl, -OH, -O-Cisalkyl, -NH;, -NH-Cs-alkyl, -N(C/s-alkyl}s, -Ns, -F, -Cl, -Br, -I;

wherein in each case the "Cis~cvcloalkvl” may be linear or branched, saturated or unsaturated,
unsubstituted or monosubstituted with a substituent selected from -CN, -C(=0)OH, -C(=0)0-C,.
s-alkyl, -OH, -O-C\s-alkyl, -NH:, -NH-C\¢-alkyl, -N(C,s-alkyl),, -Ns, -F, -Cl, -Br, -I;

wherein in cach casc the "phenyl” may be unsubstituted, mono- or disubstituted with a substitucnt
independently selected from -CN, -C(=0)0OH, -C(=0)0-C,¢-alkyl, -OH, -0-C,s-alky], -NH, -
NH-CM—alkyl, -N(Cm-alkyl)g, -N:, -F, —Cl, -Br, -1;

wherein n each case the "heteroarvl" may be linear or branched, saturated or unsaturated.
unsubstituted or monosubstituted with a substituent sclected from -CN. -C(=0)OH, -C(=0)0-C,.
s-alkyl, -OH, -0-C,s-alkyl, -NH3, -NH-Cs-alkyl, -N(Cs-alky1)s, -Ns, -F, -Cl, -Br, -I;

with the proviso that
- at Icast onc of RS, RO, R7 and R8 docs not mcan -H; and/or
- at Icast threc of R1, R2, R3, R4, RS, R6, R7 and R8 do not mcan -H:; and/or

-A-1,A-2 A3 A4 A-5 A-6 A-T A8, A-9, A-10, A-11, A-12, A-13, A-14, A-15, A-16, A-
17, A-18, A-19, A-20, A-21, A-22, A-23, A-24, A-25, A-26, A-27, A-28, A-29 and/or A-30 are

not included;

or a physiologically acceptable salt thereof.

An MrgX2 antagonist selected from compounds

(i) B-31 to B-66 and the physiologically acceptable salts thereof”
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12. A pharmaceutical composition comprising an MrgX2 antagonist according to claim 10 or 11 and

a physiologically acceptable excipicnt.

13. A pharmaceutical dosage form comprsing an MrgX2 antagonist according to claim 10or 1l ora

pharmaccutical composition according to claim 12.

14, The pharmaceutical dosage form according to c¢laim 13, which is selected from tablets and

capsulcs.
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Abstract;

The invention relates to a method for preventing or treating a disease or disorder that is associated with
the MrgX2 receptor, The invention also relates to MrgX2 antagonisis and physiologically acceptable
salts thercof. The invention also relates to pharmaccutical compositions and dosage forms comprising

an MrgX2 antagomist.
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Inventor Information:
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Legal Name

Prefix| Given Name Middle Name Family Name Suffix
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Residence Information {Select One) US Residency ¢ Non US Residency Active US Military Service

City |Eonn ||Counlry of Residence | |EE ||

Mailing Address of Inventor:
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Postal Code D-53121 Countryi | PE

Inventor 2 Remave

Legal Name
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Legal Name
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All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number P5215
Email Address patmail@patentco.com | AddEmail | |Remove Emai

Application Information:

Title of the Invention RGX Receplor Antagonists

Attorney Docket Number| [2235.001US Small Entity Status Claimed [ ]

Application Type onprovisional -
Subject Matter tility v
Total Number of Drawing Sheets {if any) Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.5.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/Nationhal Stage Information” and “Foreign Pricrity Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country
filad application

Publication Information:
[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.5.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in ancther country, or under a multilateral international agreement, that requires
publication at eighteen moenths after filing.
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Number will be used for the Representative Information during processing.

Please Select One; & Customer Number US Patent Practitioner () Limited Recognition (37 CFR 11.9)
Customer Number 5215

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 UL.S.C. 118(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.3.C. 118{e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the "Application Number” field blank.

Prior Application Status E| Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

-

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When pricrity is ¢laimed to a foreign application
that is eligible Tor retrieval under the pricrity document exchange program (PDX)' the information will be used by the Ofiice to
automatically attempt retrieval pursuant to 37 CFR 1.55{i){1) and {2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participaling foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the ime penod specified in 37 CFR 1.55{g){1).

| Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Cl::dei {if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the

Add button.
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Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
autharity to permit a participating forgign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
autharization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
autharization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange {PDX} - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
{JPO}, the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of
China (SIPQ), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral pricrity document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which pricrity or benefit is claimed by the
instant application and its related bibliographic data, and (3} the date of filing of this Authorization. See 37 CFR 1.14(h})

M.

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access te the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention} requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant applicaticn.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[C] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A ahove.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant |1 Remove

If the applicant is the inventor {or the remaining joint inventor or inventers under 37 CFR 1.43), this section should not be completed.
The information to be provided in this section is the hame ahd address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

Assignee Legal Representative under 35U.S5.C. 117 Joint Inventor

@ Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

0

Name of the Deceased or Legally Incapacitated Inventor: |

If the Applicant is an Organization check here. X

Organization Name | by cinicehe Friedrich-Wilhelms-Universitat Bonn

Mailing Address Information For Applicant:

Address 1 Regina-Pacis-Weg 3
Address 2
City Bonn State/Province
Country | PE Postal Code D-53113
Phone Number Fax Number
Email Address
Additional Applicant Data may be generated within this form by selecting the Add button.
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Applicant & Remove

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this secticn is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assigh the invention, or person
who ctherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.48. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this secticn.

Assignee Legal Representative under 35U S.C. 117 Jaint Inventor

@ Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

T

Name of the Deceased or Legally Incapacitated Inventor: |

If the Applicant is an Organization check here. X

Organization Name Katholieke Universiteit Leuven

Mailing Address Information For Applicant:

Address 1 KU Leuven Research & Development, Waaistraat 6

Address 2 Box 5105

City | euven State/Province

Country | BE Postal Code 3000
Phone Number Fax Number

Email Address

Additional Applicant Data may be ganerated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for cgompliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

Assignee |1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publicaticn as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.
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NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14{c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorey {e.g., see USPTO Formn PTO/AIA/S1) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |Kristen L. Pursley/ Date (YYYY-MM-DD)| R019-10-31
First Name | Kristen L. Last Name | Pursley Registration Number | 61161
Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the ccmpleted application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosad, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlernent negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, 1o whom
the record pertains, when tha individual has requested assistance from the Member with respact to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m),

5 Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationiTreaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 US.C. 218(c)).

7. Arecord from this systemn of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by G5A as part of that agency's responsibility to recornmend improvements in records management practices and
programs, under authority of 44 LL.5.C, 2904 and 2906, Such dischosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 UL5.C.
122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USFTO becomes
aware of a viclation or potential violation of law or regulaticn,

350

EFS Web 2.2.13




Filed Via EFS @ USPTO.GOV on October 31, 2019

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Christa Muller Group Art Unit:
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For: MRGX Receptor Antagonists

Attorney Docket No.: 2235.001U8S

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Prior to the examination of the present application, please amend the application
as follows,

351



AMENDMENTS TO CLAIMS

Claim 1 (Original). A method for preventing or treating a disease or disorder that is

associated with the MrgX2 receptor comprising administering to a subject in need
thereof a therapeutically effective amount of an MrgX2 antagonist according to
general formula (A)

K

A3
:
]
\l W
rIN i
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NTY
13
LY
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‘\
1
1
343 X : ]
3 ’
* £

wherein

K means =0 or =S or =NH, W means -CR1=, and L means -R2; or
K means -R2, W means -CR1=, and L means =0, or

K means -R1, W means -N=, and L means -R2; or

K means -R1, W means -CH=, and L means -R2;

X means -N= and Y means -NR3-; or

X means -NR4- and Y means -N=; or

X means -NR4- and Y means -CRO=; or
X means -N= and Y means -S-, or

X means -0O- and ¥ means -N=; or

X means -S- and Y means -N=; or

X means -N=and Y means -N=;

RO, R1, R2 R3, R4 independently of one another mean -H; -Cis-alkyl; -C1s-
cycloalkyl; -phenyl; -Cis-alkyl-phenyl, -heteroaryl selected from the group
consisting of thienyl, furanyl and pyrrolyl; -C(=0)OH; -C(=0)O-C1e-alkyl; -CN; -
OH; -O-C1.e-alkyl, -NHz2, -8-C1s-alkyl; -F, -Cl, -Br, or -I, or R1 and R2 together with
the atoms 1o which they are attached form a six membered saturated

unsubstituted alicyclic ring;
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R9 and R10 independently of one ancther mean -H, -C1.s-alkyl, -CN, -OH, -0-C1.s-
alkyl, -F, -Cl, -Br, -I; or R9 and R10 together with the carbon atoms to which they
are attached form a phenyl ring optionally substituted with RS, R6, R7 and R8;

wherein R5, R6, R7 and R8 independently of one another mean -H, -Ci-s-alkyl, -
CN, -OH, -O-Cis-alkyl, -F, -Cl, -Br, -I; or R6 and R7 together with the carbon
atoms to which they are attached form an unsubstituted phenyl ring;

wherein in each case the "Cis-alkyl’ may be linear or branched, saturated or
unsaturated, unsubstituted or monosubstituted with a substituent selected from -
CN, -C(=0)OH, -C(=0)0-C1.s-alkyl, -OH, -O-C1.s-alkyl, -NH2, -NH-C1.s6-alkyl, -N{C1.
s-alkyl)z, -Ns, -F, -Cl, -Br, -I;

wherein in each case the "Cis-cycloalkyl” may be linear or branched, saturated or
unsaturated, unsubstituted or monosubstituted with a substituent selected from -
CN, -C(=0)0OH, -C(=0)0-Cr.s-alkyl, -OH, -O-C1.s-alkyl, -NHz, -NH-C1s-alkyl, -N{Cx-
s-alkyl)z, -Ns, -F, -Cl, -Br, -I;

wherein in each case the "phenyl" may be unsubstituted, mono- or disubstituted
with a substituent independently selected from -CN, -C{=0)OH, -C(=0)0O-C1.s-
alkyl, -OH, -O-C1.s-alkkyl, -NHz2, -NH-C1.s-alkyl, -N(C1s-alkyl)2, -N3, -F, -Cl, -Br, -;

wherein in each case the "heteroaryl” may be linear or branched, saturated or
unsaturated, unsubstituted or monosubstituted with a substituent selected from -
CN, -C(=0)0OH, -C(=0)0-C1s-alkyl, -OH, -O-C1s-alkyl, -NHz, -NH-C1g-alkyl, -N{C1-
g-alkyl)z, -Ns, -F, -Cl, -Br, -I;

or a physiologically acceptable salt thereof.

Claim 2 (Original): The method according to claim 1, wherein the disease or
disorder that is associated to the MrgX2 receptor 15 selected from any of the

groups consisting of

- pain, especially acute, nociceptive, neuropathic or chronic pain, inflammatory

pain or itch; and/or
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- anxiety, stress and stress-associated syndromes, depression, epilepsy,
Alzheimer's disease, senile dementia, general cognitive dysfunctions, learning
and memory disorders (as a nootropic), withdrawal symptoms, alcohol and/or
drug and/or medicament abuse and/or dependency, sexual dysfunctions,
cardiovascular diseases, hypotension, hypertension, tinnitus, pruritus, migraine,
impaired hearing, deficient intestinal motility, impaired food intake, anorexia,
obesity, locomotor disorders, diarrhoea, cachexia, urinary incontinence or as a
muscle relaxant, anticonvulsive or anaesthetic or for co-administration in the
case of treatment with an opioid analgesic or with an anaesthetic, for diuresis or
antinatriuresis, anxiolysis, for modulation of motor activity, for modulation of
heurotransmitter secretion and treatment of neurodegenerative diseases
associated therewith, for the treatment of withdrawal symptoms and/or for
reducing the addictive potential of opioids; and/or

- asthma, urticaria, skin inflammation, dry skin, atopic eczema, psoriasis,

urticaria, scabies, non-allergic hypersensitivity reactions, fibrosis and itch.

Clam 3 (Original) The method according to claim 1, wherein the MrgX2

antagonist is according to general formula (B)
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K means =0 or =8, and L means -R2; or

wherein
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K means -R2 and L means =0O; and

X means -N= and Y means -NR3-; or

X means -NR4- and Y means -N=; or

X means -NR4- and Y means -CRO=; or
X means -N=and Y means S; or

X means -0O- and Y means -N=; or

X means -5- and Y means -N=; or

X means -N=and Y means -N=.

Claim 4 (Original): The method according to claim 1, wherein the Mrgx2

antagonist is according to general formula (C)

I R1

ES

Re r 1
’

wherein K means =0 or =S; and

X means -N= and Y means -NR3-; or

X means -NR4- and Y means -N=; or

X means -NR4- and Y means -CRO=; or
X means -N= and Y means 8; or

X means -O- and Y means -N=; or

X means -S- and Y means -N=; or

X means -N= and Y means -N=,
Claim & (Original): The method according to claim 1, wherein the MrgX2

antagonist is selected from the group consisting of compounds according to
general formula (1), (11}, (111, (IV), (V), (VD), (VID, (VIID, (1X), (X, (XI), and (XI1):
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Claim 6 (Original): The method according to claim 1, wherein
RO means -H or -CN;

R1 means -H, -CHs, -CH2CHs, -CH2CH2CHs, -CH2CH2CH2CHs, -
CH2CHzCH(CH3)z, -CH2CH2C({=0)OCH2CH3s, -CH2CH2z-CN, -CHzCH2-Cl, -CH2CH.-
OH, -CH2CH2-OCHs, -CH2CH2-Ns, -CH2CH2-NHCHs, -C(=0)OH, -C(=0)OCHz, -
C(=0)OCH2CHs, -CHa-phenyl with phenyl being unsubstituted, -CH2CHz-phenyl
with phenyl being unsubstituted, -S-CH3 or -NH>;

and/for

R2 means -H, -CHs, -CH2CH2CHs, -CH(CHz)2, -CH2CH{CHa)2, -C(CHz)s, -
cyclopropyl, -phenyl with phenyl being unsubstituted, -para-methoxyphenyl -2-
thienyl, -CH2C(=0)OH, -C(=0)OCHs, -CH2C(=0)OCHs, -CH2CG(=0)OCH2CHs, -
C(CHa)2(0OH), -CH20CHs, -SCH3, -NH2 or -OH;
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or

R1 and R2 together with the atoms to which they are attached form a cyclohexyl
ring and mean -CH2CH2CH2CH2-,

and/or

R3 means -H, -CHs, -CH2CH2CHs, -CHz-phenyl, -CHz-p-chlorophenyl or -CHz-CN;
and/or

R4 means -H, -CHas or -CHz-phenyl with phenyl being unsubstituted;

andfor

R9 means -H; and/or R10 means -H; or R9 and R10 together with the carbon
atoms to which they are attached form a phenyl ring optionally substituted with RS,
R6, R7 and RS8;

wherein

RS, R6, R7 and R8 independently of one another mean -H, -CH3, -OH, -OCHs, -F,
-Cl, -Br or -CN, and preferably

R5 means -H or -CH3z; and/or
R& means -H, -CHs, -OH, -OCHs, -F, -ClI, -Br or -CN; and/or
R7 means -H, -CHa, -F, -Cl, -Br, -CN, -OCH3s or -OH; and/or
R8 means -H;

or

Ré and R7 together with the carbon atoms to which they are attached form an

unsubstituted phenyl ring.
Claim 7 (Original). The method according to claim 1, wherein the Mrgx2

antagonist is selected from compounds

{1 A-1 10 A-30 and the physiclogically acceptable salts thereof:

358



A-16

A-1)

A-2

A4

A-5

A-6

A-7
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A-12

A-13
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A-23

A-24
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and

(1) B-31 to B-66 and the physiclogically acceptable salts thereof:
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B-36

B-37

B-38

B-39

B-40

B-41

B-42

B-43

12
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B-54
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ca. 1.5:1
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B-58

B-59
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B-61
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B-45 N

B-46 @EN%—_%@'O\

B-47 N '

B-48
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ca. 1:2 0

and
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B-66
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{1y C-67 to C-87 and the physiologically acceptable salts thereof:
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C-74

C-75

C-76

C-77

Claim 8 (Original). The method according to claim 1, wherein the MrgXx2

antagonist is administered orally.
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Claim 9 (Original).: The method according to claim 1, wherein the MrgXx2
antagonist is administered once daily, twice daily or thrice daily.

Claim 10 (Original): An MrgX2 antagonist according to general formula (B)

k8

wherein

K means =0 or =S, and L means -R2; or
K means -R2 and L means =0; and

X means -N= and Y means -NR3-; or
X means -NR4- and Y means -N=; or
X means -N=and Y means S; or

X means -0O- and ¥ means -N=; or

X means -S- and Y means -N=; or

X means -N= and ¥ means -N=.

R1, R2, R3, R4 independently of one another mean -H; -C1.s-alkyl; -C1.s-cycloalkyl;
-phenyl; -Cis-alkyl-phenyl; -heteroaryl selected from the group consisting of
thienyl, furanyl and pyrrolyl; -C(=0)OH; -C(=0)0O-C1s-alkyl; -CN; -OH; -O-C16-
alkyl, -F, -Cl, -Br, or -I; or R1 and R2 together with the atoms to which they are
attached form a six membered saturated unsubstituted alicyclic ring;

wherein R5, R6, R7 and R8 independently of one another mean -H, -C1s-alkyl, -
CN, -OH, -O-Cis-alkyl, -F, -Cl, -Br, -I; or R6 and R7 together with the carbon

atoms to which they are attached form an unsubstituted phenyl ring;
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wherein in each case the "Cis-alkyl' may be linear or branched, saturated or
unsaturated, unsubstituted or monosubstituted with a substituent selected from -
CN, -C(=0)OH, -C(=0)0-C1s-alkyl, -OH, -C-C1s-alkyl, -NHz, -NH-C1.s-alkyl, -N{C1.
s-alkyl)z2, -Ns, -F, -Cl, -Br, -I;

wherein in each case the "Cis-cycloalkyl" may be linear or branched, saturated or
unsaturated, unsubstituted or monosubstituted with a substituent selected from -
CN, -C(=0)OH, -C(=0)0-C1s-alkyl, -OH, -O-C1es-alkyl, -NHz, -NH-C1s-alkyl, -N{Cx-
s-alkyl)z, -N3, -F, -C|, -Br, -I;

wherein in each case the "phenyl" may be unsubstituted, mono- or disubstituted
with a substituent independently selected from -CN, -C(=0)OH, -C(=0)0O-C16-
alkyl, -OH, -O-C1.s-alkyl, -NH2, -NH-C1s-alkyl, -N{C1s-alkyl)2, -N3, -F, -CI, -Br, -I;

wherein in each case the "heteroaryl” may be linear or branched, saturated or
unsaturated, unsubstituted or monosubstituted with a substituent selected from -
CN, -C(=0)OH, -C(=0)0-C1s-alkyl, -OH, -C-C1s-alkyl, -NHz, -NH-C1.s-alkyl, -N{C1-
s-alkyl)z, -Ns, -F, -CI, -Br, -;

with the proviso that
- at least one of R5, R6, R7 and R8 does not mean -H; andfor
- at least three of R1, R2, R3, R4, R5, R6, R7 and R8 d¢ not mean -H; and/or

- A-1, A2, A-3, A4, A-5 AD, A-7, A8, A9, A-10, A-11, A-12, A-13, A-14, A-15,
A-16, A-17, A-18, A-19, A-20, A-21, A-22, A-23, A-24, A-25 A-26, A-27, A-28, A-
29 and/or A-30 are not included;

or a physiologically acceptable salt thereof.

Claim 11 (Original): An MrgX2 antagonist selected from compounds

{I} B-31 to B-66 and the physiologically acceptable salts thereof:
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C-73

C-74
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Claim 12 (Currently Amended). A pharmaceutical composition comprising an
MrgX2 antagonist according to claim 10 [[or 11]] and a physiclogically acceptable

excipient.

Claim 13 (Currently Amended): A pharmaceutical dosage form comprising an

MrgX2 antagonist according to claim 10 [[or 11]] ea-pharmaceutical-composttion

Claim 14 (New). The pharmaceutical dosage form according to claim 13, which is

selected from tablets and capsules.
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Claim 15 {(New): A pharmaceutical compaosition comprising an MrgX2 antagonist

according to claim 11 and a physiologically acceptable excipient.

Claim 16 (New): A pharmaceutical dosage form comprising an MrgX2 antagonist

according to clam 11,

Clam 17 (New). A pharmaceutical dosage form comprising a pharmaceutical

compeosition according to claim 12.
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REMARKS

After entry of this preliminary amendment, claims 1-17 will be pending.
Applicants believe that the new set of claims is patentable. Accordingly, Applicants
submit that the present application is in condition for allowance and request that the
Examiner pass the case to issue at the earliest convenience. Should the Examiner have
any question or wish to further discuss this application, Applicants request that the
Examiner contact the undersigned at (248) 292-2920.

If for some reason Applicants have not requested a sufficient extension and/or
have not paid a sufficient fee for this response and/or for the extension necessary to
prevent the abandonment of this application, please consider this as a request for an
extension for the reguired time period and/or authorization to charge our Deposit Account
No. 50-1097 for any fee which may be due.

Respectfully submitied,

Date: October 31, 2019 /Kristen L. Pursley/

Kristen L. Pursley (Reg. No. 61,161)
The Dobrusin Law Firm, PC

29 W. Lawrence St., Suite 210
Pontiac, Michigan 48342

(248) 292-2920
kpursley@patentco.com

Customer No. 25215
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8. Enhancement of the water solubility of MRGPRX2 antagonists

This chapter describes the optimization of the patented MRGPRX2 antagonists (chapter 7). A
major drawback of the previously described compounds (Patent II) is their low water solubility,
which complicates their further development into an orally bioavailable drug. This is an
important factor, since up to 85% of the most top-selling drugs in the USA and Europe are
administered orally. If a compound is poorly water-soluble, the applied dose must be increased,
and large variabilities in intestinal absorption and thus in bioavailability are typically observed.
Water solubility is also important for other routes of administration, e.g. intravenous or
bronchial application. Water solubility is therefore an important parameter in the development

of new drugs, which poses severe problems for pharmaceutical companies. !

8.1. Synthesis

To improve the water solubility of MRGPRX2 antagonists, the benzene ring in the
benzo[4,5]imidazo[1,2-a]pyrimidin-4(10H)-one derivatives (chapter 7) were to be substituted
by a pyridine moiety. Different positions for the introduction of the nitrogen atom can be
considered, leading on the one hand to pyrido[2',3":4,5]imidazo[1,2-a]pyrimidin-6(9H)-one
derivatives, and on the other hand to pyrido[3',4":4,5]imidazo[1,2-a]pyrimidin-4(1H)-one

derivatives (Figure 1).
R3 0] R2 R3 o R2
rat N
RN R AN R’
N Zaml\ “ N
N H N H
Figure 1: Chemical structures of new proposed MRGPRX?2 antagonists

The synthesis of the proposed compounds is similar to the synthetic route already presented in
chapter 7. Starting material can be differently substituted diaminopyridine derivatives with
adjacent amino groups. This is followed by two successive ring-closure reactions, first with
cyanogen bromide to form 1H-imidazo[4,5-b]pyridin-2-amine or 1H-imidazo[4,5-c]pyridin-2-
amine and then the final cyclization reaction using an appropriate 3-oxocarboxylic ester to
produce the final products shown in Figure 1. The non-commercially available 3-oxocarboxylic

esters 7-10 were synthesized by an a-alkylation of different B-ketoesters (1-6, Scheme 1).
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7: R! =isopropyl; R? = ethyl
8: R!=n-butyl; R = ethyl

9: R!=n-propyl; R? = ethyl
10: R! = cyclobutyl; R? = ethyl

*Reagents and conditions: (i) alkyl iodide, K»,CO3;, DMF, 60 °C, 12 h, 45-69%

Scheme 1: Synthesis of different 2-substituted 3-oxoesters 7-10.

The first reaction was tested with the commercially available 1H-imidazo[4,5-c]pyridin-2-
amine (11) and ethyl 2-ethyl-4-methyl-3-oxopentanoate (7) to yield compound 12 as the first
pyrido-annelated MRGPRX2 antagonist. The final compounds were tested on both human
MRPGRX?2 and mouse MRGPRB2. Compound 12 was inactive in the B-arrestin assay up to 10
uM at the human MRGPRX2 but showed a weak antagonistic potency at the murine MRGPRB2
with an ICs value of 3.49 + 0.37 uM determined in a calcium mobilization assay in recombinant

1321N1 astrocytoma cells.

H O O @)
i)
O+ oo e O
N~ CH; . = /)\
N 3 CH, NN
11 7 12

MRGPRX2: >10
MRGPRB2: IC5y = 3.49 £ 0.37 um

aReagents and conditions: (i) DMF, DIPEA, 160 °C, 18 h, 9%

Scheme 2: Synthesis of 3-ethyl-2-isopropylpyrido[3',4":4,5]imidazo[ 1,2-a|pyrimidin-4(1H)-one (12)

Since 6-chloropyridine-3,4-diamine (13) was commercially available, this compound was used
as starting material in order to explore the role of a chloro substitution in position 7 of the

corresponding MRGPRX?2 antagonist 15.
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; o Cl
Cl | N NH, i) Cl N H ii) 7 A
N - I )J—NH, — N N
NH» N — N/ N
H
13 14 15

#Reagents and conditions: (i) BrCN, MeOH/H-»0, 90 °C, 1 h, 80%; ii) 7, DIPEA, DMF, 160 °C, 7%

Scheme 3: Synthesis of 7-chloro-3-ethyl-2-isopropylpyrido[3',4":4,5]imidazo[ 1,2-a]pyrimidin-4(1H)-

one (15).

In order to increase the potency at MRGPRX2, it was considered useful to design the target

compounds and their substitution pattern based on the structure-activity relationships observed

for the analogous compounds described in Chapter 7 lacking the additional nitrogen atom. For

this purpose, the nitrogen atom had to be shifted by one position to obtain the appropriate

substitution profile. Different commercially available 5- and 6-substituted 2,3-diaminopyridine

derivatives (16-21) were used as starting material for the synthesis of the potential MRGPRX?2

antagonists 28-34.

R3S NH,

16: R3=F,R*=H 22
17: R®=H, R* = Cl 23
18: R®=CH;, R*=H 24
19: R3=H, R*= CH;,4 25
20: R® =Br, R* = CH,4 26
21:R®=CI,R*=Cl 27

) R AN
4 | Z ]\/I />_NH2
RY ON” NH, RY N N

R*=F,R*=H
:R3=H,R*=Cl
:R3=CH;, R*=H
:R®=H, R*=CH;,
: R3=Br, R* = CH,4
:R®=Cl,R*=Cl

i R3 R
— A ) N»\\S\ 1
R NE P R
N
28:R3=F,R*=H
R2=Et,R"=Pr
29:R®=H, R*=Cl
R?=Et,R'='Pr
30:R®=H,R*=Cl
R? = Et, R" = cyclobutyl
31: R®=CH3, R*=H
R?=Et,R'='Pr
32:R®=H, R*=CH,4
R?2=Et,R'='Pr
33: R®=Br, R*=CHj;
R2=Et,R"=Pr
34:R®=CI, R*=Cl
R?=Et,R'='Pr

2Reagents and conditions: (i) BrCN, MeOH/H,0, 90 °C, 1 h; ii) 7 or 10, DIPEA, DMF, 160 °C, 3-34% over two

steps.

Scheme 3: Synthesis of pyrido[2',3":4,5]imidazo[ 1,2-a]pyrimidin 6(9H)-one derivatives (28-34).
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However, the substitution pattern of the most potent MRGPRX?2 antagonist obtained to date
(RMC40) required a fluorine atom for R4.

o}
A\

fous

RCM40

IC59 = 0.0181 £ 0.0044 um (B-arrestin assay MRGPRX2)
IC50 = 0.0013 + 0.0003 uM (Ca?*-assay MRGPRX2)
ICs0 = 0.0155 + 0.0024 pMm (Ca®*-assay MRGPRB2)

Figure 2: Structure and potency of RMC40, the most potent MRGPRX2 antagonist to date.

The required 6-fluoro-2,3-diaminopyridine (39) was not commercially available and needed to
be synthesized from 6-fluoropyridin-3-amine (35). In the next steps the second amino group
was introduced by a selective aromatic nitration in the second position after protection of the
3-amino moiety as a carbamate group (36, 37). The deprotection of the amino group was carried
out under basic conditions, and the reduction of the nitro group using hydrogen and palladium
on charcoal as a catalyst yielded the diaminopyridine derivative 39 as an important building
block for the synthesis of pyrido[2',3":4,5]imidazo[ 1,2-a]pyrimidin-6(9H)-one derivatives 41—
43 (Scheme 5).

NH, i ii iii NH;
| N _), | X Nj(o\/\CH3 _), | X j{ \/\CH3 _), \ o
/ ~
F7ON -z O F7 N NG, NO,
35 36 37 38
3 o) 2
iv) A NH R \ R
S e S
F7 N7 NH /)\N
39 40 41:R®=H,R*=F

R?=Et, R"'='Pr
42:R3=H,R*=F

R?=Et,R'="Bu
43:R3=H,R*=F

R?=Et,R'="Pr

aReagents and conditions: (i) Propyl chloroformate, NaHCO3, THF, 0 °C, 30 min, 92%; ii) H,SO4, HNO3, 0 °C to
rt, 43%; iii) Ba(OH),, 2N NaOH, acetonitrile, 90 °C, overnight, 48%; iv) H,, 10% Pd/C, MeOH, rt, 95% (v) BrCN,
MeOH/H0, 90 °C, 1 h; vi) 7-9, DIPEA, DMF, 160 °C, 3—34% over two steps.

AmO
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Scheme 5: Synthesis of F-substituted (R*) potential MRGPRX2 antagonists 41-43.

All synthesized compounds were tested in B-arrestin assays at MRGPRX2, and most of the
finale compounds were additionally tested in calcium assays at MRGPRB2 (Table 1). Screening
of the compounds in calcium assays at MRGPRX2 is currently in progress. The following
results SARs were observed: The first synthesized compound, 12, showed no potency at
MRGPRX2 but moderate antagonistic activity at MRGPRB2 with an ICso value of 3.49 &+ 0.37
uM. Substitution of the hydrogen atom in position R by a chlorine atom (15) increased potency
at both MRGPRX2 and MRGPRB?2 the compound showing ICso values of 2.27 + 0.39 uM and
0.222 + 0.084 uM, respectively. Shifting of the nitrogen atom by one position and inserting of
a fluorine substituent in position R* (28) resulted in an MRGPR X2 antagonist with an ICso value
of 2.53 £ 0.85 puM. Substitution of the fluorine atom by a methyl group (31) yielded an
MRGPRX?2 antagonist with similar potency displaying an ICso value of 2.25 + 0.42 uMm at
MRGPRX2, and 0.585 £0.215 uMm at MRGPRB2. A disubstituted compound with two chlorine
atoms in ortho- and meta-position with respect to the nitrogen atom as in compound 34 was
similarly active as 28 (ICso = 2.38 = 0.67 uM for the MRGPRX2 and ICso = 0.370 £ 0.073 pum
for the MRGPRB?2). Shifting the fluorine substituent into the ortho-position with respect to the
nitrogen atom as in compound 41 decreased the potency at MRGPRX2 (ICs0 =4.94 £ 1.36 um)
but resulted in good inhibitory activity at the mouse MRGPRB2 with an ICso value of 0.276 +
0.169 uM (n = 2). Based on the results of the previously described compounds described in
Patent I, a substitution of the ethyl moiety did not seem to be useful. A substitution of the
isopropyl group also promised only little improvement but was nevertheless tested for the
substitution pattern of 41. Substitution of the isopropyl moiety by "Bu and "Pr group resulted
in two inactive compounds, 42 and 43. Substitution of the fluorine atom in compound 41 by
chlorine (compound 29) could not significantly improve the ICso value at MRGPRX2 (4.66 +
0.28 uMm). A substitution of the isopropyl linker by cyclobutyl also resulted in an inactive
derivative, compound 30. Compound 40 with R? = Br and R* = methyl, decreased the ICso value
in both MRGPRX2 (51% inhibition at 10 pM) and MRGPRB?2 (0.837 = 0.162 um). Until now,
the inhibitors did not yet show nanomolar potencies, but the water solubility of the compounds
has been significantly improved. The water solubility of the compounds presented in Patent II
were <5 uM for all tested compounds. In contrast, the new nitrogen-containing compound 28
showed an aqueous solubility of 47 + 3 uM. Thus, the new aza-analogs represent a promising
class of compounds for the development of new MRGPRX2 antagonists with improved

solubility.
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Table 1: Potency of antagonists 12, 15, 28-34 and 4143 at the human MRGPRX?2 and murine MRGPRB?2.

28-34, 41-43

12,15

MRGPRX2

MRGPRB2

B-arrestin assay (CHO B-arrestin cells recombinantly expressing MRGPRX2)

calcium assay (1321N1 astrocytoma cells

recombinantly expressing MRGPRB?2)

Cmpd R! R?2 | R? R*
% effect = SEM (%?;%ﬁnstiﬁ [fgdla];/[) (‘%Im(ljrsl(l)lﬁ)lstllf)ll\l/ﬁ [fgglavl)
12 - - H - > 10 (0%) >10 (23%) 3.49 +0.37
15 - - Cl - n.d. 2.27+0.39 0.222 +0.084
28 Pr Et F H >10 (-3%) 2.53+0.85 n.d
29 Pr Et H Cl n.d. 4.66 = 0.28 n.d.
30 Cyclobutyle | Et H Cl >10 (1%) >10 (33%) n.d.
31 Pr Et | CH; H n.d. 2.25+042 0.585+0.215
32 Pr Et H CH; n.d. 9.68 + 1.04 1.54 £ 0.50 n=2)
33 Pr Et | Br | CH3 n.d. (51£3) (10 uM) 0.837 +0.162
34 Pr Et | Cl Cl n.d. 2.38 =0.67 0.370 +0.073
41 Pr Et H F n.d. 4.94 +1.36 0.276 + 0.169 (n=2)
42 "Bu Et H F > 10 (1%) > 10 (5%) n.d.
43 "Pr Et H F > 10 (0%) > 10 (34%) 0.179 + 0.048

aThe results are the means of three to four independent effects. PInhibition of the effect of 1 uM CST-14 (corresponding to its ECgo value). ®Inhibition of the effect of 0.7 uM CST-14 (corresponding to its ECeo value).
dInhibition of the effect of 2 uM CST-14 (corresponding to its ECeo value). Screenings were performed at a concentration of 10 uM. The results were obtained from, Yvonne Riedel' and Susanne GattnerS.




8.2. Experimental

8.2.1. Crystal structure of 41

Compound 41 crystallized from THF solution at room temperature in clear colorless plates of
the size 0.18 x 0.1 x 0.05 mm. Measurement and analysis of the resulting crystal structure using
a Bruker X8-KappaApexII instrument showed a triclinic crystal system within the space group

P-1. The crystal is mainly formed by intermolecular hydrogen bonds.

Figure 3: A: Crystal structure of 41. B: Molecular structure of 41

8.2.2. Materials and Methods

Melting points were determined with a Biichi-545 melting point apparatus. Chemicals were
purchased from Sigma Aldrich, ABCR, Alfa Aesar or TCI. Analytical thin layer
chromatography (TLC) was performed on TLC plates F2s4 (Merck) and analyzed using UV
light. High resolution mass spectra (HR-MS) were recorded on a micrOTOF-Q mass
spectrometer (Bruker), low resolution mass spectra (LR-MS) on an API 2000 (Applied
Biosystems) mass spectrometer. 'H-NMR, '*C-NMR and *'P NMR spectra were recorded in
(CD3)2S0 on a Bruker Ascend 600 MHz NMR-spectrometer operating at 600.18 MHz ('H),
and 150.93 MHz (13C). Chemical shifts (5) are reported in ppm and are referenced to the
chemical shift of the residual solvent proton(s) present in dimethylsulfoxide 6 ((CH3).SO) =
2.50 ppm for the 'H-NMR spectra and § ((CD3)2SO) = 39.52 ppm for the '*C-NMR spectra.
Multiplicity: s, singlet; d, doublet; q, quartet; m, multiplet. Coupling constants (J) are shown in
hertz (Hz). The infrared spectra were recorded as solid samples on an ALPHA-T (Bruker) with
a Platinum ATR Module using Opus software. Column chromatography was performed on

silica gel 60 (35-70 'm). Thin layer chromatography was carried out using precoated silica gel
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F-254 plates (thickness 0.25 mm). All final compounds reported were analyzed using one of
these analytical methods and were at least 95% pure. Final compounds were purified using

reversed phase HPLC (C18, 250 x 20 mm, Eurospher 100-10, 60% - 100% aqueous MeOH).

General procedure A: Preparation of 2-substituted 3-oxoesters (7-10).

The B-keto ester (1.0 equiv), K2COs3 (0.75 equiv) and ethyl iodide (1.1 equiv) were dissolved in
a minimum amount of DMF (1-2 ml) and stirred at 60 °C overnight. After complete conversion
of the starting material (TLC: petroleum ether/ethyl acetate, 9:1) water (5-10 ml) was added
and extracted three times with ethyl acetate (5 ml). The combined organic phases were dried
over MgSOj4 and the solvent removed under reduced pressure. The crude product was purified
by silica gel flash chromatography (eluent: 7% ethyl acetate in petroleum ether) yielding the

final 2-substituted 3-oxoester derivatives as colorless oils.
General procedure B: Preparation of 1 H-imidazo[4,5-b]pyridin-2-amine (14 22-27).

The diamino substituted pyridine derivatives and BrCN (3.0 equiv) were dissolved in a mixture
of MeOH/Water (1:1) and heated to 90 °C for 4-6 h. After complete conversion of the starting
material (TLC: 20% MeOH in dichloromethane) the solvent was removed in vacuo and the
residue purified by automated flash chromatography (gradient, 0-20% MeOH in CH2Cl,) to

yield the 1H-imidazo[4,5-b]pyridin-2-amine derivatives as brown solids.

General procedure C: Preparation of pyrido[2',3":4,5]imidazo[1,2-a]pyrimidin-6(9H)-one (12,
3241, 44).

The 1H-imidazo[4,5-b]pyridin-2-amine derivatives (12, 15, 28-34 and 41-43) and DIPEA (2.0
equiv) were dissolved in a minimum amount of DMF (2—3 ml) and the 2-substituted 3-oxoester
derivative (7-10, 2.0 equiv) was added in portions. The resulting mixture was heated to 165 °C
for 18 h until complete conversion of the starting material (TLC: 5% MeOH in CH:Cl,). The
solvent was removed, and the residue purified by automated flash chromatography (gradient,
0-10% MeOH/CH>Cl> over 20 min). An additional reversed phase HPLC separation (60-100%
MeOH/H:0, 20 min) was required to yield the final products as white solids with at least 95%
purity.

Synthesis of ethyl 2-ethyl-4-methyl-3-oxopentanoate (7)

O O

HsC
343210/\

5CH3 N

CHj

CHs

382



Yield: 45% (colorless oil); "H-NMR (600 MHz, DMSO-ds) & [ppm] = 4.09 (q,J = 7.1 Hz, 2H,
OCH:CHs), 3.75 (t,J = 7.2 Hz, 1H, H-2), 2.78 (h, J= 6.8 Hz, 1H, H-4), 1.70 (tdd, J = 13.7, 7.2,
5.6 Hz, 2H, CHCH,), 1.16 (t,J = 7.1 Hz, 3H, OCH,CHs), 1.01 (dd, J = 6.9, 5.9 Hz, 6H, (CHs)>-
4),0.83 (t,J = 7.4 Hz, 3H, OCH,CH). *C-NMR (151 MHz, DMSO-de) & [ppm] = 209.1 (C3),
169.4 (C1), 60.6 (OCH>), 57.3 (C2), 40.0 (C4), 21.2 (CHCH>), 17.9 (C5), 17.9 (C5), 13.9
(OCH>CH3), 11.6 (CHCH2CH3). LC-MS (m/z): 186.8 [M + HJ".

Synthesis of ethyl ethyl 2-ethyl-3-oxoheptanoate (8)

O O

H3C
3 \/\)J\g)J\OACH3

CH4

Yield: 65% (colorless oil); 'H-NMR (600 MHz, DMSO-ds) & [ppm] =4.10 (qd, J=7.1, 1.7 Hz,
1H, OCH>CH3), 3.53 (dd, J=17.8, 6.6 Hz, 1H, H-2), 2.54 — 2.50 (m, 2H, CH), 1.78 — 1.65 (m,
2H, CH>), 1.48 — 1.40 (m, 2H, CH>»), 1.23 (dqd, /=9.2, 7.5, 6.2 Hz, 2H, CH»), 1.17 (t, J="7.1
Hz, 3H, OCH,CH3), 0.83 (dt, J=9.2, 7.4 Hz, 6H, 2 x CH3). 3C-NMR (151 MHz, DMSO-ds)
3 [ppm] = 205.4 (C3), 169.4 (C1), 60.6 (OCH,), 59.4 (C2), 41.0 (CH,), 25.0 (CHa), 21.5 (CHy),
21.0 (CH>), 14.0 (CH3), 13.7 (CH3), 11.6 (CH3). LC-MS (m/z): 200.7 [M + H]".

Synthesis of ethyl 2-ethyl-3-oxohexanoate (9)

0O O

H3C/\)J\§)J\O/\CH3

CH4

Yield: 61% (colorless oil); 'TH-NMR (600 MHz, DMSO-d6) & [ppm] = 4.10 (qd, J = 7.1, 1.5
Hz, 2H, OCH>CH3), 3.53 (dd, /=7.9, 6.6 Hz, 1H, H-2), 2.52 — 2.50 (m, 2H, CH>), 1.81 — 1.65
(m, 2H, CH>), 1.48 (h, J=17.3 Hz, 2H, CH>»), 1.17 (t, J= 7.1 Hz, 3H, CH3), 0.83 (td, J = 7.4,
1.1 Hz, 6H, 2 x CH3). 3C-NMR (151 MHz, DMSO-d6) & [ppm] = 205.4 (C3), 169.4 (C1), 60.6
(OCH»), 59.4 (C2), 43.2 (CH>), 20.9 (CH»), 16.4 (CH), 14.0 (CH3), 13.3 (CH3), 11.6 (CH3).
LC-MS (m/z): 186.8 [M + H]".

Synthesis of ethyl 2-(cyclobutanecarbonyl)butanoate (10)

o o
7 e
CHs
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Yield: 69% (colorless oil); 'H-NMR (600 MHz, DMSO-d6) § [ppm] =4.09 (q,J= 7.1 Hz, 2H,
OCH:CH3), 3.50 (dd, /= 7.9, 6.6 Hz, 1H, CH), 3.45 (pd, /= 8.6, 1.2 Hz, 1H, CH), 2.16 — 2.02
(m, 4H), 1.91 (dp,J=11.0,8.8 Hz, 1H), 1.77—-1.65 (m, 3H), 1.17 (t, /=7.1 Hz, 3H, OCH2CH3),
0.82 (t, J = 7.4 Hz, 3H, CH3). *C-NMR (151 MHz, DMSO-ds) § [ppm] = 205.9 (C3), 169.4
(C1), 60.6 (OCH>), 57.5 (C2), 44.3 (CH), 24.0 (CH>), 21.0 (CH>), 17.1 (CH>), 14.0 (CH3), 11.6
(CH3). LC-MS (m/z): 198.8 [M + H]".

Synthesis of 3-ethyl-2-isopropylpyrido[3',4":4,5]imidazo[ 1,2-a]pyrimidin-4(1H)-one (12)

Compound 12 was synthesized as described in the general procedure C using commercially

available 1H-imidazo[4,5-c]pyridin-2-amine (11, 70 mg, 0.522 mmol) as starting material.

Yield: 12 (12 mg, 9%), white solid. '"H-NMR (500 MHz, DMSO-ds) & [ppm] = 12.83 (s, 1H,
NH, ), 9.40 (s, 1H, Harom), 8.45 (d, J= 5.7 Hz, 1H, Harom), 7.49 (d, J= 5.6 Hz, 1H, Harom), 3.23
~3.21 (m, 1H, CH), 2.62 (q, J= 7.4 Hz, 2H, CHa), 1.25 (d, J = 6.8 Hz, 6H, 2 x CH3), 1.08 (t, J
= 7.4 Hz, 3H, CH,CH3).

Synthesis of 6-fluoro-1H-imidazo[4,5-b]pyridin-2-amine (22)

H

F N
T

N N

Compound 22 was synthesized as described in the general procedure B. Yield: 63%, brown
solid. "H-NMR (500 MHz, DMSO-ds) & [ppm] = 8.01 (m, 1H, Harom), 7.78 (s, 2H, NHy), 7.52
(dd, J=9.0, 2.6 Hz, 1H, Harom). *C-NMR (126 MHz, DMSO-ds) & [ppm] = 156.1 (d, 'Jcr =
240.7 Hz, Carom-F), 155.2 (C-NH2), 145.1 (Carom), 128.2 (d, *Jor=9.7 Hz, Carom), 127.6 (d, *Je
= 27.9 Hz, Carom), 106.79 (d, *Jc,r = 25.0 Hz, Carom). LC-MS (m/z): 152.8 [M + H]". ESI-MS
purity: 97.3%.

Synthesis of 5-chloro-1H-imidazo[4,5-b]pyridin-2-amine (23)

N

X

Jousy
N

Cl N
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Compound 23 was synthesized as described in the general procedure B. Yield: 99%, brown
solid. "TH-NMR (600 MHz, DMSO-ds) & [ppm] = 8.29 (s, 2H, NH>), 7.69 — 7.62 (m, 1H, Harom),
7.23 —7.16 (m, 1H, Harom). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 153.2 (Cy), 147.1 (Cy),
142.0 (Cy), 124.1 (Cy), 120.8 (C-Harom), 117.0 (C-Harom). LC-MS (m/z): 169.0 [M + H]". ESI-
MS purity: 99.2%.

Synthesis of 3-ethyl-7-fluoro-2-isopropylpyrido[3',4':4,5]imidazo[1,2-a]pyrimidin-4(1H)-one

(28)
E o
] NN\
H

Compound 28 was synthesized as described in the general procedure C. Yield: 10%, white
solid. "H-NMR (600 MHz, DMSO-ds) & [ppm] = 12.91 (br s, 1H, NH), 8.43 (t,J=2.4 Hz, 1H,
Harom), 8.41 (dd, J = 8.3, 2.9 Hz, 1H, Harom), 3.27 — 3.20 (m, 1H, CH-(CHs)2), 2.59 (q, J=7.5
Hz, 2H, CHz), 1.26 (d, J = 6.7 Hz, 6H, 2 x CH3), 1.07 (t, J = 7.4 Hz, 3H, CH3). ?C-NMR (151
MHz, DMSO-ds) 6 [ppm] = 159.53, 154.63, 149.15, 149.11, 133.41, 120.01, 119.95, 110.31,
110.19, 30.18, 21.08, 17.79, 14.63. HRMS (ESI-QTOF) calculated for Ci4HisFN4sO [M+H]":
275.1303; found: 275.1320. m.p. 212 — 215 °C.

Synthesis of 2-chloro-7-ethyl-8-isopropylpyrido[2',3":4,5]imidazo[ 1,2-a]pyrimidin-6(9H)-one
(29)

/NN
H

Compound 29 was synthesized as described in the general procedure C. Yield: 12% over 2
steps, white solid. 'TH-NMR (600 MHz, DMSO-ds) & [ppm] = 12.81 (s, 1H, NH), 8.54 (d, J =
8.1 Hz, 1H, Harom), 7.32 (d, J = 8.2 Hz, 1H, Harom), 3.29 — 3.24 (m, 1H, -CH(CH3)2), 2.59 (q, J
=7.4 Hz, 2H, -CH>»), 1.28 (d, J = 6.8 Hz, 6H, -CH(CHs)>), 1.06 (t, /= 7.4 Hz, 3H, -CH>CHa).
BC-NMR (151 MHz, DMSO-ds) & [ppm] = 159.2, 148.7, 145.7, 124.6 (Harom), 119.5, 116.0
(Harom), 29.6, 20.6, 17.6 (CHy), 144 (2 x CH3). HRMS (ESI-QTOF) calculated for
C14H5CIN4O [M+H]": 291.1002; found: 291.1003. m.p. > 300 °C.
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Synthesis of 2-chloro-8-cyclobutyl-7-ethylpyrido[2',3":4,5]imidazo[ 1,2-a]pyrimidin-6(9H)-
one (30)

o
By 6 S

Compound 30 was synthesized as described in the general procedure C. Yield: 13% over 2
steps, yellowish solid. "TH-NMR (600 MHz, DMSO-ds) & [ppm] = 8.54 (d, J = 8.2 Hz, 1H), 7.31
(d, J=8.3 Hz, 1H), 6.51 (s, 2H), 3.84 (p, J = 8.8 Hz, 1H), 2.53 (q, J = 7.5 Hz, 2H), 2.46 (qd, J
=9.6, 2.8 Hz, 2H), 2.20 (dtd, J = 11.3, 8.5, 2.7 Hz, 2H), 2.02 (h, ] = 9.6 Hz, 1H), 1.84 (q, J =
9.7 Hz, 1H), 1.03 (t, ] = 7.4 Hz, 3H). 13C-NMR (151 MHz, DMSO-ds) & [ppm] = 159.1, 148.7,
145.6, 124.7,119.4, 1159, 111.3, 36.7, 27.1, 17.7, 17.7, 14.4. HRMS (ESI-QTOF) calculated
for C1sHisCIN4O [M+H]": 303.1007; found: 303.1021. m.p. > 300 °C.

Synthesis of propyl (6-fluoropyridin-3-yl)carbamate (36)

H

N (@]
N s
Pz (@]
N

F

6-Fluoropyridine-3-amine (35, 5g, 44.60 mmol, 1.0equiv) and NaHCO; (11.24g,
133.80 mmol, 3.0 equiv) was dissolved in dry THF (25 ml) and propyl chloroformate (16.40 g,
133.80 mmol, 3.0 equiv) was added slowly. Reaction was completed after 30 min (TLC:
petroleum ether/ethyl acetate = 8:2) and the solvent evaporated in vacuo. Then water was added
and extracted with ethyl acetate (3 x 10 ml) and the combined organic phases were washed with
brine, dried over MgSQOg, filtered and the solvent removed under reduced pressure. The crude
product was purified by flash column chromatography (10% ethyl acetate in petroleum ether)
to yield compound 36 (7.15 g, 81%) as yellowish solid. 'TH-NMR (600 MHz, DMSO-d) &
[ppm] =9.87 (s, 1H, NH), 8.31 — 8.20 (m, 1H, Harom), 8.07 — 7.95 (m, 1H, Harom), 7.12 (dd, J =
8.9, 3.2 Hz, 1H, Hawom), 4.05 (t, J= 6.7 Hz, 2H, OCH>), 1.64 (sext, J = 7.2 Hz, 2H, CH>), 0.92
(t,J=7.4 Hz, 3H, CH3). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 158.2 (1C, 'Jcr =231.4
Hz, Carom-F), 153.8 (CO), 136.6 (1C, *Jcr = 15.2 Hz, Carom), 134.3 (1C, *JoF = 4.4 Hz, Cy),
131.6 (Carom), 109.3 (1C, 2Jc,r = 39.5 Hz, Carom), 66.1 (OCHy), 21.8 (CHz), 10.2 (CH3). LC-MS
(m/z): 198.7 [M + H]". ESI-MS purity: 97.1%.
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Synthesis of propyl (6-fluoro-2-nitropyridin-3-yl)carbamate (37)

H
X N\n/o\/\CHg,

|
F7 N7 Nog

Compound 36 (2.0 g, 10.09 mmol, 1.0 equiv) was dissolved in conc. HNOs3 (2 ml) and cooled
to 0 °C. Than conc. H2SO4 (2 ml) was added dropwise over 30 min and stirred for further 5 h
at rt. After complete conversion (TLC: ethyl acetate/ petroleum ether, 1:5) the mixture was
basified by the addition of NaOH, extracted with ethyl acetate and the combined organic phases
dried over MgSOs. The solvent was removed under reduced pressure and purified by flash
column chromatography (50% ethyl acetate in petroleum ether) to yield compound 37 (1.996
g, 81%) as yellowish solid. "TH-NMR (600 MHz, DMSO-ds) & [ppm] = 10.02 (s, 1H, NH), 8.35
(dd, /= 8.7, 6.5 Hz, 1H, Harom), 7.69 (dd, J = 8.7, 3.3 Hz, 1H, Harom), 4.06 (t, J = 6.7 Hz, 2H,
OCH>), 1.63 (sext, J = 7.4, 2H, CH,), 0.92 (t, J = 7.4 Hz, 3H, CH3). *C-NMR (151 MHz,
DMSO-de) & [ppm] = 155.5 (1C, 'Jcr=231.4 Hz, Carom-F), 153.5 (CO), 144.8 (1C, *Jcr=12.7
Hz, C4-NO»), 141.0 (1C, *JcF = 7.6 Hz, Carom), 126.3 (1C, “Jcr = 4.0 Hz, Cy), 116.4 (1C, *Jcr
= 37.8 Hz, Carom), 67.0 (OCH2>), 21.7 (CH>), 10.1 (CH3). LC-MS (m/z): 243.9 [M + H]". ESI-
MS purity: 73.3%.

Synthesis of 6-fluoro-2-nitropyridin-3-amine (38)

N NH,

7

F7 N~ "NO,

Compound 37 (1.4394 g, 5.919 mmol, 1.0 equiv) and Ba(OH); (1.8 g, 10.654 mmol, 1.8 equiv)
were suspended in acetonitrile (10 ml). 2N NaOH was added in portions over 8 h until complete
conversion of the starting material (TLC, CH2Clz). The acetonitrile was removed in vacuo and
the residue neutralized with saturated aq. NH4Cl (10 ml), extracted with ethyl acetate (3 x 5 ml)
and the combined organic phases were washed with brine, dried over MgSO4 and the solvent
removed under reduced pressure. The crude product was purified by automated flash column
chromatography (0-60% ethyl acetate in petroleum ether) to yield 38 (445 mg, 48%) as
yellowish solid. 'H-NMR (600 MHz, DMSO-ds) & [ppm] = 7.73 (dd, J= 8.9, 6.8 Hz, 1H, Harom),
7.49 (s, 2H, NH>), 7.41 (dd, J = 8.9, 3.7 Hz, 1H, Harom). *C-NMR (151 MHz, DMSO-d) &
[ppm] = 149.6 (1C, 'Jcr=234.0 Hz, C4-F), 140.4 (1C, *Jcr = 1.5 Hz, C¢-NH>), 135.9 (1C, *Jcr
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= 6.6 Hz, Carom), 132.8 (1C, 3Jcr = 13.0 Hz, C¢-NOy), 119.1 (1C, e = 42.1 Hz, Carom). LC-
MS (m/z): 157.8 [M + H]". ESI-MS purity: 97.5%.

Synthesis of 6-fluoropyridine-2,3-diamine (39)

N NH,

7

F”ON" NH,

To a solution of 38 (352.0 mg, 2.241 mmol, 1.0 equiv) in MeOH (5 ml), were added 10%
palladium of charcoal (238.4 mg, 1.0 equiv). The reaction mixture was stirred for 1 h under
hydrogen atmosphere (1 atm) at rt. After complete conversion of the starting material monitored
by TLC (10% MeOH in CH>Cl) the catalyst was filtered over celite and washed with MeOH.
The solvent was removed in vacuo and the crude product purified by flash column
chromatography (10% MeOH in CHCl) to yield the diamino derivative 39 (270 mg, 95%) as
yellowish solid. "TH-NMR (600 MHz, DMSO-ds) & [ppm] = 6.86 (t, J= 7.7 Hz, 1H, Harom), 5.98
(dd, J = 7.9, 2.9 Hz, 1H, Harom), 5.73 (br s, 2H, NH>), 5.13 (br s, 2H, NH,). *C-NMR (151
MHz, DMSO-ds) & [ppm] = 155.1 (1C, 'Jcr = 222.7 Hz, C¢-F), 147.1 (1C, *Jcr = 17.9 Hz,
Carom), 125.2 (1C, *Jcr = 3.1 Hz, C¢-NH>), 124.0 (1C, *Jcr = 6.9 Hz, Cq-NH,), 93.7 (1C, 2Jcr
= 38.6 Hz, Carom). LC-MS (m/z): 127.8 [M + H]". ESI-MS purity: 97.6%.

Synthesis of 5-fluoro-1H-imidazo[4,5-b]pyridin-2-amine (40)

¥

X

L
N N

Compound 39 (265 mg, 2.085 mmol, 1.0 equiv) was dissolved in a mixture of MeOH (2 ml)

F

and H>O (2 ml) and cyanogen bromide (662.3 mg, 6.254 mmol, 3.0 equiv) added in portions.
The reaction mixture was heated at reflux for 3 h until complete conversion of the starting
material (TLC, 15% MeOH in CH>Cl,). The solvent was evaporated under reduced pressure
and the residue purified by flash column chromatography (20% EtOH in CH2Cl) to yield
compound 40 as yellowish solid. 'H-NMR (600 MHz, DMSO-dj) & [ppm] = 7.62 (dd, J = 8.2,
7.2 Hz, 1H, Huom), 7.49 (s, 2H, NH>), 6.68 (d, J = 8.2 Hz, 1H, Harom). *C-NMR (151 MHz,
DMSO-ds) & [ppm] = 158.7 (1C, 'Jcr = 228.9 Hz, Cg-F), 155.4 (Cq-NH>), 148.9 (1C, *Jcr =
20.2 Hz, Carom), 123.9 (1C, *Jc = 2.6 Hz, Carom), 121.1 (1C, *Jcr = 9.6 Hz, Carom), 99.3 (1C,
2Jcr = 39.8 Hz, Carom). LC-MS (m/z): 152.9 [M + H]*. ESI-MS purity: 97.5%.
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Synthesis of 7-ethyl-2-fluoro-8-isopropylpyrido[2',3":4,5]imidazo[1,2-a]pyrimidin-6(9H)-one

(41)
O
I NN\

Compound 41 was synthesized as described in the general procedure C. Yield: 14% over 2
steps, yellowish solid. 'H-NMR (600 MHz, DMSO-dc) & [ppm] = 12.73 (br s, 1H), 8.65 (t, J =
7.9 Hz, 1H, Harom), 6.97 (d, J = 8.4 Hz, 1H, Harom), 3.30 — 3.25 (m, 1H, CH(CHs)2), 2.59 (q, J
=7.4 Hz, 2H, CH>CH3), 1.28 (d, /= 6.8 Hz, 6H, CH(CHs)»), 1.07 (t, /= 7.4 Hz, 3H, CH>CH3).
BC-NMR (126 MHz, DMSO) § [ppm] = 160.6 (1C, 'Jcr=233.2 Hz, C-F), 159.0, 126.7, 100.8
(1C, %JcF = 40.7 Hz, Carom), 29.5, 20.5, 17.6 (CH,), 14.4 (2 x CH3). HRMS (ESI-QTOF)
calculated for C14H1sFN4O [M+H]": 275.1303; found: 275.1320. m.p. > 300 °C.

Synthesis of 8-butyl-7-ethyl-2-fluoropyrido[2',3":4,5]imidazo[ 1,2-a]pyrimidin-6(9H)-one (42)

o
CH3

/ N N \ CH3
Fﬁ%

N
H

Compound 42 was synthesized as described in the general procedure C. Yield: 30% over 2
steps, off-white solid. "TH-NMR (600 MHz, DMSO-ds) § 13.00 (br s, 1H, NH), 8.64 (t, J= 8.0
Hz, 1H, Harom), 6.95 (d, J = 8.4 Hz, 1H, Harom), 2.66 (dd, J=9.2, 6.7 Hz, 2H, CH>), 2.54 (q, 2H,
CH»), 1.63 (tt,J= 8.0, 6.4 Hz, 2H, CH>), 1.40 (h, J=7.4 Hz, 2H, CH>»), 1.09 (t,J=7.4 Hz, 3H,
CH3), 0.93 (t, J= 7.4 Hz, 3H, CH3). 3C-NMR (151 MHz, DMSO-ds) & [ppm] = 160.8, 159.2,
126.6, 119.1, 100.7, 100.4, 31.0, 22.1, 18.1, 14.2, 13.9. HRMS (ESI-QTOF) calculated for
C1sH17FN4O [M+H]": 289.1459; found: 289.1479. m.p. > 300 °C.
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Synthesis of 7-ethyl-2-fluoro-8-propylpyrido[2',3":4,5]imidazo[1,2-a]pyrimidin-6(9H)-one
(43)

o)
CHs

I NN\ CH,

H

Compound 43 was synthesized as described in the general procedure C. Yield: 34% over 2
steps, off-white solid. 'H-NMR (600 MHz, DMSO-de) & [ppm] = 12.95 (br s, 1H, NH), 8.64 (t,
J=7.9 Hz, 1H, Harom), 6.96 (d, J = 8.4 Hz, 1H, Harom), 2.67 — 2.63 (m, 2H, CH»), 2.53 (q, J =
8.2,7.8 Hz, 2H, CH»), 1.73 — 1.64 (m, 2H, CH>»), 1.09 (t,J= 7.3 Hz, 3H, CH3), 0.98 (t,J= 7.3
Hz, 3H, CH3). *C-NMR (151 MHz, DMSO-ds) & [ppm] = 160.6, 159.0, 148.8, 126.5, 118.9,
110.3, 100.7, 32.4, 22.0, 17.9, 14.0, 13.6. HRMS (ESI-QTOF) calculated for Ci4HisFN4+O
[M+H]": 275.1303; found: 275.1327. m.p. > 300 °C.

Synthesis of 7-ethyl-8-isopropyl-3-methylpyrido[2',3":4,5]imidazo[1,2-a]pyrimidin-6(9H)-one
(31)

Compound 31 was synthesized as described in the general procedure C. Yield: 3% over two
steps (off-white solid). 'H-NMR (600 MHz, DMSO-ds) & [ppm] = 13.00 (s, 1H, NH), 8.44 (d,
J=2.7 Hz, 1H, Harom), 8.24 (d, J = 2.4 Hz, 1H, Harom), 3.22 (m, J = 6.9 Hz, 1H, CH(CH3)>),
2.59 (q, J= 7.4 Hz, 2H, CH>CH3), 2.43 (s, 3H, Ar-CH3), 1.23 (d, J = 6.7 Hz, 6H, CH(CHa)»),
1.07 (t, J = 7.4 Hz, 3H, CH>CH3). *C-NMR (151 MHz, DMSO-ds) § [ppm] = 159.5, 147.6,
145.8, 126.1, 122.7, 119.5, 30.4, 21.2, 18.0, 17.7, 14.5. HRMS (ESI-QTOF) calculated for
Ci1sHisN4O [M+H]": 271.1553; found: 271.1575. m.p. 224 — 227 °C.
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Synthesis of 7-ethyl-8-isopropyl-2-methylpyrido[2',3":4,5]imidazo[1,2-a]pyrimidin-6(9H)-one
32)

o
I NN\

Compound 32 was synthesized as described in the general procedure C. Yield: 8% over two
steps, off-white solid. "TH-NMR (600 MHz, DMSO-dy) & [ppm] = 13.05 (br s, 1H, NH), 8.46 (d,
J=28.0 Hz, 1H, Harom), 7.15 (d, J = 8.0 Hz, 1H, Harom), 3.26 —3.18 (m, 1H, CH(CHz)2), 2.59 (q,
J=17.5 Hz, 2H, CH»), 2.55 (s, 3H, Ar-CH3), 1.23 (d, J = 6.7 Hz, 6H, CH(CHz3)2), 1.07 (t, J =
7.4 Hz, 3H, CH.CH3). *C-NMR (151 MHz, DMSO) § [ppm] = 159.3, 154.7, 147.4, 122.6,
117.6, 116.2, 30.3, 24.0, 21.3, 17.7, 14.5. HRMS (ESI-QTOF) calculated for CisHisN4O
[M+H]": 271.1553; found: 271.1571. m.p. 263 — 266 °C.

Synthesis of 3-bromo-7-ethyl-8-isopropyl-2-methylpyrido[2',3":4,5]imidazo[1,2-a]pyrimidin-

6(9H)-one (33)
Br Q
N N/)\”

Compound 33 was synthesized as described in the general procedure C. Yield: 9%, off-white
solid. "H-NMR (600 MHz, DMSO-de) & [ppm] = 13.26 (s, 1H, NH), 8.61 (s, 1H, Harom), 3.24
(m, J = 8.8 Hz, 1H, CH(CH3)2), 2.65 (s, 3H, Ar-CH3), 2.58 (q, J = 7.4 Hz, 2H, CH>CH3), 1.25
(d,J=7.2Hz, 6H, CH(CH3).), 1.07 (t,J=7.4 Hz, 3H, CH,CH3). >*C-NMR (151 MHz, DMSO)
O [ppm] = 159.1, 152.4, 125.0, 111.2, 30.2, 24.9, 21.0, 17.6, 14.4. HRMS (ESI-QTOF)
calculated for CisH17BrN4O [M+H]": 349.0658; found: 349.0685. m.p. 271 — 274 °C.
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Synthesis of 2,3-dichloro-7-ethyl-8-isopropylpyrido[2',3":4,5]imidazo[ 1,2-a]pyrimidin-6(9H)-

one (34)
cl 2
I NN\

Compound 34 was synthesized as described in the general procedure C. Yield: 3% over two
steps, off-white solid. 'H-NMR (600 MHz, DMSO-de) & [ppm] = 12.87 (s, 1H, NH), 8.64 (s,
1H, Harom), 2.59 (q, J = 7.5 Hz, 3H, CH>CH3), 1.33 — 1.26 (m, 6H, CH(CH3)2), 1.07 (t, J=7.4
Hz, 3H, CH>CH3). CH-signal under water peak. 3*C-NMR (151 MHz, DMSO) § [ppm] = 159.1,
142.8, 123.8, 120.6, 29.5, 20.4, 17.6, 14.4. HRMS (ESI-QTOF) calculated for C14H14Cl2N4O
[M+H]": 325.0617; found: 325.0637. m.p. 254 — 257 °C.

Synthesis of 7-chloro-3-ethyl-2-isopropylpyrido[3',4":4,5]imidazo[ 1,2-a]pyrimidin-4(1H)-one

1s)
Cl 2
7N N \
H

Compound 15 was synthesized as described in the general procedure C. Yield: 7%, off-white
solid. "TH-NMR (500 MHz, DMSO-ds) & [ppm] =9.17 (s, 1H), 7.57 (s, 1H), 2.61 (q, J= 7.5 Hz,
2H), 1.28 (d, J= 6.7 Hz, 6H), 1.08 (t, J = 7.4 Hz, 3H). CH-signal under water peak. *C-NMR
(126 MHz, DMSO) 8 [ppm] = 159.0, 145.1, 134.6, 29.6, 20.6, 17.6, 14.3, 11.7. HRMS (ESI-
QTOF) calculated for C14HisCIN4O [M+H]": 291.1007; found: 291.1006. m.p. > 300 °C.
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9. Summary and Outlook

The G protein-coupled receptor (GPCR) superfamily with more than 800 members is one of
the most important target classes for drug development. After an agonist binds to the receptor,
it induces a conformational change leading to the activation of a heterotrimeric guanine
nucleotide-binding protein (G protein). G proteins play a key role in signal transduction from
GPCRs activated by extracellular signals to intracellular second messenger systems. GPCRs
are involved in almost all physiological and pathophysiological processes. About 100 of the
more than 800 human GPCRs are so-called orphan receptors, whose endogenous ligands remain

to be identified or confirmed.

In 2001, Dong et al. discovered a subfamily of orphan GPCRs comprising over 50 rodent and
human receptors, which were termed Mas-related gene receptors (MRGs). Later, in 2002,
Lembo et al. discovered the same GPCR family to be expressed in rat primary cultures of dorsal
root ganglia (DRG) and designated them sensory neuron-specific receptors (SNSRs). The
current nomenclature declared by the International Union of Pharmacology (IUPHAR) of these

orphan receptors is Mas-related G protein-coupled receptors (MRGPR).

This receptor family can be divided into nine distinct subfamilies (MRGPRA-H and -X). They
belong to the d-branch of class A, rhodopsin-like GPCR subgroup. Among the nine subfamilies
of MRGPRs, four members (MRGPRX1-4) are primate-specific. Due to their expression
profile, they are supposed to be involved, e.g., in pain transmission, immune responses, itching

and wound healing.

A proprietary compound library was used to identify a potential lead compound that activates
MRGPRX4. Both the MRGPRX4 wild type (WT) receptor as well as the rare natural variant
L83S were employed for compound screening. The xanthine derivative MSX-3 ((E)-phosphoric
acid  mono-[3-[8-[2-(3-methox-yphenyl)vinyl]-7-methyl-2,6-dioxo-1-prop-2-ynyl-1,2,6,7-tetra-
hydropurin-3-yl]propyl] ester disodium salt), a prodrug of the A»a antagonist MSX-2 ((£)-3-(3-
hydroxypropyl)-8-[2-(3-methoxyphenyl)vinyl]-7-methyl-1-prop-2-ynyl-3,7-di-hydropurine-2,6-

dione), was discovered to activate as the rare natural variant L83S of MRGPRX4. In order to
increase the agonist’s potency on the rare natural variant L83S, and to identify an agonist for
the MRGPRX4 wild type receptor, various side group modifications were performed. Since the
phosphate group of MSX-3 is metabolically unstable due to hydrolysis by phosphatases, the
phosphate group was to be replaced by a phosphonate or other bioisosteric functional groups.

To further increase the stability of MSX-3 derivatives, the photosensitive double bond linker
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between C8 and the aromatic moiety should be replaced by a single bond linker. Since there
was no synthesis known in the literature for this kind of compounds, various chemical
procedures were investigated to obtain the desired target compounds by a 6- to 9-step synthetic

procedure.

The synthesis of the xanthine derivative is complex and involves several synthetic steps. The
synthesis usually starts with 6-aminouracil, which can be selectively substituted at the 3-
position by a previously developed silylation-alkylation method. Nitrosylation at the 5-position
and subsequent reduction enables the synthesis of the corresponding 3-substituted 5,6-
diaminouracil derivatives, which can subsequently be subjected to a selective amide coupling

reaction in the 5-position (see figure 1).

O O o (0]
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Figure 1: General synthetic procedure for xanthine derivatives

The resulting 6-amino-5-carboxamidouracil derivatives are key intermediates in the synthesis
of the targeted xanthine derivatives. They show high thermodynamic stability, and can thus be
stored for long time at room temperature. Different substitutions in the C8-position of the
xanthine core were explored. For amide formation, hazardous coupling reagents are typically
used, which often result in only moderate yields requiring long reaction times. With COMU as
a novel coupling reagent for this reaction, the reaction time could be reduced to less than 10
min, and quantitative yields could be achieved. No complex column chromatographic
purification was necessary to obtain the products in high purity of over 95%, simply by
precipitation with water. This optimization of the synthesis was published in the journal

Frontiers in Chemistry (Marx, D., Wingen, L.M., Schnakenburg, G., Miiller, C.E., Scholz, M.S.
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Synthesis of 6-amino-5-carboxamidouracils as precursors for 8-substituted xanthines. Front.

Chem., 2019, 7, 56, 1-15).

NMR analyses of some of these intermediate compounds showed an unexpected duplication of
peaks, which was dependent on the substitution pattern of the carboxylic acids used for the
coupling reaction. This phenomenon was investigated by dynamic NMR experiments, 2D NMR
spectroscopy and density-function theory (DFT), and the results were published in the journal
Molecules (Marx, D., Schnakenburg, G., Grimme, S., Miiller, C.E. Structural and
conformational studies on carboxamides of 5,6-diaminouracils—precursors of biologically

active xanthine derivatives. Molecules 2019, 24, 2168).

This optimization of the xanthine synthesis sequence enabled the preparation of many different
xanthine derivatives which were evaluated for their agonistic activity at the orphan receptor

MRGPRX4.

Using the 3-substituted 6-amino-5-carboxamidouracil derivatives described above as starting
points, a polar phosphonate residue, or bioisosteric analogs, respectively, can be introduced in
the 1-position (which later becomes the 3-position in the final xanthine) by an alkylation
reaction introducing the desired linker length . The phosphonate group was found to be the best
moiety resulting in MRGPRX4 agonists with nanomolar potencies. The diethyl-(4-
iodobutyl)phosphonate required for the alkylation could be obtained by an Arbuzov reaction of
1,4-dibromobutane and subsequent Finkelstein reaction with Nal. Alkylation with 1,4-
dibromobutane and subsequent Arbuzov reaction was not possible because an intramolecular
ring-closure reaction with the 6-amino group takes place instead. The subsequent ring-closure
reaction with hexamethyldisilazane (HMDS) to obtain the corresponding xanthine derivative
leads to a mixture of the desired double-deprotected phosphonic acid derivative, the single-
protected phosphonate ester and the double-protected phosphonate ester, which was difficult to
separate by HPLC. Instead of HMDS, NaOH was therefore used as a reagent for the ring-closure
reaction leading to the double-protected xanthine derivatives in good yields. Optimized
reacition conditions were 80 °C for 30 min resulting in the best yields. These compounds have
the decisive advantage that the N7-position can subsequently be alkylated using various
alkylating reagents. Different N7-substitutions showed a dramatic improvement in the agonistic
activity. If the reaction time of 30 min is exceeded, and the temperature is increased, a cleavage
of the side group at the N3-position can be observed. After alkylation of the N7-position, which

in many cases showed quantitative yields, the phosphonic acid ester could be deprotected using
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trimethylsilyl bromide yielding the desired xanthine derivative bearing a phosphonic acid

moiety attached via an alkyl (optimally a butyl) linker to the 3-position of the xanthine scaffold

(see figure 2).
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Figure 2: Synthetic route for the newly developed highly potent and selective MRGPRX4 agonists.

The design and synthesis of 56 different xanthine derivatives and the analysis of their structure-
activity relationships employing computer-based docking studies (see figure 3) enabled the
preparation of the most potent MRGPRX4 agonist currently available with an ECso value of
25.9 nM in B-arrestin assays and 4.26 nM in Ca*'-assay. The new compounds have been
protected in a patent application (Marx, D.; Miiller, C.; Alnouri, W.; Riedel, Y.; Namasivayam,
V.; Pillaiyar, T.; Thimm, D.; Hockemeyer, J. MRGPRX4 agonists and antagonists.
UBNO0005(EP) 2020). The newly synthesized highly potent and selective MRGPRX4 agonists
will be useful as tool compounds to study the (patho)physiological roles of the so far sparsely
investigated MRGPRX4.
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Figure 3: Docking pose and concentration-response curve of one of the most active and selective
MRGPRX4 agonist

Moreover, a further orphan receptor from the MRGPRX family was investigated. MRGPRX2,
like the other MRGPRX subtypes, is expressed in the dorsal root ganglia of the spinal cord, and
also in mast cells. Antagonists of this subclass of receptors are therefore promising potential
therapeutics for the treatment of pseudoallergic reactions and itching, as well as chronic pain.
In fact, they might be used to replace opioids which have led to the opioid crisis in the USA.
The new compounds were synthesized in collaboration with the research group of Prof.
Herdewijn, and a modification to increase their water solubility, is described in the last chapter

of this thesis.

The synthesis of the tricyclic benzimidazole derivatives, disclosed in the second patent
application, usually starts with the corresponding phenylenediamine derivatives. However, the
corresponding pyridine derivatives are commercially available only to a very limited extent. In
many cases, they had to be synthesized from the corresponding aminopyridines. The amino
function was initially protected as a carbamate function. Subsequently, nitration can be carried
out via an electrophilic aromatic substitution in the ortho-position to the carbamate function.
The protective group can then be removed using Ba(OH), under basic conditions, and after
reduction over palladium, the corresponding o,0-diamines can be obtained. The subsequent
ring-closure reaction was performed using an excess of BrCN. A further ring-closure reaction

with a B-keto ester allows the synthesis of the final target compounds. By introducing the
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nitrogen atom, the water solubility of the subsequent compound was increased from 5 uM to

59 um (12-fold).

(0]

H
NH. CH H
‘ X > Cl)ko/\/ 3 _ ‘ ero\/\cH3 H2S0,4, HNO3 ﬁNT}/O\/\CHs Ba(OH),
& ° i °C - 2N NaOH,
F N THF, NaHCO3 0 °C, 30 min e \N [e) 0°C->rt N/ O? acetonitrl, 90 °C,
12h
92% 43% 61%
o O
H o Q
N V2 Ha/Pd Ny V2 3 eq. BICN N N
(L e L e O ——— > )N
F” N7 NO, e F7ON" ONH, MeOH/H,0 NG N DMF, =l A
90°C, 24 h DIPEA N H
95% 14% over two

Aqueous compound solubility
(99% PBS, 1% DMSO): 59 uM

steps

Figure 4: Synthetic procedure of new MRGPRX2 antagonists with improved physicochemical
properties.

In summary, the optimization of the synthesis of xanthine derivatives with substituents in
various positions, including polar phosphonate groups, was achieved, which enabled the
preparation of a large number of MRGPRX4 agonists. The most potent MRGPRX4 agonist
described to date with low nanomolar potency could be synthesized, which is currently under
investigation for its pharmacological and therapeutic potential. Furthermore, I not only was a
leading author on the patent application of the first highly potent and selective MRGPRX?2
antagonists, but, in addition, I was also able to further improve the water solubility of the
patented compounds, which constitutes a significant improvement of the physicochemical

properties of these MRGPRX?2 antagonists.

The synthesis and structure-activity relationship of the most active and selective MRGPRX4
agonists and MRGPRX2 antagonists so far has been described. These data represent an
important basis for further research to better understand the sparsely known pharmacological

properties of these receptors.

Since clinical tool compounds must not only be potent, but also have other important
physicochemical properties the moderate water solubility of the disclosed MRGPRX2
antagonists was further addressed. By the synthesis of a completely new compound class, the
water solubility and other physicochemical properties could be considerably improved. The

compounds display low micromolar potencies at present and need to be further optimized to
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gain nanomolar ICso values. However, with the optimization of their water solubility, a crucial
step has already been taken to develop a potential clinical candidate for stopping mast cell

degranulation and thus, the possibility of treating itching and allergic reactions via this receptor.
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10. Supporting Information to MRGPRX4 Agonists
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1. Synthesis of intermediates

Scheme S1. Synthesis of 4-iodobutylphosphonic acid diethyl ester.

i) EtO i) EtO
Br \ _OEt \ _OEt

aReagents and conditions: (i) 0.25 eq. P(OEt)s, reflux, 30 min (ii) Nal, acetone, 70 °C, 1 h, 21% over two steps.!

5,6-diamino-3-(prop-2-yn-1-yl)pyrimidine-2,4(1H,3H)-dione (DM027)

o Synthesis of compound DM027 was done as described in the literature.?
/j?%/'[““? Yield: 86%, yellowish solid (Lit.: 67% 2). "H NMR (500 MHz, DMSO-
o 1” NH, de)d 5.69 (s, 2H, NHa), 4.43 (d, J = 2.5 Hz, 2H, N3-CH,), 2.97 (1, J =

2.4 Hz, 1H, Hyropareyt). *C NMR (126 MHz, DMSO-ds) § 159.4 (CO),

148.7 (CO), 143.3 (C5), 95.3 (C6), 80.3 (Cpropargy1)s 72-3 (Cpropargy1), 29.0 (N3-CHz). LC-MS

(m/z): 181.0 3", Purity (LC-MS): 99.3%.

5,6-diamino-3-ethylpyrimidine-2,4(1H,3H)-dione (DM065)

o Synthesis of compound DM065 was done as described in the literature.

ch/\j\J\/'[NHZ Yield: 58%, brown solid. 'H NMR (500 MHz, DMSO-ds) & 5.54 (s,

¢ ” NH, 2H, NH»), 3.73 (q, J = 7.0 Hz, 2H, N3-CH>), 1.03 (t, /= 7.0 Hz, 3H,

CHs). *C NMR (126 MHz, DMSO-ds) 6 160.2 (CO), 149.0 (CO),

142.5 (C5), 95.7 (C6), 34.5 (N3-CH>), 13.4 (CH3). LC-MS (m/z): 171.0 [M + H]". Purity (LC-
MS): 94.5%.

5,6-diamino-3-(cyclobutylmethyl)pyrimidine-2,4(1H,3H)-dione (DM063)

o Synthesis was done as described in the literature. Yield: 95%,

EAN | NF2 - ellowish solid. 'H NMR (500 MHz, DMSO-de) & 5.54 (s, 2H,

T O)\H NH, NH>), 3.75 (d, J = 7.2 Hz, 2H, N3-CHa), 2.58 (dt, J = 15.5, 7.7

Hz, 1H, 8-CH), 1.89 — 1.83 (m, 2H, 10-CH>), 1.77 — 1.69 (m, 4H,

9-CHa, 9°-CH>). '*C NMR (126 MHz, DMSO-ds) J 160.6 (C4), 149.5 (C2), 142.4 (C5), 95.5
(C6), 44.2 (C7), 34.1 (C8), 25.6 (C9, C9’), 17.8 (C10).
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N-(6-Amino-2,4-dioxo-3-(prop-2-yn-1-yl)1,2,3,4tetrahydropyrimidin-5-yl)-3-(3-methoxy-
phenyl)propanamide (DM028)

0 H\H/\Q\ Yield: 90%, brown solid. "H NMR (500 MHz, DMSO-
N
P N OMe ds) 0 10.57 (s, 1H, N1-H), 8.41 (s, 1H, CONH), 7.22 —
//;\)i I e
(@) N NH2 7.16 (m, lH, Harom), 6.81 (dd, J = 4.3, 1.9 HZ, 2H,
H

Harom), 6.75 (dd, J = 8.3, 2.0 Hz, 1H, Harom), 5.97 (s,
2H, NH»), 4.42 (d, J = 2.4 Hz, 2H, N3-CH), 3.74 (s, 3H, OCH3), 3.01 (t, J = 2.4 Hz, 1H,
Hopropareyl), 2.83 (dd, J=9.1, 7.0 Hz, 2H, CHz), 2.53 (dd, J = 9.2, 7.1 Hz, 2H, CH»). *C NMR
(126 MHz, DMSO-ds) 6 171.8 (CONH), 159.6 (C6), 159.3 (Carom), 150.4 (CO), 149.1 (CO),
143.1 (Carom), 129.3 (Carom), 120.4 (Carom), 113.7 (Carom), 111.4 (Carom), 86.9 (C5), 80.0
(Cproparey1), 72.3 (Cpropareyl), 54.9 (OCH3), 36.8 (N3-CH>), 30.9 (CHz), 28.8 (CH2). LC-MS (m/z):
343.1 [M + H]". Purity (LC-MS): 98.5%.

N-(6-Amino-2,4-dioxo-3-(prop-2-yn-1-yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3-
fluorophenyl)propanamide (DM048)

o The crude product was used for the next step without
/N)iN r further purification. LC-MS (m/z): 331.1 [M + H]". Purity
O%N NHS (LC-MS): 78.2%.
H

N-(6-Amino-2,4-dioxo-3-(prop-2-yn-1-yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3-
(trifluoromethyl)phenyl)propanamide (DM052)

o Yield: 72%, off-white solid. '"H NMR (600 MHz,
/NJ\/'[N CF, DMSO-ds) 6 10.64 (s, 1H, N3-H), 8.43 (s, IH, CONH),
O%N NH 7.60 - 7.56 (m, 2H, Harom), 7.55 — 7.50 (m, 2H, Harom),

H

6.04 (s, 2H, NH>), 4.42 — 4.40 (m, 2H, NCH>), 3.00 (s,
1H, Hpropargy), 2.95 (t, J = 7.8 Hz, 2H, COCH>), 2.61 — 2.53 (m, 2H, COCH>CH,). '*C NMR
(151 MHz, DMSO-ds) § 171.8 (CONH), 159.8 (C6), 150.7 (C4 or C2), 149.4 (C4 or C2), 143.2
(Carom), 132.7 (Carom), 129.5 (Carom), 129.2 (q, 2Jor = 31.1 Hz, 1C, CCF3) , 125.0 (CJcr=4.0
Hz, 1C, CHCCF5), 124.5 (q, 'Jcr=273.0 Hz, 1C, CF3) 122.8 (q, 3Jcr=4.1 Hz, 1C, CHCCF3),
87.0 (C5), 80.2 (Cproparey1), 72.5 (Cpropareyl), 36.6 (COCH?), 30.7 (NCH, or COCH>CH>), 29.0
(NCH; or COCH>CH2>). LC-MS: positive mode [m/z] = 380.9 ((M+H]"). ESI-MS purity = 97%.
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N-(6-Amino-2,4-dioxo-3-(prop-2-yn-1-yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(2-
methoxyphenyl)propanamide (DM054)

o 7(\@ Yield: quantitative, white solid. 'H NMR (500 MHz,
N

/j\)ji I I E)l:/;SO-a%) 5_10.58 (s, 1H, N1-H), 8.35 (s, 1H, CONH),
07 >N~ NH; “CH, 7-18(ddd,J=14.2,7.5, 1.6 Hz, 2H, Harom), 6.97 — 6.93
: (m, 1H, Harom), 6.87 (td, J = 7.4, 1.0 Hz, 1H, Harom), 5.99
(s, 2H, NHy), 4.42 (d, J = 2.4 Hz, 2H, N3-CHa), 3.80 (s, 3H, OCHz), 3.01 (t, J = 2.4 Hz, 1H,
Hpropargy1), 2.81 (dd, J=9.5, 6.8 Hz, 2H, CHa), 2.49 — 2.46 (m, 2H, CHa). '*C NMR (126 MHz,
DMSO-ds) 6 172.1 (CONH), 159.6 (C6), 157.0 (Carom), 150.4 (CO), 149.1 (CO), 129.3 (Carom),
127.2 (Carom), 120.3 (Carom), 110.6 (Carom), 86.9 (C5), 80.0 (Cpropargy1), 72.3 (Cpropargyl), 55.2
(OCH3), 35.1 (N3-CHy), 28.8 (CHz), 25.5 (CHz). LC-MS: positive mode [m/z] =343.0

([M+H]"). ESI-MS purity = 96.6%.

N-(6-Amino-2,4-dioxo-3-(prop-2-yn-1-yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(m-
tolyl)propanamide (DM090)

o 7(\/@\ Yield: quantitative, off-white solid. 'H NMR (500
N
N cH. MHz, DMSO-d6) § 10.58 (s, 1H, N1-H), 8.40 (s, 1H,
Pee 3
NN CONH), 7.17 (t, J = 7.5 Hz, 1H, Harom), 7.06 (s, 1H,
H

Harom), 7.02 (d, J = 7.6 Hz, 1H, Harom), 6.99 (d, J = 7.4
Hz, 1H, Harom), 5.96 (s, 2H, NH>), 4.42 (d, J = 2.4 Hz, 2H, N3-CH>), 3.01 (t, J= 2.4 Hz, 1H,
Hoproparey1), 2.82 (dd, J=9.2, 6.9 Hz, 2H, CH>), 2.54 — 2.50 (m, 2H, CHz), 2.28 (s, 3H, CH3). *C
NMR (126 MHz, DMSO-ds) 6 171.9 (CONH), 159.6 (C6), 150.4 (CO), 149.1 (CO), 141.4
(Carom), 137.3 (Carom), 128.8 (Carom), 128.2 (Carom), 126.4 (Carom), 125.2 (Carom), 86.9 (C5), 80.0
(Cpropargyl); 72.3 (Cpropargyt), 36.8 (N3-CHz), 30.8, (CH») 28.8 (CH>), 21.0 (CH3). LC-MS:
positive mode [m/z] = 327.1 ((M+H]"). ESI-MS purity = 97.6%.

N-(6-Amino-2,4-dioxo-3-(prop-2-yn-1-yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3-
bromophenyl)propanamide (DM089)

o Yield: 98%, brown solid. 'H NMR (500 MHz, DMSO-
/N)K/'[N Br ds) 6 10.59 (s, 1H, N1-H), 8.41 (s, 1H, CONH), 7.47 —
OJ\N NHS 7.43 (m, 1H, Harom), 7.38 (dt, J=6.7, 2.1 Hz, 1H, Harom),

H

7.28 — 7.23 (m, 2H, Harom), 6.00 (s, 2H, NH,), 4.42 (d, J
= 2.4 Hz, 2H, N3-CHy), 3.01 (t, J = 2.4 Hz, 1H, Hpropargy1), 2.88 — 2.83 (m, 2H, CHy), 2.54 (dd,
J=8.9,7.1 Hz, 2H, CH,). 3C NMR (126 MHz, DMSO-ds) 6 171.6 (CONH), 159.6 (C6), 150.4
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(CO), 149.1 (CO), 144.5 (Carom), 131.0 (Carom), 130.4 (Carom), 128.7 (Carom), 127.3 (Carom), 121.6
(Carom), 86.8 (C5), 80.0 (Cpropargyl), 72.3 (Cpropargyl), 36.4 (N3-CH>), 30.4 (CH>), 28.8 (CH>). LC-
MS: positive mode [m/z] = 391.1 ([M+H]"). ESI-MS purity = 96.2%.

N-(6-amino-2,4-dioxo-3-(prop-2-yn-1-yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(2-
chlorophenyl)propanamide (DM442)

o Yield: 82%, white solid. "H NMR (600 MHz, DMSO-ds) &
/NJ\/'[N 10.61 (s, 1H, N1-H), 8.44 (s, 1H, CONH), 7.42 (dd, J = 7.7,
O)\H e Cl' 1.4 Hz, 1H, Harom), 7.40 — 7.37 (m, 1H, Harom), 7.29 (td, J =

7.3, 1.4 Hz, 1H, Harom), 7.26 — 7.22 (m, 1H, Harom), 6.06 (s,
2H, NH>), 4.42 (d, J = 2.4 Hz, 2H, N3-CH>), 3.02 (t, J = 2.4 Hz, 1H, Hpropargyl), 2.96 (dd, J =
9.5, 6.7 Hz, 1H, CHz»), 2.55 (dd, J=9.5, 6.7 Hz, 1H, CH,). 1*C NMR (151 MHz, DMSO-d) &
171.5 (CONH), 159.6 (C6), 150.5 (CO), 149.2 (CO), 138.8 (Carom), 132.8 (Carom), 130.4 (Carom),
129.1 (Carom), 127.9 (Carom), 127.3 (Carom), 86.8 (C5), 80.0 (Cpropargy1), 72.4 (Cpropargy1), 34.7 (N3-
CH>), 28.8 (CH>), 28.5 (CHz). LC-MS: positive mode [m/z] = 347.1 ((M+H]"). ESI-MS purity
=98.5%.

N-(6-Amino-2,4-dioxo-3-(prop-2-yn-1-yl)-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(2,4-
dimethoxyphenyl)propanamide (DM091)

o O\CHS Yield: 88%, offwhite solid. 'H NMR (600 MHz,

o e e e

07 N7 NH; “CHs o ’ S 2R Traomby T e

H 2.3 Hz, 1H, Harom), 6.44 (dd, J = 8.2, 2.4 Hz, 1H,

Harom), 5.99 (s, 2H, NH), 4.42 (d, J = 2.2 Hz, 2H, N3-CH>), 3.78 (s, 3H, OCH3), 3.73 (s, 3H,

OCH3), 3.02 (t, J=2.4 Hz, 1H, Hpropargy1), 2.73 (dd, J=9.5, 6.8 Hz, 2H, CH>), 2.44 (dd, J=9.5,

6.9 Hz, 2H, CHz). >*C NMR (151 MHz, DMSO-ds) 6 172.2 (CONH), 159.7 (C6), 158.9 (Carom),

157.9 (Carom), 150.5 (CO), 149.2 (CO), 129.6 (Carom), 121.4 (Carom), 104.4 (Carom), 98.3 (Carom),

86.9 (C5), 80.0 (Cpropargyl), 72-4 (Cpropareyl), 55.3 (OCH3), 55.1 (OCH3), 35.4 (N3-CH>), 28.8
(CH>), 24.9 (CHy). LC-MS: positive mode [m/z]= 373.2 ((M+H]"). ESI-MS purity: 97.4%.
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N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(4-
fluorophenyl)propanamide (DMO070)
F  Yield: 98%, brown solid. "TH NMR (600 MHz, DMSO-ds) &
SN 10.37 (s, 1H, N3-H), 8.37 (s, IH, CONH), 7.30 — 7.23 (m,
OJ\N | e 2H, Harom), 7.12 — 7.05 (m, 2H, Hurom), 5.82 (s, 2H, NHa),
H 3.71(q,J=6.9 Hz, 2H, NCH>), 2.86 —2.81 (m, 2H, COCH>),
2.54 — 2.50 (m, 2H, COCH,CH>), 1.03 (t, J = 7.0 Hz, 3H, CH>CHj3). '3C NMR (126 MHz,
DMSO-ds) d 171.8 (CONH), 160.8 (d, 'Jcr = 242 Hz, 1C, CaromF), 160.5 (C6), 150.0 (C4 or
C2), 149.7 (C4 or C2), 137.7 (Carom), 130.1 (d, 2Jcr = 7.9 Hz, 2C, CHCF), 115.1 (Carom), 115.0
(Carom), 87.4 (C5), 37.0 (NCH2), 34.5 (NCH2CH or COCH:CH), 30.2 (NCH2CH or
COCH2CH»), 13.4 (CH2CH3). LC-MS: positive mode [m/z] =321.1 ([M+H]"). ESI-MS

2 H

purity = 98%.

N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3-methoxyphenyl)-
propanamide (DM068)

o Yield: 99%, brown solid. '"H NMR (600 MHz, DMSO-ds)

/\N)iN\H/\/Q\OMe 010.38 (s, 1H, N3-H), 8.39 (s, 1H, CONH), 7.18 (t, J =

O%N NHS 8.0 Hz, 1H, Harom), 6.79 (s, 2H, Harom), 6.74 (d, J = 8.1

" Hz, 1H, Harom), 5.83 (s, 2H, NH»), 3.73 (s, 3H, OCH3s),

3.68 —3.72 (m, 2H, NCH» ) 2.84 — 2.77 (m, 2H, COCH> ), 2.53 — 2.50 (m, 2H, COCH>CH>),

1.03 (t, J = 6.9 Hz, 3H, CH,CH3). *C NMR (151 MHz, DMSO-ds) 6 171.9 (CONH), 160.6

(C6), 159.5 (COCH3), 150.1 (C4 or C2), 149.7 (C4 or C2), 143.3 (Carom), 129.5 (Carom), 120.6

(Carom), 113.9 (Carom), 111.6 (Carom), 87.4 (C5), 55.0 (OCH3), 37.0 (NCH>»), 34.5 (COCH>), 31.2

(COCH>CHy>), 13.4 (CH2CH3). LC-MS: positive mode [m/z] = 333.0 ((M+H]"). ESI-MS purity
=99%.

N-(6-Amino-3-(cyclobutylmethyl)-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3-(tri-
fluoromethyl)phenyl)propanamide (DM074)

o \y(\/@\ Yield: 90%, brown solid. "H NMR (600 MHz, DMSO-
QA)N\)K/'[N CF, ds)010.36 (s, 1H,N3-H), 8.41 (s, IH, CONH), 7.60 —
07 N~ ONHo 7.56 (m, 2H, Harom), 7.54 — 7.50 (m, 2H, Harom), 5.85

; (s, 2H, NH>), 3.73 (d, J= 7.1 Hz, 2H, NCH>), 2.94 (t,

J=17.8 Hz, 2H, COCH, ), 2.58 — 2.54 (m, 2H, COCH>CH>), 1.90 — 1.85 (m, 2H, Heyclobutyle),
1.76 (dd, J = 8.6, 4.8 Hz, 2H, Heyclobutyle), 1.73 — 1.69 (m, 2H, Heyclobutyte). °C-NMR (151 MHz,

DMSO-de) & 171.6 (CONH), 161.0 (C6), 150.3 (C4 or C2), 150.1 (C4 or C2), 143.2 (Carom),
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132.7 (Carom), 129.5 (Carom), 129.2 (q, 2Jcr=31.7 Hz, 1C, CCF3), 125.0 (q, *Jcr= 3.8 Hz, 1C,
CHCF5), 123.9 (q, 'Jcr=272.9 Hz, 1C, CF3), 122.8 (q, *Jcr = 3.8 Hz, 1C, CHCF3), 87.2 (C5),
44.1 (NCH,), 36.7 (COCH>), 34.2 (NCH,CH or COCH>CH>), 30.7 (NCH,CH or COCH>CH>),
25.6 (2C, Ceyclobutyle); 17.9 (Ceyclobutyte). LC-MS: positive mode [m/z] =411.3 ((M+H]"). ESI-
MS purity = 89%.

N-(6-Amino-3-(cyclobutylmethyl)-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-3-(3-me-
thoxyphenyl)propanamide (DM067)

o Yield: 95%, brown solid. '"H NMR (600 MHz,
DAN)EN\VK\Q\OM(; DMSO-ds) § 10.36 (s, 1H, N3-H), 8.38 (s, 1H,
O%N NHS CONH), 7.18 (t, J = 8.0 Hz, 1H, Hurom), 6.82 — 6.77
" (m, 2H, Harom), 6.76 —6.71 (m, 1H, Harom), 5.82 (s, 2H,
NH>), 3.74 (s, 2H, NCH>), 3.72 (s, 3H, OCH3), 2.84 — 2.78 (m, 2H, COCH> ), 2.59 — 2.53 (m,
1H, NCH>CH), 2.52 (s, 2H, COCH2CHb>), 1.92 — 1.84 (m, 2H, Heyclobutyle), 1.79 — 1.74 (m, 2H,
Heyelobutyle), 1.73 — 1.69 (m, 2H, Heyclobutyle). *C-NMR (151 MHz, DMSO-ds) 6 171.9 (CONH),
161.0 (C6), 159.5 (COCH3), 150.2 (C4 or C2), 150.0 (C4 or C2), 143.3 (Carom), 129.5 (Carom),
120.6 (Carom), 113.9 (Carom), 111.6 (Carom), 87.3 (C5), 55.0 (OCH3), 44.1 (NCH,), 37.0
(COCH,), 34.2 (NCH,CH or COCH>CH>), 31.2 (NCH.CH or COCH,CH,), 25.6 (2C,
Ceyclobutyle); 17.9 (Ceyclobutyle). LC-MS: positive mode [m/z] = 373.3 ((M+H]"). ESI-MS purity =
95%.

N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-2-phenylcyclopropane-
1-carboxamide (DM119)

o Yield: 89%, white solid. "H NMR (500 MHz, DMSO-ds) 6
/\N)K/'[NjA@ 10.35 (s, 1H, N1-H), 8.68 (s, 1H, CONH), 7.29 (t, J = 7.5 Hz,
o)\” NHo 2H, Harom), 7.19 (d, J = 7.7 Hz, 1H, Harom), 7.14 (d, J = 7.9 Hz,
2H, Harom), 5.90 (s, 2H, NH>), 3.72 (q, J = 6.9 Hz, 2H, N3-CH>),
2.28 (dt,J=9.5, 6.0 Hz, 1H, CH), 2.09 (dt, /= 8.8, 4.7 Hz, 1H, CH), 1.37 (dt, J=9.0, 4.5 Hz,
1H, CH), 1.26 — 1.20 (m, 1H, CH), 1.04(t, J= 6.9 Hz, 3H, CH3). >*C NMR (126 MHz, DMSO-
ds) 6 171.5 (CONH), 160.4 (C6), 149.9 (CO), 149.5 (CO), 141.2 (Carom), 128.2 (2C, Carom),
125.9 (3C, Carom), 87.4 (C5), 34.4 (N3-CHa), 25.6 (Ceyclopropyle)s 24.3 (Ceyclopropyle), 16.1
(Ceyclopropyle), 13.2 (CH3). LC-MS: positive mode [m/z]= 315.2 ([(M+H]"). ESI-MS purity:
95.9%.
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N-(6-Amino-3-ethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-2-methyl-3-
phenylpropanamide (DM120)
O, CH Yield: quantitative, white solid. '"H NMR (500 MHz, DMSO-
/\N)K/l[N\n/K/Q ds) 0 10.37 (s, 1H, N1-H), 8.42 (s, 1H, CONH), 7.28 (t,/=7.4
OJ\N NHS Hz, 2H, Harom), 7.25 — 7.21 (m, 2H, Harom), 7.18 (t, J = 7.2 Hz,
" 1H, Harom), 5.51 (s, 2H, N3-NH>), 3.72 (q, J= 6.9 Hz, 2H, CH>),
298 (dd,J=13.4,6.2 Hz, 1H, CH), 2.78 — 2.68 (m, 1H, CH), 2.57 - 2.51 (m, 1H, CH), 1.04 (t,
J=17.0 Hz, 3H, CH3), 1.00 (d, J = 6.8 Hz, 3H, CH3). '*C NMR (126 MHz, DMSO-ds) J 175.4
(CONH), 160.3 (C6), 149.6 (CO), 149.5 (CO), 140.1 (Carom), 128.9 (2C, Carom), 128.1 (2C,

Carom), 125.9 (Carom), 87.5 (C5), 41.0 (CCH3), 34.4 (N3-CH), 16.8 (CH3), 13.2 (CHs). LC-MS:
positive mode [m/z]= 317.0 ((M+H]"). ESI-MS purity: 98.3%.

Diethyl (4-(6-amino-5-(3-(3-methoxyphenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-yl)-
3,4-dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM031)

0 H Yield: 42%, colorless oil. 'H-NMR (600 MHz,
/N)K/'[N oMe DMSO-de) 6 8.39 (s, IH, CONH), 6.83 — 6.78 (m, 2H,
A e Harom), 6.75 (td, J= 8.1, 3.4 Hz, 1H, Harom), 6.62 — 6.66

(m, 1H, Harom), 6.64 (s, 2H, NH>), 4.47 (d, J=2.2 Hz,

2H, N3-CH>), 4.01 — 3.94 (m, 4H, 2 x OCH>), 3.88 —
o P 3.82 (m, 2H, N1-CH,), 3.73 (s, 3H, OCH3), 3.01 (t, J
= 2.4 Hz, 1H, Hpropargy!), 2.85 — 2.81 (m, 2H, COCH>), 2.56 — 2.51 (m, 2H, COCH,CH2>), 1.80
—1.73 (m, 2H, Caiky1), 1.62 (dt, J=15.1, 7.7 Hz, 2H, Caiky1), 1.57 — 1.48 (m, 2H, Caixy1), 1.22 (t,
J=17.0 Hz, 6H, CH,CH3). 3*C-NMR (151 MHz, DMSO-ds) 6 172.3 (CONH), 162.5 (OCH3),
159.5 (C6), 151.9 (C4 or C2), 149.8 (C4 or C2), 143.4 (Carom), 129.5 (Carom), 120.5 (Carom),
113.9 (Carom), 111.6 (Carom), 87.4 (C5), 80.1 (Cpropargy1), 72.6 (Cpropargy1), 61.0 (d, 2Jcp = 6.6 Hz,
2C, POCH), 55.0 (OCH3), 42.3 (N1-CH>), 37.0 (N3-CH>), 30.0 (COCH>), 28.2 (d, 2Jcr = 15
Hz, 1C, PCH,CH>) 24.2 (d, 'Jcp = 134.2 Hz, 1C, PCH>), 19.3 (Caiy1), 16.4 (d, *Jcp=5 Hz, 2C,
POCH,CH3). *'P-NMR (243 MHz, DMSO-ds) & 32.7. LC-MS: positive mode [m/z]= 535.0
(IM+H]"). ESI-MS purity: 85.2%.
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Diethyl (4-(6-amino-5-(3-(3-fluorophenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-yl)-
3,4-dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM050)

Compound DMO050 was used for the next step without

O
H
N furth ification. LC-MS: positi de [m/z]= 523.2
= N f Turther purification. : positive mode [m/z] .
//\&I\)ji O + . o
07 "N~ "NH, ([IM+H]"). ESI-MS purity: 83.5%.
OZIT’—OEt
OEt

Diethyl (4-(6-amino-2,4-dioxo-3-(prop-2-yn-1-yl)-5-(3-(3-(trifluoromethyl)phenyl)prop-
anamido)-3,4-dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DMO056) Yield: 51%,
o colorless oil. "H-NMR (600 MHz, DMSO-dc) ¢
/N)iN\[(\/@\CH 8.41 (s, IH, CONH), 7.61 — 7.57 (m, 2H, Harom),
OJ\N NHS 7.55 - 7.51 (m, 2H, Harom), 6.68 (s, 2H, NH>), 4.47
(d,J=2.2 Hz, 2H, N3-CH>), 3.99 - 3.95 (m, 4H, 2
x OCH»), 3.87 — 3.83 (m, 2H, N1-CH> ), 3.00 (t, J
O=P-OEt = 2.4 Hz, 1H, Hpropargyl), 2.96 (d, J = 7.7 Hz, 2H,
OFt COCHy), 2.60 — 2.57 (m, 2H, COCH:CHa), 1.79 —
1.74 (m, 2H, Haiky1), 1.64 — 1.60 (m, 2H, Haiy1), 1.52 (td, J = 12.6, 7.8 Hz, 2H, Haiy1), 1.21 (d,
J=6.9 Hz, 6H, CH>CHj3). >*C-NMR (151 MHz, DMSO-d;) § 172.0 (CONH), 158.2 (C6), 151.9
(C4 or C2), 149.8 (C4 or C2), 143.3 (Carom), 132.7 (Carom), 129.5 (Carom), 129.2 (q, 2Jc,r = 30.8
Hz, 1C, CCF3), 125.0 (q, *Jcr = 3.5 Hz, 1C, Carom), 124.4 (q, 'Jcr=272.2 Hz, 1C, CF3), 122.8
(q, *Jcr=3.3 Hz, 1C, Carom), 87.3 (C5), 80.1 (Cproparey1), 72.6 (Cproparey1), 61.0 (d, 2Jcp = 6.7 Hz,
2C, POCH»), 42.3 (N1-CH>), 36.7 (N3-CH>), 35.9 (COCH>), 30.9 (COCH,CH>), 28.3 (d, 2Jcp
= 15.2 Hz, 1C, PCH>CH>), 24.2 (d, 'Jcp=138.7 Hz, 1C, PCH>), 19.3 (d, *Jcp=4.2 Hz, 1C,
P(CH»)>CH2), 16.4 (d, *Jcp =5 Hz, 2C, POCH>CH3). *'P-NMR (243 MHz, DMSO-ds) J 32.5.
LC-MS: positive mode [m/z]= 573.0 ((M+H]"). ESI-MS purity: 91.2%.
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Diethyl (4-(6-amino-5-(3-(2-methoxyphenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-yl)-
3,4-dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM066)

10 H \{(\/@ Yield: 37%, colorless oil. 'H-NMR (600 MHz, DMSO-
N

/)N\)K/'[ I T ;16; 55 ifj is,g llH},ICOIEﬂI){, 7.19 — 7.15 (rr: 2H, Harom),
07 N” NH; CH; © , .1 Hz, 1H, Harom), 6.86 (t, J = 7.4 Hz, 1H,
Harom), 6.65 (s, 2H, NH>), 3.98 — 3.95 (m, 6H, 2 x OCH,,
N3-CH>), 3.87 — 3.83 (m, 2H, N1-CH>), 3.79 (s, 3H,
Eto—g:D OCHj3), 3.00 (t, J=2.3 Hz, 1H, Hproparey!), 2.82 —2.79 (m,
2H, COCH>), 2.48-2.52 (m, 2H, COCH,CH») 1.79 — 1.73
(m, 2H, Haiky1), 1.59-1.63 (m, 2H, Haiy1), 1.50-1.54 (m, 2H, Haiy), 1.21 (t, J = 6.7 Hz, 6H,
CH>CHj3). *C-NMR (151 MHz, DMSO-de) § 172.6 (CONH), 158.3 (C6), 157.2 (COCH3),
151.9 (C4 or C2), 149.8 (C4 or C2), 129.5 (Carom), 129.4 (Carom), 127.4 (Carom), 120.4 (Carom),
110.7 (Carom), 87.4 (C5), 80.1 (Cpropargy1), 72.6 (Cpropargyl), 61.1 (d, 2Jcp = 6.6 Hz, 2C, POCH>),
55.4 (OCH3), 42.3 (N1-CH>), 35.3 (N3-CH>), 30.0 (COCH>), 28.3 (d, 2Jcp = 15.4 Hz, 1C,
PCH>CH>), 25.6 (COCH2CH>), 24.2 (d, 'Jcpr = 137.8 Hz, 1C, PCH>), 19.3 (d, *Jcp = 4.1 Hz,
1C, P(CH2)2CH2), 16.4 (d, *Jcr = 4.9 Hz, 2C, POCH,CHs). *'P-NMR (243 MHz, DMSO-

de) 6 32.8. LC-MS: positive mode [m/z]= 535.2 ((M+H]"). ESI-MS purity: 92.7%.

Diethyl (4-(6-amino-2,4-dioxo-3-(prop-2-yn-1-yl)-5-(3-(m-tolyl)propanamido)-3,4-di-
hydropyrimidin-1(2H)-yl)butyl)phosphonate (DM098)

o Yield: 70% (colorless oil); 'H-NMR (600 MHz,
/N)K/'[N CH; DMSO-ds) 6 8.39 (s, 1H, CONH), 7.16 (t, J = 7.5 Hz,
OQ\N NHS 1H, Harom), 7.06 (s, 1H, Harom), 7.02 (d, J= 7.6 Hz, 1H,

Hurom), 6.99 (d, J = 7.5 Hz, 1H, Harom), 6.62 (s, 2H,

NHa), 4.47 (d, J = 2.3 Hz, 2H, N3-CHa), 4.01 — 3.95
Eto/Pi/gEt (m, 4H, 2 x OCH>), 3.88 — 3.82 (m, 2H, N1-CH), 3.00
(t, J = 2.4 Hz, 1H, Hpropargy1), 2.85 — 2.77 (m, 2H, CH2CH2), 2.54 — 2.51 (m, 2H, COCH2CHa),
2.28 (s, 3H, CH3), 1.80 — 1.72 (m, 2H,, Hany), 1.62 (dt, J = 15.1, 7.6 Hz, 2H, Hany), 1.52 (dp,
J=19.9, 7.5 Hz, 2H, Haiy), 1.22 (t, J = 7.1 Hz, 6H, 2 x OCH,CH3). *C-NMR (126 MHz,
DMSO-de) 6 172.3 (CONH), 158.2 (C6), 151.9 (C4 or C2), 149.8 (C4 or C2), 141.6 (Carom),
137.5 (Carom), 129.0 (Carom)s 1284 (Carom), 126.6 (Carom), 125.3 (Carom), 87.4 (C5), 80.1
(Cpropareyt)s 72.6 (Cproparey1), 61.0 (d, 2Jcp = 6.2 Hz, 2C, POCH,), 42.3 (N1-CHa), 37.1 (Caiy),
30.9 (Cangl), 30.0 (Canigt), 28.3 (d, Jc.p = 15.1 Hz, PCH2CHa), 24.2 (d, 'Jc.p = 136.4 Hz, PCHy),
21.2 (Cayt), 193 (d, 3Jep = 5.5 Hz, P(CH2):CH2), 16.5 (Catiy1), 16.4 (d, Jep = 5.3 Hz, 2C,
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POCH2CHj3). *'P-NMR (243 MHz, DMSO-ds) J 32.7. LC-MS: positive mode [m/z]= 519.2
(IM+H]"). ESI-MS purity: 83.2%.

Diethyl (4-(6-amino-5-(3-(3-bromophenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-yl)-
3,4-dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM097)

Compound DMO050 was used for the next step without
)t further purification. LC-MS: positive mode [m/z]=583.1
41\ NH2

([M+H]"). ESI-MS purity: 74.7%.

.0

’

EtO” “OEt

Diethyl  (4-(6-amino-5-(3-(2-chlorophenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-yl)-
3,4-dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM444)

Yield: 80% (colorless oil); 'H NMR (600 MHz, DMSO-ds)
)K/[ WK\Q 5 8.43 (s, 1H, CONH), 7.42 (dd, ] = 7.8, 1.5 Hz, 1H, Harom),
9\ NHo 7.39 (dd, J = 7.7, 1.8 Hz, 1H, Harom), 7.31 — 7.26 (m, 1H,
Harom), 7.26 —7.22 (m, 1H, Harom), 6.71 (s, 2H, NHz), 4.48 (d,
J=2.4 Hz, 2H, N3-CHa), 4.02 — 3.94 (m, 6H, 2 x OCHa, N1-
e 38Et CH2), 3.02 (t, J = 2.4 Hz, 1H, Hpropargy1), 2.99 — 2.93 (m, 2H,
CHa), 2.59 — 2.55 (m, 2H, CHa), 1.79 — 1.74 (m, 2H, CHa), 1.69 — 1.59 (m, 2H, CHa), 1.58 —
1.49 (m, 2H, CH»), 1.23 (t, ] = 7.0, 2.0 Hz, 6H, 2 x OCH2CH3). '*C NMR (151 MHz, DMSO-
ds) & 171.8 (CONH), 158.1 (C6), 151.8 (C4 or C2), 149.6 (C4 or C2), 138.9 (Carom), 132.8
(Carom)s 130.4 (Carom), 129.1 (Carom), 127.9 (Carom), 127.3 (Carom), 87.1 (C5), 79.9 (Cproparey1),
72.4 (Cpropargy), 60.9 (d, Jcp = 6.4 Hz, 2C, 2 x POCHy), 42.1 (N1-CHa), 35.7 (Caiiy), 34.7
(Calky1), 30.7 (Caty1), 28.1 (d, 2Jc.p = 15.6 Hz, PCH,CHa), 24.0 (d, "Je.p = 138.5 Hz, PCHa), 19.1
(d, *Jep = 4.9 Hz, P(CH,)2,CH2), 16.3 (d, *Jep = 5.6 Hz, 2C, 2 x POCH,CHs). *'P NMR (243
MHz, DMSO-ds) & 32.6.
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Diethyl (4-(6-amino-5-(3-(2,4-dimethoxyphenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-
yl)-3,4-dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM103)

Compound DM103 was used for the next step
)t \’(\/Q/ without further purification. LC-MS: positive mode
)\ NH;

[m/z]= 565.1 ((M+H]"). ESI-MS purity: 77.1%.

-0

e

EtO” “OEt

Diethyl (4-(6-amino-3-ethyl-5-(3-(4-fluorophenyl)propanamido)-2,4-dioxo-3,4-dihydro-
pyrimidin-1(2H)-yl)butyl)phosphonate (DM072)

o F Compound DMO072 was used for the next step without
H ) . .. _
/\N)jiN\'(\/@ further purification. LC-MS: positive mode [m/z]= 513.2

+HT). - : 67.0%.
O)\N 2 ([M+HT"). ESI-MS purity: 67.0%
EtO—E’:O
OEt

Diethyl (4-(6-amino-3-ethyl-5-(3-(3-
methoxyphenyl)propanamido)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-
yh)butyl)phosphonate (DM076)

'e) H Compound DM076 was used for the next step without
/\N)iN oMe further purification. LC-MS: positive mode [m/z]=
OJ\N NHS 525.2 ((M+H]"). ESI-MS purity: 68.8%.
EtO—IT’:O
OEt

413



Diethyl (4-(6-amino-3-(cyclobutylmethyl)-5-(3-(3-methoxyphenyl)propanamido)-2,4-di-
0x0-3,4-dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM075)

Yield: 41%, yellowish oil. 'H NMR (600 MHz,

Qﬁ )K/[ 7(\/@0'\"9 DMSO-ds) 6 8.36 (s, 1H, CONH), 7.18 (t, J= 8.0 Hz,

2\ NHS 1H, Harom), 6.83 —6.78 (m, 2H, Harom), 6.76 —6.72 (m,

1H, Harom), 6.47 (s, 2H, NH>), 4.00 — 3.92 (m, 4H,

P(OCHz),), 3.84 (t,J="7.5 Hz, 2H, N1-CH>), 3.80 (d,

EtO-P=0 J=17.2Hz, 2H, N3-CH>), 3.73 (s, 3H, OCH3), 2.84 —

OFt 2.79 (m, 2H, CH), 2.59 — 2.51 (m, 3H, CHa, CH),

1.91 - 1.83 (m, 2H, CHy), 1.79 — 1.68 (m, 6H, CHy), 1.63 — 1.56 (m, 2H, CH»), 1.53 — 1.45 (m,

2H, CHy), 1.22 (t, J = 7.0 Hz, 6H, P(OCH2CH3)2). '*C NMR (151 MHz, DMSO-ds) 5 172.2

(CONH), 159.5 (Carom-OCH3), 159.4 (C6), 151.4 (CO), 150.7 (CO), 143.4 (Carom), 129.4

(Carom)> 120.5 (Carom), 113.9 (Carom), 111.6 (Carom), 87.6 (C5), 61.0 (d, 2Jcp = 6.6 Hz, 2C,

POCH>), 55.0 (OCH3), 45.0 (N3-CH,), 42.0 (N1-CH>), 37.0 (CH>), 34.1 (CH), 31.1 (CH»), 28.3

(d, 2Jcp = 15.8 Hz, PCH2CH>), 25.7 (CH>), 24.2 (d, 'Jcp = 139.0 Hz, PCH>), 19.3 (d, *Jcp =

5.1 Hz, P(CH2)2CHz>), 17.9 (CH>), 16.4 (d, *Jcp = 5.6 Hz, 2C, POCH,CH3). *'P-NMR (243

MHz, DMSO-ds) 6 32.7. LC-MS: positive mode [m/z]= 565.3 ([M+H]"). ESI-MS purity:
92.7%.

Diethyl (4-(2,6-dioxo-1-(prop-2-yn-1-yl)-8-(3-(trifluoromethyl)phenethyl)-1,2,6,7-tetra-
hydro-3H-purin-3-yl)butyl)phosphonate (DM216)

Compound DM216 was used for the next step without
)5: further purification. LC-MS: positive mode [m/z]= 555.3
)\ >_\—Q (IM+H]"). ESI-MS purity: 82.8%.

O=FI’—OEt
OEt
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Diethyl (4-(8-(3-methoxyphenethyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetra-
hydro-3H-purin-3-yl)butyl)phosphonate (DM253)

O CHs Yield: 97%, colorless oil. 'H NMR (600 MHz, DMSO-dj)

/)N\)i'“/ 5 7.18 (t, J = 7.8 Hz, 1H, Hawom), 6.82 — 6.78 (m, 2H,

0” N N>_\—Q Harom), 6.78 — 6.74 (m, 1H, Harom), 4.58 (d, J=2.4 Hz, 2H,

o— NI-CH>), 3.99 (t, J = 6.9 Hz, 2H, N3-CH>), 3.97 — 3.90

(m, 4H, POCH,), 3.72 (s, 3H, OCH3), 3.70 (s, 3H,

OZ(F,)’;?Et N7-CHs), 3.06 — 3.05 (m, 1H, Hpropargy1), 3.05 — 3.02 (m,

2H, CH>), 3.00 — 2.95 (m, 2H, CH»), 1.82 — 1.72 (m, 4H,

CHCH»), 1.51 —1.42 (m, 2H, CHy), 1.18 (t,J= 7.0 Hz, 6H, POCH,CH3). *C NMR (151 MHz,

DMSO-ds) 6 159.5 (Carom-OCH3), 154.3 (C8), 153.4 (CO), 150.0 (CO), 147.6 (C6), 142.1

(Carom), 129.5 (Carom), 120.8 (Carom), 114.2 (Carom), 111.9 (Carom), 106.4 (C5), 79.8 (Cpropargyl)

72.8 (Cproparey), 60.9 (d, 2Jc.p = 6.4 Hz, 2C, POCH)), 55.1 (OCH3), 42.2 (N3-CHy), 32.8 (CHa),

31.4 (N7-CH3), 30.0 (N1-CHa), 28.3 (d, 2Jcr = 16.0 Hz, 1C, PCH.CH>»), 27.9 (CH»), 24.2 (d,

'Jep=139.3 Hz, 1C, PCH>), 19.4 (d, >*Jcr = 4.9 Hz, 1C, P(CH2)2CH>), 16.4 (d, *Jcp = 6.1 Hz,

POCH,CH3). *'P-NMR (243 MHz, DMSO-ds) 6 32.8. LC-MS: positive mode [m/z]= 531.0
(IM+H]"). ESI-MS purity: 96.0%.

4-(6-Amino-5-(3-(3-methoxyphenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-yl)-3,4-
dihydropyrimidin-1(2H)-yl)butane-1-sulfonic acid (DM277)

o Compound DM277 was used for the next step without
/ N)iN 0 further purification.
A2 Chy
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4-(6-Amino-5-(3-(2-methoxyphenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-yl)-3,4-
dihydropyrimidin-1(2H)-yl)butane-1-sulfonic acid (DM257)

0 H Compound DM257 was used for the next step without
/ N)iN further purification.
CVA\N

o) O.
NH; CHs

4-(6-Amino-3-ethyl-5-(3-(3-methoxyphenyl)propanamido)-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)butane-1-sulfonic acid (DM131)

o Compound DM131 was used for the next step without
/\N)iN o further purification.
|
Oél\N NHS
O=§=O
OH

Ethyl  5-(6-amino-5-(3-(2-methoxyphenyl)propanamido)-2,4-dioxo-3-(prop-2-yn-1-yl)-
3,4-dihydropyrimidin-1(2H)-yl)pentanoate (DM256)

o Compound DM256 was used for the next step without
///\ N)iN further purification.
Oéi\N

O (ON
NH, CHs

CHj;
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Ethyl 5-(6-amino-3-(cyclobutylmethyl)-2,4-dioxo-5-(3-(3-(trifluoromethyl)phenyl)prop-
anamido)-3,4-dihydropyrimidin-1(2H)-yl)pentanoate (DM079)

O Compound DMO079 was used for the next step
Dﬁ j\)i cF, Wwithout further purification.
O

07 N7 "NH;

ZT

HsC

Diethyl (4-(6-amino-3-ethyl-2,4-dioxo-5-(2-phenylcyclopropane-1-carboxamido)-3,4-
dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM127)

o Compound DM127 was used for the next step without further
- N)iN purification.
O&I\N NH?
EtO—IT’=O
OEt
Diethyl (4-(6-amino-3-ethyl-5-(2-methyl-3-phenylpropanamido)-2,4-dioxo-3,4-

dihydropyrimidin-1(2H)-yl)butyl)phosphonate (DM129)

0 CHs Compound DM129 was used for the next step without further

purification.

)
-
.
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Diethyl (4-(1-ethyl-2,6-dioxo-8-(2-phenylcyclopropyl)-1,2,6,7-tetrahydro-3H-purin-3-
yl)butyl)phosphonate (DM191)

O H Yield: 38% over two steps, off-white solid; m.p. 124-126 °C.
H3C/\N)§IN/ 'H NMR (600 MHz, DMSO-ds): & [ppm] = 13.10 (s, 1H, N7-
O%\N N H), 7.31—7.26 (m, 2H, Harom), 7.21 — 7.16 (m, 3H, Harom), 3.99

—3.95 (m, 2H, N1-CH: or N3-CHa), 3.95 — 3.87 (m, 6H, 2 x

OCH: and NI1-CH» or N3-CH»), 2.25 — 220 (m, IH,

Eto‘g: CHeyclopropyte), 1.84 — 1.67 (m, SH, CHeyelopropyle and 2 x Haiiy1),

1.62 — 1.54 (m, 1H, CHeyclopropyle), 1.48 — 1.37 (m, 2H, Haiky),

1.16 (td, J = 7.0, 2.7 Hz, 6H, 2 x OCH>CH3), 1.10 (t, J = 7.0 Hz, 3H, CH3). *C NMR (151

MHz, DMSO): 6 [ppm] = 154.7 (Cxanthine), 153.5 (Cxanthine), 150.6 (Cxanthine), 148.1 (Cxanthine),

140.7 (Cxanthine), 128.6 (Carom), 126.3 (Carom), 125.9 (Carom), 106.1 (C5), 60.9 (d, 2Jcp = 6.1 Hz,

POCHb>), 42.2 (Caiky1), 35.7 (Caikyl), 28.3 (d, 2Jcp = 16.1 Hz, 1C, PCH2CH>), 27.1 (Ceyclopropyle),

24.1 (d, Jep=139.0Hz, 1C, PCH)), 21.4 (Ceyclopropyle), 194 (d, *Jcp=5.1Hz, 1C,

P(CH2)2CH>), 17.5 (Ceyclopropyl), 16.4 (d, *Jcp = 6.2 Hz, POCH,CH3), 13.3 (CH3).'P NMR (243

MHz, DMSO): & [ppm] =32.9. LC-MS: positive mode [m/z]=490.2 ((M+H]"). ESI-MS purity:
93.5%.

Diethyl (4-(1-ethyl-2,6-dioxo-8-(1-phenylpropan-2-yl)-1,2,6,7-tetrahydro-3H-purin-3-
yl)butyl)phosphonate (DM196)

o) ’ Yield: 11% over 2 steps, off-white solid. 'H NMR (600 MHz,

/;N\Jt[N/ CH, DMSO-ds) 5 13.12 (s, 1H, N7-H), 7.26 — 7.22 (m, 2H, Harom),

N~ N 7.18 = 7.14 (m, 1H, Harom), 7.12 (dd, J = 7.9, 1.4 Hz, 2H, Harom),

4.01 — 3.88 (m, 8H, 4 x CH>), 3.23 — 3.16 (m, 1H, CH), 3.07

(dd, J=13.4,7.7 Hz, 1H, CH(CH>)), 2.84 (dd, J = 13.4, 7.3 Hz,

O:(F.)’;?Et 1H, CH(CH>)), 1.82 — 1.72 (m, 4H, CH,CH>), 1.50 — 1.41 (m,

2H, CHa), 1.24 (d, J = 7.0 Hz, 3H, CHCH3), 1.18 (t, J = 7.0 Hz,

6H, 2 x -OCH>CH3), 1.10 (t, J = 7.0 Hz, 3H, -NCH>CHj3). '*C NMR (151 MHz, DMSO-ds) &

157.7 (C8), 153.6 (C4), 150.4 (CO), 147.6 (CO), 139.4 (Carom), 128.8 (2C, Carom), 128.2 (2C,

Carom), 126.1 (Carom), 106.0 (C5), 60.7 (d, 2Jcp = 6.4 Hz, P(OCH2)2), 42.1 (CH), 41.1 (CH>),

35.6 (CHy), 35.6 (CH), 28.2 (d, 2Jcp=15.5 Hz, 1C, PCH,CH>), 24.1 (d, 'Jcp = 139.3 Hz, 1C,

PCH>), 19.2 (d, *Jep = 4.6 Hz, POCH>CH3), 19.0 (CHa), 16.2 (d, *Jcp = 5.8 Hz, POCH2CH3),

13.1 (NCH,CH3). *'P-NMR (243 MHz, DMSO-ds): § [ppm] =32.6. LC-MS: positive mode
[m/z]=491.2 ((M+H]"). ESI-MS purity: 84.1%.
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Diethyl  (4-(8-(2-chlorophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-tetrahydro-3 H-
purin-3-yl)butyl)phosphonate (DM447)

0] ’ Yield: 37%, colorless oil; 'TH NMR (600 MHz, DMSO-ds) &

///\j\)ﬁiN/ 13.35 (s, 1H, N7-H), 7.44 — 7.41 (m, 1H, Harom), 7.29 (dd, J

0” N N>_\—© =7.1,2.4 Hz, 1H, Harom), 7.25 (m, 2H, Harom), 4.59 (d, T =2.4

Cl Hz, 2H, CHa), 4.01 — 3.97 (m, 2H, CHa), 3.97 — 3.92 (m, 4H,

2 x OCHa), 3.18 —3.11 (m, 2H, CHz), 3.06 (t, ] =2.4 Hz, 1H,

O=P-OEt Hpropargy1), 3.01 (dd, J = 8.5, 6.8 Hz, 2H, CHa), 1.82 — 1.73 (m,

oF 4H, 2 x CHy), 1.51 — 1.43 (m, 2H, CHy), 1.19 (t, J = 7.0 Hz,

6H, 2 x OCH,CH3). *C NMR (151 MHz, DMSO-de) 8 153.5 (Cxanthine), 152.9 (Cxanthine), 150.0

(Cxanthine), 148.1 (Cxanthine), 137.7 (Carom), 132.9 (Carom), 130.6 (Carom), 129.2 (Carom), 128.2

(Carom), 127.3 (Carom), 105.9 (C5), 79.7 (Cpropargyt) 72.7 (Cpropargyt), 60.7 (d, 2Jcp = 6.4 Hz, 2 x

OCH>), 42.4 (CH>), 39.9 (CH,), 31.1 (CHy), 30.0 (CH>), 28.2 (CH>), 28.1 (CH>), 24.0 (d,

'Jep=138.7 Hz, 1C, PCH>), 19.2 (d, *Jcp = 4.8 Hz, POCH>CH3), 16.2 (d, *Jcp = 5.4 Hz, 2 x
OCH2CH3). *'P NMR (243 MHz, DMSO-ds) & 32.8.

Diethyl (4-(8-(2-chlorophenethyl)-7-methyl-2,6-dioxo-1-(prop-2-yn-1-yl)-1,2,6,7-
tetrahydro-3H-purin-3-yl)butyl)phosphonate (DM450)

O CH, Yield: 98%, white solid; 'H NMR (600 MHz, DMSO-ds) &

/)N\JK/EN/ 7.45 —7.41 (m, 1H, Harom), 7.37 — 7.34 (m, 1H, Harom), 7.30

0” N N>_\—© —7.23 (m, 2H, Harom), 4.59 (d, ] =2.5 Hz, 2H, N1-CH2), 4.00

cl ~3.92 (m, 6H, 2 x OCH, and N3-CH>), 3.75 (s, 3H, N7-CH3),

3.17 (d, J = 5.2 Hz, 1H, Hpropargyl), 3.13 (t, J = 7.2 Hz, 2H,

Ozg;tOEt CHa), 3.07 (dd, J = 5.4, 2.9 Hz, 2H, CHy), 1.82 — 1.70 (m,

4H, 2 x CH2), 1.51 — 1.41 (m, 2H, CH>), 1.19 (t, ] = 7.0 Hz,

6H, 2 x OCH,CH3). *C NMR (151 MHz, DMSO-ds) & 153.6 (Cxanthine), 153.3 (Cxanthine), 149.8

(Cxanthine), 147.4 (Cxanthine), 137.6 (Carom), 133.0 (Carom), 130.9 (Carom), 129.2 (Carom), 128.3

(Carom), 127.3 (Carom), 106.3 (C5), 79.6 (Cproparey1), 72.7 (Cpropargyt), 60.7 (d, 2Jcp = 6.5 Hz, 2 x

OCH>), 42.1 (CH), 31.3 (CHa), 30.4 (CH2), 29.9 (CH), 28.1 (d, 2Jcr=16.0Hz, 1C,

PCH,CH,), 26.1 (CH,), 24.0 (d, 'Jcp=138.9Hz, 1C, PCHy), 19.2 (d, 3Jcp= 4.6 Hz,
POCH,CH3), 16.2 (d, *Jcp = 5.6 Hz, 2 x OCH>CH3). *'P NMR (243 MHz, DMSO-ds) § 32.8.
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Synthesis of diethyl (4-(8-(2-bromophenethyl)-7-ethyl-2,6-dioxo-1-(prop-2-yn-1-yl)-
1,2,6,7-tetrahydro-3H-purin-3-yl)butyl)phosphonate (DM351)

o ~CH,
N N
&'\ /

N
H) Br

EtOPO

Yield: 86% (colorless oil); 'H NMR (600 MHz, DMSO-d6) & 7.60 (dd, J = 8.0, 1.2 Hz, 1H,
Harom), 7.37 (dd, J = 7.7, 1.7 Hz, 1H, Harom), 7.31 (td, J = 7.4, 1.2 Hz, 1H, Harom), 7.17 (td, J =
7.6, 1.8 Hz, 1H, Harom), 4.59 (d, J=2.5 Hz, 2H, N1-CH>), 4.20 (q, J = 7.1 Hz, 2H, N7-CH>CH3),
4.01 —3.98 (m, 2H, N3-CH>), 3.97 — 3.91 (m, 4H, P(OCH>CHj3),), 3.18 — 3.14 (m, 2H, -CH>),
3.09 —3.05 (m, 3H, -CH; and -CH), 1.82 — 1.73 (m, 4H, -CH,CHa), 1.52 — 1.43 (m, 2H, -CH>),
1.23 (t, J = 7.1 Hz, 3H, N7-CH,CH3), 1.19 (t, J = 7.0 Hz, 6H, P(OCH,CHs),). *C NMR (151
MHz, DMSO-ds) 6 152.9 (Cxanthine), 152.7 (Cxanthine), 149.8 (Cxanthine), 147.8 (Cxanthine), 139.3
(Carom), 132.5 (Carom), 131.0 (Carom), 128.6 (Carom), 127.9 (Carom), 123.7 (Carom), 105.5 (C5), 79.7
(Cproparey1), 72.7 (Cpropareyt), 60.8 (d, 2Jcp = 6.1 Hz, P(OCHz),), 42.1 (N-CH>), 40.1 (N7-CH>),
33.3 (N-CH>), 30.0 (-CH>), 28.1 (d, 2Jcp=16.3 Hz, 1C, PCH2CH>), 26.1 (-CH>), 24.1 (d,
Jep=138.8 Hz, 1C, PCH>), 19.3 (d, *Jcp = 4.8 Hz, PCH.CH,CH>), 16.3 (d, *Jcp = 5.7 Hz,
POCH:CHj3), 15.9 (N7-CH2CH3). *'P-NMR (243 MHz, DMSO-dc): § [ppm] = 32.8. LC-MS:
positive mode [m/z] = 593.2 ([M+H]"). ESI-MS purity = 99.0%.

Synthesis of diethyl (4-(8-(2-bromophenethyl)-7-(cyclopropylmethyl)-2,6-dioxo-1-(prop-
2-yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-3-yl)butyl)phosphonate (DM352)

EtO—IID:O
OEt

Compound DM352 was used for the next step without further purification. LC-MS: positive
mode [m/z] = 619.2 ((M+H]"). ESI-MS purity = 89.4%; yellowish oil.
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Synthesis of diethyl (4-(8-(2-bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-7-propyl-
1,2,6,7-tetrahydro-3H-purin-3-yl)butyl)phosphonate (DM353)

. HCHg,

EtO—I'T’:O

OEt
Compound DM353 was used for the next step without further purification. LC-MS: positive
mode [m/z] = 607.0 ((M+H]"). ESI-MS purity = 88.5%; colorless oil.

Synthesis of diethyl (4-(7-benzyl-8-(2-bromophenethyl)-2,6-dioxo-1-(prop-2-yn-1-yl)-
1,2,6,7-tetrahydro-3H-purin-3-yl)butyl)phosphonate (DM360)

EtO—E’:O

OEt
Yield: 87% (white solid); 'H NMR (600 MHz, DMSO-ds) & 7.55 (dd, J = 8.0, 1.1 Hz, 1H,
Harom), 7.35 — 7.31 (m, 2H, Harom), 7.30 — 7.25 (m, 3H, Harom), 7.17 — 7.11 (m, 3H, Harom), 5.51
(s, 2H, N7-CHy), 4.59 (d, J = 2.5 Hz, 2H, N1-CH>), 4.02 (t, J = 6.9 Hz, 2H, N3-CH,), 3.98 —
3.90 (m, 4H, P(OCH2CHs),), 3.08 — 3.04 (m, 3H, -CHa and Hpropargy), 3.02 — 2.98 (m, 2H, -
CHy), 1.83 — 1.74 (m, 4H, -CH,-CH>), 1.54 — 1.45 (m, 2H, -CH), 1.18 (t, J = 7.0 Hz, 6H,
P(OCH2CHs),). '3C NMR (151 MHz, DMSO-ds) & 153.5 (Cxanthine), 153.3 (Cxanthine), 149.8
(Cxanthine), 147.7 (Cxanthine), 139.2 (Carom), 136.4 (Carom), 132.5 (Carom), 130.8 (Carom), 128.8 (2C,
Carom), 128.6 (Carom), 127.9 (Carom), 127.7(Carom), 126.6 (2C, Carom), 123.7 (Carom), 106.0 (C5),
79.6 (Cpropargyl), 72.8 (Cpropargs), 60.8 (d, 2Jcp = 6.1 Hz, P(OCHa)y), 47.2 (N7-CHa), 42.2 (N-
CH,), 32.9 (N-CHa), 30.0 (-CHa), 28.2 (d, 2Jcr = 16.3 Hz, 1C, PCH,CHa), 26.3 (-CHa), 24.1
(d, Jep=138.5 Hz, 1C, PCH>), 19.3 (d, *Jcp = 4.6 Hz, PCH,CH,CH>), 16.3 (d, *Jcp = 5.7 Hz,
POCH,CH3). *'P-NMR (243 MHz, DMSO-ds): § [ppm] = 32.8. LC-MS: positive mode

[m/z] = 657.2 (IM+H]"). ESI-MS purity = 99.4%.
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Synthesis of diethyl (4-(8-(2-bromophenethyl)-7-(2-hydroxyethyl)-2,6-dioxo-1-(prop-2-
yn-1-yl)-1,2,6,7-tetrahydro-3H-purin-3-yl)butyl)phosphonate (DM361)

EtO—I'T’=O
OEt

Yield: 65% (off-white solid); 'H NMR (600 MHz, DMSO-ds) & 7.60 (dd, J = 8.0, 1.2 Hz, 1H,
Harom), 7.38 (dd, T = 7.7, 1.7 Hz, 1H, Harom), 7.34 — 7.29 (m, 1H, Harom), 7.17 (td, T = 7.6, 1.8
Hz, 1H, Harom), 4.96 (t, J = 5.4 Hz, 1H, -OH), 4.59 (d, J = 2.4 Hz, 2H, N1-CH,), 4.20 (t, ] = 5.3
Hz, 2H, N7-CHz), 4.02 — 3.91 (m, 6H, P(OCH2) and -CH>), 3.67 (q, J = 5.3 Hz, 2H, -CH,OH),
3.18 —3.14 (m, 2H, -CH>), 3.13 — 3.09 (m, 2H, -CH>), 3.07 (t, J = 2.4 Hz, 1H, Hproparey1), 1.83 —
1.72 (m, 4H, -CH,CHz), 1.53 — 1.44 (m, 2H, -CH>), 1.19 (t, ] = 7.0 Hz, 6H, P(OCH,CHj3),). *C
NMR (151 MHz, DMSO-ds) 6 154.3 (Cxanthine), 153.0 (Cxanthine), 149.8 (Cxanthine), 147.7
(Cxanthine), 139.6 (Carom), 132.5 (Carom), 130.9 (Carom), 128.5 (Carom), 127.9 (Carom), 123.7 (Carom),
105.7 (C5), 79.7 (Cpropareyt) 72.7 (Cproparey1), 60.8 (d, 2Jc.p = 6.1 Hz, P(OCH2)2), 60.1 (-CH,OH),
473 (N-CH»), 42.1 (N-CH») , 33.1 (-CHy), 29.9 (-CH»), 28.2 (d, %Jcp=16.1Hz, IC,
PCH,CH,), 26.5 (-CH2), 24.1 (d, 'Jcp=138.3 Hz, 1C, PCH»), 19.3 (d, *Jcp= 4.7 Hz,
PCH,CH,>CH>), 16.3 (d, *Jcp = 5.7 Hz, POCH2CH3). *'P-NMR (243 MHz, DMSO-ds): & [ppm]
=32.8. LC-MS: positive mode [m/z] = 609.2 ((M+H]"). ESI-MS purity = 77.2%.

Diethyl (4-bromobutyl)phosphonate (DM014)

EtQ gt l,4-Dibromobutane (10.9 ml, 92.62 mmol, 1 equiv.) in P(OEt)3 (4.01 ml,

P/
Br” \\O 23.16 mmol, 0.25 equiv.) stirred under reflux for 30 min. After cooling
to rt, excess of 1,4-dibromobutane and P(OEt); were removed under reduced pressure at 70 °C.
The oily colorless residue was purified by flash column chromatography with
dichloromethane/methanol (9.5:0.5, colored with AgNOs solution) to yield the desired product

DMO014 (5.23 g, 21%) as colorless oil.

"H-NMR (600 MHz, CDCl3): & [ppm] = 4.12 — 4.03 (m, 4H, 2 x OCH>), 3.38 (t, J = 6.6 Hz,
2H, BrCH>), 1.96 — 1.90 (m, 2H, Caiky1), 1.77 — 1.68 (m, 4H, Cay1), 1.30 (t, /= 7.1 Hz, 6H, 2 x
CH>CHs). BC-NMR (151 MHz, CDCls): § [ppm] = 61.5 (d, 2Jcp = 6.3 Hz, 2C, POCH>), 33.1
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(d, 2Jcp=15.0 Hz, 1C, PCH2CH>) 32.7 (Br-CH2),24.7 (d, 'Jcp=142.1 Hz, 1C, PCH»), 21.2
(d,3Jcp=6.2 Hz, 1C, PCH,CH2CH>), 16.4 (d, *Jcr = 6.5 Hz, 2C, POCH2CH3). 3'P-NMR (243
MHz, CDCl3): 8 [ppm] = 31.73. LC-MS: positive mode [m/z] = 272.8 ([M+H]").

Diethyl (4-iodobutyl)phosphonate (DMO033)

EtQ. gt For the Finkelstein reaction of DM014 (8.2 g, 30.02 mmol, 1 equiv.) and
R | . .

o al (9 g, 60.05 mmol, 2 equiv.) was dissolved in acetone (30 ml) and
stirred for 1 h at 65 °C. After removing the solvent under reduced pressure, water (50 ml) and
dichloromethane (50 ml) were added and the phases were separated. The water layer was
extracted three times with dichloromethane (20 ml) and the combined organic phases filtered
over celite and dried over MgSOs. The solvent was removed in vacuo to yield DM033 (9.13 g,

28.52 mmol, 95%) as an yellow oil.

"H-NMR (600 MHz, Chloroform-d): & [ppm] = 4.13 —4.01 (m, 4H, 2 x OCH>), 3.15 (t,J= 6.9
Hz, 2H, I-CH»), 1.88 (p, J = 6.9 Hz, 2H, Cay), 1.73 — 1.67 (m, 4H, Cay1), 1.29 (t, J=7.0 Hz,
6H, 2 x CH,CH3). *C-NMR (151 MHz, CDCl3): & [ppm] = 61.6 (d, 2Jc,p = 6.7 Hz, 2C, POCH>),
33.8 (d, ZJcp = 15.2 Hz, 1C, PCH2CH>), 24.6 (d, 'Jcp = 140.9 Hz, 1C, PCH>), 25.1 (d, *Jcp =
5.4 Hz, 1C,PCH2CH,CH>) 16.5 (d, *Jcp =4.7 Hz, OCH2CH3), 5.5 (ICH>). *'P-NMR (243 MHz,
CDCl3): 8 [ppm] = 31.7. LC-MS: positive mode [m/z] = 320.9 ([M+H]"). ESI-MS purity =
96%.
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