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ABSTRAKT 

Univerzita Karlova v Praze 

Farmaceutická fakulta v Hradci Králové 

Katedra anorganické a organické chemie 

Kandidát:   Jan Šůs 

Školitelé:   Prof. Dr. Ulrike Holzgrabe  

PharmDr. Jaroslav Roh, PhD 

Název diplomové práce:   Syntéza prekurzorů antitrypanosomálně aktivních 4-

chinolonů pro značení radioizotopem 18F 

 

Africká trypanosomiáza, známá spíše jako spavá nemoc, je parazitární 

onemocnění způsobené dvěma poddruhy prvoka Trypanosoma brucei (T.b.gambiense 

a T.b.rhodesiense). Infekce je přenášena mouchami tse-tse a ohrožuje bezmála 70 

miliónů lidí v subsaharské Africe. Spavá nemoc probíhá ve dvou fázích. V té první 

dochází k zmnožení parazita v krevním a lymfatickém systému a vyznačuje se velmi 

nespecifickými příznaky jako je horečka, zduřené mízní uzliny, nebo bolest hlavy a 

kloubů. Po určitém čase je parazit schopen projít hematoencefalickou bariérou a 

napadat CNS. V této pokročilé fázi infekce již dochází k typickým neurologickým 

příznakům (zmatenost, změny chování, záchvaty agrese, poruchy spánkového cyklu) a 

pokud není nasazena příslušná léčba, obvykle končí smrtí.  

 

V současné době je pro léčbu spavé nemoci užíváno pouze 5 léčiv. Pentamidin a 

suramin jsou užívány pro léčbu první fáze, proti neurologické fázi působí melarsoprol a 

také kombinační terapie eflornithinu s nifurtimoxem. Tyto léčiva mají mnoho 

nežádoucích účinků a v některých případech ohrožují pacienta na životě. Společně se 

vzrůstající rezistencí patří nežádoucí účinky mezi hlavní důvody, proč by měla být 

studována nová potenciální léčiva. Od doby, kdy byla objevena antitrypanosomální 

aktivita u antibakteriálních chinolinů (např. ciprofloxacin), byly tyto látky intenzivně 

zkoumány. Pracovní skupina prof. Holzgrabe připravila řadu látek s chinolonovou 

strukturou a podrobila je in vitro testování. Z výsledků studie vyplývá, že zejména látky 

s benzylamidovou funkcí v pozici 3 chinolonového kruhu a aminovým heterocyklem 

v pozici 7 vykazují slibnou antitrypanosomální aktivitu. Nejvyšší in vitro aktivitu proti 



5 
 

T.b.gambiense (IC50 = 47 nM) a T.b.rhodesiense (IC50 = 9 nM) prokázal N-benzyl-1-butyl-

6-fluor-7-morfolino-4-oxo-1,4-dihydrochinolin-3-karboxamid (Obr. 1). Mezi přednosti 

této látky patří také její nízká cytotoxicita proti makrofágům.  

 

 

 

Obr.1. N-benzyl-1-butyl-6-fluoro-7-morfolino-4-oxo-1,4-dihydrochinolin-3-karboxamid 

 

Pro in vivo testování je potřeba strukturně podobný prekurzor, který bude 

těšně před podáním laboratorním myším značen radioizotopem 18F. Zobrazením za 

pomoci pozitronové emisní tomografie-počítačové tomografie bude objasněno, zda je 

látka schopna pronikat přes hematoencefalickou bariéru do CNS a představovat tak 

potenciální léčivo proti neurologické fázi spavé nemoci.  
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ABSTRACT 

Charles University in Prague 

Faculty of Pharmacy in Hradec Králové 

Department of Inorganic and Organic Chemistry 

Candidate:   Jan Šůs 

Supervisors:   Prof. Dr. Ulrike Holzgrabe  

PharmDr. Jaroslav Roh, PhD 

Title of diploma thesis:   Synthesis of precursors of 4-quinolones against 

Trypanosoma brucei for 18F-radiolabelling  

 

Human African trypanosomiasis (HAT), also known as sleeping sickness, is a 

parasitic disease caused by two subspecies of Trypanosoma brucei (T.b.gambiense and 

T.b.rhodesiense). This parasite is transmitted by the bite of infected tsetse flies. The 

sleeping sickness occurs in two clinical stages. The first one is characterized by the 

multiplication of parasites in the blood and lymphatic system. Very nonspecific 

symptoms, like fever, swollen lymph nodes, joint pain and headache are present. After 

a few weeks, a parasite crosses the blood-brain barrier and neurological symptoms like 

behavior changes, confusion, aggression and disruptions of sleep cycle appear. A coma 

and death results, if left untreated. 

 

Nowadays, there are only five drugs available for the medical treatment of HAT. 

Suramin and pentamidine are used for the first stage, melarsoprol and eflornithine in 

combination with nifurtimox for the second one. Life threatening side-effects and a 

developing of resistances are the reasons, why new compounds are urgently needed. 

Since antitrypanosomal activity of quionolones was discovered, a quinolones-type 

library was synthesized and studied. In vitro evaluations and structure-activity 

relationships analysis showed, that 4-quinolones with a benzylamide function in 

position 3 and cyclic or acyclic amines in position 7 possessed high antitrypanosomal 

activity. According to studies, one compound from a library, N-benzyl-1-butyl-6-fluoro-

7-morpholino-4-oxo-1,4-dihydroquinoline-3-carboxamide (1, Figure 1) exhibited 

promising in vitro and in vivo activity against T.b.gambiense (IC50 = 47 nM) and 

T.b.rhodesiense (IC50 = 9 nM) together with a low cytotoxicity against macrophages. 
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Figure 1. N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-dihydroquinoline-3-

carboxamide 

 

Nevertheless, 18F-radiolabeled compound is needed for in vivo testing. 

Measurements using positron emission tomography-computed tomography would 

clarify, whether the compound is able to cross blood-brain barrier and thus to be a 

potential drug against the second stage of HAT. In this study, I focused on the synthesis 

of precursor of N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-dihydroquinoline-3-

carboxamide, which will be used for 18F-radiolabelling. 
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1. Sleeping sickness 

1.1. Definition and epidemiology 

Human African trypanosomiasis (HAT), also known as a sleeping sickness, is a 

disease caused by protozoan parasites belonging to the genus Trypanosoma. The 

disease is transmitted by a bite of infected tsetse flies (Glossina genus), therefore 

people living in agricultural areas with a high occurrence of this insect are mostly at 

risk. Tsetse flies occur in 36 sub-Saharan African countries. There are two subspecies of 

Trypanosoma brucei causing HAT.1 

1.1.1. Trypanosoma brucei gambiense (Western HAT) 

T.b.gambiense is responsible for over 98% of all reported cases and it affects 24 

countries in Western and Central Africa (Figure 1). Between the most affected 

countries belong Democratic Republic of Congo, Sudan, Central African Republic, 

Angola and northern Uganda. It causes a chronic form of the disease, when a person 

can be infected for several months or even years without major clinical symptoms. 

Humans are the most important reservoir of infection, but also domestic animals and 

wildlife can host the parasites.2 

1.1.2. Trypanosoma brucei rhodesiense (Eastern HAT) 

T.b.rhodesiense causes an acute form of sleeping sickness, when the first 

symptoms emerge usually a few weeks after infection and the disease develops very 

quickly. The parasite can be found in 13 countries in Eastern and Southern Africa, 

mainly in Tanzania, Malawi, Zambia and southern Uganda (Figure 1). Uganda is the 

only country, which represents both forms of HAT. Unlike T.b.gambiense, the main 

reservoir is represented by cattle and rarely also wildlife.2 

1.1.3. Another forms of trypanosomiasis 

American trypanosomiasis or Chagas disease is caused by Trypanosoma cruzi 

and occurs in Latin America. Some features of disease are very similar to HAT. The 

infection is transmitted by a bite of blood-sucking bugs (Triatominae) and it can result 

in death, if untreated.  
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Animal African trypanosomiasis, also known as Nagana, is a disease of 

vertebrate animals. The disease originally comes from Western Africa, but it has 

already spread to South America. The sickness is caused mainly by subspecies 

Trypanosoma brucei brucei and Trypanosoma vivax. Nagana causes important 

economic losses for many African and South American countries annually. 

 

 

Figure 1. Map of distribution of gambiense and rhodesiense HAT in sub-Saharan Africa3 
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1.2. History 

Between 1896 and 1906, the first major epidemic occurred mainly in Uganda 

and Congo and caused approximately 500 000 deaths.4 The high mortality has a 

dramatic impact to the local populations as well as colonial administration. The worries 

about a stability of African colonies resulted in increased affords for medical research.5 

In 1920, the infection affected a number of African countries, but the epidemic 

was better controlled thanks to mobile teams organizing the screening of millions 

people at risk. Also, a systematic eradication of tsetse fly populations brought the 

success. 

The decolonization of Africa in the mid-1960s led to a political instability 

resulting into a disruption of health care in many countries.4 Decreased health care 

costs (screening programs, controlling of tsetse populations etc.) led to a severe 

outbreaks in the Democratic Republic of Congo, Angola and southern Sudan, but an 

increased occurrence of HAT epidemic of a smaller extend was reported from the most 

of endemic countries. The most recent epidemic occurred in 1970 and lasted up to late 

1990s.  

Although a new HAT reported cases dropped by 73% between 2000 and 2012,6 

approximately 70 millions of people are at risk in sub-Saharan Africa and 50000-70000 

cases are reported annually.4 However, the assumed number of infected people is 

much higher because of limited access to health care in remote areas. In addition, 

displacement of populations, war and poverty facilitate transmission.  

1.3. Clinical features 

Any bite of tsetse flies produces a local reaction. When the fly is infected, a 

small local wound appears after 5-15 days. Both forms of HAT have two clinical stages.  

1.3.1. Hemolytical stage 

The first stage is characterized by the multiplication of Trypanosomas in the 

blood and lymphatic system. Very nonspecific symptoms such as fever, joint pain, 

swollen lymph nodes, irregular headaches and rush appear. In this stage it is usually 
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very difficult to make the right diagnosis, the signs can easily remain a common 

influenza or other diseases.1 

1.3.2. Neurological stage 

The second phase occurs, when the parasites are able to cross the blood-brain 

barrier and attack the central nervous system. This process leads to neurological 

symptoms - behaviour changes, aggression, apathy, poor coordination, confusion, 

sensory disorders and also a sleep cycle disruption – the feature which gave the 

disease its name. Coma and death result, if untreated.1 

1.4. Diagnosis 

The diagnosis of HAT follows a three-step pathway: screening, diagnostic 

conformation and staging.  

The most effective method for early cases detection is a mass population 

screening. The Card Agglutination Test for Trypanosomiasis (CATT) is a broadly used 

method based on the detection of specific antibodies against T.b.gambiense.7 The test 

is rapid and sensitive (average sensitivity is 95%), but it is not operative against 

T.b.rhodesiense. Another method for screening represents cervical lymph nodes 

palpitation and puncture, which is suitable for detection of both forms of parasites.8 

A diagnosis is confirmed by the finding of parasite in the blood, lymph nodes 

and cerebrospinal fluid (CSF). CSF examination must be performed via lumbar puncture 

and demands professionally skilled personal. Unfortunately it is estimated that almost 

30% of patients do not have access to the standard parasitological techniques.9 

The staging is important for the determination of stage of the disease and relies 

on CSF examination. The right diagnosis leads to an appropriate medical treatment. 

The neurological stage is characterized by CSF pleocytosis, abnormal protein 

concentration, white blood cells amount over 5 per mm and also by finding of Mott 

cells (large eosinophilic plasma cells containing IgM). 9 
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1.5. Medical treatment 

The medical treatment is based only on five drugs. The type of treatment 

depends on the disease stage and causing subspecies. Pentamidine and suramin are 

used for the first stage of HAT and are characterized by lower toxicity and easier 

administration than melarsoprol, eflornithine and nifurtimox, which found use in the 

treatment of late stage of HAT.4 

1.5.1. The first stage of HAT 

Pentamidine 

Pentamidine belongs to aromatic diamidines (Figure 2) and represents the drug 

of choice for the treatment of the first stage of T.b.gambiense HAT infection since its 

discovery in 1937. The drug acts against parasites in the blood and lymphatic system 

by their kinetoplast disruption.10 The administration is through daily intramuscular 

injections (Table 1). A serum binding and high tissue retention (due to its positive 

charge at physiological pH) do not allow the substance to cross the blood-brain barrier 

in sufficient amount to be trypanocidal in CNS. Moreover, a small part of penetrated 

pentamidine is cleared by efflux transporters such as P-glycoprotein and multidrug 

resistance-associated protein.10 Although pentamidine is usually well tolerated, an 

increasing resistance is reported annually.  

Suramin 

Suramin is used since 1922 for the treatment of the first stage of 

T.b.rhodesiense HAT. This symmetrical polysulphonated naphthalene derivative of urea 

(Figure 2) has a negative charge at physiological pH9, which does not allow it to cross 

biological membranes. Administered as an intravenous injection, suramin is 

characterized by an extreme stability and no liver transformation in humans. That 

leads to a long half-life of molecule and a relatively low dosing. Nevertheless, severe 

side-effects have been often reported (including anaphylactic shocks, neurotoxicity 

and cases of renal failures).  
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Figure 2. Currently used drug for the treatment of HAT 

 

1.5.2. The second stage of HAT 

Melarsoprol 

Melarsoprol was introduced in 1949 and is currently used in the treatment of 

late stage of both forms of HAT. In the case of T.b.rhodesiense HAT, it represents the 

only available therapy. Melarsoprol is the prodrug belonging to arsenicals (Figure 2) 

and its activation leads to the formation of toxic melarsen oxide.9 The administration is 

connected with a high risk of reactive encephalopathy, which is fatal for almost 10% of 

patients. It was proved that co-administration of prednisolone decreases an 

occurrence of this dangerous side-effect.11 Moreover, other side-effects including 

bloody stool, nausea, convulsions, rushes, itching and loss of consciousness appear. 

The drug is administrated by glass syringes, which leads to a very painful application, 

sometimes described as ,,burning  sensation” by patients. The resistance to 

melarsoprol, which can be also crossed with pentamidine, increases annually.10 Despite 
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all the difficulties, melarsoprol still takes an irreplaceable place in the treatment of late 

stages of HAT.  

Eflornithine 

Eflornithine was originally developed as an anticancer therapy and it was first 

used for the treatment of late stage T.b.gambiense HAT in the early 1980s. The 

introduction of eflornithine led to decreased usage of melarsoprol and made the 

therapy safer. Nevertheless, the administration is restricted by the difficult dosing 

scheme.9 Large doses are needed for treatment, which is explained by a poor 

transportation across the blood-brain barrier.  

Nifurtimox-eflornithine combination therapy (NECT) 

The major improvement of therapy was the introduction of nifurtimox for a 

combination treatment with eflornithine in 2009. Clinical trials approved that the 

combination of these two drugs reduces the duration of therapy and simplifies the 

administration through oral doses, while the efficiency of treatment does not change. 

Nowadays nifurtimox is registered only for the treatment of American trypanosomiasis 

(Chagas disease), but it was accepted by WHO for the treatment of sleeping sickness in 

the combination with eflornithine and included to the WHO List of Essential Medicine. 

It is provided free of charge to endemic countries.6 
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Table 1: Currently used drugs against HAT: date of discovery, administration and 

dosing, side-effects 9 

compound discovery 
administration 

and dosing 
side-effects 

pentamidine 1941 

4 mg/kg intramuscular  
injections given once per 
day or on alternate days 

for 7-10 days 

hypotension,  
leukopenia,  

nausea, vomiting,  
diarrhoea 

suramin 1922 

5 mg/kg intravenous  
injection on day 1,  

then 20 mg/kg at days  
3,5,11,23 and 30 

nausea,  
nephrotoxicity,  

allergic reactions 

melarsoprol 1949 

1.2 mg/kg intravenous  
injection on day 1,  
2.4mg/kg on day 2  

and 3.6 mg/kg on days 
 3 and 4; repeat 3-4 times  

with 7-10 day interval 

reactive 
encephalopathy, 

convulsions, rashes,  
fever, loss of 

consciousness, 
painful injection 

eflornithine 1981 
400 mg/kg in 4 daily  

infusions for 7-14 days 

skin problems (hair loss,  
acne, rash, itching),  

reversible 
haematological 
abnormalities 

NECT 2009 

nifurtimox at 15 mg/kg  
per day orally over 10  
days, plus eflornithine  

at 400 mg/kg per day in 
 infusions of 12h for 7 

days 

nausea, vomiting, 
 vertigos, headache 

 

 

1.5.3. Conclusion and perspectives 

The combination of eflornithine and nifurtimox represents the safest therapy, 

but a low efficiency against T.b.rhodesiense HAT and high costs limit its usage in 

underdeveloped countries. Highly toxic melarsoprol is still used and also other drugs 

suffer from severe side-effects. Moreover, the resistance to chemotherapy spreads in 

many African regions and no vaccine against HAT is currently available. Thus new 

compounds against HAT should be synthesized. 
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2. Antibacterial 4-quinolones 

2.1. Basic information 

Recently fluoroquinolones such as norfloxacin, ciprofloxacin, moxifloxacin and 

gatifloxacin (Figure 3) were found to have antitrypanosomal activity. Fluoroquinolones 

belong to widely used antibiotics, characterized by a broad spectrum of activity and 

excellent pharmacokinetic properties including high plasma levels, high clearance, 

chemical stability and rare side-effects.12 They also penetrate through the blood-brain 

barrier into the CNS in sufficient amount. Whereas older compounds such as 

norfloxacin are used for the treatment of infections caused by gram-negative bacteria, 

the newer ones are also active against gram-positive bacteria, including anaerobic 

pathogens.  

Fluoroquinolones are inhibitors of the topoisomerases, enzymes essential for 

cell survival. Topoisomerases are responsible mainly for coiling, relaxations and 

knotting of DNA double helices.12 Kinetoplastid protozoa have unique and complex 

type of mitochondrial DNA, composed of thousands of topologically interlocked 

circular DNA molecules, creating a high demand for topoisomerase activity. The 

required enzyme activity in combination with the rapid proliferation of trypanosomes 

makes the inhibition of topoisomerases an interesting potential drug target. 

 

Figure 3. Structures of several currently used antibacterial fluoroquinolones 
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2.2. Structure-activity relationships of antibacterial 4-quinolones 

 

Figure 4. General structure of 4-quinolone cycle 

Position 1 

The substitution of nitrogen at position 1 is very important and N1 – 

unsubstituted compounds do not show any antibacterial activity. This position is a part 

of the enzyme-DNA binding complex and has a hydrophilic interaction with the major 

groove of DNA.14 Quantitative SAR analysis determined ethyl and cyclopropyl group as 

the most appropriate primary alkyls. Ethyl group is used for alkylation of N1 in the 

molecules of norfloxacin, enoxacin and pefloxacin. Ethyl group can be further 

substituted, as in fleroxacin (-CH2CH2F). Probably the steric properties are the most 

important for the effect. The quinolones with N-cyclopropyl (ciprofloxacin, 

moxifloxacin) and N-phenyl (temafloxacin, difloxacin) show, that also electronic π-

donation and spatial effects have an important influence on antibacterial properties.13 

Position 2 

The position 2 is close to the binding site for the topoisomerase II and any 

substituent leads to a lower activity. Even the introduction of nitrogen at position 2 

improved pharmacokinetic properties of cinoxacin, the activity did not reach the 

activity of structurally similar oxolinic acid (Figure 5).13 

 

Figure 5. Oxolinic acid and cinoxacin differing by the atom in position 2  
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Positions 3 and 4 

The β-keto ester is necessary for the binding of quinolones to DNA 

toposimerase II. This structure is essential for the antibacterial effect and no useful 

modification was discovered. The exceptions are only the precursors, which are in vivo 

converted back to carboxylic acid group.13 

Position 5  

The position is supposed to control the potency. Electron donating molecules 

such as amino, hydroxyl or methyl group can increase activity against gram-positive 

bacteria.14 It was reported that C5-amino substitution may lead to enhancement of 

absorption and tissue distribution, but its effect to antibacterial activity is disputable.13 

Position 6 

The addition of fluorine atom into the position 6 dramatically enhanced the 

antibacterial activity, although other substituents (-Cl, -Br, -CH3, -NO2, -CN, -COCH3) 

were tested. It is supposed that fluorine improves the DNA gyrase complex binding and 

cell penetration. Currently used quinolones (since the introduction of their second 

generation) all contain fluorine at position 6 in their molecules (fluoroquinolones).13 

Position 7 

Nitrogen heterocycles are the most suitable substituents in position 7. In 

general, quinolones with small or linear substituents (-H, -Cl, -CH3, -NHCH2CH2NH2, -

NHCH3, -NHNH2) have a weak antibacterial activity.13 This position is considered to be 

the one directly interacting with DNA gyrase.14 Between the most used nitrogen 

heterocyclic substituents belong piperazin-1-yl, pyrrol-1-yl, thiazolidin-3-yl and 

thiomorpholin-4-yl, which can be further substituted (for example: 4-methylpiperazin-

1-yl in pefloxacin). 

Position 8 

Clinically useful quinolones were obtained by substitution with a halogen atom 

(lomefloxacin) or by the replacement of C-8 by nitrogen (enoxacin). The substitution by 

methyl group led to the compounds with similar antibacterial activities as the 
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unsubstituted ones. Moreover it was discovered, that the specific changes may adjust 

the target of quinolones also to topoisomerase IV with a small activity against DNA 

topoisomerase II.13 

2.3. Antitrypanosomal activity of 4-quinolones 

Since the discovery of flouroquinolones as excellent antibacterial agents, their 

properties have been intensively studied. The first in vitro trials of fluorquinolones for 

antitrypanosomal activity against Trypanosoma brucei were performed by a group of 

Prof. Shapiro in 1999, when six commercially available quinolones were examined 

(Table 2).15 All the quinolones are characterized by a piperazine substitution in position 

7 of the 4-quinolone cycle. The activity of clinafloxacin and sparfloxacin was evaluated 

in 2003 and the IC50 values are also included in the Table 2.16 

Norfloxacin is characterized by ethyl substitution at N1 and had an IC50 value of 

70 μM, whereas the ciprofloxacin with cyclopropyl group showed a higher activity. Also 

the replacement of C8 in the molecule of enoxacin with a nitrogen leads to the 

improvement of activity. The substitution of N4 of the R7-piperazine by a methyl group 

reduced the activity of pefloxacin. N-methyl substitution of piperazine was also 

examined in fleroxacine, where the addition of fluorine atom at R1 ethyl group and a 

fluorine substitution at position 8 led to an apparently lower activity. Equally the 

cyclization of R8 and R1 sites resulting in the formation of tricyclic compound led to a 

loss of antitrypanosomal activity in the molecule of ofloxacin. The replacement of 

piperazin-1-yl group at C7 of ciprofloxacin with 3-aminopyrrolidine in clinafloxacin 

resulted in the improvement of antitrypanosomal activity. Interesting comparison of 

fleroxacin and sparfloxacin leads to the conclusion, that sparfloxacin with 3,5-

dimethylpiperazin-1-yl and amino group at C5 was distinguished by higher activity.15 
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Table 2.  Structures and antitrypanosomal activity of tested fluoroquinolones (Shapiro 

et al.)15,16 

 

 

IC50 value of currently used antitrypanosomal drugs against T.brucei (μM)4 

Pentamidine IC50 = 0.0029 µM 

Suramin  IC50 = 0.31 µM  

Eflornithine IC50 = 22.9 µM  

Melarsoprol IC50 = 0.0026 µM  
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2.4. Antitrypanosomal activity of 4-quinonole derivatives 

2.4.1. Study of Burri´s group 

Derivatives of fluoroquinolones were studied by Burri´s group.11 In in vitro trials, 

160 fluoroquinolone derivatives were tested against cultured bloodstream forms of 

T.b.rhodesiense. Mainly derivatives with 4-quinolones-3-carboxylic acid structure 

showed promising activity. Substances with IC50 value for trypanosomes below 1 µg/ml 

and a selectivity index of more than 10-fold were selected for in vivo testing. 

Nevertheless, none of the tested compounds showed in vivo activity.11 

The study confirmed a promising activity of R7 substituted pyrrolidinyl 

derivates, which showed better results than the substitution with piperazine. Further 

substitution of the pyrrolidine ring does not seem to decrease the activity. 

Nevertheless, the substitution of 4-quinolone ring at position 1 with a bulky group and 

in position 8 with an electronegative group can deteriorate the activity of appropriate 

pyrrolidine derivative. Another interesting conclusion was the fact that the substitution 

of position 5 with amino, hydroxyl or methyl group did not lead to higher 

antitrypanosomal activity.11 

 

2.4.2. Study of Holzgrabe´s group  

Another 4-quinolone library was synthetized by the group of Holzgrabe in 

Würzburg. This thesis is the continuation of this work. The compounds are 

characterized by an amine heterocycle in position 7, an alkyl chain in position 1 and a 

carboxylate or benzylamide function in position 3.4 

The most promising compound was N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-

dihydroquinoline-3-carboxamide (1, Figure 6), characterized by a butyl chain in 

position 1, benzylamide function in position 3 and morpholine in position 7.  
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Figure 6. Structure of N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-

dihydroquinoline-3-carboxamide (1) 

 

The antitrypanosomal activity of tested compounds was evaluated in 

Trypanosoma brucei brucei and the cytotoxicity was measured in macrophages. 

The amidation of carboxylic acid in position 3 was found as an essential for a 

high antitrypanosomal activity. Benzylamides comparing with phenylamides were 

revealed as the most appropriate substituents. Influence of either substitution of 

benzylamides was studied. Compounds substituted with nitro (Table 3, No.1) or 

methoxy (Table 3, No.2) group exhibited the higher activity than the ones substituted 

with hydroxy group (Table 3, No.3). The most probable reason is the fact that nitro and 

methoxy groups belong to H-bonds acceptors, while hydroxyl group is H-bond donor. 

Nevertheless, the combination of nitro and methoxy group (Table 3, No.4) in one 

aromatic ring decreases antitrypanosomal activity, probably due to steric reasons.4 

The alkylation of N1 is necessary for antitrypanosomal activity, as well as for 

antibacterial activity. As the most appropriate chains were determined n-propyl, n-

butyl and cyclopropyl derivatives. 

For examination of influence of amines in position 7, the compounds with n-

butyl chain in position 1 and benzylamide function in position 3 were used. 

Compounds containing N-benzylmethylamine (Table 3, No.5) and a piperidine-4-

carboxamide (Table 3, No.6) showed a low activity, but piperidine (Table 3, No.7) and 

N,N-dimethylamine (Table 3, No.8) substituted compounds revealed the activity in the 

submicromolar range.4 This may lead to the conclusion, that smaller substituents are 
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more efficient, probably because of steric hindrance. The substitution with morpholine 

led to a very active compound N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-

dihydroquinoline-3-carboxamide (1), which classifies morpholine between appropriate 

substituting groups.   

The intermediates of synthetized quinolone derivatives were also tested, but 4-

hydroxy-quinoline esters and 4-quinolones carboxylic acids did not show any activity. 

As it was indicated before, N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-

dihydroquinoline-3-carboxamide (1, Figure 6) has shown the highest antitrypanosomal 

activity. Its structure is characterized by a butyl chain in position 1, benzylamide 

function in position 3 and morpholine cycle in position 7. It exhibits a promising activity 

against T.b.gambiense (IC50 = 47 nM) and T.b.rhodesiense (IC50 = 9 nM) and it is also 

characterized by a low cytotoxicity against macrophages. In addition, the compound 

was found to be active in an in vivo mouse model. It was able to eradicate 

trypanosomas from the infected mice.  
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Table 3. Structures of tested 4-quinolones and their anitrypanosomal activity. 4 

No. Structure 
IC50 

 T.b.gambiense 
(μM) 

IC50 
T.b.rhodesiense 

(μM) 

1 

 

0.54 0.58 

2 

 

0.78 1.45 

3 

 

3.90 5.12 

4 

 

3.70 4.14 

5 

 

4.40 10.77 

6 

 

1.90 1.98 

7 

 

0.67 1.40 

8 

 

0.68 0.92 
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3. Aim of work 

N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-dihydroquinoline-3-

carboxamide (1) has shown a promising antitrypanosomal activity. To be an efficient 

potential drug for the treatment of the neurological phase of sleeping sickness, it must 

be able to cross the blood-brain barrier to act against parasites in central nervous 

system. Our purpose is to provide a very similar compound to active substance 1: 3-(3-

(benzylcarbamoyl)-6-fluoro-7-morpholino-4-oxoquinolin-1(4H)-yl)propyl 4-

methylbenzenesulfonate (JS7) for the final 18F-radiolabelling, which will be performed 

in the Department of Nuclear Medicine of the University Hospital of Würzburg. The 

compound JS7 will be labeled with fluorine-18, a short-lived positron-emitting isotope 

with the half-life of 109.7 minutes.  It finds an immense importance as a label for 

radiotracers used with the molecular imaging technique of positron-emission 

tomography – computed tomography (PET/CT).17 The method is widely used as an 

important diagnostic method and it takes an important place in drug discovery and 

development. The PET/CT measurement of 18F-labelled precursor during in vivo trials 

on laboratory animals would clarify, whether the in vivo active N-benzyl-1-butyl-6-

fluoro-7-morpholino-4-oxo-1,4-dihydroquinoline-3-carboxamide is able to cross the 

blood-brain barrier. This would mean that the compound can be considered as a 

potential active compound against second stage of HAT. 

 

Figure 7. Structure of N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-

dihydroquinoline-3-carboxamide (1) and the tosylated precursor for 18F-radiolabelling 

(JS7) 
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4. 18F-radiolabelling 

4.1. Basic information 

Fluorine-18 is usually obtained from a cyclotron through the proton irradiation 

of 18O-enriched water.18 The 18-fluorine is obtained as a solution of 18F fluorine ion in 

the irradiated water. The high yields at the low proton energies characterize the 

nuclear reaction 18O(p,n).18 The advantage of the method is the feature that 18-

fluorine ion is distinguished by a high specific radioactivity. This ability allows the 

administration of 18F-labeled compounds to human or animal subjects in very low mass 

doses, without toxic or side-effects.  

4.2. Synthetic approaches for 18F-radiolabelling 

4.2.1. First approach 

The diazonium compound of the benzamide is a suitable precursor. Two 

positions are appropriate for 18F-radiollabeling, the para-position of the benzamide 

and the lateral position of the N1 alkyl residue (2). Because even aromatic diazonium 

compounds are unstable in aqueous solution at room temperature, the reaction must 

be performed below 5°C. The reaction of 2 with sodium nitrite and hydrochloric acid 

leads to the formation of benzenediazoniumchloride (3). The following reaction with 

K18F with the use of Kryptofix leads to 18F-radiolabelled precursor 4 (Scheme 1).  

 

 

Scheme 1. 18F-radiolabelling via diazonium compound precursor 
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4.2.2. Second approach 

The approach acquires a tosylated hydroxyl group for the introduction of 

fluorine isotope at the N1 alkyl group. The carboxylic acid group of JS5 is amidated by 

benzylamine in the presence of isobutylchloroformate. In addition, it forms a 

carbonate by binding to hydroxyl group (JS6). The next step consists of deprotection 

and the reaction with tosyl chloride (JS7). Then the tosylated precursor JS7 reacts with 

K18F in the presence of Kryptofix. 

 

 

 

Scheme 2. 18F-radiolabelling via tosylated precursor 
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5. The plan of synthesis  

A tosylated N-benzyl-6-fluoro-1-(3-hydroxypropyl)-7-morpholino-4-oxo-1,4-

dihydroquinoline-3-carboxamide was chosen as the appropriate precursor for my 

synthesis. There are 2 approaches for creating of the quinolone ring:  the Gould-Jacobs 

reaction and the Grohe-Heitzer synthesis.  

5.1. Approach 1 - via the Gould-Jacobs reaction 

The original method for the preparation of 4-quinolones relies on the Gould-

Jacobs reaction (Scheme 3) which comprises a substitution of aniline (5) with dialkyl 2-

(alkoxymethylene)malonate providing the anilinomethylenemalonic ester (JS1). The 

process continues with cycloacylation on heating at high temperature providing the 

quinolone-4-on system (JS2). The Gould-Jacobs synthesis provides only N-

unsubstituted 4-quinolones and the alkylation with an appropriate alkylating agent 

must follow. 4-quinolone-3-carboxylic acid is obtained by ester cleavage.  

 

Scheme 3. Synthesis using the Gould-Jacobs reaction 



31 
 

5.2. Approach 2 - the Grohe-Heitzer synthesis 

Using the Grohe-Heitzer synthesis (Scheme 4), the active methylene in β-

ketoester is condensed under dehydrating conditions with an ortho ester resulting in 

the formation of the enol ether which is further subjected to an addition-elimination 

reaction using an appropriate primary amine.14 The obtained product is cyclised via an 

aromatic nucleophilic displacement of a leaving group (typically Cl, F) at the ortho 

position with respect to the activating carbonyl group. The advantage of the method is 

to provide specifically N-substituted products. 

 

Scheme 4. Synthesis using the Grohe-Heitzer reaction 
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6. Experimental part 

6.1. Model reactions 

First of all, some reactions were needed to explore. The aim of this part was the 

optimization of the conditions and getting familiar with the issue. The reactions are 

already known. I used residuary compounds from the previous synthesis of N-benzyl-1-

butyl-6-fluoro-7-morpholino-4-oxo-1,4-dihydroquinoline-3-carboxamide as reagents.  

6.1.1. Synthesis of ethyl 1-butyl-7-chloro-6-fluoro-4-oxo-1,4-

dihydroquinoline-3-carboxylate (11) 

Reaction 

 

 

Reactants 

1. ethyl 7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (10) 

a. ME = 1.0; Mr = 269.66 g/mol 

2. potassium carbonate 

a. ME = 5.0; Mr = 138.21 g/mol 

3. potassium iodide 

a. catalytic amount; Mr = 160.00 g/mol 

4. 1-bromobutane 

a. ME = 6; Mr = 137.02 g/mol 

5. DMF 

a. solvent 
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Approach 

Ethyl 7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (10) and 

potassium carbonate together with catalytic amount of potassium iodide were 

dissolved in 15 ml of dry DMF under argon atmosphere. After 20 minutes of stirring, 1-

bromobutane was added. The solution was heated to 95 °C overnight (14 hours). The 

solvent was evaporated under the reduced pressure (11 mbar), the residue diluted 

with water and extracted with EtOAc. The organic phase was dried over sodium 

sulfate, filtered and concentrated. Thin layer chromatography (TLC) has shown that 4 

products arose (eluent: CHCl3/ MeOH = 15/ 1; UV detection). The product with Rf = 

0.92 was obtained in a majority by column chromatography on silica gel (mobile phase: 

CHCl3/ MeOH/ HCOOH = 100/ 10/ 1). The identity of a product was verified by 

comparison with the previously synthesized product by TLC.  

 

Entry Amount of 10 K2CO3 1-brombutane Yield 

1 

0.4 g; 1.024 g; 0.96 ml; 78%;  
(0.38 g) (0.0015 mol) (1.0075 mol) (0.0089 mol) 
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6.1.2. Synthesis of 1-butyl-7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid (13) 

Reaction 

 

Reactants 

1. ethyl 1-butyl-7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate 

(12) 

a. ME = 1; Mr = 325.76 g/mol 

2. KOH (3M) 

a. solvent, Mr = 56.11 g/mol 

Approach 

Ethyl 1-butyl-7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (12) 

was dissolved in 3M KOH and the mixture was refluxed for 1 day. The solvent was 

removed under reduced pressure and the residue was acidified with hydrochloride 

acid to pH value 4. TLC (eluent: CHCl3/ MeOH/ HCOOH = 100/ 10/ 1) has shown 5 

spots. Column chromatography on silica gel followed (mobile phase: CHCl3/ iPrOH = 

10/1). Unfortunately a separation was not successful and another mobile phase had to 

be used (mobile phase: CHCl3/ iPrOH/ HCOOH = 100/ 10/ 1). As in the previous case, 

the product was verified by comparison with the authentic one via TLC (eluent: CHCl3/ 

iPrOH/ HCOOH = 100/ 10/ 1; detection: UV; Rf (reagent) = 0.56; Rf (product) = 0.41) 

Entry Amount of 12 KOH Yield 

1 0.4 g; (0.0012 mol) 50 ml; (1.0159 mol) 37%; (0.135 g) 
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6.1.3. Synthesis of 6-fluoro-1-(2-hydroxyethyl)-7-morpholino-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (15) 

Reaction 

 

Reactants 

1. 7-Chloro-6-fluoro-1-(2-hydroxyethyl)-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid (14) 

a. ME = 1; Mr =  285.66 g/mol 

2. morpholine 

a. solvent, 87.12 g/mol 

Approach 

7-Chloro-6-fluoro-1-(2-hydroxyethyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic 

acid (14) and morpholine was heated to 105 °C under microwave heating for 4 hours. 

Then the mixture was diluted with 20 ml of water and the pH value was adjusted to 3-4 

by adding of aqueous 2M HCl solution. After acidification, the product precipitated. It 

was filtered and recrystallized from EtOH. The difference between the reactant and 

product was visible on TLC plate. The bounding of morpholine leads to fluorescence 

under UV, while the starting product does not fluorescence. As in the previous case, 

the product was verified by comparison with the authentic sample via TLC (eluent: 

CHCl3/ MeOH/ HCOOH = 100/ 10/ 1; detection: UV; Rf (reactant) = 0.90; Rf (product) = 

0.82) 

Entry Amount of 14 Morpholine Yield 

1 0.2 g; (0.0007 mol) 20 ml 27%; (0.063 g) 
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6.1.4. Synthesis of N-benzyl-1-butyl-6-fluoro-7-morpholino-4-oxo-1,4-

dihydroquinoline-3-carboxamide (17) 

Reaction 

 

Reactants 

1. 1-Butyl-6-fluoro-7-morpholino-4-oxo-1,4-dihydroquinoline-3-carboxylic 

acid (16) 

a. ME = 1; Mr = 348.4 g/mol 

2. N-methylmorpholine 

a. ME = 5; Mr = 101.15 g/mol 

3. Isobutyl chlorformate 

a. ME = 4; Mr = 136.58 g/mol 

4. Benzylamine  

a. ME = 4; Mr = 107,16 g/mol 

Approach 

1-Butyl-6-fluoro-7-morpholino-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 

(16) and N-methylmorpholine were dissolved in dry DMF under argon atmosphere. 

The solution was cooled down to 0 °C and isobutyl chlorformate was added slowly. The 

mixture was stirred for 60 minutes at 0 °C. Afterwards benzylamine was added and the 

solution was allowed to warm up to room temperature.   

TLC (eluent: EtOAc; detection: UV; Rf (reagent) = 0.87; Rf (product) = 0.46) 

followed. Column chromatography was chosen for the purification (mobile phase: 

EtOAc). The product was verified by comparison with the authentic one via TLC. 
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Entry 
Amount of 

16 
NMM 

Isobutyl 

chlorformate 
Benzylamine Yield 

1 
0.200 g; 

(0.0006 mol) 

0.315 ml;  

(0.290 g,  

0.0029 mol) 

0.299 ml;  

(0.313 g,  

0.0023 mol) 

0.251 ml; 

 (0.246 g,  

0.0023 mol) 

93%;  

(0.148 g) 
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6.2. Synthesis of JS7 

6.2.1. STEP 1 – Synthesis of diethyl 2-(((3-chloro-4-

fluorophenyl)amino)methylene)malonate (JS1) 

Reaction 

 

The reaction has already been performed. 4 

Reactants 

1. 3-chloro-4-fluoroaniline (5) 

a. ME = 1.0; Mr = 145.56 g/mol 

2. diethyl 2-(ethoxymethylene)malonate (EMME) 

a. ME = 1.2; Mr = 216.23 g/mol, ρ = 1.08 g/ml 

3. toluene  

a. solvent 

Approach 

3-Chloro-4-fluoroaniline (5) and diethyl 2-(ethoxymethylene)malonate (EMME) 

were dissolved in 25 ml of toluene. 4 Weflon-plates were added for better heat 

distribution and the mixture was heated under microwave heating (800W) for one 

hour at 110 °C. The solvent was evaporated under reduced pressure and the oily 

residue was stored in the freezer (-20 °C) overnight. The crystallized product was 

washed with ice cold n-hexane and dried under vacuum. TLC was performed (eluent: 

cyclohexan/ chloroform = 4/ 1; detection: UV). The product was visible in two spots 

under UV (Rf1 = 0.21; Rf2 = 0.15). It is explained by the formation of H-bond between 

secondary amine group and carbonyl group of ethylester (Figure 8). 
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Figure 8. Formation of H-bond in diethyl 2-(((3-chloro-4-

fluorophenyl)amino)methylene)malonate 

Properties 

M.p. = 63 °C 

1H NMR (400 MHz, CDCl3) δ 10.97 (d, J = 13.3 Hz, 1H), 8.37 (d, J = 13.3 Hz, 1H), 7.20 (dd, 

J = 6.0, 2.8 Hz, 1H), 7.11 – 7.05 (m, 1H), 7.02 – 6.96 (m, 1H), 4.30 (q, J = 7.1 Hz, 2H), 

4.25 (q, J = 7.1 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H), 1.33 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 168.93, 165.45, 155.33 (d, J = 247.0 Hz), 151.70, 136.24 (d, 

J = 3.6 Hz), 122.38 (d, J = 19.3 Hz), 119.24, 117.62 (d, J = 22.7 Hz), 116.86 (d, J = 7.0 Hz), 

94.67, 60.60, 60.30, 14.41, 14.25. 

 

 

Entry 3-chloro-4-fluoraniline Amount of EMME Yield of JS1 

1 5.0 g; (0.0343 mol) 8.25 ml; (8.99 g, 

0.0416 mol) 

73.8%; (8.01 g) 

2 5.0 g; (0.0343 mol) 8.25 ml; (8.99 g, 

0.0416 mol) 

73.3%; (7.95 g) 

3 10.0 g; (0.0687 mol) 16.51 ml; (17.99 g, 

0.0832 mol) 

84%; (18.24 g) 
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6.2.2. STEP 2 – Synthesis of ethyl 7-chloro-6-fluoro-4-oxo-1,4-

dihydroquinoline-3-carboxylate (JS2) 

Reaction 

 

Reactants 

1. diethyl 2-(((3-chloro-4-fluorophenyl)amino)methylene)malonate (JS1) 

a. ME = 1; Mr = 315.72 g/mol 

2. diphenyl ether   

a. solvent 

Approach 

Diethyl 2-(((3-chloro-4-fluorophenyl)amino)methylene)malonate (JS1) was 

dissolved in diphenyl ether and heated in heating mantle (240 °C). The solution was 

boiled for 4 hour. The product started to precipitate from the solution after a while. 

The solution was cooled down to room temperature and 100 ml of diethyl ether were 

added. After 30 minutes of stirring, the solution was filtered and the solid was washed 

properly with another diethyl ether. TLC was performed (eluent: chloroform/ iPrOH = 

150/ 1; RfJS1 = 0.30; RfJS2 = 0.80). 

The dominant product of cyclization was desired 7-chloro-6-fluoro-4-oxo-1,4-

dihydroquinoline-3-carboxylate (JS2), but also regioisomer ethyl 5-chloro-6-fluoro-4-

oxo-1,4-dihydroquinoline-3-carboxylate (18) arose. The synthesis continued without 

separation, the undesirable regioisomer was removed in the next step.  
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Entry Amount of JS1 Yield Note 

1 7.9 g; (0.025 mol) - * 

2 5.0 g; (0.0158 mol) - MW (800W)* 

3 5.0 g; (0.0158 mol) 73.4%; (3.67 g)  

4 10.0 g; (0.0317 mol) 87.8%; (7.5 g)  

 

* Two attempts were not successful, because the temperature was exceeded and the 

cooler did not manage to cool down the content of a flask. That led to burning of 

reagent.  
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6.2.3. STEP 3 – Synthesis of ethyl 7-chloro-6-fluoro-1-(3-methoxypropyl)-4-

oxo-1,4-dihydroquinoline-3-carboxylate (JS3) 

Reaction 

 

Reactants 

1. 7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (JS2) 

a. ME = 1.0; Mr = 269.66 g/mol 

2. Potassium carbonate  

a. ME = 5.0; Mr = 138.21 g/mol 

3. Potassium iodide  

a. catalytic amount 

4. 1-chloro-3-methoxypropane 

a. ME = 4.0; Mr = 108.57 g/mol 

5. DMF 

a. solvent 

Approach 

Because the Gould-Jacobs procedure was used for the formation of 4-

quinolone ring, the alkylation of nitrogen in position 1 was the next step. Ethyl 7-

chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (JS2) and potassium 

carbonate together with catalytic amount of potassium iodide were dissolved in 15 ml 

of dry DMF under argon atmosphere. After 20 minutes of stirring, 1-chloro-3-

methoxypropane was added. The solution was heated to 95 °C overnight (14 hours). 

The solvent was evaporated under the reduced pressure (11 mbar), the residue was 
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diluted with water and extracted with EtOAc. Organic phase was dried over sodium 

sulfate, filtrated and concentrated. 

For the first time, the eluent containing CHCl3/ MeOH in the ratio 15/ 1 has 

been chosen for TLC evaluation, which showed 6 compounds. The main spot (Rf = 0.93) 

was considered as a desired product. The column chromatography on silica gel (mobile 

phase: CHCl3/ MeOH) was chosen for separation. Unfortunately the separation was not 

successful, the product remained impure. The following TLC (eluent: CHCl3/ MeOH/ 

HCOOH = 150/ 1/ 1) showed 8 different compounds on TLC plate, when the biggest 

spot were characterized by the Rf = 0.76. Another column chromatography was 

performed (mobile phase: CHCl3/ MeOH/ HCOOH = 150/ 1/ 1). The separation was 

successful and the pure product was isolated from the middle fractions.  

M.p. = 117 °C 

1H NMR (400 MHz, CDCl3) δ 8.51 (s, 1H), 8.27 (d, J = 9.1 Hz, 1H), 7.66 (d, J = 5.7 Hz, 1H), 

4.41 (q, J = 7.1 Hz, 2H), 4.32 (t, J = 6.7 Hz, 2H), 3.42– 3.33 (m, 5H), 2.21 – 2.05 (m, 2H), 

1.42 (t, J = 7.1 Hz, 3H). 

 

13C NMR (101 MHz, CDCl3) δ 172.82 (d, J = 2.3 Hz), 165.24, 155.45 (d, J = 250.9 Hz), 

149.69, 135.65 (d, J = 1.9 Hz), 129.40 (d, J = 5.9 Hz), 127.19 (d, J = 20.4 Hz), 118.30, 

114.31 (d, J = 22.7 Hz), 110.77, 67.76, 61.04, 58.85, 50.71, 28.80, 14.40. 

 

 

Entry Amount of JS2 K2CO3 1-chloro-

methoxypropane 

Yield 

1 1.0 g; 

(0.0037 mol) 

2.56 g; 

(0.0185 mol) 

2.42 ml; 

(0.0222mol)  

59.1%; (0.75 g) 

2 1.0 g; 

(0.0037 mol) 

2.56 g; 

(0.0185 mol) 

2.42 ml; 

(0.0222mol) 

51.2%; (0.64 g) 

3 1.0 g; 

(0.0037 mol) 

2.56 g; 

(0.0185 mol) 

2.42 ml; 

(0.0222mol) 

68.5%; (0.87 g) 
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Entry Amount of JS2 K2CO3 1-chloro-

methoxypropane 

Yield 

4 1.0 g; 

(0.0037 mol) 

2.56 g; 

(0.0185 mol) 

2.42 ml; 

(0.0222mol) 

55.9%; (0.71 g) 

5 1.0 g; 

(0.0037 mol) 

2.56 g; 

(0.0185mol) 

2.42 ml; 

(0.0222mol) 

65.4%; (0.83 g) 

6 4.0 g; 

(0.0148 mol) 

10.24 g; 

(0.0741 mol) 

9.68 ml; 

(0.0889mol) 

46.3%; (2.35 g) 

7 2.0 g; 

(0.0074 mol) 

5.12 g; 

(0.0370mol) 

4.84 ml; 

(0.0444mol) 

58.7%; (1.49 g) 
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6.2.4. STEP 4– Synthesis of 7-chloro-6-fluoro-1-(3-hydroxypropyl)-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (JS4) 

Reaction 

 

Reactants  

1. ethyl 7-chloro-6-fluoro-1-(3-methoxypropyl)-4-oxo-1,4-dihydroquinoline-3-

carboxylate  (JS3) 

a. ME = 1.0; Mr = 341.96 

2. cleavage agent 

a. Hydrobromic acid (48% in water) 

b. Hydrobromic acid (33% in acetic acid) 

c. Hydrochloric acid (36% in water) 

d. Hydroiodic  acid (57% in water)  

 

Approach 

Hydrobromic acid 

Ethyl 7-chloro-6-fluoro-1-(3-methoxypropyl)-4-oxo-1,4-dihydroquinoline-3-

carboxylate (JS3) was mixed with hydrobromic acid and the substance dissolved when 
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the temperature was increased. The mixture was refluxed over night. Aqueous HBr 

was evaporated under reduced pressure. The black oily residue was diluted with 

MeOH resulting in the formation of white crystals. The product was extracted with 

CHCl3. It was proved by TLC (eluent: chloroform/ methanol = 100/ 1) that all 

compounds moved to chloroform phase. Nevertheless another TLC showed, that the 

most of the starting product remained untouched. The rest of CHCl3 was evaporated 

and the residue was dissolved in another amount of HBr. The reaction was performed 

again.  

The reaction was performed several times and various reaction conditions were used. 

The reaction did not work out completely and the product was not isolated, though a 

part of the potential product was observed on TLC plate (eluent: CHCl3/ iPrOH/ HCOOH 

= 150/ 10/ 1; RfJS3= 0.57, Rfpotential product = 0.21; UV detection). 

Entry Amount of JS3 HBr in water Yield 

1 0.4 g; (0.0012 mol) 15 ml - 

2 0.5 g; (0.0015 mol) 15 ml - 

3 0.65 g; (0.0019 mol) 20 ml - 

4 1.0 g; (0.0029 mol) 20 ml - 

 

According to TLC, we could not find out, whether the product has been 

completely hydrolyzed (the cleavage of ester and also ether). Because there were still 

a lot of reagent inside, we made a decision to try more powerful acid for hydrolysis. 

HBr was also tried as 33% solution in acetic acid. Unfortunately, this approach also did 

not bring the success. TLC showed the same result as before – the most of the reagent 

remained untouched (eluent: CHCl3/ iPrOH/ HCOOH = 100/ 10/ 1, RfJS3= 0.69, Rfpotential 

product = 0.58; UV detection). 

 

Entry Amount of JS3 HBr in acetic acid Yield 

1 0.5 g; (0.0015 mol) 15 ml - 
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Hydrochloric acid 

Ethyl 7-chloro-6-fluoro-1-(3-methoxypropyl)-4-oxo-1,4-dihydroquinoline-3-

carboxylate (JS3) was refluxed over night in 36 %aqueous HCl. The solution was 

allowed to cool down to room temperature and then the pH-value was adjusted to 3 

by adding 3M NaOH. White crystals began to crystallize from solution. They were 

filtered under reduced pressure and TLC was performed (eluent: CHCl3/ MeOH/ 

HCOOH = 100/ 10/ 1; RfJS3= 0.75, Rfpotential product = 0,69; UV detection). Unfortunately 

the reaction worked out only partially again and we continued the cleavage with 

another acid.  

 

Entry Amount of JS3 HCl Yield 

1 1.0 g; (0.0029 mol) 15 ml - 

 

 

Hydroiodic acid 

As in previous cases, ethyl 7-chloro-6-fluoro-1-(3-methoxypropyl)-4-oxo-1,4-

dihydroquinoline-3-carboxylate (JS3) was refluxed with 53% HI for 12 hours. After 

cooling down to room temperature, the mixture was alkalized by 3M NaOH to pH 

value 3 and nascent crystals were filtered under reduced pressure. TLC showed 

(eluent: CHCl3/ MeOH/ HCOOH = 150/5/1; RfJS3= 0.51Rfpotential product = 0.38) that the 

starting product is missing in the solution and the reaction worked out. Short column 

chromatography had to be performed because of present impurities. A short column 

chromatography on silica gel (CHCl3/ MeOH = 15/ 2) was managed to get rid of 

undesirable salts and water.  

M.p. = 408 °C 

1H NMR (400 MHz, DMSO) δ 9.04 (s, 1H), 8.45 (d, J = 6.0 Hz, 1H), 8.23 (d, J = 9.1 Hz, 

1H), 4.59 (t, J = 7.2 Hz, 2H), 3.29 (t, J = 7.2 Hz, 2H), 2.38 – 2.29 (m, 2H). 
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13C NMR (101 MHz, DMSO) δ 174.97, 162.96, 145.02, 136.67 (d, J = 1.5 Hz), 126.77 (d, J 

= 5.5 Hz), 125.02 (d, J = 20.1 Hz), 119.24, 111.67 (d, J = 21.9 Hz), 108.78, 50.72, 31.45, 

30.91. 

 

 

Entry Amount of JS3 HI yield 

1 0.4 g; (0.0012 mol) 10 ml 0.12 g; 33% 

2 1.3 g; (0.0038 mol) 15 ml 0.51 g; 45% 

3 3.0 g; (0.0088 mol) 20 ml 1.79 g; 68% 
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6.2.5. Synthesis of 7-chloro-6-fluoro-1-(3-hydroxypropyl)-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (JS5) 

Reaction 

 

 

 

Reactants 

1. 7-chloro-6-fluoro-1-(3-hydroxypropyl)-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid (JS4) 

a. ME = 1; Mr = 299.68 g/mol 

2. Morpholine 

a. V = 10 ml; surplus; Mr = 87.12 g/mol 

Approach 

7-Chloro-6-fluoro-1-(3-hydroxypropyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic 

acid (JS4) was dissolved in morpholine and heated to 100 °C under microwave 

irradiation for 4 hours. According to TLC (eluent: CHCl3/ MeOH = 15/ 1) the product 

arose. It was visible as the spot at the start of TLC plate (Rf = 0.01) and it was 

fluorescenting under UV irradiation (320 nm). The mixture was diluted with water. The 

excess of morpholine was neutralized by addition of 2M HCl and the pH-value was 

adjusted to 3. Another TLC was performed, but unfortunately the product remained 

ionized and did not migrate forward from the start of TLC plate.  

Thus, another approach was needed. After a reaction, the unreacted 

morpholine was evaporated under reduced pressure. The residue was diluted with a 
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few ml of methanol and several drops of formic acid acidified the pH-value to 4. 

Unfortunately it was not managed to get rid of ionized state and the product remained 

protonated, thus it was not purified.  
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7. Conclusion 

During my diploma thesis elaboration, I got familiar with a chemistry of 

quinolones. First of all, I explored 4 model steps important for the final synthesis. I 

learnt how to perform alkylation reactions and following hydrolysis of ester. I also 

introduced morpholine into a molecule (14) and subsequently also benzylamide (16). 

Then I choose the Gould-Jacobs reaction for the preparation of 4-quinolone cycle, 

which comprises 2 steps. Because the products JS1 and JS2 were obtained in very good 

yields, alternative Grohe-Heitzer reaction was not necessary to use. Although the first 

reaction worked without any troubles, the second one had to be under constant 

supervision, because the temperature exceeding led to a burning of product JS2. After 

alkylation 8 compounds arose. That required an appropriate method for purification. 

The column chromatography was chosen and an appropriate mobile phase was 

determined. The product JS3 was prepared in high amount and also in good yields. The 

problematic part was the cleavage of ether and ester. I used 4 different acids, but only 

hydroiodic acid was sufficiently powerful to hydrolyze not only the ester, but also the 

ether. After purification of the product JS4, the introduction of morpholine was the 

next step. In this step, I did not manage to purify the compound, though two different 

approaches were used. The main problem was that the compound was protonized and 

I did not manage to deprotonize it by the correcting of pH-value. This is the step 

needed to improve and explore. During my work, I prepared 4 pure compounds, which 

can be used for the synthesis of the target compound in the future.  
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8. List of abbreviations  

DMF – N,N-dimethylformamide 

WHO – World Health Organization 

HAT – Human African Trypanosomiasis 

NECT – Nifurtimox-eflornithine combination therapy 

M.p. – melting point 

CNS – central nervous system 

CSF – cerebrospinal fluid 

IC50 – half maximal inhibitory concentration 

IgM – immunoglobulin M 

CATT – Card Agglutination Test for Trypanosomiasis 

PET/CT – positron- emission tomography – computed tomography 

EMME – diethyl 2-(ethoxymethylene)malonate 

TLC – thin layer chromatography 

ME – molar equivalent 

MW – microwave reactor 

NMM –N-methylmorpholine 

NMR – nuclear magnetic resonance 

Rf – retardation factor 

SAR - Structure-Activity Relationships 
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