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Abstract 

Leishmaniasis is a vector-borne complex disease classed as a neglected tropical disease (NTD) 

by World Health Organization (WHO). It is caused by the trypanosomatids parasite and 

transmitted by female sandflies. Leishmaniasis affects 98 nations, mostly low-income 

developing countries with 0.7 to 1 million new cases annually. Around 350 million people are 

at risk, 12 million are affected and one million new cases occur every year. Current 

leishmaniasis pharmacology uses few drugs which were obsolete, had severe adverse effects, 

and with few exceptions, formulated to be administered parenterally.  

β-carboline (9H-pyrido-[3,4-b]-indole), is an indole alkaloid having a pyridine-indole ring. β-

carbolines possess anticancer, antiviral, antibacterial, antifungal, antileishmanial, 

antithrombotic, anti-inflammatory, etc. effects. In turn, academics, and industry focus on a 

chemically flexible moiety. Since last decade, researchers have sought a Leishmaniasis vaccine 

but unfortunately, all results are disappointing. β-carboline analogues may be a potential lead 

according to the reported works of literature and our findings also agreed. Using β-carboline 

analogues, the investigations were carried out and found the designed β-carboline analogues as 

significant anti-leishmanial agents and less toxic with superior Absorption, Distribution, 

Metabolism, and Excretion (ADME) profiles. The β-carboline was synthesized by Pictet-

Spengler reaction using DL-tryptophan and 5-hydroxy tryptophan as the starting materials. The 

starting materials were initially reacted with thionyl chloride for esterification followed by ring 

annulation, and conversation of ester to carboxylic acid. Finally, acid amide coupling reaction 

was done with the aid of coupling agents like N-Ethyl-N′-(3-dimethylaminopropyl) 

carbodiimide hydrochloride (EDC hydrochloride) and 1-Hydroxybenzotriazole hydrate (HOBt) 

with various substituted phenyl piperazines. The synthesized molecules (Total of 128) were 

characterized by IR, NMR and Mass spectroscopy analytical methods. 

The molecules were segregated into the following series, (6-bromo-1-phenyl-9H-pyrido-[3,4-

b]-indol-3-yl)(4-phenylpiperazin-1-yl)-methanone derivatives (1-16), (6-nitro-1-phenyl-9H-

pyrido-[3,4-b]-indol-3-yl)(4-phenylpiperazin-1-yl)-methanone derivatives (17-32), (6-chloro-

1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)(4-phenylpiperazin-1-yl)-methanone derivatives (33-

48), (6-hydroxy-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-methanone 

derivatives (49-64), (6-bromo-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)(4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (65-80), (4-(4-methoxyphenyl)-piperazin-1-

yl)(9-methyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-methanone (81-96), (6-chloro-9-

methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)(4-(4-methoxyphenyl)-piperazin-1-yl)-
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methanone (97-112), (6-hydroxy-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)(4-(p-

tolyl)piperazin-1-yl)-methanone (113-128). 

The synthesized compounds were screened for the in-vitro anti-leishmanial Promastigote 

activity (L. infantum BCN150 iRFP promastigotes (iRFP-L. infantum)), in-vitro anti-

leishmanial Amastigote activity (L. infantum BCN150), cell viability (Human 

hepatocarcinoma cell HepG2 line (ATCC HB-8065), molecular mechanistic studies by 

Trypanothione reductase inhibition assay. The critical analysis of screening results offered 

several intriguing takeaways. 

The outcomes of the promastigotes revealed 37 promising molecules. In that 12 molecules are 

more potent than the standard drug. The compound 72 - 5.20±0.54 μM, and compound 60 – 

7.59±2.96 μM were potently active molecules. A total of 8 molecules were found significant 

with the EC50 less than 25 μM. Around 17 moderately active molecules were also identified 

with EC50 in the range of 25-50 μM. The results of the amastigote screening discovered 47 

promising molecules. In that around 12 molecules are more potent than the standard drug 

Miltefosine. The compound 70 – 0.46±0.06 μM, and compound 77 – 0.45±0.03 μM were 

potently active molecules. A total of 9 molecules were found significant with the EC50 less than 

10 μM. Around 26 moderately active molecules were also identified with EC50 in the range of 

10-20 μM. Around 15 molecules showed dual inhibition against both promastigotes and 

amastigotes. Among those compounds, compound 9 showed the EC50 -12.68±8.171 μM 

(promastigotes); 8.52±0.66 μM (amastigotes) and compound 72 with EC50 -5.20±0.54 μM 

(promastigotes); 1.28±0.19 μM (amastigotes). Out of 128 molecules, around 73 molecules 

exhibited CC50 more than 50 μM (Human hepatocarcinoma cells HepG2 line (ATCC HB-

8065)). This indicates the screened analogues did not reveal any hepatotoxicity.  

A molecular mechanistic exploration study against trypanothione reductase (TR) activity was 

performed. Compounds 78, 68, 81, 70, 96 and 88 inhibited TR by 50±1 %, 43±1 %, 38±5 %, 

36±5 %, 33±3 % and 31±2 %, respectively at 50 µM tested concentration. Compounds 78, 68, 

81, 15 and 109 inhibited TR by 100±2 %, 63±1 %, 61±1 %, 57±2 % and 47±1 %, respectively 

at 100 µM tested concentration. From the obtained results, it has been presumed that TR is not 

the only molecular target that the titled β-carboline derivatives are attempting to hit. Hence, 

further detailed investigations will be required against other possible available targets of 

leishmaniasis in order to determine the exact molecular target on which the anti-leishmanial β-

carboline analogues will act. 

Molecular docking and dynamics study was also performed using Trypanothione reductase 

(PDB:2JK6). Binding free energy (MM-GBSA) calculation study also exposed the same and 
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these identified hit molecules were in the range of -72.25 to -103.45 Kcal/mol. Molecular 

dynamics RMSD plot of protein backbone against each ligand was also plotted and the results 

showed similar fluctuating patterns of the protein with all the ligands during the simulation and 

the RMSD fluctuated between 2.0 - 5.0 Å.  

Amino acids such as PHE365, THR335, CYS57, LYS60, ALA365, PHE367 and ARG287 

were actively involved in the tight holding of hit molecules against trypanothione reductase. 

This is a concluding comment that was obtained from the output of the time frame analysis. 

These amino acids uncovered several contacts with the studied hit molecules, including 

hydrogen bonds, aromatic bonds, pi interactions and halogen bonds. In addition to this, several 

interactions that were mediated by water were also engaged in the process of tightly holding 

the molecules in the active site of the target protein. Investigations using 100 ns of molecular 

dynamics simulation revealed that the protein-ligand complexes were stable in the active site. 

Time frame analysis also revealed vital amino acid residues were involved in the bond 

formation with the identified hit compounds. Final results showed that these compounds shed 

light on the field of leishmaniasis drug discovery.  
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Leishmaniasis is a complex vector-borne disease classified by World Health Organization 

(WHO) under the denomination of Neglected Tropical Diseases (NTDs). It is caused by at least 

20 species of parasitic protozoa of the Family trypanosomatidae and transmitted by the bites 

of female sandflies. Depending on the species and regions, leishmaniasis can be zoonotic 

(mainly rodents and canids are the reservoir hosts) or anthroponotic 1. Current WHO data 

indicate that leishmaniasis in its different forms affects 98 countries, predominantly low-

income developing countries, with 0.7 to 1 million new cases each year 2. More than 350 

million people are at risk, around 12 million of whom are infected, with an average annual 

incidence of one million new cases 3. According to clinical manifestations, leishmaniasis is 

classified into Cutaneous Leishmaniasis (CL), Visceral Leishmaniasis (VL) and 

Mucocutaneous Leishmaniasis (MCL). Post-kala-azar dermal leishmaniasis (PKDL) or black 

fever is usually a sequel of VL that appears as a macular, popular or nodular rash usually on 

the face, upper arms, trunks and other parts of the body. Leishmaniasis in its various clinical 

manifestations is responsible for 2.35 million disability-adjusted life years (DALYs) lost 4–6.  

The species responsible for CL are Leishmania tropica, Leishmania major and Leishmania 

aethiopica in the Old World, whereas Leishmania mexicana, Leishmania amazonensis and 

Leishmania braziliensis complexes in the New World. There are currently between 600,000 

and 1 million new cases of CL each year. Seventy-five percent of new CL cases are detected 

in Afghanistan, Brazil, Iran, Iraq and Syria. CL, although non-fatal, is responsible for 

disfiguring lesions and social stigma 7. After the sandfly bite, local edema may be formed, 

leading to a macule that evolves into a papule and eventually develops into a nodule that grows 

into necrosis and ulceration. Ulcers can heal, but the remaining wounds are a motif of social 

repulse even after parasitological treatment 8. The clinical manifestations of MCL are typical 

of the New World and are caused by L. braziliensis and to a lesser extent by L. amazonensis, 

Leishmania guyanensis and Leishmania panamensis. The development of the inflammatory 

process is similar to CL, but lesions may heal spontaneously only to re-appear in the mucosal 

tissues of the nose and oral cavity (which may extend to the oropharynx and larynx) thus 

forming chronic destructive lesions responsible for severe disfigurement 9. The most severe 

form of the disease is visceral leishmaniasis (VL), which is caused by L. donovani and L. 

infantum in the Old World and L. infantum, Leishmania chagasi in the New World, and can be 

fatal in the absence of drug treatment. This form is endemic in many regions of the world, but 

more than 90% of the global burden is confined to seven countries: India, Somalia, Kenya, 

Sudan, South Sudan, Ethiopia and Brazil, where most deaths are accounted for 1,6. Symptoms 
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include weight loss, chronic fever, lymphadenopathy, pancytopenia, muscle atrophy and 

hepatosplenomegaly, with liver and spleen being palpable in the enlarged abdomen of patients 

10. 

Host’s immunocompetence is very important for the development of leishmaniasis. In this 

scenario, Leishmania-HIV co-infections are considered as serious complication in 35 countries 

in the Indian sub-continent, East Africa and Brazil 11. A second problem associated with VL is 

post-kala-azar dermal leishmaniasis (PKDL), a disfiguring skin sequela that is developed by 

50% of VL patients in Sudan and 1-3% of VL patients in the Indian sub-continent 12. 

A. Leishmaniasis life cycle 

Leishmania sp. is a parasitic protist with a digenetic life cycle, which involves one phase in the 

insect vector and another in the definitive mammalian host species, which can be humans, 

domestic and wild canids, and other wild animals that can act as reservoirs of the disease. 

Briefly, the life cycle starts with the ingestion of blood from a naive host by a female 

phlebotomine infected with Leishmania. Upon ingestion, the insect regurgitates some of the 

ingested blood, thereby inoculating metacyclic (infective) promastigotes (the elongated, 

flagellated, motile, midgut-resident form of the sandfly), which are phagocytosed by host’s 

neutrophils at the site of the bite 13,14.  Neutrophils may act by hiding the parasite from the host 

immune system and facilitating infection by macrophages when they phagocytose the infected 

apoptotic neutrophils 15. Within the macrophage, promastigotes are transformed into infective 

amastigotes (rounded, non-flagellated, and non-motile forms present in host phagolysosomes) 

by the acidic environment and increased temperature of the phagolysosome. The amastigotes 

divide by binary fission inside the macrophages until they rupture, thus releasing the 

amastigotes and allowing the surrounding macrophages to phagocytose them. The cycle is 

completed when a female phlebotomine sandfly ingests blood containing infected cells and the 
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amastigotes transform back to promastigotes inside the insect's hindgut as temperature 

decreases and pH increases 5 (Figure 1.1). 

 

 

 

 

 

 

 

 

 

 

 

1. Sandfly sucks blood meal from the infected person in amastigote form 2. The amastigote form of the parasite 

travels into the abdominal midgut region of the sandfly 3. Changes in pH and temperature promote parasite 

transformation of the amastigote forms to procyclic promastigote form 4. Procyclic promastigotes convert into 

nectomonads, which are attached to the microvilli in the midgut region of the sandfly 5. In the thoracic midgut 

and stomach valve, the nectomads transform into haptomad, leptomad, and metacyclic promastigotes 6. The 

parasite attaches to the midgut wall and finally migrates back towards the insect mouthparts 7. The leishmanial 

infected sandfly bites the healthy human. The site where the sandfly bites are quickly recruited with neutrophils. 

Recruitment stimulants are proteophosphoglycans secreted in the sandfly saliva and are inoculated along with the 

parasite into the host during blood meals 8. A range of macrophage receptors, including complementary receptors 

(CRs), mannoses, fibronectin receptors, and fcβ receptors (FcμR), are available to various species of leishmaniasis 

9. Leishmania promastigote acts via its flagellum and various macrophages. This communication provokes 

intracellular parasite phagocytosis. Low pH, increased temperature, and increased iron absorption induces the 

parasitophorous vacuole divergence and acidification of promastigote to amastigote. Amastigote parasitophorous 

vacuole is a very interactive and dynamic organelle to obtain nutrients and additional membranes from the host 

cell for parasite replication 10. The amastigote forms are again carried out to the sandflies to infect new hosts  

B. Treatment for Leishmaniasis  

Vaccination is the most cost-effective method for the prevention of infectious diseases, 

including parasitic diseases. Prophylaxis protects against disease in the long term and reduces 

transmission. However, although some countries have effectively used leishmanization in part 

of their population 16, none of the vaccines developed against human leishmaniasis have shown 

remarkable efficacy 17. This is not the case for canine leishmaniasis where there are marketed 

vaccines (Leishmune®, CaniLeish®), which showed an effective immunological response for 

Figure 1.1 Lifecycle of Leishmaniasis (sandfly and human stages) 
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one year 18. The lack of an effective vaccine implies that the main method used to control 

leishmaniasis when preventive hygiene and vector control measures fail is pharmacotherapy. 

Current pharmacology against leishmaniasis is based on a handful of chemical compounds 

(Figure 1.2), most of them were outdated, with a multitude of side effects, and, with a few 

exceptions, formulated to be administered parenterally 6,18,19. At present, only one or two of 

them, at best, would meet the drug target profile requirements to be an antileishmanial drug 

published by the WHO 20,21. 

Pentavalent antimonials (SbV) (Gluca ntime®, Pentostam®) are organometallic derivatives of 

SbV that have been used as first-line antileishmanial drugs for 7 decades 22. Their mechanism 

of action is based on interaction with biomolecules containing nitrogen and sulphydryl ligands 

(peptides, proteins, enzymes, etc) after the reduction of SbV to SbIII, which is why they are 

considered prodrugs 23. It is the only treatment with high success rates for all clinical forms of 

leishmaniasis, although its overuse has led to the emergence of resistance, especially in the 

Indian sub-continent 24. SbV-based drugs are repeatedly administered by intramuscular or 

intravenous routes against VL at a dose of 20 mg/kg body weight, for 30 days with >95% 

success, but due to the discomfort produced at the site of injection, there is a lack of adherence 

to treatment with the risk to develop resistances 25. These drugs are used locally by intralesional 

infiltration against Old and New World presentations of CL, although the response varies 

depending on the species causing the disease 26. Despite their efficacy and the large number of 

lives saved, antimony has a multitude of drawbacks, including high toxicity and side effects, 

local irritation and pain, cardiac and hepatic alterations, anorexia, nausea, vomiting, myalgia, 

and arthralgia27. The risk of severe cardiotoxicity precludes its administration in patients over 

45 and under 15 years of age 28. 

Amphotericin B deoxycholate (AMB-D) is a broad-spectrum polyene antifungal drug available 

since 1960 for the treatment of severe systemic fungal infections 29. It has been used as a 

second-line treatment for VL, thus becoming the treatment of choice in some areas due to the 

increase in SbV-resistant strains 30. Similarly, to yeasts, the mechanism of action of AMB 

consists of its selective binding to the parasite's plasma membrane sterols, mainly ergosterol, 

which creates ion channels that alter the parasite's osmotic balance and the loss of intracellular 

solutes 31. AMB is a very effective antileishmanial medication, but it has some drawbacks, such 

as repeated intravenous administration that requires hospitalization of the patient, unwanted 

side effects such as fever, myocarditis, nephrotoxicity 32, and the poor chemical stability of the 

drug at high temperatures of many endemic countries 33. AMB has a liposomal version, 
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AmBisome®, with reduced side effects. It is an expensive but effective treatment and is 

generally the treatment of choice in pregnant women, HIV-co-infected patients, and other 

immunocompromised patients 34. Single high-dose administration of AmBisome® has been the 

solution to SbV resistance problems in the Indian sub-continent, with cure rates above 95%, but 

not in Africa 19,27 

Miltefosine (Impavido®) is an alkyl phospholipid initially developed as an antineoplastic drug, 

but it soon demonstrated anti-leishmanial properties. It is the only drug that is administered 

orally against leishmaniasis 35. The mechanism of action is not yet defined but it appears to 

alter phosphatidylcholine synthesis, inhibit cytochrome c oxidase (decreasing oxygen and ATP 

available to the parasite that leads to apoptosis-like death), and induces a Th1-type immune 

response 36. A peculiarity of miltefosine is its long half-life (ca. 7 days), which promotes its 

accumulation during administration 37. Miltefosine has side effects such as headache, 

gastrointestinal disturbances, hepatotoxicity and especially teratogenesis. Therefore, its use 

should be discontinued in pregnant women or women who expect to become pregnant during 

treatment 38. Allometric dosification of miltefosine in children is required to reach the curative 

effects described in adults 39. Despite the proven efficacy of miltefosine, an increasing number 

of cases of treatment failure have been reported since its introduction as first-line therapy in 

the VL elimination program in the Indian sub-continent. 40 

Paromomycin is a broad-spectrum aminoglycoside antibiotic that began to be used in the 1960s 

as a treatment for leishmaniasis. Its mechanism of action is based on the inhibition of 

mitochondrial function and interference with protein synthesis 41. In monotherapy there is a 

risk of resistance and differences in efficacy in different regions, thereby showing high success 

rates in India but limited efficacy in East Africa 42. Its efficacy against CL also depends on the 

species causing the disease 43. 
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Figure 1.2. Structure of currently marketed drugs for the treatment of Leishmaniasis  

 

Other drugs against leishmaniasis include pentamidine and azole antifungals. Pentamidine is 

an aromatic diamidine drug consisting of pentane-1,5-diol, which interferes with polyamine 

synthesis, RNA polymerase activity, enters the protozoal cell binding to transfer RNA and 

prevents the synthesis of protein, nucleic acids, phospholipids, folates 44,45. In the case of 

Leishmania, its use had been almost completely abandoned due to the risk of resistance and 

severe side effects, but it has recently been recommended for patients co-infected with HIV 46. 

The azole antifungals, fluconazole, ketoconazole and itraconazole (Figure 1.3) have been 

mainly used for the treatment of CL 47. Their mechanism of action is based on the inhibition of 

the synthesis of lanosterol, an intermediate in the ergosterol synthesis of the parasite 48. The 

results show that they are not very effective as monotherapy and should, therefore, they should 

be used in combination with other drugs such as Miltefosine 49. 
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Figure 1.3. Structure of Azole antifungals 

To reduce side effects and VL-drugs administration time, the WHO and Drugs for Neglected 

Diseases initiative (DNDi) have recommended the use of combinations of drugs with different 

mechanisms of action that facilitate adherence to treatment, thus preventing the emergence of 

resistant strains. The most common drug used in combination is paromomycin, which is 

administered intramuscularly together with SbV in East Africa. This combination reduces the 

treatment from 30 to 17 days with an efficacy of more than 95% 50. 

C. Clinical trials on leishmaniasis  

The current situation for the pharmacological management of leishmaniasis in endemic 

countries is limited to the administration of a reduced number of compounds. Some of them 

have decreasing efficacy over time due to overuse, some are unaffordable for impoverished 

countries or chemically unstable, and most of them require repeated parenteral administration 

over a long period of time, which compromises their adherence. Following the 2012 London 

Declaration on Neglected Tropical Diseases, the actual results for 2022 were not entirely 

optimistic for leishmaniasis, including new combination therapies with similar efficacy to 

previous treatments but with reduced side effects. However, the number of promising chemical 

species, new drug targets, and High Throughput Screening (HTS) methodologies has grown 

dramatically so that several molecules, meeting the Target Product Profile for an anti-

leishmanial, are currently being evaluated in Phase I clinical trials (Figure 1.5)20,26,51,52  

Nitroaromatic rings are the privileged pharmacophores of many active antimicrobials, such as 

the antibiotic metronidazole, the antichagasic drugs benznidazole and nifurtimox, the 

antitubercular drug pretomanid and the antifungal nifuratel (Figure 1.4) 53,54 From the 

repositioning campaigns for new anti-tuberculosis drugs, fexinidazole was found to have potent 

anti-Chagas and anti-sleeping sickness effects and is currently in phase II clinical trials 55. This 

molecule has inspired the compound DNDi-0690, which is currently being tested as an oral 

antileishmanial drug in phase I clinical trials 56. 
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Figure 1.4. Structure of antitubercular drugs 

Benzoxaboroles are cyclic boron-containing drugs developed against several infectious 

diseases, including onychomycosis of the toenails and atopic dermatitis 57. The 6-carboxamide 

benzoxaborole, DNDI-6148, was as curative as miltefosine in mice at a minimum dose of 25 

mg/kg/d b.i.d. after a 10-day treatment, without toxic side effects 52. This remarkable efficacy 

is being currently assessed for first-in-human trials of safety, tolerability, and pharmacokinetics 

after a single ascending oral dose 58. GSK3186899 is a pyrazolopyrimidine first identified in a 

target-based screen against T. brucei glycogen synthase kinase (GSK3)59. Pyrazolopyrimidines 

were shown to be strong inhibitors of leishmanial cyclin-dependent kinase 12 (CDK12) with 

potent anti-leishmanial effects in vitro 60. GSK3186899 administered orally at 25 mg/kg b.i.d 

for 10 consecutive days produced a 99% reduction in parasite load in a mouse model of VL 61. 

The good characteristics of GSK3186899 led to its inclusion in Phase I clinical trials. From a 

mass phenotypic screening of small molecules conducted by Novartis in collaboration with the 

Wellcome Trust, a set of azabenzoxazole ring compounds led to the identification of GNF6702 

62. Deconvolution studies of this compound showed a strong effect as a reversible inhibitor of 

the kinetoplastid proteasome and anti-leishmanial effects at sub-micromolar concentrations 

(Stanley et al., 2019). An azabenzoxazole derivative of GNF6702, called LXE408, 

administered at 3 mg/kg  showed a >99% reduction in parasite load 63. Leishmanial proteasome 

was also identified by GSK and Dundee Drug Discovery as the target of other azabenzoxazole-

like compounds. From phenotypic screening, DDD01305143 was found to reduce parasite load 

by more than 95% in vivo in rodents at a dose of 3 mg b.i.d. for 10 consecutive days orally 64. 

Both proteasome inhibitors LXE408 and DDD1305143 have been promoted by DNDi to phase 

I clinical trials against VL. Finally, CpG-D35 is a short synthetic immunomodulatory 

oligonucleotide that is effective against CL in macaques. After continued parenteral 

administration, parasite load and lesion size were reduced regardless of the route (ID, IM or 

SC), hence suggesting that the product induces a systemic immunomodulatory effect that 

accelerates healing. In addition, the animals developed long-lasting protective memory 

responses to the parasite 65. 



Chapter 1. Leishmaniasis – An overview 

 

10 | P a g e  

 

 

Figure 1.5. Structure of antileishmanial compounds under clinical trials 
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β-carboline (9H-pyrido-[3,4-b]-indole), also known as nor-harmane, is a nitrogen-

containing heterocycle. β-carboline belongs to the group of indole alkaloids and contains a 

pyridine ring fused with an indole backbone 1. The structure of β-carboline is like tryptamine, with 

the ethylamine chain re-connected to the indole nucleus via an extra carbon atom to produce a 

three-ringed structure 2. Since its initial discovery in the year 1841, β-carboline alkaloids have 

been isolated from various sources, principally plants (mainly in Rutaceae, Simaroubaceae, 

Amaranthaceae, Caryophyllaceae, Rubiaceae and Zygophyllaceae), marine creatures (hydroids, 

bryozoans, soft corals) and marine sponges 3. They also present in microorganisms, insects, food 

products, alcoholic beverages, tobacco smoke, as well as human tissues and body fluids 4. Also, 

β-carbolines display a wide range of unusual biological activities like anticancer 5,6, antiviral 7, 

antibacterial, antifungal 8, antileishmanial 9, antithrombotic, antiinflammatory 10 properties, among 

others. They also been reported to interact with enzymes and receptors like monoamine oxidase 

11, topoisomerase I 12, topoisomerase II 13, mitogen-activated protein kinase (MAPK)14, cyclin-

dependent kinase (CDK)15, benzodiazepine receptors 16, 5-HT-1 receptors 17, 5-HT-2 receptors 18 

and imidazoline receptors 19. Some important β-carboline structures were shown in (Fig-2.1). In 

turn, a great deal of attention is received by the scientific community (academia and industry) to 

explore a chemically versatile moiety. To the best of our knowledge, nine β-carboline drugs have 

been commercialized to date for the treatment of various ailments 20 (Fig-2.2). 

 

Figure-2.1 Structural diversity of carbolines (1a-12a)  
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Figure-2.2 Commercialized β-carboline drugs and their pharmacological activity (13a-21a) 
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2.1. β-carboline derivatives as anti-leishmanial agents 

Penta Ashok et al. reported the synthesis of piperazinyl-β-carboline-3-carboxamide derivatives 

and evaluated their anti-leishmanial activity against Leishmania infantum and Leishmania 

donovani. Among the reported derivatives, compounds 22a, 23a, and 24a exhibited potent 

inhibition of promastigotes (EC50 1.59, 1.47, and 3.73 µM, respectively) and amastigotes (EC50 

1.4, 1.9 and 2.6 µM, respectively) of L. infantum 21. 

 

Figure-2.3 Structure of compounds 22a, 23a and 24a 

Nitin A. lunagariya et al. described the synthesis of 1,3,6-trisubstituted-β-carboline derivatives 

and evaluated their cytotoxic potential against four human cancer cells, namely A-549, HeLa, 

Hep G2, and MCF-7 as well as anti-leishmanial activity against promastigotes of L. donovani 

(MHOM/80/IN/Dd8). Among the studied compounds, compounds 25a and 26a were found to 

exhibit moderate inhibition with IC50 of 23.5±9.0 and 68.0±0.0 µM, respectively, while 

compound 27a was the most active in the tested series with IC50 9.0±2.8 µM, suggesting the 

modification at C-6 was detrimental for anti-leishmanial activity 22. 

 

Figure-2.4 Structure of compounds 25a, 26a and 27a 

Penta Ashok et al. reported the synthesis of (1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-

phenylpiperazine-1-yl)-methanone derivatives and evaluated them for inhibition activity 

against L. infantum and L. donovani. Amongst them, compounds 28a and 29a showed the most 

potent anti-leishmanial activity against the tested strains of Leishmaniasis. The compound 28a 

exhibited EC50 of 3.47±2.80 µM (promastigotes), 2.80±0.10 µM (axenic amastigotes) and 

4.00±0.60 µM (intracellular amastigotes). Another compound 29a showed EC50 2.89± 0.34  

µM (promastigotes) and 2.80±0.13 µM (axenic amastigotes) 23. 
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Figure-2.5. Structure of compounds 28a and 29a 

Ravi Kumar et al. reported the synthesis of 2-(pyrimidine-2-yl)-1-phenyl-2,3,4,9-tetrahydro-

1H-β-carboline derivatives and evaluated for anti-leishmanial activity against L. donovani. 

Compound 30a exhibited significant anti-leishmanial activity with an IC50 value of 1.93 mg/ml 

against amastigotes 24. 

 

Figure-2.6 Structure of compound 30a 

Vikrant Singh M. Gohil et al. reported the anti-leishmanial activity of 1-aryl-β-carboline 

derivatives against L. donovani. Compound 31a (IC50 2.16 ± 0.26 µM) showed notable activity 

than the standard drug miltefosine (IC50 12.07 ± 0.82 µM) 25. 

 

Figure-2.7 Structure of compound 31a 

T. F. Stefanello et al. represented the in-vitro antileishmanial activity of N-butyl-[1-(4-

methoxy)-phenyl-9H-β-carboline]-3-carboxamide against L. amazonensis. The compound 32a 

was active against promastigote, axenic amastigote, and intracellular amastigote forms of L. 

amazonensis, which showed high selectivity for the parasite 26. 
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Figure-2.8 Structure of compound 32a 

Penta Ashok et al. synthesized and characterized some novel tetrahydro-β-carboline 

derivatives against transgenic infrared fluorescent L. infantum strain. Among the tested 

analogues, most of the compounds exhibited potent inhibition against both promastigotes (IC50 

from 1.99 ± 1.40 to 20.69 ± 0.95 µM) and amastigote (IC50 from 0.67 ± 0.05 to 4.16 ± 0.008 

µM) forms of L. infantum. Moreover, compound 33a displayed the most potent and selective 

inhibition of parasite’s amastigote form with IC50 0.67 ± 0.05 µM 27. 

 

Figure-2.9 Structure of compound 33a 

HélitoVolpato et al. studied the effects of N-butyl-1-(4-dimethylamino)-phenyl-1,2,3,4-

tetrahydro-β-carboline-3-carboxamide and its possible targets against L. amazonensis. The 

results showed that morphological and ultrastructural alterations, depolarization of the 

mitochondrial membrane, the loss of cell membrane integrity, and an increase in the formation 

of mitochondrial superoxide anions in L. amazonensis treated with compound 34a 28.  

 

Figure-2.10 Structure of compound 34a 
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R. B. Pedroso et al. reported the synthesis of 1-substituted-β-carboline-3-carboxamides, 1-

substituted-β-carboline-3-carboxylic acid and screened for in-vitro activity against L. 

amazonensis. Compound 35a, (N-benzyl-1-(4-methoxy)-phenyl-9H-β-carboline-3-

carboxamide) exhibited significant activity against promastigotes and axenic amastigote forms 

with IC50 of 2.6 and 1.0 µM, respectively 29. 

 

Figure-2.11 Structure of compound 35a 

Shikha S. Chauhan et al., reported a detailed novel β-carboline–quinazolinone hybrids as 

inhibitors of L. donovani trypanothione reductase (LdTR). Among the series of analogues, 

compounds 36a, 37a and 38a revealed significant in-vitro activity against amastigotes with 

IC50 of 4.4, 6.0, 4.3 µM, and promastigotes with IC50 of 3.3, 4.6 and 4.8 µM, respectively along 

with an adequate selectivity index (SI) of > 91, 36 and 24. Apart from synthesis and bio-

activity, the research group also studied in-silico docking studies against the homology 

modelled target against the LdTR enzyme. The study results revealed that compound 38a made 

hydrogen bond interactions with GLU-466 and HIS-461aminoacid residues, both of which 

usually participate in the enzymatic process and thus may contribute to its inhibitory potential 

30. 

 

Figure-2.12 Structure of compounds 36a, 37a and 38a 

Lilian T. DusmanTonin et al. reported a series of 1-phenyl substituted-β-carbolines containing 

an N-butyl carboxamide group at C-3 of the β-carboline nucleus and evaluated in-vitro activity 

against epimastigote forms of Trypanosoma cruzi and promastigote forms of L. amazonensis. 

Two derivatives, 39a and 40a, presented potent activity against both the tested parasites. The 
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most active derivative 39a also showed high selectivity index ratio (SI) for L. amazonensis (SI 

= 2.084) 31. 

 

Figure-2.13 Structure of compounds 39a and 40a 

Ashok et al. reported the synthesis and anti-leishmanial activity of (4-aryl piperazine-1-yl) (1- 

(thiophene-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl)-methanone derivatives against both 

promastigotes and amastigotes of Leishmanial parasites responsible for visceral (L. donovani) 

and cutaneous (L. amazonensis) leishmaniasis. Among the series of synthesized compounds, 

the compounds 41a and  42a were found to exhibit better anti-leishmanial activity than other 

compounds with IC50 values of 8.80 and 7.50 µM respectively, against the amastigotes of the 

tested strains 32.  

 

Figure-2.14 Structure of compounds 41a and 42a 

Pooja Purohit et al., detailed the synthesis of 1,2,3,4-tetrahydro-β-carboline-tetrazole 

derivatives using Ugi multicomponent reaction, and evaluated the compounds against 

Leishmaniasis. Among the screened compounds, compound 43a was found to be the most 

active with an IC50 value of 1.57 µM against intracellular amastigotes of L. donovani, and their 

activity is comparable with standard drugs miltefosine and sodium stibogluconate. Further, in-

vivo evaluation of the compound 43a L. donovani golden hamster model at a dose of 50 mg 

kg−1(i.p for five days) showed 75.04 ± 7.28% inhibition of splenic parasite burden. 

Pharmacokinetics of compound 43a was also studied in the golden Syrian hamster followed 

with a 50 mg kg−1 oral dose, the compound 43a was detected in hamster serum for up to 24 h. 

It showed a large volume of distribution (651.8 L kg−1), high clearance (43.2 L h−1 kg−1) and 

long mean residence time (10 h) 33. 
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Figure-2.15 Structure of compound 43a 

Paula Baréa et al. described the synthesis of a series of novel β-carboline-1,3,5-triazine hybrids 

and evaluated their in-vitro antileishmanial activity against promastigotes and amastigotes 

forms of L. amazonensis. Compounds 44a and 45a were found to exhibit potent activity against 

both amastigotes and promastigotes with IC50 values of 1.0 ± 0.1 µM and 1.2 ± 0.5 µM, 

respectively. Mechanism of action studies by scanning electron microscopic technique using 

promastigotes disclosed that the compound 45a caused alterations to the cell cycle and 

produced an increase in lipid storage. This increase in the lipid content may be related to the 

apoptotic cell death of the parasite 34.  

 

                                      Figure-2.16 Structure of compounds 44a and 45a 

Irfan Khan et al. reported the synthesis and anti-leishmanial screening of some novel β-

carboline-peptide and tetrahydro-β-carbolines-peptides via natural product inspired molecular 

hybridization approach. Among the tested compounds, compounds 46a, 47a and 48a revealed 

significant in-vitro anti-leishmanial activity against both promastigotes and intracellular 

amastigotes of L. donovani (IC50 2.43, 3.56 and 7.61 μM, respectively) than the control drug 

miltefosine (IC50 = 8.2 μM) with less cytotoxicity when compared with the standard drugs 

(sodium stibogluconate and Miltefosine). In-silico molecular docking studies of the 

synthesized compounds using the homology modelled LdTR indicated that the compound 47a 

showed significant binding free energy when compared with compound 48a 35. 
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Figure-2.17 Structure of compounds 46a, 47a and 48a 

2.2. Phytoconstituents with anti-leishmanial effects 

Nature, as an essential source for the discovery of medicinally important compounds and the 

use of natural products for the treatment of various diseases / infections, is well known from 

the ages 36, 37. It has been estimated that there are about 250,000 medical plant species in the 

world. However, the biological activities of only about 6% of them have been screened. 

Furthermore, only approximately 0.75% of medical herbal compounds have been studied in 

clinical trials. The significant merits of herbal medicine include their low cost, low incidence 

of serious adverse effects, and good efficacy. Various bioactive compounds like flavonoids, 

alkaloids, chalcones, saponins, quinolines, ligans, tannins and terpenoids present in the plant 

parts, crude extracts, essential oils, and other useful compounds can be a good source for 

discovering and producing new antileishmanial medicines 38. 

Renata S. Gabriel et al., isolated and investigated the effect of the β-carboline-1-propionic acid 

alkaloid (49a) from Quassiaamara L., (Family: Simaroubaceae) against L. amazonensis and 

L. infatum. The alkaloid was isolated afterward, the liquid-liquid fractionation followed by 

chromatographic purification of the fraction Quassiaamara L., methanol extract. The isolated 

β-carboline-1-propionic acid alkaloid (49a) exhibited anti-leishmanial activity against both 

promastigotes and intracellular amastigotes with 50% inhibitory concentrations ranging from 

2.7 ± 0.82 to 9.4 ± 0.5 μg/ml and selectivity index >10. Furthermore, apoptotic L. amazonensis 

(19.5%) and L. infantum (40.4%) promastigotes were detected after 5 h incubation with the 

alkaloid. Moreover, the researchers also studied the inhibition effect on the production of NO 

by infected macrophages, and the results suggested that the alkaloid displayed a NO-

independent mechanism of action for the elimination of intracellular amastigote forms 39. 

 

Figure-2.18 Structure of compound 49a 
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The harmaline (50a), isolated from Peganumharmala (Family: Nitrariaceae), exhibited 

amastigote-specific activity (IC50 of 1.16 μM). Harmine (51a) isolated from the same plant 

species also reduced spleen parasite load by approximately 40, 60, 70, and 80% in free, 

liposomal, niosomal and nanoparticular forms respectively, when tested in mice model 40. 

 

Figure-2.19 Structure of compounds 50a and 51a 

Manzamines are unique β-carboline alkaloids isolated from Indo-Pacific sponges and 

characterized by a complicated nitrogen-containing polycyclic system. In 1986, Higa and co-

workers first reported manzamine A from the Okinawan sponge of the genus Haliclona 41. The 

full anti-leishmanial effects of the manzamine alkaloids were clearly depicted in the review of 

Ashok et al., The research group discussed the effects of the manzamine alkaloids (Figure-

2.20) as anti-leishmanial agents, their cytotoxicity and the detailed structure-activity 

relationship 42.  

 

Figure-2.20 Structure of manzamine alkaloids (52a-59a) 
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Eudistomin is also a β-carboline alkaloid isolated from the ascidians (Family: Ascidiacea). 

Initially, eudistomin A from Eudistomao livaceum was isolated in 1983 43; eudistalbins 44, 

eudistomidins and other eudistomins 45 were gradually isolated (Figure 22). The anti-

leishmanial activity of these analogues was not reported. Anticancer activity of  eudistomin H 

(63a), extracted from Ascidian Eudistomaviride,  tested against Hela cells, exhibited an IC50 of 

0.49 µg/ml 46. Antimicrobial studies of eudistomin H (63a) revealed the zone of inhibition 7-9 

mm 47. 

 

Figure-2.21. Structure of various isolated eudistomins (60a-65a) 

2.3. Antibacterial activity of β-carboline analogues 

Though new antibacterial classes such as oxazolidinones and cyclic lipopeptides have 

enhanced the available treatment options for extended drug-resistant bacteria, according to 

WHO reposts, there still exists a shortage of molecules in the clinical development pipeline to 

oppose the current and emerging bacterial resistance. WHO ‘s priority pathogen list for 

research and development includes Mycobacterium tuberculosis and Gram-negative 

carbapenem-resistant pathogens Pseudomonas aeruginosa, Acinetobacter baumannii and 

Enterobacteriaceae. Strategies to overcome the overwhelming antibiotic resistance are related 

to the development of innovative molecules that do not confer any cross antibiotic resistance, 

as many of the molecules in the pipeline are me-too drugs or variations of existing classes of 

drugs 48–50. 

In 2015, a novel series of diaryl piperazine derivatives were designed and synthesized by Penta 

Ashok et al. based on the molecular hybridization technique. The synthesized derivatives were 

tested against M. tuberculosis H37Rv strain. Among the tested derivatives, compounds 18-28 
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exhibited significant anti-tubercular activity with Minimum Inhibitory Concentration (MIC) 

values < 6.25 µg/mL, with compound 66a being the most potent of them all with a MIC value 

of 1.5 µg/mL 51 (Fig. 2.22). 

 
Figure-2.22 Structure of compound 66a 

 

A series of novel triazole tethered β-carboline derivatives were synthesized and evaluated for 

their antibacterial activity by Salehi et al. in the year 2016. The synthesized β-carboline 

derivatives were evaluated against five bacterial strains- Staphylococcus aureus (ATCC 

25923), Escherichia coli (ATCC 25922), Enterococcus faecalis (ATCC 29212), Bacillus 

cereus (PTCC 1015) and vancomycin-resistant strain of Enterococcus faecium (VREF, ATCC 

51559). Among the synthesized β-carboline derivatives, compounds 67a-69a showed potent 

antibacterial activity than standard drugs chloramphenicol, vancomycin and cefixime against 

E. faecium (Fig. 2.23). The presence of the bromophenyl group on the fourth position of the 

triazole nucleus potentiated the antibacterial activity. The synthesized derivatives also showed 

weak antibacterial activity against S. aureus, B. cereus and E. coli 52. 
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Figure 2.23. Structure of compounds 67a-69a 

 

Owing to the comprehensive pharmacological profile of canthin-6-one (70a) derivatives, a sub-

class of β-carboline alkaloids, Dai et al. synthesized a series of 3N-substituted-canthin-6-one 

analogues  in the year 2016 53. The synthesized analogues were tested against two gram-

positive bacterial strains - S. aureus, B. cereus and two gram-negative bacterial strains - 

Pseudomonas solanacearum and Ralstonia solanacearum. Among the tested analogues, 

compounds 71a and 72a were found to exhibit better activity (Fig. 2.24). However, compound 

73a was found to exhibit potent activity against S. aureus with a MIC value of 0.98 µg/mL.   
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Figure-2.24 Structure of compounds 70a-73a 

 

In 2017, Samita et al. reported the isolation and structure of Sacleuximine A (74a), a natural β-

carboline alkaloid from aerial parts of Triclisia sacleuxii 54. It was evaluated for its antibacterial 

activity against both gram-negative as well as gram-positive strains of bacteria. The obtained 

results indicate that MIC values ranged between 31.3-125 µg/mL (Fig. 2.25).  

 
Figure 2.25 Structure of sacleuximine A (74a) 

 

Inspired by the antibacterial potential of Harman and their study conducted on canthin-6-one 

analogues , Dai et al. designed and synthesized a series of quarternized Harman analogues  and 

tested their antibacterial activity in vitro and in vivo 55. Among them, compound 75a showed 

exceptional bactericidal effect surpassing the effect produced by standard drugs like 
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fosfomycin and ampicillin with four-fold superiority against Methicillin-Resistant 

Staphylococcus aureus (MRSA) (S. aureus ATCC 43300) (Fig. 2.26). To deduce the 

mechanism of action of compound 75a, scanning electron microscopy analysis and molecular 

docking study was performed. It was proposed that compound 75a might exhibit its activity by 

disrupting the cell wall and the membrane leading to increased permeability and cell death. 

 
     Fig. 2.26 Structure of compound 75a 

 

In 2018, a series of β-carboline dimers and their N2-alkylated analogues were synthesized by 

Suzuki et al. 56. The synthesized β-carboline analogues were evaluated for their in vitro 

antibacterial activity. Compound 76a exhibited promising antibacterial activity, with its action 

being more pronounced against S. aureus with MIC values ranging from 0.01-0.05 µmol/mL. 

The dimeric form of β-carboline derivatives exhibited better antibacterial activity than their 

monomeric form (Fig. 2.27).  
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Figure 2.27 Structure of compound 76a 

 

Continuing their studies on canthin-6-one analogues, Dai et al. in the year 2018, reported the 

design and synthesis of novel canthin-6-one derivatives. The synthesized analogues were 

evaluated for their antibacterial activity against two gram-negative- E. coli and R. 

solanacearum and four gram-positive bacteria- S. aureus, MRSA, B. cereus and B. subtilis. 

Among the 31 derivatives that were assessed, compound 77a was found to be significantly 

bioactive with the MIC value of 4 µg/mL (Fig. 2.28). Compound 77a also exhibited low 

cytotoxicity against LO2 cells and complied with the Lipinski rule of 5, with all the values 

being well within the accepted range. Further studies were conducted to explore its mechanism 

of action. The studies revealed that compound 77a exerts its antibacterial action by disrupting 

the cell membrane and by altering the structure of DNA by interacting with it, thus rendering 

it unrecognizable by DNA topoisomerases leading to cell death 57. 
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Figure 2.28 Structure of compound 77a 

 

In their effort to increase the antibacterial potency of eudistomin U, a naturally occurring β-

carboline analogue found in the marine ascidians, Dai et al. reported the design and synthesis 

of eudistomin U analogues  58. The analogues were designed based on the results obtained from 

the molecular docking study. The analogues were designed by keeping the core of eudistomin 

U (78a) and substituting with different groups on C-3 and N-9 (Fig. 2.29). The synthesized 

analogues were evaluated for their antibacterial activity against four bacterial strains (S. aureus, 

MRSA, B. cereus, and R. solanacearum. Compound 79a stood out from the rest of the 

analogues with its antibacterial potency surpassing the effect produced by commercially 

available drugs ciprofloxacin and propineb against MRSA and R. solanacearum, respectively. 

Further studies were conducted to shed light on the mechanism of action of compound 79a. It 

was proposed that compound 79a might exhibit its damaging effect by disrupting the cell 

membrane resulting in its entry into the cell and then interfering with the functions of DNA 

gyrase 58. 

 
Figure-2.29 Structure of Eudistomin U (78a) and compound 79a 
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In 2019, Pan et al. reported the total synthesis of Griseofamine A (80a), a fungal metabolite 

produced by Penicillium griseofulvum and its diastereomer 16-epi-griseofamine (81a) 59. The 

synthesized compounds were evaluated for their antibacterial properties against a panel of 

bacterial strains, which included both gram-positive and gram-negative bacteria. Both the 

compounds showed selective activity against gram-positive bacteria, including various drug-

resistant bacteria like MRSA (ATCC33591), Methicillin-resistant S. epidermidis (MRSE) (16-

5), Vancomycin-resistant Enterococci (VRE) (ATCC51299) with the MIC values ranging 

between 8-16 μg/mL and 2-8 μg/mL for griseofamine A and 16-epi-griseofamine, respectively. 

The diastereomer 16-epi-grieseofamine was found to be 2-3 times more potent than its 

counterpart (Fig. 2.30).  

 
Figure 2.30 Structure of griseofamine A (80a) and 16-epi-griseofamine A (81a) 

 

A series of imide β-carboline and carbomethoxy β-carboline derivatives were synthesized and 

evaluated for their antimycobacterial activity by Lopes-Ortiz et al. in the year 2020 60. Among 

the compounds evaluated, compounds 82a and 83a exhibited better potency than other 

synthesized analogues, especially against clinically resistant strains of Mycobacterium and 

were safe towards VERO cell lines (Fig. 2.31).  

 
Figure 2.31 Structure of compounds 82a and 83a 
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2.4. Antifungal activity of β-carboline analogues 

Fungal infections may be invasive and superficial and the impediment in treatment is due to 

the presence of common eukaryotic features fungi share with the host organisms, which may 

lead to potential toxicity, in the case of a common drug target. At present, antifungal agents 

belong to either one of the five chemical / structural classes: azoles, echinocandins, polyenes 

pyrimidine and allylamine analogues. Drug development approaches in the recent era target 

the cell wall, as it is absent in humans. Nevertheless, drug resistance continues to pose a 

problem, owing to which there is a necessity of new lead molecules 61–63. 

Harmala alkaloids like harmaline (84a), harmine (85a), harmalol (86a) and their derivatives 

were evaluated for their in vitro antifungal activity against Cryptococcus neoformans and 

Cryptococcus gattii. Among the compounds that were screened, 8-nitroharmane (87a) was 

found to be the potent compound with a MIC value of 40 µg/mL against both C. neoformans 

and C. gattii fungal strains. It was also evaluated for its cytotoxicity against normal human 

fibroblasts (MRC-5). 8-nitroharmane exhibited low cytotoxicity with IC50 value greater than 

50 µg/mL 64 (Fig. 2.32). 

 
Figure 2.32 Structure of compounds 84a-87a 

 

Series of β-carboline derivatives were designed, synthesized, and were evaluated against C. 

neoformans for the treatment of cryptococcal meningitis. The synthesized compounds belong 

to four different scaffolds 88a, 89a, 90a and 91a. Compound 92a belonging to scaffold 88a 

was found to be the most potent compound with a MIC value of 0.25 µg/mL (Fig. 2.33). 

Compound 92a also exhibited potent in vitro activity against other fungal pathogens like 

Candida albicans, Candida gattii, Candida glabrata, among others. The in vivo antifungal 

potential of compound 92a was evaluated in a murine model of cryptococcal meningitis. 
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Compound 92a was found to reduce fungal load in the brain more effectively than the standard 

drug flucytosine, highlighting its antifungal potency 65. Further studies were conducted to 

deduce the mechanism of action of compound 92a. Microscopic studies revealed that 

compound 92a caused abnormal changes in the cell wall and membrane 65. It was shown that 

compound 92a interferes with the cell cycle of C. neoformans. Flow cytometric studies 

revealed that compound 92a caused cell cycle arrest in the G2/M phase of the cell cycle. 

Cdc25c/CDK1/Cyclin B pathway plays a prominent role in the homeostasis of the G2/M phase 

66. Compound 92a caused an upsurge in the levels of Cdc25c and CDK1 in a dose-dependent 

manner, thus confirming its role in hindering the G2/M phase of the cell cycle 65. 

 
Figure 2.33 Structure of compounds 88a-92a 

 

Suzuki et al. in the year 2018, synthesized a series of β-carboline dimers and evaluated their 

antifungal activity against C. albicans (GAI 05108), Candida intermedia (GAI 15003) and 

Candida krusei (ATCC 14243) 56. Compound 93a exhibited MIC values between 0.01-0.5 

μmol/mL, with its antifungal activity being most potent against C. intermedia (Fig. 2.34).  
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Figure 2.34 Structure of compound 93a 

 

2.5. Antiviral activity of β-carboline analogues 

Viral diseases account for approximately one-third of the fatalities associated with infectious 

diseases and the prevalence of long-standing viral infections such as hepatitis and Human 

immunodeficiency virus (HIV) and the manifestation of new such as coronavirus, drive the 

need for new antiviral therapy. The FDA has approved around 50 antivirals as of 2014. 

Antivirals may target the virus or host factors and can be classified into entry inhibitors, 

nucleoside and non-nucleoside analogues which hamper with viral nucleic acid productions, 

interferons which block viral protein synthesis and protease inhibitors which impede the 

maturation of the virions. Despite research focus on antiviral drug development, issues such as 

upsurge in viral pandemics, lack of complete cures for existing infections, rising resistance and 

narrow activity spectrum of new antivirals pose a major obstacles during the drug development 

process 67–70.  

In 2015, Ashok et al. disclosed the design, synthesis, and in vitro antiviral activity of novel β-

carboline derivatives against HIV-1 71. Among the β-carboline derivatives that were evaluated, 

compounds 94a-97a effectively inhibited the replication of HIV-1 by suppressing the 

formation of syncytia with compound 95a being the most potent, with an EC50 of 0.53 µM. 

Furthermore, compound 95a also inhibited the production of p24 antigen with an EC50 value 

of 1.1 µM (Fig.2.35).  
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Figure 2.35 Structure of compounds 94a-97a 

 

In 2015, Ashok et al. reported the design, synthesis of novel β-carboline derivatives72. The 

synthesized analogues were evaluated for their anti-HIV activity against HIV-1 and HIV-2 

strains. To the surprise of the authors, compounds 98a-101a (Fig. 2.36) exhibited selective 

inhibition of HIV-2 strains with compound 100a being the most potent of them, all with an 

EC50 value of 2.6 µM, which was comparable with that of standard drugs - Nevirapine, 

Lamivudine and Dideoxyinosine. The mechanism for the selective inhibition of HIV-2 strains 

by the compounds 98a-101a remains a mystery as the authors ruled out the HIV-2 reverse 

transcriptase enzyme as a potential target.  
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Figure-2.36 Structure of compounds 98a-101a 

 

In 2016, Quintana et al. reported the investigative study conducted on the antiviral capability 

of some natural and synthetic β-carbolines directed against Dengue virus (DENV) 73. Although, 

a majority of the compounds were found to be inactive or exhibited moderate activity, synthetic 

derivative 9N-methylharmine (102a) and a natural β-carboline harmol (103a) exhibited a 

potent inhibitory effect on DENV-2 production with EC50 values of 3.2 µM and 3.3 µM, 

respectively (Fig. 2.37). However, both the compounds failed to exhibit any virucidal activity. 

Further mechanistic studies revealed that 9N-methylharmine prevented the spread of infection 

by hindering the maturation of the virus and the delivery of viral particles into the extracellular 

medium.  

 
Figure 2.37 Structure of 9N-methylharmine (102a) and harmol (103a) 

 

In the year 2016, Barbosa et al. reported the synthesis of some novel β-carboline-thiazolidinone 

hybrids to combat HSV-1 infection 74. Among the hybrids that were synthesized and evaluated, 
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compounds 104a-106a exhibited potent antiviral activity with compound 105a being the most 

effective with an EC50 value of 0.80 µM (Fig. 2.38).  

 
Figure 2.38 Structure of compounds 104a-106a 

 

In 2018, Gonzalez et al. reported the anti-herpetic properties of some β-carbolines 75. Among 

the twenty-one β-carbolines that were evaluated, only three β-carbolines - 9-methyl 

norharmane (107a), 9-methyl harmane (108a) and 6-methoxy harmane (109a) was very 

effective in protecting the cells from the cytotoxic effects of Herpes Simplex Virus (HSV) (Fig. 

2.39). Compounds 107a-109a did not possess any virucidal property against the dengue virus, 

which was consistent with the study reported by Quintana et al. 73. Further studies conducted 

to discover its mechanism of action revealed that these compounds exhibited their activity by 

affecting the functionality and functionalization of HSV-1 ICP0 (Herpes simplex virus type 1 

Infected Cell Protein 0) protein, which plays a vital role in shutting down the host antiviral 

machinery and in viral replication. The compounds were also found to down-regulate the 

expression of early and late proteins after penetration of the virus into the cells.  

 
Figure-2.39 Structure of compounds 107a-109a 

 

2.6. Antimalarial activity of β-carboline analogues 

Malaria continues to be a global health concern amassing almost 405,000 deaths out of 228 

million cases in 2018 with children under the age of 5 being most vulnerable as they accounted 

for almost 67 % of the death in the year 2018 76. Malaria is caused by a parasite belonging to 
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the genus Plasmodium and transmitted to humans by female Anopheles mosquitos. Five types 

of malarial parasites are known to affect humans - Plasmodium falciparum, Plasmodium vivax, 

Plasmodium ovale, Plasmodium malariae and Plasmodium knowlesi with P. falciparum being 

the most virulent with high mortality and morbidity 77. For decades, drugs containing quinoline 

core such as chloroquine, mefloquine, amodiaquine, among others, have been used for the 

treatment of malaria. However, widespread resistance to quinolines has suppressed their use 

clinically. Currently, Artemisinin combination therapy (ACT), a combination of artemisinin 

with another antimalarial agent to prevent resistance, is the first-line treatment for falciparum 

malaria. However, recent reports of resistance to ACTs 78 have underlined the need for the 

development of novel antimalarial drug candidates and the discovery of novel targets.  

Following their initial findings that compound MMV008138 (110a) targets the apicoplast of 

P. falciparum and exhibits its antimalarial activity 79, Yao et al. in the year 2015, determined 

the active stereoisomer responsible for the activity as mentioned above 80. The study identified 

compound 111a as the active stereoisomer of MMV008138 and exhibited an IC50 value of 250 

nM, which was comparable to that of MMV008138. Additionally, they synthesized several 

analogues of compounds and compound 112a was found to be more potent than compounds 

with an IC50 value of 190 nM (Fig 2.40). 

 
Figure-2.40 Structure of compounds 110a-112a 

 

Following the report that suggested harmine exhibited potent antimalarial activity by binding 

to P. falciparum heat shock protein 90 (PfHsp90) more effectively than the human counterpart 

81, Bayih et al. generated a collection of harmine analogues in the year 2016 and determined 

their ability to bind to PfHsp90 82. PfHsp90 is a vital chaperone protein that is essential for the 

growth of malarial parasite during the intraerythrocytic cycle 83,84. The life of the malarial 

parasite has been split between insect stage and the mammalian stage. During transition from 
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the insect stage to the mammalian stage, the malarial parasite is exposed to a drastic change in 

temperature. The malarial parasite has developed an internal defence mechanism, i.e., 

molecular chaperones, to protect against the drastic change in temperature 85. The malarial 

parasite was shown to up-regulate the transcription of PfHsp90 by three to four-fold when 

cultured around 40 0C. They are involved in normal protein folding and play an essential role 

in protein trafficking, cell cycle, gene expression and cell differentiation 86. Structurally, Hsp90 

contains a C-terminal substrate-binding domain, a central hinge domain, and the N-terminus 

ATPase domain 87. The crystal structure of PfHsp90 revealed that there are some unique 

residues in the ATP-binding domain that is different from the Human Hsp90 88. Considering 

its essential role in the growth of parasite and structural differences between PfHsp90 and 

human Hsp90, PfHsp90 is an attractive target for drug discovery against malarial parasites. Out 

of the forty-two analogues that were tested against PfHsp90 by Bayih et al. compounds 113a 

and 114a turned out to be the most active with IC50 values of 12.2 µM and 23.1 µM, 

respectively (Fig. 2.41). Furthermore, compounds 113a and 114a exhibited significant 

antimalarial activity both in vitro as well as in vivo. Compounds 113a and 114a effectively 

reduced parasitaemia by 51.5% and 56.1% respectively, in Plasmodium berghei ANKA strain 

(chloroquine sensitive, came from ANtwerpen and KAtanga) infected mice model. Compound 

114a, when given in combination with dihydro-artemisinin exhibited better in vivo activity 

profile and also decreased the mortality of mice than either of the compounds when 

administered alone 82.  

 
Figure-2.41 Structure of compounds 113a and 114a  

 

In 2017, Yadav et al. reported the synthesis and antimalarial activity of β-carboline-fused-1,4-

oxaazepine derivatives 89. Among the analogues that were evaluated, compound 115a exhibited 

excellent in vitro antimalarial activity against chloroquine-sensitive P. falciparum strain 3D7 

as well as chloroquine-resistant P. falciparum strain K1 with IC50 values of 0.57 and 0.72 µM, 

respectively. However, compound 115a did not exhibit any in vivo anti-plasmodial effect 

against multidrug-resistant P. yoeliinigeriensis (Fig. 2.42).  
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Figure-2.42 Structure of compound 115a 

 

In continuation of their earlier reports, Ghavami et al. in the year 2018, reported the synthesis 

and biological studies of MMV008138 116a and its analogues on the target Plasmodium 

falciparum IspD (2-C-methyl-D-erythritol-4-phosphate cytidyltransferase) (PfIspD)90. 

Compound 116a exhibited an IC50 value of 44 nM against the target while the other isomers of 

MMV008138 exhibited weak inhibition. Compound 116a was also found to be selective only 

to the PfIspD as further studies revealed that it did not affect the human IspD. Compounds 

117a -120a were found to exhibit more potent activity than compound 116a (Fig 2.43). 

 
Figure 2.43 Structure of compounds 116a and 117a-120a 

 

In 2018, Gorki et al. reported the synthesis, in vitro and in vivo antimalarial activity of β-

carboline derivatives 91. The synthesized β-carboline analogues were evaluated based on their 

ability to inhibit the schizont maturation of P. berghei in vitro. Two compounds, 121a and 122a 

(Fig. 2.44), exhibited 71.79% and 86.17% inhibition, respectively, at a concentration of 5 

µg/mL and thus were further evaluated for their antimalarial efficacy in vivo in the rodent 

malaria model. However, compound 121a exhibited better parasite clearance in vivo and was 

more effective in increasing the survivability of the host. Both the compounds were also found 

to be safe renally and hepatically.  
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Figure 2.44 Structure of compounds 121a and 122a 

 

Sharma et al. in the year 2019, reported the synthesis and anti-plasmodial activity of triazole / 

acyl hydrazide tethered tetrahydro-β-carboline-aminoquinoline conjugates against 

chloroquine-resistant P. falciparum W2 strain 92. The synthesized compounds were also 

evaluated for their toxicity against vero cell lines. Compound 123a was found to be the most 

potent, with an IC50 value of 0.49 µM (Fig. 2.45). Compound 123a was also found to be non-

cytotoxic and exhibited a selectivity index of 495.76.  

 
Figure-2.45 Structure of compound 123a 

 

In the same year, Pierrot et al. reported the design, synthesis and antimalarial activity of β-

carboline analogues  against chloroquine-resistant P. falciparum K1 strain 93. Compounds 

124a-126a exhibited better antimalarial activity than the rest of the analogues with their IC50 

values lying between 13.8-15.5 µM (Fig. 2.46).  

 
Figure 2.46 Structure of compounds 124a-126a 
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2.7. Antitrypanosomal activity of β-carboline analogues 

American trypanosomiasis, also known as Chagas disease, is one of the neglected tropical 

diseases (NTDs), caused by the kinetoplastida protozoan parasite Trypanosoma cruzi. It is 

transmitted to humans when they encounter the feces of infected triatomine bugs, also known 

as ‘kissing bugs.’ Chagas disease was initially confined only to regions of Latin America. 

However, it has also spread to other parts of the world like United States of America, Canada, 

Europe and Asia due to globalization and migration of people infected with T. cruzi 94. 

Currently, two drugs have been used for treating Chagas disease- benznidazole and nifurtimox. 

These drugs are highly effective only when they are given at the onset of the acute phase of 

infection, a phase where people generally do not know whether they are affected with T. cruzi  

or not 95. They have reduced cure rates, about 20% when the infection reaches the chronic phase 

96. Furthermore, they have several side effects and is contraindicated for patients with kidney 

or liver dysfunction and pregnant women ushering the need for the development of better drugs.  

Owing to the promising results of earlier studies of compound 81 against T. cruzi 95,97, the 

pathogen responsible for causing Chagas disease, Volpato et al. in the year 2015, did an 

investigative study to understand the mechanism of action of compound 127a 98 (Fig. 2.47). 

The mechanistic studies revealed that compound 127a induced structural changes in 

mitochondria as characterized by increased mitochondrial reactive oxygen species (ROS) and 

formation of lipid droplets, which might be associated with the opening of permeability 

transition pore, thus leading to apoptosis. Apart from acting on mitochondria, compound 127a 

was also shown to act on the plasma membrane of the parasite. Taken together, compound 

127a induced death in parasite either through necrotic or apoptotic pathways.   

 
Figure-2.47 Structure of compound 127a 

 

 

 

 

 



Chapter 2. Literature review on β-carboline 

 

50 | P a g e  

 

2.8. Anti-leishmanial structure activity relationship (SAR) studies of β-carbolines 

Structure-activity relationship studies are a critical key to many aspects of drug discovery, 

ranging from primary screening to lead optimization. A collection of molecules and their 

associated activities were trying to elucidate the details of one or more SARs and subsequently 

using that information to make structural modifications to optimize some property or activity 

of the particular moieties 99. 

In this context, the titled β-carboline derivatives were associated with its anti-leishmanial 

effects. The moiety was well explored, and the library of molecules was already designed, 

synthesized and many molecules are in the pipeline. The SAR pattern of this moiety helps to 

identify or modify the existing structure with various substitutions at possible positions to make 

potent analogues against the neglected tropical disease such as “Leishmaniasis.” The 

modification of “A” ring at the 6th position with bulkier substituents decreases the anti-

leishmanial activity when compared with the unsubstituted analogues at the same position. 

Tetrahydro-β-carboline nucleus also showed significant anti-leishmanial activity. The 

structural modifications performed at various positions of “C” ring may improve the potency. 

Works of the literature indicated that most of the researchers focus on “C” ring only. The 

modifications on this “C” ring are simple to make and might lead to drastic increase in the 

anti-leishmanial activity (Fig 2.48). 

On the second position of β-carboline (C ring), substitution with N-oxides, small carbon 

chains, amide substitutions may increase the efficacy. Substitution at the third position with 

numerous analogues like ortho, para directing phenyl rings, methoxy derivatives of the benzene 

ring, heterocyclic aldehydes like thiophene, quinoline showed significant anti-leishmanial 

activity. With various structural modifications at the third position of “C” ring with functional 

groups such as ester and acid, better anti-leishmanial and anti-cancer activities were observed. 

Acid derivatives with simple phenyl substitutions enhanced both the anti-cancer and anti-

leishmanial activities. Substitution with meta directing functional groups at the phenyl ring (A) 

may decrease the anti-leishmanial efficacy. Methyl substitution at NH of ninth position (B 

ring) increases the anti-leishmanial activity. According to the available data on ring B, less 

research has been explored as an anti-leishmanial agent. To conclude, more precisely, more 

study may be continued on ring B. 
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Figure-2.48 Structure activity relationship (SAR) study of β-carboline associated with its anti-

leishmanial activity 
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Gaps in existing research 

A high number of unmet medical needs persist for the deadly neglected tropical diseases of 

visceral, cutaneous and mucocutaneous leishmaniasis. Unfortunately, the treatment options 

available for these diseases have only marginally improved within the past century. Due to 

development of resistance to the current treatments and extensive toxicity, current treatments 

face therapeutic limitations. In addition, many anti-leishmanial drugs are ineffective in 

eliminating the parasite from all infected individuals and are only effective against certain 

species. Most of the molecules currently being used clinically are characterized by high levels 

of toxicity, resistance and unwanted side effects. Furthermore, they are expensive and decade 

old as well. From the past decade onwards, several researchers are trying to find out a suitable 

vaccine for the treatment of Leishmaniasis but all the outcomes are not satisfactory. The 

existing literature suggested that β-carboline analogues may emerge as a promising lead. 

Similarly, our earlier findings as well as our continued interest also suggested as much. 

Therefore, we currently explored the options of finding more potent and less toxic compounds 

for the treatment of leishmaniasis with better ADMET profiles, using β-carboline analogues. 

 

Objective: To Design, Synthesis and Study of novel β-carboline analogues as potential 

anti-leishmanial agents 

 

Plan of work  

3.1. Design and in-silico ADMET prediction studies  

Based upon the reported literatures as well as rational approach, novel β-carboline analogues 

were designed as antileishmanial agents. Computational prediction of physicochemical, Drug 

likeness and Absorption, Distribution, Metabolism, Excretion and Toxicity (ADMET) 

properties of the designed analogues was performed using appropriate software and online 

tools. 

3.2.  Synthesis and characterization of the designed molecules  

Several reaction conditions were evaluated for optimization of the reaction and final optimized 

conditions were used for the synthesis of the designed titled compounds. The synthesized 

compounds were characterized by physicochemical evaluation. Preliminary methods like 

melting point and thin layer chromatography were performed for the synthesized compounds. 

Synthesized compounds were further purified by various techniques like washing with suitable 

solvents, column chromatography and re-crystallization techniques as per the requirement. The 



Chapter 3. Objectives and Plan of work 

 

 

66 | P a g e  

 

structure of the synthesized compounds was further confirmed by IR, 1H NMR and Mass 

spectral analysis. 

3.3. Evaluation of anti-leishmanial activity and cell-viability studies 

The synthesized compounds were screened for  

3.3.1 In-vitro anti-leishmanial Promastigote activity (L. infantum BCN150 iRFP promastigotes 

(iRFP-L. infantum)) 

3.3.2. In-vitro anti-leishmanial Amastigote activity (L. infantum BCN150) 

3.3.3. Cell-viability study (Human hepatocarcinoma cell HepG2 line (ATCC HB-8065)  

3.4: Structure-Activity Relationship studies 

The Structure-Activity Relationship (SAR) was derived for the synthesized molecules by 

analyzing their anti-leishmanial screening data. Based on the obtained activity spectrum, the 

outcome was compiled concisely to conclude the major contribution sites of the selected 

molecule. 

3.5. Molecular mechanistic studies 

One of the probable targets was shortlisted based on the reported literature and it was 

Trypanothione reductase (TR). The TR inhibition assay was performed (Bradford method) for 

the identified hits from the above-mentioned studies (promastigote and amastigote assays). 

3.6. Molecular docking studies 

Docking studies was performed for the compounds which exhibited potent activity (EC50 < 1 

μM against amastigote forms from each series) during anti-leishmanial screening to presume 

their putative binding modes as well as interaction pattern against the selected target of 

Trypanothione reductase (PDB-2JK6). 

3.7. Molecular mechanics with generalized Born and surface area (MMGBSA) solvation 

studies 

Molecular mechanics with generalized Born and surface area (MMGBSA) solvation studies 

were carried out for the potent molecules (EC50 < 1 μM against amastigote forms from each 

series). 

3.8. Molecular dynamics studies 

To find out the stability of the protein-ligand complexes of molecular docking studies, a 100 

ns molecular dynamics study was conducted for the docked complexes.  

3.9. Time frame analysis 

Every 25 ns of the molecular dynamics simulation of the identified hit molecules were critically 

investigated for their conformational changes in the active site of the target. 
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Materials and methods 

Design of novel β-carboline analogues 

 

 

 

As the investigation begin with the previously identified hit molecules named (4-(2-

methoxyphenyl)-piperazin-1-yl) (1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-methanone which 

revealed EC50 of 2.80 μM, and the other hit (4-(4-methoxyphenyl)-piperazin-1-yl) (9-methyl-

1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-methanone revealed an EC50 of 1.4 μM against the 

amastigotes (Figure 4.1.). This was laid an interest in further modification of the β-carboline 

scaffold. The existing literatures also revealed the same, that the alteration of these molecules 

with various substitutions may help in the increased amount of anti-leishmanial activities. The 

investigation was further proceeded with the substitutions like Nitro, Bromo, Chloro and 

hydroxy at the 6th position as there were no reports available as on date. As depicted in Figure 

4.2, the modifications were made. Benzaldehyde, chloro benzaldehyde, methoxy benzaldehyde 

and thiophene aldehydes were introduced in the 1st position. Similarly substituted Phenyl 

piperazines were incorporated at 3rd position to produce novel compounds.  

Figure 4.1. Previously identified hits molecules 
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In-silico prediction of drug-likeness properties  

In-silico predicted physico-chemical parameters: The physicochemical parameters of the 

designed compounds were in silico predicted using the Qikprop module of Schrodinger. The 

diverse parameters predicted were molecular weight (M.Wt.), total solvent accessible surface 

area (SASA), number of hydrogen bond donor (HBD), number of hydrogen bond acceptor 

(HBA), octanol / water partition coefficient (log P), aqueous solubility (Log S), predicted 

apparent Caco-2 cell permeability in nm/sec (PCaco) and number of rotatable bonds (Rot). The 

toxicity parameters were predicted using Data warrior 1. 

Prediction of pharmacokinetic parameters (ADMET) of the designed analogues: 

Physicochemical and pharmacokinetic (absorption, distribution, metabolism, excretion, and 

toxicity, abbreviated as ADMET) properties play a very crucial role in the discovery and 

development of new drugs. Currently available approved drugs in the market possess a balance 

of desirable ADMET properties (Table 1) and intrinsic potency. Moreover, the calculation of 

ADMET profile of all new compounds using in-vivo model is a very challenging, time-

consuming, and costly task. To predict the drug-likeness behaviour of the designed compounds, 

their physicochemical and ADMET properties were in-silico predicted using the Qikprop 

module of Schrödinger 14–16. The predicted results of the ADME and toxicity profiles are 

presented in tables 2 to 9. 

 

Figure 4.2. Newly designed analogues 

 



Chapter 4. Design and Prediction of Drug-likeness Properties  

 

70 | P a g e  

 

Table 1. The optimum range of physicochemical parameters followed by 95% of the approved drugs 

 

Drug-likeness assessment: All designed titled compounds (128), substituted (4-

phenylpiperazin-1-yl) (9H-pyrido-[3,4-b]-indol-3-yl)-methanone analogues were analysed for 

their potential as drug candidates. Drug-likeness properties like absorption, distribution, 

metabolism, excretion (ADME) were assessed using Lipinski's rule of five. Table 2 to 9 shows 

the predicted properties or descriptors of the titled analogues considered for the rule of five, 

along with their ranges. Several substituted (4-phenylpiperazin-1-yl) (9H-pyrido-[3,4-b]-indol-

3-yl)-methanone analogues aimed at pharmacological applications exhibited significant drug-

like properties without violating Lipinski's rule of five. 

From the predicted ADME results of compounds 1-16 (scheme 1), it can be seen that all the 

compounds have slightly increased molecular weight and Log P values than the prescribed 

limit by LOR5 (< 500 Da and log P < 5, respectively). In addition, these compounds were 

having low solubility profile as the log S value were < -5.7. However, Caco-2 permeability was 

observed to be greater and a smaller number of primary metabolites (0-2) were seen. 

S. No Molecular descriptor Optimum range 

1 Molecular weight (MW) 130 to 725 

2 
Estimated number of hydrogen bonds that would be donated by the 

solute to water molecules in an aqueous solution 
0 to 6 

3 
Estimated number of hydrogen bonds that would be accepted by the 

solute from water molecules in an aqueous solution 
2 to 20 

4 Octanol/water partition coefficient (log P) -2 to 6.5 

5 

Number of violations of Lipinski’s rule of five. The rules are MW < 500, 

logPo/w < 5, donor HB ≤ 5, accept HB ≤ 10. Compounds that satisfy 

these rules are considered drug-like. (The “five” refers to the limits, 

which are multiples of 5 

Maximum is 4 

6 

Predicted aqueous solubility, log S. S in mol dm–3 is the concentration of 

the solute in a saturated solution that is in equilibrium with the 

crystalline solid 

-6.5 to 0.5 

7 
Predicted apparent Caco-2 cell permeability in nm/sec. Caco-2 cells are 

a model for the gut- blood barrier 

<25 poor, 

>500 great 

8 Number of likely metabolic reactions 1 to 8 

9 

Number of violations of Jorgensen’s rule of three. The three rules are: 

log S > -5.7, PCaco > 22 nm/s, # Primary Metabolites < 7. Compounds 

with fewer (and preferably no) violations of these rules are more likely 

to be orally available 

Maximum is 3 
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From the predicted ADME results of compounds 17-32 (scheme 2), it can be seen that all the 

compounds violated at least one rule from LOR5 marginally; either the molecular weight of 

the compounds were greater than 500 Da, or log P values were >5 (between 5.26 - 6.18). 

However, these compounds have slightly improved log P profile compared to scheme-1 

compounds, as the values were close to 5. In addition, the Caco-2 cell permeability values were 

good and have low solubility profile. 

Most of the compounds of scheme 3 (compound 33-48) have significant ADME profile as the 

molecular weight was between 470-530 Da, slightly higher than acceptable range, and have 

high Log P values. Around 50% compounds of scheme-3 have two marginal violations, majorly 

due to higher Log P values. The only violation observed in case of JOR3 is the low solubility 

profile. 

All the compounds in scheme 4 were shown to have molecular weight in the acceptable range 

(~500 Da) and the Log P of 5 with ±1 deviations. Only three compounds (56, 58 and 64) among 

16 (compound 49-64) had two violations which was mostly due to Log P values. In case of 

JOR3, the compounds have shown poor solubility profile while Caco-2 cell permeability and 

primary metabolites result were significant. 

In case of compounds 65-80 (scheme 5), all the compounds have molecular weight between 

520-590 Da and no H-bond donors were present. The Log P values were higher than the normal 

(between 6.9 – 7.6) and therefore showed two marginal violations of LOR5. The solubility 

profile was also poor while Caco-2 cell permeability was between 3280-3700 indicating higher 

permeability. Less number of primary metabolites were observed (between 0-2) and therefore 

showed only one violation in JOR3. 

For compounds 81-96 (scheme 6), the molecular weight, satisfy the LOR5 as the range was 

between 505 – 557 Da, and further has high Log P values, showing two marginal violations. 

While, in JOR3, only solubility profile was found to be poor.   

The compounds synthesized through scheme 7 (97-112) has molecular weight ranging between 

480 – 545 Da and log P between 6.8-8.2 showing two marginal violations of LOR5, while in 

case of JOR3, one violation was seen as the solubility profile was low (between -10.63 - 8.64). 

The compounds under scheme 8 (113-128), most of the molecules has acceptable molecular 

weight obeying LOR5, and also acceptable donor hydrogen bonds, while the acceptor hydrogen 

bonds are slightly higher with ±2.5 deviation, and therefore showed one violation in LOR5. In 

case of JOR3, one violation was seen as the observed solubility profile was poor. 



Chapter 4. Design and Prediction of Drug-likeness Properties  

 

72 | P a g e  

 

From the analysis of all 128 compounds, it is clear that the molecules have low water solubility 

as the Log S values were very low (acceptable range is <-2.5). Although, the observed 

violations are marginal as per LOR5 and JOR3 rules but all these observed drug-like 

parameters were within the acceptable range that has been followed by 95% of the approved drugs 

in the market. Hence, these titled study compounds can be considered for further exploration. 

The bioavailability of drug molecules can be predicted using the ′′rule of three′′, which 

Jorgenson implemented. A compound is orally viable if it complies with some, or all 

parameters listed under Jorgensen rule of three. It depends on the absorption and liver first-

pass metabolism processes for a compound's bioavailability. Permeability, solubility, 

interactions with gut wall metabolism and transporter enzymes are factors that primarily signify 

the absorption of any compound. According to Jorgensen's r03, the QikProp predicted values 

were within the limit as shown in the below mentioned tables. 

QikProp has also predicted a possible number of metabolic reactions that can readily take place 

after any molecules enter the body. These metabolic reactions were used to determine whether 

the molecules can easily access the target site after entering the body or not. A total of two 

metabolic reactions were estimated to be possible for each of the titled compounds (For 95% 

of drugs, there will be between 1 and 8 metabolic reactions). Although, some compounds were 

likely to undergo up to 3 metabolic reactions due to their complexity, suggesting that the 

compound may be used as drug candidates with better bioavailability profile. PCaco 

permeability was excellent for the forecasted molecules. Hence, all the substituted (4-

phenylpiperazin-1-yl) (9H-pyrido-[3,4-b]-indol-3-yl)-methanone analogues discovered in this 

work displayed potential drug-like properties. 

Toxicity prediction: All the designed compounds consisting of substituted (4-

phenylpiperazin-1-yl) (9H-pyrido-[3,4-b]-indol-3-yl)-methanone analogues had their potential 

as therapeutic candidates. With the assistance of Data Warrior, toxicology predictions were 

carried out, and the metrics used were mutagenicity, tumorigenicity, reproductive impact and 

irritant skin sensitivity (Table 10 to 17). None of the titled compounds exhibited any harmful 

effects. In conclusion, these molecules do not pose any health risks during the development 

phase of drug discovery. 



Chapter 4. Design and Prediction of Drug-likeness Properties  

 

73 | P a g e  

 

Table 2. Forecasted ADME results of the designed analogues of scheme 1 

  

Table 3. Forecasted ADME results of the designed analogues of scheme 2 

 

 

 

 

LIPINSKI RULE OF FIVE JORGENSON RULE OF THREE 

Comp. 

code 
MW Donor HB Accept HB Log Po/w 

Rule of five 

violations 
Log S PCaco Metab 

Rule of 

three 

violations 
 

1 541.45 1 5.75 6.75 2 -9.13 2681.76 1 1 

2 529.41 1 5.00 6.89 2 -9.19 2907.38 0 1 

3 525.45 1 5.00 6.97 2 -9.50 2643.89 1 1 

4 541.45 1 5.75 6.85 2 -9.23 2740.81 1 1 

5 541.45 1 5.75 6.75 2 -9.11 2640.43 1 1 

6 559.44 1 5.75 6.97 2 -9.40 2826.92 1 1 

7 555.47 1 5.75 7.11 2 -9.79 2780.26 2 1 

8 571.47 1 6.50 6.90 2 -9.41 2802.09 2 1 

9 559.89 1 5.00 7.47 2 -10.25 2643.40 1 1 

10 575.89 1 5.75 7.23 2 -9.81 2641.52 1 1 

11 563.86 1 5.00 7.40 2 -10.01 2969.21 0 1 

12 575.89 1 5.75 7.36 2 -10.00 2741.68 1 1 

13 547.47 1 5.75 6.63 2 -9.05 2774.35 2 1 

14 535.43 1 5.00 6.81 2 -9.30 3064.29 1 1 

15 531.47 1 5.00 6.86 2 -9.48 2787.82 2 1 

16 547.47 1 5.75 6.77 2 -9.18 3006.44 2 1 

LIPINSKI RULE OF FIVE JORGENSON RULE OF THREE 

Comp. 

comp 
MW Donor HB Acceptor HB Log Po/w 

Rule of 

five 

violations 

Log S PCaco Metab 

Rule of 

three 

violations 
 

17 521.57 1 6.75 5.77 2 -8.99 316.05 3 1 

18 537.57 1 7.50 5.54 2 -8.33 340.56 3 1 

19 491.55 1 6.00 5.68 1 -8.78 316.07 2 1 

20 507.55 1 6.75 5.52 2 -8.49 335.14 2 1 

21 511.97 1 6.00 5.87 2 -8.89 330.78 1 1 

22 505.58 1 6.00 6.00 2 -9.35 316.07 3 1 

23 525.54 1 6.75 5.68 2 -8.67 337.22 2 1 

24 525.99 1 6.00 6.18 2 -9.53 315.80 2 1 

25 529.96 1 6.00 6.12 2 -9.24 371.68 1 1 

26 541.99 1 6.75 6.01 2 -9.22 333.82 2 1 

27 497.57 1 6.00 5.57 1 -8.75 332.77 3 1 

28 483.54 1 6.00 5.26 1 -8.17 333.08 2 1 

29 501.53 1 6.00 5.52 2 -8.54 374.45 2 1 

30 513.57 1 6.75 5.44 2 -8.60 358.84 3 1 

31 497.57 1 6.00 5.57 1 -8.75 332.73 3 1 

32 477.52 1 6.00 5.38 1 -8.15 330.53 1 1 
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Table 4. Forecasted ADME results of the designed analogues of scheme 3 

 

   

Table 5. Forecasted ADME results of the designed analogues of scheme 4 

 

 

LIPINSKI RULE OF FIVE JORGENSON RULE OF THREE 

Comp. 

comp 
MW Donor HB Acceptor HB Log Po/w 

Rule of 

five 

violations 

Log S PCaco Metab 

Rule of 

three 

violations 
 

33 497.00 1 5.75 6.74 1 -9.14 2802.03 1 1 

34 484.96 1 5.00 6.82 1 -9.13 2970.38 0 1 

35 481.00 1 5.00 6.89 1 -9.40 2643.38 1 1 

36 497.00 1 5.75 6.79 1 -9.15 2805.59 1 1 

37 497.00 1 5.75 6.69 1 -9.09 2652.30 1 1 

38 514.99 1 5.75 6.91 2 -9.32 2844.55 1 1 

39 511.02 1 5.75 7.04 2 -9.69 2779.16 2 1 

40 527.02 1 6.50 6.74 2 -8.95 2741.90 2 1 

41 472.99 1 5.00 6.49 1 -8.85 2784.20 1 1 

42 487.02 1 5.00 6.79 1 -9.37 2792.58 2 1 

43 503.02 1 5.75 6.66 2 -9.23 2993.75 2 1 

44 490.98 1 5.00 6.73 1 -9.19 3058.71 1 1 

45 503.02 1 5.75 6.62 2 -9.01 2820.25 2 1 

46 519.40 1 5.00 7.33 2 -9.90 2968.80 0 1 

47 515.44 1 5.00 7.40 2 -10.18 2640.79 1 1 

48 531.44 1 5.75 7.23 2 -9.86 2793.87 1 1 

LIPINSKI RULE OF FIVE JORGENSON RULE OF THREE 

Comp. 

comp 
MW Donor HB Acceptor HB Log Po/w 

Rule of 

five 

violations 

Log S PCaco Metab 

Rule of 

three 

violations 
 

49 462.55 2 5.75 5.71 1 -8.46 901.44 2 1 

50 466.51 2 5.75 5.57 1 -8.09 904.39 1 1 

51 478.55 2 6.50 5.49 1 -8.09 897.18 2 1 

52 448.52 2 5.75 5.38 1 -7.85 890.52 1 1 

53 478.55 2 6.50 5.47 1 -8.05 844.74 2 1 

54 496.54 2 6.50 5.63 1 -8.21 865.36 2 1 

55 492.58 2 6.50 5.77 1 -8.60 848.68 3 1 

56 508.58 2 7.25 5.49 2 -7.91 832.11 3 1 

57 482.97 2 5.75 5.81 1 -8.49 808.37 1 1 

58 500.96 2 5.75 6.06 2 -8.82 903.20 1 1 

59 454.55 2 5.75 5.22 1 -7.73 849.43 2 1 

60 468.57 2 5.75 5.51 1 -8.30 849.33 3 1 

61 472.54 2 5.75 5.48 1 -8.16 926.31 2 1 

62 484.57 2 6.50 5.40 1 -8.19 911.88 3 1 

63 482.97 2 5.75 5.81 1 -8.49 808.37 1 1 

64 512.99 2 6.50 5.98 2 -8.83 892.21 2 1 
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Table 6. Forecasted ADME results of the designed analogues of scheme 5 

 

 

Table 7. Forecasted ADME results of the designed analogues of scheme 6 

 

 

 

 

LIPINSKI RULE OF FIVE JORGENSON RULE OF THREE 

Comp. 

comp 
MW Donor HB Acceptor HB Log Po/w 

Rule of 

five 

violations 

Log S PCaco Metab 

Rule of 

three 

violations 
 

65 555.47 0 5.75 7.04 2 -8.95 3289.42 1 1 

66 525.45 0 5.00 6.94 2 -8.62 3516.53 0 1 

67 539.47 0 5.00 7.26 2 -9.20 3519.77 1 1 

68 543.44 0 5.00 7.20 2 -9.10 3417.70 0 1 

69 573.46 0 5.75 7.33 2 -9.44 3465.00 1 1 

70 585.50 0 6.50 7.26 2 -9.30 3689.55 2 1 

71 569.50 0 5.75 7.32 2 -9.36 3477.30 2 1 

72 585.50 0 6.50 7.12 2 -9.18 3279.53 2 1 

73 573.92 0 5.00 7.76 2 -9.96 3522.37 1 1 

74 589.92 0 5.75 7.54 2 -9.72 3291.55 1 1 

75 577.88 0 5.00 7.71 2 -9.87 3417.95 0 1 

76 589.92 0 5.75 7.57 2 -9.58 3568.76 1 1 

77 561.50 0 5.75 7.13 2 -9.40 3713.91 2 1 

78 549.46 0 5.00 7.16 2 -9.35 3670.86 1 1 

79 545.50 0 5.00 7.24 2 -9.65 3283.19 2 1 

80 561.50 0 5.75 7.07 2 -9.37 3659.76 2 1 

LIPINSKI RULE OF FIVE JORGENSON RULE OF THREE 

Comp. 

comp 
MW Donor HB Acceptor HB Log Po/w 

Rule of 

five 

violations 

Log S PCaco Metab 

Rule of 

three 

violations 
 

81 521.57 0 6.75 5.71 2 -8.16 394.24 2 1 

82 521.57 0 6.75 5.73 2 -8.00 446.63 2 1 

83 505.58 0 6.00 5.95 2 -8.42 424.05 2 1 

84 509.54 0 6.00 5.87 2 -8.30 413.46 1 1 

85 539.57 0 6.75 5.93 2 -8.43 427.70 2 1 

86 551.60 0 7.50 5.79 2 -8.10 427.00 3 1 

87 535.60 0 6.75 5.98 2 -8.44 441.74 3 1 

88 551.60 0 7.50 5.77 2 -8.16 417.60 3 1 

89 556.02 0 6.75 6.23 2 -8.67 446.42 2 1 

90 540.02 0 6.00 6.43 2 -9.12 433.72 2 1 

91 543.98 0 6.00 6.37 2 -9.00 421.48 1 1 

92 540.02 0 6.00 6.44 2 -9.14 431.68 2 1 

93 527.60 0 6.75 5.79 2 -8.51 459.36 3 1 

94 515.56 0 6.00 5.82 2 -8.51 449.32 2 1 

95 511.60 0 6.00 5.91 2 -8.75 410.64 3 1 

96 527.60 0 6.75 5.74 2 -8.48 458.58 3 1 
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Table 8. Forecasted ADME results of the designed analogues of scheme 7 

 

Table 9. Forecasted ADME results of the designed analogues of scheme 8 

 

 

 

LIPINSKI RULE OF FIVE JORGENSON RULE OF THREE 

Comp. 

comp 
MW Donor HB Acceptor HB Log Po/w 

Rule of 

five 

violations 

Log S PCaco Metab 

Rule of 

three 

violations 
 

97 511.02 0 5.75 6.96 2 -8.82 3282.79 1 1 

98 481.00 0 5.00 6.86 1 -8.49 3509.42 0 1 

99 495.02 0 5.00 7.18 1 -9.07 3523.19 1 1 

100 498.99 0 5.00 7.12 1 -8.98 3440.90 0 1 

101 529.01 0 5.75 7.21 2 -9.20 3568.98 1 1 

102 511.02 0 5.75 6.92 2 -8.64 3483.62 1 1 

103 525.05 0 5.75 7.24 2 -9.24 3469.65 2 1 

104 541.05 0 6.50 7.04 2 -9.06 3299.63 2 1 

105 529.47 0 5.00 8.01 2 -10.63 3514.04 1 1 

106 545.47 0 5.75 7.47 2 -9.61 3285.29 1 1 

107 533.43 0 5.00 7.63 2 -9.75 3446.97 0 1 

108 515.44 0 5.00 7.36 2 -9.26 3505.55 0 1 

109 487.02 0 5.00 6.84 1 -8.92 3289.59 1 1 

110 505.01 0 5.00 7.07 2 -9.22 3673.29 1 1 

111 501.05 0 5.00 7.16 2 -9.52 3283.25 2 1 

112 517.04 0 5.75 7.00 2 -9.25 3655.31 2 1 

LIPINSKI RULE OF FIVE JORGENSON RULE OF THREE 

Comp. 

comp 
MW Donor HB Acceptor HB Log Po/w 

Rule of 

five 

violations 

Log S PCaco Metab 

Rule of 

three 

violations 
 

113 476.58 1 5.75 6.05 1 -8.34 1053.58 2 1 

114 480.54 1 5.75 6.01 1 -8.31 1031.75 1 1 

115 492.58 1 6.50 5.92 1 -8.22 1018.12 2 1 

116 462.55 1 5.75 5.75 1 -7.81 1030.79 1 1 

117 492.58 1 6.50 5.92 1 -8.27 1015.33 2 1 

118 510.57 1 6.50 6.13 2 -8.57 1064.89 2 1 

119 506.60 1 6.50 6.24 2 -8.87 1010.61 3 1 

120 522.60 1 7.25 6.03 2 -8.56 1046.39 3 1 

121 497.00 1 5.75 6.33 1 -8.79 1017.75 1 1 

122 514.99 1 5.75 6.50 2 -8.99 1030.22 1 1 

123 468.57 1 5.75 5.72 1 -8.14 1002.43 2 1 

124 482.60 1 5.75 6.03 1 -8.71 1001.57 3 1 

125 486.56 1 5.75 5.95 1 -8.46 1113.83 2 1 

126 498.60 1 6.50 5.89 1 -8.52 1115.79 3 1 

127 497.00 1 5.75 6.33 1 -8.79 1017.75 1 1 

128 527.02 1 6.50 6.38 2 -8.98 981.47 2 1 
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Table 10. Forecasted toxicity results of the designed analogues of scheme 1 

Comp. 

code 

Mutagenicity Tumorigenicity Reproductive 

effect 

Irritant Skin 

sensitization 

1 None None None None None 

2 None None None None None 

3 None None None None None 

4 None None None None None 

5 None None None None None 

6 None None None None None 

7 None None None None None 

8 None None None None None 

9 None None None None None 

10 None None None None None 

11 None None None None None 

12 None None None None None 

13 None None None None None 

14 None None None None None 

15 None None None None None 

None of the compounds from scheme 1 were observed to have toxicity and hence, theoretically 

can be considered as safe. 

Table 11. Forecasted toxicity results of the designed analogues of scheme 2 

Comp. 

code 

Mutagenicity Tumorigenicity Reproductive 

effect 

Irritant Skin 

sensitization 

17 None None None None None 

18 None None None None None 

19 None None None None None 

20 None None None None None 

21 None None None None None 

22 None None None None None 

23 None None None None None 

24 None None None None None 

25 None None None None None 

26 None None None None None 

27 None None None None None 

28 None None None None None 

29 None None None None None 

30 None None None None None 

31 None None None None None 

32 None None None None None 

None of the compounds from scheme 2 were observed to have toxicity and hence, 

theoretically can be considered as safe. 
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Table 12. Forecasted toxicity results of the designed analogues of scheme 3 

Comp. 

code 

Mutagenicity Tumorigenicity Reproductive 

effect 

Irritant Skin 

sensitization 

33 None None None None None 

34 None None None None None 

35 None None None None None 

36 None None None None None 

37 None None None None None 

38 None None None None None 

39 None None None None None 

40 None None None None None 

41 None None None None None 

42 None None None None None 

43 None None None None None 

44 None None None None None 

45 None None None None None 

46 None None None None None 

47 None None None None None 

48 None None None None None 

None of the compounds from scheme 3 were observed to have toxicity and hence, theoretically 

can be considered as safe. 

 

Table 13. Forecasted toxicity results of the designed analogues of scheme 4 

Comp. 

code 

Mutagenicity Tumorigenicity Reproductive 

effect 

Irritant Skin 

sensitization 

49 None None None None None 

50 None None None None None 

51 None None None None None 

52 None None None None None 

53 None None None None None 

54 None None None None None 

55 None None None None None 

56 None None None None None 

57 None None None None None 

58 None None None None None 

59 None None None None None 

60 None None None None None 

61 None None None None None 

62 None None None None None 

63 None None None None None 

64 None None None None None 

None of the compounds from scheme 4 were observed to have toxicity and hence, 

theoretically can be considered as safe. 
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Table 14. Forecasted toxicity results of the designed analogues of scheme 5 

Comp. 

code 

Mutagenicity Tumorigenicity Reproductive 

effect 

Irritant Skin 

sensitization 

65 None None None None None 

66 None None None None None 

67 None None None None None 

68 None None None None None 

69 None None None None None 

70 None None None None None 

71 None None None None None 

72 None None None None None 

73 None None None None None 

74 None None None None None 

75 None None None None None 

76 None None None None None 

77 None None None None None 

78 None None None None None 

79 None None None None None 

80 None None None None None 

None of the compounds from scheme 5 were observed to have toxicity and hence, 

theoretically can be considered as safe. 

 

Table 15. Forecasted toxicity results of the designed analogues of scheme 6 

Comp. 

code 

Mutagenicity Tumorigenicity Reproductive 

effect 

Irritant Skin 

sensitization 

81 None None None None None 

82 None None None None None 

83 None None None None None 

84 None None None None None 

85 None None None None None 

86 None None None None None 

87 None None None None None 

88 None None None None None 

89 None None None None None 

90 None None None None None 

91 None None None None None 

92 None None None None None 

93 None None None None None 

94 None None None None None 

95 None None None None None 

96 None None None None None 

None of the compounds from scheme 6 were observed to have toxicity and hence, 

theoretically can be considered as safe. 
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Table 16. Forecasted toxicity results of the designed analogues of scheme 7 

Comp. 

code 

Mutagenicity Tumorigenicity Reproductive 

effect 

Irritant Skin 

sensitization 

97 None None None None None 

98 None None None None None 

99 None None None None None 

100 None None None None None 

101 None None None None None 

102 None None None None None 

103 None None None None None 

104 None None None None None 

105 None None None None None 

106 None None None None None 

107 None None None None None 

108 None None None None None 

109 None None None None None 

110 None None None None None 

111 None None None None None 

112 None None None None None 

None of the compounds from scheme 7 were observed to have toxicity and hence, 

theoretically can be considered as safe. 

Table 17. Forecasted toxicity results of the designed analogues of scheme 8 

Comp. 

code 

Mutagenicity Tumorigenicity Reproductive 

effect 

Irritant Skin 

sensitization 

113 None None None None None 

114 None None None None None 

115 None None None None None 

116 None None None None None 

117 None None None None None 

118 None None None None None 

119 None None None None None 

120 None None None None None 

121 None None None None None 

122 None None None None None 

123 None None None None None 

124 None None None None None 

125 None None None None None 

126 None None None None None 

127 None None None None None 

128 None None None None None 

None of the compounds from scheme 8 were observed to have toxicity and hence, 

theoretically can be considered as safe. 
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Materials and methods 

All solvents and reagents purchased from Sigma or Merck companies were used as received 

without further purification. The solvent system used throughout the experimental work for 

running Thin Layer Chromatography (TLC) was ethyl acetate and hexane mixture to monitor 

the reaction. Column chromatography was performed using silica gel (100–200 mesh), SRL, 

India) as stationary phase and a mixture of ethyl acetate and hexane as mobile phase. Melting 

points were uncorrected and were determined in an open capillary tube on a Precision Buchi 

B530 (Flawil, Switzerland) melting point apparatus. IR spectra of the synthesized compounds 

were recorded using an ATR spectrophotometer (Bruker, alpha-II). 1H spectra were recorded 

on a Bruker DPX-400 spectrometer (Bruker India Scientific Pvt. Ltd., Mumbai) using TMS as 

an internal standard (chemical shifts in δ, ppm), HRMS were recorded on Agilent Technologies 

6545 Q-TOF LC/MS. 

Chemistry: 

The synthetic scheme for β-carboline piperazine derivatives was represented in Scheme 1 to 8. 

The titled compounds were synthesized using DL-Tryptophan as starting material. For the 

hydroxy series, 5-hydroxy tryptophan was used as starting material. Initial esterification of DL- 

Tryptophan using thionyl chloride to get an ethyl ester of tryptophan, was followed by pictet 

Spengler reaction in presence of trifluoroacetic acid to obtain tricyclic ethyl-2,3,4,9-tetrahydro-

1-phenyl-1H-pyrido-[3,4-b]-indole-3-carboxylate. Upon oxidation with sulphur and xylene, 

ethyl-1-phenyl-9H-pyrido-[3,4-b]-indole-3-caboxylat was obtained and is continued by 9-N-

methylation with methyl iodide in presence of potassium hydroxide to acquire ethyl-9- methyl-

1-phenyl-9H-pyrido-[3,4-b]-indole-3-carboxylate for the schemes-4 to 8 and this step was not 

performed in scheme-1. For the nitration process, sodium nitrate was used with trifluoro acetic 

acid. Further alkaline ester hydrolysis of the above obtained compound produced 9-methyl-1-

phenyl-9H-pyrido-[3,4-b]-indole-3-carboxylic acid and (1phenyl-9H-pyrido-[3,4-b]-indole-3-

carboxylic acid. The carboxylic acid key intermediate was treated with appropriate amines 

(aryl-substituted piperazines) in presence of coupling agent 1-ethyl-3-(3-

dimethylaminopropyl)-carbodiimide hydrochloride (EDCI) and hydroxy benzotriazole (HOBt) 

to obtain the desired products.  

Synthesis of ethyl 2-amino-3-(1H-indol-3-yl)-propionate: 

To a solution of DL-tryptophan (1) (5 g, 0.0245 mol) in 50 mL of ethanol, SOCl2 (5.32 mL, 

0.073 mol) was added drop wise at 0 °C. Subsequently, the reaction mixture was refluxed for 

1 h. After completion of reaction as monitored by TLC, solvent was evaporated in-vacuo and 
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the residue obtained was dissolved in ethyl acetate. Organic layer was washed twice with 

NaHCO3 solution. The separated organic layer was dried over Na2SO4 and concentrated under 

vacuum1.  

Synthesis of ethyl-2,3,4,9-tetrahydro-1-substituted-1H-pyrido-[3,4-b]-indole-3-

carboxylate: 

To the mixture of ethyl 2-amino-3-(1H-indol-3-yl)-propanoate (2) (5 g, 0.022 mol) and 

benzaldehyde (2) (2.2 mL, 0.022 mol) in 100 mL of dichloromethane, 2.5 mL of trifluoroacetic 

acid was added drop wise at 0 °C for 10 min. Then, reaction mixture was stirred at room 

temperature for 3 h. After completion of reaction as monitored by TLC, the reaction mixture 

was poured into saturated NaHCO3 solution. Organic layer was separated and washed twice 

with brine solution, dried over Na2SO4 and concentrated under vacuum2. 

Synthesis of ethyl 1-substituted-9H-pyrido-[3,4-b]-indole-3-carboxylate: 

To a solution of ethyl-2,3,4,9-tetrahydro-1-phenyl-1H-pyrido-[3,4-b]-indole-3-carboxylate (3) 

(4 g, 0.013 mol) in 100 mL of dry xylene, sulphur (5.15 g, 0.039 mol) was added and the 

reaction mixture was stirred and refluxed at 100 °C for 24 h. After completion of reaction as 

monitored by TLC, the solvent was evaporated in-vacuo, the residue was dissolved in ethyl 

acetate and washed twice with 50 mL of distilled water. The separated organic layer was dried 

over Na2SO4 and concentrated under vacuum to get the desired product3,4. 

Synthesis of ethyl 6-bromo-9H-pyrido-[3,4-b]-indole-3-carboxylate: 

To a solution of compound 4 (0.10 mmol) in ethyl acetate (250 mL), a solution of N-bromo 

succinimide (15.7 g, 0.12 mmol) in ethyl acetate (300 mL) was added, and the mixture was 

refluxed for 12 h. Progress of the reaction was monitored by thin layer chromatography, after 

completion of the reaction, cooled to room temperature, the reaction mixture was washed with 

0.1 M NaOH, the organic phase was collected and dried under vacuum to give the desired 

compound. 

Synthesis of substituted 9H-pyrido-[3,4-b]-indole-3-carboxylic acid: 

To a solution of ethyl-6-bromo-9H-pyrido-[3,4-b]-indole-3-carboxylate (5) (3 g, 0.01 mol) in 

ethanol water (1:1) mixture, NaOH (1.2 g, 0.03 mol) was added and refluxed for 30 min. After 

completion of reaction as monitored by TLC, ethanol from the reaction mixture was removed 

under vacuum and neutralized with dil. HCl. Then, the reaction mixture was extracted with 

ethyl acetate (2 x 30 mL), collected organic layer was dried over Na2SO4 and concentrated 

under vacuum. 
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Synthesis of ((6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone: 

To a stirred solution of 1-phenyl-9H-pyrido-[3,4-b]-indole-3-carboxylic acid (6) (0.29 g, 1 

mmol) in dry THF, HOBt (0.16 g, 1.2 mmol) and EDCI. HCl (0.23 g, 1.2 mmol) were added 

and continued stirring for 30 min. To the reaction mixture, 1-phenylpiperazine (1 mmol) was 

added under ice cold temperature and the reaction mixture was further stirred at room 

temperature for 6 h. After completion of reaction as monitored by TLC, solvent was evaporated 

under vacuum. Reaction mixture was extracted with ethyl acetate (2 x 20 mL), collected 

organic layer was dried over Na2SO4 and concentrated under vacuum to get desired compound. 

The obtained crude product was passed through short bed of silica gel (100-200) by using ethyl 

acetate and n-hexane mixture as mobile phase to obtain analytically pure compound. 

Synthesis of (6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone derivatives: 

To a solution of the compound 4 (0.10 mmol) in ethyl acetate (250 mL), a solution of N-bromo 

succinimide (15.7 g, 0.12 mmol) in ethyl acetate (300 mL) was added, and the mixture was 

refluxed for 2 h. Progress of the reaction was monitored by thin layer chromatography, after 

completion of the reaction, cooled to room temperature, the reaction mixture was washed with 

0.1 M NaOH, the organic phase was collected and dried under vacuum to give the desired 

compound. 
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Characterized data for 6-bromo substituted compounds of scheme 1:  

(6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-piperazin-1-yl)-

methanone (1): Pale yellow solid, Melting point 180-182 °C, Yield 72 %, IR νmax/cm: 3229, 

1620, 1557, 1492, 1433, 1H NMR (400 MHz, Chloroform-d) δ 8.78 (s, 1H), 8.44 (s, 1H), 8.18 

(d, J = 7.6 Hz, 1H), 7.80-7.84 (m 3H), 7.74 (d, J = 7.8 Hz, 1H), 7.62-7.56 (m, 2H), 7.38-7.34 

(m, 2H), 7.15-7.08 (m, 4H), 7.03-6.97 (m, 2H), 4.19-4.00 (m, 3H),3.26-3.17 (m, 4H), 13C NMR 

(101 MHz, Chloroform-d) δ 168.60, 152.20, 151.68, 147.25, 146.78, 132.12, 129.23, 126.54, 

128.14, 115.35, 113.35, 55.80, 26.60, 49.65. ESI MS (m/z): calculated for C29H25BrN4O2, 

504.12, found 505.18 [M+H] +, 506.20 [M+2] + 

(6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-piperazin-1-yl)-

methanone (2): Pale yellow solid, Melting point 185-187 °C, Yield 61 %, IR νmax/cm: 3228, 

1620, 1587, 1490, 1433, 1H NMR (400 MHz, Chloroform-d) 8.57 (s, 1H), 8.09 (d, J = 7.5, 1.0 

Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 7.02 (m, 3H), 

6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 3H), 13C NMR 

(101 MHz, Chloroform-d) δ 169.60, 152.21, 154.67, 146.25, 145.79, 133.12, 123.24, 122.54, 

128.14, 116.35, 113.75, 54.81, 55.61, 49.64. ESI MS (m/z): calculated for C28H22BrFN4O, 

528.15, found 529.25 [M+H] +, 530.26 [M+2] + 

Scheme 1: Reagents and conditions: (A) SOCl2, ethanol, 0 °C, reflux, 1 h (B) Aromatic 

aldehydes, trifluoroacetic acid, DCM, rt, 3 h (C) Sulfur, Xylene, 100
°
C, reflux 24 h (D), N-

bromo succinimide, ethyl acetate, reflux, 24 h (E) NaOH, ethanol: water (1:1), rt, 45 min, (F) 

THF, EDCI. HCl, HOBt, Phenyl piperazine, rt, overnight 
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(6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-methanone 

(3):  White solid, Melting point 210-212 °C, Yield 68 %, IR νmax/cm: 3234, 1620, 1533, 1480, 

1H NMR (400 MHz, Chloroform-d) δ 8.53 (s, 1H), 8.39 (s,1H), 7.98 – 7.82 (m, 2H), 7.57 – 

7.48 (m, 2H), 7.40 – 7.26 (m, 3H), 7.07 – 7.02 (m, 4H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 

4H), 3.84 (s, 3H), 3.18. (s, J = 30.1 Hz, 3H). ESI MS (m/z): calculated for C29H25BrN4O, 

524.55, found 525.65 [M+H] +, 526.35 [M+2] + 

(6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-methoxyphenyl)-piperazin-1-yl)-

methanone (4): White solid, Yield 60%, Melting point 230-232 °C, IR νmax/cm: 3228, 1620, 

1587, 1490, 1433, 1H NMR (400 MHz, Chloroform-d) δ 8.51 (s, 1H), 8.37 (s,1H), 8.09 (d, J = 

7.3, 1.0 Hz, 1H), 7.88 – 7.86 (m, 4H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 2H), 7.09 – 7.02 

(m, 4H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): 

calculated for C29H25BrN4O2, 540.12, found 541.85 [M+H] +, 542.22 [M+2] + 

(6-bromo-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (5): White solid, Yield 59%. Melting point 150-152 °C, IR νmax/cm: 3218, 1630, 

1587, 1467, 1443, 1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 8.31 (s,1H), 8.09 (d, J = 

7.5, 1.0 Hz, 1H), 7.87 – 7.89 (m, 2H), 7.56 – 7.45 (m, 2H), 7.30 – 7.24 (m, 2H), 7.08 – 7.02 

(m, 4H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz,3H). ESI 

MS (m/z): calculated for C29H25BrN4O2, 540.15, found 541.35 [M+H] +, 542.22 [M+2] + 

(6-bromo-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (6): White solid, Yield 60%, Melting point 160-162 °C, IR 

νmax/cm: 3218, 1630, 1587, 1467, 1443, 1H NMR (400 MHz, Chloroform-d) δ 8.51 (s, 1H), 

8.37 (s,1H), 8.09 (d, J = 7.3, 1.0 Hz, 1H), 7.81 – 7.86 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 

(m, 2H), 7.09 – 7.02 (m, 4H), 6.85 – 6.75 (m, 3H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 

4H). ESI MS (m/z): calculated for C29H24BrFN4O2, 558.11, found 559.25 [M+H] +, 560.33 

[M+2] + 

(6-bromo-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-

yl)-methanone (7): Yellow solid, Yield 69%, Melting point 173-175 °C, IR νmax/cm: 3218, 

1630, 1587, 1467, 1443,1H NMR (400 MHz, Chloroform-d) δ 8.53 (s, 1H), 8.33 (s,1H), 8.10 

(d, J = 7.3, 1.0 Hz, 1H), 7.84 – 7.86 (m, 2H), 7.52 – 7.43 (m, 2H), 7.31 – 7.24 (m, 2H), 7.09 – 

7.02 (m, 4H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). 13C NMR 

(101 MHz, Chloroform-d) δ 179.50, 158.29, 157.66, 149.25, 145.78, 132.12, 124.33, 126.54, 

128.14, 125.37, 114.34, 55.88, 56.70, 52.45. ESI MS (m/z): calculated for C30H27BrN4O2, 

554.13, found 555.95 [M+H] +, 556.22 [M+2] + 
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(6-bromo-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (8): White solid, Yield 69 %, Melting point 155-157 °C, IR 

νmax/cm: 3223, 1662, 1518, 1431, 725, 1H NMR (400 MHz, Chloroform-d) δ 8.41 (s, 1H), 

8.03 – 7.95 (m, 2H), 7.69 – 7.62 (m, 3H), 7.59 (d, J = 1.8 Hz, 2H), 7.28 (s, 1H), 6.99 – 6.84 

(m, 7H), 4.06 (t, J = 5.1 Hz, 2H), 3.79 (d, J = 1.9 Hz, 3H), 3.50 (q, J = 7.0 Hz, 2H), 3.16 (d, J 

= 5.8 Hz, 4H). ESI MS (m/z): calculated for C30H27BrN4O3, 570.13, found 571.65 [M+H] +, 

572.56 [M+2] + 

(6-bromo-1-(4-chlorophenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (9): Off white solid, Yield 60%, Melting point 171-173 °C, IR νmax/cm: 3228, 

1620, 1587, 1490, 1433, 1H NMR (400 MHz, Chloroform-d) δ 8.51 (s, 1H), 8.37 (s,1H), 8.09 

(d, J = 7.3, 1.0 Hz, 1H), 7.88 – 7.86 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 2H), 7.09 – 

7.02 (m, 4H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS 

(m/z): calculated for C29H24BrClN4O, 559.89, found 560.85 [M+H] +, 561.25 [M+2] +, 563.26 

[M+4] + 

(6-bromo-1-(4-chlorophenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4methoxyphenyl)-

piperazin-1-yl)-methanone (10): Yellow solid, Yield 60%, Melting point 128-130 °C, IR 

νmax/cm: 3209, 1614, 1550, 1508, 1H NMR (400 MHz, Chloroform-d) δ 8.54 (s, 1H), 8.37 

(s,1H), 8.09 (d, J = 7.8, 1.0 Hz, 1H), 7.88 – 7.85 (m, 2H), 7.53 – 7.45 (m, 2H), 7.32 – 7.24 (m, 

1H), 7.07 – 7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.80 (s, 3H), 3.18. (d, J = 

30.1 Hz, 4H). ESI MS (m/z): calculated for C29H24BrClN4O2, 574.18, found 575.28 [M+H] +, 

576.77 [M+2] +, 578.89 [M+4] + 

(6-bromo-1-(4-chlorophenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (11): Yellow solid, Yield 59%, Melting point 146-148 °C, IR 

νmax/cm: 3223, 1662, 1518, 1431, 735, 1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 

8.31 (s,1H), 8.09 (d, J = 7.5, 1.0 Hz, 1H), 7.87 – 7.89 (m, 2H), 7.56 – 7.45 (m, 2H), 7.30 – 7.24 

(m, 2H), 7.08 – 7.02 (m, 4H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 3H), 3.84 (s, 2H), 3.18. (d, 

J = 30.1 Hz,2H). ESI MS (m/z): calculated for C28H21BrClFN4O, 562.06, found 563.09 [M+H]+ 

(6-bromo-1-(4-chlorophenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-methoxyphenyl)-

piperazin-1-yl)-methanone (12): Yellow solid, Yield 68%, Melting point 138-140 °C, IR 

νmax/cm: 3213, 1635, 1518, 1431, 729, 1H NMR (400 MHz, Chloroform-d) δ 8.53 (s, 1H), 

8.39 (s,1H), 8.09 (d, J = 7.3, 1.0 Hz, 1H), 7.98 – 7.82 (m, 2H), 7.57 – 7.48 (m, 2H), 7.40 – 7.26 

(m, 3H), 7.07 – 7.02 (m, 4H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 3H), 3.86 (s, 3H), 3.18. (d, 



Chapter 5. Synthesis and Characterization of the designed analogues 

 

 

90 | P a g e  

 

J = 30.1 Hz, 3H). ESI MS (m/z): calculated for C29H24BrClN4O2, 574.08, found 575.15 

[M+H]+, 576.67 [M+2] +, 578.86 [M+4] + 

(6-bromo-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (13): Yellow solid, Yield 61%, Melting point 123-125 °C, IR 

νmax/cm: 3220, 1612, 1558, 1520, 748, 1H NMR (400 MHz, Chloroform-d) 8.57 (s, 1H), 8.09 

(d, J = 7.5, 1.0 Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 

7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 

4H). ESI MS (m/z): calculated for C27H23BrN4O2S, 546.07, found 547.35 [M+H] +, 548.09 

[M+2] + 

(6-bromo-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-piperazin-

1-yl)-methanone (14): White solid, Yield 62%, Melting point 167-169 °C, IR νmax/cm: 3153, 

1652, 1515, 1469, 720, 1H NMR (400 MHz, Chloroform-d) δ 8.20 (s, 1H), 7.5 – 7.38 (m, 9H), 

7.02 – 6.89 (m, 3H), 3.10-3.01 (m, 4H), 2.10 – 2.05 (m, 2H), 1.36 – 1.21 (m, 4H). 13C NMR 

(101 MHz, Chloroform-d) δ 170.67, 154.21, 151.69, 144.26, 141.78, 131.17, 128.23, 122.54, 

120.14, 115.57, 112.37, 54.88, 52.60, 48.67. ESI MS (m/z): calculated for C26H20BrFN4OS, 

534.05, found 535.65 [M+H] +, 536.86 [M+2] + 

(6-bromo-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (15):  Pale yellow solid, Yield 65%, Melting point 179-181 °C, IR νmax/cm: 3159, 

1610, 1588, 723, 1H NMR (400 MHz, Chloroform-d) δ 8.56 (s, 1H), 8.37 (s,1H), 8.10 (d, J = 

7.4, 1.0 Hz, 1H), 7.84 – 7.86 (m, 3H), 7.53 – 7.45 (m, 4H), 7.35 – 7.24 (m, 2H), 7.09 – 7.02 

(m, 4H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): 

calculated for C27H23BrN4OS, 530.85, found 531.75 [M+H] +, 532.67 [M+2] + 

(6-bromo-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl)(4-(2-methoxyphenyl)-

piperazin-1-yl)-methanone (16): Pale yellow solid, Yield 79%, Melting point 190-192°C,  IR 

νmax/cm: 3263, 1656, 1541, 1508, 1H NMR (400 MHz, Chloroform-d) δ 8.85 (s, 1H), 8.12 (d, 

J = 7.8 Hz, 1H), 8.01-7.91 (m, 2H), 7.65-7.54 (m, 4H), 7.54 (t, J = 7.4 Hz, 1H), 7.38-7.31 (m, 

1H), 7.22-7.20 (m, 2H), 7.11-7.00 (m, 2H), 4.10-4.00 (m, 3H), 3.38 (s, 3H), 3.10-3.01 (m, 3H). 

ESI MS (m/z): calculated for C27H23BrN4O2S, 546.07, found 547.16 [M+H] +. 548.89 [M+2] + 
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Synthesis of ethyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indole-3-carboxylate: The initial 

steps up to step 4 was common and already incorporated above. Only the step of nitration was 

mentioned here. To the compound (4) (620 mg, 2.75 mmol) and sodium nitrate (351 mg, 4.13 

mmol) and trifluoroacetic acid (20 mL) was added dropwise at 0oc and then the reaction 

mixture was allowed to stir for 24 h. After, the reaction mixture was neutralized by adding 

sodium bicarbonate solution then extracted with ethyl acetate and concentrate it to get the 

desired nitro substituted product.  

Characterized data for 6-Nitro substituted compounds of scheme 2: 

(1-(4-methoxyphenyl)-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (17): Pale yellow solid, Yield 68%, Melting point 160-162 °C, IR νmax/cm: 3234, 

1625, 1546, 1510, 1255, 1H NMR (400 MHz, Chloroform-d) δ 8.57 (s, 1H), 8.37 (s,1H), 8.09 

(d, J = 7.8, 1.0 Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 

7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 

4H), 3.21 (s, 3H). ESI MS (m/z): calculated for C30H27N5O4, 521.21, found 522.56 [M+H] + 

(1-(4-methoxyphenyl)-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4methoxyphenyl)- 

piperazin-1-yl)-methanone (18): Yellow solid, Yield 60%, Melting point 155-157 °C, IR 

νmax/cm: 3220, 1635, 1546, 1520, 1255, 1H NMR (400 MHz, Chloroform-d) δ 8.6 (s, 1H), 

8.37 (s,1H), 8.09 (d, J = 7.9, 1.0 Hz, 1H), 7.89 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 

Scheme 2: Reagents and conditions: (A) SOCl2, ethanol, 0 °C, reflux, 1 h (B) Aromatic 

aldehydes, trifluoroacetic acid, DCM, rt, 3 h (C) Sulfur, xylene, 100
°
C, reflux 24 h (D) Trifluoro 

acetic acid, sodium nitrite, 0 °C, 24 h (E) NaOH, ethanol: water (1:1), rt, 45 min (F) THF, EDCI. 

HCl, HOBt, Phenylpiperazine, rt, overnight 
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(m, 1H), 7.07 – 7.02 (m, 3H), 6.94 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, 

J = 30.1 Hz, 4H), 3.8 (s, 3H). ESI MS (m/z): calculated for C30H27N5O5, 537.20, found 538.55 

[M+H] + 

(6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-methanone 

(19): Yellow solid, Yield 68%, Melting point 190-192 °C, IR νmax/cm: 3244, 1615, 1547, 

1511, 1256, 1H NMR (400 MHz, Chloroform-d) δ 8.56 (s, 1H), 8.37 (s,1H), 8.09 (d, J = 7.3, 

1.0 Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 2H), 7.07 – 7.02 (m, 

4H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 171.50, 152.210, 150.68, 148.85, 146.88, 133.72, 129.83, 

126.54, 122.14, 111.35, 110.35, 54.80, 56.70, 49.35. ESI MS (m/z): calculated for C29H25N5O3, 

491.20, found 492.92 [M+H]  

(4-(4-methoxyphenyl)-piperazin-1-yl) (6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-

methanone (20): White solid, Yield 59%, Melting point 145-147 °C, IR νmax/cm: 3234, 1625, 

1546, 1510, 1255, 1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 8.37 (s,1H), 8.09 (d, J = 

7.3, 1.0 Hz, 1H), 7.88 – 7.86 (m, 2H), 7.53 – 7.68 (m, 2H), 7.30 – 7.24 (m, 2H), 7.09 – 7.02 

(m, 4H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.28. (d, J = 30.1 Hz, 3H). ESI 

MS (m/z): calculated for C29H25N5O4, 507.19, found 508.24 [M+H] + 

(1-(4-chlorophenyl)-piperazin-1-yl) (6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-

methanone (21): Gray solid, Yield 60%, Melting point 122-124 °C, IR νmax/cm: 3228, 1620, 

1587, 1490, 1433, 1H NMR (400 MHz, Chloroform-d) δ 8.51 (s, 1H), 8.37 (s,1H), 8.09 (d, J = 

7.3, 1.0 Hz, 1H), 7.88 – 7.86 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 2H), 7.09 – 7.02 

(m, 4H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): 

calculated for C28H22ClN5O3, 511.14, found 512.46 [M+H] +, 513.54 [M+2] + 

(6-nitro-1-(p-tolyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-methanone 

(22): Yellow solid, Yield 69%, Melting point 112-114 °C, IR νmax/cm: 3203, 1610, 1588, 

1481, 1H NMR (400 MHz, Chloroform-d) δ 8.53 (s, 1H), 8.37 (s,1H), 8.10 (d, J = 7.3, 1.0 Hz, 

1H), 7.84 – 7.86 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 2H), 7.09 – 7.02 (m, 4H), 6.85 

– 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.56 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). 13C NMR (101 

MHz, Chloroform-d) δ 173.77, 151.23, 151.67, 144.26, 141.78, 131.17, 129.23, 122.54, 

121.14, 117.57, 113.37, 55.88, 52.60, 48.67. ESI MS (m/z): calculated for C30H27N5O3, 505.21, 

found 506.56 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (1-(4-methoxyphenyl)-6-nitro-9H-pyrido-[3,4-b]-

indol-3-yl)-methanone (23): Yellow solid, Yield 69%, Melting point 116-118 °C, IR 
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νmax/cm: 3184, 1624, 1595, 1489, 1319, 1H NMR (400 MHz, Chloroform-d) δ 8.57 (s, 1H), 

8.37 (s,1H), 8.09 (d, J = 7.8, 1.0 Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 

(m, 1H), 7.07 – 7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, 

J = 30.1 Hz, 3H). ESI MS (m/z): calculated for C29H24FN5O4, 525.18, found 526.46 [M+H] + 

 (1-(4-chlorophenyl)-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (24): Yellow solid, Yield 54%, Melting point 122-124 °C, IR νmax/cm: 3234, 

1625, 1546, 1510, 1255, 1H NMR (400 MHz, Chloroform-d) δ 8.8 (s, 1H), 8.37 (s,1H), 8.09 

(d, J = 7.9, 1.0 Hz, 1H), 7.89 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 

7.02 (m, 3H), 6.94 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.18. (d, J = 30.1 Hz, 4H), 3.84 (s, 

3H). 13C NMR (101 MHz, Chloroform-d) δ 168.70, 152.30, 151.68, 147.25, 149.78, 132.12, 

129.23, 125.54, 124.14, 115.35, 113.35, 55.80, 56.60, 50.75. ESI MS (m/z): calculated for 

C29H24ClN5O3, 525.16, found 526.76 [M+H] +, 527.89 [M+2] + 

(1-(4-chlorophenyl)-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-piperazin-

1-yl)-methanone (25): Yellow solid, Yield 59%, Melting point 152-154 °C, IR νmax/cm: 

3174, 1626, 1556, 1487, 1431, 1H NMR (400 MHz, Chloroform-d) δ 8.59 (s, 1H), 8.37 (s,1H), 

8.09 (d, J = 7.8, 1.0 Hz, 1H), 7.89 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 

7.07 – 7.02 (m, 3H), 6.86 – 6.75 (m, 2H), 4.07 – 3.91 (m, 4H), 3.15. (d, J = 30.1 Hz, 4H). ESI 

MS (m/z): calculated for C28H21ClFN5O3, 529.13, found 530.16 [M+H] +, 531.89 [M+2] + 

(1-(4-chlorophenyl)-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (26): Yellow solid, Yield 60%, Melting point 120-122 °C, IR 

νmax/cm: 3209, 1614, 1550, 1508, 1H NMR (400 MHz, Chloroform-d) δ 8.54 (s, 1H), 8.37 

(s,1H), 8.09 (d, J = 7.8, 1.0 Hz, 1H), 7.88 – 7.85 (m, 2H), 7.53 – 7.45 (m, 2H), 7.32 – 7.24 (m, 

1H), 7.07 – 7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.80 (s, 3H), 3.18. (d, J = 

30.1 Hz, 4H). ESI MS (m/z): calculated for C29H24ClN5O4, 541.15, found 542.33 [M+H] +, 

543.23 [M+2] + 

(6-nitro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (27): White solid, Yield 55%, Melting point 187-189 °C, IR νmax/cm: 3203, 1610, 

1588, 1481, 1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 8.37 (s,1H), 8.10 (d, J = 7.3, 

1.0 Hz, 1H), 7.78 – 7.86 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 2H), 7.09 – 7.02 (m, 

2H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.85 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS 

(m/z): calculated for C27H23N5O3S, 497.15, found 498.53 [M+H] + 

(6-nitro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (28): Off solid, Yield 60%, Melting point 180-182 °C, IR νmax/cm: 3201, 1614, 
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1560, 1510, 1H NMR (400 MHz, Chloroform-d) δ 8.54 (s, 1H), 8.37 (s,1H), 8.09 (d, J = 7.8, 

1.0 Hz, 1H), 7.88 – 7.85 (m, 2H), 7.53 – 7.45 (m, 2H), 7.32 – 7.24 (m, 1H), 7.07 – 7.02 (m, 

3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): 

calculated for C26H21N5O3S, 483.14, found 484.63 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (6-nitro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-

yl)-methanone (29):  Pale yellow solid, Yield 69%, Melting point 187-189 °C, IR νmax/cm: 

3184, 1624, 1595, 1489, 1319, 1H NMR (400 MHz, Chloroform-d) δ 8.57 (s, 1H), 8.37 (s,1H), 

8.09 (d, J = 7.8, 1.0 Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 

7.07 – 7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.25. (d, J = 30.1 Hz, 3H). ESI 

MS (m/z): calculated for C26H20FN5O3S, 501.13, found 502.19 [M+H] + 

(4-(4-methoxyphenyl)-piperazin-1-yl) (6-nitro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-

indol-3-yl)-methanone (30): White solid, Yield 59 %, Melting point 178-180 °C, IR νmax/cm: 

3223, 1662, 1518, 1431, 1H NMR (400 MHz, Chloroform-d) δ 8.41 (s, 1H), 8.03 – 7.95 (m, 

2H), 7.69 – 7.62 (m, 3H), 7.59 (d, J = 1.8 Hz, 2H), 7.28 (s, 1H), 6.99 – 6.84 (m, 3H), 4.06 (t, J 

= 5.1 Hz, 2H), 3.79 (d, J = 1.9 Hz, 3H), 3.50 (q, J = 7.0 Hz, 2H), 3.16 (d, J = 5.8 Hz, 4H). 13C 

NMR (101 MHz, Chloroform-d) δ 164.60, 153.28, 152.68, 145.27, 146.79, 131.18, 128.23, 

122.54, 122.14, 115.75, 113.35, 55.80, 51.63, 48.67. ESI MS (m/z): calculated for 

C27H23N5O4S, 513.15, found 514.75 [M+H] + 

(6-nitro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (31): White solid, Yield 59%, Melting point 148-150 °C, IR νmax/cm: 3234, 1685, 

1547, 1541, 1256, 1H NMR (400 MHz, Chloroform-d) δ 8.56 (s, 1H), 8.37 (s,1H), 7.88 – 7.82 

(m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 2H), 7.07 – 7.02 (m, 4H), 6.84 – 6.75 (m, 2H), 

4.04 – 3.91 (m, 3H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 3H). ESI MS (m/z): calculated for 

C27H23N5O3S, 497.15, found 498.18 [M+H] + 

(6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-methanone 

(32): White solid, Yield 59%, Melting point 177-179 °C, 1H NMR (400 MHz, Chloroform-d) 

δ 8.61 (s, 1H), 8.31 (s,1H), 8.09 (d, J = 7.5, 1.0 Hz, 1H), 7.87 – 7.89 (m, 2H), 7.56 – 7.45 (m, 

2H), 7.30 – 7.24 (m, 2H), 7.08 – 7.02 (m, 4H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.18. 

(d, J = 30.1 Hz,3H). ESI MS (m/z): calculated for C28H23N5O3, 477.18, found 478.74 [M+H] + 
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Synthesis of (6-chloro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone derivatives 

To a solution of the compound 4 (22.6 g, 0.10 mmol) in ethyl acetate (300 mL), a solution of 

N-chlorosuccinimide (15.7 g, 0.12 mmol) in ethyl acetate (300 mL) was added, and the mixture 

was refluxed for 18-20 h. Progress of the reaction was monitored by thin layer chromatography, 

after completion of the reaction, cooled to room temperature, the reaction mixture was washed 

with 0.1 M aq. NaOH (100 mL). The organic phase was collected and dried under vacuum to 

get the desired compound. 

Characterized data for 6-chloro substituted compounds of scheme 3: 

(6-chloro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-piperazin-1-yl)-

methanone (33): Yellow solid, Yield 62 %, Melting point 187-189 °C, IR νmax/cm: 3213, 

1652, 1518, 1431, 725, 1H NMR (400 MHz, Chloroform-d) δ 8.41 (s, 1H), 8.03 – 7.95 (m, 2H), 

7.69 – 7.62 (m, 2H), 7.59 (d, J = 1.8 Hz, 1H), 7.28 (s, 1H), 6.99 – 6.84 (m, 7H), 4.06 (t, J = 5.1 

Hz, 2H), 3.79 (d, J = 1.9 Hz, 3H), 3.50 (q, J = 7.0 Hz, 2H), 3.16 (d, J = 5.8 Hz, 4H). ESI MS 

(m/z): calculated for C29H25ClN4O2, 496.17, found 497.13 [M+H] +  

(6-chloro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-piperazin-1-yl)-

methanone (34): Yellow solid, Yield 52 %, Melting point 167-169 °C, IR νmax/cm: 3214, 

Scheme 3: Reagents and conditions: (A) SOCl2, ethanol, 0 °C, reflux, 1 h (B) Aromatic 

aldehydes, trifluoroacetic acid, DCM, rt, 3 h (C) Sulfur, xylene, 100
°
C, reflux 24 h (D), N-

chlorosuccinimide, ethyl acetate, reflux, 24 h (E) NaOH, ethanol: water (1:1), rt, 45 min (F) 

THF, EDCI. HCl, HOBt, Phenyl piperazine, rt, overnight 
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1640, 1525, 725, 1H NMR (400 MHz, Chloroform-d) δ 8.57 (s, 1H), 8.37 (s,1H), 8.09 (d, J = 

7.8, 1.0 Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 7.02 

(m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 2H). ESI 

MS (m/z): calculated for C28H22ClFN4O, 484.15, found 485.78 [M+H] +, 486.56 [M+2] + 

(6-chloro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-methanone 

(35): Yellow solid, Yield 59 %, Melting point 187-189 °C, IR νmax/cm: 3219, 1650, 1529, 

725, 1H NMR (400 MHz, Chloroform-d) δ 8.82 (s, 1H), 8.47 (s, 1H), 8.17 (d, J = 7.9 Hz, 1H), 

8.01-7.98 (m, 2H), 7.64-7.51 (m, 5H), 7.38-7.34 (m, 1H), 7.08-7.04 (m, 1H), 7.01-6.90 (m, 

3H), 4.20- 4.10 (m, 4H), 3.25 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 170.60, 152.20, 

151.68, 147.26, 146.78, 142.12, 129.23, 126.64, 128.14, 115.35, 113.35, 55.80, 26.60, 49.65, 

29.56. ESI MS (m/z): calculated for C29H25ClN4O, 480.17, found 481.26 [M+H] +, 482.26 

[M+2] + 

(6-chloro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-methoxyphenyl)-piperazin-1-yl)-

methanone (36):  White solid, Yield 53%, Melting point 188-190 °C, IR νmax/cm: 3184, 1624, 

1595, 750, 1H NMR (400 MHz, Chloroform-d) δ 8.90 (s, 1H), 8.37 (s,1H), 8.09 (d, J = 7.8, 1.0 

Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 7.02 (m, 3H), 

6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 3H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H), 2.21 (s, 3H). 

ESI MS (m/z): calculated for C29H25ClN4O2, 496.17, found 497.42 [M+H] +, 498.43 [M+2] + 

(6-chloro-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (37): White solid, Yield 59%, Melting point 187-189 °C, IR νmax/cm: 3163, 1642, 

1545, 720, 1H NMR (400 MHz, Chloroform-d) δ 9.25 (s, 1H), 8.44- 8.49 (m, 3H), 8.26-8.19 

(m, 2H), 8.09-8.06 (m, 2H), 7.69-7.53 (m, 6H), 7.30-7.27 (m, 1H), 6.84 (t, J = 11.7 Hz, 2H), 

4.03-3.93 (m, 4H), 3.80 (s, 3H), 3.57-3.51 (m, 4H). ESI MS (m/z): calculated for 

C29H25ClN4O2, 496.17, found 497.23 [M+H]+, 498.24 [M+2] + 

(6-chloro-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (38): White solid, Yield 60%, Melting point 165-167 °C, IR 

νmax/cm: 3153, 1645, 1555, 750, 1H NMR (400 MHz, Chloroform-d) δ 8.85 (s, 1H), 8.64 (s, 

1H), 8.12 (d, J = 7.8 Hz, 1H), 8.01-7.91 (m, 2H), 7.65-7.54 (m, 4H), 7.54 (t, J = 7.4 Hz, 1H), 

7.38-7.31 (m, 1H), 7.22-7.20 (m, 2H), 7.11-7.00 (m, 2H), 4.10-4.00 (m, 4H), 3.38 (s, 3H), 3.10-

3.01 (m, 3H). ESI MS (m/z): calculated for C29H24ClFN4O2, 514.16, found 515.56 [M+H] +, 

516.58 [M+2] + 

(6-chloro-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (39):  White solid, Yield 65%, Melting point 177-179 °C, IR νmax/cm: 3159, 



Chapter 5. Synthesis and Characterization of the designed analogues 

 

 

97 | P a g e  

 

1610, 1588, 723, 1H NMR (400 MHz, Chloroform-d) δ 8.56 (s, 1H), 8.37 (s,1H), 8.10 (d, J = 

7.4, 1.0 Hz, 1H), 7.84 – 7.86 (m, 3H), 7.53 – 7.45 (m, 4H), 7.35 – 7.24 (m, 2H), 7.09 – 7.02 

(m, 4H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): 

calculated for C30H27ClN4O2, 510.18, found 511.47 [M+H] +, 512.48 [M+2] + 

(6-chloro-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (40): White solid, Yield 59%, Melting point 167-169 °C, IR 

νmax/cm: 3164, 1624, 1595,725, 1H NMR (400 MHz, Chloroform-d) δ 8.59 (s, 1H), 8.35 

(s,1H), 8.09 (d, J = 7.4, 1.0 Hz, 1H), 7.88 – 7.84 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 

3H), 7.07 – 7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 

30.1 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 168.70, 152.30, 151.68, 147.25, 149.78, 

132.12, 129.23, 125.54, 124.14, 115.35, 113.35, 55.80, 56.60, 50.75.  ESI MS (m/z): calculated 

for C30H27ClN4O3, 526.18, found 527.13 [M+H] +, 528.78 [M+2] + 

(6-chloro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (41): Pale yellow solid, Yield 59%, Melting point 187-189 °C, IR νmax/cm: 3163, 

1642, 1545, 750, 1H NMR (400 MHz, Chloroform-d) δ 10.01 (s, 1H), 8.26-8.19 (m, 2H), 8.09-

8.06 (m, 2H), 7.69-7.53 (m, 6H), 7.30-7.27 (m, 1H), 6.84 (t, J = 11.7 Hz, 2H), 4.03-3.93 (m, 

4H), 3.57-3.51 (m, 4H). ESI MS (m/z): calculated for C26H21ClN4OS, 472.11 found 473.59 

[M+H] +, 474.89 [M+2] + 

(6-chloro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (42): White solid, Yield 60%, Melting point 200-202 °C, IR νmax/cm: 3153, 1652, 

1515,720, 1H NMR (400 MHz, Chloroform-d) δ 8.20 (s, 1H), 7.6 – 7.38 (m, 9H), 7.02 – 6.79 

(m, 3H),3.10-3.01 (m, 4H), 2.10 – 2.05 (m, 2H), 1.36 – 1.21 (s, 3H). ESI MS (m/z): calculated 

for C27H23ClN4OS, 486.13, found 487.27 [M+H] +, 488.98 [M+2] + 

(6-chloro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (43): White solid, Yield 50%, Melting point 177-179 °C, IR 

νmax/cm: 3159, 1614, 1550,753, 1H NMR (400 MHz, Chloroform-d) δ 8.54 (s, 1H), 8.37 

(s,1H), 8.05 (d, J = 7.8, 1.0 Hz, 1H), 7.88 – 7.84 (m, 2H), 7.53 – 7.46 (m, 2H), 7.32 – 7.24 (m, 

1H), 7.09 – 7.02 (m, 3H), 6.84 – 6.78 (m, 2H), 4.04 – 3.91 (m, 4H), 3.80 (s, 3H), 3.18. (d, J = 

30.1 Hz, 3H). ESI MS (m/z): calculated for C27H23ClN4O2S, 502.12, found 503.45 [M+H] +, 

504.46 [M+2] + 

(6-chloro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-piperazin-

1-yl)-methanone (44): White solid, Yield 58%, Melting point 127-129 °C, IR νmax/cm: 3381, 

1634, 1512, 760, 1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 8.37 (s,1H), 8.10 (d, J = 
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7.0, 1.0 Hz, 1H), 7.78 – 7.86 (m, 1H), 7.53 – 7.45 (m, 3H), 7.30 – 7.24 (m, 2H), 7.09 – 7.02 

(m, 2H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): 

calculated for C26H20ClFN4OS, 490.10, found 491.16 [M+H] +, 492.14 [M+2] + 

(6-chloro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-methoxyphenyl)-

piperazin-1-yl)-methanone (45): Yellow solid, Yield 56%, Melting point 137139 °C, IR 

νmax/cm: 3203, 1610, 1588, 760, 1H NMR (400 MHz, Chloroform-d) δ 8.66 (s, 1H), 8.37 

(s,1H), 8.15 (d, J = 7.3, 1.0 Hz, 1H), 7.71 – 7.89 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.26 (m, 

2H), 7.09 – 7.02 (m, 2H), 6.85 – 6.76 (m, 2H), 4.04 – 3.94 (m, 3H), 3.86 (s, 3H), 3.12. (d, J = 

30.1 Hz, 4H). ESI MS (m/z): calculated for C27H23ClN4O2S, 502.12, found 503.79 [M+H] +, 

504.34 [M+2] + 

(6-chloro-1-(4-chlorophenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (46): White solid, Yield 69%, Melting point 187-189 °C, IR 

νmax/cm: 3863, 1642, 1545, 720, 1H NMR (400 MHz, Chloroform-d) δ 9.22 (s, 1H), 8.44- 

8.49 (m, 3H), 8.25-8.19 (m, 2H), 8.09-8.06 (m, 2H), 7.69-7.53 (m, 6H), 7.30-7.27 (m, 1H), 

6.84 (t, J = 11.7 Hz, 2H), 4.03-3.93 (m, 4H), 3.80 (s, 3H), 3.57-3.51 (m, 4H). ESI MS (m/z): 

calculated for C28H21Cl2FN4O, 518.11, found 519.46 [M+H] +, 520.48 [M+2] +, 522.78 [M+4] 

+  

(6-chloro-1-(4-chlorophenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (47): White solid, Yield 79%, Melting point 177-179 °C, IR νmax/cm: 3164, 1624, 

1595,725, 1H NMR (400 MHz, Chloroform-d) δ 8.59 (s, 1H), 8.35 (s,1H), 8.09 (d, J = 7.4, 1.0 

Hz, 1H), 7.88 – 7.84 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 3H), 7.07 – 7.02 (m, 3H), 

6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). 13C NMR 

(101 MHz, Chloroform-d) δ 171.70, 156.30, 151.68, 147.25, 148.77, 132.12, 127.23, 125.54, 

124.16, 115.35, 113.35, 55.10, 56.60, 50.77. ESI MS (m/z): calculated for C29H24Cl2N4O, 

514.13, found 515.68 [M+H] +, 516.56 [M+2] +, 518.46 [M+4] + 

(6-chloro-1-(4-chlorophenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (48): White solid, Yield 58%, Melting point 197-199 °C, IR 

νmax/cm: 3381, 1634, 1512, 760, 1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 8.37 

(s,1H), 8.10 (d, J = 7.0, 1.0 Hz, 1H), 7.78 – 7.86 (m, 1H), 7.53 – 7.45 (m, 3H), 7.30 – 7.24 (m, 

2H), 7.09 – 7.02 (m, 2H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). 

ESI MS (m/z): calculated for C29H24Cl2N4O2, 530.13, found 531.47 [M+H] +, 532.67 [M+2] +, 

534.67 [M+4] + 
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Synthesis of (6-hydroxy-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)- 

methanone derivatives 

For the synthesis of hydroxy substituted analogues, the starting material used was 5-hydroxy 

tryptophan instead of simple DL-tryptophan. The rest of the procedure was same as mentioned 

in the scheme 1.  

Characterized data for 6-hydroxy substituted compounds of scheme 4: 

(6-hydroxy-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (49): White solid, Yield 65%, Melting point 156-158 °C, IR νmax/cm: 3244, 1615, 

1547, 1511, 1256, 1H NMR (400 MHz, Chloroform-d) 8.65 (s, 1H), δ 7.5 – 7.38 (m, 10H), 7.02 

– 6.89 (m, 3H), 3.82 (s, 3H), 2.10 – 2.05 (m, 1H), 1.36 – 1.21 (m, 8H). 13C NMR (101 MHz, 

Chloroform-d) δ 170.60, 152.20, 151.68, 147.26, 146.78, 142.12, 129.23, 126.64, 128.14, 

115.35, 113.35, 55.80, 26.60, 49.65, 29.56, ESI MS (m/z): calculated for C29H26N4O2, 462.21, 

found 463.25 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (6-hydroxy-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-

methanone (50): White solid, Yield 61%, Melting point 166-168 °C, IR νmax/cm: 3220, 1612, 

1558, 1520,748, 1H NMR (400 MHz, Chloroform-d) 8.57 (s, 1H), 8.09 (d, J = 7.5, 1.0 Hz, 1H), 

7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 7.02 (m, 3H), 6.84 – 6.75 

(m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): calculated 

for C28H23FN4O2, 466.18, found 467.19 [M+H] + 

Scheme 4: Reagents and conditions: (A) SOCl2, ethanol, 0 °C, reflux, 1 h (B) Aromatic 

aldehydes, trifluoroacetic acid, DCM, rt, 3 h (C) Sulfur, xylene, 100
°
C, reflux 24 h (D) 

NaOH, ethanol: water (1:1), rt, 45 min (E) THF, EDCI. HCl, HOBt, Phenyl piperazine, rt, 

overnight 

  



Chapter 5. Synthesis and Characterization of the designed analogues 

 

 

100 | P a g e  

 

(6-hydroxy-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-piperazin-1-

yl)-methanone (51): White solid, Yield 58%, Melting point 155-157 °C, IR νmax/cm: 3260, 

1614, 1537, 1521, 1H NMR (400 MHz, Chloroform-d) δ 8.54 (s, 1H), 7.45 – 7.30 (m, 9H), 7.05 

– 6.98 (m, 4H), 3.8 (s, 3H), 2.10 – 2.05 (m, 3H), 1.37 – 1.28 (m, 5H). ESI MS (m/z): calculated 

for C29H26N4O3, 478.20, found 479.26 [M+H] + 

(6-hydroxy-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-methanone 

(52): White solid, Yield 61%, Melting point 155-157 °C, IR νmax/cm: 3262, 1614, 1550, 1508, 

1521, 1H NMR (400 MHz, Chloroform-d) δ 8.82 (s, 1H), 8.47 (s, 1H), 8.17 (d, J = 7.9 Hz, 1H), 

8.01-7.98 (m, 2H), 7.64-7.51 (m, 5H), 7.38-7.34 (m, 1H), 7.08-7.04 (m, 1H), 7.01-6.90 (m, 

3H), 4.20- 4.10 (m, 4H), 3.25-3.16 (m, 4H). ESI MS (m/z): calculated for C28H24N4O2, 448.19, 

found 449.56 [M+H] + 

(6-hydroxy-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (53):  White solid, Yield 59%, Melting point 145-147 °C, IR νmax/cm: 3263, 1656, 

1541, 1508, 1H NMR (400 MHz, Chloroform-d) δ 8.85 (s, 1H), 8.64 (s, 1H), 8.12 (d, J = 7.8 

Hz, 1H), 8.01-7.91 (m, 2H), 7.65-7.54 (m, 4H), 7.54 (t, J = 7.4 Hz, 1H), 7.38-7.31 (m, 1H), 

7.22-7.20 (m, 2H), 7.11-7.00 (m, 2H), 4.10-4.00 (m, 4H), 3.38 (s, 3H), 3.10-3.01 (m, 4H). ESI 

MS (m/z): calculated for C29H26N4O3, 478.20, found 479.48 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (6-hydroxy-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-

indol-3-yl)-methanone (54): White solid, Yield 62%, Melting point 134-136 °C, IR νmax/cm: 

3182, 1610, 1556, 1498, 750; 1H NMR (400 MHz, Chloroform-d) 8.0 (s, 1H), 8.05- 8.09 (m, 

2H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 7.02 (m, 3H), 6.84 

– 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). 13C NMR (101 

MHz, Chloroform-d) δ 164.60, 153.28, 152.68, 145.27, 146.79, 131.18, 128.23, 122.54, 

122.14, 115.75, 113.35, 55.80, 51.63, 48.67. ESI MS (m/z): calculated for C29H25FN4O3, 

496.19, found 497.85 [M+H] + 

(6-hydroxy-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl)(4-(p-tolyl)-piperazin-1-

yl)-methanone (55): White solid, Yield 51%, Melting point 159-161 °C, IR νmax/cm: 3172, 

1620, 1540, 1440, 1H NMR (400 MHz, Chloroform-d) 8.81 (s, 1H), 8.0- 8.10 (m, 3H), 7.88 – 

7.86 (m, 2H), 7.43 – 7.48 (m, 2H), 7.30 – 7.24 (m, 3H), 7.07 – 7.02 (m, 3H), 6.84 – 6.75 (m, 

2H), 4.00 – 3.81 (m, 4H), 3.80 (s, 3H), 3.18. (d, J = 31.1 Hz, 4H). ESI MS (m/z): calculated 

for C30H28N4O3, 492.22, found 493.45 [M+H] + 

(6-hydroxy-1-(4-methoxyphenyl)-9H-pyrido-[3,4-b]-indol-3-yl)(4-(4-methoxyphenyl) 

piperazin-1-yl)-methanone (56): White solid, Yield 59%, Melting point 155-157 °C, IR 
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νmax/cm: 3163, 1642, 1545, 1419,  1H NMR (400 MHz, Chloroform-d) δ 11.70 (s, 1H), 8.44- 

8.49 (m, 3H), 8.26-8.19 (m, 2H), 8.09-8.06 (m, 2H), 7.69-7.53 (m, 6H), 7.30-7.27 (m, 1H), 

6.84 (t, J = 11.7 Hz, 2H), 4.03-3.93 (m, 4H), 3.80 (s, 3H), 3.57-3.51 (m, 4H). ESI MS (m/z): 

calculated for C30H28N4O4, 508.21 found 509.12 [M+H] + 

(1-(4-chlorophenyl)-6-hydroxy-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (57): Pale yellow solid, Yield 62%, Melting point 177-179 °C, IR νmax/cm: 3153, 

1652, 1515, 1469;720, 1H NMR (400 MHz, Chloroform-d) δ 8.20 (s, 1H), 7.5 – 7.38 (m, 9H), 

7.02 – 6.89 (m, 3H),3.10-3.01 (m, 4H), 2.10 – 2.05 (m, 2H), 1.36 – 1.21 (m, 4H). ESI MS 

(m/z): calculated for C28H23ClN4O2, 482.15, found 483.75 [M+H] +, 484.65 [M+2] + 

(1-(4-chlorophenyl)-6-hydroxy-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (58): Pale yellow solid, Yield 68%, Melting point 166-168 °C, IR 

νmax/cm: 3160, 1672, 1568, 1520, 760, 1H NMR (400 MHz, Chloroform-d) 8.57 (s, 1H), 8.10- 

8.15 (m,2H), 7.88 – 7.82 (m, 3H), 7.53 – 7.45 (m, 2H), 7.30 – 7.34 (m, 1H), 7.07 – 7.02 (m, 

3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.81 (m, 4H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): 

calculated for C28H22ClFN4O2, 500.14, found 501.78 [M+H] +, 502.34 [M+2] + 

(6-hydroxy-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (59): White solid, Yield 58%, Melting point 125-127 °C, IR νmax/cm: 3381, 1634, 

1512, 1481, 1257, 1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 8.37 (s,1H), 8.10 (d, J = 

7.0, 1.0 Hz, 1H), 7.78 – 7.86 (m, 2H), 7.53 – 7.45 (m, 3H), 7.30 – 7.24 (m, 2H), 7.09 – 7.02 

(m, 2H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): 

calculated for C26H22N4O2S, 454.15, found 455.86 [M+H] + 

(6-hydroxy-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (60): White solid, Yield 61%, Melting point 159-161 °C, IR νmax/cm: 3157, 1629, 

1550, 1492, 1234, 740, 1H NMR (400 MHz, Chloroform-d) δ 8.74 (s, 1H), 8.46 (s, 1H), 8.17 

(d, J = 7.9 Hz, 1H), 7.98-7.89 (m, 2H), 7.64-7.54 (m, 2H), 7.38-7.34 (m, 1H), 7.27-7.23 (m, 

2H), 7.17-7.12 (m, 2H), 6.92- 6.87 (m, 2H), 4.12-4.02 (m, 4H), 3.93 (s, 3H), 3.33-3.26 (m, 

2H). ESI MS (m/z): calculated for C27H24N4O2S, 466.16, found 467.19 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (6-hydroxy-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-

indol-3-yl)-methanone (61): White solid, Yield 59 %, Melting point 184-186 °C, IR νmax/cm: 

3223, 1622, 1508, 1431, 1234, 744, 1H NMR (400 MHz, Chloroform-d) δ 8.78 (s, 1H), 8.44 

(s, 1H), 8.18 (d, J = 7.6 Hz, 1H), 7.80-7.84 (m 2H), 7.74 (d, J = 7.8 Hz, 1H), 7.62-7.56 (m, 2H), 

7.38-7.34 (m, 2H), 7.15-7.08 (m, 2H), 7.03-6.97 (m, 2H), 4.19-4.00 (m, 3H),3.26-3.17 (m, 4H). 

ESI MS (m/z): calculated for C26H21FN4O2S, 472.14, found 473.89 [M+H] + 
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(6-hydroxy-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl) 

piperazin-1-yl)-methanone (62): Pale yellow solid, Yield 60%, Melting point 155-157 °C, IR 

νmax/cm: 3233, 1672, 1548, 1471, 750, 1H NMR (400 MHz, Chloroform-d) 8.64 (s, 1H), 8.12 

(s, 1H), 8.01-7.91 (m, 2H), 7.65-7.54 (m, 4H), 7.54 (t, J = 7.4 Hz, 1H), 7.38-7.31 (m, 1H), 7.22-

7.20 (m, 2H), 7.11-7.00 (m, 2H), 4.10-4.00 (m, 4H), 3.38 (s, 3H), 3.10-3.01 (m, 3H). ESI MS 

(m/z): calculated for C27H24N4O3S, 484.16, found 485.56 [M+H] + 

(1-(4-chlorophenyl)-6-hydroxy-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (63): Yellow solid, Yield 68%, Melting point 134-136 °C, IR νmax/cm: 3164, 

1672, 1568, 1540,730, 1H NMR (400 MHz, Chloroform-d) 8.54 (s, 1H), 8.10- 8.15 (m,2H), 

7.88 – 7.82 (m, 3H), 7.53 – 7.45 (m, 2H), 7.30 – 7.34 (m, 1H), 7.07 – 7.22 (m, 3H), 6.84 – 6.75 

(m, 2H), 4.04 – 3.81 (m, 4H), 3.18. (d, J = 30.1 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) 

δ 173.64, 152.21, 151.68, 147.24, 146.78, 147.12, 129.23, 126.64, 128.14, 115.35, 113.35, 

55.80, 56.60, 49.65, 29.5 ESI MS (m/z): calculated for C28H23ClN4O2, 482.15, found 483.78 

[M+H] +, 484.22 [M+2] + 

(1-(4-chlorophenyl)-6-hydroxy-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl) 

piperazin-1-yl)-methanone (64): Yellow solid, Yield 59%, Melting point 157-159 °C, IR 

νmax/cm: 3163, 1642, 1545, 1419, 1H NMR (400 MHz, Chloroform-d) δ 11.70 (s, 1H), 8.26-

8.19 (m, 2H), 8.09-8.06 (m, 2H), 7.69-7.53 (m, 5H), 7.30-7.27 (m, 1H), 6.84 (t, J = 11.7 Hz, 

2H), 4.03-3.93 (m, 4H), 3.80 (s, 3H), 3.57-3.51 (m, 4H). ESI MS (m/z): calculated for 

C29H25ClN4O3, 512.16 found 513.49 [M+H] +, 514.67 [M+2] + 
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Synthesis of 9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indole-3-carboxylate (scheme-5) The 

general procedure was same for the above-mentioned scheme (scheme-5) except the fourth step 

(step-D). In this procedure, 100 mg of methyl iodide was taken in DMSO and KOH was added 

to it. The reaction mixture was stirred for 5 min and the reactant 1-phenyl-9H-pyrido-[3,4-b]-

indole-3-carboxylate (500 mg) was added to it and allowed to stir for 30 min at room 

temperature. The progress of the reaction was monitored by TLC. The reaction mixture was 

added to ethyl acetate and extract the organic layer dried over Na2SO4 and concentrate under 

vacuum to get the desired product.  

Characterized data for 6-bromo-9-methyl substituted compounds of scheme 5: 

(6-bromo-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (65): Yellow solid, Yield 74%, Melting point 185-187 °C, IR 

νmax/cm: 3057, 1625, 1556, 1454, 1435, 1253, 701, 1H NMR (400 MHz, Chloroform-d): δ 

8.54 (s, 1H), 8.21 (d, J=7.8 Hz, 1H), 7.66–7.62 (m, 3H), 7.56–7.50 (m, 3H), 7.46 (d, J=8.3 Hz, 

Scheme 5: Reagents and conditions: (A) SOCl2, ethanol, 0 °C, reflux, 1 h (B) Aromatic 

aldehydes, trifluoroacetic acid, DCM, rt, 3 h (C) Sulfur, xylene, 100
°
C, reflux 24 h (D) Methyl 

iodide, KOH, DMSO, rt, 30 min (E) N-bromo succinimide, ethyl acetate, reflux, 24 h (F) 

NaOH, ethanol: water (1:1), rt, 45 min (G) THF, EDCI. HCl, HOBt, Phenyl piperazine, rt, 

overnight 
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1H), 7.36 (t, J=7.5 Hz, 1H), 7.20 (t, J=8.0 Hz, 1H), 6.62–6.48 (m, 3H), 4.13–4.07 (m, 4H), 3.80 

(s, 3H), 3.52 (s, 3H), 3.36–3.26 (m, 3H). ESI MS (m/z): calculated for C30H27BrN4O2, 555.13 

found 556.19 [M+H] +, 557.22 [M+2] + 

(6-bromo-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (66): White solid, Yield 69%, Melting point 135-137 °C, IR νmax/cm: 3047, 1655, 

1546, 1444, 1243, 710, 1H NMR (400 MHz, Chloroform-d): δ 8.05 (s, 1H), 8.01 (d, J=7.8 Hz, 

1H), 7.69–7.62 (m, 3H), 7.56–7.59 (m, 3H), 7.49 (d, J=8.3 Hz, 1H), 7.39 (t, J=7.5 Hz, 1H), 7.20 

(t, J=8.0 Hz, 1H), 6.67–6.48 (m, 3H), 4.16–4.07 (m, 3H), 3.80 (s, 3H), 3.37–3.26 (m, 4H). 13C 

NMR (101 MHz, Chloroform-d) δ 168.70, 152.30, 151.68, 147.25, 149.78, 132.12, 129.23, 

125.54, 124.14, 115.35, 113.35, 55.80, 56.60, 50.75. ESI MS (m/z): calculated for 

C29H25BrN4O, 524.12 found 525.46 [M+H] +, 526.33 [M+2] + 

(6-bromo-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (67): White solid, Yield 69%, Melting point 166-168 °C, IR νmax/cm: 3047, 1655, 

1546, 1444, 1243, 710, 1H NMR (400 MHz, Chloroform-d): δ 8.05 (s, 1H), 8.03 (d, J=7.8 Hz, 

1H), 7.69–7.62 (m, 3H), 7.56–7.59 (m, 3H), 7.49 (d, J=8.3 Hz, 1H), 7.39(t, J=7.5 Hz, 1H), 7.20 

(t, J=8.0 Hz, 1H), 6.67–6.48 (m, 3H), 4.16–4.07 (m, 3H), 3.84 (s, 3H), 3.56 (s, 3H), 3.37–3.26 

(m, 4H). ESI MS (m/z): calculated for C30H27BrN4O, 538.14 found 539.48 [M+H] +, 540.14 

[M+2] + 

(6-bromo-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (68): White solid, Yield 72%, Melting point 147-145 °C, IR 

νmax/cm: 3049, 1659, 1548, 1454, 1243, 715, 1H NMR (400 MHz, Chloroform-d) δ 8.51 (s, 

1H), 8.21 (d, J=7.8 Hz, 1H), 7.65–7.62 (m, 3H), 7.56–7.44 (m, 4H), 7.46–7.44 (m, 2H), 7.24–

7.20 (m, 1H), 7.05–6.97 (m, 2H), 4.04–4.10 (m, 4H), 3.51 (s, 3H), 3.19–3.08 (m, 3H). ESI MS 

(m/z): calculated for C29H24BrFN4O, 542.11 found 543.78 [M+H] +, 544.23 [M+2] + 

(6-bromo-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-

fluorophenyl)-piperazin-1-yl)-methanone (69): White solid, Yield 65%, Melting point 157-

159 °C, IR νmax/cm: 3042, 1654, 1548, 1453, 1241, 710, 1H NMR (400 MHz, Chloroform-d): 

δ 8.07 (s, 1H), 8.04–8.01 (m, 2H), 7.69–7.65 (m, 3H), 7.58–7.47 (m, 5H), 7.38 (t, J=7.5 Hz, 

1H), 6.69–6.66 (m, 2H), 4.02-4.10 (m, 4H), 3.71–3.69 (m, 4H), 3.55 (s, 3H). ESI MS (m/z): 

calculated for C30H26BrFN4O2, 572.12 found 573.49 [M+H] +, 574.22 [M+2] + 

(6-bromo-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-

methoxyphenyl)-piperazin-1-yl)-methanone (70): White solid, Yield 68%, Melting point 

155-157 °C, IR νmax/cm: 3042, 1656, 1548, 1443, 1251, 713, 1H NMR (400 MHz, Chloroform-
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d): δ 8.03 (s, 1H),7.69–7.65 (m, 5H), 7.58–7.47 (m, 5H), 7.38 (t, J=7.5 Hz, 1H), 6.69–6.66 (m, 

3H), 4.02–4.11 (m, 4H), 3.71 (s, 3H), 3.55 (s, 3H), 3.54 (s, 3H). ESI MS (m/z): calculated for 

C31H29BrN4O3, 584.14 found 585.47 [M+H] +, 586.33 [M+2] + 

(6-bromo-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl)(4-(p-tolyl)-

piperazin-1-yl)-methanone (71): White solid, Yield 63%, Melting point 148-150 °C, IR 

νmax/cm: 3052, 1676, 1558, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.06 (s, 1H), 7.65–

7.61 (m, 6H), 7.53–7.48 (m, 5H), 7.48 (t, J=7.5 Hz, 1H), 6.69–6.61 (m, 3H), 4.12–4.16 (m, 5H), 

3.71 (s, 3H), 3.55 (s, 3H), 2.55 (s, 3H). ESI MS (m/z): calculated for C31H29BrN4O2, 568.15 

found 569.76 [M+H] +, 570.22 [M+2] + 

(6-bromo-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (72): Pale yellow solid, Yield 59%, Melting 

point 155-157 °C, IR νmax/cm: 3072, 1676, 1568, 713, 1H NMR (400 MHz, Chloroform-d): δ 

8.08 (s, 1H), 8.04–8.00 (m, 2H), 7.69–7.65 (m, 3H), 7.58–7.49 (m, 5H), 7.38 (t, J=7.5 Hz, 1H), 

6.69–6.68 (m, 2H), 4.02-4.17 (m, 2H), 3.71–3.69 (m, 4H), 3.88 (s, 3H), 3.71 (s, 3H), 3.55 (s, 

3H). ESI MS (m/z): calculated for C31H29BrN4O3, 584.14 found 585.13 [M+H] +, 586.35 [M+2] 

+ 

(6-bromo-1-(4-chlorophenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-

piperazin-1-yl)-methanone (73): White solid, Yield 58%, Melting point 155-157 °C, IR 

νmax/cm: 3054, 1678, 1558, 718, 1H NMR (400 MHz, Chloroform-d): δ 8.11 (s, 1H), 7.66–

7.62 (m, 3H), 7.56–7.50 (m, 5H), 7.46 (d, J=8.3 Hz, 1H), 7.36 (t, J=7.5 Hz, 1H), 7.20 (t, J=8.0 

Hz, 1H), 6.62–6.48 (m, 4H), 4.13–4.07 (m, 4H), 3.80 (s, 3H), 2.80 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 168.70, 152.30, 151.68, 147.25, 149.78, 132.12, 129.23, 125.54, 124.14, 

115.35, 113.35, 55.80, 56.60, 50.75. ESI MS (m/z): calculated for C30H26BrClN4O, 572.10 

found 573.46 [M+H] +, 574.34 [M+2] +, 576.45 [M+4] + 

(6-bromo-1-(4-chlorophenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (74): Pale yellow solid, Yield 68%, Melting 

point 166-168 °C, IR νmax/cm: 3052, 1676, 1548, 723, 1H NMR (400 MHz, Chloroform-d): δ 

8.15 (s, 1H), 7.66–7.61 (m, 3H), 7.53–7.50 (m, 5H), 7.46 (d, J=8.3 Hz, 1H), 7.46 (t, J=7.5 Hz, 

1H), 7.26 (t, J=8.0 Hz, 1H), 6.63–6.48 (m, 4H), 4.13–4.04 (m, 4H), 3.80 (s, 3H), 3.50 (s, 3H). 

ESI MS (m/z): calculated for C30H26BrClN4O2, 588.09 found 589.16 [M+H] +, 590.34 [M+2] +, 

592.56 [M+4] + 

(6-bromo-1-(4-chlorophenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (75): Pale yellow solid, Yield 62%, Melting point 165-167 °C, IR 
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νmax/cm: 3042, 1666, 1538, 713, 1H NMR (400 MHz, Chloroform-d): δ 8.06 (s, 1H), 7.65–

7.61 (m, 5H), 7.53–7.48 (m, 5H), 7.48 (t, J=7.5 Hz, 1H), 6.69–6.61 (m, 4H), 4.12–4.16 (m, 5H), 

3.71 (s, 3H). ESI MS (m/z): calculated for C29H23BrClFN4O, 576.07 found 577.13 [M+H] +, 

578.43 [M+2] +, 580.34 [M+2] + 

(6-bromo-1-(4-chlorophenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-

methoxyphenyl)-piperazin-1-yl)-methanone (76):  Pale yellow solid, Yield 53%, Melting 

point 160-162 °C, IR νmax/cm: 3058, 1678, 1578, 729, 1H NMR (400 MHz, Chloroform-d): δ 

8.03 (s, 1H), 7.69–7.65 (m, 6H), 7.58–7.47 (m, 5H), 7.38 (t, J=7.5 Hz, 1H), 6.69–6.66 (m, 3H), 

4.02–4.11 (m, 4H), 3.71 (s, 3H), 3.55 (s, 3H). ESI MS (m/z): calculated for C30H26BrClN4O2, 

588.09 found 589.40 [M+H] +, 590.34 [M+2] +, 592.34 [M+4] + 

(6-bromo-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-

methoxyphenyl)-piperazin-1-yl)-methanone (77): Yellow solid, Yield 63%, Melting point 

155-157 °C, IR νmax/cm: 3052, 1676, 1558, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.50 

(s, 1H), 7.69-7.53 (m, 6H), 7.30-7.27 (m, 5H), 6.84 (t, J = 11.7 Hz, 2H), 4.03-3.93 (m, 5H), 

3.77 (s, 3H), 3.72 (s, 3H). ESI MS (m/z): calculated for C28H25BrN4O2S, 560.09 found 561.79 

[M+H] +, 562.67 [M+2] + 

(6-bromo-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (78): Yellow solid, Yield 73%, Melting point 145-147 °C, IR 

νmax/cm: 3110, 1626, 1588, 719, 1H NMR (400 MHz, Chloroform-d): δ 8.20 (s, 1H), 7.69-

7.57 (m, 6H), 7.40-7.37 (m, 5H), 6.84 (t, J = 11.7 Hz, 2H), 4.03-3.83 (m, 5H), 3.77 (s, 3H). ESI 

MS (m/z): calculated for C27H22BrFN4OS, 548.07 found 549.47 [M+H] +, 550.45 [M+2] + 

(6-bromo-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-

piperazin-1-yl)-methanone (79): Yellow solid, Yield 73%, Melting point 134-136 °C, IR 

νmax/cm: 3052, 1676, 1558, 728, 1H NMR (400 MHz, Chloroform-d): δ 8.24 (s, 1H), 7.69-

7.47 (m, 6H), 7.40-7.30 (m, 5H), 6.84 (t, J = 11.7 Hz, 2H), 4.03-3.86 (m, 5H), 3.77 (s, 3H), 

2.32(s, 3H). ESI MS (m/z): calculated for C28H25BrN4OS, 544.09 found 545.19 [M+H] +, 

546.33 [M+2] + 

(6-bromo-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (80): Yellow solid, Yield 53%, Melting point 

155-157 °C, IR νmax/cm: 3042, 1656, 1538, 719, 1H NMR (400 MHz, Chloroform-d): δ 8.14 

(s, 1H), 7.79-7.57 (m, 6H), 7.40-7.30 (m, 5H), 6.74 (t, J = 11.7 Hz, 2H), 4.03-3.87 (m, 5H), 

3.77 (s, 3H), 3.52(s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 168.70, 152.30, 151.68, 147.25, 
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149.78, 132.12, 129.23, 125.54, 124.14, 115.35, 113.35, 55.80, 56.60, 50.75. ESI MS (m/z): 

calculated for C28H25BrN4O2S, 560.09 found 561.79 [M+H] +, 562.33 [M+2] + 

 

 

 

 

 

Characterized data for 6-nitro-9-methyl substituted compounds of scheme 6: 

(4-(4-methoxyphenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-

indol-3-yl)-methanone (81): Yellow solid, Yield 64%, Melting point 160-162 °C, IR νmax/cm: 

3052, 1676, 1558, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.37 (s,1H), 8.09 (d, J = 7.8, 1.0 

Hz, 1H), 7.88 – 7.82 (m, 2H), 7.30 – 7.24 (m, 3H), 7.07 – 7.02 (m, 4H), 6.84 – 6.75 (m, 2H), 

4.04 – 3.91 (m, 4H), 3.18. (d, J = 30.1 Hz, 4H), 3.87 (s, 3H), 3.72(s, 3H). ESI MS (m/z): 

calculated for C30H27N5O4, 521.21 found 522.46 [M+H] + 

(4-(2-methoxyphenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-

indol-3-yl)-methanone (82): Yellow solid, Yield 68%, Melting point 160-162 °C, IR νmax/cm: 

3043, 1668, 1547, 720, 1H NMR (400 MHz, Chloroform-d): δ 8.39 (s,1H), 8.29 (d, J = 7.8, 1.0 

Hz, 1H), 7.88 – 7.82 (m, 2H), 7.30 – 7.24 (m, 3H), 7.07 – 7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 

Scheme 6: Reagents and conditions: (A) SOCl2, ethanol, 0 °C, reflux, 1 h (B) Aromatic 

aldehydes, trifluoroacetic acid, DCM, rt, 3 h (C) Sulfur, xylene, 100
°
C, reflux 24 h (D) 

Methyl iodide, KOH, DMSO, rt, 30 min (E) Trifluoro acetic acid, sodium nitrite, 0 °C, 24 

h (F) NaOH, ethanol: water (1:1), rt, 45 min (G) THF, EDCI. HCl, HOBt, Phenyl 

piperazine, rt, overnight 
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4.04 – 3.91 (m, 4H), 3.18. (d, J = 30.1 Hz, 4H), 3.87 (s, 3H), 3.72(s, 3H). ESI MS (m/z): 

calculated for C30H27N5O4, 521.21 found 522.79 [M+H] + 

(9-methyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (83): Yellow solid, Yield 62%, Melting point 154-156 °C, IR νmax/cm: 3032, 

1676, 1578, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.49 (s,1H), 8.29 (d, J = 7.5, 1.5 Hz, 

1H), 7.88 – 7.72 (m, 2H), 7.30 – 7.24 (m, 1H), 7.17 – 7.12 (m, 3H), 6.74 – 6.65 (m, 4H), 4.04 

– 3.91 (m, 4H), 3.18. (d, J = 30.1 Hz, 4H), 3.87 (s, 3H), 2.32(s, 3H). ESI MS (m/z): calculated 

for C30H27N5O3, 550.10 found 551.16 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-

3-yl)-methanone (84): Yellow solid, Yield 69%, Melting point 160-162 °C, IR νmax/cm: 3052, 

1666, 1588, 713, 1H NMR (400 MHz, Chloroform-d): δ 8.59 (s,1H), 8.39 (d, J = 7.5, 1.5 Hz, 

1H), 7.68 – 7.72 (m, 3H), 7.30 – 7.24 (m, 1H), 7.17 – 7.12 (m, 4H), 6.94 – 6.65 (m, 3H), 4.15 

– 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): calculated for 

C29H24FN5O3, 509.19 found 510.46 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (1-(4-methoxyphenyl)-9-methyl-6-nitro-9H-pyrido-

[3,4-b]-indol-3-yl)-methanone (85): Yellow solid, Yield 50%, Melting point 1522-154 °C, IR 

νmax/cm: 3072, 1676, 1578, 713, 1H NMR (400 MHz, Chloroform-d): δ 8.69 (s,1H), 8.59 (d, 

J = 7.5, 1.5 Hz, 1H), 7.78 – 7.72 (m, 2H), 7.40 – 7.44 (m, 2H), 7.17 – 7.12 (m, 3H), 6.64 – 6.55 

(m, 3H), 4.04 – 3.91 (m, 4H), 3.87 (s, 3H), 3.72(s, 3H), 3.18. (d, J = 30.1 Hz, 4H). 13C NMR 

(101 MHz, Chloroform-d) δ 168.70, 152.30, 151.68, 147.25, 149.78, 132.12, 129.23, 125.54, 

124.14, 115.35, 113.35, 55.80, 56.60, 50.75. ESI MS (m/z): calculated for C30H26FN5O4, 539.20 

found 540.28 [M+H] + 

(1-(4-methoxyphenyl)-9-methyl-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-

methoxyphenyl)-piperazin-1-yl)-methanone (86): Yellow solid, Yield 59%, Melting point 

160-162 °C, IR νmax/cm: 3052, 1676, 1558, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.79 

(s,1H), 8.59 (d, J = 7.5, 1.5 Hz, 1H), 7.78 – 7.74 (m, 2H), 7.68 – 7.64 (m, 2H), 7.27 – 7.30 (m, 

3H), 6.64 – 6.59 (m, 3H), 4.06 – 3.91 (m, 4H), 3.88 (s, 3H), 3.74 (s, 3H), 3.62(s, 3H), 3.18. (d, 

J = 30.1 Hz, 4H). ESI MS (m/z): calculated for C31H29N5O5, 551.22 found 552.47 [M+H] + 

(1-(4-methoxyphenyl)-9-methyl-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-

piperazin-1-yl)-methanone (87): Yellow solid, Yield 71%, Melting point 160-162 °C, IR 

νmax/cm: 3059, 1686, 1548, 727, 1H NMR (400 MHz, Chloroform-d): δ 8.89 (s,1H), 8.59 (d, 

J = 7.5, 1.5 Hz, 1H), 7.78 – 7.74 (m, 2H), 7.68 – 7.64 (m, 2H), 7.27 – 7.40 (m, 3H), 6.69 – 6.59 
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(m, 3H), 4.07 – 3.91 (m, 4H), 3.88 (s, 3H), 3.74 (s, 3H), 2.62(s, 3H), 3.18. (d, J = 30.1 Hz, 4H). 

ESI MS (m/z): calculated for C31H29N5O4, 535.22 found 536.89 [M+H] + 

(1-(4-methoxyphenyl)-9-methyl-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (88): White solid, Yield 79%, Melting point 

162-164 °C, IR νmax/cm: 3052, 1663, 1538, 725, 1H NMR (400 MHz, Chloroform-d): δ 8.79 

(s,1H), 8.63 (d, J = 7.5, 1.5 Hz, 1H), 7.70 – 7.64 (m, 2H), 7.68 – 7.64 (m, 2H), 7.37 – 7.40 (m, 

3H), 6.69 – 6.59 (m, 3H), 4.06 – 3.91 (m, 4H), 3.88 (s, 3H), 3.74 (s, 3H), 2.62 (s, 3H), 3.18. (d, 

J = 30.1 Hz, 4H). ESI MS (m/z): calculated for C31H29N5O5, 551.22 found 552.46 [M+H] + 

(1-(4-chlorophenyl)-9-methyl-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-

methoxyphenyl)-piperazin-1-yl)-methanone (89): White solid, Yield 49%, Melting point 

160-162 °C, IR νmax/cm: 3062, 1655, 1550, 728, 1H NMR (400 MHz, Chloroform-d): δ 8.79 

(s,1H), 8.59 (d, J = 7.5, 1.5 Hz, 1H), 7.78 – 7.74 (m, 2H), 7.68 – 7.64 (m, 2H), 7.27 – 7.30 (m, 

3H), 6.64 – 6.59 (m, 3H), 4.06 – 3.91 (m, 4H), 3.88 (s, 3H), 3.74 (s, 3H), 3.18. (d, J = 30.1 Hz, 

4H). ESI MS (m/z): calculated for C30H26ClN5O4, 555.17 found 556.49 [M+H] +, 557.33 [M+2] 

+ 

(1-(4-chlorophenyl)-9-methyl-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methylphenyl)-

piperazin-1-yl)-methanone (90): White solid, Yield 59%, Melting point 160-162 °C, IR 

νmax/cm: 3022, 1696, 1558, 727, 1H NMR (400 MHz, Chloroform-d): δ 8.69 (s,1H), 8.59 (d, 

J = 7.5, 1.5 Hz, 1H), 7.78 – 7.72 (m, 2H), 7.40 – 7.44 (m, 2H), 7.17 – 7.12 (m, 3H), 6.64 – 6.55 

(m, 3H), 4.04 – 3.91 (m, 4H), 3.87 (s, 3H), 3.72(s, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS 

(m/z): calculated for C30H26ClN5O3, 539.17 found 540.45 [M+H] +, 541.22 [M+2] + 

(1-(4-chlorophenyl)-9-methyl-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (91): White solid, Yield 69%, Melting point 145-147 °C, IR 

νmax/cm: 3044, 1677, 1548, 720, 1H NMR (400 MHz, Chloroform-d): δ 8.79 (s,1H), 8.63 (d, 

J = 7.5, 1.5 Hz, 1H), 7.70 – 7.68 (m, 2H), 7.68 – 7.54 (m, 2H), 7.39 – 7.40 (m, 3H), 6.69 – 6.58 

(m, 3H), 4.06 – 3.91 (m, 4H), 3.88 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): calculated 

for C29H23ClFN5O3, 543.15 found 544.23 [M+H] +, 545.22 [M+2] + 

(1-(4-chlorophenyl)-9-methyl-6-nitro-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-

piperazin-1-yl)-methanone (92): White solid, Yield 63%, Melting point 160-162 °C, IR 

νmax/cm: 3053, 1676, 1558, 721, 1H NMR (400 MHz, Chloroform-d): δ 8.79 (s,1H), 8.66 (d, 

J = 7.5, 1.5 Hz, 1H), 7.70 – 7.69 (m, 2H), 7.68 – 7.64 (m, 2H), 7.37 – 7.39 (m, 3H), 6.69 – 6.59 

(m, 3H), 4.06 – 3.81 (m, 4H), 3.74 (s, 3H), 2.68 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). 13C NMR 

(101 MHz, Chloroform-d) δ 168.70, 152.30, 151.68, 147.25, 149.78, 132.12, 129.23, 125.54, 
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124.14, 115.35, 113.35, 55.80, 56.60, 50.75. ESI MS (m/z): calculated for C30H26ClN5O3, 

539.17 found 540.79 [M+H] +, 541.45 [M+2] + 

(4-(2-methoxyphenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-(thiophen-2-yl)-9H-pyrido-

[3,4-b]-indol-3-yl)-methanone (93): White solid, Yield 64%, Melting point 150-152 °C, IR 

νmax/cm: 3052, 1672, 1558, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.60 (s, 1H), 7.69-

7.49 (m, 6H), 7.34-7.27 (m, 5H), 6.89 (t, J = 11.7 Hz, 2H), 4.03-3.98 (m, 5H), 3.77 (s, 3H), 3.72 

(s, 3H). ESI MS (m/z): calculated for C28H25N5O4S, 527.16 found 528.43 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-(thiophen-2-yl)-9H-pyrido-[3,4-

b]-indol-3-yl)-methanone (94): White solid, Yield 68%, Melting point 158-160 °C, IR 

νmax/cm: 3059, 1676, 1558, 720, 1H NMR (400 MHz, Chloroform-d): δ 8.72 (s, 1H), 7.89-

7.59 (m, 6H), 7.44-7.27 (m, 5H), 6.89 (t, J = 11.7 Hz, 2H), 4.13-3.98 (m, 5H), 3.77 (s, 3H). ESI 

MS (m/z): calculated for C27H22FN5O3S, 515.14 found 516.48 [M+H] + 

(9-methyl-6-nitro-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-

1-yl)-methanone (95): White solid, Yield 69%, Melting point 180-182 °C, IR νmax/cm: 3452, 

1686, 1598, 729, 1H NMR (400 MHz, Chloroform-d): δ 8.24 (s, 1H), 7.69-7.47 (m, 6H), 7.40-

7.30 (m, 6H), 6.84 (t, J = 11.7 Hz, 2H), 4.03-3.86 (m, 6H), 3.77 (s, 3H), 2.32(s, 3H). ESI MS 

(m/z): calculated for C28H25N5O3S, 511.17 found 512.48 [M+H] + 

(4-(4-methoxyphenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-(thiophen-2-yl)-9H-pyrido-

[3,4-b]-indol-3-yl)-methanone (96): White solid, Yield 60%, Melting point 170-172 °C, IR 

νmax/cm: 3052, 1676, 1558, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.14 (s, 1H), 7.39-

7.27 (m, 6H), 7.48-7.32 (m, 5H), 6.74 (t, J = 11.7 Hz, 2H), 4.03-3.87 (m, 5H), 3.76 (s, 3H), 

3.52(s, 3H). ESI MS (m/z): calculated for C28H25N5O4S, 527.16 found 528.17 [M+H] + 
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Characterized data for 6-chloro-9-methyl substituted compounds of scheme 7: 

(6-chloro-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (97): White solid, Yield 69%, Melting point 135-136 °C, IR 

νmax/cm: 3057, 1625, 1556, 1454, 1435, 1253, 701, 1H NMR (400 MHz, Chloroform-d): δ 

8.54 (s, 1H), 8.27 (d, J=7.8 Hz, 1H), 7.69–7.62 (m, 3H), 7.56–7.50 (m, 3H), 7.44 (d, J=8.3 Hz, 

1H), 7.38 (t, J=7.5 Hz, 1H), 7.20 (t, J=8.0 Hz, 1H), 6.62–6.48 (m, 3H), 4.13–4.07 (m, 4H), 3.80 

(s, 3H), 3.52 (s, 3H), 3.36–3.26 (m, 3H). ESI MS (m/z): calculated for C30H27ClN4O2, 510.18 

found 511.48 [M+H] +, 512.33 [M+2] + 

(6-chloro-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (98): White solid, Yield 71%, Melting point 136-138 °C, IR νmax/cm: 3067, 1655, 

1546, 1474, 1243, 710, 1H NMR (400 MHz, Chloroform-d): δ 8.15 (s, 1H), 8.11 (d, J=7.8 Hz, 

1H), 7.49–7.32 (m, 3H), 7.56–7.59 (m, 3H), 7.49 (d, J=8.3 Hz, 1H), 7.39(t, J=7.5 Hz, 2H), 7.10 

Scheme 7: Reagents and conditions: (A) SOCl2, ethanol, 0 °C, reflux, 1 h (B) Aromatic 

aldehydes, trifluoroacetic acid, DCM, rt, 3 h (C) Sulfur, xylene, 100
°
C, reflux 24 h (D) Methyl 

iodide, KOH, DMSO, rt, 30 min (E) N-chloro succinimide, ethyl acetate, reflux, 24 h (F) 

NaOH, ethanol: water (1:1), rt, 45 min (G) THF, EDCI. HCl, HOBt, Phenyl piperazine, rt, 

overnight 
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(t, J=8.0 Hz, 1H), 6.57–6.48 (m, 3H), 4.66–4.57 (m, 3H), 3.84 (s, 3H), 3.37–3.26 (m, 4H). ESI 

MS (m/z): calculated for C29H25ClN4O, 480.17 found 481.46 [M+H] +, 482.34 [M+2] + 

(6-chloro-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-

methanone (99): White solid, Yield 67%, Melting point 137-139 °C, IR νmax/cm: 3077, 1655, 

1546, 1494, 1243, 720, 1H NMR (400 MHz, Chloroform-d): δ 8.05 (s, 1H), 8.03 (d, J=7.8 Hz, 

1H), 7.69–7.82 (m, 3H), 7.56–7.59 (m, 3H), 7.49 (d, J=8.3 Hz, 1H), 7.39(t, J=7.5 Hz, 1H), 7.20 

(t, J=8.0 Hz, 1H), 6.67–6.48 (m, 3H), 4.16–4.07 (m, 3H), 3.84 (s, 3H), 2.56 (s, 3H), 3.34–3.28 

(m, 4H). ESI MS (m/z): calculated for C30H27ClN4O, 494.19 found 495.20 [M+H] +, 496.33 

[M+2] + 

(6-chloro-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-piperazin-

1-yl)-methanone (100): White solid, Yield 66%, Melting point 132-134 °C, IR νmax/cm: 3149, 

1669, 1548, 1454, 715, 1H NMR (400 MHz, Chloroform-d) δ 8.51 (s, 1H), 8.31 (d, J=7.8 Hz, 

1H), 7.65–7.62 (m, 3H), 7.56–7.44 (m, 4H), 7.46–7.44 (m, 2H), 7.34–7.20 (m, 1H), 7.05–6.97 

(m, 2H), 4.04–4.19 (m, 4H), 3.57 (s, 3H), 3.19–3.08 (m, 3H). ESI MS (m/z): calculated for 

C29H24ClFN4O, 498.16 found 499.43 [M+H] +,450.13 [M+2] + 

(6-chlro-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-

fluorophenyl)-piperazin-1-yl)-methanone (101): White solid, Yield 57%, Melting point 135-

136 °C, IR νmax/cm: 3076, 1636, 1578, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.49 (s,1H), 

8.39 (d, J = 7.5, 1.5 Hz, 1H), 7.78 – 7.72 (m, 2H), 7.39 – 7.44 (m, 2H), 7.20 – 7.17 (m, 3H), 

6.64 – 6.52 (m, 3H), 4.04 – 3.92 (m, 4H), 3.87 (s, 3H), 3.74(s, 3H), 3.15. (d, J = 30.1 Hz, 4H). 

ESI MS (m/z): calculated for C30H26ClFN4O2, 528.17 found 529.46 [M+H] +, 530.33 [M+2] + 

(6-chloro-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl)(4-

phenylpiperazin-1-yl)-methanone (102): Pale yellow solid, Yield 58%, Melting point 138-

140 °C, IR νmax/cm: 3032, 1656, 1568, 1443, 733, 1H NMR (400 MHz, Chloroform-d): δ 8.03 

(s, 1H),7.69–7.65 (m, 6H), 7.58–7.47 (m, 5H), 7.38 (t, J=7.5 Hz, 1H), 6.69–6.66 (m, 3H), 4.02–

4.11 (m, 4H), 3.71 (s, 3H), 3.67 (s, 3H),  3.55 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

167.70, 162.30, 151.67, 147.25, 149.78, 132.12, 129.23, 125.54, 124.14, 115.35, 113.35, 55.80, 

56.60, 50.75. ESI MS (m/z): calculated for C30H27ClN4O2, 510.18 found 512.47 [M+2] + 

(6-chloro-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-

piperazin-1-yl)-methanone (103): White solid, Yield 65%, Melting point 153-155 °C, IR 

νmax/cm: 3052, 1656, 1558, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.09 (s, 1H), 7.65–

7.71 (m, 6H), 7.53–7.48 (m, 5H), 7.48 (t, J=7.5 Hz, 1H), 6.69–6.61 (m, 3H), 4.12–4.16(m, 4H), 
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3.71 (s, 3H), 3.55 (s, 3H), 2.55 (s, 3H). ESI MS (m/z): calculated for C31H29ClN4O2, 524.20 

found 525.43 [M+H] +, 526.33 [M+2] + 

(6-chloro-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (104): White solid, Yield 68%, Melting point 

135-136 °C, IR νmax/cm: 3042, 1663, 1538, 775, 1H NMR (400 MHz, Chloroform-d): δ 8.70 

(s,1H), 8.63 (d, J = 7.5, 1.5 Hz, 1H), 7.70 – 7.64 (m, 2H), 7.65 – 7.55 (m, 2H), 7.37 – 7.40 (m, 

3H), 6.69 – 6.59 (m, 3H), 4.06 – 3.91 (m, 4H), 3.88 (s, 3H), 3.74 (s, 3H), 2.62 (s, 3H), 3.18. (d, 

J = 30.1 Hz, 4H). ESI MS (m/z): calculated for C31H29ClN4O3, 540.19 found 541.53 [M+H] +, 

542.33 [M+2] + 

(6-chloro-1-(4-chlorophenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-

piperazin-1-yl)-methanone (105): White solid, Yield 52%, Melting point 131-133 °C, IR 

νmax/cm: 3034, 1678, 1558, 728, 1H NMR (400 MHz, Chloroform-d): δ 8.16 (s, 1H), 7.66–

7.62 (m, 3H), 7.56–7.54 (m, 5H), 7.46 (d, J=8.3 Hz, 1H), 7.36 (t, J=7.5 Hz, 1H), 7.25 (t, J=8.0 

Hz, 1H), 6.62–6.48 (m, 4H), 4.13–4.07 (m, 4H), 3.80 (s, 3H), 2.80 (s, 3H). ESI MS (m/z): 

calculated for C30H26Cl2N4O, 528.15 found 529.17 [M+H] +, 530.33 [M+2] +, 532.23 [M+4] + 

(6-chloro-1-(4-chlorophenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (106): White solid, Yield 66%, Melting point 

135-136 °C, IR νmax/cm: 3022, 1626, 1558, 737, 1H NMR (400 MHz, Chloroform-d): δ 8.60 

(s,1H), 8.59 (d, J = 7.0, 1.5 Hz, 1H), 7.78 – 7.72 (m, 2H), 7.40 – 7.40 (m, 2H), 7.17 – 7.10 (m, 

3H), 6.64 – 6.55 (m, 3H), 4.04 – 3.91 (m, 4H), 3.87 (s, 3H), 3.72(s, 3H), 3.18. (d, J = 30.1 Hz, 

4H). ESI MS (m/z): calculated for C30H26Cl2N4O2, 544.14 found 545.16 [M+H] +, 546.11 

[M+2] +, 548.33 [M+4] + 

(6-chloro-1-(4-chlorophenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (107): White solid, Yield 62%, Melting point 146-148 °C, IR 

νmax/cm: 3042, 1666, 1538, 713, 1H NMR (400 MHz, Chloroform-d): δ 8.06 (s, 1H), 7.65–

7.61 (m, 5H), 7.53–7.48 (m, 5H), 7.48 (t, J=7.5 Hz, 1H), 6.69–6.61 (m, 4H), 4.12–4.16(m, 5H), 

3.71 (s, 3H). ESI MS (m/z): calculated for C29H23Cl2FN4O, 532.12 found 533.47 [M+H] +, 

534.55 [M+2] +, 536.43 [M+4] + 

(6-chloro-1-(4-chlorophenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-

1-yl)-methanone (108): White solid, Yield 63%, Melting point 138-140 °C, IR νmax/cm: 3053, 

1676, 1558, 721, 1H NMR (400 MHz, Chloroform-d): δ 8.79 (s,1H), 8.66 (d, J = 7.5, 1.5 Hz, 

1H), 7.70 – 7.69 (m, 3H), 7.68 – 7.64 (m, 2H), 7.37 – 7.39 (m, 3H), 6.69 – 6.59 (m, 3H), 4.06 
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– 3.81 (m, 4H), 2.68 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI MS (m/z): calculated for 

C29H24Cl2N4O, 514.13 found 515.47 [M+H] +, 516.34 [M+2] + 

(6-chloro-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl)(4-phenylpiperazin-1-

yl)-methanone (109): White solid, Yield 59%, Melting point 137-139 °C, IR νmax/cm: 3152, 

1676, 1558, 723, 1H NMR (400 MHz, Chloroform-d): δ 8.58 (s, 1H), 7.79-7.53 (m, 6H), 7.30-

7.27 (m, 5H), 6.74 (t, J = 11.7 Hz, 2H), 4.03-3.93 (m, 5H), 3.78 (s, 3H), 3.72 (s, 3H). ESI MS 

(m/z): calculated for C27H23ClN4OS, 486.13 found 487.20 [M+H] +, 488.23 [M+2] + 

(6-chloro-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-fluorophenyl)-

piperazin-1-yl)-methanone (110): White solid, Yield 63%, Melting point 155-157 °C, IR 

νmax/cm: 3120, 1636, 1588, 719, 1H NMR (400 MHz, Chloroform-d): δ 8.25 (s, 1H), 7.67-

7.57 (m, 6H), 7.42-7.37 (m, 5H), 6.87 (t, J = 11.7 Hz, 2H), 4.63-3.83 (m, 5H), 3.77 (s, 3H). ESI 

MS (m/z): calculated for C27H22ClFN4OS, 504.12 found 505.40 [M+H] +, 506.66 [M+2] + 

(6-chloro-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl)(4-(p-tolyl)-piperazin-

1-yl)-methanone (111): White solid, Yield 68%, Melting point 137-139 °C, IR νmax/cm: 3462, 

1676, 1598, 729, 1H NMR (400 MHz, Chloroform-d): δ 8.24 (s, 1H), 7.69-7.49 (m, 6H), 7.40-

7.33 (m, 6H), 6.86 (t, J = 11.7 Hz, 2H), 4.03-3.86 (m, 6H), 3.76 (s, 3H), 2.32(s, 3H). ESI MS 

(m/z): calculated for C28H25ClN4OS, 500.14 found 501.48 [M+H] +, 502.23 [M+2] + 

(6-chloro-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (112): White solid, Yield 73%, Melting point 

147-149 °C, IR νmax/cm: 3042, 1656, 1538, 719, 1H NMR (400 MHz, Chloroform-d): δ 8.18 

(s, 1H), 7.89-7.57 (m, 6H), 7.48-7.30 (m, 5H), 6.79 (t, J = 11.7 Hz, 2H), 4.05-3.87 (m, 5H), 

3.79 (s, 3H), 3.52(s, 3H). ESI MS (m/z): calculated for C28H25ClN4O2S, 516.14 found 517.48 

[M+H] +, 518.44 [M+2] + 
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Characterized data for 6-hydroxy-9-methyl substituted compounds of scheme 8: 

(6-hydroxy-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)piperazin-1-yl)-

methanone (113): White solid, Yield 65%, Melting point 160-162 °C, IR νmax/cm: 3244, 

1615, 1547, 1511, 1256, 1H NMR (400 MHz, Chloroform-d) 8.65 (s, 1H), δ 7.5 – 7.38 (m, 9H), 

7.02 – 6.89 (m, 3H), 3.82 (s, 3H), 3.79 (s, 3H) 2.10 – 2.05 (m, 1H), 1.36 – 1.21 (m, 8H). ESI 

MS (m/z): calculated for C30H28N4O2, 462.21, found 463.25 [M+H]+ 

(4-(2-fluorophenyl)-piperazin-1-yl) (6-hydroxy-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-

indol-3-yl)-methanone (114): Yellow solid, Yield 61%, Melting point 150-152 °C, IR 

νmax/cm: 3220, 1612, 1558, 1520,748, 1H NMR (400 MHz, Chloroform-d) 8.57 (s, 1H), 8.09 

(d, J = 7.5, 1.0 Hz, 1H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 3H), 7.30 – 7.24 (m, 1H), 7.07 – 

7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.91 (m, 4H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 

4H). ESI MS (m/z): calculated for C29H25FN4O2, 480.20, found 481.29 [M+H] + 

(6-hydroxy-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (115): Pale yellow solid, Yield 58%, Melting point 160-162 °C, 

IR νmax/cm: 3260, 1614, 1537, 1521, 1H NMR (400 MHz, Chloroform-d) δ 8.54 (s, 1H), 7.45 

– 7.30 (m, 9H), 7.05 – 6.98 (m, 4H), 3.90 (s, 3H), 3.8 (s, 3H), 2.10 – 2.05 (m, 3H), 1.37 – 1.28 

(m, 5H). ESI MS (m/z): calculated for C30H28N4O3, 492.22, found 493.47 [M+H] + 

Scheme 8: Reagents and conditions: (A) SOCl2, ethanol, 0 °C, reflux, 1 h (B) Aromatic 

aldehydes, trifluoroacetic acid, DCM, rt, 3 h (C) Sulfur, xylene, 100
°
C, reflux 24 h (D) Methyl 

iodide, KOH, DMSO, rt, 30 min (E) NaOH, ethanol: water (1:1), rt, 45 min (F) THF, EDCI. 

HCl, HOBt, Phenyl piperazine, rt, overnight 
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(6-hydroxy-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone (116): White solid, Yield 61%, Melting point 158-160 °C, IR νmax/cm: 3262, 

1614, 1550, 1508, 1521, 1H NMR (400 MHz, Chloroform-d) δ 8.82 (s, 1H), 8.47 (s, 1H), 8.17 

(d, J = 7.9 Hz, 1H), 8.01-7.98 (m, 2H), 7.64-7.51 (m, 5H), 7.38-7.34 (m, 1H), 7.08-7.04 (m, 

1H), 7.01-6.90 (m, 3H), 4.20- 4.10 (m, 4H), 3.85 (s, 3H), 3.25-3.16 (m, 4H). 13C NMR (101 

MHz, Chloroform-d) δ 173.64, 152.21, 151.68, 147.24, 146.78, 147.12, 129.23, 126.64, 

128.14, 115.35, 113.35, 55.80, 26.60. ESI MS (m/z): calculated for C29H26N4O2, 462.21, found 

463.78 [M+H] + 

(6-hydroxy-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-

phenylpiperazin-1-yl)-methanone (117): White solid, Yield 59%, Melting point 168-170 °C, 

IR νmax/cm: 3263, 1656, 1541, 1508, 1H NMR (400 MHz, Chloroform-d) δ 8.85 (s, 1H), 8.64 

(s, 1H), 8.12 (d, J = 7.8 Hz, 1H), 8.01-7.91 (m, 3H), 7.65-7.54 (m, 4H), 7.54 (t, J = 7.4 Hz, 

1H), 7.38-7.31 (m, 1H), 7.22-7.20 (m, 2H), 7.11-7.00 (m, 3H), 4.10-4.00 (m, 4H), 3.38 (s, 3H), 

3.10-3.01 (m, 4H). ESI MS (m/z): calculated for C30H28N4O3, 492.22, found 493.46 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (6-hydroxy-1-(4-methoxyphenyl)-9-methyl-9H-

pyrido-[3,4-b]-indol-3-yl)-methanone (118): White solid, Yield 62%, Melting point 160-162 

°C, IR νmax/cm: 3182, 1610, 1556, 1498, 750, 1H NMR (400 MHz, Chloroform-d) 8.0 (s, 1H), 

8.05- 8.09 (m, 2H), 7.88 – 7.82 (m, 2H), 7.53 – 7.45 (m, 2H), 7.30 – 7.24 (m, 1H), 7.07 – 7.02 

(m, 3H), 6.84 – 6.75 (m, 4H), 4.04 – 3.91 (m, 5H), 3.84 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI 

MS (m/z): calculated for C30H27FN4O3, 510.21, found 511.47 [M+H] + 

(6-hydroxy-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl)(4-(p-tolyl) 

piperazin-1-yl)-methanone (119): White solid, Yield 51%, Melting point 148-150 °C, IR 

νmax/cm: 3172, 1620, 1540, 1440, 1H NMR (400 MHz, Chloroform-d) 8.81 (s, 1H), 8.0- 8.10 

(m, 3H), 7.88 – 7.86 (m, 2H), 7.43 – 7.48 (m, 2H), 7.30 – 7.24 (m, 3H), 7.07 – 7.02 (m, 3H), 

6.84 – 6.75 (m, 2H), 4.00 – 3.81 (m, 4H), 3.80 (s, 3H),  3.84 (s, 3H), 3.18. (d, J = 31.1 Hz, 4H). 

ESI MS (m/z): calculated for C31H30N4O3, 506.23, found 507.46 [M+H] + 

(6-hydroxy-1-(4-methoxyphenyl)-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (120): White solid, Yield 59%, Melting point 

161-163 °C, IR νmax/cm: 3163, 1642, 1545, 1419, 1H NMR (400 MHz, Chloroform-d) δ 11.70 

(s, 1H), 8.44- 8.49 (m, 3H), 8.26-8.19 (m, 2H), 8.09-8.06 (m, 2H), 7.69-7.53 (m, 6H), 7.30-

7.27 (m, 1H), 6.84 (t, J = 11.7 Hz, 2H), 4.03-3.93 (m, 4H), 3.80 (s, 3H), 3.85 (S. 3H), 3.57-

3.51 (m, 3H). ESI MS (m/z): calculated for C31H30N4O4, 522.13 found 523.47 [M+H] + 
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(1-(4-chlorophenyl)-6-hydroxy-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-

phenylpiperazin-1-yl)-methanone (121): White solid, Yield 62%, Melting point 159-161 °C, 

IR νmax/cm: 3153, 1652, 1515, 1469;720, 1H NMR (400 MHz, Chloroform-d) δ 8.20 (s, 1H), 

7.5 – 7.38 (m, 8H), 7.02 – 6.89 (m, 3H),3.10-3.01 (m, 4H), 3.80 (s, 3H), 2.10 – 2.05 (m, 2H), 

1.36 – 1.21 (m, 4H). ESI MS (m/z): calculated for C29H25ClN4O2, 496.17, found 497.26 

[M+H]+, 498.44 [M+2] + 

(1-(4-chlorophenyl)-6-hydroxy-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(2-

fluorophenyl)-piperazin-1-yl)-methanone (122): White solid, Yield 68%, Melting point 165-

167 °C, IR νmax/cm: 3160, 1672, 1568, 1520,760, 1H NMR (400 MHz, Chloroform-d) 8.57 

(s, 1H), 8.10- 8.15 (m,2H), 7.88 – 7.82 (m, 3H), 7.53 – 7.45 (m, 2H), 7.30 – 7.34 (m, 1H), 7.07 

– 7.02 (m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.81 (m, 3H), 3.85 (s, 3H), 3.18. (d, J = 30.1 Hz, 

4H). ESI MS (m/z): calculated for C29H24ClFN4O2, 514.12, found 515.46 [M+H] +, 516.33 

[M+2] + 

(6-hydroxy-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-

phenylpiperazin-1-yl)-methanone (123): White solid, Yield 58%, Melting point 160-162 °C, 

IR νmax/cm: 3381, 1634, 1512, 1481, 1257, 1H NMR (400 MHz, Chloroform-d) δ 8.61 (s, 1H), 

8.37 (s,1H), 8.10 (d, J = 7.0, 1.0 Hz, 1H), 7.78 – 7.86 (m, 2H), 7.53 – 7.45 (m, 3H), 7.30 – 7.24 

(m, 2H), 7.09 – 7.02 (m, 2H), 6.85 – 6.75 (m, 2H), 4.04 – 3.94 (m, 3H), 3.85 (s, 3H), .18. (d, J 

= 30.1 Hz, 4H). ESI MS (m/z): calculated for C27H24N4O2S, 468.16, found 469.15 [M+H] + 

(6-hydroxy-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-

piperazin-1-yl)-methanone (124): White solid, Yield 61%, Melting point 170-172 °C, IR 

νmax/cm: 3157, 1629, 1550, 1492, 1234, 740, 1H NMR (400 MHz, Chloroform-d) δ 8.74 (s, 

1H), 8.46 (s, 1H), 8.17 (d, J = 7.9 Hz, 1H), 7.98-7.89 (m, 2H), 7.64-7.54 (m, 2H), 7.38-7.34 

(m, 1H), 7.27-7.23 (m, 2H), 7.17-7.12 (m, 2H), 6.92- 6.87 (m, 2H), 4.12-4.02 (m, 4H), 3.93 (s, 

3H), 3.89 (s, 3H), 3.33-3.26 (m, 2H). ESI MS (m/z): calculated for C28H26N4O2S, 482.18 found 

483.49 [M+H] + 

(4-(2-fluorophenyl)-piperazin-1-yl) (6-hydroxy-9-methyl-1-(thiophen-2-yl)-9H-pyrido-

[3,4-b]-indol-3-yl)-methanone (125):  White solid, Yield 59 %, Melting point 140-142 °C, IR 

νmax/cm: 3223, 1622, 1508, 1431, 1234, 744, 1H NMR (400 MHz, Chloroform-d) δ 8.78 (s, 

1H), 8.44 (s, 1H), 8.18 (d, J = 7.6 Hz, 1H), 7.80-7.84 (m 2H), 7.74 (d, J = 7.8 Hz, 1H), 7.62-

7.56 (m, 2H), 7.38-7.34 (m, 2H), 7.15-7.08 (m, 2H), 7.03-6.97 (m, 2H), 4.19-4.00 (m, 3H), 

3.95 (s, 3H), 3.26-3.17 (m, 4H). ESI MS (m/z): calculated for C27H23FN4O2S, 486.15, found 

487.46 [M+H] + 
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(6-hydroxy-9-methyl-1-(thiophen-2-yl)-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (126): White solid, Yield 60%, Melting point 

170-172 °C, IR νmax/cm: 3233, 1672, 1548, 1471, 750, 1H NMR (400 MHz, Chloroform-d) 

8.64 (s, 1H), 8.12 (s, 1H), 8.01-7.91 (m, 2H), 7.65-7.54 (m, 4H), 7.54 (t, J = 7.4 Hz, 1H), 7.38-

7.31 (m, 1H), 7.22-7.20 (m, 2H), 7.11-7.00 (m, 2H), 4.10-4.00 (m, 4H), 3.38 (s, 3H), 3.29 (s, 

3H), 3.10-3.01 (m, 3H). ESI MS (m/z): calculated for C28H26N4O3S, 498.17, found 499.76 

[M+H] + 

(1-(4-chlorophenyl)-6-hydroxy-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-

phenylpiperazin-1-yl)-methanone (127): White solid, Yield 68%, Melting point 165-167 °C, 

IR νmax/cm: 3164, 1672, 1568, 1540,730, 1H NMR (400 MHz, Chloroform-d) 8.54 (s, 1H), 

8.10- 8.15 (m,2H), 7.88 – 7.82 (m, 3H), 7.53 – 7.45 (m, 2H), 7.30 – 7.34 (m, 1H), 7.07 – 7.22 

(m, 3H), 6.84 – 6.75 (m, 2H), 4.04 – 3.81 (m, 4H), 3.38 (s, 3H), 3.18. (d, J = 30.1 Hz, 4H). ESI 

MS (m/z): calculated for C29H25ClN4O2, 496.17, found 497.26 [M+H] +, 498.44 [M+2] + 

(1-(4-chlorophenyl)-6-hydroxy-9-methyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (128): White solid, Yield 59%, Melting point 

180-182 °C, IR νmax/cm: 3163, 1642, 1545, 1419, 1H NMR (400 MHz, Chloroform-d) δ 11.70 

(s, 1H), 8.26-8.19 (m, 2H), 8.09-8.06 (m, 2H), 7.69-7.53 (m, 5H), 7.30-7.27 (m, 1H), 6.84 (t, J 

= 11.7 Hz, 2H), 4.03-3.93 (m, 4H), 3.80 (s, 3H), 3.57-3.51 (m, 4H) 3.48 (s, 3H). 13C NMR (101 

MHz, Chloroform-d) δ 169.64, 156.81, 151.62, 146.23, 145.79, 142.11, 128.23, 120.64, 

120.14, 115.23, 111.35, 58.90, 58.60. ESI MS (m/z): calculated for C30H27ClN4O3, 526.18 

found 527.49 [M+H] +, 528.44 [M+2] + 
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Anti-Leishmanial screening 

Experimental and Methodology: 

All the synthesized compounds were in-vitro evaluated for their potency against leishmaniasis. 

In the first stage, the compounds were tested against Promastigote forms of L. infantum 

BCN150 iRFP (iRFP-L. infantum), this was the first stage in the life cycle of leishmaniasis. 

Secondly, the same compounds were also screened against Amastigote forms as well. This 

stage plays a vital role in the replication of leishmaniasis and its fatal nature. Finally, the titled 

test compounds were causing any damage to the normal cells or not were confirmed by Cell 

viability screening against standard human hepatocarcinoma cell HepG2 line (ATCC HB-

8065). The detailed methodology is described below 

6.1. Promastigotes proliferation assay:  

All compounds were assayed in vitro against L. infantum BCN150 iRFP promastigotes (iRFP-

L. infantum), a genetically modified strain that constitutively produces the infrared fluorescent 

protein (iRFP) for near infrared detection 1. Promastigotes were cultured in M199 medium 

(Gibco), supplemented with 25 mM HEPES pH 6.9, 7.6 mM hemin, 10 mM glutamine, 0.1 

mM adenosine, 0.01 mM folic acid, 1xRPMI 1640 vitamin mix (Sigma), 10% (v/v) heat 

inactivated foetal bovine serum (FBS) (Gibco) and antibiotic cocktail (50 U/mL penicillin and 

50 μg/mL streptomycin). Cultures of iRFP-L. infantum promastigotes with a density of 1×106 

cells/mL, were dispensed into 96-well optical bottom black plates (Thermo Scientific), 180 μL 

per well. Each compound was tested adding 20 μL of different stock solutions to the inoculated 

wells. Stock solutions were prepared in DMSO and serially diluted in M199 media (0.01-200 

μM final concentrations). The viability of promastigotes to calculate the 50% effective 

concentration (EC50) values was assessed measuring their fluorescence at 713 nm in an 

Odyssey (Li-Cor) infrared imaging system after 72 h exposure at 26 °C. All compounds and 

controls were assayed by triplicate. Plots were fitted by non-linear analysis using Sigma Plot 

10.1 statistical package 2. 

6.2. Ex vivo murine splenic explant cultures (Amastigotes assay): 

Primary infected splenic explants were obtained inoculating intraperitoneally 108 iRFP-L. 

infantum metacyclic promastigotes to female BALB/c mice. After five weeks, mice were 

humanely sacrificed and spleens were aseptically dissected, washed with cold phosphate-

buffered saline (PBS), cut into small pieces and incubated with 5 mL of 2 mg/mL collagenase 

D (Sigma) prepared in buffer (10 mM HEPES, pH 7.4, 150 mM NaCl, 5 mM KCl, 1 mM 

MgCl2 and 1.8 mM CaCl2) for 20 min, to obtain a cell suspension. The cell suspension was 
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passed through a 100 μM-mesh cell strainer, harvested by centrifugation (500×g for 7 min at 

4 °C), washed twice with PBS and re-suspended in RPMI medium (Gibco), supplemented with 

10 mM HEPES, 1 mM sodium pyruvate, 1xRPMI 1640 vitamin mix, 10% (v/v) FBS and 

antibiotics cocktail. Different concentrations of the tested compounds (0.01–200 μM) were 

added to these cultures seeded in 384-well black optical bottom plates at 37 °C under 5% CO2 

atmosphere. The viability of iRFP-L. infantum amastigotes infecting macrophages was 

calculated by recording the fluorescence at 713 nm by an Odyssey (Li- Cor) infrared imaging 

system. The EC50 value was calculated by plotting the infrared fluorescence emitted by viable 

amastigotes against different concentrations of the tested compounds after 72 h of exposure 

Plots were fitted by non-linear analysis using the Sigma Plot 10.1 statistical package 2. 

6.3. Cell viability and selectivity index (SI) determination: 

To determine the selectivity of the tested compounds, BALB/c splenocytes obtained from 

uninfected animals and isolated as described above has been used. On the other hand, the cell 

viability of each compound was tested on standard human hepatocarcinoma cell HepG2 lines 

(ATCC HB-8065) as a suitable in vitro toxicity model system of human hepatocytes. HepG2 

cells were seeded in 96-well plates at 37 °C under 5% CO2 atmosphere. The Glutamax 

Dulbecco's Modified Eagle's Medium (DMEM, Gibco) was used as cultured medium, 

supplemented with 10% (v/v) FBS and antibiotics cocktail. Serial dilutions of each compound 

ranging from 0.01 to 200 μM were added to the cultures of both mouse splenocytes and HepG2 

cells, after 72 h of exposure, the reading was measured using Alamar Blue staining method, 

according to manufacturer's recommendations (Invitrogen). The resulting plots of cell viability 

vs concentration of each compound was adjusted by non-linear analysis using Sigma Plot 10.1 

statistical package and used to calculate the 50% cytotoxic concentration (CC50). Selectivity 

index (SI) for both promastigotes (Selectivity index of Promastigotes (SIP))  and amastigotes 

(Selectivity index of Amastigotes (SIA)) for each compound was calculated as the ratio 

between CC50 values obtained to that of EC50 values for promastigotes and obtained EC50 

values with ex vivo murine splenic explant cultures, respectively2. 

6.4. Experimental procedure for TR inhibition assay:  

Trypanothione (TS2) was purchased from Bachem, Switzerland. Glutathione sepharose-4B 

resin and thrombin were purchased from GE Healthcare Bio-Sciences Ltd. All other chemicals 

of the highest purity were purchased from Sigma Chemical Co. Stock solutions (10 mM) of the 

inhibitors were made in DMSO and stored at -20 °C.  
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Recombinant L. infantum trypanothione reductase (LITR) was expressed in E. coli BL21 (DE3) 

and purified to homogeneity. Purity was checked by SDS-PAGE method. Enzyme activity was 

measured according to the method of Hamilton et al.3 in presence of oxidized trypanothione 

(TS2). Briefly, the reaction mixture contained L. infantum TR (1 m-unit), 40 mM HEPES pH 

7.5, 1 mM EDTA, 0.15 mM NADPH, 25 μM DTNB and 5 Μm TS2. The reaction was initiated 

by the addition of oxidized trypanothione and the change in optical density (OD) was 

monitored at 412 nm using SpectraMax M2 (Molecular Devices) microplate reader. The 

protein concentration was determined by Bradford method4 using bovine serum albumin (BSA) 

as the standard. Primary screening of compounds for their inhibitory activity against LITR was 

performed at varied concentrations (10 – 100 μM) of the compound(s). The compounds were 

added to enzyme in reaction mixture 5 min prior to the addition of substrate. Control assays 

containing the respective amount of DMSO were carried out where appropriate. The 

compounds exhibiting dose dependent inhibition were evaluated further for their type of 

inhibition and inhibitory constant5. The effect of test compounds on the enzyme activity was 

determined at two substrate concentrations (50 and 100 μM) and over a range of inhibitor 

concentrations. 

β-carbolines are known to exert their antileishmanial activity via the following 

mechanisms. 

6.5. Inhibition of trypanothione reductase (amastigote forms): 

The leishmanial parasite proliferates inside the macrophage cells and still protects itself from 

the wrathful effects of free radicals generated by macrophage cells. Like the host's glutathione 

/ glutathione reductase redox system, the parasite utilizes trypanothione / trypanothione 

reductase peroxidase system to neutralize the free radicals. Trypanothione TS2 that has been 

synthesized from two substrates glutathione and spermidine using the enzyme trypanothione 

synthetase (TS). The trypanothione (TS2) is kept in its reduced form T(SH)2 by Trypanothione 

Reductase (TR). T(SH)2 is, in turn, used to reduce tryparedoxin (TXNSH) into its reduced form 

TXN(SH)2. Tryparedoxin peroxidase (TXNP) neutralizes the free radicals generated by the 

macrophage cells, thus providing a favourable environment for the growth of the parasite.  

Trypanothione reductase is a homodimer in which each subunit is formed by three domains, 

namely NADPH binding domain, FAD-binding domain, and interface domain. The 

trypanothione binding site is placed at the interface between FAD-binding domain and 

interface domain. The active site of trypanothione reductase has an overall net negative charge 

to attract the positively charged trypanothione and repel the negatively charged glutathione. 
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CYS52, CYS57, HIS461 and GLU466 are the essential conserved amino acid residues that are 

involved in the catalytic process. Chauhan et al. designed a series of β-carboline-quinazoline 

hybrids as inhibitors of trypanothione reductase 5. 

6.6. Alterations in the cell division cycle (promastigote forms): 

Barea et al. synthesized and evaluated novel β-carboline-1,3,5-triazine hybrids against both 

promastigote and amastigote forms of the leishmanial parasite (Barea et al., 2018). The titled 

compounds were found to exhibit potent activity against amastigote forms of the parasite. 

Further studies were conducted to elucidate the mechanism of action of compounds. Electron 

microscopic analysis of promastigotes following 72 h of treatment with one of the compounds 

showed an increase in lipid-storage bodies, alterations in mitochondria and plasma membrane. 

The authors postulated that the increase in lipid-storage level may be because of cellular stress 

and mitochondrial dysfunction, which ultimately culminated in cell death via apoptotic 

pathways 6. 

Findings and discussions: 

The biological screening including anti-leishmanial evaluation of the synthesized analogues 

was performed in the following stages: 

A. Promastigote screening 

B. Amastigote screening 

C. Cell viability determination 

D. Selectivity index determination 

E. Structure Activity Relationship (SAR) studies 

F. Trypanothione reductase inhibition assay 

Anti-leishmanial screening conclusions: 

The anti-leishmanial screening results of the titled compounds showed a significant inhibition 

activity against both promastigote forms of L. infantum (BCN150 iRFP (iRFP-L. infantum) and 

amastigote forms. The results were quite interesting that some of the compounds screened 

revealed the best results when compared to the standard drug Miltefosine. 
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A. Promastigote screening results:  

Parasites of the genus Leishmania are dimorphic, existing in two forms: the flagellated 

(promastigote) form that lives and multiplies in the digestive tracts of sand flies and the 

aflagellated (amastigote) form that replicates in the cells of mammals. After the sandflies bite, 

the promastigotes make it to a puncture wound and macrophages and other mononuclear 

phagocytic cells engulf them.  

The synthesized molecules were used in the first phase of screening against promastigote forms 

of L. infantum. Around 128 different analogues were screened, and out of those, some of the 

molecules showed significant inhibition against promastigotes of L. infantum. Promastigotes 

were the first stage of the screening process to determine whether the molecules could inhibit, 

as was mentioned earlier in the context. The other molecules were not that much effective as 

described in table 6.1. The critical investigation was further carried out to find a suitable 

molecule among the tested analogues. These were segregated into potent molecules (equipotent 

or equal to that of standard drug EC50 < 12.60 μM), significantly active molecules and 

moderately active molecules in order to find out the potentially active hit molecules. The cut-

off value for the selectin of significant compounds were EC50 in the range between 13 to 25 

μM against promastigotes (standard drug Miltefosine exhibited 12.60 μM (Double the value of 

standard)). In the same way the moderately active molecules were also found with the cut-off 

value EC50 between 25 to 50 μM. 

Among the series of (6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-

yl)-methanone derivatives (1-16), around three compounds exhibited potent activity with EC50 

of compound 12 - 8.26±0.97 μM, compound 4 - 10.17±1.11 μM, compound 9 - 12.68±8.171 

μM which is comparable to that of standard drug Miletfosine (EC50 12.60 μM). Three 

compounds were found significantly active with EC50 of compound 5 - 17.57±8.92 μM, 

compound 13 – 23.00±0.96 μM and compound 15 - 25.32±10.59 μM. Another series of 

compounds (6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone derivatives (17-32), around three compounds possessed potent activity with EC50 

of compound 29 - 10.85±0.81 μM, compound 19 - 12.19±0.9 μM, compound 20 - 12.48±0.61 

μM and two compounds showed significant activity with EC50 of compound 22 - 13.30±4.22 

μM, compound 27 - 23.42±5.96 μM. In the search of potential promastigote inhibitory 

compounds from the series of (6-chloro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-

phenylpiperazin-1-yl)-methanone derivatives (33-48), only one compound, compound 35 - 

24.41±10.38 μM found significantly active. The screening was also carried out on the series of 
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molecules containing hydroxyl group at 6th position (6-hydroxy-1-phenyl-9H-pyrido-[3,4-b]-

indol-3-yl) (4-phenylpiperazin-1-yl)-methanone derivatives (49-64).  Out of sixteen analogues 

from this series, four molecules were found potent in the promastigote assay. The molecules 

were, compound 60 - 7.59±2.96 μM, compound 51 - 8.42±0.76 μM, compound 56 - 12.32±0.51 

μM, compound 54 - 12.83±1.14 μM and two compounds showed significant activity with EC50 

of compound 52 - 18.20±3.91 μM and compound 64 - 24.41±10.38 μM with their respective 

EC50 values. 

The nitrogen atom of the β-carboline nucleus was also modified with methyl group in the series 

of 65-128 analogues. The compounds with the series of 65-80 belongs to the (6-bromo-9-

methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-piperazin-1-yl)-

methanone derivatives. In this series of analogues, only one compound 72 - 5.20±0.54 μM 

showed potent and compound 80 - 47.27±13.35 μM showed moderate activity against 

promastigotes among all the tested derivatives. The rest other derivative of the series (4-(4-

methoxyphenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-

methanone (81-96 series), (6-chloro-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-

methoxyphenyl)-piperazin-1-yl)-methanone (97-112 series), (6-hydroxy-9-methyl-1-phenyl-

9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-yl)-methanone (113-128 series) 

showed EC50 value in the range of 50-100 μM against the tested promastigotes of L. infantum. 

The outcome of the screening against promastigotes revealed 37 promising molecules. In that 

12 molecules were potent than the standard drug Miltefosine. The compound 72 - 5.20±0.54 

μM and compound 60 – 7.59±2.96 μM were potent active molecules (Fig 6.1). After finding 

the potent molecules, the significantly active molecules were also Identified. A total of 8 

molecules were found significant with EC50 in the range between 13 to 25 μM (Fig 6.2). Around 

17 moderately active molecules were also identified with EC50 in the range of 25-50 μM (Fig 

6.3). 
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Figure 6.1. Structure of the potent active molecules against promastigotes 

 

 

 

 

Figure 6.2. Structure of the significantly active molecules against promastigotes  
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Figure 6.3. Structure of the moderately active molecules against promastigotes 

 

B. Amastigote screening results:  

This is a term commonly used to describe an intracellular stage of the life cycle of Leishmanial 

parasite. A single cell of a protist that does not have visible flagella or cilia is called an 

amastigote. To keep the infection alive inside their vertebrate hosts, amastigotes replicate in 

the Parasitophorous vacuole, which ultimately leads to death of host cells and the introduction 

of new macrophages. Amastigote forms are the virulence stage of the parasite.  The screening 

against amastigote forms was carried out in a manner that was comparable to the screening that 

was carried out on the promastigotes. The screening was performed on the same 128 series of 

analogues. In the similar manner of the promastigotes, the amastigotes were also separated. 

These were segregated into potent molecules (equipotent or equal to that of standard drug EC50 

< 4.80 μM), significantly active molecules and moderately active molecules to find out the 

potentially active hit molecules. The cut-off value for the selectin of significant active 

compounds were EC50 in the range of 5 to 10 μM against Amastigotes (standard drug 

Miltefosine exhibited 4.80 μM (Double the value of standard)). In the same way the moderately 

active molecules were also found with the cut-off value EC50 10 to 25 μM. The results were 

depicted in the table 6.2. 
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The screening results of (6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-

phenylpiperazin-1-yl)-methanone derivatives (1-16) showed two compounds exhibited 

significant activity with EC50 compound 9 - 8.52±0.66 μM, compound 15 - 8.89±0.65 μM 

against amastigotes. Four compounds showed moderate inhibition with EC50 compound 6 - 

13.04±0.60 μM, compound 5 - 13.08±1.43 μM, compound 12 - 17.83±1.51 μM and compound 

1 - 22.81±6.66 μM against amastigotes. Another series of compounds (6-nitro-1-phenyl-9H-

pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-methanone derivatives (17-32) were also 

screened. Among the tested series of 17-32, one compound showed moderate inhibition with 

EC50 compound 23 - 19.48±1.47 μM against amastigotes. The amastigote inhibitory assay for 

other series of (6-chloro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone derivatives (33-48) was also carried out to find the potential hit form this series of 

analogues. Among the series screened, one compound exhibited significant inhibition with 

EC50 compound 41 - 7.32±1.34 μM. This was the first hit molecule identified from the above-

mentioned series of compounds. In the hydroxy molecule series (6-hydroxy-1-phenyl-9H-

pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-methanone derivatives (49-64), one 

compound showed moderate inhibition with EC50 compound 55 - 11.18±0.98 μM against 

amastigotes. 

It was a prominent piece of evidence that the amastigote activity has been increased by the 

incorporation of methyl group in place of simple nitrogen-containing hydrogen of the β-

carboline ring. This may be considered as the most successful of all the β-carboline analogues 

and the series thereof. Within the context of the series 65-128, the nitrogen of the β–carboline 

nucleus was modified by the addition of methyl group. The compounds with serial number 

between 65 and 80 are members of the (6-bromo-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-

3-yl) (4-(4-methoxyphenyl)-piperazin-1-yl)-methanone derivatives. A total of 11 molecules 

were found most significantly active in this series of analogues. Out of all the series, the EC50 

ranged < 1 μM in this series of analogues. This was the prominent series of analogues that the 

compounds were more potent than the standard drug Miltefosine. The five compounds showed 

potent EC50 were the compound 68 - 0.54±0.03 μM, compound 70 - 0.46±0.06 μM, compound 

72 - 1.28±0.19 μM, compound 75 - 0.81±0.11 μM and compound 77 - 0.45±0.03 μM against 

amastigotes.  

These findings provided a lot of motivation for us to move forward with the additional research 

that needs to be done. In point of fact, the results were very much satisfying, and the obstacles 

that we had to overcome have been eliminated. The rest other derivatives of the series (4-(4-
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methoxyphenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-

methanone (81-96 series), around 11 molecules were prominent in this series. In this series 

also some of the interesting molecules were found. The EC50 values ranged from 1.51 to 23.86 

μM. Two molecules were found potent active with EC50 of compound 88 - 1.51±0.20 μM and 

compound 89 - 1.62±0.09 μM. In the (6-chloro-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-

yl) (4-(4-methoxyphenyl)-piperazin-1-yl)-methanone (97-112 series), only 6 molecules were 

found prominent with EC50 values ranged from 9.39 to 29.27 μM. The EC50 compound 100 –

1.65±0.03 μM showed potent activity against amastigotes and was the best in this series. The 

last series of compound (6-hydroxy-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-

tolyl)-piperazin-1-yl)-methanone (113-128 series), only one compound 119 - 11.98±0.15 μM 

was found moderately active when compared with other tested compounds. 

In light of the increased amastigote inhibitory activity, the significance of the methyl group has 

been significantly boosted.  

The findings of the amastigote screening revealed 47 promising molecules. In that 12 

molecules were potent than the standard drug Miltefosine. The compound 70 – 0.46±0.06 μM 

and compound 77 – 0.45±0.03 μM were most potent active molecules (Fig 6.4) among the 

tested series of compounds. After finding the potent molecules, the significantly active 

molecules were also identified. A total of 9 molecules were found significant with the EC50 

less than 10 μM (Fig 6.5). Around 26 moderately active molecules were also identified with 

EC50 within the range of 10-25 μM (Fig 6.6). This was the most promising study results showed 

that the molecules were more effective than the existing standard drug Miltefosine. 

 

Figure 6.4. Structure of the potent active molecules against amastigotes 
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Figure 6.5. Structure of the significantly active molecules against amastigotes 

 

 

 

Figure 6.6. Structure of the moderately active molecules against amastigotes 
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In the search of duly potent molecules among the series of 128 analogues, it has been found 

that around 15 molecules showed dual inhibition of both promastigotes as well as amastigotes. 

Among these 15 molecules, compound 9 showed EC50 -12.68±8.171 μM (promastigotes), EC50 

- 8.52±0.66 μM (amastigotes) and compound 72 with EC50 -5.20±0.54 μM (promastigotes), 

EC50 - 1.28±0.19 μM (amastigotes) (Fig 6.7). 

 

 

Figure 6.7. Structure of the duly active molecules against both promastigotes and amastigotes 

 

C. Cell viability determination 

The most common applications for human hepatoma known as HepG2 include research on 

drug metabolism and hepatotoxicity. HepG2 cells are non-cancerous cells that have high rate 

of proliferation, a morphology like epithelial cells and the ability to perform a wide variety of 

differentiated hepatic functions. The investigation was carried out to determine whether or not 

any of the synthesized analogues (1-128) were cytotoxic to normal cells. The HepG2 liver cells 

was specially selected because the VL forms effect more on liver and spleen cells. The screened 

compounds should not cause any damage to the normal liver cells. If it causes damage to liver 

cells, then it is not possible to show selective inhibition. Around 29 molecules out of 128 

analogues displayed CC50 values in the range of 1.9 to greater than 100 μM (the highest 

concentration used in the assay).  
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The potentially identified hit molecules were found to be non-hepatotoxic in nature (Fig 6.8). 

This was given a clear insight that the hit molecules were safe without any hepatotoxicity. Out 

of 128 molecules 73 molecules exhibited the CC50 more than 50 μM. This indicates the 

screened analogues did not reveal any hepatotoxicity.  

 

  

Figure 6.8. Structure of the potent active molecules against amastigotes with their cell 

viability value    

                       

Selectivity index (SI) determination 

The selectivity index (SI) is a ratio that divides Cell viability and antileishmanial activity to 

measure the window of opportunity between the two. In theory, a drug's in vivo treatment for 

a specific infection would be more successful while reducing the risk of adverse effects if it 

had a higher SI ratio. As described in section 6.3, the SI of the tested analogues was determined 

for both promastigotes (SIP) and amastigotes (SIA). In the earlier context, the higher the values 

are the higher the therapeutic potential of the respective compound.  

The purpose of this study was to determine whether any of the synthesized analogues (1-128) 

exhibited potentially useful therapeutic activity against leishmaniasis or not. More than one SI 

value was found for around 47 tested analogues against promastigotes, which account for 36% 

of the total tested compounds. Additionally, around 78 molecules were discovered, against the 

promastigotes, compound 100 was found to have a SI value of 10 and against amastigotes, 

compound 77 was found to have a higher SI (218.96). The compound 77 exhibited the highest 

significant therapeutic index against amastigotes among the tested analogues. According to the 

data (table 6.4), sixty percent of the molecules do not exhibit any toxic properties in their 

natural state. 
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Table 18. Results of L. infantum promastigotes inhibition assay 

 

 

Comp. 

code 

L. infantum 

Promastigotes (EC50 

(μM)) 

Comp

. code 

L. infantum 

Promastigotes 

(EC50 (μM)) 

Comp

. code 

L. infantum 

Promastigotes 

(EC50 (μM)) 

Comp

. code 

L. infantum 

Promastigotes (EC50 

(μM)) 

1 >100 33 >155 65 >100 97 >50 

2 -- 34 >111 66 -- 98 >50 

3 29 35 24.41±10.38 67 -- 99 >50 

4 10.17±1.11 36 31.32±7.7 68 26.98±1.40 100 >10 

5 17.57±8.92 37 37.08±19.6 69 -- 101 >50 

6 37.37±17.23 38 41.23±9.70 70 >50 102 >50 

7 >100 39 -- 71 >100 103 >25 

8 33.26±10.91 40 -- 72 5.20±0.54 104 >50 

9 12.68±8.171 41 -- 73 -- 105 >100 

10 -- 42 -- 74 -- 106 >50 

11 30 43 >100 75 >50 107 >50 

12 8.26±0.97 44 >100 76 -- 108 >50 

13 23±0.96 45 >100 77 >50 109 >50 

14 >100 46 33 78 -- 110 >50 

15 25.32±10.59 47 >100 79 >50 111 >50 

16 -- 48 31 80 47.27±13.35 112 >50 

17 52.02±7.21 49 >100 81 >50 113 >50 

18 33.8±4.13 50 37.27±1.94 82 >50 114 >50 

19 12.19±0.9 51 8.42±0.76 83 >60 115 >50 

20 12.48±0.61 52 18.20±3.91 84 >50 116 >50 

21 >100 53 45.23±7.0 85 >50 117 >50 

22 13.30±4.22 54 12.83±1.14 86 >50 118 >50 

23 42.46±14.12 55 -- 87 >100 119 >50 

24 82.7±9.79 56 12.32±0.51 88 >50 120 >25 

25 11.57±3.46 57 70 89 >50 121 >50 

26 26.619±3.43 58 >100 90 >50 122 >50 

27 23.42±5.96 59 28.54±2.34 91 >50 123 >50 

28 >100 60 7.59±2.96 92 >60 124 >50 

29 10.85±0.81 61 >100 93 >50 125 >50 

30 38.37±17.23 62 >155 94 >50 126 >50 

31 >100 63 >111 95 >50 127 >50 

32 32.26±10.91 64 24.41±10.38 96 >50 128 >50 
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Table 19. Results of L. infantum amastigotes inhibition assay 

Comp. 

code 

L. infantum 

Amastigotes 

(EC50 (μM)) 

Comp

. code  

L. infantum 

Amastigotes 

(EC50 (μM)) 

Comp. 

code 

L. infantum 

Amastigotes 

(EC50 (μM)) 

Comp

. code 

L. infantum 

Amastigotes 

(EC50 (μM)) 

1 22.81±6.66 33 -- 65 -- 97 15.19±0.21 

2 -- 34 -- 66 11.02±1.56 98 >50 

3 -- 35 19.46±0.78 67 >25 99 >50 

4 33.78±3.08 36 16.94±1.81 68 0.54±0.03 100 1.65±0.03 

5 13.08±1.43 37 18.15±1.02 69 10.02±1.54 101 12.15±0.37 

6 13.04±0.60 38 28.45±6.96 70 0.46±0.06 102 >50 

7 28.09±3.00 39 35.66±3.08 71 5.55±1.64 103 >25 

8 30.57±5.05 40 26.43±1.40 72 1.28±0.19 104 21.27±0.43 

9 8.52±0.66 41 7.32±1.34 73 >20 105 >100 

10 -- 42 14.21±5.30 74 7.620±1.09 106 >50 

11 -- 43 10.57±1.22 75 0.81±0.11 107 16.40±0.26 

12 17.831±1.51 44 28.48±2.05 76 >20 108 >50 

13 -- 45 -- 77 0.45±0.03 109 9.39±0.30 

14 32.49±3.51 46 -- 78 3.26±0.14 110 >50 

15 8.89±0.65 47 24.21±1.20 79 4.532±0.64 111 >50 

16 -- 48 -- 80 9.29±1.80 112 >50 

17 -- 49 62.55±21.83 81 5.45±0.49 113 >50 

18 >50 50 19.36±2.30 82 >25 114 >50 

19 >10 51 72.65±4.13 83 >30 115 >50 

20 >50 52 >100 84 >50 116 >50 

21 23.44±4.87 53 >100 85 >50 117 >50 

22 31.41±6.3 54 82.21±8.09 86 >25 118 >50 

23 19.48±1.47 55 11.18±0.98 87 3.43±0.42 119 11.98±0.15 

24 >100 56 >100 88 1.51±0.20 120 >25 

25 42.56±6.92 57 -- 89 1.62±0.09 121 >50 

26 >100 58 53.22±3.3 90 >25 122 >50 

27 32.60±3.18 59 >100 91 0.94±006 123 >50 

28 >100 60 47.61±0.43 92 15.41±3.55 124 >50 

29 >100 61 17.96±3.20 93 11.10±2.47 125 >50 

30 20.04±0.60 62 -- 94 23.86±6.25 126 >50 

31 28.09±3.00 63 -- 95 8.55±1.29 127 >50 

32 30.57±5.05 64 19.46±0.78 96 7.33±0.47 128 >50 
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Table 20. Results of cell viability assay using human hepatoma (HepG2) cells 

Comp

. code 
HEPG2 CC50 

(μM)  

Comp

. code 
HEPG2 

CC50 (μM)  

Comp

. code 
HEPG2 CC50 

(μM)  

Comp. 

code 

HEPG2 

CC50 (μM)  

1 >100 33 -- 65 >100 97 >50 

2 -- 34 -- 66 >100 98 >50 

3 -- 35 51.78±2.61 67 >100 99 >50 

4 >100 36 50.89±0.0 68 51.76±13.49 100 >10 

5 54.45±0.0 37 50.39±0.0 69  101 >50 

6 >100 38 >100 70 >100 102 >50 

7 >100 39 >100 71 >50 103 >25 

8 >100 40 52.61±0.0 72 7.77±0.33 104 >50 

9 77.72±3.46 41 56.36±0.0 73 >20 105 >100 

10 -- 42 -- 74 >20 106 >50 

11 -- 43 -- 75 3.41±0.11 107 >50 

12 59.30±8.19 44 >100 76  108 >50 

13 -- 45 -- 77 >100 109 >50 

14 >100 46 -- 78 >20 110 >50 

15 71.04±2.88 47 54.03±0.0 79 6.24±0.19 111 >50 

16 -- 48 -- 80 >50 112 >50 

17 56.28±3.93 49 56.10±0.0 81 >25 113 >50 

18 >100 50 56.45±6.11 82 >25 114 >50 

19 >100 51 52.70±0.0 83 >30 115 >50 

20 >100 52 >100 84 21.39±0.09 116 >50 

21 >100 53 >100 85 32.87±3.24 117 >50 

22 >100 54 >100 86 >25 118 >50 

23 >100 55 97.77±3.51 87 >100 119 >50 

24 >100 56 50.98±0.0 88 >50 120 >25 

25 25.93±4.47 57 -- 89 1.91±0.04 121 >50 

26 >100 58 54.73±16.8 90 >25 122 >50 

27 81.80±4.82 59 48.96±2.3 91 >100 123 >50 

28 >100 60 46.55±2.18 92 >30 124 >50 

29 >100 61 44.52±8.69 93 >25 125 >50 

30 >100 62 >100 94 >25 126 >50 

31 >100 63 >100 95 >25 127 >50 

32 >100 64 >100 96 >50 128 >50 
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Table 21. Results of selectivity index of the antileishmanial activities 
Comp. 

code 
SIP SIA 

Comp. 

code 
SIP SIA 

Comp. 

code 
SIP SIA 

Comp. 

code 
SIP SIA 

1 1.00 1.00 33 0.65 1.00 65 1.00 1.00 97 1.00 3.29 

2 1.00 2.00 34 0.90 1.00 66 1.00 9.07 98 1.00 1.00 

3 3.45 0.87 35 2.12 2.66 67 1.00 4.00 99 1.00 1.00 

4 9.83 0.41 36 1.62 3.00 68 1.92 95.46 100 10.00 60.61 

5 3.10 1.61 37 1.36 2.78 69 1.00 9.98 101 1.00 4.12 

6 2.68 2.24 38 2.43 3.51 70 2.00 215.98 102 1.00 1.00 

7 1.00 7.00 39 1.00 2.80 71 0.50 9.01 103 1.00 1.00 

8 3.01 2.66 40 0.53 1.99 72 1.49 6.07 104 1.00 2.35 

9 6.13 1.47 41 0.56 7.70 73 0.20 1.00 105 1.00 1.00 

10 1.00 10.00 42 1.00 7.04 74 0.20 2.62 106 1.00 1.00 

11 3.33 3.30 43 1.00 9.46 75 0.07 4.21 107 1.00 3.05 

12 7.18 1.67 44 1.00 3.51 76 1.00 5.00 108 1.00 1.00 

13 4.35 2.99 45 1.00 1.00 77 2.00 218.96 109 1.00 5.32 

14 1.00 14.00 46 3.03 1.00 78 0.20 6.12 110 1.00 1.00 

15 2.81 5.35 47 0.54 2.23 79 0.12 1.38 111 1.00 1.00 

16 1.00 16.00 48 3.23 1.00 80 1.06 5.38 112 1.00 1.00 

17 1.08 15.71 49 0.56 0.90 81 0.50 4.58 113 1.00 1.00 

18 2.96 6.08 50 1.51 2.92 82 0.50 1.00 114 1.00 1.00 

19 8.20 2.32 51 6.26 0.73 83 0.42 0.83 115 1.00 1.00 

20 8.01 2.50 52 5.49 1.00 84 0.43 0.43 116 1.00 1.00 

21 1.00 21.00 53 2.21 1.00 85 0.66 0.66 117 1.00 1.00 

22 7.52 2.93 54 7.79 1.22 86 0.50 1.00 118 1.00 1.00 

23 2.36 9.77 55 0.98 8.75 87 1.00 29.15 119 1.00 4.17 

24 1.21 19.85 56 4.14 0.51 88 1.00 33.11 120 1.00 1.00 

25 2.24 11.16 57 1.43 1.00 89 0.04 1.18 121 1.00 1.00 

26 3.76 6.92 58 0.55 1.03 90 0.50 1.00 122 1.00 1.00 

27 3.49 7.73 59 1.72 0.49 91 2.00 106.16 123 1.00 1.00 

28 1.00 28.00 60 6.13 0.98 92 0.50 1.95 124 1.00 1.00 

29 9.22 3.15 61 0.45 2.48 93 0.50 2.25 125 1.00 1.00 

30 2.61 11.51 62 0.65 1.00 94 0.50 1.05 126 1.00 1.00 

31 1.00 31.00 63 0.90 1.00 95 0.50 2.92 127 1.00 1.00 

32 3.10 10.32 64 4.10 5.14 96 1.00 6.82 128 1.00 1.00 

SIP – Selectivity index of promastigotes; SIA – Selectivity index of amastigotes 
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E. Structure Activity Relationship (SAR) studies for antileishmanial activity 

The connection between a molecule's chemical group and its biological effect is known as 

structure-activity relationship (SAR). In 1865, Crum-Brown and Fraser first put forward this 

theory. It is possible to identify the class of chemicals that causes a desired biological response 

by using SAR analysis. As a result, the chemical structure of a bioactive compound (typically 

a drug) can be altered to change its effect or potency. The outcomes were segregated into 

significantly active molecules, molecules that are more potent than the standard drug 

Miltefosine. 

 

Figure 6.9. Lead compound identified from the past studies  

 
Figure 6.10. Structure Activity Relationship (SAR) studies of the β-carboline analogues  

Substitutions were made in different positions of the 9H-pyrido-[3,4-b]-indole scaffold in the 

lead compound (Figure 6.9) to boost its activity against Amastigotes of L. infantum. When the 

R1 was substituted with phenyl ring and R2 with 4-methoxy phenyl, on the 6-bromo substituted 

molecule, the EC50 was found to be 22.81 µM (compound 1). To the same scaffold, when R2 

substituted with 2-fluoro phenyl of p-tolyl group, the compounds did not show any activity 

(compounds 2, 3). Further, 2-methoxy phenyl substitution led to the decreased activity 

(compound 4). Replacing R1 with 4-methoxy phenyl and R2 with phenyl ring had increased 

the activity to 13.08 µM (compound 5). Similar result was shown upon removal of fluoro on 
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the ring at R2 position (Figure 6.10), indicating, addition of fluoro group decreased the activity 

against amastigotes (compound 6). Addition of 4-methyl (compound 7) or 4-methoxy 

(compound 8) on compound 5 had drastically decreased the activity. When methoxy group of 

compound 7 was replaced with a halogen (chlorine) (compound 9), or thiophene group 

(compound 15) the activity was drastically increased to 8.52 µM and 8.89 µM, respectively 

being the most potent compounds of the 6-bromo series. Additionally, compound 9 was also 

found to show potent inhibition against promastigotes (EC50 12.68 µM). Compound 12 with 

R1 having 4-chloro phenyl and R2 with 2-methoxy phenyl substitution exhibited potent 

inhibition on promastigotes (EC50 8.26 µM) while it showed moderate inhibition against 

amastigotes (EC50 17.83 µM). When 6th position was modified with nitro and various 

substitutions made at R1 and R2 position, the activity did not increase (compound 17-32 

series). However, when substitutions were made on 6th position by replacing with chlorine, R1 

was substituted with thiophene and R2 with p-tolyl, the activity was slightly lower than 

compound 15 with EC50 of 10.57 µM (compound 43). Upon removal of 4-methyl from 

compound 43 drastically increased the activity than compound 15 and the EC50 was found to 

be 7.32 µM (compound 41). Further, when hydroxyl group was substituted at 6th position, the 

activity was decreased in all the compounds of series 49-64. However, compounds 51, 54 and 

56 were shown to have potent inhibition against promastigotes with their EC50 of 8.42 µM, 

12.83 µM and 12.32 µM, respectively. Replacement of hydrogen of N1 with methyl group on 

6-bromo series has improved the activity drastically. Around four molecules of compound 65-

80 series that has N-methyl on 9th position exhibited EC50 between 0.4 to 1.0 µM 

concentrations. The molecules include compound 68, 70, 75 and 77. Compounds 68 and 75 

had 2-fluoro substitution on R2 position, while R1 was phenyl and 4-chloro phenyl 

substitutions, respectively. Whereas compound 70 and 77 had 2-methoxy phenyl on R2 

position, while R1 position was 4-methoxy and thiophene ring, respectively. EC50 value of 

compounds 68, 70, 75 and 77 were 0.54 µM, 0.46 µM, 0.81 µM and 0.45 µM, respectively. 

The molecules 69, 71, 72, 79 and 80 had EC50 values ranging between 1 – 10 µM concentration. 

In the 65-80 series of compounds, 6th position was modified using chloro-, nitro- and hydroxyl- 

groups. With 6-nitro substitution (81-96 series), compounds 88, 89, 91, 95 and 96 were shown 

to have significant inhibition against amastigotes. Among these, compound 91 was found to be 

potent with EC50 value of 0.94 µM, while the other active molecules had EC50 ranging from 1 

– 9 µM concentration. Similarly, in the 65-80 series of compounds, 6th position substitution 

was altered by replacing with chlorine and the results were like that of 97-112 series 
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compounds. These compounds were active against amastigotes and showed high EC50 values 

in case of promastigotes. The potent compound in this series includes 100 and 109 with their 

EC50 values 1.65 µM and 9.39 µM, respectively. When, the 6th position of compound 113-128 

series was substituted with hydroxyl group, all the molecules had EC50 values > 50 µM except 

compound 119 with EC50 of 11.98 µM. However, these series of compounds did not show 

potent inhibition against amastigotes. From the SAR analysis of the synthesized molecules, N-

methyl substitution on the 9th position may be responsible for decrease in activity of the 

compounds that has substitution on 6th position with nitro or hydroxyl group.  

Although, compounds containing halogen group at position 6 showed notable inhibitory 

properties, those containing bromo at position 6th and N1-methyl group are extremely effective. 

These findings sheds light on the requirement for 6th -halo substitution and N1-methyl group 

to produce potent inhibitory activity compounds against amastigotes of L. infantum. 

F. Trypanothione reductase (TR) inhibition assay 

Trypanothione reductase, often known as TR, is widely regarded as one of the most promising 

targets for the development of novel anti-leishmanial medications. This enzyme is essential for 

the survival of parasite within the host because it is responsible for the reduction of 

trypanothione. Trypanothione is a molecule that has been used by the tryparedoxin / 

tryparedoxin peroxidase system of Leishmania to neutralise the hydrogen peroxide that was 

produced by host macrophages during infection. Trypanothione reductase is an obligate 

homodimer with each of the two individual subunits, related by two-fold symmetry, comprising 

an FAD-binding domain (residues 1–160 and 289–360), an NADPH-binding domain (residues 

161–288) and an interface domain (residues 361–488)7. 

The protein catalyses the reduction of dithiol trypanothione (from TS2 to T(SH)2) at the 

expense of the co-substrate NADPH. NADPH and TS2 binds at different cavities facing 

opposite sides of the isoallosazine ring of FAD. The TS2 site, located at the interface between 

the two subunits, is shaped by residues belonging to both subunits. The reaction mechanism 

relies on the transfer of two electrons from NADPH to two catalytic cysteines (CYS52 and 

CYS57), via the FAD co-factor. Once the cysteines were reduced, the oxidized TS2 binds to 

the protein and CYS52, deprotonated by the couple HIS461-GLU466, attacks the disulfide 

bridge of the substrate, resulting in the formation of a mixed disulfide. Finally, the attack of 

CYS57 on CYS52 enables the release of the reduced T(SH)2 8. 

Initially, we conducted an in-silico pilot analysis against prospective targets, including 

Leishmanial Trypanothione oxidase, N-Myristyl transferase, Pteridine reductase and 
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Spermidine synthase using designed prototype compounds before deciding that the TR would 

be the probable target for the titled molecules to go. During molecular docking and molecular 

dynamics investigation, we discovered a problem that was associated with other targets that 

were named above. The β-carboline molecules did not fit into the active sites, and in some 

targets, they were completely outside of the active site, which resulted in lower docking scores. 

These problems were found to be associated with the other targets. According to the findings 

of the pilot experiments that were carried out, only TR was capable of binding at the active site 

and also provided an insightful docking score. Because of this as well as the available literature, 

we reasoned that the trypanothione reductase would be a possible target for the titled 

compounds and the experimental studies were carried out. 

In light of the findings regarding antileishmanial activity, all the compounds (the ones with an 

EC50 less than 10 µM against amastigotes) were subjected to additional testing to determine 

whether or not they inhibited the activity of trypanothione reductase (TR) enzyme. As a result, 

the structure-activity relationship (SAR) was also computed. 

At the concentrations of 50 and 100 µM that were tested, it was discovered that the synthesized 

compounds were able to inhibit the enzymatic activity of TR. Under the experimental 

procedure chosen for the TR inhibition assay (6.4. Experimental Procedures for TR inhibition 

assay), compound 78, at a concentration of 100 µM, showed an inhibition of TS2 

(trypanothione disulfide) reduction that was as high as 100±2 % when compared to the standard 

thioridazine (95. 99±1 %) (Table 6.5). 

Based on these findings, the TR inhibition potential of compounds 78, 68, 81, 70, 96 and 88 

revealed the TR inhibition at 50 µM were 50±1 %, 43±1 %, 38±5 %, 36±5 %, 33±3 % and 

31±2 %, respectively. At 100 µM concentration, the compounds 78, 68, 81, 15 and 109 

exhibited TR inhibition of 100±2 %, 63±1 %, 61±1 %, 57±2 % and 47±1 %, respectively. As 

mentioned in the previous context, the findings were quite interesting.  

It was established as a closing point following the TR experimental studies that the compound 

78 was the only one that was found to be more effective in preventing TR. Due to the above-

mentioned findings, it has become evident that the TR is not the only target that the β-carboline 

derivatives are attempting to hit. Hence, further detailed investigations will be required against 

other possible available targets of leishmaniasis in order to determine the exact molecular target 

on which the anti-leishmanial β-carboline analogues will act..  
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Table 22. Results of Trypanothione reductase inhibition assay  

S. No Comp. code % TR inhibition (50 μM) % TR inhibition (100 μM) 

1 9 17%±1 39±4 

2 15 23±3 57±2 

3 41 9±2 2±3 

4 43 18±3 17±1 

5 68 43±1 63±1 

6 69 8±2 22±5 

7 70 36±5 32±2 

8 71 3±4 9±2 

9 72 12±1 15±3 

10 74 2±2 4±1 

11 77 2±1 1±3 

12 79 1±1 11±4 

13 78 50±1 100±2 

14 80 8±1 13±3 

15 81 38±5 61±1 

16 87 16±5 19±3 

17 88 31±2 16±2 

18 89 11±3 6±4 

19 91 1±1 34±1 

20 95 10±3 4±3 

21 96 33±3 35±2 

22 100 22±1 Yellow precipitate 

23 109 7±2 47±1 

24 119 2±1 Yellow precipitate 

25 Thioridazine 95±1 99±1 
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Structure Activity Relationship (SAR) studies for Trypanothione reductase inhibition 

 
Figure 6.11. Structure activity relationship study of β-carbolines associated with its 

Trypanothione reductase inhibitory activity 

▪ In order to gain an understanding of the trypanothione reductase activity spectrum of 

the compounds that were screened, simple structure-activity relationship studies were 

carried out. The goal of these studies was to conclude the impact of variation of 

substitution at various positions of the β-carboline scaffold (Figure 6.11).  

▪ As a direct result of the research that was outlined earlier, it is now plainly evident that 

the N-methyl substituted β-carboline is the more potent molecules. 

▪ The same thing was found here, and it revealed that TR inhibition of the N-methyl 

substituted β-carboline showed 100% inhibition at 100 μM tested concentration when 

compared to the standard drug thioridazine (99%) at the same concentration.  

▪ After making substitution with hydroxyl group at the sixth position, the activity 

spectrum decreased. The addition of chlorine, followed by addition of nitro groups at 

the 6th position, led to an increase in the TR inhibition. 

▪ Upon bromine was substituted, the results showed a significant increase in the TR 

inhibition. The piperazines were modified so that they possessed phenyl rings instead, 

which resulted in various differences in TR inhibition activity.  

▪ The activity spectrum of compound with 4-methyl benzene substitution at phenyl 

piperazine showed increase in activity when compared with 2-fluoro benzene 

substitution at phenyl piperazine moiety. 

▪ The TR inhibition was significantly aided by contributions of the substituted aldehydes. 

When compared to benzaldehyde, the inhibition was not significantly altered upon 

chlorobenzaldehyde substitution. 
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▪ An enormous boost in TR inhibition was provided by heterocycle aldehyde thiophene. 

In general, the halogens such as bromine along with heterocyclic aldehyde substitution 

were responsible for major modifications in the TR inhibition. 
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Material and methods for the computational investigations 

Molecular docking:  

Computational sources: Xenon W3565 processor, Ubuntu 18.04 

Software and version: Schrodinger software, version 2018-1 1 (Glide module for docking). 

Retrieval of the proteins: RCSB protein data bank 2 

(PDB-2JK6 https://www.rcsb.org/structure/2JK6) 

Docking method: Extra precession mode 

Results analysis: XP visualizer (Schrodinger) 

Docking workflow: The Ligprep module of the software (Version 2018-1, Schrodinger) 3 was 

used to minimize the energy with Optimized Potentials for Liquid Simulations 3 (OPLS3) force 

fields. The minimization process enables the allocation of bond orders, addition of hydrogens 

to ligands and conversion of 2D into 3D structures to improve docking performance. Further 

docking studies were conducted using the output file (Best conformations of the ligands) 3. 

In Schrodinger, the protein preparation wizard (version 2019-1, Schrodinger) 4 is the primary 

application for preparing proteins and minimizing their energy content. It adds hydrogen atoms 

to protein and assign charges to them. The Het states were generated using Epik at pH 7.0 ± 

2.0. Using workspace analysis, the protein was refined, modified and the heteroatoms in the 

water were removed. The crucial water molecules stayed the same, but all other molecules 

apart from the water were removed except the co-crystal ligand. The OPLS3 force field was 

then used to minimize the protein. An active site grid was generated by considering co-crystal 

ligands, which are included in the active site of the selected protein target (PDB-2JK6). To 

validate the protein, root mean square deviation (RMSD) was calculated after docking with the 

co-crystal ligand in XP mode, which came out to be 0.20 Å. 

Molecular mechanics with generalised Born and surface area solvation (MMGBSA) 

studies: The extra precession (XP) mode docking output was selected as input for MMGBSA 

analysis. The raw files were executed using Prime module of Schrodinger to calculate the 

Binding free energy of each docked complexes. 

Molecular dynamics workflow: Simulation of Molecular Dynamics (MD) helps visualize the 

action of Protein-Ligand complexes (PLC) at the target's binding site region under 

physiological conditions. MD was performed using Desmond module of Schrödinger 

developed by D.E Shaw research group (Academic license, Version 2020-1) 5 through the 

system's builder panel. The orthorhombic simulation box was prepared with TIP3P water 

model in such a way that the minimum distance between protein surface and solvent surface is 

10 Å 6. Neutralization of the solvated system was accomplished by using counterions and 
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limiting the salt concentration in the physiological system to 0.15 M. The PLC system was 

designated with the all-atom Optimized Potentials for Liquid Simulations (OPLS4) force 

field 7.  

Two seconds of relaxation time was used for the Reversible reference System Propagator 

Algorithms (RESPA) integrator 8, Nose-Hoover chain thermostat 9 and Martyna-Tobias-Klein 

barostat. The final production of MD simulation was performed using the equilibrated system. 

This MD simulation was set to run for 100 ns with 310 K temperatures at 1.0 bar pressure, with 

the NPT (Isothermal-Isobaric ensemble, constant number of particles (N), constant pressure 

(P), constant temperature (T)) ensemble at default settings 10 for relaxation before simulation. 

The MD simulation was performed with MD simulation tool, with the simulation time set to 

100 ns. Furthermore, the _out file was used to view the trajectories and create a movie. The 

out. cms file was imported and the movie was exported at higher resolution (1280x1024) with 

better quality. The trajectory was written with 1000 frames during the entire MD simulation. 

The protein backbone frames were aligned to backbone of the initial frame to better understand 

the complex's stability during MD simulation. Finally, after loading the .out file and selected 

the Root Mean Square Deviation (RMSD), Root Mean Square Fluctuation (RMSF) in the 

analysis type to oblique, the simulation interaction diagram and the results were analysed 11,12. 

Findings from molecular docking study 

The molecular docking method can be used to model the interaction between small molecule 

and target protein at the atomic level. This gives us the ability to characterize the behavior of 

small molecules in the binding site of target proteins as well as to shed light on fundamental 

biochemical processes. The molecular docking and molecular dynamics workflow were 

already described in the methodology section of chapter 4. The molecular docking was initially 

started with downloading of the appropriate PDB from the RCSB website. The PDB – 2JK6 

was selected based on the Classification: oxidoreductase Organism(s): Leishmania infantum 

Expression System: Escherichia coli Method: X-ray diffraction, Resolution: 2.95 Å, R-Value 

Free: 0.264, R-Value Work: 0.235, R-Value Observed: 0.237 and some of the previously 

reported literature. It was the first PDB available in the RCSB for leishmanial Trypanothione 

reductase. It contains 2 chains of homodimer with 511 amino acid residues. The validation of 

the selected PDB was done by checking the Root Mean Square Deviation and found to be 0.20 

Å (Figure 7.1). Trypanothione reductase (TR) is perceived as one of the significant strategic 

targets for discovering new leishmaniasis therapeutic agents. It is an enzyme indispensable for 

the host’s parasite sustenance because it reduces trypanothione, a molecule sent to neutralize 

hydrogen peroxide host macrophages during the infection in Leishmaniasis. To investigate the 
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putative binding pattern of the titled compounds against TR, molecular docking studies was 

performed. 

 

Figure 7.1. Superimposed view of the FAD molecule in the active site of the target PDB-

2JK6 and its re-docked pose in the same target (RMSD – 0.20 °A) 

The results obtained and analysis are shown in table 7.1, after the investigative process of 

molecular docking studies. The binding score of the standard TR inhibitor (SQD) was found to 

be -6.6 Kcal/mol and from the standard's docked orientation, MET365, CYS52, TYR198, 

GLU202 and ALA365 are actively implicated at the binding pocket of the TR target. In 

complex 72, the compound formed hydrophobic interactions with LYS60 and TYR198 at the 

distance of 5.79 Å and 3.24 Å, respectively (-5.19 Kcal/mol), while ALA365, PHE230, 

MET365 and ASP327 residues coordinated with compound 72 through aromatic bond of length 

less than 3 Å, as shown in table 7.1. In complex 75, the active compound showed three 

aromatic hydrogen bonds with TYR198 (2.32 Å), ASP327 (2.41 Å) and ALA365 (2.34 Å) with 

docking score of -6.81 Kcal/mol. Also, pi-pi stacking contact with TYR198 (3.93 Å) and pi-

cation contact with LYS60 (5.07 Å) of the binding pocket. Similarly, complex 77 is stabilized 

by aromatic hydrogen bonds with MET365 (2.37 Å), ASP327 (2.65 Å), PRO435 (2.57 Å, 2.69 

Å), one strong hydrogen bond interaction with ALA365 (2.05 Å) and hydrophobic contacts 

with PHE367 (5.29 Å, 5.46 Å, 5.12 Å) and LYS61 (4.04 Å) at the binding pocket of TR enzyme 

(Figure 7.2). Docked complexes of compounds 68 and 78 showed similar type of binding 

pattern with THR335 and PHE367 at the active site with the docking score of -5.8 and -6.36 

Kcal/mol, respectively. Another active complex 70 is supported by hydrophobic interactions 

with LYS60 (6.02 Å) and TYR198 (5.27 Å). Additionally, the compound forms a halogen bond 
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with SER178 (2.4 Å) and an aromatic hydrogen bond with ALA159 (2.39 Å) at the TR’s active 

site. The low docking score (-2.80 Kcal/mol) of compound 70 could be due to the additional 

bond interaction with the enzyme at the binding site. Similarly, the significant compounds 91 

and 78 exhibited strong aromatic hydrogen bond linkage with amino acid PRO435 with 

docking scores of -4.60 Kcal/mol and -4.92 Kcal/mol, respectively (Figure 7.3). Moreover, 

compound 78 was further stabilized by hydrogen and pi-pi stacking interaction with PHE367 

and TYR198 at the active site of TR target. Another compound 100 revealed three pi 

interactions with PHE 367 and one hydrogen bond with ALA 367 (Figure 7.3) residue with 

docking score of -4.92 Kcal/mol. 

All the active compounds interact with the surrounding amino acid residues as discussed 

previously in order to establish a constant connection between the compound atoms and the 

TR target. Further, these studies were validated by molecular dynamics studies of all the 

docked complexes in the active site of the TR target. 
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Table 23. Results of molecular docking studies of test compounds at the active site of target 

protein (PDB-2JK6) 

Comp. code Docking score (kcal/mol) Amino acid involved in interactions Distance (Å) Type of bond 

68 -5.82 

THR335 2.18 H-Bond 

PHE367 5.37 Pi-pi Stacking 

72 -5.19 

LYS60 5.79 Pi-Cation 

ALA365 2.56 Aromatic H-Bond 

TYR198 3.24 Pi-pi Stacking 

PHE230 2.46 Aromatic H-Bond 

MET333 2.54 Aromatic H-Bond 

ASP327 2.38 Aromatic H-Bond 

75 -6.36 

TYR198 

3.93 Pi-pi Stacking 

2.32 Aromatic H-Bond 

LYS60 5.07 Pi-Cation 

ASP327 2.41 Aromatic H-Bond 

ALA365 2.34 Aromatic H-Bond 

77 -5.43 

MET333 2.37 Aromatic H-Bond 

ASP327 2.65 Aromatic H-Bond 

ALA365 2.05 H-Bond 

PRO435 

2.57 Aromatic H-Bond 

2.69 Aromatic H-Bond 

PHE367 

5.29 Pi-pi Stacking 

5.46 Pi-pi Stacking 

5.12 Pi-pi Stacking 

LYS61 4.04 Pi-Cation 

78 -6.81 

PHE367 5.31 Pi-pi Stacking 

THR335 1.99 H-Bond 

70 -2.81 

LYS60 6.02 Pi-Cation 

TYR198 5.27 Pi-pi Stacking 

ALA159 2.39 Aromatic H-Bond 

SER178 2.4 Halogen-Bond 

91 -4.69 PRO435 2.51 Aromatic H-Bond 

100 -4.92 PHE367 

5.35 Pi-pi Stacking 

5.31 Pi-pi Stacking 
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5.03 Pi-pi Stacking 

ALA365 2.4 H-Bond 

TYR198 5.46 Pi-pi Stacking 

PRO435 2.3 Aromatic H-Bond 

Standard TR 

(SQD) 

-6.67 

CYS 52 2.64 Hydrogen bond 

MET333 2.23 Hydrogen bond 

TYR198 3.71 Pi stacking 

TYR198 5.32 Pi stacking 

TYR198 5.5 Pi stacking 

GLU 202 2.73 Aromatic bond 

ALA365 2.32 Aromatic bond 

ALA365 2.34 Aromatic bond 

  



 

Chapter 7. Computational investigations 

 

154 | P a g e  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2. Exposed amino-acid residue interactions (3D and 2D) of the significantly active 

compounds 68, 72 and 75 in the active site of the target protein (PDB:2JK6) 

 

Structure Code: 68 

Structure Code: 72 

Structure Code: 75 
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Figure 7.3. Exposed amino-acid residue interactions (3D and 2D) of the significantly active 

compounds 77, 91 and 100 in the active site of the target protein (PDB:2JK6) 

 

Structure Code: 77 

Structure Code: 91 

Structure Code: 100 
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Figure 7.4. Exposed amino-acid residue interactions (3D and 2D) of the significantly active 

compounds 78, 70 and standard TR (SQD) in the active site of the target protein (PDB:2JK6) 

 

Structure Code 78 

Structure Code 70 

Structure Code: Standard TR (SQD) 
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Findings from MMGBSA analysis 

Molecular mechanics with generalized Born and surface area (MM/GBSA) solvation is a 

popular method to calculate the free energy of binding of ligand to protein. The binding free 

energy is the total energy of all interactions between ligand and target molecule. When 

compared with the scores obtained from molecular docking, the binding free energies of the 

identified hit molecules (compound codes 72, 68, 70, 75, 77, 78, 91 and 100) showed 

encouraging results. These results were rushed so that a molecular dynamics simulation could 

be carried out. Figure 7.5 provides visual evidence that the binding free energy are relatively 

high and the scores vary from -72.75 to -103.45 Kcal/mol. When contrasted to the findings of 

the docking studies, these are highly encouraging signs. The compound 78 showed a score of 

-103.45 Kcal/mol, which made it the winner of MMGBSA competition. Based on these results, 

it was hypothesized that the compounds that were found hold potential for trypanothione 

reductase inhibition. 

 

Figure 7.5.  MMGBSA plot of topmost identified hit molecules (compound codes 72, 68, 70, 

75, 77, 78, 91 and 100) 

Findings from molecular dynamics studies 

Root Mean Square Deviation (RMSD) 

The study about the motion that atoms and molecules make in real life using a method called 

molecular dynamics (MD), which is a type of computer simulation based analysis. The atoms 

and molecules were given a pre-determined amount of time in order to interact with one 

another, which provides a glimpse into "evolution" of the dynamic nature of the system. Using 

MD simulation to analyze how a bio-molecular system will react to a change in its environment 

is one of the most important applications of this technique. In every scenario, an individual 



 

Chapter 7. Computational investigations 

 

158 | P a g e  
 

should run multiple simulations of both the perturbed and unperturbed systems in order to 

determine whether there are discernible differences in the outcomes. 

The MD simulation was performed for the best 8 molecules which showed significant activity 

against amastigotes and TR inhibition with the target protein (PDB: 2JK6). From the dynamics 

results, the ligands attained equilibrium with the protein during the simulation runs. Figure 

7.6. represents the RMSD of ligands during the simulation time which clearly signifies that all 

the ligands had RMSD below 5.0 Å except for compound 91 that fluctuated up to 6.0 Å. Despite 

fluctuations, the ligands never moved out of the active site pocket. Further, to see the variation 

Figure 7.6. RMSD plot of protein and topmost identified hit molecules (compound codes 

72, 68, 70, 75, 77, 78, 91 and 100) 
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in the protein structure, an RMSD plot of protein backbone against each ligand was also plotted 

and the results showed similar fluctuating pattern of the protein with all the ligands during 

simulation and the RMSD fluctuated between 2.0 - 5.0 Å.  

Root Mean Square Fluctuation (RMSF)  

Additionally, the RMSF plot determines the fluctuating residues during the simulation period. 

As shown in figure 7.7, most of the residues showed lower RMSF values of < 2.0 Å. The 

common residues that formed multiple interactions with the ligands include LYS60, LYS61, 

GLU202, ARG287, THR335, ALA365 and PHE367 (table 7.2, 7.3). In compound 68, 

THR335 and ALA365 contributed majorly (52% and 45%, respectively) in interactions during 

the complete simulation. In compound 70, the major contributing residues were LYS60 and 

ARG287 with contributions of 34% and 31%, respectively. Similarly, compound 72 exhibited 

interactions with LYS60 (52% contribution), ARG287 (52% contribution) and in addition, 

GLY15 also interacted with the ligand and contributed for 44% of the interactions during the 

simulation. Strong interactions were observed with compound 75 and 77. The residue CYS57 

and LYS60 interacted for most of the simulation time with compound 75 and their 

contributions were 79% and 84%, respectively, while in compound 77 highly contributing 

residue was ALA365 (85%) followed by LYS60 and LYS61 (30% and 34%, respectively). The 

residue GLU202 formed moderate interaction with compound 78 (33%), compound 91 (56%) 

and compound 100 (41%). Apart from this, ALA368 contributed for 50% of interactions with 

Figure 7.7. RMSF plot of topmost identified hit molecules (compound codes 72, 68, 70, 75, 

77, 78, 91 and 100) 
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compound 78 and ALA365, PHE367 contributed for 59% and 33% interactions, respectively 

with compound 100. 

Radius of gyration (RGY) 

The rotatable bonds present in the test compounds are usually responsible for high fluctuations 

during the simulation run. Hence, in order to observe their impact on the target protein, radius 

of gyration is keenly observed. Figure 7.6 shows the root mean square deviation (RMSD), 

which suggests that the torsion of rotatable bonds in the simulation did not cause significant 

RMSD variation. It's a sign that the target was not deviated. If the RMSD was smaller, then the 

radius of gyration must have been smaller too (Figure 7.8). This indicates that the intended 

amino acids are bonded firmly to one another and have not been displaced from their original 

position. This gives an insight of the stability of the ligands within the active site of the target 

protein. 

Amino acid interaction analysis  

The investigations focused on the essential amino acids engaged in interactions with the hit 

compounds 72, 68, 70, 75, 77, 78, 91 and 100. It was revealed that some of the surrounding 

amino acid residues were involved in interactions with the compounds, which gave some useful 

information. The hydrogen bond contact between compound 68 and ALA365 amino acid was 

found to be 45 %, whereas the interaction between compound 68 and THR335 was found to be 

52 %. This suggests that over the entirety of 100 ns simulation, this was actively participating 

Figure 7.8. RGY plot of topmost identified hit molecules (compound codes 72, 68, 70, 75, 

77, 78, 91 and 100) 

Radius of Gyration 
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in the development of bonds. The percentage of the amino acid involved in the interactions 

were depicted in Table 7.2 

 In comparison to compound 68, compound 70 exhibited high number of contacts, but the 

percentages were still quite low. The LYS60 showed highest percentage in it (34 %), while 

SER14 had the lowest (7 %). In addition to this, compound 70 exhibited five interactions that 

were mediated by water.  

The investigation was continued all the way up to the compound 72. In this instance, LYS60 

and ARG287 revealed that there were 52% of bonds. GLY15 was engaged in 44% of all the 

interactions that include hydrogen bonds as well. Only one water-mediated interaction was 

observed in compound 72. The LYS60 in combination with compound 75 produced the highest 

number, which was 84 %. This represented the largest percentage of amino acids that had been 

contributed up to this point. The amino acid CYS57 is involved in the formation of hydrogen 

bond with 79% and there was no evidence of any water-mediated interactions. The bar graph 

representations of the same were represented in table 7.3. 

With 85 % of the communication taking place with ALA365 amino acid, compound 77 was 

involved with hydrogen bond. Other amino acids, such as LYS60, LYS61 and PHE367 was 

involved in the formation of bond to the extent of thirty percent, thirty-four percent and sixteen 

percent, respectively. One interaction involving water as a mediator was also seen with 

ALA365. 

A number of amino acids, including LYS60 and LYS61, GLU202, THR335, MET333 and 

ALA365 were occupied the compound 78. Only one of these amino acids, ALA365 was found 

to be involved in highest proportion of the hydrogen bond interactions and water-mediated 

interactions with compound 78. This was the case out of all amino acids that were found to be 

involved in active contacts. The LYS60 was engaged with 24 % of interactions that were 

mainly carried out with water. The compound 91 also makes use of the same amino acid in its 

construction. Within this, the amino acid GLU202 contributed significantly with compound 

91, accounting for 56% of the total contribution. In addition to this, this was involved in 

interactions that were mediated by water as well. Amino acid LYS61 was responsible for 

smaller portion (10%) of contribution. 

Including the six amino acids LYS61, TYR198, GLY202, ALA365, PHE367 and LYS60, all 

of which are encircled by compound 100. Within these amino acids, ALA365 was responsible 

for 59 % of hydrogen bond interactions, while GLU365 was responsible for 41 % of water-

mediated interactions. 
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Table 24. 2D interaction of protein-ligand contacts of the potent molecules with target 

protein (PDB:2JK6) 

S. 

No 

Comp. 

code 

Interacting image Contributing residues 

Residue 

name 
Contributions 

Water 

mediated 

1. 68 

 

MET333 15% Yes 

THR335 52% Yes 

CYS364 7% No 

ALA365 45% No 

2. 70 

 

SER14 7% Yes 

GLY15 7% Yes 

LYS60 34% No 

ARG287 31% No 

ILE325 3% Yes 

ASP327 17% Yes 

ALA338 13% Yes 

3. 72 

 

GLY15 44% No 

GLY16 11% Yes 

LYS60 52% No 

ARG287 52% No 

CYS364 7% No 

ALA365 9% No 
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PHE367 18% No 

4. 75 

 

CYS57 79% No 

LYS60 84% No 

TYR198 18% No 

ARG287 5% No 

5. 77 

 

LYS60 30% No 

LYS61 34% No 

ARG287 17% No 

ALA363 17% Yes 

ALA365 85% No 

CYS364 13% No 

PHE367 16% No 

6. 78 

 

LYS60 24% Yes 

LYS61 14% No 

GLU202 33% Yes 

MET333 2% Yes 

THR335 2% No 

CYS364 22% Yes 

ALA365 50% Yes 

PHE367 11% No 
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7. 91 

 

LYS60 13% No 

LYS61 10% No 

GLU202 56% Yes 

ALA363 15% Yes 

ALA365 14% No 

PHE367 17% No 

8. 100 

 

LYS60 16% No 

LYS61 22% No 

TYR198 13% No 

GLU202 41% Yes 

ALA365 59% No 

PHE367 33% No 
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Table 25. Plot of potent ligands protein contacts 

Comp 

code 
LP contacts 

68 

 

70 

 

72 

 

75 
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77 

 

78 

 

91 
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100 

 
 

 

Trajectory frame analysis (Time frame analysis) 

Compound 68 

 

Figure 7.9. Time frame analysis of compound 68 at 1, 25, 50, 75 and 100 ns during the 

Molecular dynamics simulation 

To assess the conformational behavior of molecule at the target location during 100 ns 

simulation, a time frame analysis was performed on compound 68. To determine the orientation 

of ligands in the target's active site, the trajectory time frame analysis was performed for all the 

compounds for which MD were studied. The trajectories were exported into individual 25 ns 

time frames (Figure 7.9). Observing the interactions of the compound 68 with pyrido indole 

scaffold at 1 ns, PHE367 reveals pi-pi stacking interaction. It was discovered that two water 

molecules were involved in bromine-halogen bond interaction of the same scaffold. Hydrogen 



 

Chapter 7. Computational investigations 

 

168 | P a g e  
 

bond interaction with an oxygen atom of keto group was observed with THR335. At 25 ns, it 

was discovered that two water molecules and ALA365 was formed a hydrogen bond with the 

same oxygen atom. The nitrogen of the pyrido indole scaffold forms a hydrogen bond with the 

same residue as well. Up to 50 ns, the interactions remain unchanged. At 75 ns, SER14 and 

bromine formed a halogen bond, ALA365 and oxygen of the propan-2-one linkage established 

a hydrogen bond. With other orientations of compound 68 at 100 ns, the study was continued. 

Up to 100 ns, no substantial changes were observed. 

Compound 72  

The methoxy phenyl of pyrido indole scaffold and TYR198 formed pi-pi stacking interaction 

with each other in the MD simulation of compound 72 at 1 ns, according to the time frame 

analysis. Amino acid LYS60 showed salt bridge mediated interaction while GLY15 formed a 

hydrogen bond with an oxygen atom. With the bromine of pyrido indole scaffold, one water 

molecule formed a halogen bond. Two water molecules were also involved in interaction at 25 

ns (Figure 7.10); one was hydrogen bond with nitrogen of the pyrido indole scaffold and the 

other was a bond with oxygen of the methoxy phenyl in the same scaffold.  

 

Figure 7.10. Time frame analysis of compound 72 at 1, 25, 50, 75 and 100 ns during the 

Molecular dynamics simulation 

Until 25 ns, the remaining interactions was consistent. The amino acid residue GLN439 formed 

a hydrogen bond with water molecule at 50 ns time frame and some additional water molecules 

were also identified to be involved in interaction at that time. At 75 ns, CYS364 bonded to 

oxygen of methoxy phenyl in the scaffold of pyrido indole nucleus. The other interactions were 

unchanged. Two water molecules contacted the bromine of pyrido indole scaffold through 
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halogen bond at a time of 100 ns. Amino acid residues LYS60 and CYS57 with the same water 

molecule and ARG287 with an oxygen atom exhibited hydrogen bond interactions as well. 

Compound 70  

The pi-cation interaction between LYS60 and methoxy phenyl of pyrido indole scaffold was 

seen in the time frame analysis of compound 70 at 1 ns. The amino acid residues ALA365 and 

THR335 with the oxygen atom of methoxy group, respectively, formed hydrogen bond 

interaction (Figure 7.11). Three water molecules were evident in the interaction at 25 ns and 

all formed hydrogen bonds with one another. Amino acid ARG287 has established pi-cation 

interaction with pyrido indole scaffold. Amino acid ALA365 showed the same hydrogen 

bonding interaction with oxygen at 25 ns. Up to 50 ns, the interactions remain unchanged. 

Amino acid residues such as LYS60 & ARG287 showed several pi-cation interactions at 75 

ns. In compound 70, amino acid THR335 was found to form hydrogen bonds with oxygen and 

nitrogen atoms. At 100 ns, no significant changes were noticed. 

 

Figure 7.11. Time frame analysis of compound 70 at 1, 25, 50, 75 and 100 ns during the 

Molecular dynamics simulation 
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Compound 91 

 

Figure 7.12. Time frame analysis of compound 91 at 1, 25, 50, 75 and 100 ns during the 

Molecular dynamics simulation 

At 1 ns, the water molecule and amino acid residue LYS60 formed hydrogen bond interaction 

with oxygen atom. Multiple water molecules mediated hydrogen bonds were observed at 25 

ns. At 50 ns, another water molecule contributed to the hydrogen bond, and all other 

interactions remain constant until 50 ns. At 75 ns, amino acid PHE367 established pi-cation 

interaction with nitro group of the pyrido indole scaffold and ALA365 formed a hydrogen bond 

with oxygen of ketone. Compound 91 exhibited hydrogen bond interactions at 100 ns between 

ALA365 and water molecules with the same oxygen atom of the propan-2-one linker. The 

PHE367 exhibited pi-pi and pi-cation interactions with pyrido indole scaffold and nitrogen 

atom, respectively (Figure 7.12). 

Compound 100 
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Figure 7.13. Time frame analysis of compound 100 at 1, 25, 50, 75 and 100 ns during the 

Molecular dynamics simulation 

Amino acids PHE367 and LYS61 showed pi-pi stacking and pi-cation interactions with pyrido 

indole scaffold in compound 100. At 25 ns, amino acid ALA365 and one water molecule 

exhibited hydrogen bonding, while all other interactions remain unchanged. Amino acid 

ALA365 formed a hydrogen bond with nitrogen of the pyrido indole scaffold at 50 ns (Figure 

7.13). At 75 ns, two water molecules were seen, one formed halogen bond interaction with 

chlorine of pyrido indole scaffold, the other hydrogen bond interaction with GLU202 and the 

oxygen atom of the propan-2-one linker. Amino acid TYR198 formed pi-pi interactions with 

fluorobenzene, while one water molecule formed halogen bond interactions with chlorine of 

the pyrido indole scaffold. At 100 ns, no additional substantial alterations were seen for 

compound 100. 

Compound 77 

The amino acid residues PHE367, ALA365 and LYS60 are all actively implicated in hydrogen 

bond interactions with the molecule 77. At a timescale of 1 ns, the oxygen atom that is part of 

the keto group formed a hydrogen bond with ALA365. At a time of 25 ns, the bromine atom 

was a participant in the hydrogen bond contact. The duration of other exchanges was always 1 

ns. In addition, the pyrido indole scaffold demonstrated Pi interactions with LYS61 when the 

time resolution was raised to 50 ns (Figure 7.14). Amino acid PHE367 was engaged in Pi 

cationic interactions that took place. The formation of hydrogen bond between ALA365 and 

oxygen atom of the keto group, which was implicated in water-mediated interactions at 75 ns. 

When compared to the first-time frames, the number of interactions that occurred at 100 ns was 

significantly lower and only one hydrogen bond was formed with ALA365. 
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Figure 7.14. Time frame analysis of compound 77 at 1, 25, 50, 75 and 100 ns during the 

Molecular dynamics simulation 

Compound 75 

 

Figure 7.15. Time frame analysis of compound 75 at 1, 25, 50, 75 and 100 ns during the 

Molecular dynamics simulation 

Halogens such as bromine, chlorine and fluorine are the building blocks of the chemical 

compound 75 (Figure 7.15). At 1 ns, there was a full participation of pyrido indole scaffold in 

the pi cationic interaction that took place with LYS60. Within 25 ns, the number of the same 

pi connections has been reduced to one. The CYS57 and oxygen atom of the keto group were 

participated in hydrogen bonding. At 50 ns, one more hydrogen bond was formed with CYS57, 

while the other interactions remained the same. At a timescale of 75 ns, the same collaborations 

were maintained, and in addition, one water-mediated connection was also observed between 

bromine atom. At 100 ns, there was no evidence of any additional charges, except for ARG287, 

which was implicated in the fluorobenzene pi cationic interactions. 

Compound 78 

The nitrogen atom of the pyridine ring was involved in hydrogen bond interactions with THR 

335 at 1 ns. At a timescale of 25 ns, it was seen that two water-mediated interactions had taken 

place between the oxygen atom of the keto group. Amino acid PHE365 played a significant 

role in pi interaction with the benzene ring that contained the methyl group (Figure 7.16). At 

a timescale of 50 ns, no interactions were discovered. At a timescale of 75 ns, the connections 

with the water molecules were successfully re-established. At 100 ns time scale, the compound 

78 attracted more attention due to the largest number of connections it had with the surrounding 
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amino acid residues. SER178 was involved in the formation of halogen bond with bromine 

atom. The oxygen atom that was involved in the interactions were mediated by water. 

 

Figure 7.16. Time frame analysis of compound 78 at 1, 25, 50, 75 and 100 ns during the 

Molecular dynamics simulation 

Amino acids such as PHE365, THR335, CYS57, LYS60, ALA365, PHE367 and ARG287 

were actively involved in tight holding of the hit molecules at the active site of trypanothione 

reductase. This is a concluding comment that has obtained from the output of time frame 

analysis. These amino acids uncovered several contacts with the hit molecules, including 

hydron bonds, aromatic bonds, pi interactions and halogen bonds. In addition to this, several 

interactions that were mediated by water were also engaged in the process of tightly holding 

the molecules in the active site of the target protein. 
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Conclusion and future perspectives 

In several countries, leishmaniasis is one of the most frequently found infectious disease 

affecting larger population. At present there are no vaccines proven to be successful, so the 

treatment of leishmaniasis is mainly depends on decade old chemotherapy.  

β-carboline has a wide range of pharmacological effects, earning it an important place in the 

field of medicinal chemistry. This dissertation was aimed to investigate the anti-leishmanial 

potential of β-carboline derivatives. The research was conducted to identify a potentially useful 

candidate for the treatment of leishmaniasis, the β-carboline molecules were conceived of, 

constructed and evaluated.  

When considered the research that had been previously published, the screening results led to 

the discovery of some exciting new information. The synthesized compounds were tested for 

their in-vitro anti-leishmanial promastigote activity (using L. infantum BCN150 iRFP 

promastigotes (iRFP-L. infantum)), in-vitro anti-leishmanial amastigote activity (using L. 

infantum BCN150), cell viability (using the human hepatocarcinoma cell line ATCC HB-

8065), TR inhibition and molecular modeling studies. Several noteworthy conclusions gleaned 

from the screening results were supplied by the findings. 

The findings were summarized as follows, 

➢ The investigation begins with the previously identified hit molecules named (4-(2-

methoxyphenyl)-piperazin-1-yl) (1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-methanone 

which revealed EC50 of 2.80 μM, and the other hit (4-(4-methoxyphenyl)-piperazin-1-

yl) (9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl)-methanone revealed an EC50 of 

1.4 μM against amastigotes. 

➢ The investigation was further proceeded with the modification of β-carboline with 

substitutions like Nitro, Bromo, Chloro and hydroxy at the 6th position as there were no 

reports available. 

➢ The β-carboline was synthesized by pictet-spengler reaction followed by acid amide 

coupling reaction with various substituted phenyl piperazines. The synthesized 

molecules (Total 128) were characterized by IR, NMR and Mass spectroscopic 

analytical methods. The molecules were segregated into following series,  

➢ (6-bromo-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone derivatives (1-16)  

➢ (6-nitro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-methanone 

derivatives (17-32) 
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➢ (6-chloro-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)-

methanone derivatives (33-48) 

➢ (6-hydroxy-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-phenylpiperazin-1-yl)- 

methanone derivatives (49-64)  

➢ (6-bromo-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (65-80) 

➢ (4-(4-methoxyphenyl)-piperazin-1-yl) (9-methyl-6-nitro-1-phenyl-9H-pyrido-[3,4-b]-

indol-3-yl)-methanone (81-96) 

➢ (6-chloro-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(4-methoxyphenyl)-

piperazin-1-yl)-methanone (97-112) 

➢ (6-hydroxy-9-methyl-1-phenyl-9H-pyrido-[3,4-b]-indol-3-yl) (4-(p-tolyl)-piperazin-1-

yl)-methanone (113-128) 

➢ Initially, the titled compounds were designed, predicted for their pharmacokinetic 

parameters such as Absorption, Distribution, Metabolism, Excretion and Toxicity 

(ADMET) profiles. The findings of the investigation of 128 compounds were carried 

out, and it was observed that β-carboline analogues possessed better drug likeness 

profile and non-toxic in nature (No violations of Lipinski’s rule of five and Jorgenson 

rule of three was observed). 

➢ The titled β-carboline piperazine derivatives were synthesized using DL-Tryptophan as 

starting material. 5-hydroxy tryptophan was used as starting material for hydroxy 

substituted analogues. Initial esterification of DL-Tryptophan using thionyl chloride 

was followed by Pictet-Spengler reaction. Apart from this, nitration, bromination and 

chlorination at 6th position was also performed. 

➢ The esterified product was oxidized with sulfur and xylene and continued by 9N-

methylation with methyl iodide in presence of potassium hydroxide The carboxylic acid 

key intermediate was treated with appropriate amines (aryl-substituted piperazines) in 

presence of coupling agent 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 

hydrochloride (EDCI) and hydroxy benzotriazole (HOBt) to obtain the desired 

products.  

➢ The anti-leishmanial screening of the synthesized analogues was performed in the 

stages like promastigote, amastigote assays, cell viability assay, aelectivity index 

determination, Trypanothione reductase inhibition assay followed by computational 

investigations. 
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➢ The outcomes of the promastigote inhibitory assay revealed 37 promising molecules. 

In that 12 molecules were potent than the standard drug Miltefosine. The EC50 of 

compound 72 - 5.20±0.54 μM, and compound 60 – 7.59±2.96 μM were potent active 

molecules. After finding the potent molecules, the significantly active molecules were 

also identified. A total of 8 molecules were found significant with EC50 in the range of 

13 to 25 μM. Around 17 moderately active molecules were also identified with EC50 in 

the range of 25-50 μM. 

➢ The consequences of the amastigote inhibitory assay also revealed 47 promising 

molecules. In that around 12 molecules were potent than the standard drug Miltefosine. 

The EC50 of these compounds were compound 68 - 0.54±0.039 μM, compound 70 - 

0.46±0.06 μM, compound 72 - 1.28±0.19 μM, compound 75 - 0.81±0.11 μM, 

compound 77 - 0.45±0.03 μM, compound 78 - 3.26±0.14 μM, compound 79 - 4.53±0.64 

μM, compound 87 – 3.43±0.42 μM, compound 88 - 1.51±0.20 μM, compound 89 - 

1.62±0.09 μM, compound 91- 0.94±0.06 μM, compound 100 - 1.65±0.03 μM were 

potent active molecules. After finding the potent molecules, the significantly active 

molecules were also identified. A total of 9 molecules were found significant with the 

EC50 in the range of 5 to 10 μM. Around 26 moderately active molecules were also 

identified with EC50 in the range of 10-25 μM. This was the most promising study 

results showed that the molecules were more effective than the existing standard drug 

Miltefosine. 

➢ In search of dual inhibitors among the series of 128 analogues, around 15 molecules 

showed dual inhibition against both promastigotes as well as amastigotes. Among these 

15 molecules, compound 9 showed EC50 -12.68±8.171 μM (promastigotes), EC50 - 

8.52±0.66 μM (amastigotes) and compound 72 with EC50 -5.20±0.54 μM 

(promastigotes), EC50 - 1.28±0.19 μM (amastigotes) exhibited notable inhibitory 

activities. 

➢ The potentially identified hit molecules were found to be non-hepatotoxic in nature. 

This gave a lucid insight that the hit molecules were safe without any hepatotoxicity. 

Out of 128 molecules, around 73 molecules exhibited CC50 more than 50 μM. This 

indicates the screened analogues did not reveal any hepatotoxicity.  

➢ Against promastigotes, compound 100 was discovered to have SI value of 10, however 

against amastigotes, compound 77 was found to have significant SI value of 218.96. 

➢ The compounds substituted with halogen at 6th position exhibited significant inhibitory 

properties. The most potent are the ones that have bromine at position 6th and N1-methyl 
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group. These findings provided new insight about the necessity of 6th -halo substitution 

as well as N1-methyl group in order to generate potent inhibitors against L. infantum 

amastigotes. 

➢ TR inhibitory activity spectrum of the compounds 78, 68, 81, 70, 96 and 88 revealed 

the TR inhibition at 50 µM were 50±1 %, 43±1 %, 38±5 %, 36±5 %, 33±3 % and 31±2 

%, respectively at the tested 50 µM concentration. At 100 µM concentration, the 

compounds 78, 68, 81, 15 and 109 exhibited TR inhibition of 100±2 %, 63±1 %, 61±1 

%, 57±2 % and 47±1 %, respectively. From the obtained results, it has been presumed 

that TR is not the only target that the β-carboline derivatives are attempting to hit. 

Hence, further detailed investigations will be required against other possible available 

targets of leishmaniasis in order to determine the exact molecular target on which the 

anti-leishmanial β-carboline analogues will act. 

➢ The molecular docking analysis of the identified hits made it clear that the molecule 

was potentially bound with the conserved amino acid residues of the Trypanothione 

reductase target protein.  

➢ The MMGBSA scores vary from -72.75 to -103.45 Kcal/mol. When contrasted to the 

findings of the docking studies, these are highly encouraging signs.  

➢ Molecular dynamics RMSD plot of protein backbone against each ligand was also 

plotted and the results showed similar fluctuating patterns of the protein with all the 

ligands during simulation and the RMSD fluctuated between 2.0 - 5.0 Å.  

➢ From time frame analysis, it has been observed that amino acids such as PHE365, 

THR335, CYS57, LYS60, ALA365, PHE367 and ARG287 were actively involved in 

the tight holding of hit molecules against trypanothione reductase. These amino acids 

uncovered several contacts with the studied hit molecules, including hydron bonds, 

aromatic bonds, pi interactions and halogen bonds. In addition to this, several waters 

mediated interactions were also engaged in the process of tightly holding the hit 

molecules in the active site of the target protein. 
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Figure 8.1. Pictorial representation of summarized β-carboline analogues with their 

promastigote and amastigote activity spectrum 
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Future perspectives 

✓ In the realm of study about leishmaniasis, the current examination for the potential 

antileishmanial effects has discovered some intriguing possibilities. 

✓ The compounds showed significant EC50 against amastigotes were compound 68 - 

0.54±0.039 μM, compound 70 - 0.46±0.06 μM, compound 72 - 1.28±0.19 μM, 

compound 75 - 0.81±0.11 μM, compound 77 - 0.45±0.03 μM, compound 78 - 3.26±0.14 

μM, compound 79 - 4.53±0.64 μM, compound 87 – 3.43±0.42 μM, compound 88 - 

1.51±0.20 μM, compound 89 - 1.62±0.09 μM, compound 91- 0.94±0.06 μM, compound 

100 - 1.65±0.03 μM. These activity values were significantly potent than the standard 

drug Miltefosine. These identified compounds were amenable to further modification 

with a wide variety of substitutions, including methyl, amino and fluoro groups at 6th 

position which can be used to test their activity spectrum against leishmaniasis. 

✓ Apart from Trypanothione reductase (TR) as a possible target for the titled β-carbolines, 

molecular mechanistic investigation on other suitable available targets may be 

performed in order to find out the exact potential target of the tested β-carbolines.  

✓ In order to generate more effective TR inhibitors, BREED technique may be utilised 

for the designing of newer analogues with enhanced potency and lesser side effects. 

✓ The above identified lead compounds can be studied for their pharmacokinetic (PK), 

pharmacodynamics (PD) and safety pharmacological evaluation. 

✓ The above identified lead compounds can be subjected to developmental studies like 

pre-formulation, dosage form design and evaluation. 

✓ The selected lead compounds can be tested for their effectiveness against various allied 

opportunistic infections such as malaria, tuberculosis and other parasitic diseases for 

their dual inhibitory potential. 
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