
 

 

CHAPTER 1 

      INTRODUCTION 
 

 

The acquired immunodeficiency syndrome (AIDS) caused by the virus, human 

immunodeficiency virus (HIV) is a debilitating and devastating disease, which has acquired 

pandemic proportion globally, in the past twenty-five years since its discovery in 1983 by 

Nobel laureate Professor Luc Montagnier [1]. In the initial years of the AIDS epidemic, the 

cause of AIDS eluded clinicians and researchers treating patients afflicted with this sinister 

disease. In 1984, Professor Robert C. Gallo established the linkage between HIV and acquired 

immunodeficiency syndrome (AIDS) by repeatedly isolating HIV from patients afflicted with 

AIDS [2]. HIV-1 and HIV-2, the causative agents of acquired immunodeficiency syndrome 

(AIDS), belong to the family of lentivirus and these are retroviruses that is they are capable of 

converting genomic RNA into proviral DNA. The closest relative of HIV-1 is the simian 

immunodeficiency virus (SIV) which have been isolated from chimpanzees (Pan troglodytes) 

[3]. AIDS is characterized by a marked depletion in CD4+ helper T-lymphocytes, thereby 

making the host vulnerable to many opportunistic infections viz. tuberculosis (TB), pneumonia, 

and other bacterial and fungal infections. The probable routes of HIV transmission are via 

intimate contact with infected body fluids, infected intravenous devices, maternal transmission 

and transfusion of contaminated blood.  

Till date, sixty million people have been infected with HIV, of which 50% have 

perished, creating a profound socio-economic impact [4]. According to the 2008 report on the 

global AIDS epidemic released by UNAIDS, globally there were around 33 million people 

infected with HIV in 2007 [5]. In India, 2.47 million of the population is living with HIV as of 

2007, which is approximately 0.36 percent of the adult population [6]. 25% of this infected 

populace requires anti-retroviral therapy (ART), out of which 147,400 receive ART [6].  
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1.1 Structure & anatomical considerations of HIV-1 virion  

Mature, infectious HIV-1 virions contain a characteristic cone-shaped central, dense core 

which encloses viral RNA and replicative proteins. The virus is surrounded by a lipid 

membrane. A matrix protein lines the inner surface of the membrane. The outer surface is 

composed of an envelope protein structured as spikes, which is implanted in the lipid bilayer. 

HIV has a complement of nine genes of which three are common with other retroviruses, viz. 

gag (group antigen), pol (polymerase) and env (envelope) structural genes, which encode for 

proteins getting integrated into the virus particle [7]. The average size of HIV-1 virion is 

approximately 145 nm and with maturation the size does not change. Cryo-electron 

microscopic analysis revealed that these cores can be conical or tubular in shape with a 

stacked-disc arrangement possessing 7-, 8-, 9-10- fold axial symmetry. Intact, mature HIV-1 

particles possess projecting spikes on their surface, which most likely interact with the viral 

glycoproteins. When released from cell surface as immature, non-infectious particles they 

possess a spherical layer of Gag polyproteins underneath the viral membrane. These Gag 

polyproteins are then processed by protease enzyme, which leads to maturation followed by 

budding. Proteolytic cleavage leads to protein matrix, capsid, nucleocapsid, p6 and two other 

small spacer peptides formation along with conferment of infectivity [8]. In the mature virion, 

the matrix is found underneath the viral membrane, the capsid corresponds to the core shell and 

the nucleocapsid forms the internal ribonucleotide complex. Localization of p6, which is 

involved in late stages of virus release, is not known till date. The proteins involved in viral 

replication are synthesized as part of a Gag-Pol fusion protein and are released proteolytically 

in the maturing virion. The Pol-derived proteins, protease, RT and integrase are located 

centrally in the immature virion, but following maturation RT and integrase form a part of the 

internal core and are retained in the genome during entry into the T-lymphocytes. The viral 

surface and transmembrane glycoproteins gp120 and gp41 are also synthesized as polyproteins 

and are transported and processed via the vesicular route and acquired by the budding virion at 

the plasma membrane [9]. 
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Fig. 1.1: Structure of the HIV-1 virion 

 

Biochemical and electron microscopic studies afford an overview of the core 

geometry. Retroviral capsid and longer proteins containing the nucleocapsid domain assemble 

in vitro into helical tubes of diameter 300-800 Ǻ and lengths of several microns. The capsid 

tubes are constituted of hexameric rings of capsid proteins. The hexamer exhibited an external 

diameter of ~100 Ǻ surrounding a central hollow zone of ~25 Ǻ. The ends of the conical cores 

were found to lie close near the viral membrane with a distinct gap between the two [8]. Other 

than Gag, Pol and Env proteins, HIV-1 also encode for three regulatory proteins viz. rev 

(regulator of virion protein), tat (trans-activator) and nef (negative regulatory factor). It also 

encodes for three proteins which assist in virus maturation and release namely, vif (virion 

infectivity factor), vpu (viral protein U) and vpr (viral protein R). But not much is known about 

the topology of these regulatory and accessory proteins [7,9].   
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1.2 HIV Life cycle 

The life cycle of HIV, as illustrated in Fig. 2 comprises of four distinct phase namely: 

infection, reverse transcription and integration; viral gene expression; virus assembly and 

maturation. The process involves initial binding of the HIV cell to the CD4 receptor on the host 

T-lymphocyte cell by virtue of its surface protein, gp 120. Following attachment of virus 

particles to CD4 receptor molecules, the virus enters the cell by a pH-dependent mechanism 

and/or endocytosis. The virus fuses with the host cell’s cytoplasmic vacuole, leaving behind 

the outer lipid envelope thereby entering into the host cell, within a few minutes to a few hours 

of infection [7].   

 
Fig 1.2: HIV Life cycle and the site of action of many anti-HIV agents [10] 

 

Subsequent to the release of the proviral RNA, it gets converted into genomic DNA, 

the process being mediated by the conservative action of the viral reverse transcriptase 
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enzyme’s two isoforms, polymerase and ribonuclease. This DNA then enters into the host 

nucleus and gets integrated into the host DNA, with the help of the catalytic enzyme, integrase, 

within a span of 2- 10 h of infection [7, 11]. Once part of the cellular DNA, the viral genetic 

information remains in the cell as long as the cell survives, by becoming a part of the host 

cellular DNA and this is the reason for life-long persistent infection of HIV [12]. Eight to 

twelve hours after infection, activation of the host cells results in the transcription of viral DNA 

into messenger RNA (mRNA), which is then translated into viral proteins [7]. Cellular 

enzymes process the initial RNA transcript, yielding a complex pattern of sub-fragments of the 

initial transcript which serves as messenger RNAs for some viral proteins [12]. The 

translational process occurs 12-24 h following infection [7]. The enzyme, HIV protease, 

processes these HIV proteins into their functional forms. The structural proteins are all derived 

from Gag polyprotein which gets myristoylated co-translationally [13]. These viral RNA and 

viral proteins then accumulate at the surface of the host cytoplasmic membrane.  Amino-

terminal myristoylation of the p55 gag and p160 gag-pol precursors guide these molecules to 

the cytoplasmic membrane. Dimerization of the proteinase region of the gag-pol precursor 

triggers the virally encoded enzyme. Cleavage of the gag precursor molecule produces mature, 

infectious particles with their distinctive bullet-shaped nucleoid core [7].  A new virion then 

buds forth and is released, continuing its saga of infecting new T-lymphocytes. Maturation and 

budding take place 36-48 h after infection [7]. The time spans mentioned for the different 

processes involved can vary depending on the metabolic status of the cell and the multiplicity 

of infection.  

 

1.3 HAART 

Considerable progress has been made in treating HIV-infected patients using highly active 

anti-retroviral therapy (HAART) involving multi-drug combinations. The indicator parameter 

which primarily determines the initiation of HAART in a patient is, when the subject’s CD4 

count plunges below 350 cells/mm3 or less. It combines two or three anti-HIV medications in a 

daily regimen. The antiretroviral drugs approved by the U.S Food and Drug Administration 

(USFDA) can be classified into five different classes as listed in Table 1.1.  
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Table 1.1: Antiretroviral drugs approved by the U.S FDA [14] 

Class 
Generic  

Name 

Brand 

name 
Manufacturer 

FDA 

Approval 

Date 
Delavirdine Rescriptor Pfizer 1997 

Efavirenz Sustiva 
Bristol-Myers 

Squibb 
1998 

Etravirine 
Intelence, 

Celsentri 
Tibotec 2008 

NNRTI 

Nevirapine Viramune 
Boehringer 

Ingelheim 
1996 

Abacavir Ziagen Glaxo Smithkline 1998 

Didanosine 
Videx, 

Videx EC 

Bristol-Myers 

Squibb 

1991, 2000 

(EC) 

Emtricitabine Emtriva Gilead Sciences 2003 

Lamivudine Epivir Glaxo Smithkline 1995 

Stavudine Zerit 
Bristol-Myers 

Squibb 
1994 

Tenofovir Viread Gilead Sciences 2001 

NRTI 

Zidovudine Retrovir Glaxo Smithkline 1987 

Amprenavir Agenerase 

Glaxo Smithkline, 

vertex 

Pharmaceuticals 

1999 

Atazanavir Reyataz 
Bristol-Myers 

Squibb 
2003 

Darunavir Prezista Tibotec 2006 

Fosamprenavir Lexiva 

Glaxo Smithkline, 

vertex 

Pharmaceuticals 

2003 

Indinavir Crixivan Merck 1996 

Lopinavir, 

Ritonavir 
Kaletra Abbott Laboratories 2000 

Nelfinavir Viracept 
Agouron 

Pharmaceuticals 
1997 

Ritonavir Norvir Abbott Laboratories 1996 

Saquinavir Invirase Hoffman-La Roche 1995 

PI (Protease 

Inhibitors) 

Tipranavir Aptivus 
Boehringer 

Ingelheim 
2005 

Enfuvirtide  Fuzeon  
Hoffman-La Roche, 

Trimeris 
2003 Fusion 

Inhibitors 
Maraviroc  Selzentry  Pfizer  2007 

Integrase 

inhibitors  
Raltegravir  Isentress  Merck  2007 
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The nucleoside reverse transcriptase inhibitors (NRTIs) are structural analogs of the 

nucleoside substrates and they competitively inhibit the RT by getting incorporated into the 

DNA and preventing further attachment of nucleosides [15]. The non-nucleoside reverse 

transcriptase inhibitors (NNRTIs) non-competitively inhibit the RT by binding to an allosteric 

site located almost 10 Ǻ away from the catalytic site.  

The protease inhibitors block the enzyme, protease, needed for splicing the core 

proteins into functional proteins which would form further new mature and infectious viruses 

[16]. The fusion inhibitors target both the viral surface glycoprotein (gp 120) as well as the 

host cell surface chemokine receptor (CXCR4 & CCR5), to which HIV gets attached [17-20]. 

The integrase inhibitors target the enzyme, integrase, required for integration of the viral 

reverse transcripts into the host chromosome [21].  

 

1.4 Implications of RT in AIDS 

In retroviruses, such as HIV-1, RT is the sole enzyme which catalyses the transformation of 

single-stranded viral RNA into the double-stranded linear DNA, which ultimately gets 

integrated into the host cell chromosome. It also possesses ribonuclease H (RNase H) activity 

that is it degrades the RNA strand of RNA-DNA complex into small pieces, once its use as the 

template for the first DNA strand is over [22]. HIV-1 RT is composed of 2 subunits of 66 kDa 

and 51 kDa (p66 & p51). The N-terminal 440 amino acids of p66 comprise the polymerase 

domain and the C-terminal 120 amino acids make up the RNAse H domain. The p51 subunit of 

HIV-1 RT corresponds to the polymerase domain of the p66 subunit. The p51 subunit lacks the 

RNase H domain; but the corresponding domains in the p66 and p51 are similar in structure 

only differing in their relative organization. The polymerase domains of p66 and p51 each 

contain four sub-domains, which are denoted as fingers, palm, thumb and connection. The 

finger and thumb domains of p66 and p51 are structurally similar; but certain regions of palm 

and connection domains are strikingly different. Particularly the residues involved in formation 

of the carboxy terminus of p51 are in an entirely varying conformation from that of p66 [23].    
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Fig 1.3: HIV-1 RT domain structure. Domains are color coded: blue, fingers; red, 

palm; green, thumb; yellow, connection; RNase H, brown. White disks indicate the polymerase 

(p66) and the RNase H active sites. [24] 

 

In the p66 palm resides the polymerase active site that is defined by a triad of 

aspartates, viz. Asp 110, Asp 185 and Asp186. The 3’-OH of the primer terminus lies close to 

the catalytic aspartates and is positioned for nucleophilic attack on the α-phosphate of an 

incoming nucleoside triphosphate [25]. The p66 fingers and thumb form a gap which 

accommodates the template-primer. The four active site residues, namely, Tyr 183, Met 184, 

Asp 185 and Asp186 lie in a turn connecting β7 and β8; while the catalytic Asp 110 lies in the 

strand β4, adjacent to the Asp 185 and Asp186 [23].  
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1.5 Non-nucleoside reverse transcriptase inhibitors 

NNRTIs inhibit the chemical step of DNA polymerization by its presence. The crystal structure 

of RT complexed with NNRTIs reveals that the residues, Tyr 181 and Tyr 188 have significant 

implications in the interaction with NNRTIs. These tyrosine residues skirt the essential 

catalytic aspartates. Relatively minute changes in the positions of these residues dramatically 

affect the catalytic step, without affecting nucleotide binding [26]. In the absence of any 

inhibitor, the NNRTI binding pocket (NNIBP) does not exist. On its binding, a hydrophobic 

pocket is formed distorting the region near the polymerase active site, primarily by torsional 

swiveling of the side chains of Tyr 181 and Tyr 188 and repositioning of the second β-sheet 

containing Phe 227 and Trp 229. This NNIBP is almost devoid of any electrostatic charges. 

The NNIBP lies between 2 β-sheets, one containing the essential aspartates (β9-β10) and the 

other containing the primer grip (β12-β13-β14). This leads to displacement of the β12- β13 

hairpin, which directly interacts with a nucleic acid substrate. On comparison of an RT-dsDNA 

with an RT-NNRTI complex, it is found that NNRTI binding affects the structural elements of 

the enzyme, which are in contact with the DNA and the incoming dNTP [27].  

  Comparison of the apo and NNRTI-bound structures of RT demarcates the 

conformational changes involved in formation of the NNIBP. The NNRTIs achieve specificity 

by mimicking the protein-protein interaction that stabilizes the inactive p51 structure, thereby 

deforming the polymerase active site via movement of the functional aspartates. Hence this 

structurally diverse group of molecules attains specificity and possesses a common mechanism 

of inhibition of HIV-1 RT [28].   
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Fig 1.4: Chemical structures of USFDA approved NNRTIs; in parentheses year of approval 

   

The NNRTIs came into vogue about a decade ago with the discovery of 1-[(2- 

hydroxyethoxy)methyl]-6-(phenylsulfanyl)thymine (HEPT)[29-31] and 4,5,6,7-

tetrahydroimidazo[ 4,5,1-jk][1,4]benzodiazepin-2(1H) one and –thione (TIBO)[29] as specific 

HIV-1 inhibitor, targeted at HIV-1 RT. Following HEPT and TIBO, nevirapine, pyridinone, 

bis(heteroaryl)piperazine (BHAP) [32], 2’, 5’-bis-O-(tert-butyldimethylsilyl)-3’-spiro-5”-

amino-1”, 2”-oxathiole-2”, 2”-dioxide pyrimidine analogues (TSAO) [33], α-anilinophenyl 

acetamides [α-APA (R89439)] [34], PETT (LY 300046) [29,31], 3,4- 
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Fig 1.5: NNRTIs in research 

 

dihydro-2- alkoxy-6-benzyl-4-oxopyrimidines (DABOs)[29,31] and various other 

compounds were identified as specific HIV-1 RT inhibitors. 
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1.6 Limitations of HAART 

Though HAART is efficacious in lowering plasma viral load and also in protracting the life 

span of HIV-infected patients, it suffers from two major setbacks of toxicity and non-

compliance. Since HAART involves a multi-drug regimen comprising of two NRTIs and one 

PI or NNRTI, it inevitably leads to shared toxicity due to metabolic and pharmacokinetic 

interferences. The high-pill burden and obligation to a lifetime therapy, associated with 

HAART has a profound psychological impact on the psyche of the patient, which leads to non-

adherence and treatment discontinuation. Multiple side effects occur as a consequence of 

HAART, which is also one of the causes for HAART discontinuation. The most common but 

minor side-effects are fatigue, nausea and fever; but the severe ones are hepatotoxicity, 

hyperglycemia, hyperlipidemia, lactic acidosis, and osteoporosis [14]. Due to HAART, 

alterations in plasma cholesterol and triglyceride levels have been detected [35]. Some patients 

also tend to suffer from immune restoration inflammatory syndrome (IRIS) and neurological 

immune restoration inflammatory syndrome (NIRIS), following HAART [36].  

 

1.7 Tuberculosis, an opportunistic infection associated with AIDS 

Following HIV assault, the count of T-lymphocytes, which confer resistance against various 

viral, bacterial and fungal infections, dwindle and hence the body’s immunological protective 

mechanism is compromised, thereby subjecting the patients to various opportunistic infections, 

the most rampant and grave of which is tuberculosis (TB). TB is one of the foremost causes of 

morbidity and death globally, particularly in Asia and Africa. There were an estimated 9.2 new 

million cases of TB in 2006, in comparison to 9.1 million cases of 2005. India ranks first in 

terms of absolute number of TB cases [37]. The pathogen, Mycobacterium tuberculosis 

(MTB), the causative agent of TB, is a facultative intracellular parasite that infects the alveolar 

macrophages, subsequent to aerosol transmission. This bacillus is non-motile and is incapable 

of surviving in an extracellular environment in the infected host. In order to disseminate 

infection, it first enters as air-borne particles into alveolar macrophages, which engulf these 

particles fervently with the aid of a plethora of phagocytic receptors. The cardinal criterion to 

the virulence of MTB is by virtue of its ability to prevent the fusion of its phagosome with host 

lysosome, inside which it replicates and can persist in a dormant state for many years [38]. The 

virulent MTB prevents the apoptosis of the host macrophages, inside which it proliferates to a 
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very high intracellular bacterial load, which then triggers necrotic macrophage cell death, 

leading to release of the new bacilli. These new bacilli then further infect new host macrophage 

cells [38].  

 

1.8 HIV-TB dual pandemic 

The 2008 WHO report on Tuberculosis (TB), states that 0.7 million cases of HIV-TB co-

infection were reported in 2006 and an estimate of 0.2 million of the global populace died due 

to HIV-TB co-infection [37]. In developing countries, the foremost cause of mortality in HIV-

positive patients is TB, which accounts for almost 13% of the death toll [39]. In India, a wide 

deviation was found in the cases of HIV seroprevalence in TB cases from 0.4 % in Delhi to 

28.75 % in Pune [40].  

 

 
Fig 1.6: Prevalence of HIV-TB co-infection in Asia [39] 

TB and HIV have a harmonized effect on the progression of each other and hence 

become a lethal threat to the patient. In HIV patients the low levels of T lymphocytes makes 

the patient more predisposed to mycobacterial diseases. Mycobacterium tuberculosis (MTB) in 

return up-regulates the replication of HIV by a probabilistic mechanism involving induction of 

macrophages to produce excess interleukins and tumor necrosis factors [41-43].  
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Fig 1.7: Mutual interaction between HIV & TB  

 

MTB promotes HIV replication by increasing HIV long terminal repeat (LTR)-driven 

transcription in rapidly transfected CD4+-T cells. MTB also increases the secretion of pro-

inflammatory cytokines which thereby up-regulate HIV replication [42, 44]. It was also 

observed that the surface expression of CXCR4 receptor is increased in HIV patients co-

infected with MTB [45]. In TB, pleural fluids possess a very high content of cytokines, namely 

interleukin-2 (IL-2), tumor necrosis factor-α (TNF-α) and IL-6 in the milieu, stimulates HIV 

replication [41], thereby initiating life-threatening immunosuppression.  

HIV complicates TB infection by escalating the risk of reactivating latent TB and also 

HIV patients who contract new TB infection have a more rapid disease progression rate [46]. 

Also following the initiation of ART in TB patients a contradictory aggravation of tuberculous 

lesions has frequently been observed [47].  

Patients suffering from HIV-TB co-infection are currently being treated with a 

combination therapy involving non-nucleoside reverse transcriptase inhibitors viz. efavirenz, 

nevirapine, delaviridine and viral protease inhibitors viz. nelfinavir, ritonavir, saquinavir, to 

tackle the retrovirus and a combination regimen comprising of rifampicin (RIF), isoniazid 

(INH), ethambutol and pyrazinamide to combat the tubercle bacilli. Since this therapy involves 

a very high pill burden, it lessens patient compliance. The patients being treated with 
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combination anti-retroviral and anti-tubercular regimens are confronted with grave outcomes 

due to drug-drug and drug-disease interactions [48]. Administration of anti-retroviral and anti-

tubercular drugs in parallel leads to various adverse effects viz. nausea, gastrointestinal tract 

disturbance, peripheral neuropathy, cutaneous reactions, renal and potentially fatal 

hepatotoxicity [49]. In TB-HIV co-therapy, many significant pharmacokinetic drug interactions 

arise, which leads to withdrawal from therapy. Many anti-TB drugs, specifically rifampicin, 

induce a multitude of metabolic enzymes namely; cytochrome P450s and p-glycoprotein; 

which therefore cause a reduction in the plasma levels of NNRTIs and PIs [50]. Majority of the 

PIs are contraindicated with rifampicin [51].   

  HIV-TB co-infected patients on HAART also tend to develop an immune 

reconstitution inflammatory syndrome (IRIS), which leads to worsening of tuberculous 

symptoms viz. aggravation of pulmonary infiltrates, pleural effusions, lymphadenitis and a 

highly critical neurological tuberculomata [47, 48]. The coupled effect of HIV-induced 

immunosuppression and HIV-TB drug side-effects also give rise to multiple pathologies of 

many vital organs, especially liver [48].  
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CHAPTER 2 

 

LITERATURE REVIEW 
 

 
 
 Isatin (1) or indoline-2, 3-dione is a natural product found in various plants 

belonging to the genus Isatis [52]. It was also obtained as a metabolic derivative of 

adrenaline in humans [53]. Isatin and its various derivatives have been found to possess a 

multitude of biological activity against numerous viruses, bacteria, fungi and protozoa.  

 

2.1 Isatin analogues as anti-viral agents 

Isatin analogues have been in use as anti-viral agents since the past four decades. 

Methisazone ([(1-methyl-2-oxoindol-3-ylidene)amino]thiourea) (2) an isatin analogue, is 

a drug that is in clinical use as a prophylactic as well as a therapeutic agent for viral 

diseases [54]. It exerts its antiviral action probably through inhibition of viral DNA 

polymerase, which is needed for replication; inhibition of viral penetration and by 

preventing viral assembly.   

 

N
H

O

O

1

N

O

N NH

S

NH2

CH3

2  
 

In 1967, the duo of Varma and Nobles, reported the activity of various N-

dialkyldiaminomethyl derivatives (3, 4 and 5) of isatin-β-thiosemicarbazone against 

replication of polio virus type II (RNA type) and parainfluenza3 (RNA type) virus. 

Compounds 3 and 5 were capable of inhibiting polio virus but were ineffective against 
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parainfluenza virus; whereas compound 3 was inactive against both polio and 

parainfluenza virus replication [55].  
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Isatin-β-thiosemicarbazone (IBT) (6) was found to inhibit the maturation of 

vaccinia virus. Woodson et al. investigated the prime core of action at which compound 6 

inhibits the formation of mature vaccinia virion.  

 

N
H

O

N N
H

S

NH2

6  
Their findings suggested that compound 6 do not interfere with viral DNA 

synthesis or mRNA synthesis; nor does it hinder the functioning of viral mRNA encoded 

from parental genome. But in the presence of compound 6, the sedimentation coefficient 

of mRNA, synthesized after the first three hours of infection decreases; thereby 

diminishing the functional half-life of these viral mRNA from 30-40 minutes to less than 

5 minutes. This in turn leads to a reduction in polyribosome formation and therefore 

cessation of translation of functional proteins [56].   
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Compound 2 also displayed promising inhibitory activity against pox virus, 

smallpox virus, arbovirus, reovirus, myxo- and para-myxoviruses [57-61].  

 

The RNA-dependent DNA polymerase of Rous sarcoma virus (RSV) as well as 

its transforming potential was also found to be inhibited by compound 2. In the presence 

of cupric ions (Cu++), compound 2 was more effective in inhibiting the action of DNA 

polymerase. Levinson et al. demonstrated that when compound 2 was used alone the 

activity of RNA-dependent DNA polymerase was 42% and RSV’s transforming ability 

was 50%; whereas when used in combination with copper sulfate the activity of the 

polymerase as well as the transforming capability plummeted drastically to 1%. Levinson 

hypothesized that this synergism could be due to the chelating nature of 

thiosemicarbazones; whereby the active molecule is a copper complex of compound 2. 

The activity of compound 2 can be attributed to the thiosemicarbazone moiety since N-

methyl isatin (7) when used alone was ineffectual in hindering the DNA polymerase and 

also transformation of RSV [62].   
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In another study, N-methyl (2) and N-ethyl isatin-β-thiosemicarbazones (8) were 

found to inactivate various strains of arenaviruses viz. Parana and Pichinde viruses as 

well as three different strains of lymphocytic choriomeningitis virus. Concomitant 

addition of 20 µM of CuSO4 along with 20 µM of compounds 2 or 8 lead to 94% and 

96% loss of infectivity of arenavirus after being exposed for 30 min. After 2 h, the virus 

lost 99.75% of its infectivity when in contact with compound 2 and 99.85% after 

exposure to compound 8 [63].   
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Another study reported about the inhibition of [3H]uridine incorporation by three 

isatinisothiosemicarbazones into mengoviral RNA by restricting uridine transport. 1 

Ethylisatin-S-ethyl-isothiosemicarbazone (9), 1-ethylisatin-S-n-butyl-

isothiosemicarbazone (10) and 1-methyl-isatin-S-ethyl-isothiosemicarbazone (11) at the 

concentration levels of 70 µmol, 30 µmol and 200 µmol respectively displayed specific 

inhibition of mengoviral RNA synthesis of 98.5 %, 99.3% and 98.2% respectively [64].  
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Francis and Bradford reported the inhibitory property of compound 2 against two 

different strains of Molluscum contagiosum virus (MCV) in FL cell culture. At 2 µg/ml 

and 5 µg/ml concentration levels, compound 2 failed to show any decrease in the plaque 

forming units/ml (pfu/ml), probably since it was unable to inhibit the DNA synthesis 

[65].   

 

Enteroviruses belonging to the group Picornaviridae, are common cause of many 

infections in humans especially children. Protease 3C is a vital enzyme required for 

polyprotein processing and due to its unique folding character it differs widely from 

cellular proteases; thereby making it an attractive target for antiviral drugs. Isatin (1) also 

displays superlative binding ability for the pocket of protease 3C of enteroviruses [66].   

 

Equine abortion virus (EAV), a DNA-containing virus, is a member of the herpes 

virus and it produces a lethal infection in hamsters. When compound 8 was tested at 60 
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mg/kg body weight of hamsters by subcutaneous route, it proved ineffective in protecting 

them from EAV [67].  

 

 The ability of compounds 2, 7 and 8 to inhibit various strains of herpes simplex 

virus (HSV), causing infection in rabbit eye, was investigated by Levinson et al. 

Compound 2 showed considerably good capability in inactivating the infectivity of 

herpes simplex virus, by a probabilistic mechanism where the drug binds to herpes virus 

DNA within the virion, thereby impeding with the intracellular replicative steps. 

Compound 2 was found to inactivate strains of both type 1 and type 2 HSV, including a 

strain of HSV type 2 which is responsible for transforming hamster cells in vitro; but it 

was found to be ineffective in preventing the viral cytopathic effect when added to the 

cell after infection. At 40 µM concentration level, compounds 2 and 8 displayed 99% 

inhibition of plaque formation by herpes simplex virus; while compound 7 showed nil 

inhibition [68].  

 

In another study a structural analogue of isatin-β-thiosemicarbazone, (3,10-

dimethyl-10-H-s-triazolo[4',3':2,3]-as-triazino-[5,6-b]indole) (12) was investigated for its 

activity against two strains of herpes simpex virus.  
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HSV-1 and HSV-2 were grown in BSC1 and BGM, two African green monkey 

cell lines in M199 medium and RPMI medium supplemented with fetal calf serum (FCS). 

When compound 12 was added at 60 µg/ml, the growth of HSV-1 was inhibited almost 

70 fold. Compound 12, when added in concentration lower than 10 µg/ml, was found to 

be ineffectual in inhibiting HSV. HSV-2 was found to be more susceptible than HSV-1 to 



 

 21 

this compound. While analyzing the antiviral activity of compound 12 against HSV, it 

was observed that it successfully suppressed HSV DNA synthesis and also inhibited viral 

particle formation. However viral polypeptide synthesis was almost unaltered. These 

results hint that the mechanism of action of compound 12 is possibly different from that 

of compound 6 [69].  

 

In a study by Katz et al. it was revealed that isatin-β-thiosemicarbazone (IBT) (6) 

is essential for the growth of IBT-dependent mutant vaccinia virus. Compound 6 is not 

needed for the synthesis of viral DNA but the formed DNA does not become resistant to 

deoxyribonuclease in its absence. The need for IBT by the IBT-dependent mutant 

vaccinia brought up the issue as to whether it is needed by the same stage of viral 

replication, which is inhibited in the wild type strain. In absence of compound 6, in case 

of IBT-mutant strain it was observed that formation of vaccinia virus core polypeptide 

from its precursor was inhibited; whereas in case of the wild type strain this process was 

unaffected in presence of compound 6 [70].  

 

Another study by Katz et al. investigated the ability of four IBT-related 

compounds to inhibit wild-type and IBT-resistant mutants and their ability to support the 

growth of an IBT-dependent mutant.  

 

N
H

Br

O

N NH

S

NH2

13

N
H

O

N N
H

S

HN CH3

14

N

O

N N
H

O

NH2

CH3

15

 
The four analogues were IBT (6), 5-bromoisatin-3-semicarbazone (13), isatin-4’-

methyl-3-thiosemicarbazone (14) and 1-methylisatin-3-semicarbazone (15). Amongst 

these compounds 6 and 13 were found to inhibit the growth of wild type vaccinia strain at 

a concentration of 14 µM, and were ineffective against plaque formation of IBT-resistant 
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strain and supported the growth of IBT-dependent strain. Compounds 14 and 15 were 

unable to curb the growth of wild type strain; but also failed to support the growth of 

IBT-dependent vaccinia strain [71].  

 

N-methylisatin-β-4’, 4’-diethylthiosemicarbazone (16) demonstrated excellent 

inhibition of Moloney leukemia virus (MLV) production in contrast to N-methylisatin-β-

thiosemicarbazone (2) and isatin-β-4’,4’-diethylthiosemicarbazone (17). The effective 

drug concentrations ranged between 3.4 µM and 34 µM. But this drug failed to block 

viral reverse transcriptase activity even at very high concentrations. Compound 2 failed 

to inhibit MLV production but compounds 16 and 17 were able to inhibit virus 

production at 17 µM. When compared to other antimetabolites viz. actinomycin D, 

cycloheximide and α-amanitin, in terms of the amount of MLV released into the culture 

medium within 6 hours of infection compound 16 was found to possess comparable 

activity. Compound 16 was found to exhibit reversible inhibition of cellular DNA 

synthesis [72].  

N

O

N

CH3

N
H

S

N

C2H5

C2H5

16

N
H

O

N N
H

S

N

C2H5

C2H5

17  
 

The addition of dialkyl moieties to the terminal nitrogen of thiosemicarbazone 

endows these compounds with a broad spectrum of activity against both DNA and RNA 

containing viruses. Compound 16 targets the inhibition of synthesis of structural proteins 

of MLV. In the presence of compound 16 the precursor for the viral glycoprotein gp-70 

was drastically reduced along with a drastic reduction in the formation of the gag-

polypeptide precursor. Compound 16 was also found to interfere with protein translation 

of viral mRNA by cellular ribosomes [73].  
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 Ronen et al. probed the mode of inhibition of MLV production by compound 16. 

An investigation of the effect of compound 16 on polysomes involved in translation of 

viral proteins showed a four-fold accumulation of polysomal virus-specific RNA in drug-

treated cells. Thus this group proved that compound 16 exerts its antiviral activity on 

MLV by inhibiting translation of viral RNA rather than interfering with RNA 

transcription [74].     

 

 Teitz et al. explored the effect of compound 16 and N-allylisatin-β-4’,4’-

diallylthiosemicarbazone (18) on the production of viral transduced oncogene, v-abl 

protein of Abelson murine leukemia virus. v-abl is also associated with tyrosine kinase 

activity. Tyrosine kinase activity was appreciably decreased by compound 16 at 

concentrations ranging between 0.17 and 0.64 µM and by compound 18 at concentrations 

ranging between 1.45 to 2.9 µM. 0.64 µM and 2.9 µM of compounds 16 and 18 

respectively completely impeded V-abl synthesis [75].  
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Methisazone (2) was tested for its ability to block the replication of foot-and-

mouth-disease virus (FMDV). When administered singly it failed to inhibit FMDV 

replication; but when administered along with Cu2+ at 200 µM and 250 µM dose levels 

respectively in a contact inactivation study for 4 h at 37°C, they together reduced the 

infectivity of FMDV by about 0.5 log unit [76].  
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Several N-Mannich bases of N-methylisatin-β-thiosemicarbazone were tested for 

their activity against replication of Japanese encephalitis virus (JEV). Out of those (Z)-3-

(4-amino-5-(3,4,5-trimethoxybenzyl)pyrimidin-2-ylimino)-1-((4-(4-

nitrophenyl)piperazin-1-yl)methyl)indolin-2-one (19) displayed promising activity 

against flaviviral replication. 
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Compound 19 completely inhibited JEV as well as West Nile virus replication in 

vitro. Further compound 19 also totally inhibited JEV replication in vivo in a murine 

model challenged peripherally with 50 LD50 of the virus in a dose-dependent manner. In 

vitro when compound 19 was added at a concentration of 76 µg/ml, in infected 

monolayers of PS cell lines at 2, 4, 6 and 8 h post-infection, it totally inhibited the 

replication of JEV, which was substantiated by the absence of viral antigens, viral RNA 

and inhibition of virus yield [77].  

 

Human rhinoviruses (HRV) are the chief etiologic agents of common cold and 

they are small icosahedral RNA viruses belonging to the picornaviridae family [78]. In 

humans the primary locus of HRV infection and replication is nasal epithelium. 

Following binding to cell surface receptors the viral genome gets uncoated and is 

translated by the host cell machinery. The open reading frame codes for a precursor 

polyprotein, which is further processed by 3C protease, a cysteine protease, to yield many 

structural and functional proteins needed for viral replication. 3C protease is a cysteine 

protease with a trypsin-like polypeptide fold [79, 80]. In a quest to discover novel 
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nonpeptidic 3CP inhibitors of HRV, Webber et al. designed and synthesized a series of 

novel isatin analogues.  
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 Amongst the entire battery of twenty-seven compounds that were synthesized and 

tested against HRV, 1-methyl-2,3-dioxoindoline-5-carboxamide (20), 1-cinnamyl-2,3-

dioxoindoline-5-carboxamide (21) and 1-((benzo[b]thiophen-2-yl)methyl)-2,3-

dioxoindoline-5-carboxamide (22) displayed a 3CP enzyme inhibition value of 0.051, 

0.011 and 0.002 µM respectively. All three of these compounds, viz. 20, 21 and 22 were 

found to have exceptional selectivity for rhinoviral 3CP in comparison to other cellular 

proteases. Analogues 20 and 22 were found to be effective against 3CP of various 

serotypes of rhinovirus. In all these molecules the carboxamide moiety at C5, forms H-

bonds to the imidazole of His-161 and the hydroxyl and the α-carbonyl of Thr-142. The 

C-2 carbonyl of isatin was envisaged to react in the active site of HRV 3CP with the 

cysteine responsible for catalytic proteolysis [80]. 

 

  But in another effort undertaken by the same research group, compound 22, 

which was earlier observed to have covalent attachment of Cys-147 to the electrophilic 

center of 3CP with the carboxamide and benzothiophene positioned in the S1 and S2 

specificity pockets of 3CP; was found to possess greater toxicity profile due to their 

electrophilic feature [79].   

 

Severe acute respiratory syndrome (SARS), a viral atypical pneumonia is caused 

by the human coronavirus, named as SARS coronavirus (SARS CoV) [81]. SARS CoV-

3C like protease (SARS CoV 3CL) has significant implications in the viral life cycle and 
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hence has been targeted for developing novel inhibitors as a chemoprophylactic in SARS 

infection [82].  

An array of twenty-six novel molecules with isatin scaffold was designed and 

synthesized with the motive to target them as SARS CoV 3CL inhibitors. All these 

derivatives inhibited SARS CoV 3CL with IC50 values lying in the range between 0.95 to 

17.50 µM. Amongst these,  two of them namely, 1-((benzo[b]thiophen-2-yl)methyl)-7-

bromoindoline-2,3-dione (23) and 1-((benzo[b]thiophen-2-yl)methyl)-5-iodoindoline-2,3-

dione (24), displayed promising SARS CoV 3CL inhibition with IC50 values of 0.98 µM 

and 0.95 µM respectively.  
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In terms of selectivity towards various proteases these two analogues were found 

to be highly selective for SARS CoV 3CL than other proteases like trypsin and papain. 

But comparison between the two revealed that compound 24 is more selective than 

compound 23 towards SARS CoV 3CL. Computational studies of this series revealed that 

the isatin moiety was docked in the S1 site of the protease whereas the side chain at N-1 

was docked into the S2 site. The carbonyl group of isatin was hydrogen bonded to the NH 

group of Cys 145, Ser 144 and Gly 43 of the protease. Compounds with bulky groups at 

N-1 of isatin showed less inhibition of the enzyme. At C7 of isatin, non-polar and 

electron-withdrawing groups afforded the compounds with higher inhibitory potency than 

the ones with amino group [83].   

 

Another study performed by a research group in Peking University, China 

investigated the inhibitory potency of novel isatin analogues as SARS CoV 3CL 

inhibitors. Twenty-three compounds were synthesized and evaluated for their anti-SARS 

CoV 3CL protease activity, out of which eight of them had IC50 value below 100 µM. 1-
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((naphthalen-2-yl)methyl)-2,3-dioxoindoline-5-carboxamide (25) demonstrated the 

highest inactivation of the protease of SARS with an IC50 value of 0.37 µM.  
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Compound 25 also exhibited high selectivity for SARS CoV 3CL protease in 

comparison to other proteases viz. papain (30 times), trypsin (92 times) and chymotrypsin 

(950 times). These analogues were found to bind non-covalently to SARS CoV 3CL 

protease. The isatin C-5 was found to favor carboxamide group and the N-1 position 

preferred large hydrophobic substituents in order to effectively inhibit the SARS protease 

[82].  

 

A recent study by Pirrung et al. reported the solid-phase synthesis of libraries of 

isatin thiosemicarbazones, which were then screened for their anti-pox viral activity using 

a cell-based assay technique.  
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The compound with maximum anti-pox virus potential from amongst the pool of 

compounds generated was compound 26. When investigated for its ability to inhibit 

plaque formation by vaccinia virus and cowpox virus in HFF cell lines, compound 26 
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inhibited vaccinia virus plaque formation with an EC50 value of 0.6 µM and selectivity 

index of 302; and in case of cowpox virus it had an EC50 value of 6.0 µM and selectivity 

index of 30. This derivative was 30-fold more potent and more selective than cidofovir, a 

drug used in prophylaxis of pox infection [84].  

 

Teitz et al. explored the prospect of N-methylisatin-β-4’:4’-

diethylthiosemicarbazone (16) and N-allylisatin-β-4’,4’-diallylthiosemicarbazone (18) as 

effective anti-retroviral agents by evaluating them for their capability to inhibit HIV 

replication. Compound 16 was effective in the concentration range of 0.17 µM to 2.04 

µM and compound 18 showed its inhibitory potency in the range of 1.45 µM to 17.4 µM. 

On treatment of chronic infected HIV-1 cells with 0.34 µM of compound 16 and 2.9 µM 

of compound 18 for 48 h, 50% inhibition of virus yield was observed by the plaque 

forming unit assay method. Compounds 16 and 18 had therapeutic indices of 20 and 30 

respectively. Both these molecules were also found to selectively inhibit the HIV 

structural proteins [85].   

 

Isatin and its 5-substituted analogues were reacted with N-[4-(49-

chlorophenyl)thiazol-2-yl]thiosemicarbazide to form the corresponding Schiff bases; 

which on further reaction with formaldehyde and three secondary amines yielded the 

respective N-Mannich bases, having the general structure as depicted in 27. 
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These N-Mannich bases were subjected to anti-retroviral evaluation by an MTT 

assay based method; but were found to be ineffective due to their high toxicity which can 



 

 29 

be attributed to the bulky p-chlorophenyl thiazolyl group at the thiosemicarbazide end 

[86].  

Pandeya et al. investigated the effect of various isatin analogues on HIV-1 

replication. These isatin derivatives were synthesized by reacting isatin and its 5-

substituted analogues with 3-amino-2-methylmercaptoquinazolin-4(3H)-one to form the 

corresponding Schiff bases; which on further reaction with formaldehyde and three 

secondary amines yielded the respective N-Mannich bases, having the general structure 

as depicted in 28. 
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These compounds when evaluated for their inhibitory effect on HIV-1 replication 

in MT-4 cell lines did not display significant anti-retroviral activity owing to their high 

toxicity profile [87].  

 

In another effort undertaken by Pandeya et al. Schiff bases of isatin and its 5-

substituted derivatives were synthesized by reacting with 4-(4’-chlorophenyl)-6-(4”-

methylphenyl)-2-aminopyrimidine which on reaction with formaldehyde and various 

secondary amines afforded the corresponding N-Mannich bases with the general structure 

as shown in 29.  
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These analogues when evaluated for their potency to suppress HIV-1 replication were 

found to have very low selectivity indices; hence failed as effective anti-retroviral agents 

[88].  

 

In another study, a series of norfloxacin Mannich bases of isatin were synthesized and 

evaluated for their HIV-1 replication inhibitory profile.  
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Amongst the entire series, only two analogues, 7-(4-(((Z)-3-(5-(3,4,5-

trimethoxybenzyl)-4-aminopyrimidin-2-ylimino)-5-chloro-2-oxoindolin-1-

yl)methyl)piperazin-1-yl)-1-ethyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

(30) and 7-(4-(((Z)-3-(5-(3,4,5-trimethoxybenzyl)-4-aminopyrimidin-2-ylimino)-5-

bromo-2-oxoindolin-1-yl)methyl)piperazin-1-yl)-1-ethyl-6-fluoro-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid (31) displayed prominent anti-retroviral activity when 
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tested in human MT-4 cell line with EC50 of 11.3 and 13.9 µg/ml respectively and 

selectivity index above 5 [89].  

 

On reaction of isatin with sulfadimidine, a series of benzene sulfonamide 

analogues were obtained, which were put to test for their ability to prevent replication of 

HIV-1 (IIIB) and HIV-2 (ROD) strains in infected MT-4 cells.  
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Amongst the five compound subjected to anti-HIV evaluation, two of them 

namely, 4-[(1,2-Dihydro-2-oxo-3H-indol-3-ylidene)amino]-N-(4,6-dimethyl-2-

pyrimidinyl)-benzenesulfonamide (32) and 4-[(1-Acetyl,1,2-dihydro-2-oxo-indol-3-

ylidene) amino]-N-(4,6-dimethyl-2-pyrimidinyl) benzenesulfonamide (33) portrayed 

prominent inhibition of HIV replication. The EC50 values of all the five compounds were 

found to lie in the range of 8.0 to 15.3 µg/ml for inhibition of HIV-1 replication; whereas 

for HIV-2 it was in the range of 41.5 to >125 µg/ml. In comparison the standard drug, 

azidothymidine had EC50 values of 0.0012 µg/ml and 0.00062 µg/ml against HIV-1 and 

HIV-2 respectively. These analogues were far less cytotoxic in comparison to 

azidothymidine [90]. 

 

Sriram et al. investigated the inhibitory profile of various aminopyrimidinimino 5-

fluoro isatin derivatives on HIV-1 replication in MT-4 and CEM cell lines. Amongst the 

fifteen compounds synthesized, 7-(4-(((Z)-3-(5-(3,4,5-trimethoxybenzyl)-4-

aminopyrimidin-2-ylimino)-5-fluoro-2-oxoindolin-1-yl)methyl)piperazin-1-yl)-1-ethyl-6-

fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (34) showed maximum potential in 
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inhibiting HIV-1 replication with EC50 of 12.1 µg/ml and selectivity index of 13 with 

maximum protection of 96.6%. 
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This compound was further evaluated for its capability to inhibit HIV-1 RT 

enzyme and it was found to possess an IC50 value of 32.6 µM [91].  

 

In another effort to develop anti-retroviral isatin analogues, Sriram et al. 

synthesized a novel series of aminopyrimidinimino 5-methyl isatin analogues and 

evaluated these for their ability to inhibit HIV-1 replication in MT-4 and CEM cell lines. 

Four of the twelve synthesized compounds showed inhibition of HIV-1 replication in 

MT-4 cell line with their EC50 values lying in the range of 11.6 to 28.4 µM. 7-(4-(((Z)-3-

(5-(3,4,5-trimethoxybenzyl)-4-aminopyrimidin-2-ylimino)-5-methyl-2-oxoindolin-1-

yl)methyl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-

carboxylic acid (35) exhibited the highest inhibition of HIV-1 replication in MT-4 and 

CEM cell lines with EC50 value of 11.6 µM and selectivity index greater than 7.  
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In CEM cell line compound 35 showed notable anti-HIV activity at a 

concentration much lower than its toxicity threshold. When further subjected to 

evaluation against HIV-1 RT, compound 35 was found to have an IC50 value of 28.4 µM 

[92].  

 

Novel isatin-thiosemicarbazone derivatives were synthesized and assessed for 

their ability to suppress HIV-1 replication in CEM cell line. Amongst the battery of nine 

compounds synthesized, three of them were able to suppress HIV-1 replication with EC50 

values in the range of 2.62 to 3.40 µM. 
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 (Z)-4,4-diethyl-1-(1-((4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)methyl)-2-

oxoindolin-3-ylidene)thiosemicarbazide (36) was found to be the most active anti-

retroviral agent in the entire series with an EC50 value of 2.62 µM and selectivity index 

greater than 17 and CC50 value of 44.90 µM [93].   

 

A series of novel N-Mannich bases of 3-{[(4,6-dimethylpyrimidin-2-

yl)benzenesulfonamido-4'-yl]imino}-5-fluoro-1,3-dihydro-2H-indol-2-one were 

synthesized by reacting with formaldehyde and various aryl piperazines. 
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 Amongst the twelve synthesized analogues, compound 37 was found to be the 

most potent in terms of inhibition of HIV-1 replication in MT-4 cell line with EC50 value 

of 12.1 µg/ml and selectivity index greater than 13 [94].  

 

In another endeavor undertaken by Oliviera et al. a series of novel isatin 

ribonucleosides (38-43) were synthesized employing a TMSoTF coupling reaction 

between the silylated isatins and 1-O-acetyl-2,3,5-tri-O-benzoyl-β-D-ribofuranose. 
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38-R1=R2=R3=H
39-R1=H, R2=CH3, R3=H
40-R1=H, R2=F, R3=H
41-R1=H, R2=Cl, R3=H
42-R1=H, R2=I, R3=H
43-R1=Br, R2=H, R3=Br

 
These analogues when tested for their ability to inhibit HSV replication proved 

effective by inhibiting 66% virus yield. 4,6-dibromo-2,3-dihydro-1-(2,3,5-tri-O-benzoyl-

β-D-ribofuranosyl)indole-2,3-dione (43) proved most efficacious against HSV 

replication. But these agents failed to inhibit HIV-1 RT [95]. 
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2.2 Isatin analogues as anti-tubercular agents 

Isatin derivatives having established themselves as effective anti-microbial agents were 

also evaluated for their anti-tubercular potential.   

A study by Pandeya et al. examined the anti-tubercular activity of various 

norfloxacin Mannich bases of isatin scaffolds, bearing isoniazid, semicarbazone or 

thiosemicarbazone moieties having the below mentioned general structure. 
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54-R=Cl, R'=NNHCO-pyridyl

 
 

When subjected to evaluation against H37Rv strain of MTB these analogues 

showed activity with MIC values ranging from 6.25 µg/ml to 12.5 µg/ml and percentage 

inhibition ranging between 90 and 100%. Amongst the entire series, compound 53 

displayed 100% inhibition of H37RV MTB with MIC less than 6.25 µg/ml and 

compound 54 inhibited MTB up to 99% with MIC between 6.25 and 12.5 µg/ml; hence 

the isonicotinyl hydrazone derivatives of isatins were found to be most active anti-

tubercular agents [96].  

 

Various spiro [1,5]-benzothiazepin-2,3'[3'H]indol-2[1'H]-ones were obtained by 

reacting various substituted aminobenzenethiols with 3-spiro-indolines and condensed 

indole derivatives having the general structure detailed below. These compounds when 

evaluated at a concentration of 12.5 µg/ml for their ability to inhibit H37Rv MTB by 

BACTEC method showed inhibition ranging between 92 and 100%. 
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Compound 57 had the highest inhibitory potency with 100% inhibition followed 

by compounds 55 and 56 with 99% inhibition [97]. 

 

Sriram et al. investigated various aminopyrimidinimino isatin analogues with the 

following general structure (58) for their anti-tubercular activity against H37Rv strain of 

MTB in BACTEC 12B medium at a concentration of 6.25 µg/ml. 
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Amidst all the compounds in the series, four of them namely, 7-(4-(((Z)-3-(5-

(3,4,5-trimethoxybenzyl)-4-aminopyrimidin-2-ylimino)-5-fluoro-2-oxoindolin-1-

yl)methyl)piperazin-1-yl)-1-ethyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

(34), 7-(4-(((Z)-3-(4-amino-5-(3,4,5-trimethoxyphenyl)pyrimidin-2-ylimino)-5-fluoro-2-

oxoindolin-1-yl)methyl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid, 7-(4-(((Z)-3-(4-amino-5-(3,4,5-

trimethoxyphenyl)pyrimidin-2-ylimino)-5-fluoro-2-oxoindolin-1-yl)methyl)-3-

methylpiperazin-1-yl)-1-ethyl-6,8-difluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

and 7-(4-(((Z)-3-(4-amino-5-(3,4,5-trimethoxyphenyl)pyrimidin-2-ylimino)-5-fluoro-2-

oxoindolin-1-yl)methyl)-3-methylpiperazin-1-yl)-1-cyclopropyl-6,8-difluoro-1,4-

dihydro-4-oxoquinoline-3-carboxylic acid showed 100% mycobacterial inhibition [91]. 
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Various prodrugs of lamivudine with substituted isatins were synthesized and 

were evaluated for their anti-tubercular potential at 6.25 µg/ml using microplate alamar 

blue assay (MABA) against MTB H37Rv strain. 
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59-R=F, R1=Norfloxacin
60-R=Cl, R1=gatifloxacin
61-R=F, R1=gatifloxacin

 
Three of them among the entire array proved beneficial in MABA screenings, 

which were N-Mannich bases of lamivudine prodrugs with various flouroquinolones at 

R1, viz. compounds 59, 60 and 61. These analogues were able to completely inhibit MTB 

growth [98]. 

 

Schiff base of 5-methyl isatin with 5-(3',4',5'-trimethoxybenzyl)-2,4-

diaminopyrimidine was initially synthesized which was then converted into N-Mannich 

bases using various secondary amines. 

 

N

O

N
H3C

R'

N

N

NH2

H2
C

OCH3

OCH3

OCH3

35-R'= Ciprofloxacin
62-R'= Lomefloxacin
63-R'= Gatifloxacin

 
From all the twelve final compounds, three of them viz. 7-(4-(((Z)-3-(5-(3,4,5-

trimethoxybenzyl)-4-aminopyrimidin-2-ylimino)-5-methyl-2-oxoindolin-1-

yl)methyl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-

carboxylic acid (35), 7-(4-(((Z)-3-(4-amino-5-(3,4,5-trimethoxyphenyl)pyrimidin-2-

ylimino)-5-methyl-2-oxoindolin-1-yl)methyl)-3-methylpiperazin-1-yl)-1-ethyl-6,8-

difluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (62) and 7-(4-(((Z)-3-(4-amino-5-
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(3,4,5-trimethoxyphenyl)pyrimidin-2-ylimino)-5-methyl-2-oxoindolin-1-yl)methyl)-3-

methylpiperazin-1-yl)-1-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-4-oxoquinoline-3-

carboxylic acid (63) demonstrated 100 % inhibition of H37Rv strain of MTB in 

BACTEC 12B medium at 6.25 µg/ml and were not cytotoxic to Vero cell line upto 62.5 

µg/ml [92].  

 

Various 7-substituted ciprofloxacin derivatives with isatin substitution were 

synthesized and assessed for their in vitro and in vivo antimycobacterial activity as well 

as their abilty to inhibit the supercoiling property of DNA gyrase of Mycobacterium 

smegmatis [MC2].  

N

O

N
H3C

N

N
N

O O

OH

N
H

O

NH2

F

64  
 

Compound 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[[N4-[1′-(5-

methylisatinyl-β-semicarbazo)]methyl]N1-piperazinyl]-3-quinoline carboxylic acid (64) 

decreased the bacterial load in spleen tissue with 0.76-log10 protections and was 

considered to be moderately active in reducing bacterial count in spleen [99]. 
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Ramachandran demonstrated that 1-nonyl-7-phenyl-1H-indol-2, 3-dione (65) was 

effective in inhibiting MTB growth with an MIC below 20 µg/ml [100].  

N

O

O

C9H19

65  
Varma and Pandeya synthesized various 3-[p-(p-(alkoxycarbonyl)-phenyl) 

carbamoyl)] phenyl) imino-1-aminomethyl-2-indolinones (66) and these were subjected 

to evaluation for their anti-mycobacterial property.  

 

N

O

N

N X

CONH COOR

X=O,CH2
R=CH3, C2H5, n-propyl, n-butyl

66  
Nine analogues showed 100% inhibition of mycobacterial growth with MIC 

ranging from 10-20 µg/ml [101].  

 

(Z)-4-(5-cyclobutyloxazol-2-yl)-1-(2-oxoindolin-3-ylidene)thiosemicarbazide 

(67) and (Z)-4-(5-cyclobutyloxazol-2-yl)-1-(5-fluoro-2-oxoindolin-3-

ylidene)thiosemicarbazide (68) were evaluated for in vitro and in vivo activity against 

H37Rv strain of MTB and multidrug-resistant TB (MDRTB). 
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67-R=H
68-R=F
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Compound 67 inhibited mycobacterial growth and also the growth of MDRTB at 

25.0 µg/ml and compound 68 was able to inhibit H37Rv and also MDRTB at 12.5 µg/ml 

[102].  

 

A number of isatin derivatives having the general structure as illustrated 

underneath were synthesized and appraised for their anti-mycobacterial potentials.  

N

O

N

R'

R
SO2NH

N

N

CH3

CH3

69-R=H, R'=Norfloxacin
70-R=H, R'=Ciprofloxacin
71-R=H, R'=Gatifloxacin
72-R=H, R'=Lomefloxacin
73-R=H, R'=4-nitrophenyl piperazine
74-R=H, R'=4-methoxyphenyl piperazine
75-R=F, R'=Norfloxacin
76-R=F, R'=Ciprofloxacin
77-R=F, R'=Gatifloxacin
78-R=F, R'=Lomefloxacin
79-R=F, R'=4-nitrophenyl piperazine
80-R=F, R'=4-methoxyphenyl piperazine

 

In preliminary screening, done in BACTEC 12B medium against H37Rv strain of 

MTB, compounds 69-72 and compounds 75-78 showed 100% inhibition of 

mycobacterial growth. In secondary level screening, 77 emerged as the most potent anti-

mycobacterial agent with MIC of 1.22 µg/ml. All these compounds were not cytotoxic to 

Vero cells up to a concentration of 62.5 µg/ml [94]. 

In another effort by Sriram et al., sixteen N-Mannich bases of 5-substituted isatins 

were synthesized with gatifloxacin and these were then evaluated for their ability to 

inhibit MTB replication both in vitro and in vivo and were also tested against MDRTB.    
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81  
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Amongst the complete array of synthesized analogues, 1-cyclopropyl-6-fluoro-8-

methoxy-7-[[[N4-[1' -(5-isatinyl-β-semicarbazo)]methyl]3-methyl]N1 -piperazinyl]-4-

oxo-1,4-dihydro-3-quinoline carboxylic acid (81) emerged as the most active compound 

in vitro with an MIC of 0.0125 µg/ml against H37Rv strain of MTB and was 16 times 

more potent than gatifloxacin, the parent drug. Against MDRTB, compound 81 displayed 

an MIC of 0.05 µg/ml and was 64 times more potent than gatifloxacin. When evaluated 

for their cytotoxicity compound 81 had a selectivity index greater than 1250. Compound 

81 when tested in vivo in six-week old mice model at a dose level of 50mg/kg body 

weight decreased the bacterial load in lung and spleen tissues with 3.62- and 3.76-

log10protections respectively. It was also tested for its ability to hinder the supercoiling 

property of mycobacterial DNA gyrase enzyme. It inhibited DNA gyrase with an IC50 

value of 3 µg/ml [103]. 

 

(Z)-4-hydroxy-1-(2-oxoindolin-3-ylidene)thiosemicarbazide (82) and (Z)-1-(5-

fluoro-2-oxoindolin-3-ylidene)-4-hydroxythiosemicarbazide (83) were synthesized by 

two different methods and were subjected to anti-mycobacterial screening against H37Rv 

strain of MTB.  

N
H

O

N

R

N
H

S

NHOH

82-R=H
83-R=F

 
These two drugs could completely inhibit MTB replication at MIC values of 

64.02 and 24.58 µg/ml respectively, and were far less potent than standard anti-tubercular 

agents viz. isoniazid, ethambutol and rifampicin [104].  

 

New series of 5-methyl/trifluoromethoxy-1H-indole-2,3-dione 3-

thiosemicarbazones; 1-methyl-5-methyl/trifluoromethoxy-1H-indole-2,3-dione 3-

thiosemicarbazones; 5-methyl-1H-indole-2,3-dione 3-thiosemicarbazones and 5-

trifluoromethoxy-1-morpholinomethyl-1H-indole-2,3-dione 3-thiosemicarbazones were 

synthesized and put to test against H37Rv strain of MTB.  
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N

O

N

R1

R2

N
H

S

NH2

84-R1=CH3,R2=C4H9
85-R1=CH3,R2=4-FC6H4
85-R1=CH3,R2=3-BrC6H4
87-R1=CF3O,R2=4-FC6H4
88-R1=CF3O,R2=4-Cl-C6H4
89-R1=CF3O,R2=4-Br-C6H4
90-R1=CH3, R2=cycl-C6H11
91-R1=CH3,R2=C6H5
92-R1=CH3,R2=4-Cl-C6H4

N

O

N
F3CO

N

O

N
H

S

HN R'

93-R'=cycl-C6H11
94-R'=4-FC6H4
95-R'=4-ClC6H4
96-R'=4-BrC6H4

 
In primary anti-tubercular screening the compounds 84-96 surfaced as potent anti-

tubercular agents with EC50 values ranging between 0.195 and 23.437 µg/ml. (Z)-1-(1-(4-

fluorophenyl)-5-methyl-2-oxoindolin-3-ylidene)thiosemicarbazide (85) had an EC50 

value lesser than 0.195 µg/ml but proved to be cytotoxic to Vero cells with a selectivity 

index less than 0.1228 [105].  

 

A series of 1-methyl-3, 5-bis [(E)-arylmethylidene] tetrahydro-4(1H)-pyridinones 

were synthesized via 1,3-dipolar cycloaddition reaction involving isatins and various α-

amino acids.  

 

 

HN

NH

Ph

H

H

F

O

F

NH3C

O

97  
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These compounds were evaluated against H37Rv strain of MTB, MDRTB and 

Mycobacterium smegmatis (MC2). Compound 4-(4-fluorophenyl)-5-

phenylpyrrolo(spiro[2.3"]oxindole)spiro[3.3']-1'-methyl-5'-(4-

fluorophenylmethylidene)piperidin-4'-one (97) transpired as the most active compound 

against H37Rv MTB with an MIC of 0.07 µg/ml and was 5.1 times and 67.2 times more 

potent than isoniazid and ciprofloxacin respectively. When tested in vivo, compound 97 

decreased the bacterial load in lungs and spleen tissues with 1.30 and 3.73 

log10protections respectively. It inhibited MDRTB with an MIC of 0.16 µg/ml and MC2 

with an MIC of 0.69 µg/ml [106].  

 

2.3 Chemistry of Isatin 

Isatin or 1H-indole-2, 3-dione is the lactam of o-amino benzoylformic acid [107]. It 

possesses both amide group and keto group and an active hydrogen atom attached to 

nitrogen (or oxygen, when it is in lactim form). In 1882, Bayer proved that isatin can 

exist both in its lactam as well as lactim form. 

N
H

O

O

N

O

OH

Lactam Lactim  
Fig. 2.1: Lactam-lactim tautomerism of isatin 

Since isatin is a valuable intermediate in the synthesis of many pharmacologically 

active molecules, numerous endeavors have been undertaken in developing various 

synthetic protocols for it.  

 

Synthetic protocols of Isatin:  

I. Claisen and Shadwell method: This method involves the use of o-nitrobenzoyl 

chloride and potassium cyanide as the starting reagent for isatin synthesis; which thereby 

gives o-nitrobenzoyl cyanide, which on hydrolysis and reduction with ferrous hydroxide 

affords the salt of o-aminophenyl glyoxalic acid product [107]. 
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H+/H2O

 
Fig. 2.2: Claisen Shadwell Isatin synthesis 

This on further acidification yields isatin.  

 

II. Baeyer’s method:  

A. Baeyer and Forrer synthesized isatin by the action of alkali on o-

nitrophenylpropiolic acid [107].  

 

B. In another method, Baeyer first reduced o-nitrophenylacetic acid to 

aminooxindole, which was further converted into isatin [107]. 

 

III. Sandmeyer’s method: Sandmeyer developed two methods for the synthesis of isatin 

and its derivatives. 

A. In one of the methods, thiocarbanilide was used as the starting reagent, which 

when reacted with hydrocyanic acid and lead carbonate yielded the cyano-

N,N-diphenyl formamidine. This intermediate was converted into the isatin-α-

anilide. The reaction scheme that was followed is outlined below: 
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C S

NHC6H5

NHC6H5

PbCO3
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C CN
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NHC6H5

(NH4)2S
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S
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NHC6H5

H2SO4
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H

O
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N
H

O

O

H2O

 
Fig. 2.3: Sandmeyer’s thiocarbanilide isatin synthesis 

The isatin-α-anilide can be readily hydrolyzed to isatin [108]. 

 

B. Sandmeyer’s second method relies on the formation of isonitrosoacetanilide 

from aniline, chloral hydrate and hydroxylamine. Isatin is obtained on treating 

the isonitrosoacetanilide with concentrated sulfuric acid [107].  

NH2

R Cl3CCHO
NH2OH

N
H

O

HC NOHR
H2SO4

N
H

O

O

Fig 2.4:  Sandmeyer’s isonitrosoacetanilide isatin synthesis 

IV. Bauer’s method: Bauer synthesized isatin and nuclear substituted isatins by the 

action of sulfuric acid on substituted imide chlorides of oxalic acid [107].  

N
Cl

Cl

N C6H5

H2SO4

N
H

O

NC6H5

H2O

N
H

O

O

Fig. 2.5: Bauer’s isatin synthesis 

V. Ostromisslensky method: The method of Bauer was adopted and modified by 

Ostromisslensky and Meyer for the synthesis of substituted isatins from o-toluidine and 

p-toluidine and dichloroacetic acid. This procedure involves heating dichloroacetic acid 
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and arylamines thereby forming the intermediate oxindole; which further gets oxidized to 

the corresponding isatin anilide. The isatin anilide on hydrolysis yields the substituted 

isatin [107]. 

H3C

NH2

CHCl2COOH

N
H

H3C

O

NHC6H4CH3

[O]

-2H N
H

O

H3C
NC6H4CH3

H2O

N
H

O

O

H3C

Fig. 2.6: Ostromisslensky isatin synthesis 

VI. Stollé method: Stollé developed a facile method for the synthesis of many isatin 

derivatives, which involves the treatment of N-substituted aniline with oxalyl chloride. 

The resultant intermediate undergoes a Friedel-Crafts acylation type reaction on 

treatment with a strong Lewis acid viz. anhydrous aluminium chloride yields the 

corresponding isatin [107].  

 

NHR
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N
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Fig. 2.7: Stolle’s isatin synthesis 

 

VII. Martinet’s method: In this method, aniline or a substituted aromatic amine is 

condensed with the ethyl ester of oxomalonic acid. The intermediate obtained when 

treated with alkali in the absence of air yields dioxindole, but when subjected to alkali 

treatment in the presence of oxygen generates isatin [107].  
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NH2

+

COOC2H5

CO

COOC2H5
N
H

O

OH

COOC2H5

N
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O

O

air

alkali

Fig. 2.8: Martinet’s isatin synthesis 

 

VIII. Heller’s method: The method followed by Heller involves heating o-

hydroxylaminomandelic acid with hydrochloric acid, which yields the intermediate o-

aminobenzoyl cyanide. This intermediate on further hydrolysis and condensation yields 

isatin [107]. 

CHOHCN

NHON

HCl
heat

NH2

COCN

N
H

O

O
H+/H2O

 
Fig. 2.9: Heller’s isatin synthesis 

IX. Reissert’s method: This method entailed heating thiooxanilide with concentrated 

sulfuric acid thereby yielding isatin [107]. 

N
H

CO

CS

NHC6H5

N
H

O

O

+ NH2C6H4SO3H+ SO2 + S + H2O
H2SO4

Fig. 2.10: Reissert’s method of isatin synthesis 

X. Gassman et al’s method: This method involves the oxidation of anilines to 3-

methoxythiooxindoles. This oxindole intermediate’s methine carbon at 3rd position when 

oxidized with N-chlorosuccinimide gives a chlorinated intermediate. This chlorinated 

intermediate on hydrolysis with red mercuric oxide and boron trifluoride etherate in 

aqueous tetrahydrofuran gives the respective isatins [109].  
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Fig. 2.11: Gassman’s isatin synthesis 

XI. Lamberton and Price’s ring contraction method: A number of 2,4-dihydroxy 

quinolines, following the introduction of a 3-hydroxyamino, 3-nitroso, 3-hydroxy-3-

amino, or 3,3-dihalo groups gives isatin on reaction with sulfuric acid or sodium 

hydroxide [110]. 
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H2SO4/NaOH

 
Fig. 2.12: Lamberton & Price’s ring contraction method 

 

 

XII. Giovanni and Portmann’s method: This method employs indole as the starting 

reagent. Oxindoles on treatment with nitrous acid gives isatin-3-oximes. Reduction of 

oximes to 3-amino oxindoles followed by ferric chloride oxidation gives isatin [111]. 
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Fig. 2.13: Giovannini & Portmann’s method of isatin synthesis 

 

 

XIII. Erdmann and Laurent’s method: This method involves the synthesis of isatin by 

oxidation of indigo using chromic acid or nitric acid or a mixture of the two [107]. 
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Fig. 2.14: Erdmann & Laurent’s method 



 

 50 

Reactions of isatin: By virtue of the reactive carbonyl moiety present at its 3rd position, 

isatin undergoes characteristic reactions with ketonic reagents namely hydroxylamine, 

phenylhydrazine and semicarbazide/thiosemicarbazide. In comparison to the carbonyl 

group at 3rd position, the one present at 2nd position possesses less nucleophilic character, 

due to the proximal amino group at N1.  
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Fig. 2.15: Reactions of isatin 
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I. Schiff Reaction: Isatin reacts with a variety of aromatic amines and 

semicarbazides/thiosemicarbazides with the aid of the catalytic action of 

glacial acetic acid or sodium acetate to yield the corresponding Schiff bases 

namely the imines and semicarbazones/thiosemicarbazones. 
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H2O NHR'
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NHR'
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-H+

+H+
N
H
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NR'

R

+ H3O

O

Neutral tetrahedral
intermediate
(carbinolamine)

Iminium ion Imine

Fig. 2.16: Mechanism of Schiff reaction of isatin 

This is a nucleophilic addition-elimination reaction involving the nucleophilic 

addition of amine forming the unstable tetrahedral intermediate; which is followed by 

elimination of a water molecule. The first step involves the nucleophilic attack of 

amine onto the carbonyl carbon. Charge transfer from alkoxide to ammonium ion 

leads to generation of carbinolamine. pH is an important criteria for imine formation. 

There must be sufficient acid present to protonate the tetrahedral intermediate, so that 

the better leaving group i.e. water rather than the hydroxyl group is liberated. The 

amine lone pair pushes out water, giving rise to a protonated imine. Finally water 

accepts the proton from the iminium ion thereby regenerating the acid catalysts.   
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II. Mannich reaction: The active hydrogen atom at N-1 when condensed with 

formaldehyde and various secondary amines yields different N-Mannich 

bases. 

 

Step 1: Iminium ion formation 

CH2O + HN
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Step 2: Lactam-lactim tautomerism  
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Step 3: Carbon-nitrogen bond formation  

N

R

OH

NR'

+ H2C N

R1

R2 N
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R
NR'

H2C N
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Step 4: Proton transfer 
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H2C N

R1

R2

H-

N

O

NR'

R

H2C N
R1

R2  
Fig. 2.17: Mechanism of Mannich base formation (Step 1-4) 

In the first step, the electron lone pair present on the nitrogen of the secondary 

amine attacks the carbonyl carbon of formaldehyde; which leads to the intermediate 

protonated ion. Elimination of water from this intermediate gives the reactive species, 

iminium ion. The second step involves the tautomerism of the lactam to the lactim 

form, which serves as the nucleophile. The Schiff base’s lactim form then attacks the 

electrophilic carbon of iminium ion thereby forming the carbon-nitrogen bond in the 

third step. Loss of proton from the oxonium ion thereby leading to the final product 

happens in the last step. 
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CHAPTER 3 

 

OBJECTIVE AND PLAN OF WORK 

 

 
3.1 Objective 

The objective of this present research work was to design, synthesize and evaluate 

various novel isatin-β-thiosemicarbazone analogues for their ability to treat HIV-TB co-

infection.  

 

3.2 Plan of work 

The plan of work is briefly outlined below: 

I Synthesis: The synthesis of various isatin-β-thiosemicarbazone analogues was 

accomplished in four steps. 5-substituted isatins were synthesized from 4-substituted 

anilines in two steps via Sandmeyer’s method. Using hydroxylamine hydrochloride/ 

methoxylamine hydrochloride/ diphenylamine/diallylamine as starting reagents various 

thiosemicarbazides were attained, which on condensation with the 5-substituted isatins 

yielded the corresponding Schiff bases. These Schiff bases on reaction with 

formaldehyde and various secondary amines yielded the respective N-Mannich bases as 

the final products. 
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R'= Cl,F, CH3
R"= H, OH, CH3, CH2-CH=CH2,C6H5
R1= secondary amines
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II. Biological activity: All the synthesized compounds were subjected to the following 

evaluations: 

a) Anti-HIV activity against the replication of HIV-1 (HTLV-IIIB) in MT-4 cell lines and 

cytopathogenicity in MT-4 cell line was determined using 3-(4,5-dimethylthiazol-2-yl)-2, 

5-diphenyltetrazolium bromide (MTT) assay based method. 

b) Selected compounds were evaluated for their ability to inhibit HIV-1 RT enzyme 

using homopolymer template primers. 

c) Anti-tubercular activity of all the synthesized compounds was evaluated against the 

replication of H37Rv strain of MTB in logarithmic phase employing an agar dilution 

method. 

d) Few of these compounds were also evaluated for their ability to inhibit dormant MTB. 

e) Selected compounds were also tested for their ability to repress the enzyme isocitrate 

lyase (ICL) of MTB, which has significant implication in persistent TB. 

f) Selected compounds were also assessed for their ability to inhibit Mycobacterium 

smegmatis’ DNA gyrase supercoiling. 

g) Few analogues were tested for their antiviral and cytotoxicity activity against hepatitis 

C virus (HCV) in Huh7 ET cell line. 

h) Antiviral and cytotoxicity assays were also performed for few of the compounds 

against influenza type A and B viruses and severe acute respiratory syndrome (SARS) 

virus.  

III. Computational studies: a) 3D QSAR studies, namely comparative molecular field 

analysis (CoMFA) and comparative molecular similarity index analysis (CoMSIA) 

analyses were performed on the two series of compounds based on their anti-HIV 

activity. 

b) Molecular docking simulations were performed on the two series of compounds to 

assess their binding mode to HIV-1 RT enzyme using the softwares, Genetic optimization 

of ligand docking (GOLD) and Autodock 4.0. 

c) Molecular docking simulations were performed on the two series of compounds to 

evaluate their mode of binding to MTB ICL enzyme with the aid of the softwares, GOLD 

and Autodock 4.0. 
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CHAPTER 4 

 

MATERIALS AND METHODS 

 

 

Chemistry 

A scientific microwave reactor (Catalyst, India) was employed for the final step of the 

synthetic protocol. Melting points were determined on an electro thermal melting point 

apparatus (Büchi BM530) in one end open capillary tubes and are uncorrected. The 

homogeneity of the compounds was monitored by ascending thin layer chromatography 

(TLC) on silica gel-G (Merck) coated aluminium plates and visualized under UV 

irradiation or by using iodine vapor. The solvent system used was chloroform – methanol 

(9:1). IR spectra for the compounds were recorded using Jasco IR Report 100 (KBr 

pellet) Spectrophotometer. 1H-NMR spectra were recorded on a JEOL Fx 400MHz NMR 

spectrometer using DMSO-d6 as solvent. Chemical shifts are expressed in δ (ppm) 

relative to tetramethylsilane as an internal standard. Mass spectra were recorded with 

Shimadzu GC-MS-QP5000 spectrophotometer. Elemental analyses (C, H, and N) were 

performed on Perkin Elmer model 240C analyzer. The logP values were determined 

using ChemOffice 2004 software.  
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I. Synthesis: 

The synthesis of the various isatin-β-thiosemicarbazone analogues were accomplished via 

the following steps: 

Step 1: The first step consisted of synthesis of various isonitrosoacetanilide from various 

4- substituted anilines employing Sandmeyer’s method [108]. 

R'

NH2

CCl3CHO
NH2OH.HCl

R'

N
H O

NOH

p-substituted aniline isonitrosoacetanilide  
 

Step 2: The second step consisted of synthesis of 5-substituted isatins from the 

isonitrosoacetanilide obtained in Step 1 via a condensation step using concentrated 

sulfuric acid [108]. 

R'

N
H O

NOH

isonitrosoacetanilide

conc. H2SO4

80°C
N
H

O

O

R'

5-substituted isatin

R'= Cl, F, CH3

 

Step 3: The third step comprised of synthesis of various thiosemicarbazides using the 

following synthetic protocols: [102] 

a) Preparation of hydroxyl/methoxy thiosemicarbazides: 

H2NHN NHOR"

S

.  HCl

R"ONH2 HCl
CS2, KOH

C2H5OH
0-5oC

R"ONH

SK

S

NH2NH2.H2O

C2H5OH
80 oC
HCl

potassium salt of dithiocarbamate

R"= H, CH3

 

b) Preparation of diallyl/diphenyl thiosemicarbazides: 
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NH
CS2, KOH

C2H5OH

0-5 oC

N

R"

R" S

SK

NH2NH2.H2O

C2H5OH
80 oC

HCl

N

R"

R"
S

NHNH2

potassium salt of dithiocarbamate

R"

R"

.HCl

R"= CH2-CH=CH2, C6H5

 

Step 4: The fourth step consisted of the synthesis of the isatin-β-thiosemicarbazones 

using the thiosemicarbazides obtained from Step 3 and the 5- substituted isatins of Step2 

as the starting reagents employing the reaction conditions of Schiff reaction, in the 

presence of sodium acetate and ethanol [102].  

N
H

O

O

R'

+ C

S

H2NHN NR"

CH3COONa

C2H5OH
Schiff's reaction

N
H

O

NNH

R'

S

NR"

 

Step 5: The fifth and last step consisted of the synthesis of N-Mannich bases of the 

isatin-β-thiosemicarbazones obtained in the fourth step by reacting with various 

secondary amines and formaldehyde in the presence of microwave irradaiation. 

N
H

O

NNH

R'

+ HCHO +

S

NR"

MWI
455W
3-15 min

N

O

NNH

R'

NR1

NHR1

S

NR"

R'= Cl, F, CH3
R"= hydroxy, methoxy, diallyl, diphenyl
R1= various secondary amines

Mannich reaction
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II. Biological intervention: 

A. Anti-HIV activity 

Cell Cultures 

The compounds were tested for anti-HIV activity against replication of HIV-1 (IIIΒ) 

in MT-4 cells. The MT-4 cells were grown in RPMI-1640 DM (Dutch modification) 

medium (Flowlab, Irvine Schotland), supplemented with 10% (v/v) heat-inactivated 

fetal calf serum (FCS) and 20 µg/ml gentamicin (E. Merck, Darmstadt, Germany) 

[112, 113]. The cells were incubated at 37°C in a humidified atmosphere of 5% CO2 

in air. Every 3-4 days, cells were spun down and seeded at 3 x 105 cells/ml in new 

cell culture flasks. At regular time intervals, the MT-4 cells were analyzed for the 

presence of mycoplasma and consistently found to be mycoplasma- free. 

Virus 

HIV-1 (strain HTLV – IIIΒ) [114] were obtained from the culture supernatant of 

HIV–1 infected MT–4 cell lines [115]. This virus titer of the supernatant was 

determined in MT – 4 cells. The virus stocks were stored at - 70°C until used. 

Anti –HIV assay 

Flat bottom, 96-well plastic microtiter trays (Falcon, Becton Dickinson, Mountain 

View, CA) were filled with 100 µL of complete medium using a Titertek Multidrop 

dispenser (Flow Laboratories). This eight-channel dispenser could fill a microtiter 

tray in less than 10s. Subsequently, stock solutions (10 x final test concentration) of 

compounds were added in 25 µl volumes to two series of triplicate wells so as to 

allow simultaneous evaluation of their effect on HIV and mock-infected cells. Serial 

five-fold dilutions were made directly in the microtiter trays using a Biomek 1000 

robot (Beckman). Untreated control HIV– and mock-infected cell samples were 

included for each compound. 

 

50 µl of HIV at 100 CCID50 or medium was added to either infected or mock-infected 

part of microtiter. Exponentially growing MT-4 cells were centrifuged for 5 min at 

140 x g and the supernatants were discarded. The MT-4 cells were resuspended at 6 x 

105 cells/ml in a flask, which was connected with an autoclavable dispensing cassette 

of a Titertek Multidrop dispenser. Under slight magnetic stirring 50 µl volumes were 
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then transferred to the microtiter tray wells. The outer row wells were filled with 200 

µl of medium. The cell cultures were incubated at 37 °C in a humidified atmosphere 

of 5 % CO2 in air. The cells remained in contact with the test compounds during the 

whole incubation period. Five days after infection the viability of mock– and HIV-

infected cells was examined spectrophotometrically by the 3-(4,5-dimethylthiazol-2-

yl)-2, 5-diphenyltetrazolium bromide (MTT) method. 

MTT assay 

The MTT assay is based on the reduction of the yellow coloured 3-(4,5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) (Sigma Chemical 

Co., St.Louis, MO) by mitochondrial dehydrogenase of metabolically active cells to a 

blue formazan which can be measured spectrophotometrically. Therefore, to each 

well of the microtiter trays, 20 µl of a solution of MTT (7.5 mg/ml) in a phosphate-

buffered saline was added using a Titertek  Multidrop. The trays were further 

incubated at 37C in a CO2 incubator for 1 h. A fixed volume of medium (150 µl) was 

then removed from each cup using a M96 Washer (ICN flow) without disturbing the 

MT – 4 cell clusters containing the formazan crystals. 

Solubilization of the formazan crystals was achieved by adding 100 µl 10 % (v/v) 

Triton X-100 in acidified isopropanol (2 ml concentrated HCI per 500 ml solvent) 

using the M96 Washer (ICN flow). Complete dissolution of the formazan crystals 

could be obtained after the trays had been placed on a plate shaker for 10 min (ICN 

flow). Finally, the absorbances were read in an eight-channel computer-controlled 

photometer (Multiskan MCC, ICN flow) at two wavelengths (540 and 690 mm). The 

absorbance measured at 690 nm was automatically subtracted from the absorbance at 

540 nm, so as to eliminate the effects of non-specific absorption. Blanking was 

carried out directly on the microtiter trays with the first column wells which 

contained all reagents except for the MT – cells. All data represent the average values 

for a minimum of three wells. The 50% cytotoxic dose (CD50) was defined as the 

concentration of compound that reduced the absorbance (OD540) of the mock-infected 

control sample by 50%. The percent protection achieved by the compounds in HIV-

infected cells was calculated by the following formula: 
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  Expressed  in %                 (ODT)HIV-(ODC)HIV 
     
    (ODC )mock- (ODC )HIV 

 

Whereby (ODT)HIV  is the optical density measured with a given concentration of the 

test compound in HIV-infected cells; (ODC)HIV is the optical density measured for the 

control untreated HIV-infected cells; (ODC)MOCK  is the optical density measured for 

the control untreated mock-infected cells; all OD values determined at 540 nm. The 

dose achieving 50% protection according to the above formula was defined as the 

50% effective dose (ED50).  

 

B. HIV-1 RT enzyme inhibition assay 

The assay protocol involved a reaction mixture (50µL) comprising of 50mM tris-HCl 

(pH 7.8), 5mM dithiothreitol, 30 mM glutathione, 50 µM EDTA, 150 mM KCl, 5mM 

MgCl2, 1.25 µg bovine serum albumin, an appropriate concentration of radiolabelled 

substrate [3H] dGTP, 0.1 mM poly ( νC)●oligo (dG) as the template/primer, 0.06 % 

Triton X-100, 10 µL of inhibitor solution (containing various concentrations of 

compounds), and 1 µL of RT preparation. The reaction mixtures were incubated for 

15 min at 37°C, after which 100 µL of calf thymus DNA (150 µg/mL), 2mL of 

Na4P2O7 (0.1 M in 1M HCl), and 2 ml of trichloroacetic acid (10 %v/v) were added. 

The solutions were kept on ice for 30 min, after which the acid-insoluble material was 

washed and analyzed for radioactivity. For the experiments in which 50 % inhibitory 

concentration (IC50) of the test compounds was determined, fixed concentration of 2.5 

µ [3H] dGTP was used [116]. 

 

C. In vitro anti-tubercular activity in log phase cultures 

All compounds were screened for their in vitro antimycobacterial activity against log-

phase cultures of MTB in Middlebrook 7H11 agar medium supplemented with 

OADC by agar dilution method similar to that recommended by the National 

Committee for Clinical Laboratory Standards for the determination of MIC in 
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triplicate. The MIC is defined as the minimum concentration of compound required to 

produce complete inhibition of bacterial growth [117]. 

Test protocol: 

(i) Micro-organism: Mycobacterium tuberculosis H37Rv ATCC 27294 obtained from 

Tuberculosis research center, Chennai, India. 

(ii) Culture media: Middlebrook 7H11 agar with OADC growth supplement 

Composition: 

 Middlebrook 7H9 broth base- 0.47g 

 Distilled water-   90 ml 

 Glycerol-   0.4 ml 

 Tween 80-   0.2 ml 

 OADC growth supplement: 

 Bovine albumin fraction V- 0.5 g 

 Oleic acid-   0.02 ml 

 Dextrose-   0.2 g 

 Sodium chloride-  0.085 g 

 Distilled water-  10 ml 

Method: 

10 fold serial dilutions of each test compound was dissolved in DMSO and then 

incorporated into Middlebrook 7H11 agar medium supplemented with OADC. 

Inoculum of MTB H37RV were prepared from fresh Middlebrook 7H11 agar slants 

with OADC growth supplement adjusted to 1 mg/ml (wet weight) in Tween 80 

(0.05%) saline diluted to 10-2 to give a concentration of approximately 107 cfu/ml. 5 

µl of bacterial suspension were then added into 7H11 agar tubes incorporated with the 

drug dilutions. Final readings were recorded after incubation at 37 °C for 28 days.   

 

D. In vitro anti-tubercular activity in 6 week starved cultures 

For starvation experiments, MTB cells were grown in Middlebrook 7H9 medium 

supplemented with 0.2% (v/v) glycerol, 10% (v/v) Middlebrook oleic acid-albumin-

dextrose-catalase (OADC) enrichment, and 0.025% (v/v) Tween 80 at 37°C with 

constant rolling at 2 rpm until they reached an optical density at 600 nm of ~0.6. The 
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cells were then washed twice and re-suspended in phosphate-buffered saline (PBS) at 

the same cell density. Cells (50 ml of culture) were incubated at 37°C for an 

additional 6 weeks in 1-liter roller bottles. Compounds, dissolved in DMSO, were 

added to either 1 ml PBS containing ~1x107 starved MTB cells at various 

concentrations. Cultures were incubated in 15-ml conical tubes at 37°C with constant 

shaking for 7 days and then washed twice in PBS before dilutions were plated on 

Middlebrook 7H11 plates supplemented with 0.2% (v/v) glycerol, 10% (v/v) 

Middlebrook OADC enrichment, and 0.025% (v/v) Tween 80, containing no 

antibiotics. Bacterial growth was determined after incubation for 4 weeks at 37°C. 

The MIC is defined as the minimum concentration of compound which brings about 

complete inhibition of bacterial growth.  All values were determined in triplicate 

[118]. 

 

E. MTB ICL enzyme assay 

Isocitrate lyase activity was determined at 37°C by measuring the formation of 

glyoxylate-phenylhydrazone at 324 nm. The reaction mixture contains 100 µL of 

0.5mM potassium phosphate buffer, 1.2µL of 1mM magnesium chloride, 24 µL of 

100 mM 2-merceptoethanol, 7µL of 4mM phenylhydrazine hydrochloride, 6µL of 50 

mM trisodiumisocitricacid and ICL enzyme (usually 3 to 6µL). This mixture is made 

up to 200µL with MilliQ water. At the end of the 10th minute this reaction mixture is 

made up to 1mL and UV absorbance is measured at 324nM which serves as a control. 

For the test compounds 3µL of 100mM 3-NPA was used and in case of the candidate 

molecules 10µL of 10mM concentration were added with the above mentioned 

reaction mixture. At the end of the 10th minute this reaction mixture is made up to 

1mL and UV absorbance is measured at 324nm which serves as a test. The % 

inhibition is calculated by the formulae control absorbance minus test absorbance 

divided by control absorbance multiplied by 100 [119]. 

 

F. MTB DNA gyrase enzyme assay 

In order to carry out gyrase inhibition assays, DNA gyrase purified from MC2 was 

used. The enzyme was prepared and stored by standardized procedures [120]. The 
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compounds tested were dissolved in 5 % DMSO and pre-incubated with gyrase. 

Supercoiling assays were carried out as described previously [120], by incubating 400 

ng of relaxed pUC18 at 37°C in supercoiling buffer [35 mM Tris-HCI pH 7.5, 5mM 

MgCl2, 25 mM potassium glutamate, 2 mM spermidine, 2 mM ATP, 50 µ/ml bovine 

serum albumin, and 90 µ/ml yeast t-RNA in 5 % v/v glycerol] for 1 hour. 

Ciprofloxacin at 10µg/mL and moxifloxacin at 5µg/mL final concentrations were 

used as positive controls and a control reaction having 5 % DMSO in absence of 

compounds was also performed. The reaction samples were heat inactivated and 

applied on to 1% agarose gel electrophoresis in Tris-acetate-EDTA buffer for 12 

hours. The gels were stained with ethidium bromide and recorded by gel 

documentation. 

 

G. Antiviral and Cytotoxicity assay for HCV 

Cell culture 

The cell line Huh7 ET (luc-ubi-neo/ET), which contains a new HCV RNA 

replicon with a stable luciferase (LUC) reporter, was maintained in Dulbecco’s 

modified Eagle’s medium (DMEM) (Life Technologies) supplemented with 10% 

fetal bovine serum, 1% L-glutamine, 1% L-pyruvate, 1% penicillin and 1% 

streptomycin supplemented with 500 µg/mL G418 (Geneticin, Invitrogen) [121]. 

Cells were passaged every four days. 

 

Primary HCV RNA replicon assay 

The effect of drugs added in triplicate, was examined at a single high-test 

concentration of 20 µM on HCV RNA-derived LUC activity and cytotoxicity.  

Human interferon α-2b was included in each run as a positive control compound.  

Subconfluent cultures of the ET line were plated out into 96-well plates that were 

dedicated for the analysis of cell numbers (cytotoxicity) or antiviral activity and 

the next day drugs were added to the appropriate wells.  Cells were processed 72 

hr later when the cells were still subconfluent.  Compounds that reduced the LUC 

signal by 50% or more relative to the untreated cell controls moved forward in the 
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program.  Compound cytotoxicity was assessed as the percent viable cells relative 

to the untreated cell controls. [122]. 

 

H. Antiviral and Cytotoxicity assay against Influenza Type A and B viruses and 

SARS virus 

 Cell culture used 

(i) For Influenza Type A and B viruses: Madin Darby canine kidney 

(MDCK) cells. 

(ii) For SARS virus: Vero 76 cells. 

This procedure involved testing of the drugs at 2 concentrations (200, 20 µg/ml).  

These were diluted 1:2 when virus was added, thus making the final 

concentrations 100 and 10 µg/ml.  The standard CPE test used an 18 h monolayer 

(80-100% confluent) of the appropriate cells, the medium was drained and each of 

the concentrations of test compound or placebo were added, which was followed 

within 15 min by virus or virus diluent.  Two wells were used for each 

concentration of compound for both antiviral and cytotoxicity testing.  The plate 

was sealed and incubated for the standard time period required to induce near-

maximal viral CPE.  The plate was then stained with neutral red by the method 

described below and the percentage of uptake indicating viable cells read on a 

microplate autoreader at dual wavelengths of 405 and 540 nm, with the difference 

taken to eliminate background.  An approximated virus-inhibitory concentration, 

50% endpoint (EC50) and cell-inhibitory concentration, 50% endpoint (IC50) were 

determined from which a general selectivity index was calculated:  SI = (IC50) / 

(EC50).  An SI of 3 or greater indicated that confirmatory testing was needed. 

Standard Assay:  Inhibition of Viral Cytopathic Effect (CPE) 

This test, run in 96 well flat-bottomed microplates, was used for the initial 

antiviral evaluation of all new test compounds.  In this CPE inhibition test, four 

log10 dilutions of each test compound (e.g. 1000, 100, 10, 1 µg/ml) were added to 

3 cups containing the cell monolayer; and within 5 min, the virus was then added 

and the plate sealed, incubated at 37°C and CPE read microscopically when 

untreated infected controls developed a 3 to 4+ CPE (approximately 72 to 120 h).  
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A known positive control drug was evaluated in parallel with test drugs in each 

test.  This drug was ribavirin for influenza A and B and alferon (interferon α-n3) 

for SARS virus.  

The data were expressed as 50% effective concentrations (EC50). 

Standard Assay:  Increase in Neutral Red (NR) Dye Uptake 

This test was run to validate the CPE inhibition seen in the initial test, and utilized 

the same 96-well micro plates after the CPE was read. Neutral red was added to 

the medium; cells not damaged by virus took up a greater amount of dye, which 

was read on a computerized micro plate autoreader. An EC50 is determined from 

this dye uptake. 

Cytotoxicity assay 

In the CPE inhibition tests, two wells of uninfected cells treated with each 

concentration of test compound were run in parallel with the infected, treated 

wells. At the time CPE was determined microscopically, the toxicity control cells 

were also examined microscopically for any changes in cell appearance compared 

to normal control cells run in the same plate. These changes were enlargement, 

granularity, cells with ragged edges, a filmy appearance, rounding, detachment 

from the surface of the well, or other changes. These changes were given a 

designation of T (100% toxic), PVH (partially toxic–very heavy–80%), PH 

(partially toxic–heavy–60%), P (partially toxic–40%), Ps (partially toxic–slight–

20%), or 0 (no toxicity–0%), conforming to the degree of cytotoxicity seen.  

A 50% cell inhibitory (cytotoxic) concentration (IC50) was determined by 

regression analysis of these data [123, 124]. 
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III. Computational methodology: 

A. 3D-QSAR Analysis  

The molecular modeling studies namely, CoMFA, Advanced CoMFA and CoMSIA were 

performed using SYBYL6.9 molecular modeling software running on a Silicon Graphics 

Octane R1200038 workstation. The structures were built in 2D using MDL ISIS Draw 2.5 

software, and were imported to Discovery Studio 2.0 (Catalyst) software. CHARMM 

force field was applied to the molecules and later energy minimized. These 3D structures 

where then exported to the SYBYL6.9 workstation where partial charges were calculated 

using Gasteiger-Hückel method geometry optimized using Tripos force field with a 

distance-dependent dielectric function until a root mean square deviation (RMSD) of 

0.01kcal/mol Å was achieved. Two different alignment techniques viz. (a) common 

substructure fitting method and (b) manual alignment method were compared to obtain 

the most efficient alignment for this set of structurally diverse molecules. The common 

substructure fitting method involves superimposition of all the molecules to a common 

substructure of the template molecule. In the manual method, the molecules were aligned 

manually over a template molecule. Amongst the two, manual alignment method gave 

better results.  

Data Sets. The compounds were divided into training set and test set taking into account 

either the structural aspects or the anti-HIV inhibitory profile of compounds. The training 

set was chosen according to these criterions: (i) the most- and least-active compounds 

were both included.; (ii) compounds were chosen in such a way that the entire activity 

range was uniformly sampled; and (iii) structural superfluity was avoided by selecting 

compounds with different substituents or substitution patterns.  

CoMFA Studies. The CoMFA calculations were done using Tripos Standard and 

Advanced CoMFA modules in SYBYL. For each alignment, an sp3 carbon atom having a 

charge of +1 and a radius of 1.52 Å was used as a probe to calculate various steric and 

electrostatic fields, the grid spacing was set to 2Å and the region was calculated 

automatically. To investigate the influence of different parameter settings on CoMFA, 

various steric and electrostatic cutoffs and grid spacing were set to 30kcal/mol [125]. 

Advanced CoMFA. H-bonding, indicator and parabolic fields were used in the 

Advanced CoMFA routine. Lattice points with steric energies below the steric cutoff 
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energy were assigned nominal energies equal to the steric cutoff energies if they were 

close to H-bond accepting or donating atoms. Indicator fields replaced all lattice energies 

with magnitudes below a designated threshold with zero values. All energies at or above 

that threshold were replaced with a nominal energy equal in magnitude to the relevant 

field cutoff value. When both fields were included in a single CoMFA column, the 

greater of the steric and electrostatic cutoffs was used. The sign of the original lattice 

energy is retained. Parabolic fields are those in which the magnitude of a standard steric 

and/or electrostatic field at each lattice point has been squared; the original sign of the 

energy is retained.  

CoMFA Region Focusing. CoMFA region focusing is a method of application of 

weights to the lattice points in a CoMFA region to enhance or attenuate the contribution 

of these points to subsequent analysis.  In this study, discriminant power values as 

weights and different factors were applied in addition to grid spacing for getting better 

models. 

CoMSIA Studies. Five similarity fields namely, steric, electrostatic, and hydrophobic, 

hydrogen bond donor and acceptor were calculated. The lattice dimensions were selected 

with a sufficiently large margin extended up to 4 Å surrounding all aligned molecules. In 

CoMSIA, the steric indices are related to the third power of the atomic radii, the 

electrostatic descriptors are derived from atomic partial charges, the hydrophobic fields 

are derived from atom-based parameters, and the hydrogen bond donor and acceptor 

indices are obtained by a rule-based method derived from experimental values. In the 

present work, similarity indices were computed using a probe atom with radius 1.0 Å, 

charge +1, hydrophobicity +1, hydrogen bond donor and acceptor properties of +1 and 

attenuation factor of 0.3 for the Gaussian type distance function [126]. 

Validation of Models. PLS analysis was used to correlate the activities with CoMFA and 

CoMSIA values containing the steric and electrostatic potentials. The models were cross-

validated using the Leave One Out (LOO) method by SAMPLS method. The LOO 

method involves excluding one compound from the data set and then deriving a model 

using the rest. Then with the help of this derived model, the activity of the excluded 

molecule is determined. CoMFA standard scaling was applied to all the CoMFA 

analyses. The full PLS analysis was run with a column filtering of 2.0kcal/mol to reduce 
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the noise and to speed up the calculations. In case of CoMSIA as well, SAMPLS method 

was used. This was followed by a full PLS analysis, which was run using column 

filtering of 2.0kcal/mol. Autoscaling was applied to all CoMSIA analyses.  

 

B.  Docking calculations onto HIV-1 RT  

A crystallographic structure of HIV-1 RT in complex with nevirapine (PDB code 1VRT) 

[127] was used as protein starting structure for the docking simulation. Each inhibitor 

was built using Schrodinger Maestro and energy minimized in the same program and 

then docked onto RT using GOLD [128] and Autodock 4.0 [129] with the active site 

being defined using active atoms generated while redocking nevirapine onto HIV-1 RT. 

All the water molecules and the metal ions were removed from the protein structure prior 

to docking. Fifty genetic algorithms were performed for each ligand, with 100000 energy 

evaluations. 

 

C. Docking calculations onto MTB ICL  

Three dimensional coordinates of the MTB ICL/BP complex (RCSB PDB entry 1F8M) 

[130] were used as the input structure for docking simulations performed on Autodock 

4.0 due to the highly rigid structure of the molecule. The cocrystallized ligand was 

deleted from the protein structure. The protein was prepared using Schrodinger’s protein 

preparation wizard only for hydrogen minimization. Schrodinger Maestro was used for 

ligand building and energy minimized and saved in *.mol format and then imported to 

Autodock 4.0. Grids of molecular interactions were considered in a cubic box of 

50×50×50 with grid spacing of 0.375 Ǻ. The active site was centered on the coordinate 

19.4465, 41.903, and 53.181. Few of the residues were assigned flexibility. Docking was 

performed 50 times using the Lamarckian genetic algorithm and a maximum of 250 000 

energy evaluations. The final docked conformations were ranked according to their 

binding free energy. 
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CHAPTER 5 

 
SYNTHESIS, BIOLOGICAL INTERVENTION AND COMPUTATIONAL 

STUDY OF N-MANNICH BASES OF 5-SUBSTITUTED-1H-INDOLE-2, 3-

DIONE 3-(N-HYDROXY/METHOXYTHIOSEMICARBAZONES 

 

 
This chapter describes the synthesis, biological intervention and computational study of 

N-Mannich bases of 5-substituted-1H-indole-2, 3-dione 3-(N-

hydroxy/methoxythiosemicarbazones, since it was observed from earlier works that N-

Mannich bases of 1H-indole-2,3-dione-3-(N,N-diethylthiosemicarbazone) have 

considerable potential against the replication of HIV-1 cells along with broad-spectrum 

chemoptherapeutic properties [93]. Considering this molecule as a lead, the titled 

compounds were designed and synthesized with the aim to treat HIV-TB co-infection.  

 

5.1 Synthesis 

Step I: Synthesis of Isatin 

a) Synthesis of 4-chloroisonitrosoacetanilide from 4-chloro aniline 

 

 

Cl

NH2

CCl3CHO
NH2OH.HCl

Cl

N
H O

NOH

p-chloro aniline isonitrosoacetanilide
 

18 g (0.108 moles) of chloral hydrate dissolved in 240 ml of water was placed in a round-

bottomed flask, to which was added, in sequence, 26 g of sodium sulfate, a solution of 

12.7 g (0.1 mole) of p-chloro aniline in 60 ml water containing 10.24 g (8.6 ml, 0.104 

mole) of concentrated hydrochloric acid to dissolve the aniline, followed by a solution of 

22g (0.316 moles) of hydroxylamine hydrochloride solubilised in 100 ml of water. The 

flask was then slowly heated so that vigorous boiling began in approximately forty to 

forty-five minutes. The reaction attained completion following one to two minute of 

vigorous boiling. The flask was then subjected to cooling under running tap-water; 
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whereby the crystals of 4-chloro isonitrosoacetanilide separated out. It was then filtered 

with suction and then air-dried. The yield was 9.77 g (49.5% of theoretical yield) and 

melting point was reported to be between 158-160°C.  

 

% yield of 4-methyl isonitrosoacetanilide- 52.6 % and M.P- 192-194°C 

% yield of 4-fluoro isonitrosoacetanilide- 64% and M.P- 196°C.  

 

b) Synthesis of 5-chloro isatin from 4-chloroisonitrosoacetanilide 

 

Cl

N
H O

NOH

isonitrosoacetanilide

conc. H2SO4

80°C
N
H

O

O

Cl

5-chloro isatin
 

78.1 g (42.3 ml) of concentrated sulfuric acid was warmed to 50°C and to this warm 

sulfuric acid was added slowly the dry 4-chloroisonitorsoacetanilde in such a manner that 

the temperature was maintained between 60°C and 70°C. During addition the reaction 

vessel was also subjected to external cooling for speeding up the reaction rate. After the 

completion of isonitrosoacetanilide addition, the reaction mixture was heated to 80°C and 

this temperature was maintained for about 10 minutes till the reaction attained 

completion. After which it was cooled to room temperature and was poured upon ten to 

twelve times its volume of crushed ice. This was allowed to stand for about 90 minutes 

and was then filtered with suction, washed several times with cold water to remove any 

residual sulfuric acid, and then dried in air. The yield of crude isatin was reported to be 

5.74 g (64.27 % of theoretical yield) and melting point was reported to be between 236-

238°C. IR (KBr pellet) νmax 3200, 1720, 1610 cm
-1; 1H-NMR (DMSO –d6) δ 7.53-7.80 (d, 

3H, Ar-H), 8.7 (s, 1H, N-H D2O exchangeable).  

 

5-fluoro and 5-methyl isatins were also prepared in similar manner using appropriate 

moles of 4-fluoroaniline and p-toluidine respectively employing the above mentioned 

synthetic protocol.  
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% yield of 5-methyl isatin-87.22% and M.P- 186-188°C 

 

% Yield of 5-fluoro isatin- 74.13 % and M.P- 225°C. 

 

Step II: Synthesis of hydroxy/methoxy thiosemicarbazides (H3, M3) 

H2NHN NHOR"

S

.  HCl

R"ONH2 HCl
CS2, KOH

C2H5OH
0-5oC

R"ONH

SK

S

NH2NH2.H2O

C2H5OH
80 oC
HCl

potassium salt of dithiocarbamate

H3:R"= H,
M3:R"= CH3

 

To a solution of N-hydroxylamine(H1)/N-methoxylamine(M1) (0.01 mol) in absolute 

ethanol (20 ml) was added potassium hydroxide (0.01 mol) and carbon disulphide (0.75 

ml), and the mixture was stirred at 0-5°C for 1 h to form the corresponding potassium salt 

of dithiocarbamates (H2,M2). To the stirred mixture of dithiocarbamate salts was added 

hydrazine hydrate (0.01 mol) and the stirring was continued at 80°C for 1 h and on 

adding upon crushed ice the corresponding thiosemicarbazide was obtained which is 

converted to hydrochloride salts (H3,M3). H3: Yield: 6.96%; M.P: 258-260°C; M3: 

Yield: 50.96%; M.P: 100-102°C. 

 

Step III: Synthesis of isatin-β-thiosemicarbazones (H4-6, M4-6) 

N
H

O

O

R'

+ C

S

H2NHN NHOR"

CH3COONa

C2H5OH
Schiff's reaction

N
H

O

NNH

R'

S

NHOR"

 

To a hot dispersion of H3/M3 (0.001M) in ethanol was added an equimolar aqueous 

solution of sodium acetate. To this solution further an equimolar ethanolic solution of 

various 5-substituted isatin was added and the mixture was stirred while being heated on 
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a hot plate for 4-15 minutes, with immediate precipitation of a bulky solid. The resultant 

precipitate was filtered off and dried. The product was recrystallized from 95% ethanol. 

Table 5.1: Physical data of synthesized Schiff base 

Compound 

code 
R’ R” % Yield M.P (°C) 

Molecular 

formula 
Mol. Wt. 

H4 Cl H 62.96 210 a C9H7ClN4O2S 270.7 

H5 F H 56.57 223-225 C9H7FN4O2S 254.24 

H6 CH3 H 63.63 197-200 C10H10N4O2S 250.28 

M4 Cl CH3 35.63 223-225 C10H9ClN4O2S 284.72 

M5 F CH3 27.54 214-216 C10H9FN4O2S 268.27 

M6 CH3 CH3 34.72 186-188 C11H12N4O2S 264.3 

 a Melting point of the compounds at their decomposition.  

 

Table 5.2: Spectral data of the synthesized Schiff bases 

Compound 

code 

IR spectroscopy (cm
-

1
; KBr pellet) 

1
H-NMR (δ ppm, DMSO-d6) 

H5 

1740 (amide stretch), 

1625 (C=N stretch), 

3010 (Aromatic C-H 

stretch), 3300 (amide 

NH stretch) 

7.02 (d, 1H at C6 of indolyl), 7.37 (d, 1H at C7 of 

indolyl), 7.61 (s, 1H at N1 of indolyl), 7.79 (s, 1H 

at C4 of indolyl), 8.37 (m, 3H, 

hydroxythiosemicarbazone protons).   

M6 

1740 (amide stretch), 

1625 (C=N stretch), 

3010 (Aromatic C-H 

stretch), 3300 (amide 

NH stretch) 

2.57 (s, 3H, methoxy), 3.53 (s, 3H, CH3 of 

methoxy), 6.92 (d, 1H at C6 of indolyl), 7.16 (d, 

1H at C7 of indolyl), 7.63 (s, 1H at N1 of indolyl), 

7.89 (s, 1H at C4 of indolyl), 8.87 (s, 1H at N of 

hydrazine), 9.17 (s, 1H at N of N-methoxy).  
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Step IV: Synthesis of N-Mannich bases of isatin-β-thiosemicarbazones (H7-36, M7-

36) 

N
H

O

NNH

R'

+ HCHO +

S

NHOR"

MWI
455W
3-15 min

N

O

NNH

R'

NR1

NHR1

S

NHOR"

R'= Cl, F, CH3
R"= H, CH3
R1= various secondary amines

Mannich reaction

 

To an ethanolic solution of N-hydroxy/methoxy thiosemicarbazones (0.00045M) was 

added an equimolar amount of various secondary amines, dissolved in ethanol or 

dimethyl sulfoxide. To this mixture, an equimolar amount of 30% formaldehyde solution 

was then added and this mixture was then irradiated with microwave of 455W in a 

scientific microwave reactor accompanied by continuous stirring, which was attained by 

means of a magnetic plate, placed underneath the floor of the magnetic cavity and a 

Teflon-coated magnetic bead in the reaction vessel, for approximately three to fifteen 

minutes. At the end of the reaction period, the product precipitated out, which was 

filtered off and dried. The resultant precipitate was recrystallized from ethanol. The 

physical data of the Mannich bases are given in Tables 5.3-5.5. The spectral and 

elemental data of representative compounds are presented in Table 5.6-5.11.  
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Table 5.3: Physical data of N-Mannich bases of isatin-β-thiosemicarbazones (H7-H16) 

 

          

N

O

N

R'

NH

C

S

NHOCH3

H2C
R1  

H7-H36    M7-M36 

Substituents Compound 

code R’ R1 

M.P 

(°C) 

% 

Yield 

Molecular 

Formula 

Mol. 

Wt. 
Rf
b
 logP

c
 

H7 Cl ---N(CH3)2 
102-
104 97.05 C12H14ClN5O2S 327.79 0.52 1.72 

M7 Cl -do- 60-62 98.28 C13H16ClN5O2S 341.82 0.56 1.98 

H8 F -do- 40-42 87.10 C12H14FN5O2S 311.34 0.51 1.31 

M8 F -do- 56-58 82.45 C13H16FN5O2S 325.36 0.53 1.58 

H9 CH3 -do- 110 95.85 C13H17N5O2S 307.37 0.56 1.64 

M9 CH3 -do- 82-84 93.45 C14H19N5O2S 321.4 0.59 1.91 

H10 Cl ---N(C2H5)2 
125-
127 98.61 C14H18ClN5O2S 355.84 0.58 2.39 

M10 Cl -do- 52-54 69.28 C15H20ClN5O2S 369.87 0.61 2.65 

H11 F -do- 80-82 79.90 C14H18FN5O2S 339.39 0.55 1.99 

M11 F -do- 98-100 83.50 C15H20FN5O2S 353.42 0.58 2.25 

H12 CH3 -do- 114-
116 71.47 C15H21N5O2S 335.42 0.62 2.32 

M12 CH3 -do- 88-90 68.81 C16H23N5O2S 349.16 0.64 2.58 

H13 Cl 
 

46-48 56.43 C14H16ClN5O3S 369.83 0.46 1.32 

M13 Cl -do- 72-74 98.90 C15H18ClN5O3S 383.85 0.47 1.58 

H14 F -do- 36-38 64.75 C14H16FN5O3S 353.37 0.41 0.92 

M14 F -do- 80-84 89.53 C15H18FN5O3S 367.4 0.43 1.18 

H15 CH3 -do- 58-62 64.47 C15H19N5O3S 349.41 0.46 1.24 

M15 CH3 -do- 86-90 75.70 C16H21N5O3S 363.43 0.48 1.51 

H16 Cl 
 

148-
150 87.21 C20H21ClN6O2S 444.94 0.51 3.55 

a Melting point of the compound at their decomposition. 
bMobile phase CHCl3 : CH3OH (9 : 1). 
cLogP was calculated using ChemOffice 2004 
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Table 5.4: Physical data of N-Mannich bases of isatin-β-thiosemicarbazones (M16-M27) 

Substituents Compound 

code R’ R1 

M.P 

(°C) 

% 

Yield 

Molecular 

Formula 

Mol. 

Wt. 
Rf
b
 logP

c
 

M16 Cl 
 

80-82 93.33 C21H23ClN6O2S 458.96 0.52 3.81 

H17 F -do- 78-80 86.09 C20H21FN6O2S 428.48 0.43 3.15 

M17 F -do- 108-110 79.94 C21H23FN6O2S 442.51 0.45 3.41 

H18 CH3 -do- 68-70 79.93 C21H24N6O2S 424.52 0.47 3.47 

M18 CH3 -do- 87-89 83.57 C22H26N6O2S 438.55 0.49 3.74 

H19 
 
Cl  

110-112 92.40 C20H20Cl2N6O2S 479.38 0.44 4.1 

M19 Cl -do- 208-210 74.26 C21H22Cl2N6O2S 493.41 0.45 4.37 

H20 F -do- 72-74 73.50 C20H20ClFN6O2S 462.93 0.39 3.7 

M20 F -do- 202 76.87 C21H22ClFN6O2S 476.95 0.41 3.97 

H21 CH3 -do- 178-182 76.34 C21H23ClN6O2S 458.96 0.42 4.03 

M21 CH3 -do- 140 85.46 C22H25ClN6O2S 472.99 0.43 4.3 

H22 Cl 
 

140 58.32 C21H23ClN6O3S 474.96 0.45 3.42 

M22 Cl -do- 108-110 73.92 C22H25ClN6O3S 488.99 0.47 3.68 

H23 F -do- 54-56 60.38 C21H23FN6O3S 458.51 0.42 3.02 

M23 F -do- 116-118 69.35 C22H25FN6O3S 472.54 0.43 3.28 

H24 CH3 -do- 216-218 88.66 C22H26N6O3S 454.55 0.49 3.35 

M24 CH3 -do- 98-102 61.11 C23H28N6O3S 468.57 0.51 3.61 

H25 
 
Cl 

 

166-168 71.55 C26H25ClFN7O5S 602.04 0.37 3.21 

M25 Cl -do- 170-174 98.59 C27H27ClFN7O5S 616.06 0.39 3.48 

H26 F -do- 88-90 72.88 C26H25F2N7O5S 585.58 0.35 2.81 

M26 F -do- 66-68 93.50 C27H27F2N7O5S 599.61 0.37 3.08 

H27 CH3 -do- 180-182a 47.33 C27H28FN7O5S 581.62 0.41 3.14 

M27 CH3 -do- 158-162a 67.23 C28H30FN7O5S 595.65 0.42 3.41 
a Melting point of the compound at their decomposition. 
bMobile phase CHCl3 : CH3OH (9 : 1). 
cLogP was calculated using ChemOffice 2004 
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Table 5.5: Physical data of N-Mannich bases of isatin-β-thiosemicarbazones (H28-M36) 

Substituents Compound 

code R’ R1 

M.P 

(°C) 

% 

Yield 

Molecular 

Formula 

Mol. 

Wt. 
Rf
b
 logP

c
 

H28 Cl 

 

210a 92.05 C27H25ClFN7O5S 614.05 0.51 3.17 

M28 Cl -do- 128-130a 72.53 C28H27ClFN7O5S 628.07 0.53 3.43 

H29 F -do- 230a 90.62 C27H25F2N7O5S 597.59 0.49 2.77 

M29 F -do- 184a 65.08 C28H27F2N7O5S 611.62 0.51 3.03 

H30 CH3 -do- 40 71.67 C28H28FN7O5S 593.63 0.52 3.1 

M30 CH3 -do- 150-154a 85.67 C29H30FN7O5S 607.66 0.54 3.36 

H31 Cl 

 

226-228 88.59 C27H26ClF2N7O5S 634.05 0.47 3.69 

M31 Cl -do- >230 48.33 C28H28ClF2N7O5S 648.08 0.48 3.95 

H32 F -do- 130a 61.75 C27H26F3N7O5S 617.6 0.46 3.29 

M32 F -do- 180a 72.90 C28H28F3N7O5S 631.63 0.47 3.55 

H33 CH3 -do- 140-144 72.36 C28H29F2N7O5S 613.64 0.49 3.62 

M33 CH3 -do- 206-210a 81.22 C29H31F2N7O5S 627.66 0.52 3.88 

H34 Cl 

 

136-138 90.92 C29H29ClFN7O6S 658.1 0.53 3.36 

M34 Cl -do- 154-156 28.47 C30H31ClFN7O6S 672.13 0.55 3.63 

H35 F -do- 70-74 66.79 C29H29F2N7O6S 641.65 0.49 2.96 

M35 F -do- 88-90 70.23 C30H31F2N7O6S 655.67 0.51 3.23 

H36 CH3 -do- 70 77.75 C30H32FN7O6S 637.68 0.54 3.29 

M36 CH3 -do- 70-72 46.09 C31H34FN7O6S 651.71 0.56 3.56 
a Melting point of the compound at their decomposition. 
bMobile phase CHCl3 : CH3OH (9 : 1). 
cLogP was calculated using ChemOffice 2004 
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Table 5.6: Spectral and elemental data of N-Mannich bases of isatin-β-thiosemicarbazones  

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

H7 

3030, 2850, 

1730, 1620, 

1210, 850.  

2.07 (s, 6H, dimethylamine), 5.92 (s, 

2H, -NCH2N-), 6.61 (d, 1H, indolyl 

C7), 6.92 (d, 1H, indolyl C6), 7.35 (s, 

1H, indolyl C4) 8.51 (s, 1H, 

hydrazino), 9.48 (d, 1H, NH of 

hydroxylamine), 10.52 (d, 1H, OH 

proton) 

 
43.97 
43.79 

 
4.30 
4.26 

 
 

21.37 
21.35 
 

327.06 

H11 

3040, 2855, 

1735, 1621, 

1215, 843. 

1.03 (t, 6H, (CH2CH3)2), 2.59 (q, 4H, 

(CH2CH3)2), 5.94 (s, 2H, -NCH2N-), 

6.65 (d, 1H, C7 of indolyl), 7.22 (d, 

1H, C6 of indolyl), 7.83 (s, 1H, C4 of 

indolyl), 8.52 (s, 1H, hydrazino), 9.49 

(d, 1H, NH of hydroxylamine), 10.45 

(d, 1H, OH proton) 

 
49.54 
49.37 

 
 

5.35 
5.33 
 

 
 

20.64 
20.69 
 

339.12 

H13 

3020, 2847, 

1725, 1615, 

1220, 852. 

2.64 (t, 4H, C3,C5 of morpholinyl), 

3.55 (t, 4H, C2, C6 of morpholinyl), 

5.67 (s, 2H, -NCH2N-), 6.91 (d, 1H, 

C7 of indolyl), 7.41 (d, 1H, C6 of 

indolyl), 8.04 (s, 1H, C4 of indolyl), 

8.49 (s, 1H, hydrazino), 9.46 (d, 1H, 

NH of hydroxylamine), 10.51 (d, 1H, 

OH proton) 

45.47 

45.44 

4.36 

4.35 

18.94 

18.89 
369.07 

H18 

3030, 2850, 

1731, 1622, 

1210, 845. 

2.26 (s, 3H, CH3), 3.15 (t, 4H, C2, C6 

of piperazinyl), 3.17 (t, 4H, C3,C5 of 

piperazinyl), 5.13 (s, 2H, -NCH2N-), 

6.41 (d, 2H, C2, C6 of phenyl), 6.71 

(d, 1H, C7 of indolyl), 6.77 (m, 1H, 

C4 of phenyl), 7.11 (d, 1H, C6 of 

indolyl), 7.35 (d, 2H, C3, C5 of 

phenyl), 7.76 (s,1H, C4 of indolyl), 

8.52 (s, 1H, hydrazino), 9.47 (d, 1H, 

NH of hydroxylamine), 10.53 (d, 1H, 

OH proton) 

59.41 
59.39 
 

5.70 
5.71 
 

19.80 
19.78 
 

424.17 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 5.7: Spectral and elemental data of N-Mannich bases of isatin-β-thiosemicarbazones 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

H21 

3015, 2853, 

1727, 1625, 

1220, 853. 

2.56 (s, 3H, CH3), 3.14 (t, 4H, C2, C6 of 

piperazinyl), 3.18 (t, 4H, C3,C5 of 

piperazinyl), 5.73 (s, 2H, -NCH2N-),  

6.34 (d, 2H, C2, C6 of phenyl), 6.63 (d, 

1H, C7 of indolyl), 6.81 (d, 2H, C3, C5 of 

phenyl), 7.54 (s,1H, C4 of indolyl), 8.53 

(s, 1H, hydrazino), 9.47 (d, 1H, NH of 

hydroxylamine), 10.53 (d, 1H, OH 

proton) 

 
54.96 
55.16 
 

5.05 
5.03 

18.31 
18.27 458.13 

H22 

3025, 2845, 

1720, 1622, 

1230, 848. 

3.15 (t, 4H, C2, C6 of piperazinyl), 3.21 

(t, 4H, C3,C5 of piperazinyl), 3.77 (s, 

3H, 4-methoxyphenyl) 5.16 (s, 2H, -

NCH2N-),  6.16(d, 2H, C2, C6 of 

phenyl), 7.43 (d, 1H, C7 of indolyl), 6.62 

(d, 2H, C3, C5 of phenyl), 6.89 (d, 1H, 

C6 of indolyl), 8.14 (s,1H, C4 of 

indolyl), 8.53 (s, 1H, hydrazino), 9.46 

(d, 1H, NH of hydroxylamine), 10.51 (d, 

1H, OH proton) 

 
53.10 
52.91 
 

 
4.88 
4.89 
 

17.69 
17.63 

474.12 

H27 

3455, 3040, 

2835, 1728, 

1615, 1225, 

846. 

1.21 (t, 3H, CH3 of C2H5), 2.37 (s, 3H, 

methyl at C5 of indole), 3.11 (t, 4H, C2, 

C6 of piperazinyl), 3.15 (t, 4H, C3, C5 of 

piperazinyl), 4.26 (q, 2H, CH2 of C2H5), 

5.16 (s, 2H, methylene CH2), 6.21 (s, 1H 

at C8 of quinolinyl), 6.73 (d, 1H at C7 of 

indolyl), 7.14 (d, 1H at C6 of indolyl), 

7.25 (s, 1H at C5 of quinolinyl), 7.29 (s, 

1H at C4 of indolyl), 7.35 (s, 1H at C2 of 

quinolinyl), 8.52 (s, 1H, hydrazino), 

9.47 (d, 1H, NH of hydroxylamine), 

10.51 (d, 1H, OH proton) 

 
55.76 
55.57 
 

 
4.85 
4.86 
 

16.86 
16.89 

581.19 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 5.8: Spectral and elemental data of N-Mannich bases of isatin-β-thiosemicarbazones 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

H29 

3500, 3020, 

2841, 1725, 

1621, 1217, 

845. 

0.39 (m, 4H, CH2 of cyclopropyl), 

2.51 (t, 1H, CH of cyclopropyl), 

3.11 (t, 4H, C2, C6 of piperazinyl), 

3.17 (t, 4H, C3, C5 of piperazinyl), 

5.09 (s, 2H, methylene), 6. 41 (s, 

1H at C8 of quinolinyl), 6.61 (d, 

1H at C7 of indolyl), 6.97 (s, 1H at 

C5 of quinolinyl), 7.18 (d, 1H at C6 

of indolyl), 7.51 (s, 1H at C2 of 

quinolinyl), 7.73 (s, 1H at C4 of 

indolinyl), 8.53 (s, 1H, hydrazino), 

9.46 (d, 1H, NH of 

hydroxylamine), 10.51 (d, 1H, OH 

proton) 

 
54.27 
54.08 
 

 
4.22 
4.23 
 

16.41 
16.35 

597.16 

H36 

3458, 3035, 

2851, 1732, 

1618, 1210, 

852. 

0.39 (m, 4H, CH2 of cyclopropyl), 

0.94 (s, 3H, CH3 at C3 of 

piperazinyl), 2.41 (s, 3H, methyl at 

C5 of indolyl), 2.44 (t, 1H, CH of 

cyclopropyl), 2.89 (d, 2H at C2 of 

piperazinyl), 3.14 (t, 2H at C6 of 

piperazinyl), 3.18 (m, 1H at C3 of 

piperazinyl), 3.56 (t, 2H at C5 of 

piperazinyl), 3.61 (s, 3H , methoxy 

at C8 of quinolinyl), 5.15 (s, 2H of 

methylene), 6.71 (d, 1H at C7 of 

indolyl), 7.08 (d, 1H at C6 of 

indolyl), 7.30 (s, 1H at C4 of 

indolyl), 7.34 (s, 1H, C5 of 

quinolinyl), 7.41 (s, 1H, C2 of 

quinolinyl), 8.51 (s, 1H, 

hydrazino), 9.46 (d, 1H, NH of 

hydroxylamine), 10.52 (d, 1H, OH 

proton) 

 
56.50 
56.68 
 

 
5.06 
5.08 
 

15.38 
15.34 

637.21 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 5.9: Spectral and elemental data of N-Mannich bases of isatin-β-thiosemicarbazones 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

M8 

3020, 2847, 

1726, 1615, 

1205, 854. 

2.45 (s, 6H, dimethylamino), 

3.67 (s, 3H, methoxyl), 5.14 (s, 

2H, -NCH2N-), 6.63 (d, 1H, C7 

of indolyl), 7.31 (d, 1H, C6 of 

indolyl), 7.82 (s, 1H, C4 of 

indolyl), 8.51 (s, 1H, hydrazino 

proton), 9.48 (s,1H, NH proton) 

47.99 
47.85 
 

4.96 
4.98 
 

21.52 
21.55 
 

325.1 

M15 

3030, 2853, 

1731, 1623, 

1190, 845. 

2.43 (s, 3H, CH3), 2.65 (t, 4H, 

C3, C5 of morpholinyl), 3.56 (t, 

4H, C2,C6 of morpholinyl), 3.66 

(s, 3H, methoxyl), 5.17 (s, 2H, -

NCH2N-), 6.73 (d, 1H, C7 of 

indolyl), 7.13 (d, 1H, C6 of 

indolyl), 7.32 (s, 1H, C4 of 

indolyl), 8.52 (s, 1H, hydrazino 

proton), 9.47 (s,1H, NH proton) 

52.88 
53.09 
 

5.82 
5.83 
 

19.27 
19.21 
 

363.14 

M16 

3027, 2850, 

1725, 1615, 

1210, 848. 

3.15 (t, 4H, C2, C6 of 

piperazinyl), 3.18 (t, 4H, C3,C5 

of piperazinyl), 3.43 (s, 3H, 

methoxyl), 5.15 (s, 2H, -

NCH2N-), 6.73 (d, 2H, C2, C6 of 

phenyl), 6.83 (d, 1H, C4 of 

phenyl), 6.81(d, 1H, C7 of 

indolyl), 7.21 (m, 2H, C3, C5 of 

phenyl), 7.25 (d, 1H, C6 of 

indolyl), 8.13 (s, 1H, C4 of 

indolyl), 8.51 (s, 1H, hydrazino 

proton), 9.46 (s,1H, NH proton) 

54.96 
55.14 
 

5.05 
5.03 
 

18.31 
18.36 
 

458.13 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 5.10: Spectral and elemental data of N-Mannich bases of isatin-β-

thiosemicarbazones 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

M19 

3024, 2855, 

1727, 1618, 

1195, 846. 

3.17 (t, 4H, C2, C6 of piperazinyl), 

3.20 (t, 4H, C3,C5 of piperazinyl), 

3.51 (s, 3H, methoxyl), 5.13 (s, 2H, -

NCH2N-), 6.65 (d, 2H, C2, C6 of 

phenyl), 6.79 (d, 1H, C7 of indolyl), 

6.82 (m, 2H, C3, C5 of phenyl), 7.34 

(d, 1H, C6 of indolyl), 8.07 (s, 1H, 

C4 of indolyl), 8.53 (s, 1H, hydrazino 

proton), 9.48 (s,1H, NH proton) 

 
51.12 
50.96 
 

 
4.49 
4.47 
 

17.03 
17.06 492.09 

M23 

3035, 2851, 

1730, 1620, 

1210, 852. 

3.14 (t, 4H, C2, C6 of piperazinyl), 

3.19 (t, 4H, C3,C5 of piperazinyl), 

3.59 (s, 3H, methoxyl), 3.71 (s, 3H, 

4-methoxyl), 5.11 (s, 2H, -NCH2N-), 

6.15 (d, 2H, C2, C6 of phenyl), 6.47 

(d, 1H, C7 of indolyl), 6.57 (m, 2H, 

C3, C5 of phenyl), 7.23 (d, 1H, C6 of 

indolyl), 7.73 (s, 1H, C4 of indolyl), 

8.51 (s, 1H, hydrazino proton), 9.47 

(s,1H, NH proton) 

 
55.92 
55.78 
 

 
5.33 
5.31 
 

17.78 
17.82  

472.17 

M26 

3455, 3028, 

2845, 1724, 

1616, 1208, 

850. 

1.21 (t, 3H, CH3 of C2H5), 3.13 (t. 

4H, C2, C6 of piperazinyl), 3.16 (t, 

4H, C3, C5 of piperazinyl), 3.62 (s, 

2H, methylene), 3.68 (s, 3H, 

methoxy), 4.31 (q, 2H, CH2 of 

C2H5), 6.23 (s, 1H, C8 of quinolinyl), 

7.21 (s,1H, C5 of quinolinyl), 7.29 

(d, 1H, C6 of indolyl), 7.31 (s, 1H, 

C2 of quinolinyl), 7.73 (s, 1H, C4 of 

indolyl), 8.52 (s, 1H, hydrazino 

proton), 9.49 (s,1H, NH proton), 

10.53 (s, 1H, carboxylate) 

 
54.08 
54.23 
 

 
4.54 
4.56 
 

16.35 
16.38 

599.18 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 5.11: Spectral and elemental data of N-Mannich bases of isatin-β-

thiosemicarbazones 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

M28 

3465, 3031, 

2847, 1730, 

1615, 1202, 

845. 

0.39 (m, 4H, CH2 of cyclopropyl), 

2.51 (t, 1H, CH of cyclopropyl), 

2.95 (t, 4H, C3, C5 of piperazinyl), 

3.13 (t, 4H, C2, C6 of piperazinyl), 

3.61 (s, 3H, methoxy),  5.09 (s, 2H, 

methylene), 6. 43 (s, 1H at C8 of 

quinolinyl), 6.67 (d, 1H at C7 of 

indolyl), 6.95 (s, 1H at C5 of 

quinolinyl), 7.16 (d, 1H at C6 of 

indolyl), 7.54 (s, 1H at C2 of 

quinolinyl), 7.72 (s, 1H at C4 of 

indolyl), 8.51 (s, 1H, hydrazino 

proton), 9.46 (s,1H, NH proton), 

11.03 (s, 1H, carboxylate) 

 
53.54 
53.71 
 

 
4.33 
4.35 
 

15.61 
15.64 627.15 

M30 

3452, 3030, 

2854, 1727, 

1620, 1195, 

852. 

0.43 (m, 4H, CH2 of cyclopropyl), 

2.48 (s, 3H, methyl at C5 of 

indolyl), 2.53 (t, 1H, CH of 

cyclopropyl), 3.11 (t, 4H, C2, C6 of 

piperazinyl), 3.18 (t, 4H, C3, C5 of 

piperazinyl), 3.61 (s, 3H, methoxy), 

5.13 (s, 2H, methylene), 6. 43 (s, 

1H at C8 of quinolinyl), 6.67 (d, 1H 

at C7 of indolyl), 6.95 (s, 1H at C5 

of quinolinyl), 7.16 (d, 1H at C6 of 

indolyl), 7.54 (s, 1H at C2 of 

quinolinyl), 7.72 (s, 1H at C4 of 

indolyl), 8.53 (s, 1H, hydrazino 

proton), 9.47 (s,1H, NH proton), 

11.34 (s, 1H, carboxylate) 

 
57.32 
57.23 
 

 
4.98 
4.99 
 

16.14 
16.11 

607.20 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Results and Discussion 

Synthesis & Characterization: 

The N-Mannich bases of the isatin-β-thiosemicarbazones (H7-M36) were synthesized by 

condensing the acidic imino group of isatin with formaldehyde and various secondary 

amines.  

The % yield of these final products ranged from 28.47 to 98.61 % following 

recrystallization from ethanol. The purity of the compounds was assessed by ascending 

TLC using chloroform and methanol in the ratio of 9:1 as eluant. The elemental analysis 

of the compounds for C, H and N were within ± 0.04 % of the theoretical values.  

 

The logP values ranged between 0.92 and 4.37 with H14 having the lowest logP value 

and M19 being the most lipophilic with a logP of 4.37. Hence it can be seen that all the 

compounds were within the limits of lipophilicity as defined in Lipiniski’s rule of five 

[131]. 

 

The assignments of structures were based on elemental and spectroscopic methods and 

the chemical shifts obtained from 1H-NMR spectra supported the proposed structures. 

The IR spectra displayed new absorption band in the region of 2850 cm-1 due to the 

methylene group (-CH2-). Absence of peak at 3200 cm-1, due to amide group (N-H 

group), indicated the replacement of active hydrogen atom of isatin with aminomethyl 

group. The aromatic CH stretching was observed at 3030 cm-1, the C=O stretch of –amide 

at 1620 cm-1, the C=N peak at 1730 cm-1, the C=S peak at 1210 cm-1, and the aromatic 

CH bending vibrations at 850 cm-1. In the case of molecules like M26, M30 which has a 

fluoroquinolone moiety a broad OH stretch of the carboxylic acid at C3 was observed 

around 3500cm-1. 

 

In the NMR spectra for the isatin- β-thiosemicarbazones (Schiff bases), sharp singlet was 

observed at δ 10.6 ppm due to –NH group of isatin; whereas in the case of the N-

Mannich bases this singlet disappeared and a new singlet appeared at δ 5.92 ppm due to 

the –NCH2N- protons of the methylene Mannich group. A singlet was also observed for 

the NH of thiosemicarbazono group at δ 9.02 ppm. 
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N

O

N N
H

S

N
H

OCH3

H3C

N

O

363; M+ peak

277

231; loss of NHOCH3

173; loss of thioisocyanate

 
The mass spectrum of M15 showed an M+ peak at 363, base peak at 277. The remaining 

major fragmentation peaks were at m/z 231 and 173. 
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5.2 Biological activity 

Results: 

The titled compounds were screened for their anti-HIV activity and cyotoxicity against 

HIV-1 (HTLV-IIIB) in MT-4 cell line. 

Table 5.12: Anti-HIV activity and cytotoxicity of compounds (H7-M17) against 

HIV-1 (HTLV-IIIB) in MT-4 cell line 

Compound 

code 

EC50
a 

(µM) 

CC50
b
 

(µM) 
S.I

c
 

H7 129.96 610.15 4.69 

M7 57.93 551.75 9.52 

H8 47.22 599.15 12.68 

M8 37.80 559.69 14.80 

H9 113.22 650.68 5.75 

M9 64.09 622.28 9.71 

H10 120.84 562.05 4.65 

M10 58.40 454.21 7.78 

H11 36.24 520.93 14.37 

M11 29.71 490.07 16.49 

H12 57.61 534.25 9.27 

M12 53.27 572.80 10.75 

H13 35.13 347.72 9.89 

M13 28.40 322.26 11.35 

H14 61.41 465.01 7.57 

M14 28.85 274.09 9.50 

H15 93.59 572.39 6.12 

M15 45.13 365.41 8.09 

H16 28.32 273.07 9.64 

M16 17.65 267.13 15.13 

H17 19.60 250.89 12.80 

M17 18.08 226.89 12.55 
a Effective concentration of the drug that reduces HIV-1 induced cytopathic effect by 50% in MT-4 cells.  
b Cytotoxic concentration of the drug that decreases MT-4 cell’s viability by 50%.  
c Selectivity index or ratio of CC50 to EC50. 
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Table 5.13: Anti-HIV activity and cytotoxicity of compounds (H18-H29) against 

HIV-1 (HTLV-IIIB) in MT-4 cell line 

Compound 

code 

EC50
a 

(µM) 

CC50
b
 

(µM) 
S.I

c
 

H18 19.32 420.00 21.74 

M18 17.3 276 15.95 

H19 11.06 268.14 24.24 

M19 2.43 228.61 94.07 

H20 6.85 193.55 28.25 

M20 3.77 346.79 91.98 

H21 6.10 335.11 54.94 

M21 1.69 300.22 177.64 

H22 21.26 278.76 13.11 

M22 13.09 220.86 16.87 

H23 14.66 259.54 17.70 

M23 12.7 276 21.73 

H24 14.96 320.98 21.46 

M24 9.82 324.39 33.03 

H25 27.24 185.54 6.81 

M25 19.15 192.51 10.05 

H26 18.44 207.66 11.26 

M26 10.51 143.76 13.68 

H27 16.88 326.67 19.35 

M27 11.42 237.72 20.82 

H28 33.38 229.30 6.87 

M28 10.99 142.66 12.98 

H29 16.50 222.23 13.47 
a Effective concentration of the drug that reduces HIV-1 induced cytopathic effect by 50% in MT-4 cells.  
b Cytotoxic concentration of the drug that decreases MT-4 cell’s viability by 50%.  
c Selectivity index or ratio of CC50 to EC50. 
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Table 5.14: Anti-HIV activity and cytotoxicity of compounds (M29-M36) against 

HIV-1 (HTLV-IIIB) in MT-4 cell line 

 

Compound 

code 

EC50
a 

(µM) 

CC50
b
 

(µM) 
S.I

c
 

M29 11.43 254.78 22.29 

H30 20.89 303.72 14.54 

M30 9.22 231.71 25.13 

H31 23.18 209.45 9.04 

M31 9.26 180.38 19.48 

H32 9.93 186.85 18.82 

M32 4.43 178.27 40.24 

H33 11.73 243.95 20.80 

M33 5.74 155.50 27.09 

H34 15.35 233.73 15.23 

M34 7.14 164.25 23.00 

H35 4.18 205.88 49.25 

M35 1.88 170.51 90.70 

H36 11.13 276.00 24.80 

M36 1.86 154.06 82.83 

Nevirapine 0.13 156 1200.00 

Trovirdine 0.016 87 5437.50 
a Effective concentration of the drug that reduces HIV-1 induced cytopathic effect by 50% in MT-4 cells.  
b Cytotoxic concentration of the drug that decreases MT-4 cell’s viability by 50%.  
c Selectivity index or ratio of CC50 to EC50. 
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Selected compounds were analyzed for their ability to repress HIV-1 RT enzyme. 
 

 

Table 5.15: HIV-1RT enzyme inhibition data for selected N-Mannich bases of isatin-

β-thiosemicarbazones
a 

 
 
 

Compound 

code 
IC50 (µM) against HIV-1 RT

b
 

H21 23.4 ± 1.2 

M19 18.3 ± 2.1 

M20 16.7 ± 2.3 

M21 11.5 ± 1.5 

Nevirapine 0.25 

Trovirdine 0.017 ± 0.007 
a Enzyme assays done with WT RT.  
b IC50 is the quantity of drug that reduced WT RT enzyme activity by 
50%. 
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All the analogues were screened for their ability to inhibit the growth of H37 Rv strain of 

MTB in logarithmic phase. MIC was the concentration at which the H37Rv MTB strain 

showed complete inhibition. 

 

Table 5.16: Anti-tubercular activity of compounds (H7-M22) against H37Rv strain 

of MTB in logarithmic phase 

Compound 

code 
MIC in µM  

Compound 

code 
MIC in µM 

H7 76.27 H15 8.96 

M7 18.28 M15 4.29 

H8 10.05 H16 28.09 

M8 9.62 M16 13.62 

H9 81.34 H17 7.30 

M9 19.45 M17 7.07 

H10 70.26 H18 14.72 

M10 16.90 M18 12.36 

H11 9.22 H19 13.04 

M11 4.41 M19 6.34 

H12 11.83 H20 3.37 

M12 8.96 M20 3.27 

H13 6.11 H21 6.82 

M13 4.06 M21 3.30 

H14 4.41 H22 13.16 

M14 4.25 M22 12.78 

.  
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Table 5.17: Anti-tubercular activity of compounds (H23-M36) against H37Rv strain 

of MTB in logarithmic phase 

 

 

Compound 

code 
MIC in µM 

a
 
Compound 

code 
MIC in µM

a
 

H23 6.83 H30 0.67 

M23 6.14 M30 0.66 

H24 13.75 H31 1.23 

M24 6.68 M31 1.20 

H25 1.30 H32 0.65 

M25 0.65 M32 0.63 

H26 1.33 H33 0.65 

M26 0.67 M33 1.24 

H27 1.34 H34 1.19 

M27 1.31 M34 0.30 

H28 2.54 H35 0.16 

M28 0.64 M35 0.15 

H29 0.33 H36 0.63 

M29 0.31 M36 0.31 

Isoniazid 0.36 Rifampicin 0.12 
aMIC was the concentration at which the H37Rv MTB strain showed complete inhibition.   
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Few of the analogues were screened for their ability to suppress dormant MTB. 

Table 5.18: Anti-tubercular activity of selected compounds against dormant MTB 

Compound 

code 

Dormant MTB MIC 

(µM)
a
 

H20 13.48 

H21 27.28 

H29 20.92 

H30 42.11 

H32 10.12 

H33 20.37 

H35 9.74 

H36 19.60 

M14 17.01 

M19 25.36 

M20 13.08 

M21 12.11 

M24 38.01 

M25 36.86 

M26 19.24 

M28 34.62 

M30 18.44 

M32 9.45 

M35 9.17 

M36 17.81 

Isoniazid 182.31 

Rifampicin 15.19 
aMIC was the concentration at which the dormant H37Rv MTB strain showed complete 

inhibition.   
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Few of the analogues were analyzed for their ability to inhibit MTB ICL enzyme. 

 

Table 5.19: MTB ICL suppression by selected compounds 

 

Compound code 
MTB ICl % Inhibition  

(conc. of stock solution used) 

H20 18.54 (10mM) 

H21 11.03 (10mM) 

M12 18.9 (10mM) 

M14 15.93 (10mM) 

M19 6.38 (10mM) 

M20 28.37 (10mM) 

M21 9.49 (10mM) 

M24 23.3 (10mM) 

M30 63.44 (10mM) 

3-NPA 65.99 (100mM) 

 



 

 94 

Few of the analogues were tested for their ability to inhibit supercoiling of DNA gyrase 

of Mycobacterium smegmatis (MC2). 

 

Table 5.20: Mycobaterium smegmatis (MC2) DNA gyrase supercoiling inhibition by 

selected compounds 

 

Compound 

code 
IC50 (µM) 

Compound 

code 
IC50 (µM) 

H25 66.44 M25 81.16 
H26 85.39 M26 83.39 
H27 34.39-51.58 M27 83.94 
H28 4.89-8.14 M28 63.69-79.61 
H29 66.94-83.67 M30 82.28 
H30 67.38-84.23 M31 77.15 
H31 63.09 M32 >79.16 
H32 >80.96 M33 79.66 
H33 16.30 M34 74.39 
H34 45.59-60.78 M35 76.26 
H35 15.58 M36 76.72 
H36 15.68-31.36 Ciprofloxacin 15.09  

  Moxifloxacin 12.46 
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Selected compounds were screened for their antiviral activity against HCV in Huh 7 ET 

cell line. 

 

Table 5.21: Antiviral and Cytotoxicity activity of selected compounds against HCV 

 

Compound 

code 

High 

Test 

Conc 

Drug 

Units 

Activity 

(% 
inhibition 
virus 
control) 

Cytotoxicity 
(% cell 
control) 

SI 

H8 20 µM 41.4 61.6 <1 

H9 20 µM 0.0 77.0 <1 

H16 20 µM 12.3 102.4 <1 

H19 20 µM 0.0 52.3 <1 

H20 20 µM 86.9 32.7 <1 

H21 20 µM 0.0 75.2 <1 

H22 20 µM 37.8 0.0 <1 

H23 20 µM 17.5 76.7 <1 

H24 20 µM 38.1 0.1 <1 

H31 20 µM 30.9 28.5 <1 

rIFNα-2b 2 IU/mL 94.8 102.1 >1 

rIFNα-2b 2 IU/mL 94.7 96.3 >1 
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Selected analogues were analysed for their activity against influenza type A and B virus 

in MDCK cell line. 

 

Table 5.22: Activity of selected compounds against Influenza Type A virus 

 

 

Compound 

code 

 

EC50 

(µM) 

IC50 
(µM) 

SI 

H27 55.02 >55.02 >1 

H28 52.11 53.74 1 

H31 >53.62 53.62 0 

H32 32.38 >161.92 >5 

H35 49.87 >155.85 >3 
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Table 5.23: Activity of selected compounds against Influenza Type B virus  

 

Compound 

code 

 

EC50 

(µM) 

IC50 
(µM) 

SI 

H7 94.57 97.62 1 
H8 28.91 89.93 3 
H9 >104.11 120.38 1 
H10 87.12 281.03 3 
H11 17.68 94.29 5 
H14 73.58 282.99 4 
H15 >91.58 286.20 3 
H16 71.92 224.75 3 
H17 74.68 233.38 3 
H19 22.95 70.92 3 
H20 23.76 64.80 3 
H21 84.97 >217.88 >3 
H22 63.16 69.48 1 
H23 65.43 152.67 2 
H24 61.60 >61.60 0 
H25 11.63 94.68 8 
H26 6.83 56.35 8 
H27 46.42 46.42 0 
H28 45.60 52.11 1 
H29 51.88 >167.34 >3 
H30 52.22 168.46 3 
H31 48.89 55.20 1 
H32 142.49 >161.92 >1 
H33 >143.41 >162.96 1 
H34 >48.62 50.14 1 
H35 56.11 >155.85 >3 
H36 48.61 >156.82 >3 
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Selected compounds were tested for their antiviral activity against SARS virus in Vero 76 

cell line. 

 

Table 5.24: Activity of selected compounds against SARS virus 

 

Compound 

code 

 

EC50 

(µM) 

IC50 
(µM) 

SI 

H7 97.62 >97.62 >1 

H8 28.91 102.78 4 

H9 117.12 >117.12 0 

H10 84.31 >126.46 >2 

H11 91.34 >94.29 >1 

H14 87.73 166.96 2 

H19 16.27 66.75 4.1 

H21 143.80 217.88 2 

H26 56.35 >63.19 >1 

H30 38.74 >69.07 >2 

H33 162.96 >162.96 >1 

H34 >72.94 72.94 0 

H36 >86.25 156.82 2 
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Discussion: 

A. In-vitro anti-HIV assays: 

 The titled compounds were tested for their ability to inhibit the replication of 

HIV-1 (IIIB) cells in MT-4 cells.  All the sixty analogues had EC50 lying in the range of 

1.69 µM to 129.96 µM (Table 5.12-5.14). Fifteen derivatives had EC50 less than 10 µM. 

Amongst the thirty hydroxythiosemicarbazone derivatives H35 was found to be the most 

promising with EC50 of 4.18 µM. Amongst the various substituted piperazinyl analogues 

the most potent ones were found to be the 4-chlorophenyl piperazinyl derivatives (H19-

H21) followed by 4-methoxyphenyl piperazine (H22-H24) and then phenyl piperazine 

(H16-H18) derivatives. The presence of dialkylamine at R1 ruled anti-HIV activity by the 

following order: N,N-diethylamine> N,N-dimethylamine. When R1 was substituted by 

various fluroquinolones (FQ), gatifloxacin analogues (H34-H36) showed the greatest 

inhibition of HIV replication followed by lomefloxacin derivatives (H31-H33) and then 

by ciprofloxacin (H28-H30) and norfloxacin analogues (H25-H27) which were almost 

equipotent to each other. The methoxythiosemicarbazone analogues when compared to 

those of hydroxy thiosemicarbazone derivatives displayed better inhibitory profile. The 

higher activity of the methoxythiosemicarbazones in comparison to the 

hydroxythiosemicarbazones can be attributed to the methoxy moiety, being involved in 

steric interaction with the aromatic residues of HIV-1 RT; which was confirmed with the 

docking results obtained. In the series of methoxy thiosemicarbazone analogues, 2-(1-

{[4-(4-chlorophenyl)tetrahydropyrazin-1(2H)-yl]methyl}-5-methyl-2-oxo-1,2-dihydro-

3H-indol-3-yliden)-N-(methyloxy)hydrazine-1-carbothioamide (M21) was found to be 

the most potent in suppressing the replication of HIV-1 cells with an EC50 of 1.69 µM. 

The anti-HIV potency of M21 may be ascribed to the electronegative chlorine present at 

the 4th position of phenyl piperazinyl methyl which probably forms an ionic bond with 

positive residues present in the active site pocket and also owing to the methyl group at 

the 5th position of the indolyl moiety which helps it in establishing steric interactions with 

aromatic residues of the enzyme. Between morpholinyl and piperazinyl substitution at R1 

of the methoxy thiosemicarbazones, piperazinyl analogues (M16-M24) showed improved 

anti-HIV potency.  Comparison between the various substituted piperazinyl showed that 

4-chlorophenyl piperazine derivatives (M19-M21) were most active followed by 4-
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methoxyphenyl piperazine (M22-M24) and lastly phenyl piperazinyl analogues (M16-

M18). 4-Chlorophenyl piperazinyl methyl substituted molecules showed higher 

inhibitory activity against replication of HIV-1 cells in comparison to other phenyl 

piperazines namely phenyl piperazine and 4-methoxy phenyl piperazine due to the 

halogen group present at the 4th position of the phenyl ring forming a bond with some 

positively charged residues of the RT enzyme. Presence of various FQs at R1 guides 

activity in the following sequence: gatifloxacin> lomefloxacin> ciprofloxacin≈ 

norfloxacin. The presence of FQs at N-1 makes the molecule M36 the second most 

potent molecule amongst the total 60 reported compounds against HIV replication. When 

considering the substituent at 5th position of the indole-2,3-dione it was observed that 

activity was governed by the order of F≈CH3> Cl. Compounds with N, N-

diethylaminomethyl substitution at N-1 of indole-2, 3-dione (H10-M12) showed better 

inhibitory activity than those with N,N-dimethylamine methyl substitution (H7-M9) 

possibly due to the longer aliphatic chain length contributing to improved interaction with 

the bulky groups present at the active site. The nature of substituents at R1 also governed 

the activity possessed by the compounds. Presence of piperazinylmethyl and substituted 

piperazinylmethyl group at N-1 enhanced the anti-HIV activity when compared to 

morpholinylmethyl group. This can be attributed to the repulsion experienced by the 

oxygen of morpholine ring.  

The cytotoxic effect of these molecules was measured in MT-4 cells in parallel 

with the antiviral activity. Amongst the entire series H9 was found to be least cytopathic 

to MT-4 cells with a CC50 value of 650.68 µM. The CC50 values of the entire series of 

sixty compounds were found to lie in the range of 143.76-650.68 µM (Table 5.12-5.14). 

When compared to standard non-nucleoside reverse transcriptase inhibitors (NNRTI) like 

nevirapine and delaviridine, which have CC50 of around 25 µM, these new molecules are 

far less cytotoxic. Cytotoxicity was found to be regulated by the occurrence of greater 

bulky groups at N-1 of indolyl moiety. While comparing between the terminal substituent 

present at the hydrazino carbothioamide it was seen that molecules belonging to series of 

methoxythiosemicarbazone analogues were mostly less toxic than that of the series of 

hydroxythiosemicabazones except for a few isolated cases, which can be ascribed to the 
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probable hydrogen bond formation by the hydroxyl group with residues of the MT-4 

cells.  

 

B. HIV-1 RT enzyme inhibition assay: 

 HIV-1 reverse transcriptase (RT) is a predominant target for many anti-HIV drugs 

that are being used clinically and are there in the developmental stages. RT is a 

multifunctional heterodimeric enzyme needed in HIV replicative cycle, which catalyzes 

the conversion of genomic HIV RNA into proviral DNA [23, 132].  Drugs targeting RT 

are classified into two broad categories: nucleoside reverse transcriptase inhibitors 

(NRTI) and non-nucleoside reverse transcriptase inhibitors (NNRTI). NNRTIs inhibit RT 

in a non-competitive manner by binding at an allosteric site that is situated 10 Å away 

from the catalytic HIV-RT site [133]. NNRTIs are specific to HIV-1 RT and hence are 

comparatively less toxic to the host. Though NNRTIs are structurally diverse, they act on 

RT by inducing conformational changes that form the NNRTI binding pocket (NNIBP). 

They achieve this by distorting the polymerase active site by means of movement of the 

catalytic aspartates [28].  

Four compounds was assessed for their activity against wild type HIV-1 RT. Compound 

M21 showed the highest inhibitory activity with IC50 of 11.5 ± 1.5 µM (Table 5.15) on 

HIV-1 RT amongst all four, which can be ascribed to the methyl moiety present at 

thiosemicarbazo moiety, which may be involved in steric interaction with some residues 

present in the RT active site. Activity can moreover be guided by the phenyl ring attached 

to the piperazinyl moiety at R1, which can contribute to significant interaction with 

aromatic residues of the RT enzyme as is evident from the docking simulations 

performed.  
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C. In vitro anti-tubercular evaluation: 

 The titled compounds when evaluated for their inhibitory activity against the 

replication of MTB in the logarithmic growth phase displayed activity ranging from 0.15 

to 81.34µM (Table 5.16-5.17). Forty-four compounds had minimum inhibitory 

concentrations (MIC) below 10 µM out of which fifteen molecules’ MIC were found to 

lie below 1 µM.  1-Cyclopropyl-6-fluoro-7-[4-{[5-fluoro-3-((Z)-2-

{[(methyloxy)amino]carbothioyl}hydrazono)-2-oxo-1H-indol-1(2H)-yl]methyl}-3-

methyltetrahydropyrazin-1(2H)-yl]-8-(methyloxy)-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid (M35) was found to be the most active against the logarithmic growth of 

MTB with MIC of 0.15 µM, even more potent than INH (MIC: 0.36 µM). In contrast to 

the hydroxythiosemicarbazone analogues, the methoxythiosemicarbazones exhibited 

superior activity against MTB growth. Amongst the hydroxythiosemicarbazone 

analogues the most active compound was found to be H35 with an MIC of 0.16 µM 

(Table 5.16-5.17). Keeping the functional group present at C5 (R’) constant in the 

hydroxysemicarbazone series when the substituent attached to N1 (R1), was varied the 

order of activity was as follows: N,N-dimethylamino< N,N-diethylamino< 

phenylpiperazinyl< 4-methoxyphenyl piperazinyl< 4-chlorophenyl piperazinyl< 

morpholinyl< norfloxacin< ciprofloxacin< lomefloxacin< gatifloxacin. Substituents at R’ 

influenced the anti-tubercular activity in the following order: fluorine> chlorine≈ methyl, 

with moderate to lowest activity swaying between chlorine and methyl, which might be 

due in part to the combined effect of the substituent present at R1.  

Compound M35 was found to be the most promising in the methoxythiosemicarbazone 

series. Varying substituents at R1 led to the same order of activity as that of hydroxy 

thiosemicarbazones. The greater activity profile of the flouroquinolone substituted 

analogues (H25-M36) can be accredited to their increased lipophilicity permitting them 

to penetrate into the mycolic acid cell wall of the bacilli. In case of the morpholinyl 

derivatives (H13-M15) the enhanced activity in contrast to the piperazinyl derivatives 

may be due in part to the electronegative oxygen which might be involved in some ionic 

interaction or some hydrogen bonding interaction with residues at the active site. 

Amongst the substituted piperazinyl analogues, the 4-chlorophenyl piperazinyl analogues 

demonstrated highest activity, which can be attributed to the chlorine atom being 
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involved in some probable ion-dipole interaction with the residues of the active site 

pocket. In the presence of dialkylamino group at R1, increased alkyl chain length 

contributed to greater inhibition of MTB replication possibly due to increased steric 

factor. These results were further established by the docking simulations that were 

performed.     

 

D. Anti-tubercular activity of compounds against dormant MTB: 

 An MTB-infected individual transmits the bacilli as a droplet nucleus to the next 

human host who inhales it. Almost 30 % of exposed individual becomes infected; 

whereas 60 -90 % of this population launches an immune response against it thereby 

containing the pathogen. When more T cells and macrophages slowly surround this 

pathogen it slows its replicative cycle and is unable to transmit infection. Due to this 

feature of MTB, approximately one-third of the global population is estimated to be 

infected with this bacillus. The tuberculosis pathogen can endure within an infected 

individual for extended period of time without triggering any clinical symptoms of the 

disease. Though the replicative cycle of this mycobacterium during this stage is not 

clearly delineated, current breakthroughs in this area indicates that this pathogen needs 

the regulated expression of a set of genes and metabolic pathways to maintain chronicity 

in an immunocompetent host. Since the currently available anti-tubercular drugs are 

incapable of treating dormant TB, novel chemotherapeutic agents are needed which 

would target the phagocytosed bacilli present in the alveolar macrophages [134, 135].   

These compounds showed exemplary inhibitory profile against starved MTB 

culture. Twenty compounds from amongst the sixty derivatives were tested for their 

activity against the replication of dormant MTB culture (Table 5.18). Compound M35 

proved superior in curbing the growth of dormant MTB (MIC: 9.17 µM) in comparison 

to first-line anti-tubercular drugs, INH (MIC: 182.31 µM) and RIF (MIC: 15.19 µM). All 

the twenty analogues were found to be more active (MIC ranging from 9.17-42.11 µM) 

in suppressing the proliferation of dormant MTB when compared to INH. Seven of them 

were found to be more beneficial (MIC ranging from 9.17-13.48 µM) than RIF in 

inhibiting dormant MTB.  
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E. MTB ICL enzyme inhibition assay: 

 TB is marked by the ability of the bacilli, MTB, to endure in macrophages of the 

infected patients thereby maintaining chronicity. In chronic tuberculosis, the bacillus 

exists in diverse metabolic phases, spanning from active cell growth to stationary phase 

[93].  All the currently available anti-tubercular drugs that are being clinically used do 

not target various stages that MTB uses for its persistence in the macrophages and hence 

prolonging the treatment regimen. A lot of research activity is currently aimed at 

understanding the biology of persistence of the tubercle bacillus and developing new 

drugs that target the persister bacteria [136]. Gene products involved in mycobacterial 

persistence, such as isocitrate lyase (ICL) [137], PcaA (methyl transferase involved in the 

modification of mycolic acid) [138], RelA (ppGpp synthase) [139], and DosR 

(controlling a 48-gene regulation involved in mycobacterial survival under hypoxic 

conditions) [140], have been identified and could be good targets for the development of 

drugs that target persistent bacilli. As the compounds reported in this article, 

demonstrated excellent activity against dormant mycobacterium, we decided to explore 

the possible mechanism by screening some compounds against ICL enzyme of MTB. 

Mycobacterium survives during chronic infection by undergoing a shift in the metabolic 

cycle in the bacillus’ carbon source to C2 substrates. Due to this, the glyoxalate shunt is 

up regulated and it assimilates carbon by converting isocitrate to succinate and glyoxalate 

with the aid of isocitrate lyase enzyme.  The glyoxylate cycle being absent in higher 

animals, and due to its role for survival for the persistent phase of the tubercular 

infection, ICL is considered an ideal drug target for combating persistent MTB [141]. 

Several small-molecule inhibitors have been described [140] as MTB ICL inhibitors; 

however, none has been developed as a drug for MTB. In this work, isocitrate lyase 

activity was determined at 37°C by measuring the formation of glyoxylate-

phenylhydrazone in the presence of phenylhydrazine and isocitrate lyase at 324nm based 

on the method described [119]. The compounds were screened with a single 

concentration of 10 mM and percentage inhibitions of the screened compounds along 

with the standard MTB ICL inhibitor 3-nitropropionic acid (3-NP) (at 100 mM) for 

comparison are reported (Table 5.19). 
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 Among nine compounds which were assessed for their ability to inhibit ICL of 

MTB, M30 demonstrated excellent inhibitory action of the ICL enzyme of about 63.44% 

and was more potent than standard ICL inhibitors like 3-NP. Compounds M20 and M24 

showed mild ICL inhibition with range of 20-30%. Amongst the 

hydroxythiosemicarbazone analogues evaluated, H20 showed an inhibition of 18.54%. 

The inhibitory activities of M24 and M30 can be assigned to the methyl group present at 

R’ and also to the bulky groups present at R1, which might be contributing to significant 

steric interaction with bulky residues present in the enzyme active pocket. This was also 

confirmed by the docking study performed. 

 

F. MTB DNA Gyrase enzyme assay: 

 Selected analogues were tried for their ability to inhibit the supercoiling of 

Mycobacterium smegmatis DNA gyrase (Table 5.20). The IC50 of these twenty-three 

analogues ranged between 3 and 50 µg/mL. H28 displayed the most promising DNA 

gyrase inhibition with an IC50 of 3-5 µg/mL, followed by H33 and H35 with IC50 of 10 

µg/mL.  

 

G. Antiviral and Cytotoxicity assay for HCV: 

 Selected compounds belonging to this series were evaluated for their ability to 

inhibit HCV and also for their cytotoxicity on Huh 7 ET cell line at a concentration of 20 

µM. None of the compounds were found to be active against HCV replication. Four 

compounds namely, H20, H22, H24 and H31 were found to be cytotoxic to Huh 7 ET 

cell line (Table 5.21).  

  

H. Antiviral and Cytotoxicity activity against Influenza Type A virus: 

 Selected compounds were also analyzed for their ability to inhibit the replication 

of Influenza type A virus, strain Vietnam/1203/2004H in MDCK cell line (Table 5.22). 

Only H32 was found to be slightly active with an EC50 of 20 µg/mL and selectivity index 

greater than 5.  
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I. Antiviral and Cytotoxicity activity against Influenza Type B virus: 

 Selected compounds were also analyzed for their ability to inhibit the replication 

of Influenza type B virus, strain Malaysia/2506/2004 in MDCK cell line (Table 5.23). 

Five analogues, namely H8, H11, H14, H25 and H26 were found to be slightly active in 

inhibiting the replication of Influenza type B virus. Their EC50 ranged between 6 and 26 

µg/mL. H25 and H26 had the greatest selectivity index of 8.  

 

J. Antiviral and Cytotoxicity activity against SARS virus 

Few of the analogues were also tested for their ability to inhibit the replication of 

SARS virus, Urbani strain in Vero 76 cell line (Table 5.24). Two of the analogues, viz. 

H8 and H19 showed slight activity against the replication of SARS virus replication with 

selectivity indices of 4.0 and 4.1 respectively.  
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5.3 Computational studies 

A. CoMFA and CoMSIA Analyses based on HIV-1 screening 

Results: 

 

Fig. 5.1: Manual alignment of the analogues belonging to Series I 
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Table 5.25: Experimental and predicted pEC50 values of training set compounds 

Compound Experimental 

pEC50 

CoMFA model CoMSIA model 

 
 

Predicted 

pEC50 

Residual Predicted 

pEC50 

Residual 

H7 0.89 0.76 0.13 1.03 -0.14 
H8 1.33 1.29 0.04 1.37 -0.04 
H11 1.44 1.46 -0.02 1.53 -0.09 
H14 1.21 1.27 -0.06 1.13 0.08 
H16 1.55 1.43 0.12 1.73 -0.18 
H17 1.71 1.85 -0.14 1.68 0.03 
H18 1.72 1.7 0.02 1.69 0.03 
H19 1.96 2.03 -0.07 1.84 0.12 
H20 2.15 2.31 -0.16 2.21 -0.06 
H23 1.82 1.65 0.17 1.94 -0.12 
H26 1.74 1.83 -0.09 1.81 -0.07 
H29 1.78 1.69 0.09 1.77 0.01 
H30 1.68 1.51 0.17 1.74 -0.06 
H31 1.64 1.32 0.32 1.55 0.09 
H32 2.05 2.24 -0.19 2.13 -0.08 
H33 1.92 2.37 -0.45 2.05 -0.13 
M8 1.43 1.59 -0.16 1.56 -0.13 
M10 1.24 1.16 0.08 1.09 0.15 
M12 1.23 1.14 0.09 1.38 -0.15 
M13 1.55 1.34 0.21 1.48 0.07 
M15 1.35 1.44 -0.09 1.39 -0.04 
M16 1.75 1.86 -0.11 1.86 -0.11 
M17 1.74 1.63 0.11 1.65 0.09 
M19 2.62 2.82 -0.20 2.53 0.09 
M20 2.43 2.56 -0.13 2.51 -0.08 
M22 1.88 1.79 0.09 1.73 0.15 
M24 2.01 1.96 0.05 2.11 -0.10 
M26 1.98 2.04 -0.06 2.03 -0.05 
M27 1.94 1.99 -0.05 1.86 0.08 
M28 1.96 1.73 0.23 2.08 -0.12 
M31 2.05 1.92 0.13 1.98 0.07 
M32 2.36 2.57 -0.21 2.42 -0.06 
M33 2.24 2.18 0.06 2.35 -0.11 
M35 2.74 2.91 -0.17 2.85 -0.11 
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Table 5.26: Experimental and predicted pEC50 values of test set compounds 

Compound Experimental 

pEC50 

CoMFA model CoMSIA model 

  Predicted 

pEC50 

Residual Predicted 

pEC50 

Residual 

H9 0.95 0.958 -0.008 1.022 -0.072 

H10 0.92 0.997 -0.077 1.164 -0.244 

H15 1.03 1.053 -0.023 1.088 -0.058 

H21 2.22 1.951 0.269 2.08 0.14 

H22 1.68 1.596 0.084 1.687 -0.007 

H24 1.82 1.122 0.698 1.187 0.633 

H25 1.57 2.267 -0.697 1.744 -0.174 

H27 1.77 1.897 -0.127 1.55 0.22 

H28 1.48 1.644 -0.164 1.581 -0.101 

H34 1.82 1.551 0.269 1.789 0.031 

H35 2.38 1.925 0.455 2.057 0.323 

H36 1.96 1.525 0.435 1.754 0.206 

M7 1.24 1.277 -0.037 1.344 -0.104 

M9 1.19 1.272 -0.082 1.369 -0.179 

M11 1.54 1.538 0.002 1.518 0.022 

M14 1.55 1.608 -0.058 1.605 -0.055 

M21 2.8 2.103 0.697 2.203 0.597 

M25 1.72 2.094 -0.374 1.939 -0.219 

M30 2.05 2.251 -0.201 2.093 -0.043 

M34 2.15 2.349 -0.199 2.009 0.141 

M36 2.74 2.357 0.383 2.588 0.152 

 

 

 

 

 



 

 110 

Table 5.27: Summary of CoMFA, Advanced CoMFA and CoMSIA results 

 

 CoMFA CoMSIA 

Parameters SCT(RF) PBL PBL(RF) SEADH 

q
2 0.71 0.642 0.666 0.823 

spress 0.262 0.290 0.280 0.209 

r
2 0.970 0.971 0.955 0.970 

SE 0.089 0.086 0.108 0.088 

F 148.08 156.397 99.186 151.306 

N 6 6 6 9 

fractions     

S 0.653 0.669 0.954 0.123 

E 0.347 0.331 0.046 0.241 

H - - - 0.329 

A - - - 0.242 

D - - - 0.064 

r
2
bs 0.984 0.986 0.978 0.981 

SDbs
 0.007 0.003 0.007 0.005 

r
2
cv 0.694 0.661 0.632 0.792 
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CoMFA analysis:training set
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Fig. 5.2: Scatter plot depicting predicted pEC50 versus Experimental pEC50 data 

using CoMFA analysis for training set compounds 
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Fig 5.3: Scatter plot depicting predicted pEC50 versus Experimental pEC50 data 

using CoMSIA analysis for training set compounds. 
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Fig. 5.4: Scatter plot depicting predicted pEC50 versus Experimental pEC50 data 

using CoMFA analysis for test set compounds 

 

 

 

 
Fig. 5.5: Scatter plot depicting predicted pEC50 versus Experimental pEC50 data 

using CoMSIA analysis for test set compounds. 
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Fig. 5.6:CoMFA contour map of steric regions (green, favored; yellow; disfavored) 

around M21 

 

Fig. 5.7: CoMFA contour map of electrostatic regions around M21. Blue regions are 

favored by positively charged groups and red regions favored by negatively charged 

groups. 
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Fig. 5.8: CoMSIA contour map of hydrophobic regions (yellow favored; white 

disfavored) around M21 

 

Fig. 5.9: CoMSIA hydrogen bonding acceptor contour map (magenta favored; green 

disfavored) around M21 
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Fig. 5.10: CoMSIA steric contour map (green favored; yellow disfavored) around 

M21 

 

Fig. 5.11: CoMSIA electrostatic contour map around (red favored; blue disfavored) 

M21 
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Discussion: 

CoMFA and CoMSIA Analyses based on HIV-1 screening. The CoMFA analysis was 

performed by dividing the array of compounds into training set of 34 compounds for 

model development and test set of 20 analogues, which were used for validation of this 

model. CoMFA study was developed using steric and electrostatic fields as independent 

variable and pEC50 as dependent variable. CoMSIA study was developed based on steric, 

electrostatic, hydrophobic, hydrogen bond donor and hydrogen bond acceptor similarity 

fields as independent variables and pEC50 as dependent variable [142].  

The final CoMFA model was generated using cross-validated PLS analysis. PLS 

analysis showed a high q2 value of 0.642 at 6 components with parabolic field (advanced 

CoMFA). The other fields like the indicator field and H-bonding field showed q2 of 0.586 

and 0.356 at 4 and 6 components respectively. When all these regions were focused, the 

q
2 improved and the parabolic field produced the highest q2 of 0.666 at 6 components 

with high conventional r2. The obtained model was statistically significant as was evident 

from the q2, spress, SE, F-value and r2bs values tabulated in the table for CoMFA and 

Advanced CoMFA fields. This final CoMFA model, had a cross-validated r2 (q2) of 

0.666 with 6 principal components. The non cross-validated r2 was determined to be 

0.955 with standard error of estimate (SE) being 0.108 and covariance ratio (F) being 

99.186 (significant at 99% level). This model was further validated using the test set 

compounds, which confirmed its reliable predictive ability. Bootstrapping results also 

supported the reliability of this model. The statistical parameters of this model are listed 

in Table 5.27. 

In the CoMFA model, the steric and electrostatic field contributions were 0.669 

and 0.331 respectively. The steric and electrostatic contour maps of this model are shown 

in Figs 5.6 and 5.7 respectively. The red regions in the contour maps refer to the 

electrostatically favored region and the blue region corresponds to electrostatically un-

favored region. The green polyhedric regions correspond to sterically favored regions and 

yellow region refer to the sterically un-favored region. The red region near the para 

position of the phenyl ring of the phenyl piperazinyl methyl moiety suggests that 

introduction of more electronegative group at this position would enhance the anti-HIV 

activity of this class of compounds by virtue of some strong electrostatic interactions. The 
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blue regions near the 5th and 6th carbons of the phenyl ring indicate that presence of any 

electronegative moiety at these positions would be detrimental for anti-viral activity. The 

blue polyhedra around C7 of isatin and C2 of piperazine also indicated that introduction of 

any electronegative group at these positions would diminish the potential of these 

compounds to inhibit HIV. In the steric contour maps the green contour zone around para 

position of phenyl ring depicts that bulkier groups would enhance the anti-HIV activity. 

The diminutive green polyhedra near the methoxy group attached to the thiourea revealed 

that introduction of moderate bulky groups would be beneficial for anti-HIV activity. The 

yellow region near the methyl group at C5 of isatin demonstrates that presence of bulky 

substituents would negatively influence the anti-HIV profile.   

The best CoMSIA model, with q2 of 0.823 is the one when all steric, electrostatic, 

hydrophobic, acceptor and donor fields were taken into account, and the contributions by 

these fields were 0.123, 0.241, 0.329, 0.242 and 0.064 respectively (Table 5.22). The 

donor field being comparatively insignificant was ignored for further calculations. The 

CoMSIA hydrogen bond acceptor contour illustrates (Fig 5.9) that presence of hydrogen 

bond acceptor groups (magenta colored) at the position adjacent to the thiourea moiety, 

around the piperazine moiety and the phenyl ring attached to the piperazine ring are 

conducive for the antiretroviral activity of this series. The CoMSIA hydrophobic contour 

map (Fig 5.8) depicted that presence of more hydrophobic moieties around the phenyl 

ring of isatin, piperazine and surrounding the phenyl appended to the piperazinyl methyl 

groups would prove to increase anti-HIV activity.The yellow polyhedron, in the CoMSIA 

steric contour, (Fig 5.10) near the chlorine attached to the para position of phenyl ring 

and C5 of phenyl ring demonstrates that presence of bulky groups at these positions 

would hinder antiviral activity. The green region around C1, C2 and C6 of phenyl ring 

emphasizes that bulky groups at these positions would further enhance the anti-HIV 

activity. The CoMSIA electrostatic contour map (Fig 5.11) demonstrated that presence of 

electronegative group at para position of the phenyl ring would further increase the 

antiretroviral activity as evident by the red region. 
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B. HIV-1 RT Docking 

Results & Discussion:  

 
Fig. 5.12: Contact residues of M21 when docked onto HIV-1 RT 

In order to probe the binding mode of our newly synthesized compounds in the 

HIV- RT active site, a modeling study was performed by means of GOLD [143, 144] for 

docking. Compound M21 was docked onto the active site pocket of HIV-1 RT, the 

coordinates of which were taken from the crystal structure of RT/Nevirapine complex. 
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Fig. 5.13: Electrostatic surface view of active site pocket of HIV-1 RT bound to M21 

 

The docking view of M21 (Fig. 5.12 & 5.13), exhibited that the NH moiety of the 

methoxythioamido group was engaged in a hydrogen bonding interaction with the ring 

nitrogen of Pro140. The nitrogen of the terminal N-methoxy group was hydrogen bonded 

to the alcoholic oxygen of Tyr 181. The oxygen atom of the methoxy group was 

hydrogen bonded to the nitrogen of Gln 182’s amide. The oxygen at C2 of the indole ring 

was involved in hydrogen bond formation with the backbone nitrogen of Gln 91. The 

thioamido sulfur formed a hydrogen bond with Tyr 181. The chlorine functional group at 

the para position of the phenyl ring of the phenyl piperazinyl methyl group was involved 

in electrophilic interaction with Lys 166. Pro 140 was the major contributor of 

hydrophobic interaction for the aromatic indole nucleus. The aliphatic chains of Glu 89 

and Gln 91 also interacted hydrophobically with the indole moiety. The aromatic ring of 

Tyr 181 and the aliphatic chain of Gln 182 were involved in steric interaction with the 
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terminal methoxy group. The chlorophenyl ring was well accommodated in the pocket 

bordered by the hydrophobic amino acid residues Trp 88, Val 90 and Lys 166. These 

residues also form the binding pocket for standard NNRTIs [145]. In summary, the 

results of the GOLD docking results supported our designed and synthesized compounds. 

Further structural optimization of M21 for enhanced anti-HIV activity will be based on 

these facts highlighted by this docking simulation. 

 

C. MTB ICL Docking 

Results & Discussion:  

 

Fig. 5.14: Contact residues of M30 when docked onto MTB ICL 

With the intention of investigating the binding manner of our designed analogues, 

a docking simulation was performed using Autodock 4.0. Compound M30 was docked 

into the active site pocket of MTB ICL, the coordinates of which were taken from the 

crystal structure of ICL/Pyruvate complex. 
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Fig. 5.15: Electrostatic surface view of active site pocket of MTB ICL bound to M30. 

Eleven residues were present in the active site pocket, which was defined by a 

distance of 11.0 Ǻ from the center of the active site. The docking analysis afforded a 

view (Fig. 5.14 & 5.15) of the hydrogen bonding interactions between the ligand and the 

active site residues of the protein. The hydroxyl of the quinolinyl carboxylate was 

engaged in hydrogen bonding interactions with Tyr 89, Ser 91, Gly 92 and Trp 93. The 

carbonyl oxygen of the quinolinyl carboxylate was hydrogen bonded to Tyr 89. The 

carbonyl oxygen at C4 of quinoline moiety was involved in hydrogen bonding with the 

nitrogen of the peptide backbone of Trp 93. The N4 of piperazine was found to be 

hydrogen bonded to imidazolyl nitrogen of His 193. The fluoroquinoline moiety was 

nestled in the hydrophobic pocket formed by the aromatic Trp 93, Leu 194, Thr 347 and 

Leu 348. Specifically, Trp 93 by virtue of its π-cloud provided favorable aromatic 
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interaction with the quinolinyl moiety. The cyclopropyl moiety attached to the N-1 of 

quinoline was located in the pocket formed by Trp 283, Pro 316, Thr 347 and Leu348. 

The fluorine atom at C6 of quinoline was hydrogen bonded to Ser191 and it also 

possessed electrophilic interactions with Trp 93, Leu 194 and Leu 348. The carboxylate 

moiety at C3 was also hydrogen bonded to the metal atom, Mg++ ion of the protein. These 

residues also have significant implications in binding prototype ICL inhibitors viz. 3-NP 

and 3-bromo pyruvate [141]. 
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5.4. Structure-activity-relationship (SAR) analysis: 

N

O

N

R'

R"

N
H

S

HN OR1

For anti-HIV activity: F=CH3> Cl

For anti-TB activity:F> Cl= CH3

For anti-HIV 

activity: 

OCH3>H

For anti-HIV activity: 
piperazinylmethyl & substituted 
piperazinylmethyl> 
fluoroquinolinyl> 
morpholinylmethyl>dialkylamine
methyl

For anti-TB 

activity:

OCH3>H

For anti-TB activity:
Fluoroquinolones> morpholinyl>
piperazinylmethyl>dialkylaminemethyl

 

Fig 5.16: Schematic representation of SAR of N-Mannich bases of 5-substituted 1H-

indole-2,3-dione 3-(N-hydroxy/methoxythiosemicarbazones) 
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CHAPTER 6 
 

SYNTHESIS, BIOLOGICAL INTERVENTION AND COMPUTATIONAL 

STUDY OF N-MANNICH BASES OF 5-SUBSTITUTED-1H-INDOLE-2, 3-

DIONE 3-(N, N-DIALLYL/DIPHENYL THIOSEMICARBAZONES)  
 

 

 

This chapter describes the synthesis, biological intervention and computational study of 

N-Mannich bases of 5-substituted-1H-indole-2, 3-dione 3-(N, N-diallyl/diphenyl 

thiosemicarbazones), since it was observed from earlier works that N-Mannich bases of 

1H-indole-2,3-dione-3-(N,N-diethylthiosemicarbazone) have considerable potential 

against the replication of HIV-1 cells along with broad-spectrum chemoptherapeutic 

properties [93]. The effect of increasing the lipophilicity of the molecules by appending 

bulky aryl or aliphatic moiety at the terminal end of the thiosemicarbazide was 

investigated by designing these molecules. Considering the isatinyl 

diethylthiosemicarbazone as the lead compound, these analogues were designed and 

synthesized and investigated for their ability to combat the HIV retrovirus as well as 

tackle the accompanying opportunistic infection viz. tuberculosis.  

 
6.1 Synthesis 

Step I: Synthesis of Isatin 

The synthetic protocol is mentioned in Chapter 5. 

 

Step II: Synthesis of diallyl/diphenyl thiosemicarbazides (A3, P3) 

.  HClNH CS2, KOH
C2H5OH
0-5oC

NH2NH2.H2O
C2H5OH
80 oC
HCl

R"

R"

N

R"

R"
SK

S

N

R"

R"
NHNH2

S

potassium salt of dithiocarbamate A3: R"= -CH2-CH=CH2
P3: R"= -C6H5  

To a solution of N, N-diallylamine(A1)/N, N-diphenylamine(P1) (0.01 mol) in absolute 

ethanol (20 ml) was added potassium hydroxide (0.01 mol) and carbon disulphide (0.75 

ml), and the mixture was stirred at 0-5°C for 1 h to form the corresponding potassium salt 
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of dithiocarbamates (A2,P2). To the stirred mixture of dithiocarbamate salts was added 

hydrazine hydrate (0.01 mol) and the stirring was continued at 80°C for 1 h and on 

adding upon crushed ice the corresponding thiosemicarbazide was obtained which is 

converted to hydrochloride salts. A3: Yield : 32.8% ; M.P: >270 °C; P3: Yield: 17.28%; 

M.P: 231°C. 

 

Step III: Synthesis of diallyl/diphenyl isatin-β-thiosemicarbazones (A4-6, P4-6) 

N
H

O

O

R'

+ C

S

H2NHN N

CH3COONa

C2H5OH
Schiff's reaction

N
H

O

NNH

R'

S

N

R"

R"

R"

R"

 

To a hot dispersion of A3/P3 (0.001M) in ethanol was added an equimolar aqueous 

solution of sodium acetate. To this solution further an equimolar ethanolic solution of 

various 5-substituted isatins was added and the mixture was stirred while being heated on 

a hot plate for 4-15 minutes, with immediate precipitation of a bulky solid. The resultant 

precipitate was filtered off and dried. The product was recrystallized from 95% ethanol.  

 

Table 6.1: Physical data of synthesized Schiff base of isatins 

Compound 

code 
R’ R” % Yield M.P (°C) 

Molecular 

formula 
Mol. Wt. 

A4 Cl CH2-CH=CH2 65.9 216-218 C15H15ClN4OS 270.7 

A5 F CH2-CH=CH2 50.81 164-166a C15H15FN4OS 254.24 

A6 CH3 CH2-CH=CH2 38.28 >260 C16H18N4OS 250.28 

P4 Cl C6H5 66.5 202-204 C21H15ClN4OS 284.72 

P5 F C6H5 48.7 198-200 C21H15FN4OS 268.27 

P6 CH3 C6H5 41.93 210-211 C22H18N4OS 264.3 
a Melting point of the compounds at their decomposition. 
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Table 6.2: Spectral data of the synthesized Schiff base 

Compound 

code 

IR spectroscopy (cm
-1
; KBr 

pellet) 

1
H-NMR (δ ppm, DMSO-d6) 

A4 

1740 (amide stretch), 1625 

(C=N stretch), 1645 (C=C 

stretch of alkene) 3010 

(Aromatic C-H stretch), 3300 

(amide NH stretch) 

4.12 (m, 4H, -CH2 of diallyl), 5.18 (dd, 

2H, C-3 Hcis of allyl), 5.21 (dd, 2H, C-3 

Htrans of allyl), 5.84 (t, 2H, CH of 

CH=CH2), 7.03 (s, 1H, NH of 

hydrazino), 7.6 (m, 3H, isatinyl), 8.1 

(isatin NH). 

P5 

1740 (amide stretch), 1625 

(C=N stretch), 3010 (Aromatic 

C-H stretch), 3300 (amide NH 

stretch) 

6.46 (d, 4H, C2, C6 of diphenyl), 7.11 (s, 

1H, NH of hydrazino), 7.8 (m, 3H, 

isatinyl), 8.1 (isatin NH). 
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Step IV: Synthesis of N-Mannich bases of isatin-β-thiosemicarbazones (A7-30, P7-

30) 

N
H

O

NNH

R'

+ HCHO +

S

N

MWI
455W
3-15 min

N

O

NNH

R'

NR1

NHR1

S

N

R'= Cl, F, CH3
R"=CH2-CH=CH2, C6H5
R1= various secondary amines

Mannich reaction

R"

R"

R"

R"

 

To an ethanolic solution of N, N-diallyl/diphenyl isatinyl thiosemicarbazones (0.00045M) 

was added an equimolar amount of various secondary amines, dissolved in ethanol or 

dimethyl sulfoxide. To this mixture, an equimolar amount of 30% formaldehyde solution 

was then added and this mixture was then irradiated with microwave of 455W in a 

scientific microwave reactor accompanied by continuous stirring, which was attained by 

means of a magnetic plate, placed underneath the floor of the magnetic cavity and a 

Teflon-coated magnetic bead in the reaction vessel, for approximately three to fifteen 

minutes. At the end of the reaction period, the product precipitated out, which was 

filtered off and dried. The resultant precipitate was recrystallized from ethanol. The 

physical data of the Mannich bases are given in Tables 6.3-6.5. The spectral and 

elemental data of representative compounds are presented in Table 6.6-6.11.  
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Table 6.3: Physical data of N-Mannich bases of isatin-β-thiosemicarbazones (A7-

P14) 

N
O

N NH

C

S

N

R'

H2C

N

R'

H2C

O

N NH

C

S
N

R1 R1  
A7-A30     P7-P30 

Substituents Compound 

code R’ R1 

M.P 

(°C) 

% 

Yield 

Molecular 

Formula 

Mol. 

Wt. 
Rf
b
 logP

c
 

A7 Cl ---N(CH3)2 112-114 92.13 C18H22ClN5OS 391.92 0.47 3.61 

P7 Cl -do- 158-160 53.17 C24H22ClN5OS 463.98 0.63 5.72 

A8 F -do- 106-110 65.01 C18H22FN5OS 375.46 0.43 3.21 

P8 F -do- 151-153 38.93 C24H22FN5OS 447.53 0.58 5.32 

A9 CH3 -do- 104-108 90.27 C19H25N5OS 371.5 0.48 3.54 

P9 CH3 -do- 164-166 23.49 C25H25N5OS 443.56 0.64 5.64 

A10 Cl ---N(C2H5)2 116-120 42.52 C20H26ClN5OS 419.97 0.51 4.29 

P10 Cl -do- 97-98 31.76 C26H26ClN5OS 492.04 0.66 6.39 

A11 F -do- 90-92 21.04 C20H26FN5OS 403.52 0.47 3.89 

P11 F -do- 103-104 21.06 C26H26FN5OS 475.58 0.58 5.99 

A12 CH3 -do- 98-100 83 C21H29N5OS 399.55 0.54 4.21 

P12 CH3 -do- 95-96 74.52 C27H29N5OS 471.62 0.65 6.32 

A13 Cl 
 

108-110 59 C20H24ClN5O2S 433.95 0.45 3.21 

P13 Cl -do- 64-66 45.85 C26H24ClN5O2S 506.02 0.53 5.32 

A14 F -do- 162-164 99.13 C20H24FN5O2S 417.5 0.42 2.81 

P14 F -do- 58-59 39.74 C26H24FN5O2S 489.56 0.57 4.92 
a Melting point of the compound at its decomposition. 
bMobile phase CHCl3 : CH3OH (9 : 1). 
cLogP was calculated using ChemOffice 2004 
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Table 6.4: Physical data of N-Mannich bases of isatin-β-thiosemicarbazones (A15-

P23) 

Substituents Compound 

code R’ R1 

M.P 

(°C) 

% 

Yield 

Molecular 

Formula 

Mol. 

Wt. 
Rf
b
 logP

c
 

A15 CH3  
152-154 55.75 C21H27N5O2S 413.54 0.48 3.14 

P15 CH3 -do- 48-50 54.12 C27H27N5O2S 485.6 0.53 5.24 

A16 Cl 
 

106-108 36.83 C26H29ClN6OS 509.07 0.52 5.44 

P16 Cl -do- 102-104 62.38 C32H29ClN6OS 581.13 0.64 7.55 

A17 F -do- 112-114 90.48 C26H29FN6OS 492.61 0.49 5.04 

P17 F -do- 106-108 28.87 C32H29FN6OS 564.08 0.61 7.15 

A18 CH3 -do- 102-103 24.57 C27H32N6OS 488.65 0.53 5.37 

P18 CH3 -do- 114-116 68.93 C33H32N6OS 560.71 0.67 7.48 

A19 
 
Cl  

110-112 87 C26H28Cl2N6OS 543.51 0.49 6.0 

P19 Cl -do- 198-200 82.87 C32H28Cl2N6OS 615.58 0.61 8.1 

A20 F -do- 132-133 80 C26H28ClFN6OS 527.06 0.48 5.6 

P20 F -do- 96-97 78.20 C32H28ClFN6OS 599.12 0.59 7.7 

A21 CH3 -do- 116-117 23.94 C27H31ClN6OS 523.09 0.53 5.93 

P21 CH3 -do- 108-110 67.53 C33H31ClN6OS 595.16 0.65 8.03 

A22 Cl  146-147 94 C27H31ClN6O2S 538.19 0.48 5.31 

P22 Cl -do- 192-194 64.22 C33H31ClN6O2S 611.16 0.54 7.42 

A23 F -do- 124-126 38.27 C27H31FN6O2S 522.64 0.46 4.91 

P23 F -do- 92-94 38.38 C33H31FN6O2S 594.7 0.52 7.02 
a Melting point of the compound at its decomposition. 
bMobile phase CHCl3 : CH3OH (9 : 1). 
cLogP was calculated using ChemOffice 2004 
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Table 6.5: Physical data of N-Mannich bases of isatin-β-thiosemicarbazones (A24-

P30) 

Substituents Compound 

code R’ R1 

M.P 

(°C) 

% 

Yield 

Molecular 

Formula 

Mol. 

Wt. 
Rf
b
 logP

c
 

A24 CH3  153-154 31.26 C28H34N6O2S 518.67 0.51 5.24 

P24 CH3 -do- 108-110 26.17 C34H34N6O2S 590.74 0.67 7.35 

A25 
 
Cl 

 
133-134 46.91 C32H33ClFN7O4S 666.17 0.61 5.11 

P25 Cl -do- 174-176a 46.82 C38H33ClFN7O4S 738.23 0.68 7.21 

A26 F -do- 172-174a 96.04 C32H33F2N7O4S 649.71 0.59 4.71 

P26 F -do- 166-168a 26.54 C38H33F2N7O4S 721.77 0.67 6.81 

A27 CH3 -do- 146-147 94 C33H36FN7O4S 645.75 0.64 5.04 

P27 CH3 -do- 170-172 23.69 C39H36FN7O4S 717.81 0.71 7.14 

A28 Cl 

 

160-164 46.36 C35H37ClFN7O5S 722.23 0.64 5.26 

P28 Cl -do- 198-200 56.71 C41H37ClFN7O5S 794.29 0.72 7.36 

A29 F -do- 146-148 92.02 C35H37F2N7O5S 705.77 0.62 4.86 

P29 F -do- 203-205 26.73 C41H37F2N7O5S 777.84 0.69 6.96 

A30 CH3 -do- 108-110 35.84 C36H40FN7O5S 701.81 0.66 5.19 

P30 CH3 -do- 207-208 29.99 C42H40FN7O5S 773.87 0.73 7.29 
a Melting point of the compound at its decomposition. 
bMobile phase CHCl3 : CH3OH (9 : 1). 
cLogP was calculated using ChemOffice 2004 
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Table 6.6: Spectral and elemental data of N-Mannich bases of isatin-β-thiosemicarbazones 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

A7 

3035, 2846, 

1732, 1645, 

1618, 1215, 

845. 

2.23 (s, 6H, dimethylamine), 

4.11 (s, 2H, -NCH2N-), 4.26 (m, 

4H, -CH2 of diallyl), 5.17 (dd, 

2H, C-3 Hcis of allyl), 5.2 (dd, 

2H, C-3 Htrans of allyl), 5.81 (t, 

2H, CH of CH=CH2), 7.1 (s, 

1H, NH of hydrazino), 7.4 (m, 

3H, isatinyl) 

55.16 
55.14 

5.66 
5.67 

17.87 
17.85 

391.12 

A9 

3030, 2850, 

1730, 1643, 

1620, 1210, 

850. 

2.26 (s, 6H, dimethylamine), 

2.35 (s, 3H, CH3 at isatin C5), 

4.03 (s, 2H, -NCH2N-), 4.11 (m, 

4H, -CH2 of diallyl), 5.17 (dd, 

2H, C-3 Hcis of allyl), 5.2 (dd, 

2H, C-3 Htrans of allyl), 5.81 

(dd, 2H, CH of CH=CH2), 7.1 

(s, 1H, NH of hydrazino), 7.4 

(m, 3H, isatinyl) 

61.43 
61.41 

6.78 
6.81 

18.85 
18.87 

371.18 

A15 

3033, 2847, 

1725, 1650, 

1625, 1195, 

848. 

2.35 (s, 3H, methyl at isatin 

C5), 2.37 (t, 4H, C2, C6 of 

morpholinyl), 3.68 (t, 4H, C3, 

C5 of morpholinyl), 4.04 (s, 2H, 

-NCH2N-), 4.13 (m, 4H, -CH2 

of diallyl), 5.17 (dd, 2H, C-3 

Hcis of allyl), 5.2 (dd, 2H, C-3 

Htrans of allyl), 5.83 (dd, 2H, 

CH of CH=CH2), 7.1 (s, 1H, 

NH of hydrazino), 7.5 (m, 3H, 

isatinyl) 

60.99 
60.96 

6.58 
6.55 

16.94 
16.92 

413.19 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 6.7: Spectral and elemental data of N-Mannich bases of isatin-β-thiosemicarbazones 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

A17 

3026, 2846, 

1731, 1643, 

1614, 1205, 

855. 

3.45 (t, 8H, piperazinyl), 4.02 (s, 

2H, -NCH2N-), 4.12 (m, 4H, -

CH2 of diallyl), 5.17 (dd, 2H, C-

3 Hcis of allyl), 5.2 (dd, 2H, C-3 

Htrans of allyl), 5.84 (dd, 2H, 

CH of CH=CH2), 6.78 (m, 5H, 

phenylic), 7.1 (s, 1H, NH of 

hydrazino), 7.6 (m, 3H, isatinyl) 

63.39 
63.37 

5.93 
5.96 

17.06 
17.04 

492.21 

A19 

3024, 2855, 

1726, 1652, 

1618, 1208, 

846. 

3.45 (t, 8H, piperazinyl), 4.04 (s, 

2H, -NCH2N-), 4.14 (m, 4H, -

CH2 of diallyl), 5.17 (dd, 2H, C-

3 Hcis of allyl), 5.2 (dd, 2H, C-3 

Htrans of allyl), 5.81 (dd, 2H, 

CH of CH=CH2), 6.61 (d, 2H, 

C2, C6 of phenyl), 7.11 (d, 2H, 

C3, C5 of phenyl), 7.2 (s, 1H, 

NH of hydrazino), 7.8 (m, 3H, 

isatinyl) 

57.46 
57.44 

5.19 
5.18 

15.46 
15.43 

542.14 

A23 

3032, 2848, 

1731, 1647, 

1623, 1202, 

851. 

2.89 (t, 8H, piperazinyl), 3.71 (s, 

3H, methoxy), 4.02 (s, 2H, -

NCH2N-), 4.11 (m, 4H, -CH2 of 

diallyl), 5.17 (dd, 2H, C-3 Hcis 

of allyl), 5.2 (dd, 2H, C-3 

Htrans of allyl), 5.84 (dd, 2H, 
CH of CH=CH2), 6.47 (d, 2H, 

C2, C6 of methoxyphenyl), 6.73 

(d, 2H, C3, C5 of 

methoxyphenyl), 7.09 (s, 1H, 

NH of hydrazino), 7.47 (m, 3H, 

isatinyl) 

62.05 
62.03 

5.98 
5.96 

16.08 
16.09 

522.22 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 6.8: Spectral and elemental data of N-Mannich bases of isatin-β-thiosemicarbazones 

 
Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

A25 

3455, 3035, 

2853, 1726, 

1655, 1620, 

1206, 850. 

1.14 (t, 3H, CH3 of ethyl), 2.74 

(t, 8H, piperazinyl), 3.13 (q, 2H, 

CH2 of ethyl), 4.01 (s, 2H, -

NCH2N-), 4.13 (m, 4H, -CH2 of 

diallyl), 5.17 (dd, 2H, C-3 Hcis 

of allyl), 5.2 (dd, 2H, C-3 Htrans 

of allyl), 5.82 (dd, 2H, CH of 

CH=CH2), 7.09 (s, 1H, NH of 

hydrazino), 7.3 (s, 1H, C5 of 

quinolone), 7.6 (m, 3H, isatinyl), 

11.4 (s, 1H, carboxylic acid) 

57.69 
57.71 

4.99 
4.96 

14.72 
14.71 

665.20 

A29 

3452, 3025, 

2852, 1725, 

1653, 1625, 

1205, 845. 

0.51 (m, 4H, CH2 of 

cyclopropyl), 1.14 (d, 3H, CH3 

at C3 of piperazinyl), 1.34 (t, 1H, 

CH of cyclopropyl), 3.07 (m, 

1H, C3 of piperazinyl), 3.76 (s, 

3H, methoxy at C8 of 

quinolone), 4.01 (s, 2H, -

NCH2N-), 4.13 (m, 4H, -CH2 of 

diallyl), 5.17 (dd, 2H, C-3 Hcis 

of allyl), 5.2 (dd, 2H, C-3 Htrans 

of allyl), 5.87 (dd, 2H, CH of 

CH=CH2), 7.03 (s, 1H, NH of 

hydrazino), 7.6 (m, 3H, isatinyl), 

11.05 (s, 1H, carboxylic acid) 

59.56 
59.53 

5.28 
5.31 

13.89 
13.86 

705.25 

P8 

3032, 2847, 

1728, 1622, 

1195, 849. 

2.21 (s, 6H, dimethylamine), 

4.07 (s, 2H, -NCH2N-), 6.82 (m, 

10H, phenylic), 7.01 (d, 1H, 

isatin C6), 7.4 (s, 1H, isatin C4), 

7.8 (d, 1H, isatin C7) 

64.41 
64.38 

4.95 
4.96 

15.65 
15.62 

447.15 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 6.9: Spectral and elemental data of N-Mannich bases of isatin-β-thiosemicarbazones 
 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

P10 

3028, 2851, 

1732, 1617, 

1209, 850. 

1.03 (t, 6H, CH3 of 

diethylamine), 2.41 (q, 4H, 

CH2 of diethylamine), 4.04 (s, 

2H, -NCH2N-), 6.98 (m, 10H, 

phenylic), 7.4 (s, 1H, NH of 

hydrazino), 7.3 (m, 3H, 

isatinyl) 

63.47 
63.46 

5.33 
5.34 

14.23 
14.21 

491.15 

P12 

3035, 2850, 

1727, 1621, 

1207, 854. 

1.02 (t, 6H, CH3 of 

diethylamine), 2.38 (s, 3H, 

CH3 at isatin C5), 2.45 (q, 4H, 

CH2 of diethylamine), 4.04 (s, 

2H, -NCH2N-), 6.85 (m, 10H, 

phenylic), 7.2 (m, 3H, 

isatinyl), 7.6 (s, 1H, NH of 

hydrazino) 

68.76 
68.74 

6.20 
6.17 

14.85 
14.86 

471.21 

P16 

3036, 2845, 

1735, 1618, 

1198, 852. 

3.25 (t, 8H, piperazinyl), 4.01 

(s, 2H, -NCH2N-), 6.69 (m, 

15H, phenylic), 7.2 (s, 1H, NH 

of hydrazino), 7.7 (m, 3H, 

isatinyl) 

66.14 
66.13 

5.03 
5.05 

14.46 
14.49 

580.18 

P20 

3026, 2853, 

1730, 1622, 

1209, 850. 

3.28 (t, 8H, piperazinyl), 4.02 

(s, 2H, -NCH2N-), 6.56 (d, 2H, 

C2, C6 of phenyl), 6.8 (m, 

10H, phenylic), 7.1 (s, 1H, NH 

of hydrazino), 7.3 (d, 2H, C3, 

C5 of phenyl), 7.6 (m, 3H, 

isatinyl) 

64.15 
64.13 

4.71 
4.70 

14.03 
14.06 

598.17 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 6.10: Spectral and elemental data of N-Mannich bases of isatin-β-

thiosemicarbazones 

 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

P24 

3029, 2853, 

1726, 1619, 

1210, 848. 

2.33 (s, 3H, CH3 at isatin C5), 

2.88 (t, 8H, piperazinyl), 3.72 

(s, 3H, methoxy), 4.05 (s, 2H, -

NCH2N-), 6.45 (d, 2H, C2, C6 

of methoxyphenyl), 6.57 (d, 2H, 

C3, C5 of methoxyphenyl), 6.92 

(m, 10H, diphenyl), 7.2 (s, 1H, 

NH of hydrazino), 7.52 (m, 3H, 

isatinyl) 

69.13 
69.11 

5.80 
5.81 

14.23 
14.25 590.25 

P26 

3505, 3035, 

2846, 1726, 

1617, 1211, 

848. 

1.12 (t, 3H, CH3 of ethyl), 2.73 

(t, 8H, piperazinyl), 3.15 (q, 2H, 

CH2 of ethyl), 4.05 (s, 2H, -

NCH2N-), 6.82 (m, 10H, 

diphenyl), 7.13 (s, 1H, NH of 

hydrazino), 7.3 (s, 1H, C5 of 

quinolone), 7.56 (m, 3H, 

isatinyl), 11.7 (s, 1H, carboxylic 

acid) 

63.23 
63.26 

4.61 
4.58 

13.58 
13.59 721.23 

P28 

3475, 3032, 

2848, 1732, 

1615, 1204, 

845. 

0.47 (m, 4H, CH2 of 

cyclopropyl), 1.13 (d, 3H, CH3 

at C3 of piperazinyl), 1.37 (t, 

1H, CH of cyclopropyl), 3.04 

(m, 1H, C3 of piperazinyl), 3.74 

(s, 3H, methoxy at C8 of 

quinolone), 4.05 (s, 2H, -

NCH2N-), 6.86 (m, 10H, 

diphenyl), 7.02 (s, 1H, NH of 

hydrazino), 11.09 (s, 1H, 

carboxylic acid) 

62.00 
61.97 

4.70 
4.73 

12.34 
12.37 

793.22 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 
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Table 6.11: Spectral and elemental data of N-Mannich bases of isatin-β-

thiosemicarbazones  

 

Elemental Analyses 

(Calculated/Found)a 
Compound 

IR 

Spectroscopy 

(cm-1; KBr) 

1H-NMR 

(δ ppm, DMSO-d6) C  

(%) 

H  

(%) 

N  

(%) 

Mass 
Spectrometry 

(m/z) 

P30 

3455, 3024, 

2851, 1728, 

1622, 1208, 

851. 

0.52 (m, 4H, CH2 of 

cyclopropyl), 1.13 (d, 3H, CH3 

at C3 of piperazinyl), 1.37 (t, 

1H, CH of cyclopropyl), 2.34 

(s, 3H, CH3 at isatin C5), 3.05 

(m, 1H, C3 of piperazinyl), 3.71 

(s, 3H, methoxy at C8 of 

quinolone), 4.06 (s, 2H, -

NCH2N-), 6.84 (m, 10H, 

phenyl), 7.01 (s, 1H, NH of 

hydrazino), 11.05 (s, 1H, 

carboxylic acid) 

65.18 
65.15 

5.21 
5.18 

12.67 
12.66 773.28 

a Elemental analyses for C, H, N were within ± 0.4 % of the theoretical values. 

 

Results and Discussion 

Synthesis & Characterization: 

The N-Mannich bases of the isatin-β-thiosemicarbazones (A7-P30) were 

synthesized by condensing the acidic imino group of isatin with formaldehyde and 

various secondary amines.  

 

The % yield of these final products ranged from 21.04 to 99.13 % following 

recrystallization from ethanol. The purity of the compounds was assessed by ascending 

TLC using chloroform and methanol in the ratio of 9:1 as eluant. The elemental analysis 

of the compounds for C, H and N were within ± 0.04 % of the theoretical values.  

 

The logP values ranged between 2.81 and 8.1 with A14 having the lowest logP 

value and P19 being the most lipophilic with a logP of 8.1. It was observed that the 
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compounds belonging to this series were in general more lipophilic due in part to their 

bulky aromatic or aliphatic side chain. Many of the analogues had logP greater than 5.0 

and hence were not obeying Lipinski’s rule of five [131]. 

 

The assignments of structures were based on elemental and spectroscopic 

methods and the chemical shifts obtained from 1H-NMR spectra supported the proposed 

structures. The IR spectra displayed new absorption band in the region of 2850 cm-1 due 

to the methylene group (-CH2-). Absence of peak at 3200 cm-1, due to amide group (N-H 

group), indicated the replacement of active hydrogen atom of isatin with aminomethyl 

group. The aromatic CH stretching was observed at 3030 cm-1, the C=O stretch of –amide 

at 1620 cm-1, the C=N peak at 1730 cm-1, the C=S peak at 1210 cm-1, and the aromatic 

CH bending vibrations at 850 cm-1. A peak was also observed at around 1650 cm-1 in 

case of the diallyl analogues due to the alkene C=C stretching. In the case of molecules 

like P28, P30 which has a fluoroquinolone moiety a broad OH stretch, due to the 

carboxylic acid, was observed around 3500cm-1, along with a C=O stretch around 1710 

cm-1. 

 

In the NMR spectra for the isatin- β-thiosemicarbazones (Schiff bases), sharp 

singlet was observed at δ 10.6 ppm due to –NH group of isatin; whereas in the case of the 

N-Mannich bases this singlet disappeared and a new singlet appeared at δ 5.92 ppm due 

to the –NCH2N- protons of the methylene Mannich group.  
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The mass spectrum of A10 showed a molecular ion peak at m/z 419 and an M+2 peak at 

m/z 421. The other remaining major fragmentation peaks were at m/z 384 and 298. 
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6.2 Biological activity 

Results: 

The titled compounds were screened for their anti-HIV activity and cyotoxicity against 

HIV-1 (HTLV-IIIB) in MT-4 cell line. 

Table 6.12: Anti-HIV activity and cytotoxicity of compounds (A7-P16) against HIV-

1 (HTLV-IIIB) in MT-4 cell line 

Compound 

code 

EC50
a 

(µM) 

CC50
b
 

(µM) 
S.I

c
 

A7 5.36 >510.20 95.19 

P7 9.25 336.65 36.39 

A8 2.62 >532.76 203.34 

P8 6.57 295.17 44.93 

A9 0.64 >538.36 841.19 

P9 4.19 328.25 78.34 

A10 3.88 >476.19 122.73 

P10 14.83 125.68 8.47 

A11 0.61 >495.66 812.56 

P11 8.46 112.34 13.28 

A12 0.30 >500.63 1668.77 

P12 11.72 135.96 11.60 

A13 5.99 >460.83 76.93 

P13 22.42 156.74 6.99 

A14 2.61 >479.04 183.54 

P14 19.54 132.47 6.78 

A15 2.02 >483.68 239.45 

P15 13.51 218.49 16.17 

A16 15.95 385.06 24.14 

P16 17.38 141.28 8.13 
a Effective concentration of the drug that reduces HIV-1 induced cytopathic effect by 50% in MT-
4 cells. b Cytotoxic concentration of the drug that decreases MT-4 cell’s viability by 50. 
c Selectivity index or ratio of CC50 to EC50. 
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Table 6.13: Anti-HIV activity and cytotoxicity of compounds (A17-P26) against 

HIV-1 (HTLV-IIIB) in MT-4 cell line 

Compound 

code 

EC50
a 

(µM) 

CC50
b
 

(µM) 
S.I

c
 

A17 18.11 383.67 21.19 

P17 41.48 110.62 2.67 

A18 14.47 324.03 22.39 

P18 9.98 81.68 8.18 

A19 13.11 287.29 21.91 

P19 10.12 105.95 10.47 

A20 19.22 364.33 18.96 

P20 19.90 72.94 3.67 

A21 15.76 176.58 11.20 

P21 3.53 87.88 24.90 

A22 11.39 333.95 29.32 

P22 13.74 128.12 9.32 

A23 11.78 340.60 28.91 

P23 35.01 66.92 1.91 

A24 9.14 316.52 34.63 

P24 5.43 64.157 11.82 

A25 8.71 193.69 22.24 

P25 12.95 97.83 7.55 

A26 4.8 256.92 53.53 

P26 7.93 125.49 15.82 
a Effective concentration of the drug that reduces HIV-1 induced cytopathic effect by 50% in MT-
4 cells.  
b Cytotoxic concentration of the drug that decreases MT-4 cell’s viability by 50.  
c Selectivity index or ratio of CC50 to EC50. 
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Table 6.14: Anti-HIV activity and cytotoxicity of compounds (A27-P30) against 

HIV-1 (HTLV-IIIB) in MT-4 cell line 

Compound 

code 

EC50
a 

(µM) 

CC50
b
 

(µM) 
S.I

c
 

A27 3.19 >309.59 97.05 

P27 3.94 168.98 42.89 

A28 5.97 >276.93 46.39 

P28 10.27 113.45 11.05 

A29 2.93 >283.28 96.68 

P29 5.61 65.79 11.73 

A30 1.33 >284.9 214.21 

P30 4.91 169.56 34.53 

Nevirapine 0.13 156 1200.00 

Trovirdine 0.016 87 5437.50 
a Effective concentration of the drug that reduces HIV-1 induced cytopathic effect by 50% in MT-
4 cells.  
b Cytotoxic concentration of the drug that decreases MT-4 cell’s viability by 50.  
c Selectivity index or ratio of CC50 to EC50. 
 
 
Selected compounds were analysed for their ability to repress HIV-1 RT enzyme. 

Table 6.15: HIV-1 RT enzyme inhibition data for substituted isatin-β-

thiosemicarbazones
a 

 
Compound 

code 
IC50 (µM) against HIV-1 RT

b
 

A8 11.0±3.2 

A9 9.2±1.3 

A11 10.1±2.8 

A12 8.4±1.8 

A15 14.5±4.2 

Nevirapine 0.25 

Trovirdine 0.017 ± 0.007 
a Enzyme assays done with WT RT. b IC50 is the quantity of drug that reduced 
WT RT enzyme activity by 50%. 
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All the analogues were screened for their ability to inhibit the growth of H37 Rv strain of 

MTB in logarithmic phase. MIC was the concentration at which the H37Rv MTB strain 

showed complete inhibition. 

Table 6.16: Anti-tubercular activity of compounds (A7-P30) against H37Rv strain of 

MTB in logarithmic phase 

Compound 

code 
MIC in µM  

Compound 

code 
MIC in µM 

A7 63.77 A19 23.02 

P7 13.47 P19 2.53 

A8 8.337 A20 2.96 

P8 19.52 P20 1.30 

A9 33.647 A21 10.58 

P9 3.516 P21 1.31 

A10 >59.52 A22 23.19 

P10 22.45 P22 5.12 

A11 7.757 A23 5.98 

P11 20.83 P23 2.62 

A12 62.57 A24 7.62 

P12 5.71 P24 2.64 

A13 28.8 A25 2.34 

P13 12.08 P25 1.04 

A14 7.497 A26 0.615 

P14 6.38 P26 0.35 
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Table 6.16: Anti-tubercular activity of compounds (A7-P30) against H37Rv strain of 

MTB in logarithmic phase (Contd.) 

 
 
 

Compound 

code 
MIC in µM  

Compound 

code 
MIC in µM 

A15 30.229 A27 1.207 

P15 6.445 P27 0.27 

A16 24.557 A28 0.276 

P16 5.386 P28 0.26 

A17 12.68 A29 0.283 

P17 2.765 P29 0.136 

A18 19.61 A30 0.569 

P18 2.78 P30 0.258 

Isoniazid 0.36 Rifampicin 0.12 
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Few of the analogues were screened for their ability to suppress dormant MTB. 

 

Table 6.17: Anti-tubercular activity of selected compounds against dormant MTB 

 

Compound 

code 

Dormant MTB MIC 

(µM)
a
 

A7 >127.35 

A10 >119.13 

A12 31.34 

A13 57.21 

A26 19.239 

A28 34.615 

A30 17.811 

P27 34.828 

P30 32.305 

Isoniazid 182.31 

Rifampicin 15.19 
aMIC was the concentration at which the dormant H37Rv MTB strain showed complete 

inhibition.   
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Few of the analogues were analyzed for their ability to inhibit MTB ICL enzyme. 

 

 

Table 6.18: MTB ICL suppression by selected compounds 

 

Compound code 
MTB ICL % Inhibition 

(conc. of stock solution used) 

A7 8.32 (10mM) 

A10 6.15 (10mM) 

A12 40.45 (10mM) 

A13 31.42 (10mM) 

A26 20.74 (10mM) 

A28 10.74 (10mM) 

A30 23.41 (10mM) 

P27 11.23 (10mM) 

P30 10.63 (10mM) 

3-NPA 65.99 (100mM) 
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Few of the analogues were tested for their ability to inhibit supercoiling of DNA gyrase 

of Mycobacterium smegmatis (MC2). 

 

Table 6.19: Mycobaterium smegmatis DNA gyrase supercoiling inhibition by selected 

compounds  

 

Compound 

code 
IC50 (µM) 

A25 60.04 
A26 >76.96 
A27 61.94-77.43 
A28 27.69 
A29 70.84 
A30 42.75 
P27 41.79-55.73 
P30 51.69 

Ciprofloxacin 15.09 

Moxifloxacin 12.46 
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Selected analogues were analysed for their activity against influenza type A and B virus 

in MDCK cell line. 

Table 6.20: Activity of selected compounds against Influenza Type A virus 

 

Compound 

code 

 

EC50 

(µM) 

IC50 
(µM) 

SI 

A14 31.14 >81.44 >2.62 

A25 22.52 51.04 2.27 

 

Table 6.21: Activity of selected compounds against Influenza Type B virus 

 

Compound 

code 

 

EC50 

(µM) 

IC50 
(µM) 

SI 

A14 74.25 79.04 1 

A22 >7.43 7.43 0 

A25 >46.53 46.53 0 

A29 45.34 141.69 3 

 

Selected compounds were tested for their antiviral activity against SARS virus in Vero 76 

cell line. 

Table 6.22: Activity of selected compounds against SARS virus 

 

Compound 

code 

 

EC50 

(µM) 

IC50 
(µM) 

SI 

A14 62.28 76.65 1.23 

A25 48.04 121.59 2.53 

A29 45.34 >69.43 >1.53 
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Discussion: 

A. In vitro anti-HIV assays: 

 The forty-eight titled compounds were evaluated for their ability to inhibit the 

replication of HIV-1 (IIIB) cells in MT-4 cell line. EC50 of the entire series were found to 

lie between the range of 0.3028 to 41.4835 µM (Table 6.12-6.14), with N,N-diallyl-2-(1-

((diethylamino)methyl)-5-methyl-2-oxoindolin-3-ylidene)hydrazinecarbothioamide 

(A12), displaying the maximum inhibition of 0.3028 µM against HIV-1 replication. 

Comparison between the twenty-four diallyl thiosemicarbazone Mannich bases reveals 

that three of these, namely A9, A11 and A12 have EC50 value less than 1 µM. At N1 of 

isatin (R1), the presence of dialkylamine substituents yielded compounds with better 

antiviral activity than the ones with piperazinyl/ substituted piperazinyl or 

flouroquinolone substituents. Diethylamine substituted derivatives (A10-A12) were 

found to have higher anti-viral activity than those of dimethylamine substituted ones (A7-

A9). In contrast to analogues with piperazinyl substitution at R1 (A16-A24), morpholinyl 

substitution yielded compounds (A13-A15) with higher anti-HIV activity. Substitution at 

R1 with various piperazines lead to compounds possessing anti-HIV activity of the 

following order: 4-fluoro-phenyl piperazine< phenyl piperazine< 4-methoxy phenyl 

piperazine. Flouroquinolone substitution at R1 gave compounds with greater anti-HIV 

activity than those with piperazinyl substitution but lesser than dialkylamine substitution. 

In contrast to norfloxacin analogues (A25-A27), gatifloxacin analogues (A28-A30) were 

found to be more promising in terms of anti-HIV activity. At the 5th position of the 

indolyl moiety (R’), the presence of methyl group resulted in compounds with superior 

anti-HIV activity followed by fluoro and then chloro group. A12, the compound with the 

highest anti-viral potency probably is involved in steric and hydrophobic interaction with 

bulky residues of the active site pocket by virtue of its methyl group at R’ and also due to 

the diallylic moiety, attached to the thiourea group. The diallyl moiety might also be 

involved in some dipole-dipole interaction with some charged residues of the protein. 

While comparing between the diallyl and diphenyl thiosemicarbazone Mannich bases it 

was observed that diallyl derivatives had higher anti-viral activity. This can be ascribed to 

the allyl moiety present at the terminal of the hydrazino carbothiamido group, 

contributing to possible dipole-dipole interaction with certain charged groups of the 
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active site residues of the protein. The diminished activity of the diphenyl analogues may 

be due to the bulky phenyl groups which may be hindering the molecule from reaching 

inside the active pocket of the protein and interacting with the active residues. Amongst 

the diphenyl thiosemicarbazones, 2-(1-((4-(4-chlorophenyl)piperazin-1-yl)methyl)-5-

methyl-2-oxoindolin-3-ylidene)-N,N diphenylhydrazinecarbothioamide (P21) was found 

to be most effective against HIV-1 replication with an EC50 of 3.53 µM. At R1, presence 

of piperazinyl/substituted piperazinyl substitution (P16-P24) results in better anti-viral 

leads when compared to morpholinyl substitution (P13-P15). The morpholinylmethyl 

analogues in general had diminished anti-viral activity which can be attributed to the 

repulsion experienced by the oxygen of morpholine ring. Presence of dialkylamine at R1 

gave compounds with enhanced anti-HIV profile (P7-P12). Substitution at R1 with 

flouroquinolones (P25-P30) resulted in compounds with improved anti-HIV activity in 

comparison to piperazinyl substitution. The antiviral potency of P21 can be credited to 

the combined presence of the substituents at R’ and R1. At R1, the 4-chlorophenyl 

piperazinyl methyl moiety might be engaged in some H-bonding interaction due to the 

piperazinyl group and also may be forming some polar bond due to the halogen at the 

para position of the phenyl ring.  

The cytotoxic effect of these molecules was measured in MT-4 cells in parallel 

with the antiviral activity. A9, was found to be the least cytotoxic with a CC50 value of 

>538.36 µM. The cytotoxicity of these forty-eight compounds was found to lie in the 

range of 64.17 to 538.36 µM (Table 6.12-6.14). In general, these compounds portrayed 

lesser cytotoxicity profile than that of clinically used anti-HIV agents viz. nevirapine and 

trovirdine. Between diallyl thiosemicarbazones and diphenyl thiosemicarbazones, diallyl 

analogues were found to be less cytopathic to MT-4 cells. The greater cytotoxicity of the 

diphenyl derivatives may be because of the phenyl rings being involved in non-specific 

binding other than the active site due to its steric nature.  
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B. HIV-1 RT enzyme inhibition assay: 

 HIV-1 Reverse Transcriptase (RT) is the prime target for many anti-AIDS drugs 

that are being used clinically and are there in the developmental phases. RT is the only 

enzyme that catalyses the transformation of single-stranded viral RNA into double-

stranded DNA which further gets incorporated into the host’s chromosomes [25]. Drugs 

targeting RT can be broadly categorized into two classes: Nucleoside reverse 

transcriptase inhibitors (NRTIs) and Non-nucleoside reverse transcriptase inhibitors 

(NNRTIs). NNRTIs inhibit the polymerase activity of RT [146].  NNRTIS are specific to 

HIV-1 RT and hence are comparatively less toxic to the host. Though NNRTIs are 

structurally diverse, they act on RT by inducing conformational changes that form the 

NNRTI binding pocket (NNIBP). In the absence of any NNRTI, the NNIBP does not 

exist [24]. The NNIBP is primarily made up of hydrophobic amino acid residues and the 

cavity is created due to torsional rotation of Tyr181 and Tyr188 [117]. These Tyr 

residues skirt the catalytic aspartates, Asp-185 and Asp 186, whose movements distort 

the polymerase active site [26].  

Five out of the entire battery of compounds were analyzed for their ability to inhibit HIV-

1 RT. Two out of these five, namely A9 and A12, displayed IC50 values below 10 µM. 

N,N-diallyl-2-(1-((diethylamino)methyl)-5-methyl-2-oxoindolin-3-

ylidene)hydrazinecarbothioamide (A12) manifested the greatest inhibition of RT with 

IC50 value of 8.4±1.8 µM. The higher potency of A9 and A12 to repress RT can be 

accredited to the dialkylamine methyl moiety attached at N-1 of the indolyl group, which 

might possibly be having some favorable interaction with the hydrophobic residues of the 

NNIBP. The diallyl group appended to the thiourea moiety may also have a role in 

interacting with the active site residues by virtue of the π-electrons present in it. 
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C. In vitro anti-tubercular evaluation: 

 The titled compounds when evaluated for their inhibitory activity against the 

replication of MTB in logarithmic growth phase displayed activity ranging from 0.14 to 

63.77 µM (Table 6.16). Nine of these derivatives had MIC below 1 µM. The compound 

which displayed the greatest inhibition of MTB culture in logarithmic phase was found to 

be 1-cyclopropyl-7-(4-((3-(2-(diphenylcarbamothioyl)hydrazono)-5-fluoro-2-oxoindolin-

1-yl)methyl)-3-methylpiperazin-1-yl)-6-fluoro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid (P29), with an MIC value of 0.14 µM. In contrast to the diallyl analogues 

the diphenyl derivatives portrayed much higher inhibition of MTB multiplication in 

logarithmic phase. Amongst the compounds belonging to the diallyl series, the most 

significant anti-tubercular potency was shown by 7-(4-((5-chloro-3-(2-

(diallylcarbamothioyl)hydrazono)-2-oxoindolin-1-yl)methyl)-3-methylpiperazin-1-yl)-1-

cyclopropyl-6-fluoro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (A28) 

with MIC of 0.28 µM. The prominent anti-tubercular activity of A28 can be ascribed to 

many of the functional groups present on the flouroquinolone moiety namely, the 

carboxylic acid group being involved in hydrogen bonding interaction; the cyclopropyl 

group being responsible for hydrophobic interaction; the flouro group possibly being 

involved in some ion-dipole interaction with some charged residues of the active site 

pocket; and the methoxy group also contributing to some hydrogen bonding interaction 

with hydrogen-donor groups present in the active site. While considering the effect of the 

substituent attached to N1 (R1), presence of piperazinylmethyl/substituted 

piperazinylmethyl groups led to compounds (A16-A24) which had higher anti-TB 

activity than those with morpholinylmethyl groups (A13-A15). Sequence of anti-TB 

activity followed by the compounds when diverse piperazines were present at R1 is:  4-

chloro-phenyl piperazine> 4-methyl-phenyl piperazine> phenyl piperazine. When R1 is 

occupied by flouroquinolones, it gives rise to compounds with anti-tubercular activity 

higher than those with piperazinyl and dialkylamine substituents. Amongst the 

flouroquinolone analogues the gatifloxacin substituted ones (A28-A30) exhibited 

improved inhibitory profile than those with norfloxacin (A25-A27). Amongst the twenty-

four derivatives belonging to diallyl series, the dialkylamine substituents had the highest 

MIC values.  
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In the diphenyl thiosemicarbazone series, five of the analogues exhibited MIC 

below 1.0 µM (Table 6.16). The substituent at C5 of isatin (R’) being kept constant, when 

R1 was varied amongst the diphenyl series, the order of activity conformed to the 

following sequence: diethylamine< dimethylamine< Morpholine< phenyl piperazine< 4-

methyl phenyl piperazine< 4-chloro-phenyl piperazine< norfloxacin< gatifloxacin; except 

for 5-flouro derivatives were morpholinyl derivatives had the least activity and the 

remaining substituents following the same order. The greater activity profile of the 

flouroquinolone substituted analogues can be accredited to their increased lipophilicity 

permitting them to penetrate into the mycolic acid cell wall of the bacilli. While studying 

the presence of various functional groups at R’, it was observed that flouro analogues 

have higher inhibitory action on MTB growth, which might possibly be owing to 

flourine’s electronegativity contributing to some interaction with some positively charged 

residues in the active site.  

 

D. Anti-tubercular activity of compounds against dormant MTB: 

Mycobacterium tuberculosisis a pathogen that is wreaking havoc globally due to 

its ability to persist for long periods of time in the macrophages of the alveoli, by 

remaining disguised from the human immune system. The assemblage of genes that 

permits the organism to enter phases of dormancy and then re-emerge later during 

endogenous re-infection are now being revealed. Latent bacilli are generated by the 

launching of specific immunity which forces the bacilli to remain in a stationary phase 

inside the necrotic tissue. This tissue is crucial because it maintains a stable bacilli 

population and protracts the production of foamy macrophages which thereby helps the 

bacillus to escape to the alveolar spaces. In the alveolar spaces, the bacillus regrows and, 

when it is released into the alveolar space, it induces new granulomas which are less 

developed due to the effective immunity of the imuunocompetent host. Hence newer 

chemotherapeutic agents are needed which would target the necrotic tissues which harbor 

these dormant mycobacteria [147].  

These compounds were also screened for their activity against suppression of 

dormant MTB culture and nine of them demonstrated inhibition superior by many 

degrees to that of prototype drug INH (Table 6.17). 1-cyclopropyl-7-(4-((3-(2-
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(diallylcarbamothioyl)hydrazono)-5-methyl-2-oxoindolin-1-yl)methyl)-3-

methylpiperazin-1-yl)-6-fluoro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 

(A30), was found to be most effective in inhibiting dormant MTB with an MIC of 17.81 

µM. It was observed that the compounds which inhibited starvation induced MTB culture 

were all flouroquinolone analogues, which perhaps owing to their bulkiness were better 

able to penetrate the waxy cell wall of the quiescent mycobacterial spores. Hence these 

drugs could prove effective for treating reactivation tuberculosis. Amongst the non-

flouroquinolonated derivatives, A12 displayed reasonably good activity in inhibiting the 

dormant MTB with an MIC of 31.34 µM. The aliphatic chain at the N-1 of the isatin 

moiety in case of A12 may be permitting it to penetrate the waxy mycolic acid layer. 

 

E. MTB ICL enzyme inhibition assay: 

 Persistence and reactivation are two typical hallmarks of TB, which makes this 

disease incurable even after prolonged chemotherapy with currently available anti-

tubercular agents. The tubercle bacilli exist in dormant form in the macrophages of 

infected patients by entailing a metabolic shift to glyoxalate shunt, where it utilizes C2 

substrates. It was observed that there was a marked increase in concentration of isocitrate 

lyase, an essential enzyme in the glyoxalate pathway, in the lungs of mice, infected with 

chronic tuberculosis [137]. The glyoxalate pathway being absent in vertebrates, and since 

it has strong implications in maintaining chronicity of tubercular infection, ICL is 

considered a significant target for tackling reactivation TB [141]. As the compounds 

reported in this article, exhibited excellent inhibition of dormant mycobacterium, we 

decided to explore the possible mechanism by screening some compounds against ICL 

enzyme of MTB. Several small-molecule inhibitors have been described [140] as MTB 

ICL inhibitors; however, none has been developed as a drug for MTB. In this work, 

isocitrate lyase activity was determined at 37°C by measuring the formation of 

glyoxylate-phenylhydrazone in the presence of phenylhydrazine and isocitrate lyase at 

324 nm based on the method described [119]. The compounds were screened with a 

single concentration of 10 µM and percentage inhibitions of the screened compounds 

along with the standard MTB ICL inhibitor 3-nitropropionic acid (3-NP) (at 100 µM) for 

comparison are reported.  
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Nine compounds were evaluated for their ability to inhibit MTB ICL and only 

two of these, namely A12 and A13, showed significant suppression of ICL activity 

(Table 6.18). N,N-diallyl-2-(1-((diethylamino)methyl)-5-methyl-2-oxoindolin-3-

ylidene)hydrazinecarbothioamide (A12), showed the highest inhibition at 40.45 % when 

tried at 10mM concentration level; whereas N,N-diallyl-2-(5-chloro-1-

(morpholinomethyl)-2-oxoindolin-3-ylidene)hydrazinecarbothioamide (A13), inhibited 

ICL by 31.42% at 10mM level, in comparison to 65.99% inhibition by NP at 100mM 

concentration level. The superior inhibition of ICL by A12 and A13, when compared to 

the other molecules, can be imputed to the π-electrons of the diallyl group attached to the 

thiourea moiety which perhaps might be interacting with some electron-deficient groups 

present in the active site pocket.  

 

F. MTB DNA Gyrase enzyme assay: 

 Eight of the analogues belonging to this series were subjected to evaluation for 

their ability to inhibit supercoiling of Mycobacterium smegmatis DNA gyrase enzyme 

(Table 6.19). These compounds had IC50 ranging between 20 and 50 µg/mL with A28 

being the most active against DNA gyrase.  

 

G. Antiviral and Cytotoxicity activity against Influenza Type A virus: 

 Two compounds belonging to this series, namely A14 and A25 were also 

analyzed for their ability to inhibit the replication of influenza type A virus, strain 

Vietnam/1203/2004H in MDCK cell line (Table 6.20). Both these analogues were found 

to be inactive against the replication of influenza A virus.   

 

H. Antiviral and Cytotoxicity activity against Influenza Type B virus: 

 Selected compounds, namely A14, A22, A25 and A29 were analyzed for their 

ability to inhibit the replication of Influenza type B virus, strain Malaysia/2506/2004 in 

MDCK cell line (Table 6.21). All of them failed to inhibit influenza B virus.  
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I. Antiviral and Cytotoxicity activity against SARS virus: 

Three of the analogues, viz. A14, A25 and A29 were analyzed for their ability to 

inhibit the replication of SARS virus, Urbani strain in Vero 76 cell line (Table 6.22). All 

of them were found to be inactive against SARS virus.   

 

6.3 Computational studies 

A. HIV-1 RT Docking 

Results & Discussion:  

 

 
Fig. 6.1: Contact residues of A12 when docked onto HIV-1 RT 
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With the intention of exploring the binding mode of these synthesized molecules in the 

HIV-1 RT pocket, these molecules were subjected to molecular docking simulation using 

the docking software, AutoDock 4.0 [148, 149]. The coordinates of the NNIBP were 

taken from the PDB crystal structure of RT/Nevirapine complex (PDB ID: 1VRT). 

 

 
Fig. 6.2: Electrostatic surface view of active site pocket of HIV-1 RT bound to A12 

 

A12 demonstrated the best binding affinity amongst the entire series of 

compounds.  Visual inspection (Fig. 6.1) of the best docked pose of A12 revealed that its 

hydrazine moiety established hydrogen bonds with the OH group of Tyr 188. The isatinyl 

ring nitrogen and the nitrogen of diallylamine also formed bridged hydrogen bonds with 

Leu 234 via water 67. The isatinyl ring was found to be well seated in a hydrophobic 

pocket bordered by Val 106, Val 108, Tyr 188, Lys 223, Pro 225 and Phe 227. The 

diethyalminomethyl moiety was seen to be having considerable hydrophobic interactions 
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with Leu 100, Lys 103, Leu 234 and Pro 236. The diallyl moiety at the terminal of the 

thiosemicarbazide group had hydrophobic interactions with Pro 95, Tyr 181 and Trp 229. 

These key residues and the interactions undergone by A12 focus light on the structural 

criterion to be met by these compounds in order to inhibit HIV-1 RT and would help in 

further modifications of these compounds.  

 

B. MTB ICL Docking 

Results & Discussion:  

 

 

Fig. 6.3: Contact residues of A12 when docked onto MTB ICL 

 

In order to probe the binding mode of our designed molecules, a docking 

simulation was performed using AutoDock 4.0 [149]. Compound A12 was docked into 
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the active site pocket of MTB ICL, the coordinates of which were taken from the crystal 

structure of ICL/Pyruvate complex. 

 

 
Fig. 6.4: Electrostatic surface view of active site pocket of MTB ICL bound to A12. 

The docking results provided an aspect of the interactions between the ligand and 

the active site residues. The oxygen atom at C2 of the indole nucleus was engaged in 

hydrogen bonding interactions with the peptide backbone’s nitrogen atom of Gly 192 and 

the alcoholic oxygen of Ser191 as shown in Fig. 6.3. The Ser191 was also involved in 

hydrogen bonding interactions with the hydrazine group, which is appended to C3 of 

isatin nucleus. The indole nucleus was well accommodated in the pocket formed by Trp 

93, His 193, Pro316, Leu 348 and His 352. The isatinyl moiety is engaged in aromatic 

interaction with Trp93, His193 and His 352 forming a favorable π-stacking interaction. 
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The diethylamine group at N1 of indole showed some polar interaction with the side chain 

of Asp 153.  

So it can be concluded that these docking results were in accordance with the 

experimental data. Further structural optimization of A12 will be based on these facts 

highlighted by this docking simulation. 

 

6.4: Structure activity relationship (SAR) analysis 
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N
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S
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For anti-HIV activity: CH3>F>Cl

For anti-HIV 
activity: allyl>phenyl
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Fig. 6.5: Schematic representation of SAR of N-Mannich bases of 5-substituted- 1H-

indole-2,3-dione 3- (N, N-diallyl/diphenyl thiosemicarbazones)  
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CHAPTER 7 

 

SUMMARY & CONCLUSIONS 

 

 
 
The present work was oriented towards the synthesis, biological evaluation and 

computational studies of various novel isatin-β-thiosemicarbazones in the treatment of 

AIDS and it’s most often accompanying opportunistic co-infection tuberculosis.  

 

� An array of substituted aliphatic and aromatic thiosemicarbazides was 

synthesized, which on condensation with various 5-substituted isatins yielded a 

range of isatin-β-thiosemicarbazones.  

� These on reaction with formaldehyde and various secondary amines in the 

presence of microwave irradiation resulted in N-Mannich bases of isatin-β-

thiosemicarbazones, which were evaluated for their ability to treat HIV-TB co-

infection. 

� The structures of these final synthesized compounds were elucidated with the aid 

of their spectral and elemental data. 

� These final analogues were subjected to anti-HIV screening against HIV-1 

(HTLV-IIIB) strain in MT-4 cell line, which employed an MTT assay based 

method. 

� Few of the analogues were tested for their inhibitory effect on HIV-1 RT enzyme. 

� All the compounds were evaluated for their ability to inhibit the growth of MTB 

in both logarithmic as well as dormant phase. 

� Selected analogues were tested for their activity to inhibit MTB ICL, an enzyme 

with significant implication in dormant TB, and also against MC2 DNA gyrase 

supercoiling. 

� Few of the analogues were evaluated for their ability to act against the replication 

of various viruses viz. HCV, SARS virus, Influenza type A and B viruses. 
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� With the help of docking softwares namely, GOLD and AutoDock 4.0, the 

binding mode of these compounds were investigated when bound to HIV-1 RT 

and MTB ICL enzymes. 

� In the first series, M21 was found to be the most potent against HIV-1 replication 

in MT-4 cell line with an EC50 of 1.69 µM.   

� In the second series, A12 displayed the most promising activity against HIV-1 

replication with an EC50 of 0.3028 µM. 

� In general the compounds of the second series proved better in inhibiting HIV-1 

replication, which may be due to their bulky moiety present at the terminal of the 

thiosemicarbazide in comparison to the hydrophilic hydroxy or methoxy group in 

the first series. 

� Substitution at R1 also ruled the pattern of activity followed by the compounds. 

Presence of piperazinylmethyl and substituted piperazinylmethyl group at N-1 

enhanced the anti-HIV activity when compared to morpholinylmethyl group in 

case of the N-hydroxy/methoxy analogues; whereas for the N,N–diallyl/diphenyl 

analogues presence of dialkylamine substituents yielded compounds with better 

antiviral activity than the ones with piperazinyl/ substituted piperazinyl or 

flouroquinolone substituents .  

� At the 5th position of the indolyl moiety, the presence of methyl group results in 

compounds with superior anti-HIV activity followed by fluoro and then chloro 

group. 

� Nine compounds were evaluated for their ability to repress the activity of HIV-1 

RT enzyme. M21 and A12 emerged as the most promising ones against HIV-1 

RT inhibition. A12 was found to be better than M21, with a lower IC50 value.  

� Against logarithmic phase of MTB, M35 and P29 displayed exemplary inhibitory 

activity. It was observed that most of the fluoroquinolone analogues in both the 

series showed promising inhibition of MTB growth which might be due to their 

bulky nature permitting them to penetrate the waxy mycolic acid layer of the 

bacilli. 
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� When tested against starvation-induced MTB, seven of these analogues proved 

beneficial than standard drug, rifampicin and twenty-nine analogues were more 

effective than isoniazid. 

� Eighteen compounds were tested for their ability to repress the activity of MTB 

ICL, out of which M30 displayed the most promising ICL suppression of 63.44%, 

followed by A12 at 40.45 %.  

� Isatin analogues since having momentous activity against a wide panoply of 

microorganisms, these synthesized derivatives were put to test against the 

replication of HCV, SARS virus, Influenza Type A and B viruses; but were found 

to be ineffective. Hence it can be explicitly stated that these derivatives are 

selective towards HIV replication. 
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Fig. 7.1: Structure of most active compounds 
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FUTURE PERSPECTIVES 

 

The present work generated compounds which were effective as NNRTIs in 

combating HIV as well as possessed considerable anti-tubercular activity. Further 

structural modifications of these leads would give rise to molecules which would be 

capable to treat HIV-TB co-infection; thereby decreasing the pill burden encountered 

by the patients and hence increasing treatment adherence.  

Further studies are needed to be performed to assess the pharmacokinetic profile of 

these analogues to asses the bioavailability and effective plasma concentration of 

these analogues. 

A perplexing drawback of treatment with NNRTIs is the development of resistance to 

these molecules by the HIV virion by undergoing genetic mutations. Hence these 

novel molecules need to be evaluated against the resistant HIV strains; in order to 

establish their efficacy against mutated and non-mutated strains of the retrovirus. 

Where anti-tubercular assays are concerned, these derivatives need to be evaluated for 

their capacity to act against MDR-TB and XDR-TB. Also due to the significant 

difference existing between in vitro and in vivo studies, these analogues are required 

to undergo in vivo and ex vivo anti-tubercular assays in suitable animal models.  

A plethora of gene products have been elucidated which have significant implication 

in maintaining the TB bacilli in dormant phase in the infected host. These compounds 

have a scope of being explored against all these gene products to reveal the exact 

mechanism by which they are acting against starvation-induced MTB. 
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