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Abstract

GABAA receptors are the major inhibitory neurotransmitter receptors in the central nervous system
(CNS). They are the target of many clinically important drugs, like benzodiazepines. Different binding
sites have already been discovered on the receptor. Ligands bind specifically to the receptor on these
binding sites, e.g. the endogenous ligand y-aminobutyric acid (GABA) or above mentioned
benzodiazepines (BZ). Recent studies have shown that pyrazolo[4,3-c]quinolinones bind to the BZ
binding site, but elicit their activity from another interface.
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To increase the selectivity of this substance class towards the novel binding site, structural
modifications were carried out in a small library synthesis. In a first approach, the substituent (R2) on

the pyrazolo system was replaced by smaller and more hydrophilic substituents. The role of the

substituents (R1 & R;) on the quinoline system was also investigated.

Another promising compound, which also showed activity on the GABAA receptor was LAU 197,
featuring an imidazo[4,5-c]quinoline scaffold.

CN
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LAU 197

To expand the library of substances, the introduction of various substituents was planned. After finding
a suitable synthetic route, which tolerates different substitution patterns, the influence on the
biological activity of diverse substituents (R1 & Rz) on the quinoline and as well on the imidazo system

(R>) were of interest.

The synthesis of both pyrazolo[4,3-c]quinolinones and imidazo[4,5-c]quinolines was successful,
yielding 14 different substances, which have been submitted to biological testing. Preliminary results
of tested pyrazolo[4,3-clquinolinones are already available and show biological activity on GABAa

receptors.
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Kurzfassung

GABA, Rezeptoren sind die am haufigsten vorkommenden inhibitorischen Rezeptoren im zentralen
Nervensystem (ZNS). Sie sind das Ziel von vielen klinisch wichtigen Medikamenten, z.B.
Benzodiazepinen. Am Rezeptor wurden bereits verschiedene Bindungsstellen entdeckt. Es zeigt sich,
dass Liganden an einer spezifischen Stelle an dem Rezeptor binden, z.B. der endogene
Neurotransmitter y-Aminobuttersdure (GABA) oder die oben erwdhnten Benzodiazepine (BZ). Neueste
Studien zeigen, dass Pyrazolo[4,3-c]chinolinone an der BZ Bindungsstelle binden, aber ihre Aktivitat
Uber eine andere Schnittstelle entfalten.
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Um die Selektivitat dieser Substanzklasse zu der kiirzlich entdeckten Bindungstelle zu erhéhen, wurden
strukturelle Modifikationen in einer kleinen Bibliothekssynthese ausgefiihrt. Zuerst wurde der

Substituent (Rx») am Pyrazol durch einen sterisch weniger anspruchsvollen und hydrophileren

Substituenten ersetzt. Die Rolle der Substituenten (R1 & R;) am Chinolin wurde ebenfalls untersucht.

Eine weitere Verbindung, die ebenfalls Aktivitat am GABA, Rezeptor zeigte, war LAU 197, ein
Imidazo[4,5-c]chinolin.

CN
Ry

N— N~
/

I N R, N

| = |

R N
N 2 H

LAU 197

Um die Substanzbibliothek zu erweitern, war die Einflihrung von Substituenten geplant. Nachdem ein
geeigneter Syntheseweg entwickelt wurde, der das Substitutionsmuster toleriert, wurde der Effekt von
unterschiedlichen Substituenten auf die biologische Aktivitdt untersucht. Fiir diesen Zweck wurden

verschiedene Substituenten sowohl am Chinolin (R; & R;) als auch am Imidazol (Rx) eingefihrt.

Die Synthese von beiden, Pyrazolo[4,3-c]chinolinonen und Imidazo[4,5-c]chinolinen wurde erfolgreich
durchgefihrt und es wurden 14 unterschiedliche Verbindungen erhalten. Diese werden bereits auf
ihre biologische Aktivitdt getestet, welche im Fall der Pyrazolo[4,3-c]quinolinonen bereits gezeigt

werden konnte.

vii
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A Synthetic schemes

All compounds prepared or used as starting materials in this thesis are numbered in bold Arabic

numerals. Compounds unknown to the literature are additionally underscored.
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Synthesis of methoxy substituted

pyrazolo[4,3-c]quinolinones
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Synthesis of bromo substituted
pyrazolo[4,3-c]quinolinones
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Synthesis of methoxy substituted

imidazo[4,5-c]quinolines
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Synthesis of bromo substituted

imidazo[4,5-c]quinolines
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B Introduction

B I Structure and function of the GABA,
receptor

B I1 Function

y-Aminobutyric acid (GABA), the major inhibitory neurotransmitter in the mammal brain, binds specifically to the
GABAA receptor, giving the receptor its name. The receptor is a transmembrane protein located in the nervous
cells in the central nervous system (CNS) of mammals. It plays a major role in the signal transduction in the
synapse. In a synapse, a signal is passed in an electrical or chemical way to another neuron. In the case of a
chemical synapse, neurotransmitters are released in the presynaptic neuron and trigger an effect in the
postsynaptic neuron by binding to a receptor. In this way, a signal can be passed on or, as it is the case of
GABAergic receptors, inhibited. The inhibitory effect is caused by conduction of chloride ions through the channel
located in the center of the protein. This leads to hyperpolarization of the neuron, which then increases the

threshold of the action potential (see Figure 1)2.

( ) o GABA|
\ V4
.\)\ /ﬂ/
(0]
L CI_ ; H2N \/\)J\OH
® (:':4. /‘: gamma-aminobutyric acid
\J fy
A \
- ==

Figure 1 Synaptic cleft with GABAa receptors?, structure of GABA

Such inhibitory effects have great medical relevance, since they trigger a sedative or anxiolytic behavior (among
others). Drugs, such as benzodiazepines, propofol or muscimol (Figure 2), which target the GABAAa receptor, can
either compete with GABA by binding to the same position or they modulate allosterically the protein structure

and consequently the biological function®>.

15
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OH
N-o
4
HO—V\/NHz
benzodiazepines propofol muscimol

Figure 2 Strucutre of benzodiazepines, propofol and muscimol

B 1.2 Structure

The structure of the GABAa receptor is pentameric, i.e. it consists of five subunits® (see Figure 3). Recently, the
crystallization of a homopentamer was achieved, proving the structure’. As depicted, the subunits form a channel
in the middle, where CI can pass through the membrane. In the human brain the GABAa receptor usually consists
of two a, two B and one y subunit. The y subunit can also be replaced by a §, €, 6 or m one. Furthermore, there
are more subtypes known of one subunit, e.g. six different subtypes of the a subunit®. That implies many different

variations of the receptor composition, which all show different selectivity towards target molecules®.

benzodiazepines

Figure 3 GABAA receptor structure and general structure of benzodiazepines®

The binding sites of GABA and clinically important benzodiazepines (BZ) is in the extracellular domain of the

receptor’. The subunits of the GABAa receptor have a + (plus) and — (minus) site, as depicted in Figure 4%,

16
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Figure 4 Schematic top view of an aBy GABAx receptor*

The specific binding sites of GABA and benzodiazepines (BZs) are also shown in Figure 4. GABA binds at the
a-B+ interface, whereas the BZ-binding site is located at the a+y- site!2. Benzodiazepines are an important class
of drugs, which have been used in medicine since the 1960s'3. BZs allosterically modulate the receptor, which
leads to an enhancement of the ClI" current, causing an anxiolytic, muscle relaxant or sedative effect. However,

they show this behavior only after GABA has already bound to its binding site and has activated the receptor*.

B I3 Subunit isoforms

The large number of subunits, which have been identified so far, leads to a huge diversity of GABAa receptors in
the mammal brain. There are eight different subunit classes, which further have multiple forms of subtypes: a(1-
6), B(1-3), y(1-3), 5, €, p(1-3), 6 and 1°. In total, this adds up to nineteen heterogeneous subunits, which leads to
a large set of possible combinations. The major isoform consists of two a, two  and one y subunit. The two a
subunits are usually of one kind, al, but examples where one al subunit is replaced with a2/3/5 one are

known*. Hence, the number of theoretically possible subunit compositions is around 150 000%°.

As mentioned above, the binding site of BZ is located at the a/y interface. It has been shown that the subtype of
the a subunit has to be al/2/3/5 to show a high BZ sensitivity®. If a4/6 is present in the receptor, the
corresponding protein pentamer will not bind traditional benzodiazepines, like quazepam or non-traditional BZ
like zolpidem (see Figure 5). On the other hand, imidazobenzodiazepines like flumazenil (see Figure 5) show high
affinity towards receptors containing a4 or a6 subunits. Moreover, to enable binding of BZ to the receptor, ay
subunit has to be present in it. Although the most common form of GABAAa receptors contain at least a y subunit,

there are receptor compositions known, which do not contain any®°.

()

F
N N7 o
S @Lﬁ%“
FV F N
F 0

quazepam zolpidem flumazenil

Figure 5 Traditional and non-traditional benzodiazepines quazepam, zolpidem and flumazenil

To conclude, the subunit composition is of great importance for the biological activity of agonists. The potency
and efficacy of agonists depend highly on the presence or absence of certain subunits. It has been shown that
there is a regional distribution of individual subunits in the mammal brain®®. On one hand, the most abundant

subunit, al, can be found throughout the brain. On the other hand, subtypes, like the a2 subunit, are less

17
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frequently found all over the brain, but show a higher concentration in the forebrain area. Also, the other
subtypes a3/4/5/6 show a higher presence in certain particular areas of the brain. The same case applies to the
other subunits B, v, §, €, 8 and . Subunits of type p form homopentameres, which are called GABAc and are only
found in the retina'®. The distribution and localization of individual subunits can be an approach for novel
agonists, which are sensitive to a certain subunit and therefore, only interact in a particular area in the brain

leading to specific biological responses.

B l4 Physiologically and clinically relevant compounds

Many drugs target the GABAa receptor, e.g. benzodiazepines, barbiturates or propofol (see Figure 6). To achieve
an interaction with the receptor possible, GABA has to bind to its binding site first, activating the receptor.
Afterwards, these compounds bind to a different site and allosterically modulate the receptor, which leads either
to an increase in the CI flux (positive allosteric modulation, PAM), to a decrease (negative allosteric modulation,
NAM) or to no change at all (silent allosteric modulation, SAM). BZ, the most important class of drugs, are
typically PAMsY. The triggered effects can be anxiolytic, anticonvulsant, hypnotic, muscle relaxant or sedative®.
Besides these very useful effects, addictive behavior and withdrawal syndromes can also be observed as

unwanted side effects®.

R.1 R2

N
() i
~N HNJLNH OH

R
7 R,
(o} (o)
RiR;
benzodiazepines barbiturates propofol

Figure 6 Structure of BZs, barbiturates and propofol

B Il Alpha/beta binding site

In addition to the binding sites of BZs at the a+y- interface and GABA at a-p+, a novel binding site has recently
been discovered at the a+p- interface?’. The compound CGS 9895, a pyrazoloquinolinone, binds to the BZ-site,
but acts only as a SAM, whereas on the a+B- interface, slightly positive allosteric modulation can be observed

(see Figure 7). Hence, this novel binding site is referred to as CGS-site.
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CGS 9895

Figure 7 Top view onto the extracellular domain of GABAx receptor, structure of CGS9895%2

Compounds that target the a+pB- interface in a afy receptor should also interact with af, aBs, afe, afm and
af6 receptors, which are not targeted by BZs, because of the lacking y subunit. Therefore, the range of possible
actions should be broader?. Further studies by Varagic et al.?! focused on the identification of novel allosteric
modulators, which target the a+B- interface. The tested compounds were mostly pyrazoloquinolinones with

varying substituents (see Figure 8).

o CN o—
@ N_NQ N_NQ
N-N ) )
o o cl o
o [ o -
ooy e oy
N N
N
N H H
LAU 176 LAU 177 PZ-11-028

Figure 8 Tested compounds in studies of Varagic et al.?

In their studies, Varagic et al. could prove that many structural analogues of CGS9895 enhance the Cl" flow by
more than 1000% at a 10 uM concentration. Although these compounds also bind to the BZ-site, their activity
mainly results from binding to the novel binding site at a+B-. This indicates that pyrazoloquinolinones can act as
silent allosteric modulators at the BZ site. To increase the affinity towards the o+f- site, further structural

modifications on the tested compounds were planned.

In a structure-activity approach, one of the tested 2-phenylpyrazoloquinolinones was analyzed in a docking
study?*. Recently, Miller and Aricescu were able to crystallize a B3 homopentamer”. Based on the obtained X-ray
structure, a homology model was created and the pyrazoloquinolinone was placed in the proposed binding pose

at both binding sites, a+y- and a+pB- (see Figure 9 and Figure 10).



Markus Draskovits, Master Thesis
Introduction

7/10
ed: gold camplex_cgsf26 2 a1 1.pdb

A

Figure 9 a+y- binding site, with a Figure 10 a+B- binding site, with a

2-phenylpyrazolo[4,3-c]quinolinone in the binding pose 2-phenylpyrazolo[4,3-c]quinolinone in the binding pose

In these figures the lipophilic (purple) and hydrophilic (green) areas of the binding site are illustrated. The tertiary
structure of the a (yellow), y (red) and B (blue) subunits are also shown. The difference between the two binding
sites can be seen where a y subunit is replaced with a B one, which leads to change from a lipophilic into a
hydrophilic area. In this area, the phenyl ring of above mentioned LAU/CGS compounds is placed in the proposed
binding pose. This might explain why the tested pyrazolo[4,3-c]quinolinones also exert activity on the a+y-
binding site, since they all have a phenyl substituent in position two. Replacing this substituent with something

more hydrophilic might increase the selectivity towards the required a+f- binding site.

B Ill Objective

The novel binding site on the GABAAa receptor at the a+B- interface would be an interesting target for new
compounds. Already tested 2-phenylpyrazolo[4,3-clquinolinones showed excellent activity on ap-receptors
(>1000% of GABA control current at 10 uM). Nevertheless, the tested compounds also showed affinity to the BZ-
site. Results from the molecular docking studies suggest a replacement of the phenyl ring to an aliphatic or
hydrophilic substituent due to the more hydrophilic areas from the B subunit in the binding pose, whereas the y
subunit features lipophilicity. A new series of pyrazoloquinolinones will feature polar and apolar aliphatic
substituents as well as an unsubstituted one with the intention to provide further information if the phenyl
substituent is necessary for the biological activity and if the selectivity towards the novel a+B- binding site can
be increased (see Scheme 1).
J R
_ R,
,2
f‘/l‘N f‘/l‘N Ry = -OCH;z Ry = -H
R1 0 R1 0 R1 =-H R2 =-Br
| [ — |
R; N R; N R,' = CH3 CH,CH,OH, H
H H
LAU/CGS compounds

Scheme 1 Proposed modifications on the pyrazolo[4,3-c]quinolinone
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In an additional exploratory study, development of a small compound library based on the structure of already
tested imidazo[4,5-c]quinoline LAU 197 was of interest. The different scaffold may display another subtype
selectivity, which would be difficult to achieve by solely exchanging substituents. To compare the results of this
novel compounds to already tested pyrazolo[4,3-c]quinolinones, similar substituents were chosen (see Scheme
2).

CN
Rz-
N { N_—\< R1 = -OCH3 R2 =-H
/ N R1 ! N Ry=-HR, =-Br
SOEEEY &6 S
N R; N Ry = Ph, H

H
LAU197

Scheme 2 Proposed expansion of the library of imidazo[4,5-c]quinoline
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C Results and Discussion

Ccl Retrosynthetic analysis

Cl1 Pyrazolo[4,3-c]quinolinones

Ry
/ cl o o o
N-N N FGI N R4 =-OCHjs, Br
N 0 — | OEt + HN-NH = | | OFt
\// \ NN “R.. NN Ry' = CH3 CH,CH,OH, H
R N Ry 2 Rt H
1 H

| ] I
Scheme 3 Retrosynthetic analysis of pyrazolo[4,3-c]quinolinones

The target structure I (

Scheme 3) is a pyrazolo[4,3-c]quinolinone. The two depicted retrosynthetic cuts divide the molecule into two
parts, which will allow the introduction of different substituents on the pyrazolo system, upon choosing a
properly substituted hydrazine. The two nucleophilic attacks of the hydrazine are facilitated by the introduction
of good leaving groups, which leads to a chlorinated quinolinecarboxylate Il. Functional group interconversion
(FGI) of the chlorine group in structure Il into a carbonyl group gives precursor structure lll (Scheme 3). This route
towards pyrazolo[4,3-c]quinolinones has already been reported in the literature and was therefore chosen for

the synthesis®®.

o o OEt OEt o o
« o o 7. N\
‘ [ OEt — N | — R1/— * Et0” " TOEt R, =-OCH,, Br
AN /NN NH; OEt
R4 H R4 H
m v

Scheme 4 Retrosynthetic analysis of hydroxyquinolines

Such quinolonecarboxylates are accessible in two steps from commercially available anilines and
ethoxymethylenemalonate (Scheme 4). This kind of reaction is called Gould-Jacobs reaction?®. First, the
nucleophilic attack of the nitrogen from the aniline gives the malonate IV. Then, a benzoannulation takes places,

which requires a lot of energy, because of the intermediate loss of aromaticity.

Cl2 Imidazo[4,5-c]quinolines
R
NG NH, " o o R, = OCHj, Br
' N N X 2
AN + | or _
) —> » p Ry Ry X Re=PhH
N R,
Ri H X = OH, Cl
\' Vi

Scheme 5 Retrosynthetic analysis of imidazo[4,5-c]quinolines
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Structure V, an imidazo[4,5-c]quinolone, can be obtained in a cyclization step from a diaminoquinoline VI and
the corresponding carboxylic acid (derivative) or aldehyde (Scheme 5)%- 28, Commercially available carbonyl
compounds will allow the introduction of different substituents Ro.

NH, N cl o)
A NH, ~AUNO, ~AUNO, ~JL_No,
|// _ : |// _ : |// _ : |// | R; = -OCHg, Br
N N N N
Ry R4 Rq Ry H
Vi VIl Vil IX

Scheme 6 Retrosynthetic analysis of diaminoquinoline

Structure VI, a diaminoquinoline can be obtained by reduction of a nitro and an azide group. The azide can be
introduced easily in two steps from nitroquinolone IX (Scheme 6)%.

(0] (o] O O
NO
A 2 A A OEt
l// N | — l// N ] — l// N | Ry = -OCHg, Br
Ry H Ry H Ri H
IX X m

Scheme 7 Retrosynthetic analysis of nitroquinolone IX

The nitroquinolone IX is accessible by nitration of quinolone X, which should selectively substitute in position 3,
given the directing effect of the ketone3’. The quinolone X will be obtained by decarboxylation of the carboxylate
lll, which convergently leads to the same intermediate already envisioned in the retrosynthetic analysis of

pyrazolo[4,3-c]lquinolinones (Scheme 7).

cl Synthesis of pyrazolo[4,3-c]quinolinones

o o 0 o™

|
/©[R1 /\O)J\(ko/\ toluene, argon, reflux R OTO
+ > 1
H,N R o :©\
2 2 R, H

\

1Ry =-OCH3 R, = -H 3 Ry =-0CH3 Ry =-H (quant.)
2R;=-H, Ry =-Br 4 R4 =-H, Ry =-Br (90%)

Scheme 8 First step of the Gould-Jacobs reaction towards malonates 3 and 4

In the first synthetic step, commercially available anilines 1 and 2 were transformed in a Gould-Jacobs reaction
into malonates 3 and 4 by adding ethoxymethylenemalonate and refluxing in toluene (Scheme 8)3!. The obtained
methoxy substituted crude product was of high purity and crystallized already upon removal of the solvent. The
bromo substituted compound was recrystallized to obtain a pure product. In case of the anisidine a quantitative
yield was obtained and 90% in case of the 3-bromoaniline.
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R4 (o) | (o) Ph,0, argon, reflux N R1:©\)J]/“\o/\
)OI oy
H

3 R1 = -OCH3V R2 =-H
4 R4 =-H, R, =-Br

5R;=-OCH3 R, = -H (31%)
6 Ry = -H, R, = -Br (61%)

Scheme 9 Second step of the Gould-Jacobs reaction towards quinolonecarboxylates

In the second step of the Gould-Jacobs reaction malonates 3 and 4 were submitted to ring closure at 250°C to
form quinolones 5 and 6 (Scheme 9). The reaction was carried out under an argon atmosphere to avoid
decomposition. The formed quinolone was insoluble in the reaction mixture, therefore it was easily collected by
filtration. The low yield of the methoxy substituted derivative 5 (31%) was caused due to decomposition, which
led to the generation of black tar and the formation of side products, from which only the decarboxylated
quinolinone 21 could be identified. The bromo substituted quinolone 6 was formed in a better yield of 61%. The
formation of any regioisomer (Figure 11) was not observed, which might be caused by steric repulsion of the
bromine substituent.

Br O

COOEt
I
N

H

Figure 11 Possible regioisomer of 6

o O

POCI fl ¢ a
R, H R, N~

5 R1 = -OCH3’ R2 =-H
6 R1 =-H, R2=-Br

7R, =-OCHj R, = -H (81%)
8 Ry = -H, R, = -Br (89%)

Scheme 10 Chlorination of quinolones

Chlorination of quinolones was carried out by adding an excess of POClz to 5 or 6 (Scheme 10). The reagent
converts the oxygen of the carbonyl group into a good leaving group, which favors the aromatic nucleophilic
substitution®®. Chlorinated quinolinecarboxylates 7 and 8 were synthesized in excellent yields of 81% and 89%,

respectively.

With the chlorinated quinolines in hand, the synthesis of the first pyrazolo[4,3-c]quinolinones was attempted.

For this purpose adequately substituted hydrazines were reacted with the quinoline precursor.

cl o N-NH
EtOH, DBU, NEts, reflux R o
Z R N
R, N 2 H

7Ry =-OCHz R, = -H
8 R1 =-H, RQZ-BI'

Scheme 11 Synthesis of pyrazolo[4,3-c]quinolinones

9 Ry =-OCHj3 Ry =-H (14%)
10 R; = -H, R, = -Br (18%)
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The first set of pyrazlolo[4,3-c]quinolones 9 and 10 were obtained by using hydrazine dihydrochloride (Scheme
11). Due to the low purity of the obtained crude product, which was obtained in a crude yield of approximately
40%, various purification steps were carried out, which led to a low isolated yield of 14% and 18%, respectively.
The purification was further complicated by the low solubility of the compounds.

¢ 9 EtOH, NEts, refl “N-NH
, t3, reflux
R4 A o & I':ll * R4 AN o
_ HoN" > P
R; N R; N
7R =-OCHz Ry =-H 1M Ry =-OCH3 Ry =-H (79%)
8R,=-H, R, =-Br 12 Ry =-H, Ry = -Br (95%)

Scheme 12 Synthesis of 1-methylpyrazolo[4,3-c]quinolinones

The reaction with methylhydrazine did not form the desired pyrazolone with the substituent in position 2, as
observed in the synthesis of LAU compounds, when using phenylhydrazines. The reaction led only to
1-methylpyrazolo[4,3-c]quinolinones in excellent yields of 79% and 95%, respectively (Scheme 12). The position
of the methyl group was determined using 2D-NMR techniques, which will be discussed in detail further below.
The reason for the different reactivity of the hydrazine can be explained by comparing the nucleophilicity of
methylhydrazine to phenylhydrazine. When using methylhydrazine the secondary amine is a better nucleophile
and attacks first, whereas in the case of phenylhydrazine the secondary amine is less nucleophilic, due to
mesomeric effects, therefore favoring the attack of the primary amine first. This is even more evident, if we
consider the difference of the pKs values of aniline (pKs = 25) and methylamine (pKs = 35)32. The aliphatic amine
is a stronger base than the aromatic one and therefore a better nucleophile. It has been reported that variation
of reaction conditions could shift the ratio between the isomers, but a complete inversion of the regioselectivity
was not observed (see Scheme 13)33. Table 1 shows the effect of different bases on the ratio of formed
regioisomers. The ratio varies when using different bases and is also dependent on the amount of added base.
The formation of desired isomer A is favored when using NaOMe instead of NEts. Nevertheless, the formation of

only isomer A was not observed. Therefore, a new approach to obtain the 2-methylated product was needed.

cl HN-N @AN’NH
COOEt 0 NN ° NN °
AN 'NH DMF, NEt; or NaOMe R R
R—— _ * 2 > AN
7N

N
H 130-140°C N N

/
+
\
\

Scheme 13 Formation of regioisomers A and B
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Table 1 Relative ratio of isomers A and B, determined from 'H-NMR33

Substrate: R = 7-Br Base, equivalents

R { X X o R f X X o
| _ ! _ P
ZN N
A B
NaOMe, 2 43 57
NaOMe, 1 31 69
TEA, 2 28 72
TEA, 1 - 100

To block the reactivity of the secondary amine, protection as tert-butylcarbamate was chosen. This should allow
the primary nitrogen to react exclusively. After the cleavage of the tert-butyloxycarbonyl (Boc) group and
subsequent ring formation, this synthetic route was expected to make 2-methlyated pyrazolo[4,3-c]quinolinones

accessible.

Cl O .
R Boc DMF, NEt; 120°C Boc 'NH O
! N0+ N R4 X
< 7 H,NT S OEt
2 R, N

7 R1 = -OCHg’ R2 =-H
8R;=-H, R, =-Br 13 Ry =-OCHj Ry =-H (-)
14 R, = -H, R, = -Br (95%)

Scheme 14 Introduction of boc-protected hydrazine

The aromatic nucleophilic substitution with Boc-protected methylhydrazine led to the formation of the
quinolines 13 and 14 under slightly modified reaction conditions (Scheme 14). The derivative bearing the
methoxy substituent was not isolated due to decomposition in the purification process, which might be caused

due to partial loss of the protective group. Hence, it was used as a crude mixture in the next reaction step.

Deprotection of Boc groups is usually carried out by acidic cleavage (in the absence of water), using trifluoroacetic
acid or etherial hydrochloric acid34. The work-up process usually includes neutralization of the reagent followed
by extraction of the product. In the case of the desired products, 2-methylpyrazolo[4,3-c]quinolinone 15 and 16,
which show low solubility in organic solvents, the extraction did not lead to any product isolation. Moreover, the
usage of acids leads to a protonation of the quinoline and even in basic conditions the product could not be
isolated from the aqueous layer. Only the corresponding trifluoroacetate salts of 13 and 14 were isolated, which
could not be converted further to the closed pyrazoloquinolinone. Therefore, another approach by thermal

cleavage of the protection group was chosen®.
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_N. N-N
Boc” 'NH O Ph,0, 180°C R4 ! o
—_—
R X" OEt I
2 R, N

R, N H

13 Ry =-0OCH3 Ry =-H 15 R =-0OCHj3 R, = -H (5%, over two steps)
14 R4 =-H, R, = -Br 16 Ry =-H, Ry = -Br (34%)

Scheme 15 Synthesis of 2-methylpyrazolo[4,3-c]quinolinones

The deprotection of the boc group also led to the formation of the pyrazolo[4,3-c]quinolinone by spontaneous
cyclization in the same reaction step. The yield of the methoxy substituted derivative was not determined, since
the starting material was used as a crude, over two steps it can be estimated around 5%. The bromine derivative
was formed in a better yield of 34% (Scheme 15). The poor overall yield might be explained due to decomposition
of the hydrazine group, which is very likely to occur at such high temperatures®. Nevertheless, the required
product was obtained and structural assignment was based on 2D-NMR in comparison with previously
synthesized 11 and 12 (Figure 12). The heteronuclear multiple-bond correlation spectroscopy (HMBC) detects
correlations between protons and carbons which are two to four bonds separated®; complementary to
heteronuclear single-quantum correlation spectroscopy (HSQC), which detects correlation of nuclei, which are
separated by only one bond. In the experiment where only methylhydrazine was used to form products 11 and
12 protons from the methyl group correlated to the carbon in position 9b and no correlation towards the
carbonyl carbon was observed. On the other hand, products 15 and 16 showed no correlation between the

protons from the methyl group and the carbon in position 9b, but a good correlation to the carbonyl carbon.

HH
H H C-H
H-C. /
_N-NH l‘/H‘!
R, c._~0 Rq C-o0
JOe |
Z R N
R, N 2 H
u R1 = -OCH3’ R2 =-H 1_5 R1 = -OCH3’ R2 =-H
12 R, =-H, R, =-Br 16 Ry =-H, R, = -Br

Figure 12 Observed 3J coupling in HMBC 2D-NMR

Figure 13 shows a section from the HMBC-NMR of product 11. The protons of methyl group 1 do not correlate
with the carbonyl carbon 2, but with the carbon 3 in the quinoline.
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Figure 13 Section of HMBC-NMR of 8-methoxy-1-methyl-1,2-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (11)

Figure 14 shows the same section of the HMBC-NMR of product 15. Now, the methyl group 1 shows a good

correlation with the carbonyl carbon 2 and no correlation with the carbon 3 in the quinoline.
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Figure 14 Section of HMBC NMR of 8-methoxy-2-methyl-2,5-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (15)

As a last example, hydroxyethylhydrazine was used as a reaction partner to introduce a more polar, hydrophilic
group onto the pyrazolo system.

OH
/ HO
¢! N-N T N-NH
e Q COOEt . H EtOH, NEt; o / o . o N o

P HaN' ~"OH reflux - W - W

N —
84% H N
mixture of isomers

7 17 18

Scheme 16 Synthesis of (hydroxyethyl)-8-methoxypyrazolo[4,3-c]quinolinones

Only the methoxy substituted derivative was used in this reaction as quinoline reaction partner. In comparison
to the experiment employing methylhydrazine, a mixture of both regioisomers in the ratio of 17:18=1:10 (based
on 'H-NMR) in a total yield of 84% was observed (Scheme 16). Using a Waters®© preparative HPLC system made

the difficult separation of both isomers possible and products 17 and 18 were isolated using a C18-column and
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using the same 2D-NMR techniques as mentioned above.

C i

The synthesis of the imidazo[4,5-clquinolines was started from the same intermediates 5 and 6, which were

Synthesis of imidazo[4,5-c]quinolines

already used in the synthetic route towards pyrazolo[4,3-c]quinolinones.

O O

O O
R1:©\)J])LO/\ 2N NaOH, reflux R1WLOH
R R

N
2 H

5 R1 = -OCH3’ R2 =-H
6 R1 = -H, R2 =-Br

N
2 H

19 R = -OCH3, R; = -H (86%)
20 R1 = -H, RZ =-Br (87%)

Scheme 17 Saponification of carboxylates 5 and 6

Quinolonecarboxylates 5 and 6 were saponified using 2N NaOH at reflux temperature to obtain the

corresponding carboxylic acids 19 and 20 in excellent yields of 86% and 87%, respectively (Scheme 17).

O O

|
R N
2 H

R OH

19 R1 = -OCH31 R2 =-H
20 R1 = -H, R2 =-Br

(0]
Ph,O, argon, reflux R4
> |
R

N
2 H

21 Ry = -OCH; R, = -H (96%)
22 R1 = -H, R2 =-Br (9270)

Scheme 18 Decarboxylation of carboxylic acids 19 and 20

The carboxyl acids were decarboxylated in refluxing diphenylether, according to a modified literature
procedure3®, Quinolones 21 and 22 were formed in excellent yields of 96% and 92%, respectively (Scheme 18).

The reaction apparatus had to be carefully purged with argon, otherwise decomposition of the product at such

high temperatures would be likely.

(o]
Ry
|
R N
2 H

21 R1 = -OCH3’ R2 =-H

22 R1 =-H, R2 =-Br

Nitration of quinolones 21 and 22 was carried out according to a modified literature procedure, whereas acetic
acid and concentrated nitric acid were used to form nitro quinolones 23 and 24 in good yields of 75% and 70%,

respectively (Scheme 19). Only substitution in position three is observed, which is in agreement with

(0]
conc. HNO3 AcOH R1:©\)Jj/N02
reflux R, N |

H

23 R; =-OCHj R, = -H (75%)
24 R, = -H, R, = -Br (70%)

Scheme 19 Nitration of quinolones

expectations based on the directing effect of the carbonyl group in position four®.
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o cl
R1:©\)J]/ N02 POC|3, reflux R1m/ N02
Ry N Ry N
23 Ry =-OCH3 Ry =-H 25 R =-OCH3 Ry = -H (42%)
24R,=-H, R, =-Br 26 Ry =-H, Ry =-Br (91%)

Scheme 20 Chlorination of nitro quinolones

Chlorination of quinolones was carried according to a modified literature procedure®, using phosphorus
oxychloride in neat conditions. The formation of chlorinated quinolines from quinolones in a nucleophilic
substitution reaction is known to proceed very fast and selectively at the position of the carbonyl group*. The
low yield of 42% of the methoxy derivative 25 is due to problems in the work-up process, whereas the analog

bearing a bromine substituent (26) was formed in excellent yield of 91%.

cl N,
R1 N N02 NaN3yDMF, rt R1 N N02
—>
~ =
R, N R, N
25R;=-0OCH; Ry =-H 27 Ry =-OCHj3 Ry = -H (quant.)
26 Ry =-H, R, =-Br 28 Ry = -H, R, = -Br (quant.)

Scheme 21 Substitution of chloride to an azide

Formation of azides by substitution of the chloride in quinolines 25 and 26 was carried out according to a
modified literature procedure®® under mild conditions to obtain products 27 and 28 in quantitative yields
(Scheme 21). The products did not display a high stability, especially when elevated temperatures were applied.
This was already observed upon the removal of DMF from the reaction mixture. Therefore, compounds were

used as quickly as possible for the next reaction step, the catalytic hydrogenation.

N Pd/C 10%, H NH;
o NO, o, Ha o \"_NH;

N N

o7 77% 20

Scheme 22 Catalytic hydrogenation of 4-azido-6-methoxy-3-nitroquinoline

Diamine 29 was prepared according to a modified literature procedure®. Catalytic hydrogenation of methoxy
derivative 27 was accomplished using palladium on charcoal (10%) and hydrogen at atmospheric pressure. The

product, 6-methoxyquinolin-3,4-diamine 29, was obtained in a good yield of 77%.

Upon reduction of the bromo derivative with the same protocol, formation of two products was observed.

N3 Pd/C 10%, H NH, NH,
NO, M2 " NH2 \NH;
_ MeOH, rt _ _
Br N Br N N
28 30 31

Scheme 23 Catalytic hydrogenation of 4-azido-7-bromo-3-nitroquinoline

Hydrodehalogenation is known to occur using Pd/C and hydrogen*?. Due to the difficult separation of both
formed products 30 and 31, another procedure to reduce the azido and nitro group to the diamine was required.

Several methods are available for the reduction of aromatic nitro compounds, which are known to leave aromatic
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halides untouched, e.g. by using iron in hydrochloric acid (a Béchamp reduction)® or in less acidic environment
like acetic acid** or aqu. ammonium chloride®. Furthermore, the usage of stannous chloride is also reported to
reduce a nitro group to an amine®. To sum up, for the reduction of the nitro group under mild conditions many
literature protocols are available, whereas the reduction of an azide under the same conditions is not known.
Therefore, it was necessary to introduce the amino group in position four directly in order to avoid the detour
via an azide. It has been reported that a nucleophilic substitution using aqu. NH4OH is possible, if the aromatic
system is activated by electron withdrawing groups, which is the case in 26*.

Cl ) NH,
« NO, NH4OH (aq.), 1,4-dioxane \ NO,
_ reflux ~
Br N Br N
26 quant. 32

Scheme 24 Amination of chlorinated quinoline

The title compound 32 was prepared according to a modified literature procedure in a quantitative yield using
aqu. NH4OH as a reagent (Scheme 24)%.

Several attempts were now made to reduce the nitro group in 32 to obtain diamine 30. Either SnClz or Fe were
used as reducing agent. The reduction was usually fast and could be carried out under mild conditions,
nevertheless the work-up procedures described in the literature did not lead to isolation of the desired product
in acceptable yields. The used methods are summed up in Table 2.

Table 2 Conditions and results of various reduction attempts

Cond. Observed results
SnCl2*2 H,0, EtOH; work-up with activated charcoal No product isolated
SnCl2*2 H20, EtOH; work-up without activated charcoal 60% crude yield

Fe, HCI, EtOH; extractive work-up 59% crude yield

Fe, NH4Cl (aqu.), EtOH, extractive work-up 28% crude yield

Fe, AcOH; extractive work-up No product isolated

Fe, NH4Cl, EtOH/H.O; isolation of product via column

o
chromatography*® 70% yield

The problem was either due to using charcoal to remove any metals or salts thereof, which also adsorbed the
very polar diamine 30, or extraction of the reaction mixture was not feasible, due to the high polarity and low
solubility of the desired product. A satisfying procedure was established by using iron and ammonium chloride
and directly concentrating the reaction mixture on silica and isolating title compound 30 by flash
chromatography. This led to the isolation of diamine 30 in a good yield of 70% (Scheme 25).

NH: Fe, NH,CI NH
e,
L _NO, 4 (_NH,
_ EtOH/H,0, relfux _
Br N 70% Br N
32 30

Scheme 25 Reduction of 7-bromo-3-nitroquinolin-4-amine

With the two diamines 29 and 30 in hand, the synthesis of imidazo[4,5-c]quinolines was targeted next. It is known
that this reaction can be accomplished using carboxylic acids?® or their derivatives3® under acid catalysis as well
as using aldehydes?® with an oxidizing agent.
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NH, CH(OCH3)s refl HN=
3)3, retlux N
R; N” R, N”
29 Ry =-OCH3 Ry =-H 33 Ry =-OCH3 Ry = -H (47%)
30R;=-H, R, =-Br 34 Ry =-H, Ry = -Br (57%)

Scheme 26 Synthesis of imidazo[4,5-c]quinolines

First, imidazo[4,5-c]quinolines 33 and 34, which do not feature a substituent on the imidazo system, were
prepared according to a modified literature protocol, with acceptable yields of 47% and 57%, respectively
(Scheme 26)*. On one hand, these unsubstituted imidazo[4,5-c]quinolines will be used for biological testing, on
the other hand, they represent a potential precursor for the modular introduction of various substituents via C-

H activation®°.

Synthesis of imdazo[4,5-c]quinolines bearing a phenyl ring in position 2 was also carried out with the same
protocol used above in the case of unsubstituted products employing carboxylic acid reagents, which did not
lead to full consumption of starting material even after longer reaction time. Therefore, another procedure was

needed.

In an alternative approach, the diamine was reacted with the corresponding benzaldehyde using ammonium
acetate in EtOH, which are reported conditions for the synthesis of benzimidazoles?®. Applying this procedure for
the synthesis of the desired imidazo[4,5-c]quinolines led to full consumption of the starting material, but the

reaction stopped at the stage of the open chain imine, in the form of two regioisomers (Scheme 27).

AN
—R
=
NH, N” NH =
CHO 2 _n
EtOH, NH4OA R
R; N R Ry N R, N
29 Ry =-OCH3 Ry =-H Ry =-OCH3 R, =-H
30 Ry =-H,Ry =-Br R;=-H, Ry =-Br
R = CN, OCHj

Scheme 27 Formation of open chained imines
The ring closure was attempted using DMSO at an elevated temperature of 150°C and under acid catalysis with
acetic acid at reflux, which did not lead to any conversion.

Therefore, polyphosphoric acid (PPA) was used with the corresponding carboxylic acids as reagents, which are

well known conditions for the formation of imidazoles®.
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IH2 7 PPA, 150°C M
R N~ R N~
2 COOH 2
29 R, = -OCHj R, = -H 35R; = -OCH3 R, = -H (24%)
30R,=-H, R, = -Br 36 Ry =-H, R, = -Br (77%)

The imidazo[4,5-c]quinolines bearing a p-methoxy substituted phenylsubstituent at the imidazo system were
synthesized using p-methoxybenzoic acid and polyphosphoric acid under neat conditions. The low isolated yield
of 24% for methoxy derivative 35 was due to a difficult work-up procedure, attributed to the high viscosity of the
used polyphosphoric acid. Nevertheless, enough material was isolated for biological testing. Bromo derivative 36

was isolated in a good yield of 77%.

As a last example, a nitrile group was planned in para position on the phenyl ring. As mentioned above, the usage
of the corresponding aldehyde, 4-formylbenzonitrile, in EtOH with NH4OAc did not lead to the formation of the
desired product. Applying the protocol with PPA as reagent led to full consumption of the starting material, but
also decreased the formation of wanted product (less than 10%), mainly because the cyano group could also
react to form a side product, which was not isolated (see Scheme 28). Therefore, the procedure had to be

adjusted again.
COOH

NH,
NH, CN PPA 100°C
+

l// N HOOC
R

// N/ //

R

Scheme 28 Formation of two products when using 4-cyanobenzoic acid

In another attempt, more reactive 4-cyanobenzoyl chloride was used instead of 4-cyanobenzoic acid, which
diminished the side reaction of the cyano group. But then again, the reaction stopped at the stage of the amide

and did not undergo ring closure towards the wanted imidazole (Scheme 29).

CN

CN
NH, NH o NEts 1,4-dioxane, rt NH; o
X 2 4 cl - + N
. HN S0 J
Br N CN mNHZ Br N
Br N’

30 37 38

Scheme 29 Reaction with acid chloride led to the formation of two amides

Various attempts were made to complete the ring closure, using different conditions, which are summarized in
Table 3.
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Table 3 Attempts on ring closure of amides towards imidazo[4,5-c]quinolines

Conditions Observed results
AcOH, reflux No conversion
Polyphosphoric acid, 100°C No conversion
BFs-OEt,, dioxane, reflux No conversion

It has been reported that Brgnsted or Lewis acids facilitate the formation of imidazole®l. Nevertheless, in the
present case no product formation was observed. The low reactivity of the formed amides 37 and 38, in
comparison to the imine, were expected to require very harsh reaction conditions to form the wanted imidazole.

Therefore, this route was not further pursued and another procedure was used for the synthesis.

CN
NH

R 2 NH CHO PhNO,, 150°C

! N+ Q/ > HN

\
R, N~

29 Ry =-OCHj R, =-H 35 Ry =-OCHj3 Ry =-H (52%)
30R;=-H, R, =-Br 36 Ry =-H, Ry = -Br (69%)

Scheme 30 Synthesis of imidazo[4,5-c]quinolines using PhNO;

In the protocol using an aldehyde as reaction partner, molecular oxygen (from the air) is used as an oxidizing
reagent. Apparently, this is not sufficient to oxidize the formed dihydroimidazoquinoline intermediate.
Therefore, a stronger oxidizing agent should accomplish the reaction towards the desired imidazoquinolines.
Nitrobenzene has already been used in such ring closure reactions®2. At a temperature of 150°C, the synthesis of
imidazo[4,5-c]quinolines 39 and 40 was successful. The desired products were isolated in good yields of 52% and

69%, respectively.
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C IV  Biological results

The previously synthesized compounds were now available to be tested on GABAa receptors. The tests were
carried out in the laboratory of cooperation partner Prof. Margot Ernst at the Medical University of Vienna.

Two-electrode voltage clamp methodology was used for the assessment of currents of heterologously expressed
GABAA receptor pentamers in Xenopus laevis oocytes. In this technique, oocytes are excised from adult female
Xenopus laevis and injected with mRNA of the wanted GABAa receptor subunit combination. After the expression
of the receptors, the oocytes are then investigated electrophysiologically by placing two microelectrodes into
the oocyte and applying a current, which can range from 5 nA to 100pA. The current increases upon opening of
the channel, since CI" can pass through the membrane. First, only GABA is added, which gives the base value in
further experiments. Then, test compounds are co-applied in solution with GABA, which can now increase or
decrease the current of Cl" through the channel. If the compound increases the GABA control current, it is a
positive allosteric modulator (PAM). If the GABA control current is decreased, the compound acts as a negative

allosteric modulator (NAM) (see Figure 15)°% 34,

Perfusion
Ground  Electrode to Measure Electrode to Inject
Electrode  |nternal Potential Current

|

Suction

Figure 15 Diagram of the two-electrode voltage clamp>3

All synthesized pyrazolo[4,3-c]quinolinones and imidazo[4,5-c]quinolines (Figure 16) were submitted to the

cooperation partner and tested for their activity on the GABAAa receptor.

36



DMM-88A

DMM-121

DMM-88B

Markus Draskovits, Master Thesis

HN—\

\

Br N
DMM-91

Figure 16 Compounds submitted for biological testing

Results and Discussion

\

DMM-97

At the point of compilation of this thesis, not all compounds have been fully tested, but first tests showed activity

of the newly synthesized compounds at several GABAa receptors (see Figure 17).
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DMM-57 DMM-50 DMM-22 DMM-61 DMM-60 DMM-88A
Figure 17 Efficacy of tested pyrazolo[4,3-c]quinolinones

It can be observed that all tested compounds show activity on at least one receptor. They exert positive as well
as negative allosteric modulation. Compounds bearing a bromo substituent DMM-50 and DMM-61 show
negative allosteric modulation, whereas methoxy substituted compounds DMM-57/22/60/88A show positive
allosteric modulation. In comparison to the parent LAU compounds, which increased the control current by up
to 3000%, the effect is significantly less. Nevertheless, in this preliminary tests it has been shown that
pyrazolo[4,3-c]quinolinones still exert activity on the GABAa receptor, even if the phenyl ring in position 2 is
missing. Moreover, a subunit selectivity can also be observed, e.g. DMM-57/60 show higher efficacy in a1B36
receptors. Also, the NAM DMM-50/61 show a higher activity in GABAa receptors containing only a and B subunits.
Nevertheless, more tests have to be carried out to determine if the compounds only bind to the newly discovered

o+B- interface, or also bind to the BZ-binding site.

The rest of the submitted compounds (Figure 16) are still being tested on their biological activity.
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D Conclusion and Perspective

The synthesis of 14 novel potential GABA receptor modulators was successfully conducted, from which
six already showed to possess biological activity on the investigated receptors. In the case of pyrazolo[4,3-
clquinolinones, the introduction of aliphatic substituents on the pyrazolo system was feasible. Preliminary tests
also showed that biological activity was still in the range of +300% to -50%, in comparison to >1000% as in the
case of 2-phenylpyrazolo[4,3-c]quinolinones (of GABA control current at 10uM). Further tests have to be carried
out to obtain more information on the selectivity towards the a+pB- binding site. If the tests show that the affinity
towards the novel binding site is increased, the assumptions made in the homology model and docking studies

may be considered as relevant and can be used to design novel compounds for the a+p- binding site.

A synthetic route for imidazo[4,5-c]quinolines with a versatile substitution pattern on the quinoline as
well as on the imidazo system was established. The route was also adjusted to tolerate halides as substituents.
Different protocols for the ring closure towards imidazo[4,5-c]quinolines using aldehydes or carboxylic acids as
reagents were established. Further biological data, especially of imidazo[4,5-c]quinolines will demonstrate
whether the introduction of new substituents may have the same changes in biological activity as seen in the

pyrazolo[4,3-clquinolinones.
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E Experimental part

E | Materials and methods — chemical

synthesis

Unless noted otherwise, all reagents were purchased from commercial suppliers and used without further
purification. DCM, Et20, dioxane, MeOH, THF and toluene intended for water-free reactions were pre-distilled
and then desiccated on Al203 columns (PURESOLV, Innovative Technology). Chromatography solvents were

distilled prior to use. For all other solvents quality grade is given in the reaction procedures.

Column chromatography was performed on a Biichi Sepacore Flash System (2 x Blichi Pump Module C-605, Biichi
Pump Manager C-615, Biichi UV Photometer C-635, Biichi Fraction Collector C-660) or standard manual glass
columns using silica gel from Merck (40-63 um) using LP/EtOAc or DCM/MeOH mixtures.

HPLC chromatography was carried out with an Autopurification system of Waters using an ACQUITY QDa MS-
Detector in combination with a 2998 Photodiode Array Detector. Analytical separation was made using XSELECT
CSH Fluoro-Phenyl 5 um 4.6 x 150 mm and XSELECT CSH C18 5 um 4.6 x 150 mm columns. Preparative separation
was made using XSELECT CSH Prep Fluoro-Phenyl 5 um 30 x 150 mm and XSELECT CSH Prep C18 5 um OBD 30 x

150 mm columns. As solvents HPLC grade methanol and HPLC grade water were used containing 0.1 % formic

acid.
Table E-1. Recipes for TLC staining solutions used in this thesis.
TL ini
¢ sf:ammg TLC staining solution 2 TLC staining solution TLC staining solution
solution 1 .
(general purpose) for acidic compounds for carbonyl compounds

(general purpose)

phosphomolybdic

4 2,4-
6g KMnOs 10g acid mO bromocresol green 08¢g d,initro henvihvdrazine
hydrate g phenylny
cerium ammonium 100 200
0.5g KOH 1g nitrate mL dry EtOH mL 2N HCI
40g K,COs 20g  H2SO4conc. 2mL EtOH
0.1  NaOH until blue color
600 deion. 300 M  appears
mL  H0 mL EtOH

Desiccation of organic solvents after extraction in reaction workup was performed using anhydrous sodium

sulfate and subsequent filtration.
Melting points were determined by a Leica Galen Il Kofler and a Biichi Melting Point B-545.

NMR spectra were recorded from CDCls, de-DMSO or d4-MeOH solutions on a Bruker AC 200 (200 MHz), Avance
UltraShield 400 (400 MHz) or Avance Il HD 600 (600 MHz) spectrometer and chemical shifts are reported in ppm
using tetramethylsilane as an internal standard. Whenever possible calibration via residual solvent peaks was

performed. Peak assignment is based on correlation experiments or software prediction.

HR-MS analysis was carried out from methanol solutions (concentration: 10 uM) by using an HTC PAL system

autosampler (CTC Analytics AG, Zwingen, Switzerland), an Agilent 1100/1200 HPLC with binary pumps, degasser
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and column thermostat (Agilent Technologies, Waldbronn, Germany) and Agilent 6230 AJS ESI-TOF mass
spectrometer (Agilent Technologies, Palo Alto, United States).

LogP values were calculated using ChemDraw® Professional 15.0.

E I General procedures

This section gives general descriptions of repeatedly used protocols in chemical synthesis experiments within

this work.

E Il General procedure A for synthesis of malonates

o O -0 o>

|
/©[R1 /\O)J\(ko/\ toluene, argon, reflux R oﬁ/go
+ > 1
H,N R, o :@L
L Rz N

1 R1 = -OCHsy R2 =-H 3 R1 = -OCHg’ Rg =-H
2R;=-H, R, = -Br 4R,=-H,R, = -Br

Malonates 3 and 4 were synthesized according to a modified literature procedure®

A three-necked flask equipped with a reflux condenser and a balloon was charged with the corresponding aniline
1 or 2 (1 equiv.) and diethyl (ethoxymethylene)malonate (1 equiv.). The reactants were dissolved in toluene (c =
0.5 M) and the whole reaction apparatus was carefully purged with argon. Consecutively, it was heated to reflux
for up to 24 h. The reaction mixture was cooled to room temperature after full consumption of starting material
was observed by TLC. After evaporation of solvent the products (3 or 4) could be obtained in adequate purity. If
the purity of the crude product was too poor, which did not lead to crystallization of the desired product,

recrystallization with iso-octane was performed.

E Il.2 General procedure B for ring closure towards quinolones
S0 o> O O
R, oﬁ/go Ph,0, argon, reflux _ R1j©\)J]/u\o/\
Rz: : N Rz N
3 R1 = -OCH3’ R2 =-H 5 R1 = -OCH3’ R2 =-H
4R1:-H,R2:-BI' 6R1:-H,R2:-Br

Quinolones 5 and 6 were prepared according to a modified literature procedure®.

In a three-necked flask equipped with a reflux condenser and a balloon malonate 3 or 4 was dissolved in
diphenylether (c = 0.5M). The reaction apparatus was carefully purged with argon and heated to reflux,
whereupon the desired product precipitated in the reaction solution. After full consumption of starting material
was observed, which took up to 24h, the reaction mixture was cooled to room temperature and poured onto LP.

The desired products (5 or 6) were obtained by filtration, washing with LP and drying in vacuo.
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E I3 General procedure C for chlorination of quinolones and
nitroquinolones
P POCI fl ¢ 9
Ry N Ry N”
5R;=-OCHj Ry =-H 7R{=-0OCHj3 Ry=-H
6 R;=-H,R,=-Br 8Ry=-H Ry=-Br
o cl
R, | NO, POClIj, reflux R1m/N02
Ry N Ry N~
23 Ry =-OCH3 Ry = -H 25R=-0OCHj Ry =-H
24 R1 =-H, R2=-Br 26 R1 =-H, R2='Br

Chlorination of quinolones and nitroquinolones was carried out according to a modified literature protocol*® %’

A three-necked flask equipped with a reflux condenser was charged with quinolone 5, 6, 23 or 24 (1 equiv.).
Phosphorus oxychloride (4 equiv.) was added and the reaction mixture was heated to reflux up to four hours
until full consumption of starting material was observed via TLC. The reaction mixture was poured onto ice and
satd. aqu. NaHCOs was added until a neutral pH was reached, whereupon precipitation occurred. The products
(7, 8, 25 or 26) were extracted with EtOAc several times and the combined organic layers were dried over MgSOa.

After evaporation of the solvent in vacuo, the products were obtained.

E Il.4 General procedure D for synthesis of

pyrazolo[4,3-c]quinolin-3-ones

R
cl o Ra. R3
R, /\ EtOH, NEts, (alkyl)hydrazine 3°N-NH r‘ll—N
Ry N R; N y .
H
R1 = -OCH3’ -H R1 = -OCH3’ -H
7 R1 = -OCH3y R2 =-H Rg =-Br, -H R2 =-Br, -H
8 Ry =-H, Ry = -Br Rs = -H, CH3_ -CH,CH,0H R3 = -H, -CH,CH,OH

Pyrazolo[4,3-c]quinolin-3-ones were prepared according to a modified literature procedure.

Activated quinoline 7 or 8 was dissolved in EtOH in a screw cap vial and after addition of NEts and the
corresponding hydrazine (in cases where the hydrazine was added as a hydrochloride, DBU was added to form
the hydrazine in situ) the reaction mixture was heated to reflux, whereupon the product precipitated. The
reaction was heated for up to 24 h, until full consumption of starting material was observed via TLC. The reaction
mixture was poured into LP and the products were collected by filtration. After washing with EtOH and LP, the

products were dried in vacuo and obtained in good purity.
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E IS5 General procedure E for synthesis of 2-methylated
pyrazolo[4,3-c]quinolin-3-ones

cl o N
R Boc DMF, NEt; 120°C Boc” 'NH O
! N0 . N R, §

_ H,N > OEt
Rz N R, N’

7 R1 = -OCH3’ R2 =-H
8 R, =-H, R, = -Br 13 Ry =-OCH3z Ry =-H (-)
14 R, = -H, R, = -Br (95%)
Activated quinoline 7 or 8 (1 equiv.) was dissolved in DMF in a screw cap vial, 1-Boc-1-methylhydrazine (1.2
equiv.) and NEts (1 equiv.) were added and the reaction mixture was heated to 120°C for up to 24 h, until full
consumption of starting material was observed via TLC. The solvent and excess reactants were evaporated in
vacuo and after absorbing the residue on silica, the products (13 or 14) were isolated by flash chromatography

using a manual glass column with a gradient of 5-20% MeOH in CH2Cla.

| /

_N. N-N
Boc” NH O Ph,0, 180°C R, ! o)
%
Ry Ny COEt |
P R N
R, N H
13 R1 = -OCH3V R2 =-H ﬁ R1 = -OCH3Y R2 =-H (-)
14R;=-H, R, = -Br 16 Ry =-H, R, = -Br (34%)

Protected quinoline 13 or 14 was dissolved in Ph20 in a screw cap vial, flushed with argon and heated to reflux
for 24 h, whereupon the product precipitated. The conversion of the reaction was monitored by TLC. After full
consumption of starting material the reaction mixture was poured into LP and the products were collected by
filtration and washing with large amounts of LP. After drying in vacuo, the products were usually obtained in high

purity, otherwise recrystallization in MeOH was performed.

E Il.6 General procedure F for decarboxylation of

quinolonecarboxylates

O O (o)
R1M o~ 2N NaOH. reflox :©\)Jj/\k _ PO reflex R, |
R R,

N N
2 H H
5R;=-0OCH3 Ry =-H 19 Ry = -OCH3 R; = -H (86%) 21 Ry =-OCHj3 R, =-H (96%)
6 Ry =-H, Ry =-Br 20 Ry = -H, R, = -Br (87%) 22 Ry =-H, Ry = -Br (92%)

Quinolones 21 and 22 were prepared according to a modified literature procedure,

Quinolonecarboxylate 5 or 6 was placed in a round bottom flask, equipped with a reflux condenser and 2N NaOH
(c(carboxylate) = 0.05 M) was added. The reaction mixture was heated to reflux for up to four hours, until full
consumption of starting material was observed by TLC. Then, the reaction mixture was neutralized with 2N HCI

and precipitation occurred. The precipitate was collected by filtration, washed with water and dried in vacuo.

Decarboxylation was performed in Ph20 (c = 0.05 M). A three-neck flask was equipped with a reflux condenser
and a balloon and charged with carboxylic acid 19 or 20. Ph20 was added and the whole reaction apparatus was

purged carefully with argon. Then it was heated to reflux for up to four hours, until full consumption of starting
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material was observed via TLC. The reaction mixture was cooled to room temperature and poured on LP,
whereupon the desired products precipitated. Product 21 or 22 were collected by filtration, washed with large

amounts of LP and dried in vacuo.

E Il.7 General procedure G for nitration of quinolones
o o
Rt@\)j conc. HNO3, AcOH R, NO,
| |
R N reflux R N
2 H 2 H
21 R1 = -OCH3’ R2 =-H 23 R1 = -OCH3’ R2 =-H
22 R4 =-H, R, = -Br 24 R4 =-H, R, = -Br

Nitration of quinolones was carried out according to a modified literature procedure.

Quinolone 21 or 22 (1 equiv.) was dissolved in AcOH (c = 0.1 M) in a three-neck flask equipped with a reflux
condenser and a dropping funnel. Concentrated HNO3z (2.2 equiv.) was diluted with conc. AcOH (approx. 1:10)
and added to the reaction dropwise. The reaction mixture was heated to reflux for up to one hour until full
consumption of starting material was observed by TLC. The reaction mixture was cooled to rt and poured on
EtOH, whereupon the product precipitated. Product 23 or 24 was filtered off and washed with small amounts of
EtOH and water and dried.

E I8 General procedure H for synthesis of imidazo[4,5-c]quinolines
\H; CH(OCH)s, refl N
, reflux N
Ry N Ry N
29 R;=-OCH3 Ry=-H 33 R =-0OCH3 Ry =-H
30Rq=-H, Ry =-Br 34Ry=-H,Ry=-Br

Imidazo[4,5-c]quinolines 33 and 34 were prepared according to a modified literature procedure?®.

Diamine 29 or 30 (1 equiv.) was dissolved in trimethylorthoformiate (c = 0.05 M) in a screw-cap vial and heated
until a clear solution was observed. Then, formic acid (1.3 equiv.) was added, whereupon precipitation occurred.
The reaction mixture was refluxed until full consumption of starting material was observed by TLC, usually up to
five hours. After cooling to rt, Et20:EtOH 4:1 was added and the precipitated product was collected by filtration.
After washing with several portions of Et20, the product was dried in vacuo. Purification of products 33 and 34

was purified by column chromatography, using SiO2 and a gradient of MeOH in CH2Cl2 from 5-20%.
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E IS General procedure | for synthesis of 2-substituted

imidazo[4,5-c]quinolines using benzaldehydes

NH,

2

-OCH3 R, = -H
-H, Ry = -Br

= /o / N

CN
R N
2 H
_gR = OCH3 Rz—-H
40 R, =-H, Ry = -Br

Imidazo[4,5-c]quinolines 39 and 40 were prepared according to a modified literature procedure®.

A screw-cap vial was charged with diamine 29 or 30 (1 equiv.) and 4-formylbenzonitrile (1.05 equiv.). After
addition of PhNO2 (c = 0.1 M), the reaction mixture was heated to 150°C for up to 24 h, until full consumption of

starting material was observed by TLC. Then, the reaction mixture was concentrated on silica and product 39 or

40 was obtained by flash chromatography using SiO2 and a gradient of MeOH in CH2Cl, from 5-20%.

E 1.10 General procedure J for synthesis of 2-substituted

imidazo[4,5-c]quinolines using benzoic acids

m ? PPA 100°C

= OCH3 R2 =-H
= -H,Ry = -Br

O_
N—
I
R N
2 H
-OCH3 Ry =-H

35R, =
36 Ry =-H, R, = -Br

Imidazo[4,5-c]quinolines 35 and 36 were prepared according to a modified literature procedure®.

A screw-cap vial was charged with diamine 29 or 30 (1 equiv.) and p-anisic acid (1.2 equiv.). Then, PPA (1.5
ml/mmol) was added and the reaction mixture was heated to 100°C for up to 24 h, until full consumption of

starting material was observed by TLC. The reaction mixture was then poured on H,0 and adjusted to a pH of 9-

10 with aqu. NH4OH (25%), whereupon precipitation occurred. Product 35 or 36 was collected by filtration,

washed with H,0 and dried.
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Chemical synthesis

Synthesis of quinolones

Diethyl 2-(((4-methoxyphenyl)amino)methylene)malonate (3)

o 0 -0 o7
H2N\©\ . /\OJ\(kO/\ toluene, argon, reflux N (l) o | o
~
0 L
(0] K N
H
3
M =293.32

A

15 g (122 mmol) of 1

8h

Reaction time

Yield

Appearance

Purification

TLC

Sum formula, m.w.

M.p.

'H-NMR (400 MHz, CDCls)

13C-NMR (101 MHz, CDCls)

35.7 g (quant.)

yellow-brown solid

recrystallization with iso-octane

Rf (LP:EtOAc = 3:1) =0.34

C1sH19NOs, 293.32

30— 32°C (lit.>>: 38 — 40°C)

6=1.31(t,J=7.1Hz, 3H, CH2-CHs), 1.37 (t, J = 7.1 Hz, 3H, CH2-CH3s), 3.79 (s,
3H, -O-CHs), 4.23 (q, J = 7.1 Hz, 2H, -CH2-CH3), 4.29 (q, J = 7.1 Hz, 2H, -CH»-
CHs), 6.85 - 6.94 (m, 2H, H3’ & H5’), 7.02 - 7.11 (m, 2H, H2’ & H6’), 8.43 (d, J
=13.8 Hz, 1H, -CH=), 10.98 (d, J = 13.8 Hz, 1H, -NH-) ppm.

6 =14.3 (g, CH>-CHs), 14.4 (q, CH2-CHs), 55.6 (q, -O-CHs), 60.0 (t, -CH>-CH3),
60.2 (t, -CH2-CHs), 92.5 (s, -C=), 115.0 (d, C3’ & C5’), 118.8 (d, C2’ & C6’), 132.8
(s, C1"), 152.6 (d, N-CH=), 157.2 (s, C4’), 165.8 (s, COOEt), 169.2 (s, COOEt)
ppm.

Spectral data are in accordance with the literature®.

E lll.1.2

2
M =172.03

General procedure
Reaction scale
Reaction time
Yield

Appearance

TLC

Diethyl 2-(((3-bromophenyl)amino)methylene)malonate (4)

H,N Br
1SR

(0] (? S0 o™
/\OJ\(ko/\ toluene, argon, reflux oﬁ/go
0 D

K Br N
H
4
M =342.19

A
15 g (87 mmol) of 2
24 h
26 g (90%)

yellow needles
Rf (LP:EtOAc = 3:1) =0.74
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Sum formula, m.w. C14H16BrNO4, 342.19
M.p. 70 — 71°C (1it.%: 70 — 71°C)
1H-NMR (400 MHz, CDCls) 6=1.36(q, J = 7.1 Hz, 6H, CH2-CH3), 4.29 (m, 4H, -CH»-CHs), 7.03-7.25 (m, 4H,

Ar), 8.45 (d, J = 13.5 Hz, 1H, -CH=), 10.98 (d, J = 13.6 Hz, 1H, -NH-) ppm.
13C-NMR (101 MHz, CDCls) 8 = 14.3 (g, CH2-CHs), 14.4 (q, CH2-CH3), 60.3 (t, CH2-CH3), 60.6 (t, CH2-CHs),

94.7 (s, -C=), 115.8 (d, C6’), 120.1 (d, C2’), 123.5 (s, C3'), 127.7 (d, C4’), 131.1

(d, C5'), 140.6 (s, C1’), 151.2 (d, N-CH=), 165.5 (s, COOEt), 168.9 (s, COOEt)

ppm.
Spectral data are in accordance with the literature®.

E lll.1.3 Ethyl 6-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (5)
0 o0~ o
6 Oﬁ/go Ph,0, argon, reflux _ /OmCOOEt
o ;
3 5
M = 293.32 M = 247.25
General procedure B
Reaction scale 14.3 g (49 mmol) of 3
Reaction time 24 h
Yield 3.79 g (31%)
Appearance brown solid
Purification washing with LP
TLC Rf (CH2Cl2 + 2% MeOH) = 0.33
Sum formula, m.w. C13H13NOg, 247.26
M.p. 258 — 260°C (lit.?%: 274 — 276°C)

'H-NMR (200 MHz, DMSO-ds) 6=1.28(t,J =7.1 Hz, 3H, CH2-CH3), 3.84 (s, 3H, O-CHs), 4.21 (q, /= 7.1 Hz, 2H,
CH2-CH3), 7.34 (dd, /= 8.9, 2.9 Hz, 1H, H7), 7.51 — 7.65 (m, 2H, H5 & H8), 8.49
(s, 1H, H2), 12.29 (bs, 1H, NH) ppm.

13C NMR (50 MHz, DMSO-ds) 6 = 14.3 (g, CH2-CH3), 55.4 (g, O-CHs), 59.4 (t, CH>-CHs), 105.5 (d, C5) , 118.3
(s,€3),120.5(d, C7/8),122.1(d, C7/8), 128.4 (s, C4a), 133.3 (s, C8a), 143.6 (d,
C2), 156.5 (s, C6), 172.8 (s, COOEt), 214.9 (s, C4) ppm.

13C-NMR (151 MHz, DMSO-ds) 6 = 14.4 (g, CH2-CH3), 55.5 (g, O-CHs), 59.5 (t, CH2-CHs), 105.5 (d, C5), 108.7 (s, C3),
120.6 (d, C7/8), 122.2 (d, C7/8), 128.5 (s, C4a), 133.4 (s, C8a), 143.7 (d, C2),
156.6 (s, C6), 165.0 (s, COOEt), 172.9 (s, C4) ppm.

Spectral data are in accordance with the literature®.

E lll.1.4 Ethyl 7-bromo-4-oxo-1,4-dihydroquinoline-3-carboxylate (6)

/\o 0/\ o
o | o Ph,0, argon, reflux /©\)Jj/COOEt

[ j > I

Br N Br N

H H

4 6

M = 342.19 M =296.12

General procedure B



Reaction scale
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26.9 g (79 mmol) of 4

Reaction time 24 h

Yield 14 g (61%)

Appearance brown solid

Purification washing with LP

TLC R¢ (EtOAc) = 0.39

Sum formula, m.w. C12H10BrNOs3, 296.12

M.p. 296.5°C (decomp.) (lit.%%: 334 — 335°C (decomp.))

1H-NMR (400 MHz, DMSO-ds) & = 1.24 - 1.31 (t, 3H, J = 6.9 Hz, CH2-CH3), 4.20 (g, 2H, J = 6.9 Hz, CH2-CHs),

7.56 (d, 1H, J = 8.2 Hz, H6), 7.82 (s, 1H, H8), 8.05 (d, 1H, J = 8.5 Hz, H5), 8.58
(s, 1H, CH, H2), 12.30 (s, 1H, NH) ppm.

13C NMR (101 MHz, DMSO-ds) 14.8 (q, CH2-CHs), 60.2 (t, CH2-CHs), 110.9 (s, C3), 121.5 (d, C8), 126.2 (s, C4a),

126.6 (s, C7), 128.2 (d, C6), 128.4 (d, C5), 140.4 (s, C8a), 145.9 (d, C2), 165.0
(s, COOEt), 173.3 (s, C4)

Spectral data are in accordance with the literature®?

E lll.2 Synthesis of pyrazolo[4,3-c]quinoline-3-ones
E 1Il.2.1 Ethyl 4-chloro-6-methoxyquinoline-3-carboxylate (7)
(0] i COOEt POCls, reflux ¢l
P m ’ /omcooa
N N
5 7
M = 247.25 M = 265.69

General procedure C
Reaction scale 1.6 g (6.5 mmol) of 5
Reaction time 4h
Yield 1.4 g (81%)
Appearance yellow-brown solid
Purification product was obtained pure after work-up
TLC Rf (LP:EtOACc =4:1) =0.29
Sum formula, m.w. C12H9BrCINO, 265.69
M.p. 86 — 87°C (Iit.>>: 84 — 86 °C)
'H-NMR (200 MHz, CDCls) 6=1.46 (t,J =7.1 Hz, 3H, CH2-CH3), 3.99 (s, 3H, O-CH3), 4.49 (q, /= 7.1 Hz, 2H,

CH2-CHs), 7.47 (dd, J = 9.1, 2.8 Hz, 1H, H7), 7.59 (d, J = 2.8 Hz, 1H, H5), 8.02 (d,

J=9.2 Hz, 1H, H8), 9.04 (s, 1H, H2) ppm.
13C NMR (50 MHz, CDCls) & = 14.2 (q, CH2-CH3), 55.8 (q, O-CH3), 62.1 (t, CH2-CH3), 102.7 (d, C5), 123.3

(s, C3),124.9 (d, C7), 127.5 (s, C4a), 131.0 (d, C8), 145.3 (s, C8a), 147.3 (d, C2),
159.4 (s, C6), 164.6 (s, C4), 175.5 (s, COOEt) ppm.

Spectral data are in accordance with the literature®.
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E 111.2.2 Ethyl 7-bromo-4-chloroquinoline-3-carboxylate (8)
i COOEt POCls, reflux ¢l
m 3 /@\)Tcoo&
Br N Br N
6 8
M = 206.12 M = 314.56
General procedure C
Reaction scale 296 mg (1.0 mmol) of 6
Reaction time 4h
Yield 283 mg (89%)
Appearance yellow solid
Purification product was obtained pure after work-up
TLC Rr (LP:EtOAC = 6:1) = 0.51
Sum formula, m.w. C12H9BrCINO,, 314.56
M.p. 91-92°C
1H-NMR (200 MHz, CDCls) &=1.46 (t,J = 7.2 Hz, 3H, CH2>-CH3), 4.50 (q, J = 7.1 Hz, 2H, CH»-CH3), 7.78 (dd,
J=8.9, 2.0 Hz, 1H, H6), 8.19 — 8.38 (m, 2H, H5 & H8), 9.14 — 9.24 (m, 1H, H2)
ppm.
13C NMR (101 MHz, CDCls) 8 = 14.4 (q, CH2-CHs), 62.4 (t, CH>-CH3), 123.4 (s, C3), 125.2 (s, C4a), 126.9 (s,

C7), 127.0 (d, C5), 132.1 (d, C6/C8), 132.3 (d, C6/C8), 143.8 (s, C8a), 150.1 (s,
C4), 151.4 (d, C2), 164.3 (s, COOEt) ppm.
HR-ESI-MS m/z 313.9568 [M+H]" (calc. 313.9585, diff. -12.86 ppm)

E lll.2.3 8-Methoxy-2,5-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (9)

cl N-NH

EtOH, DBU, NEt, o d o
el \\COOEt .\ ke ~ I
_ reflux N
N

H

7 9
M = 265.69 M = 215.21

General procedure D

Reaction scale quinoline 200 mg (0.76 mmol, 1 equiv.)
hydrazine dihydrochloride 95 mg (0.91 mmol, 1.2 equiv.)
DBU 138 mg (0.91 mmol, 1.2 equiv.)
NEts 76 mg (0.76 mmol, 1 equiv.)

EtOH 8ml
Reaction time 4h
Yield 22 mg (14%)
Appearance yellow solid
Purification washing with EtOH and LP
TLC Rf (EtOAc + 30% MeOH) =0.34
Sum formula, m.w. C11H9N30, 215.21
M.p. 325°C (decomp.)

Log P 0.28
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H-NMR (600 MHz, DMSO-ds) & = 3.87 (s, 3H, O-CHa), 7.21 (d, J = 11.6 Hz, 1H, H7), 7.46 (d, J = 2.9 Hz, 1H,
H9), 7.59 (d, J = 9.0 Hz, 1H, H6), 8.45 (s, 1H, H4), 11.35 (s, 1H, NH), 12.43 (s,

1H, NH) ppm.

13C NMR (151 MHz, DMSO-ds) & = 55.6 (q, O-CHs), 102.5 (d, C9), 104.7 (s, C3a), 118.6 (d, C7), 120.9 (d, C6),
121.0 (s, C9a), 129.3 (s, C5a), 137.2 (d, C4), 142.7 (s, C9b), 157.2 (s, C8), 164.5

(s, C3) ppm.
HRMS m/z 216.0775 [M+H]* (calc. 216.0767, diff. -3.53 ppm)
E lll.2.4 7-Bromo-2,5-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (10)

Cl r\ll—NH
mCOOEt . Moo EtOH, DBU, NEt; Mo
Br N/ reflux Br ”
8 10
M = 314.56 M = 264.08

General procedure D
Reaction scale quinoline 200 mg (0.64 mmol, 1 equiv.)

hydrazine dihydrochloride 80 mg (0.76 mmol, 1.2 equiv.)

DBU 116 mg (0.76 mmol, 1.2 equiv.)

NEts 64 mg (0.64 mmol, 1 equiv.)

EtOH 8 ml
Reaction time 24 h
Yield 30 mg (18%)
Appearance yellow solid
Purification washing with EtOH and LP
TLC Rf (CHCl3 + 20% MeOH) = 0.42
Sum formula, m.w. C10HeBrNsO, 264.08
M.p. 409°C (decomp.)
Log P 1.24

H-NMR (600 MHz, DMSO-ds) & = 7.62 (dd, J = 8.5, 1.9 Hz, 1H, H8), 7.81 (d, J = 1.9 Hz, 1H, H6), 7.98 (d, J =
8.5 Hz, 1H, H9), 8.55 (d, J = 6.2 Hz, 1H, H4), 11.45 (s, 1H, H2), 12.41 (d, J = 6.3

Hz, 1H, H5) ppm.

13C NMR (151 MHz, DMSO-ds) & = 106.4 (s, C3a), 118.7 (s, C9a), 121.4 (d, C9), 121.8 (s, C7), 123.7 (d, C6),
128.8 (d, C8), 136.8 (s, C5a/C9b), 138.8 (d, C5), 142.0 (s, C5a/C9b), 164.4 (s,

C3) ppm
HRMS m/z 263.9773 [M+H]"* (calc. 263.9767, diff. -2.17 ppm)
E 11l.2.5 8-Methoxy-1-methyl-1,2-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (11)
cl “N-NH
EtOH, NEt (o]
_0 \\COOEt “\ 3 X
_ HoN reflux N7
N
7 n
M = 265.69 M = 229.24
General procedure D

Reaction scale quinoline 27 mg (0.1 mmol, 1 equiv.)

50



Reaction time

Yield

Appearance

Purification

TLC

Sum formula, m.w.

M.p.

Log P

'H-NMR (600 MHz, DMSO-ds)

13C-NMR (151 MHz, DMSO-ds)
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methylhydrazine 8 mg (0.17 mmol, 1.7 equiv.)

NEts 10 mg (0.1 mmol, 1 equiv.)

EtOH 4 ml

2h

18 mg (79%)

colorless solid

washing with EtOH and LP

Rf (CH2Cl2 + 20% MeOH) = 0.23

C12H11N30., 229.24

324°C (decomp.)

0.85

6 =3.97 (s, 3H, O-CHs), 4.28 (s, 3H, N-CHs), 7.40 (dd, J = 9.1, 2.8 Hz, 1H, H7),
7.76 (d, J= 2.7 Hz, 1H, H9), 8.00 (d, / = 9.1 Hz, 1H, H6), 8.86 (s, 1H, H4), 11.14
(s, 1H, H2) ppm.

6=38.4(q, N-CHs), 55.6 (q, O-CHs), 103.0 (d, C9), 105.9 (s, C3a), 117.0 (s, C9a),
118.5 (d, C7), 131.2 (d, C6), 138.6 (s, C9b), 140.7 (s, C5a), 142.3 (d, C4), 154.0
(s, C3), 157.2 (s, C8) ppm.

HRMS m/z 230.0935 [M+H]"* (calc. 230.0924, diff. -4.76 ppm)
E lll.2.6 7-Bromo-1-methyl-1,2-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (12)
“N-NH
EtOH, NEt o
— 2 reflux 2
Br N Br N
12

M = 314.56 M = 278.11

General procedure D

Reaction scale

Reaction time

Yield

Appearance

Purification

TLC

Sum formula, m.w.

M.p.

Log P

!H-NMR (400 MHz, DMSO-ds)

13C-NMR (101 MHz, DMSO-ds)

HRMS

quinoline 50 mg (0.16 mmol, 1 equiv.)

methylhydrazine 12 mg (0.27 mmol, 1.7 equiv.)

NEts 16 mg (0.16 mmol, 1 equiv.)

EtOH 8 ml

24 h

42 mg (95%)

colorless solid

washing with EtOH and LP

Rf (CH2Cl2 + 20% MeOH) = 0.45

Cu1HsBrNsO, 278.11

347°C (decomp.)

1.61

6=4.24 (s, 3H, -CHs), 7.82 (dd, J = 8.8, 2.2 Hz, 1H, H8), 8.27 (d, /= 2.1 Hz, 1H,
H6), 8.41 (d, /= 8.8 Hz, 1H, H9), 9.03 (s, 1H, H4), 11.35 (bs, 1H, NH) ppm.

6 =38.8 (g, -CHs), 106.2 (s, C3a), 115.2 (s, C9a), 121.4 (s, C7), 124.5 (d, C9),
129.0 (d, €8), 131.6 (d, C6), 138.3 (s, C5a/C9b), 146.1 (d, C4), 146.5 (s,
C5a/C9b), 154.5 (s, C3) ppm.

m/z 277.9939 (calc. 277.9923, diff. -5.73 ppm).
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E lll.2.7 1-(2-Hydroxyethyl)-8-methoxy-1,2-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (17)
and 2-(2-hydroxyethyl)-8-methoxy-1,2-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one
(18)
/_/OH HO
o ¢l COOEt H EtOH, NEt, N-N \/\N—NH
- X + N - - (o) / fo) + fo) fo)
N N N
H
7 17 18
M = 265.69 M = 259.27 M = 259.27

The isomers were formed in a ratio of 17:18= 1:10, according to 'H-NMR and were separated on a Waters

preparative HPLC system.

General procedure D

Reaction scale quinoline 270 mg (1 mmol, 1 equiv.)
hydroxyethylhydrazine 85 mg (1.12 mmol, 1.1 equiv.)
NEts 205 mg (2.04 mmol, 2 equiv.)

EtOH 20 ml
Reaction time 3h
Yield 220 mg (84%), mixture of isomers 10:1

2-(2-Hydroxyethyl)-8-methoxy-1,2-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (17):

Appearance yellow solid

TLC Rt (CH2Cl2 + 20% MeOH) = 0.34
Sum formula, m.w. C13H13N303, 259.27

M.p. 320°C (decomp.)

Log P 0

'H-NMR (400 MHz, DMSO-ds) 6=3.69 (t, /= 6.4 Hz, 2H, CH2-OH), 3.88 (s, 3H, O-CHzs), 3.94 (t, J = 6.4 Hz, 2H,
N-CH.), 7.21 (dd, J=9.0, 2.9 Hz, 1H, H7), 7.46 (d, J = 2.8 Hz, 1H, H9), 7.64 (d, J
=9.0 Hz, 1H, H6), 8.34 (s, 1H, H5), 8.52 (s, 1H, H4) ppm.

13C-NMR (151 MHz, DMSO-ds) 6 =47.0 (t, N-CH2), 55.6 (g, O-CHs), 59.7 (t, CH2-OH), 102.2 (d, C9), 104.5 (s,
C3a), 118.8 (d, C7), 120.4 (s, C9a), 121.6 (d, C6), 130.0 (s, C5a), 137.7 (d, C4),
141.4 (s, C9b), 157.2 (s, C8), 161.8 (s, C3) ppm.

HRMS m/z 260.1033 [M+H]* (calc. 260.1030, diff. -1.36 ppm)

1-(2-Hydroxyethyl)-8-methoxy-1,2-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (18):

Appearance yellow solid

TLC Rf (CH2Cl2 + 20% MeOH) = 0.13
Sum formula, m.w. C13H13N303, 259.27

M.p. 320°C (decomp.)

Log P -0.78

1H-NMR (600 MHz, DMSO-ds) & = 3.88 (q, J = 4.8 Hz, 2H, CH2-OH), 3.96 (s, 3H, O-CHs), 4.65 (t, J = 5.8 Hz, 2H,
N-CHz), 5.08 (s, 1H, OH), 7.43 (dd, J = 9.1, 2.7 Hz, 1H, H7), 7.86 (d, J = 2.8 Hz,
1H, H9), 8.02 (d, J = 9.1 Hz, 1H, H6), 8.93 (s, 1H, H4), 11.39 (s, 1H, H2) ppm.
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13C-NMR (151 MHz, DMSO-ds) 6 =54.1 (t, N-CH2), 56.1 (g, O-CHs), 60.6 (t, CH2-OH), 104.2 (d, C9), 106.4 (s,
C3a), 117.2 (s, C9a), 119.2 (d, C7), 130.8 (d, C6), 139.6 (s, C5a/C9b*), 140.1 (s,
C5a/C9b*), 142.3 (d, C4), 155.5 (s, C3), 157.6 (s, C8) ppm.

HRMS m/z 260.1033 [M+H]" (calc. 260.1030, diff. -1.36 ppm)

E 111.2.8 Ethyl-4-(2-(tert-butoxycarbonyl)-2-methylhydrazono)-6-methoxy-1,4-
dihydroquinoline-3-carboxylate (13)

Cl N
_0 \COOEt zoc DMF, NEts 0Boc NH O
_ HN > 120°C - WO/\
N ~
N
Y 13
M= 265.69 M = 375.43

Compound 13 was prepared according to the general procedure. The work-up of the reaction led to
decomposition of the product, therefore it was used as crude for the next reaction step.
General procedure D
Reaction scale quinoline 200 mg (0.75 mmol, 1 equiv.)
1-boc-1-methylhydrazine 132 mg (0.9 mmol, 1.2 equiv.)
NEts 74 mg (0.75 mmol, 1 equiv.)

DMF 6 ml
Reaction time 24 h
Yield 0.289 g (quantitative, crude)
E 1ll.2.9 Ethyl-7-bromo-4-(2-(tert-butoxycarbonyl)-2-methylhydrazono)-1,4-

dihydroquinoline-3-carboxylate (14)

Cl

mcooa . zoc DMF, NEt; Boc” IN (o) -
Br N H,N" > 120°C | o
Br N
H
8 14
M = 314.56 M = 424.30
General procedure D
Reaction scale quinoline 460 mg (1.5 mmol, 1 equiv.)
1-boc-1-methylhydrazine 256 mg (1.75 mmol, 1.2 equiv.)
NEts 147 mg (1.5 mmol, 1 equiv.)
DMF 250 ml
Reaction time 24 h
Yield 585 mg (95%)
Appearance yellow solid
Purification column chromatography using DCM:MeOH as eluent
TLC Rt (CH2Cl2 + 5% MeOH) = 0.52
Sum formula, m.w. C18H22BrN3QO4, 424.30
M.p. 81.8-81.9°C
'H-NMR (400 MHz, CDCls) 6=1.43(t,J=7.1Hz 3H,),3.33 (s, 3H), 4.42 (q, /= 7.1 Hz, 2H), 7.50 (dd, J =

9.3, 2.1 Hz, 1H), 8.14 —8.22 (m, 2H), 9.17 (s, 1H), 10.78 (s, 1H) ppm.



13C-NMR (101 MHz,CDCls)

HRMS

E 11l.2.10 8-Methoxy-

General procedure
Reaction scale
Reaction time
Yield

Appearance
Purification

TLC

Sum formula, m.w.
M.p.

Log P

1H-NMR (600 MHz, DMSO-ds)

13C-NMR (151 MHz, DMSO-ds)
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Experimental Part

8 = 14.4 (q, CH2-CHs), 28.1 (q, C-(CHs)3), 38.3 (g, N-CH3), 61.5 (t, CH2-CH3), 82.3
(s, C-(CHs)s), 103.1 (s, C3), 117.0 (s, C4a), 126.0 (d, C5), 126.2 (s, C7), 129.0 (s,
C6), 132.5 (s, C8), 151.4 (s, C8a), 152.3 (d, C2), 155.2 (s, C4), 155.4 (s, Boc-
C=0), 168.3 (s, C=0) ppm.

424.0858 [M+H]* (calc. 424.0866, diff. 1.89 ppm)

2-methyl-2,5-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (15)
| /
_N. . N-N
Boc” NH O Ph,0, 180°C 0 I o
N0 |
P N
N H
13 15
M = 375.43 M = 229.24
E
13 used as a crude (m = 162 mg)
24 h

12 mg (5% over two steps)

yellow solid

washing with EtOH and LP

Rf (CH2Cl2 + 20% MeOH) = 0.40

C12H11N303, 229.24

323°C (decomp.)

0.52

6 =3.49 (s, 3H, N-CHs), 3.89 (s, 3H, O-CHs), 7.24 (dd, J = 9.0, 2.9 Hz, 1H, H7),
7.47 (d, J=2.8 Hz, 1H, H9), 7.63 (d, J = 9.0 Hz, 1H, H6), 8.55 (d, J = 6.4 Hz, 1H,
H4), 12.64 (d, J = 6.5 Hz, 1H, H5) ppm.

6=31.6 (g, N-CH3), 55.6 (g, O-CH3), 102.2 (d, C9), 104.4 (s, C3a), 119.0(d, C7),
120.2 (s, C9a), 121.1 (d, C6), 129.3 (s, C5a), 137.1 (d, C4), 141.1 (s, C9b), 157.4
(s, C8), 161.6 (s, C3) ppm.

HRMS m/z 230.0931 [M+H]"* (calc. 230.0924, diff. -3.18 ppm)
E 1.2.11 7-Bromo-2-methyl-2,5-dihydro-3H-pyrazolo[4,3-c]quinolin-3-one (16)
| N/
N._.
Boc/N‘IN o Ph,0, 180°C / o
jeann |
Br N
Br N H
H
14 16
M = 424.30 M =278.11
General procedure E
Reaction scale 80 mg (0.19 mmol) of 14
Ph20 (8 ml)
Reaction time 24 h
Yield 18 mg (34%)
Appearance yellow solid
Purification washing with EtOH and LP
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TLC Rf (CH2Cl2 + 5% MeOH) = 0.42
Sum formula, m.w. C11HsBrNsO, 278.11

M.p. 323°C (decomp.)

Log P 1.47

1H-NMR (600 MHz, DMSO-ds) & = 3.46 (s, 3H, N-CHs), 7.64 (dd, J = 8.5, 1.9 Hz, 1H, H8), 7.83 (d, J = 1.9 Hz,
1H, H6), 8.00 (d, J = 8.6 Hz, 1H, H9), 8.65 (s, 1H, H4), 12.60 (s, 1H, H5) ppm.

13C.NMR (151 MHz, DMSO-ds) & = 31.6 (g, N-CHs), 106.0 (s, C3a), 118.0 (s, C9a), 121.5 (d, C9), 121.9 (s, C7),
123.7 (d, C6), 129.0 (d, C8), 136.1 (s, C5a/C9b), 138.9 (d, C4), 140.5 (s,
C5a/C9b), 161.6 (s, C=0) ppm.

HRMS m/z 277.9915 [M+H]+ (calc. 277.9923, diff. 3.13 ppm)
E L3 Synthesis of imidazo[4,5-c]quinoline
E 3.1 6-Methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (19)
o (o)
/o\©\)j/cooa 2N NaOH, reflux 0O COOH
| |
N N
H H
5 19
M = 247.25 M =219.20
General procedure F
Reaction scale 3.79g (15 mmol) of 5
Reaction time 4h
Yield 2.9 2 (86%)
Appearance colorless solid
Purification washing with H.0
TLC Rf (CH2Cl2 + 20% MeOH + 1% AcOH) = 0.78
Sum formula, m.w. C11H9NOg4, 219.20
M.p. 278 —279°C (lit.%3: 278 — 279°C (decomp.))

'H-NMR (400 MHz, DMSO-ds) 6 =3.90 (s, 3H, O-CHs), 7.52 (dd, J = 9.1, 2.9 Hz, 1H, H7), 7.63 (d, J = 2.9 Hz,
1H, H5), 7.78 (d, J = 9.1 Hz, 1H, H8), 8.81 (s, 1H, H2), 13.43 (s, 1H, NH), 15.54
(s, 1H, COOH) ppm.

13C.NMR (101 MHz, DMSO-ds) 6 = 55.7 (g, O-CHs), 104.1 (d, C5), 106.9 (s, C3), 121.4 (d, C7), 124.4 (d, C8),
125.7 (s, C4a), 134.1 (s, C8a), 143.4 (d, C2), 157.4 (s, C6), 166.6 (s, COOH),
177.5 (s, C4) ppm.

Spectral data is in accordance with the literature®.

E 1ll.3.2 7-Bromo-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (20)
(0} o)
/@\)‘j/coo& 2N NaOH, reflux COOH
| |
Br N Br N
H H
6 20
M = 296.12 M = 268.07
General procedure F

Reaction scale 8.0 g (27 mmol) of 6
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Reaction time 4h

Yield 6.3 2 (87%)

Appearance colorless solid

Purification washing with H20

TLC Rf (CH2Cl2 + 20% MeOH + 1% AcOH) = 0.77
Sum formula, m.w. C10H6BrNOs3, 268.07

M.p. 287.5—289.7 °C (lit.%>: 296°C (decomp.))

'H-NMR (400 MHz, DMSO-ds) 6=7.73(dd, J=8.7, 1.9 Hz, 1H, H6), 8.00 (d, J = 1.8 Hz, 1H, H8), 8.18 (d, J =
8.7 Hz, 1H, H5), 8.93 (s, 1H, H2), 13.39 (s, 1H, NH), 15.05 (s, 1H, COOH) ppm.
13C-NMR (101 MHz, DMSO-ds) 6=108.1(s, C3),121.9(d, C8), 123.4 (s, C7),127.2(d, C5),127.4 (s, C4a), 129.2
(d, C6), 140.3 (s, C8a), 146.0 (d, C2), 166.0 (s, COOH), 178.0 (C4) ppm.
Spectral data is in accordance with the literature®®.

E ll.3.3 6-Methoxyquinolin-4(1H)-one (21)
(o] (o]
/0\©\)Jj/COOH Ph,0, reflux /0\©\)Jj
Hl Hl
19 21
M =219.20 M =175.19
General procedure F
Reaction scale 2.9 g (13 mmol) of 19
Reaction time 4h
Yield 2.23 g (96%)
Appearance colorless solid
Purification washing with LP
TLC Rt (CH2Cl2 + 20% MeOH) = 0.48
Sum formula, m.w. C10H9oNO2, 175.19
M.p. 250 — 251°C (lit.5”: 251 — 252°C)

!H-NMR (400 MHz, DMSO-ds) 6 =3.82 (s, 3H, O-CHs), 6.00 (d, J = 7.3 Hz, 1H, H3), 7.28 (dd, J = 9.0, 3.0 Hz,
1H, H7), 7.46 — 7.54 (m, 2H, H5 & H8), 7.85 (d, /= 7.2 Hz, 1H, H2), 11.75 (s, 1H,
NH) ppm.

13C-NMR (101 MHz, DMSO-ds) 6 =55.3 (g, O-CHs), 104.2 (d, C5), 107.5 (d, C3), 120.0 (d, C7), 122.1 (d, C8),
126.8 (s, C4a), 134.7 (s, C8a), 138.4 (d, C2), 155.4 (s, C6), 176.2 (s, C4) ppm.

Spectral data is in accordance with the literature®.

E lll.3.4 7-Bromoquinolin-4(1H)-one (22)

(o)

o
mCOOH Ph,0, reflux
| g |
Br N Br N
H

H
20 22

M = 268.07 M = 224.06
General procedure F
Reaction scale 10.4 g (39 mmol) of 20
Reaction time 4h



Yield

Appearance

Purification

TLC

Sum formula, m.w.

M.p.

!H-NMR (400 MHz, DMSO-ds)

13C-NMR (101 MHz, DMSO-ds)
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8 g (92%)

colorless solid

washing with LP

Rf (CHCl3 + 5% MeOH) = 0.17

CoHeBrNO, 224.06

345°C (decomp.) (lit.%%: 289 — 291°C)

6 =6.06 (d, /= 7.4 Hz, 1H, H3), 7.45 (dd, J = 8.6, 1.9 Hz, 1H, H6), 7.76 (d, J =
1.9 Hz, 1H, H8), 7.90 — 8.05 (m, 2H, H2 & H5), 11.85 (s, 1H, NH) ppm.

& =109.3 (d, C3), 120.5 (d, C8), 124.6 (s, C4a/C7), 125.0 (s, C4a/C7), 126.1 (d,
C5/C6), 127.3 (d, C6/C5), 139.9 (d, C2), 141.0 (s, C8a), 176.3 (s, C4) ppm.

Spectral data is in accordance with the literature®®.

E lll.3.5 6-Methoxy-3-nitroquinolin-4(1H)-one (23)

(0} o

/Om HNO3, AcOH, reflux /0\©\)J]/Noz
N N

General procedure

Reaction scale

Reaction time

Yield

Appearance

Purification

TLC

Sum formula, m.w.

M.p.

'H-NMR (200 MHz, DMSO-ds)

13C-NMR (101 MHz, DMSO-d5)

H H
21 23
M=175.19 M =220.18
G
2.2 g (13 mmol) of 21
1h

2.1g (75 %)

yellow-brown solid

washing with EtOH

Rt (CH2Cl2 + 20% MeOH) = 0.22

C10HsN204, 220.18

320°C (decomp.) (lit.®%: >325°C)

6 =3.88 (s, 3H, O-CHs), 7.42 (dd, J = 9.0, 3.0 Hz, 1H, H7), 7.59 — 7.75 (m, 2H,
H5 & H8), 9.12 (s, 1H, H2), 12.99 (s, 1H, NH) ppm.

6 =55.6 (g, 0-CHs), 106.0 (d, C5), 121.2 (d, C7/C8), 122.9 (d, C7/C8), 129.5 (s,
C4a), 130.3 (s, C3), 132.6 (s, C8a), 140.9 (d, C2), 157.4 (s, C6), 167.0 (s, C4)
ppm.

Spectral data is in accordance with the literature®.

E 1ll.3.6 7-Bromo-3-nitroquinolin-4(1H)-one (24)

Br

General procedure
Reaction scale
Reaction time
Yield

(0]
/@\)Jj HNO3, AcOH, reflux NO,
| |
N Br N
H

(o)

H
22 24
M =224.06 M =269.05
G
5.0 g (22 mmol) of 22
1h

4.2 g (70%)
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Appearance yellow-brown solid
Purification washing with EtOH

TLC Rf (CH2Cl2 + 20% MeOH) = 0.14
Sum formula, m.w. CoHsBrN20s3, 269.05

M.p. 384.3°C (decomp.)

!H-NMR (200 MHz, DMSO-ds) 6=7.68(dd, J=8.7,1.9 Hz, 1H, H6), 7.91 (d, / = 1.8 Hz, 1H, H8), 8.16 (d, J =
8.7 Hz, 1H, H5), 9.24 (s, 1H, H2), 12.98 (s, 1H, NH) ppm.

13C-NMR (101 MHz, DMSO-ds) 6 =121.8 (d, C8), 126.6 (s, C7), 127.1 (s, C4a), 128.2 (d, C5/C6), 128.8 (d,
C5/C6), 131.4 (s, C3), 139.3 (s, C8a), 143.0 (d, C2), 167.2 (C4) ppm.

Spectral data is in accordance with the literature’®.

E 11.3.7 4-Chloro-6-methoxy-3-nitroquinoline (25)
(0] i NO POClI5 reflux Cl
- \@\)‘j/ 2 : /OmNOZ
N N
23 25
M =220.18 M = 238.63

General procedure H
Reaction scale 2.00 g (9.1 mmol) of 23
Reaction time 30 min.
Yield 0.9 g (42%)
Appearance yellow solid
Purification was obtained pure after work-up
TLC Rf (CH2Cl2 + 20% MeOH) = 0.74
Sum formula, m.w. C10H7CIN203, 238.63
M.p. 113 — 114°C (1it.%°: 281 — 283°C)
1H-NMR (400 MHz, CDCls) 6 =4.03 (s, 3H, O-CH3), 7.52 — 7.61 (m, 2H, H5 & H8), 8.10 (dd, /= 8.7, 1.0 Hz,

1H, H7), 9.09 (s, 1H, H2) ppm.
13C-NMR (151 MHz, CDCls) 6 =56.1 (g, 0-CH3s), 103.1 (d, C5), 126.3 (d, C7), 127.2 (s, C4a), 131.9 (d, C8),

134.3 (s, C3), 141.9 (d, C2), 145.4 (s, C8a), 160.5 (s, C6) ppm. Signal of C3 not

detectable.

Spectral data is in accordance with the literature®.

E 111.3.8 7-Bromo-4-chloro-3-nitroquinoline (26)
i NO POCIj3 reflux ¢l
Br N Br N”
24 26
M = 269.05 M = 287.50

General procedure H
Reaction scale 700 mg (2.6 mmol) of 24
Reaction time 4h
Yield 680 mg (91%)
Appearance yellow-brown solid

Purification was obtained pure after work-up
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TLC Rf (CH2Cl2 + 5% MeOH) = 0.89

Sum formula, m.w. CgH4BrCIN202, 287.50

M.p. 150.9-151.1°C

'H-NMR (400 MHz, CDCls) 6 =7.90 (dd, /=9.0, 1.9 Hz, 1H, H6), 8.30 (d, / = 9.0 Hz, 1H, H5), 8.41 (d, J =
1.9 Hz, 1H, H8), 9.26 (s, 1H, H2) ppm.

13C-NMR (101 MHz, CDIs) 6 =124.54 (s, C7), 127.33 (d, C5), 128.41 (s, C4a), 132.75 (d, C6/C8), 133.47
(d, C6/C8), 136.95 (s, C4), 145.77 (d, C2), 149.72 (s, C8a) ppm. Signal of C3 not
detectable.

Spectral data is in accordance with the literature’.

E 1lI.3.9 6-Methoxyquinoline-3,4-diamine (29)
¢l NaNs DMF, rt Ns Pd/C 10%, H NH,
a , I o,
/0 N N02 3. /0 AN N02 2 /O AN NHZ
_ P MeOH, rt ~
N N N
25 27 29
M = 238.63 M = 245.20 M = 189.22

The title compound was prepared according to a modified literature procedure?.

A round bottom flask was charged with 4-chloro-6-methoxy-3-nitroquinoline (0.8 g, 3.3 mmol, 1 equiv.) and
dissolved in DMF (25 ml). NaNs (0.44 g, 6.6 mmol, 2 equiv.) was added and the reaction mixture was stirred 20
min. at rt. The solvent was removed in vacuo and the residue was dissolved in DCM. The organic layer was washed
with water and brine several times and dried with MgSO4. The solvent was removed in vacuo and the product
was obtained in good purity and quantitative yield. Due to the instability of the azide group it was immediately

used for the next reaction step.

4-Azido-6-methoxy-3-nitroquinoline (0.84 g, 3.4 mmol) was dissolved in MeOH and after addition of Pd/C (10%
Pd, 0.084 g) the reaction was set under a hydrogen atmosphere (1 bar) and stirred at rt for 24h. The reaction

mixture was filtered through a bed of Celite. The product was obtained after evaporation of the solvent.

Yield 0.5g(77%)

Appearance brown high viscous oil

Purification column chromatography with DCM:MeOH as eluent
TLC Rf (CH2Cl2 + 20% MeOH) = 0.1

Sum formula, m.w. C10H11N30, 189.22

'H-NMR (400 MHz, DMSO-ds) 6 =3.85 (s, 3H, O-CH3s), 4.69 (s, 2H, NH), 5.67 (s, 2H, NH3), 6.95 (dd, J = 9.1,
2.7 Hz, 1H, H7), 7.30 (d, J = 2.8 Hz, 1H, H5), 7.54 (d, J = 9.1 Hz, 1H, H8), 8.06
(s, 1H, H2) ppm.

13C-NMR (101 MHz, CDs0D) 6 =56.0 (g, 0-CHs), 100.1 (d, C5), 119.8 (d, C7), 120.7 (s, C4a), 125.4 (s, C3),
130.1 (d, C8), 137.9 (s, C4a), 140.3 (d, C2), 140.5 (s, C8a), 158.4 (s, C6) ppm.

HRMS 190.0982 [M+H]* (calc. 190.0975, diff. -3.7 ppm)
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E 111.3.10 7-Bromo-3-nitroquinolin-4-amine (32)
¢! NH,OH 1,4-di NH
), 1,4- n
mNoz 4OH (aq.) joxane mNOZ
_ reflux —
Br N Br N
26 32
M = 287.50 M = 268.07

The title compound was prepared according to a modified literature procedure?’.

7-Bromo-4-chloro-3-nitroquinolin (26) (0.679 g, 2.4 mmol) was dissolved in 1,4-dioxane (5 ml) and after addition
of aqu. NH4OH (25%, 5 ml) the reaction mixture was heated to reflux for 1h. Then, the reaction mixture was
concentrated in vacuo and dissolved in EtOAc (100 ml) and washed with water and brine (100 ml each). The

organic layer was dried over MgS04 and after evaporation of the solvent the product 32 was obtained.

Yield 0.64 g (quant.)

Appearance yellow solid

Purification was obtained pure after work-up
TLC Rf (CHCl3 + 5% MeOH) = 0.44
Sum formula, m.w. CoHsBrNz0; 268.07

M.p. 245 —246°C

1H-NMR (400 MHz, DMSO-ds) & = 7.76 (dd, J = 8.9, 2.1 Hz, 1H, H6), 8.05 (d, J = 2.1 Hz, 1H, H8), 8.51 (d, J =
9.0 Hz, 1H, H5), 9.05 (s, 2H, NH2), 9.15 (s, 1H, H2) ppm.

13C.NMR (101 MHz, DMSO-ds)  6=117.8 (s, C4a), 123.4 (s, C7), 126.4 (s, C3), 126.4 (d, C5), 129.2 (d, C6), 131.4
(d, C8), 148.2 (d, C2), 148.6 (s, C4/C8a), 149.1 (s, C4/8a) ppm.

HRMS m/z 267.9724 [M+H]" (calc. 267.9716, diff.: -2.96 ppm)
E 1ll.3.11 7-Bromoquinoline-3,4-diamine (30)

NH Fe, NH,CI NH

N0, e M . NH;

P> EtOH/H,0, relfux _
Br N Br N
32 30
M = 268.07 M = 238.09

The title compound was prepared according to a modified literature protocol*®.

7-Bromo-3-nitro-quinolin-4-amine (32) (0.51 g, 1.9 mmol, 1 equiv.) was dissolved in EtOH:H,0 (4:1, 20 ml) and
after addition of Fe (1.05 g, 19 mmol, 10 equiv.) and NH4Cl (0.1 g, 1.9 mmol, 1 equiv.) heated to reflux for 4 h.
The reaction mixture was filtered through a bed of Celite and adsorbed on silica. The product 30 was obtained
by flash chromatography using 30 g of SiO2 and a gradient of EtOAc:MeOH 10:1-4:1 (+3% NEts).

Yield 0.32 g (70%)

Appearance yellow-brown solid

Purification column chromatography with EtOAc:MeOH as eluent
TLC Rf (EtOAc:MeOH = 10:1, +3% NEt3) = 0.25

Sum formula, m.w. CoHgBrNs, 238.09

M.p. 126 —128°C

1H-NMR (400 MHz, DMSO-ds) & = 4.84 (bs, 2H, NH>), 6.03 (s, 3H, NH2), 7.39 (dd, J = 9.0, 2.1 Hz, 1H, He6), 7.81
(d,J=2.1Hz, 1H, H8), 7.97 (d, J = 9.0 Hz, 1H, H5), 8.19 (s, 1H, H2) ppm.
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13C-NMR (101 MHz, DMSO-ds) 6=117.2 (s, C4a/C7), 117.4 (s, C4a/C7)), 123.4 (d, C5), 125.8 (s, C3), 126.2 (d,
C6), 130.2 (d, C8), 134.3 (s, C4), 141.6 (d, C2), 143.4 (s, C8a) ppm.

HRMS m/z 237.9983 [M+H]"* (calc. 237.9974, diff.: -3,71 ppm)
E 1ll.3.12 8-Methoxy-5H-imidazo[4,5-c]quinoline (33)
\H, H(OCH)s, refl N
N” N
H
29 33
M = 189.22 M = 199.21

General procedure I

Reaction scale 100 mg (0.53 mmol) of 29

Reaction time 5h

Yield 50 mg (47%)

Appearance red solid

Purification column chromatography with DCM:MeOH as eluent
TLC Rf (CH2Cl2 + 20% MeOH) = 0.52

Sum formula, m.w. C11H9N30, 199.21

M.p. 256 —258°C

Log P 1.36

'H-NMR (400 MHz, Methanol-ds) & =3.99 (s, 3H, 0-CH3), 7.32 (dd, J=9.2, 2.8 Hz, 1H, H7), 7.74 (s, 1H, H9), 8.00
(d, J=9.2 Hz, 1H, H6), 8.41 (s, 1H, H2), 8.97 (s, 1H, H4) ppm.

13C.NMR (101 MHz, Methanol-da) & = 56.17 (q, O-CHs), 101.35 (d, C9), 120.65 (d, C7), 131.06 (d, C6), 140.16 (s,
C8a), 143.62 (d, C2), 160.03 (s, C8) ppm. The signals of C3a, C4, C9a and C9b

were not detectable®.

HRMS m/z 200.0826 [M+H]" (calc. 200.0818, diff.: -3.97 ppm)

E 1lI.3.13 7-Bromo-5H-imidazo[4,5-c]quinoline (34)
N2 CH(OCH)3, refi Y
, reflux I N
Br N” Br N
H
20 34
M = 238.09 M = 248.08

General procedure I

Reaction scale 20 mg (0.08 mmol) of 30

Reaction time 5h

Yield 14 mg (57%)

Appearance colorless solid

Purification column chromatography with DCM:MeOH as eluent
TLC Rt (CH2Cl2 + 20% MeOH) = 0.59

Sum formula, m.w. C10HeBrNs, 248.08

M.p. 312 -313°C

! Various 3C-NMR experiments were carried out, using different relaxation times (T1). Nevertheless, the mentioned signals were not
detectable.



Log P
'H-NMR (600 MHz, DMSO-ds)

13C-NMR (151 MHz, DMSO-ds)

HRMS

E 1ll.3.14

NH,

29
M =189.22

General procedure
Reaction scale
Reaction time
Yield

Appearance
Purification

TLC

Sum formula, m.w.
M.p.

Log P

1H-NMR (600 MHz, DMSO-ds)

13C-NMR (151 MHz, DMSO-ds)

HRMS
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231

mixture of isomers, 6 = 7.85 (d, /= 8.3 Hz, 1H, ), 8.32 (d, J = 2.0 Hz, 1H, H6),
8.35(d, J=8.7 Hz, 1H, ), 8.55 (s, 1H,H2), 9.25 (s, 1H, H4), 13.40, 13.89 (s, 1H,
H1 or H5) ppm.

mixture of isomers, 6 = 119.8 (s, C9a), 123.6 (d, C2), 126.9 (d, C9), 128.2 (d),
129.4 (d, C8), 131.4 (d, C6), 142.8 (s, C3a/9b), 143.9 (s, C3a/9b), 144.2 (s, C5a)
ppm.

m/z 247.9819 [M+H]" (calc. 247.9818, diff.: -0.59 ppm)

4-(8-Methoxy-5H-imidazo[4,5-c]quinolin-2-yl)benzonitrile (39)

CN

Y

NC PhNO,, 150°C
N
H
39

J

45 mg (0.24 mmol) of 29

24 h

37 mg (52%)

red solid

column chromatography with DCM:MeOH as eluent

Rt (CH2Cl2 + 20% MeOH) = 0.76

C1sH12N40, 300.32

143 - 145°C

3.96

6=3.98 (s, 3H, O-CH3), 7.32 (dd, J =9.1, 2.9 Hz, 1H, H7’), 7.84 (d, J = 2.8 Hz,
1H, HY’), 8.02 (d, J=9.1 Hz, 1H, H6’), 8.08 (d, J = 8.5 Hz, 2H, H2 & H6), 8.41 (d,
J=8.2 Hz, 2H, H4 & H5), 9.09 (s, 1H, H4’) 13.93 (s, 1H, H5’) ppm.

mixture of regioisomers 6 = 55.60 (g, O-CHs), 100.80 (d, C9’), 112.19 (s, C1),
118.59 (s, CN), 118.82 (d, C7’), 123.75 (d, C6’), 127.21 (d, C3 & C5), 129.28 (s,
C4), 131.13 (d, €4’), 133.11 (d, C2 & C6), 133.89 (s, C3a’), 139.20 (s, C4a’),
149.80 (s, C9b’), 157.60 (s, C8’) ppm.

m/z 301.1088 [M+H]* (calc. 301.1084, diff.: -1.32 ppm)
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E 1ll.3.15 4-(7-Bromo-5H-imidazo[4,5-c]quinolin-2-yl)benzonitrile (40)
CN
NH,
mNHZ . NC\@ PANO;, 150°C N
P .0 Y
= Ioe
Br N
H
30 40
M =238.09 M =349.19
General procedure J
Reaction scale 50 mg of 30
Reaction time 4h
Yield 52 mg (69 %)
Appearance yellow solid
Purification column chromatography with DCM:MeOH as eluent
TLC Rf (CH2Cl2 + 5% MeOH) = 0.39
Sum formula, m.w. Ci17H9BrNs, 349.19
M.p. 350°C (decomp.)
Log P 491

1H-NMR (400 MHz, DMSO-ds) & =7.82 (dd, J = 8.7, 2.0 Hz, 1H, H8’), 8.03 (d, J = 8.2 Hz, 2H, H3 & H5), 8.26 (d,
J=1.9 Hz, 1H, H6'), 8.36 (d, J = 8.5 Hz, 3H, H2, H6 & HY’), 9.22 (s, 1H, H4')
ppm.

3C-NMR (101 MHz, DMSO-ds) & = 112.7 (s, C1), 118.5 (s, CN), 119.0 (s, C7’), 120.5 (s, C9a’), 124.3 (d, C4’),
127.7 (d C3 & C5), 129.9 (d, C9’), 131.9 (d, C2 & C6), 133.5 (d, C8’), 134.3 (s,
C4), 139.2 (s, C3a’), 143.8 (s, C5a’), 144.8 (s, C2’), 151.3 (s, C9b’) ppm.

HRMS m/z 349.0092 [M+H]" (calc. 349.0083, diff.: -2.53 ppm)
E I1ll.3.16 8-Methoxy-2-(4-methoxyphenyl)-5H-imidazo[4,5-c]quinoline (35)
o_
NH, o~
/O\Ej\)ﬁ/NH2 . ? PPA, 100°C N
HO™ ~O |
N
29 35
M = 189.22 M = 305.34
General procedure K
Reaction scale 54 mg (0.29 mmol) of 29
Reaction time 7h
Yield 24 mg (28%)
Appearance red oil
Purification column chromatography with DCM:MeOH as eluent
TLC Rf (CH2Cl2 + 20% MeOH) = 0.72
Sum formula, m.w. Ci1sH15sN302, 305.34

M.p. 143 - 145°C



Log P
'H-NMR (600 MHz, DMSO-ds)

13C-NMR (151 MHz, DMSO-ds)
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3.8

6=3.86 (s, 3H, O-CHs'), 3.98 (s, 3H, O-CHs), 7.17 (d, J = 8.8 Hz, 2H, H3’ & H5’),
7.29 (dd, J=9.1, 2.9 Hz, 1H, H7), 7.82 — 7.87 (m, 1H, H9), 7.99 (d, J = 9.1 Hg,
1H, H), 8.21 (d, J = 8.3 Hz, 2H, H2’ & HE&’), 9.02 (s, 1H, H4), 13.55 (s, 1H, H5)
ppm.

6 = 55.43 (g, O-CH3’), 55.55 (g, O-CHs), 100.66 (d, C9), 114.54 (d, C3’ & C5'),
118.42 (d, C6/C7),122.21 (s, C9a), 128.30(d, C2’ & C6’), 131.14 (d, C4), 134.66
(s, C1’), 137.7 (s, C5a), 139.18 (s, C3a), 141.39 (s, C2), 151.61 (s, C9b), 157.34
(s, C8), 160.91 (s, C4’) ppm.

HRMS m/z 306.1231 [M+H]* (calc. 306.1237, diff.: 1.82 ppm)
E 11.3.17 7-bromo-2-(4-methoxyphenyl)-5H-imidazo[4,5-c]quinoline (36)
o_
~
NH, 9
NH PPA, 100°C
N 2 —_— N—
P /N
Br N |
HO™ ~O
Br N
H
30 36
M = 238.09 M = 354.21
General procedure K
Reaction scale 50 mg (0.29 mmol) of 30
Reaction time 5h
Yield 57 mg (77%)
Appearance brown solid
Purification column chromatography with DCM:MeOH as eluent
TLC Rf (CH2Cl2 + MeOH) = 0.76
Sum formula, m.w. Ci17H12BrNsO, 354.21
M.p. 108 — 110°C
Log P 4.75

'H-NMR (400 MHz, DMSO-ds)

13C-.NMR (101 MHz, DMSO-ds)

HRMS

mixture of isomers, § = 3.85 (s, 3H, O-CH3’), 7.15 (d, J = 8.8 Hz, 2H, H3’ & H5'),
7.80 (m, 1H, H7), 8.19 (m, 2H, H2' & H&’), 8.27 (d, J = 2.0 Hz, 1H, H5), 8.40 (d,
J=8.8 Hz, 1H, H8), 9.15 or 9.21 (s, 1H, H4), 13.62 or 13.75 (s, 1H, H1/2 or H5)
ppm.

mixture of isomers, 6 =55.39 (g, O-CHs’), 113.72 (s, C3’ & C5’), 114.51 (d, C6),
119.61 (s, C7), 121.86 (s, C9a), 123.72 (d, C4), 128.31 (d, C2’ & C6’), 129.08 (d,
C9), 131.44 (d, C8), 137.81, 138.33 (s, C1’), 144.18 (s, C3a), 145.08 (s, C5a),
151.97 (s, C2), 153.06 (s, C9b), 161.02 (s, C4’) ppm.

m/z 354.0237 [M+H]* (calc. 354.0236, diff.: 0.01 ppm)
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F Il List of abbreviations

2D-NMR two-dimensional nuclear magnetic resonance
spectroscopy

AcOH acetic acid

aqu. aqueous

BFs-OEt, boron trifluoride diethyl etherate

Boc tert-butyloxycarbonyl

bs broad singlet (NMR)

d doublet (NMR)

DBU 1,8-diazabicycloundec-7-ene

DCM dichloromethane

dd doublet of doublets (NMR)

DMF dimethylformamide

DMSO dimethyl sulfoxide

ESI-TOF electrospray ionization time-of-flight

Et.0 diethyl ether

EtOAc ethyl acetate

EtOH ethanol

equiv. equivalent

HPLC high-performance liquid chromatography

HRMS high-resolution mass spectroscopy

J coupling constant (NMR)

LP light petroleum (boiling point approx. 40 — 60 °C)

m multiplet (NMR)

pHA microampere

MeOH methanol

m.w. molecular weight

nA nanoampere

NMR nuclear magnetic resonance

NEts triethylamine

NH4OAc ammonium acetate

Pd/C palladium on charcoal

PhNO> nitrobenzene

Ph,0O diphenylether

PPA polyphosphoric acid

ppm parts per million (NMR)

Rt retention factor (TLC)

rt room temperature

s singlet (NMR)

satd. saturated

t triplet (NMR)

TFA trifluoroaetic acid

TLC thin layer chromatography

q quartet (NMR)
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