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If- by Rudyard Kipling 
If you can keep your head when all about you 

   Are losing theirs and blaming it on you; 

If you can trust yourself when all men doubt you, 

   But make allowance for their doubting too; 

If you can wait and not be tired by waiting, 

   Or, being lied about, don’t deal in lies, 

Or, being hated, don’t give way to hating, 

   And yet don’t look too good, nor talk too wise; 

 

If you can dream—and not make dreams your master; 

   If you can think—and not make thoughts your aim; 

If you can meet with triumph and disaster 

   And treat those two impostors just the same; 

If you can bear to hear the truth you’ve spoken 

   Twisted by knaves to make a trap for fools, 

Or watch the things you gave your life to broken, 

   And stoop and build ‘em up with wornout tools; 

 

If you can make one heap of all your winnings 

   And risk it on one turn of pitch-and-toss, 

And lose, and start again at your beginnings 

   And never breathe a word about your loss; 

If you can force your heart and nerve and sinew 

   To serve your turn long after they are gone, 

And so hold on when there is nothing in you 

   Except the Will which says to them: “Hold on”; 

 

If you can talk with crowds and keep your virtue, 

   Or walk with kings—nor lose the common touch; 

If neither foes nor loving friends can hurt you; 

   If all men count with you, but none too much; 

If you can fill the unforgiving minute 

With sixty seconds’ worth of distance run— 

   Yours is the Earth and everything that’s in it, 

And—which is more—you’ll be a Man, my son! 
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Abstract  

This thesis focussed on the synthesis of three series of hybrid molecules, all related to the 

quinoline or quinoxaline scaffolds.  These are (i) 2-(1H-benzo[d]imidazol-2-yl)quinolines, (ii) 

quinoxaline-chalcones and their pyrazoline derivatives, and (iii) 5-(quinolin-2-ylmethylene)-

2-thioxothiazolidin-4-ones.  The target molecules were fully characterized particularly by 2D 

NMR and verified by high resolution mass spectrometry.  The synthesised compounds were 

tested for their antibacterial activity against two Gram +ve species, Staphylococcus aureus and 

MRSA and four Gram -ve bacteria, Pseudomonas aeruginosa, Klebsiella pneumoniae, 

Escherichia coli and Salmonella typhimurium to identify lead compounds which could be 

developed into active pharmaceutical ingredients for antibiotics.  A total of fifty-six compounds 

were synthesised based on these scaffolds. 

The 2-(1H-benzo[d]imidazol-2-yl)quinolines were synthesised by the Doebner-Miller reaction 

of crotonaldehyde and substituted anilines, followed by oxidation and benzimidazole formation 

with o-phenylenediamine.  The series of compounds consisted of 6- and 8- substituted halogen, 

methoxy and methyl groups.  A complete structural elucidation of all compounds was carried 

out and the effects that the different substituents had on the resonances of the quinoline scaffold 

reported.  The quinoxaline-chalcone and quinoxaline-chalcone-quinoline hybrids were 

synthesised from a quinoxaline acetophenone derivative and various 2- or 4- substituted 

benzaldehydes and 6- or 8- substituted quinoline-2-carbaldehydes via the Claisen-Schmidt 

condensation.  These molecules were then converted to their respective pyrazoline derivatives 

using hydrazine hydrate.  The 5-(quinolin-2-ylmethylene)-2-thioxothiazolidin-4-ones were 

synthesised from the Knoevenagel reaction of various 8- and 6-substituted quinoline-2-

carbaldehydes and rhodanine.  The method described is a convenient way to tag a rhodanine 

moeity onto a quinoline ring.   
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Of the three sets of compounds synthesised, only the quinoxaline-chalcone-quinoline hybrids 

showed appreciable antibacterial activity, being active against the Gram +ve S. aureus and 

MRSA and not against the Gram -ve species, with the activity against S. aureus being much 

higher than that for MRSA.  Quinoxaline chalcones showed no activity against the bacterial 

strains tested, however, when a quinoline moiety replaced the aromatic ring, eight derivatives 

showed enhanced antibacterial activity, having MBC values between 0.151-0.360 M against 

S. aureus and 10.9-618 M against MRSA.  The quinoxaline-chalcone-quinoline hybrids 

showed antibacterial activity two orders of magnitude greater than ciprofloxacin and 

levofloxacin against S. aureus and comparable activity to these standards against MRSA.  

Interestingly, the 4'-Br and 4'-Cl pyrazoline derivatives of the quinoxaline chalcones (having 

MBC values of 11 and 12 M, respectively) showed comparable activity to levofloxacin and 

ciprofloxacin. 

  



xi 

List of Abbreviations 

°C      degrees Celsius 

13C NMR    carbon-13 nuclear magnetic resonance spectroscopy 

1H NMR    proton nuclear magnetic resonance spectroscopy 

aq       aqueous 

br       broad 

CDCl3      deuterated chloroform 

COSY     homonuclear correlation spectroscopy 

d       doublet 

dd       doublet of doublets 

ddd      doublet of doublet of doublets 

dddd      doublet of doublet of doublet of doublets 

DMF      dimethylformamide 

DMSO     dimethyl sulfoxide 

DMSO-d6     deuterated dimethyl sulfoxide 

EtOAc     ethyl acetate 

EtOH      ethanol 

FID     free induction decay 

FTIR      Fourier transform infrared 

h      hour 

HMBC     heteronuclear multiple bond correlation 

HRMS     high resolution mass spectrometry 

HSQC      heteronuclear single quantum coherence 

Hz       hertz 

IR       infrared 

μM      micromolar 

m       multiplet 

MBC     minimum bactericidal concentration 

MeOH     methanol 

MHA     Mueller-Hinton agar 



xii 

MHz     megahertz 

min     minutes 

mL      millilitre 

mmol     millimole 

mp      melting point 

MW     microwave irradiation 

NC      nanocomposite 

NHP      N-hydroxyphthalimide 

NMP     N-methylpyrrolidine 

ORTEP     Oak Ridge thermal ellipsoid plot 

PIDA     phenyliodine(III) diacetate 

PPA     polyphosphoric acid 

RT      room temperature 

s       singlet 

t       triplet 

td       triplet of doublets 

THF      tetrahydrofuran 

TLC      thin layer chromatography 

TMS      tetramethylsilane 

TMSCl    trimethylsilyl chloride 

UV      ultraviolet 

 

  



xiii 

List of Compounds in Chapter 2 

 

 

  



xiv 

List of Compounds in Chapter 3 

 

 

 

  



xv 

List of Compounds in Chapter 4 

 

 



xvi 

Table of Contents 
Chapter 1. Introduction ........................................................................................................ 1 

1.1. Quinoline.............................................................................................................. 2 

1.1.1. Classical approaches to quinoline synthesis ........................................................ 3 

1.1.2. Alternate and modified approaches to quinaldine synthesis .............................. 11 

1.1.3. Oxidation of quinaldine ..................................................................................... 17 

1.2. Benzimidazole.................................................................................................... 20 

1.2.1. Applications of benzimidazoles ......................................................................... 21 

1.2.2. Synthesis of benzimidazoles .............................................................................. 23 

1.2.3. 2-(1H-benzo[d]imidazol-2-yl) quinolines .......................................................... 24 

1.3. Quinoxaline ........................................................................................................ 26 

1.3.1. Pharmaceutical applications of quinoxaline ...................................................... 27 

1.3.2. The synthesis of quinoxalines ............................................................................ 28 

1.4. Chalcones ........................................................................................................... 31 

1.4.1. The Claisen-Schmidt Condensation ................................................................... 31 

1.4.2. Quinoxaline-chalcones ....................................................................................... 32 

1.4.3. Quinoline-chalcones .......................................................................................... 33 

1.5. Pyrazolines from α,β-unsaturated ketones ......................................................... 34 

1.5.1. Pyrazoline synthesis from chalcones ................................................................. 36 

1.5.2. Quinoline and quinoxaline pyrazoline hybrid molecules .................................. 37 

1.6. Rhodanine .......................................................................................................... 37 

1.6.1. Applications of rhodanine .................................................................................. 38 

1.6.2. Rhodanine and the Knoevenagel condensation ................................................. 38 

1.6.3. Quinoline-rhodanine hybrids ............................................................................. 40 

1.7. Aims and hypothesis .......................................................................................... 41 

1.8. References .......................................................................................................... 42 

Chapter 2. Synthesis and structural elucidation of a series of quinoline benzimidazole 
hybrid molecules .............................................................................................. 55 

2.1. Introduction ........................................................................................................ 56 

2.2. Experimental ...................................................................................................... 57 

2.3. Results and Discussion ...................................................................................... 61 

2.4. Conclusion ......................................................................................................... 68 

2.5. References .......................................................................................................... 69 

Chapter 3. Synthesis and antibacterial activity of a series of quinoxaline-chalcone-
quinoline hybrids ............................................................................................. 71 

3.1. Introduction ........................................................................................................ 72 



xvii 

3.2. Experimental ...................................................................................................... 73 

3.3. Results and discussion ....................................................................................... 94 

3.4. Conclusion ....................................................................................................... 101 

3.5. References ........................................................................................................ 102 

Chapter 4. Synthesis and antibacterial activity of quinoline-thioxothiazolidin-4-one 
hybrids ............................................................................................................ 104 

4.1. Introduction ...................................................................................................... 105 

4.2. Experimental .................................................................................................... 106 

4.3. Results and Discussion .................................................................................... 113 

4.4. Conclusion ....................................................................................................... 116 

4.5. References ........................................................................................................ 117 

Chapter 5. Conclusion ...................................................................................................... 119 
 
 

  



xviii 

List of Schemes 

Scheme 1-1  The Combes synthesis of quinolines..................................................................... 3 

Scheme 1-2  The Conrad-Limpach (A) and Knorr syntheses (B) of quinolones....................... 5 

Scheme 1-3  The Doebner reaction of anilines with pyruvic acid and aromatic aldehydes ...... 5 

Scheme 1-4  The Friedlander synthesis of o-aminobenzaldehydes with aldehydes or ketones 6 

Scheme 1-5  The Niementowski reaction of o-aminobenzoic acids with aldehydes or ketones6 

Scheme 1-6  The Gould-Jacobs quinoline synthesis.................................................................. 7 

Scheme 1-7  The Camps quinoline synthesis ............................................................................ 7 

Scheme 1-8  The Povarov synthesis .......................................................................................... 7 

Scheme 1-9  The Pfitzinger reaction of isatin with ketones ...................................................... 8 

Scheme 1-10  Applications of the Vilsmeier-Haack reaction in quinoline synthesis ................ 9 

Scheme 1-11  The Skraup quinoline synthesis .......................................................................... 9 

Scheme 1-12  The Doebner-von Miller reaction ..................................................................... 10 

Scheme 1-13  Proposed mechanism of the Doebner-von Miller quinoline synthesis ............. 11 

Scheme 1-14  Microwave assisted condensation of aniline and acetaldehyde ........................ 12 

Scheme 1-15  Microwave reactions of anilines and acetylacetonate ....................................... 12 

Scheme 1-16  Ruthenium catalysed synthesis of quinolines ................................................... 13 

Scheme 1-17  Ruthenium catalysed reactions of aniline with ethylene and 1,3-butanediol .... 13 

Scheme 1-18  Pt and Pd catalysed synthesis of quinaldine ..................................................... 14 

Scheme 1-19  Transition metal catalysed quinoline synthesis................................................. 14 

Scheme 1-20  Zeolite mediated syntheses of 2- and 4- methyl quinoline ............................... 14 

Scheme 1-21  Photocatalytic synthesis of quinolines using titania based catalysts ................ 15 

Scheme 1-22  Blue light double bond isomerization in quinoline synthesis ........................... 16 

Scheme 1-23  Trimethylsilyl chloride mediated Pfitzinger reactions ...................................... 16 

Scheme 1-24  A chemo- and regioselective retro-aldol approach to the Friedlander synthesis

 .......................................................................................................................... 16 

Scheme 1-25  The oxidation of quinaldine to quinoline-2-carbaldehyde by selenium dioxide

 .......................................................................................................................... 17 

Scheme 1-26  The mechanism for the oxidation of quinaldine to quinoline-2-carbaldehyde 

using SeO2 ........................................................................................................ 18 

Scheme 1-27  Alternative oxidative methods from quinaldine to quinoline-2-carbaldehyde . 19 

Scheme 1-28  Oxidation of quinaldine to quinaldic acid ......................................................... 19 

Scheme 1-29  The oxidation of quinoline-2-carbaldehyde to quinaldic acid .......................... 20 



xix 

Scheme 1-30  Proposed mechanism of benzimidazole formation from carboxylic acids ....... 23 

Scheme 1-31  Mechanism of benzimidazole formation from aldehydes ................................. 24 

Scheme 1-32  Various methods for the synthesis of 2-(1H-benzo[d]imidazol-2-yl) quinolines

 .......................................................................................................................... 26 

Scheme 1-33  Synthetic routes towards quinoxalines .............................................................. 29 

Scheme 1-34  Popular methods used to synthesise 1-(3-methylquinoxalin-2-yl)ethanone ..... 30 

Scheme 1-35  Base catalysed Claisen-Schmidt condensation to form chalcones ................... 32 

Scheme 1-36  The synthesis of quinoxaline-2-chalcones ........................................................ 33 

Scheme 1-37  The synthesis of quinoline-2-chalcones ............................................................ 34 

Scheme 1-38  Reactions of the α,β-unsaturated moiety forming a wide variety of 

pharmacophores ............................................................................................... 35 

Scheme 1-39  The mechanism of pyrazoline formation from α,β-unsaturated carbonyl 

compounds ....................................................................................................... 36 

Scheme 1-40  Reaction for the preparation of rhodanine ........................................................ 38 

Scheme 1-41  Knoevenagel condensation of rhodanine with aldehydes ................................. 39 

Scheme 1-42  Proposed mechanism for the Knoevenagel condensation between rhodanine 

and benzaldehyde ............................................................................................. 39 

Scheme 1-43  The synthesis of 7-chloro-4-aminoquinoline-rhodanine hybrids ...................... 41 

Scheme 1-44  The synthesis of quinoline-2-rhodanine hybrids ............................................... 41 

Scheme 2-1    Synthetic scheme for quinoline-2-benzimidazoles (5a-k). ............................... 63 

Scheme 3-1    Synthetic scheme for quinoxaline-chalcone and quinoxaline-pyrazoline hybrids 

(8a-8h and 11a-i).. ............................................................................................. 96 

Scheme 4-1    Synthetic scheme to the quinoline rhodanine hybrid molecules (5a-j)….......114 

 

  



xx 

List of Figures 

 
Figure 1-1  The basic structure of quinoline and two examples of naturally occurring 

quinoline containing therapeutic agents .................................................................. 2 

Figure 1-2   Commercially available drugs containing the quinoline scaffold .......................... 4 

Figure 1-3   The two tautomeric forms of benzimidazole ....................................................... 20 

Figure 1-4   Naturally occurring compounds containing the benzimidazole scaffold ............. 21 

Figure 1-5   Drugs containing the benzimidazole scaffold ...................................................... 22 

Figure 1-6   2-(1H-benzo[d]imidazol-2-yl) quinoline scaffold ................................................ 24 

Figure 1-7   Vitamin B2 (riboflavin), a naturally occurring quinoxaline ................................ 27 

Figure 1-8   Quinoxaline containing drugs .............................................................................. 28 

Figure 1-9   Pharmaceutical agents containing the chalcone moiety ....................................... 31 

Figure 1-10 The feedstock additive quinocetone ..................................................................... 32 

Figure 1-11 Pyrazoline containing drugs ................................................................................. 35 

Figure 1-12 Typical structures of quinoxaline 2-pyrazoline and quinoline 2-pyrazoline 

hybrids ................................................................................................................. 37 

Figure 1-13 Epalrestat, a rhodanine derived drug .................................................................... 38 

Figure 2-1  Overlay of 1H NMR spectra of 8-substituted derivatives 5a-c showing differences 

in NMR shifts of H-5 and H-7 .............................................................................. 65 

Figure 2-2  Overlay of 1H NMR spectra of 6-substituted derivatives 5d-g showing differences 

in NMR shifts of H-5 and H-7 .............................................................................. 68 

Figure 2-3  Ortep diagram of 5f ............................................................................................... 68 

Figure 3-1  Key HMBC correlations used in the structural elucidation of 7a ......................... 98 

Figure 3-2 Overlaid 1H NMR spectra of chalcone 7a and its pyrazoline analogue 8a showing 

the differences in chemical shifts of the aromatic protons when derivatisation 

occurs ..................................................................................................................... 99 

Figure 4-1  Key HMBC correlations used in the structural elucidation of 5g ....................... 115 

  



xxi 

List of Tables 

 
Table 2-1  1H NMR data of 2-(1H-benzo[d]imidazol-2-yl)quinolines 5a-k ............................ 66 

Table 2-2  13C NMR data of 2-(1H-benzo[d]imidazol-2-yl)quinolines 5a-k ........................... 67 

Table 3-1  Antibacterial activity of the synthesised compounds ........................................... 101 

Table 4-1 Antibacterial activity of quinoline-2-rhodanine hybrids ....................................... 116 

  



1 

Chapter 1. Introduction 

The pharmaceutical industry is constantly in a quest for new and improved drugs to combat a 

number of diseases, ailments and medical conditions.  It is what makes them profitable and 

ensures a better quality of life.  Historically people have died of fever, measles and even the 

common cold.  Drugs and vaccines have totally overcome fatalities associated with these.  In 

the future, HIV and cancer will become a thing of the past through the search for molecular 

entities that can control or fight against the pathogens or processes leading to these diseases.   

 

Amongst the fight against pathogens which threaten the well-being of human life, antibacterial 

resistance is at the forefront.  Overuse of antibiotics and prescription of broad spectrum 

antibiotics when not needed are some of the causes of antibacterial resistance (Davies and 

Davies, 2010).  If left unaddressed, this could lead to pandemics in modern society.  There is 

thus a need to produce new and improved antibiotics to lead the fight against bacterial 

pathogens. 

 

One approach to developing novel antibiotics is using the molecular hybrid approach.  This 

method combines two or more pharmacophores into a single molecule.  The aim is to enhance 

bioactivity by gaining the best of both worlds, allowing each pharmacophore to act on enzymes 

or other biological targets and thus enhance the activity that each individual pharmacophore 

may have on its own.  The new hybrid drug may be more potent, safer or cheaper or possess 

fewer side effects than known drugs.  Molecular hybrids are engineered using synthetic organic 

designs, placing one pharmacophore on another through a reaction of functional groups or 

forming new pharmacophores on existing scaffolds through organic transformations (Viegas-

Junior et al., 2007). 
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1.1. Quinoline 

Quinoline is composed of a pyridine ring fused to a benzene ring.  Quinoline derived 

heterocycles are found to have a wide range of biological activities (Prajapati et al., 2014; Jain 

et al., 2016) and are found in a number of naturally occurring therapeutic compounds such as 

quinine (an antimalarial isolated from the cinchona tree), and camptothecin (an anticancer drug 

extracted from the Camptotheca acuminata) (Figure 1-1) (Sriram et al., 2005; Achan et al., 

2011).  The efficacy of such natural products has formed the basis for the development of new 

and more potent drugs.  

 

 

Figure 1-1  The basic structure of quinoline and two examples of naturally occurring 
quinoline containing therapeutic agents 

 

Quinoline compounds have demonstrated a myriad of therapeutic activities (Kumar et al., 

2009; Marella et al., 2013) such as antibacterial (Musiol et al., 2011), anticancer (Solomon and 

Lee 2011; Afzal et al., 2015; Gopaul et al., 2015), anticonvulsant (Siddiqui et al., 2010), 

antifungal (Musiol et al., 2010),  antileishmanial (Gopinath et al., 2013; Gopinath et al., 2014), 

antimalarial (Foley and Tilley, 1998; van Schalkwyk and Egan, 2006; Vandekerckhove and 

D’hooghe, 2015), antimycobacterial (Eswaran et al., 2010), anti-oxidant (Maddela et al., 2015), 

anti-HIV (Luo et al., 2009), anti-inflammatory and cardiovascular applications (Kumar et al., 
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2009).  The commercial use of quinoline-based drugs is also widespread and include 

levofloxacin (antibiotic), ciprofloxacin (antibiotic), clioquinol (antifungal), montelukast (anti-

asthmatic), bosutinib (antileukaemic), bedaquine (antitubercular) and saquinavir (anti-HIV) 

(Figure 1-2).  Thus, the quinoline moiety is an attractive scaffold for new lead drugs via 

molecular hybridisation with other moieties with the aim of either finding new pharmaceutical 

agents or improving on the activity of existing drugs.   

 

1.1.1. Classical approaches to quinoline synthesis 

Depending on the synthetic method employed, the quinoline scaffold may be functionalised at 

a number of positions on the bicyclic system.  Classical procedures for quinoline synthesis 

involve the reaction of anilines or aniline derivatives with various electrophiles (Marella et al., 

2013).  These include the Camps, Combes, Conrad-Limpach, Doebner, Doebner-von Miller, 

Friedlander, Knorr, Niementowski, Pfitzinger, Povarov and Skraup syntheses (Madapa et al., 

2008; Ramann and Cowen, 2016). 

 

The Combes synthesis (Scheme 1-1) comprises the reaction of substituted anilines with β-

diketones resulting in 2,4-disubstituted quinoline products.  The reaction proceeds via a β-

amino-enone intermediate prior to an acid catalysed cyclisation (Kouznetsov et al., 2005; Aribi 

et al., 2016).  

 

 

Scheme 1-1  The Combes synthesis of quinolines 
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Figure 1-2  Commercially available drugs containing the quinoline scaffold 
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The Knorr synthesis (Route B, Scheme 1-2) and the Conrad-Limpach synthesis (Route A, 

Scheme 1-2), from which it is derived, both involve the reaction of anilines with β-ketoesters 

forming either 4- or 2-hydroxyquinolines.  The Conrad-Limpach synthesis is carried out at 

room temperature using iodine or acid catalysts, with the kinetic 4-hydroxy derivative being 

favoured over the thermodynamic 2-hydroxy product.  This is ascribed to the formation of an 

alkyl crotonate intermediate.  However, at elevated temperatures (~140°C) used in the Knorr 

modification, an intermediate anilide forms resulting in selective formation of the 

thermodynamically favoured 2-hydroxy product.  The quinolinol products often undergo keto-

enol tautomerization with the quinolone form being predominant (Wang, 2010). 

 

 

Scheme 1-2  The Conrad-Limpach (A) and Knorr syntheses (B) of quinolones 

 

The Doebner reaction (Scheme 1-3) makes use of anilines, aromatic aldehydes and pyruvic 

acid to form 2-phenylquinoline-4-carboxylic acids.  Catalysts such as trifluoroacetic acid 

(TFA) and acetic acid have been used with solvents varying from ethanol to excess acetic acid 

(Garudachari et al., 2012; Wang et al., 2016).    

 

Scheme 1-3  The Doebner reaction of anilines with pyruvic acid and aromatic aldehydes 
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The reaction of o-aminobenzaldehydes with ketones or aldehydes (containing an α-methylene 

group) result in the formation of either C-2, C-3 or C-2 and C-3 substituted quinolines, 

depending on the choice of ketone or aldehyde in what is known as the Friedlander synthesis 

(Scheme 1-4).  This reaction has been carried out using acidic and basic catalysts in aqueous 

and ethanolic media or at elevated temperatures without catalysts (Madapa et al., 2008; Shiri 

et al., 2011).  

 

 

Scheme 1-4  The Friedlander synthesis of o-aminobenzaldehydes with aldehydes or ketones 

 

The Niementowski synthesis (Scheme 1-5) is similar to the Friedlander reaction above, 

however, o-aminobenzoic acids are used instead of o-aminobenzaldehydes.  This change 

resulted in a hydroxyl group at C-4 (Poronik et al., 2017).  

 

 

Scheme 1-5  The Niementowski reaction of o-aminobenzoic acids with aldehydes or ketones 

 

4-Hydroxyquinolines can also be formed by the reaction of anilines with ethyl 

ethoxymethylenemalonate in the Gould-Jacobs synthesis (Scheme 1-6).  Anilines bearing 

electron donating groups meta to the amine group show superior yields to those with electron 

withdrawing substituents (Li, 2007; Wang, 2010).  
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Scheme 1-6  The Gould-Jacobs quinoline synthesis 

 

The base promoted cyclisation of o-acylaminoacetophenones is known as the Camps quinoline 

synthesis (Scheme 1-7).  This results in either C-2, C-4 or a mixture of C-2 and C-4 

hydroxylated products.  The products are however believed to exist predominantly in the keto 

form resulting in quinolones rather than quinolines (Jones et al., 2007; Wang, 2010).   

 

 

Scheme 1-7  The Camps quinoline synthesis 

 

The Povarov synthesis (Scheme 1-8) begins with the reaction of aniline and a benzaldehyde, 

forming a Schiff base.  A Lewis acid such as BF3·OEt is required to activate the resulting imine, 

which then reacts with an electron rich alkene in a [4+2] cycloaddition reaction forming a 

quinoline via a four membered ring intermediate  (Kouznetsov, 2009).  

 

 

Scheme 1-8  The Povarov synthesis 
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The Pfitzinger reaction (Scheme 1-9) is the base promoted reaction of isatin (1H-indole-2,3-

dione) with ketones, forming quinolines containing a carboxylic acid at C-4.  Disubstitution 

may occur at C-2 and C-3, depending on the ketone used while substitution on the B-ring of 

the quinoline moiety may be introduced by using substituted isatin precursors (Shvekhgeimer, 

2004; Sangshetti et al., 2014).  

 

 

Scheme 1-9  The Pfitzinger reaction of isatin with ketones 

 

The Vilsmeier-Haack reaction may also be used to synthesise quinolines from aniline based 

starting materials in three ways.  The first method entails converting an aniline to its anilide, 

which then reacts with a Vilsmeier reagent (generated in situ from POCl3 and DMF), forming 

a chloromethylene iminium salt, which then cyclises to form 2-chloroquinoline 3-

carbaldehydes (Route A, Scheme 1-10) (Abdel-Wahab and Khidre, 2013).  The remaining two 

methods involve the reaction of POCl3 and DMF with o-aminoacetophenones (Route B, 

Scheme 1-10) (Wang et al., 2015) and 2'-aminochalcones (Route C, Scheme 1-10) (Akila et 

al., 2001) forming 4-chloroquinoline-3-carbaldehydes and 4-chloro-2-phenylquinoline-1-

carbaldehydes, respectively.  
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Scheme 1-10  Applications of the Vilsmeier-Haack reaction in quinoline synthesis 

 

In the Skraup synthesis (Scheme 1-11), substituted anilines and glycerol are reacted in the 

presence of sulfuric acid and nitrobenzene, the sulfuric acid acting as both catalyst and 

dehydrating agent, and nitrobenzene acting as an oxidising agent (Madapa et al., 2008).  

 

  

Scheme 1-11  The Skraup quinoline synthesis 

 

The Doebner-von Miller reaction (Scheme 1-12) is a modification of the Skraup synthesis 

using an α,β-unsaturated ketone or aldehyde instead of glycerol producing either a 

monosubstituted or disubstituted quinoline at C-2, C-4 or both C-2 and C-4 (Matsugi et al., 

2000). 
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Scheme 1-12  The Doebner-von Miller reaction 

 

Synthesis of 2-methylquinoline (Quinaldine) 

Quinaldine is produced by the Doebner-von Miller reaction of substituted aniline with 

crotonaldehyde.  This reaction is favoured over the Skraup synthesis as the latter is violently 

exothermic (Gilchrist, 1985).  The reaction was pioneered by Doebner and von Miller in 1881 

(Doebner and von-Miller, 1881).  Strong acids such as hydrochloric acid are employed as 

catalysts for the reaction.  However, these strong acids may lead to polymerisation of the α,β-

unsaturated aldehyde.  To minimize this, a biphasic approach was used where the aldehyde was 

partitioned in an organic solvent such as toluene, while the aniline and acid were retained in 

aqueous medium.  The reaction occurs at the phase boundary of the two immiscible solvents 

(Matsugi et al., 2000). 

 

Mechanism of the Doebner-Miller reaction 

Under strongly acidic conditions, aniline condenses with α,β-unsaturated aldehydes forming a 

conjugated imine.  A 2+2 cycloaddition of two imine fragments result in the formation of a 

four membered intermediate which converts to a neutral six membered intermediate by ring 

opening and cyclisation steps.  Protonation of this neutral intermediate causes the six 

membered heterocycle bearing the two nitrogen atoms to open.  Cyclisation then occurs where 

the lone pair of the nitrogen adds to the double bond of the alkene moiety bonded to the 

aromatic ring, which releases an aromatic imine.  The last step is an oxidative dehydrogenation 

yielding quinaldine (Scheme 1-13) (Li, 2007).  
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Scheme 1-13  Proposed mechanism of the Doebner-von Miller quinoline synthesis 

 

1.1.2. Alternate and modified approaches to quinaldine synthesis 

Beside the classical approaches to synthesising quinolines, several other approaches to 

quinoline synthesis have also been documented.  These methods either improve on existing 

methods or develop greener procedures.   
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Microwave-assisted synthetic methods 

Microwave irradiation has found a great deal of interest in synthetic chemistry due to reduced 

reaction times and environmentally benign conditions (Nadaraj and Thamarai Selvi, 2007; 

Safari et al., 2009).  Safari and co-workers (2009) condensed anilines with acetaldehyde in 

aqueous HCl within seven minutes using an alumina catalyst and achieved good yields of 73-

96% (Scheme 1-14).  The reagents were used in a 1:2 ratio of aniline to aldehyde. 

 

Scheme 1-14  Microwave assisted condensation of aniline and acetaldehyde 

 

Nadaraj and Thamarai Selvi (2007) synthesised ethyl β-anilinocrotonates from anilines and 

acetylacetonate in HCl at room temperature, then cyclised the intermediate to 2-

methylquinolin-4-ones with application of microwave irradiation (Route A, Scheme 1-15).  

However, when the same starting materials were subjected to microwave irradiation in the 

presence of para toluene sulfonic acid, acetoacetanilide intermediates were formed and 

cyclised in situ to 4-methylquinoline-2-ones (Route B, Scheme 1-15) (Nadaraj and Thamarai 

Selvi, 2007).  

 

Scheme 1-15  Microwave reactions of anilines and acetylacetonate 
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Platinum group metal catalysed methods 

Platinum group metal catalysts have also been used in quinoline synthesis.  Ruthenium 

catalysts have been used to synthesise quinolines in the Friedlander synthesis from 2-

aminobenzyl alcohol and ketones or aldehydes with an α proton (Scheme 1-16) (Cho et al., 

2001; Van der Mierde et al., 2007a, 2007b).   

 

 

Scheme 1-16  Ruthenium catalysed synthesis of quinolines 

 

Yi and Yun (2005) also used a Ru based catalyst in a hydroamination reaction to form 

quinaldine from aniline and ethylene (Route A, Scheme 1-17), while Monrad and Madsen 

(2011) formed similar products using aniline and butan-1,3-diol using a RuCl3 catalyst with 

piperidine and various additives (Route B, Scheme 1-17).  

 

 

Scheme 1-17  Ruthenium catalysed reactions of aniline with ethylene and 1,3-butanediol 

 

Platinum (Route A, Scheme 1-18) and palladium (Route B, Scheme 1-18) based catalysts have 

also been used to synthesise quinolines with anilines and ethylene or ethyl vinyl ether, 

respectively to produce quinaldine (Matsubara et al., 2011; Béthegnies et al., 2013; Rodriguez-

Zubiri et al., 2013; Verma et al., 2014).  
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Scheme 1-18  Pt and Pd catalysed synthesis of quinaldine 

 

Transition metal catalysed methods 

Nickel and iron catalysts have also been used to form quinolines from alcohols, anilines and 

carbon tetrachloride (Scheme 1-19) (Khusnutdinov et al., 2012, 2013, 2016).  

 

 

Scheme 1-19  Transition metal catalysed quinoline synthesis 

 

Zeolites 

Zeolites were used to methylate quinoline at the 2 position (Route A, Scheme 1-20) (Ram 

Reddy et al., 1998) as well as mediate vapour phase reactions of aniline with acetaldehyde 

towards 2- and 4-quinolines.  Products varied depending on the zeolite used and temperature 

applied (Route B, Scheme 1-20) (Brosius et al., 2006).  

 

 

Scheme 1-20  Zeolite mediated syntheses of 2- and 4- methyl quinoline 
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Heteropoly acids 

Heteropoly acids such as phosphomolybdic and phosphotungstic acid have been used in 

microwave reactions and in conjunction with micellar media in the Doebner-von Miller 

quinoline synthesis (Sivaprasad et al., 2006, Chaskar et al., 2010).   

 

Photocatalytic reactions 

Titania (TiO2) and titania doped with gold or nitrogen (in the form of hydrazine hydrate) were 

used in photocatalytic reactions between anilines and ethanol to synthesise quinaldine 

derivatives (Scheme 1-21) (Matsui et al., 2002; Selvam and Swaminathan, 2010, 2013).   

 

 

Scheme 1-21  Photocatalytic synthesis of quinolines using titania based catalysts 

 

Blue light 

A recent study making use of blue light emitting diodes without the aid of photocatalysts or 

heat formed quinaldine and other 2-substituted quinolines from o-amino-α,β-unsaturated 

ketones (Scheme 1-22).  The study achieved an impressive 99% conversion of (E)-4-(2-

aminophenyl)but-3-en-2-one to quinaldine.  The method is predicated on the ability of blue 

light to isomerize the ketone to its Z-isomer.  This method represents a fast, energy and atom 

efficient route to quinaldines (Chen et al., 2017).   
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Scheme 1-22  Blue light double bond isomerization in quinoline synthesis 

 

Lu and co-workers (2017) recently used trimethylsilyl chloride (TMSCl) to mediate Pfitzinger 

reactions between isatin, 1,3-dicarbonyl compounds and alcohols to form quinaldine 

derivatives (Scheme 1-23).  This synthesis incorporated cyclization and esterification into a 

single step cascade process forming a carboxylate at C-4 (Lu et al., 2017).  

 

 

Scheme 1-23  Trimethylsilyl chloride mediated Pfitzinger reactions 

 

Miscellaneous methods 

Zhang and Deng (2016) reported a retro-aldol approach to the Friedlander synthesis wherein 

mild conditions in conjunction with a Cu-catalyst are applied to the synthesis of quinolines and 

naphthyridines from ß-hydroxy ketones and o-aminobenzaldehydes, nicotin aldehydes or aryl 

ketones (Scheme 1-24).  This marked an improvement on the traditional method due to 

enhanced chemo- and regioselectivity (Zhang and Deng, 2016). 

 

Scheme 1-24  A chemo- and regioselective retro-aldol approach to the Friedlander synthesis 
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1.1.3. Oxidation of quinaldine  

The oxidation of quinaldine to its carbaldehyde or carboxylic acid analogues creates an 

electrophilic centre which can be further functionalised with other pharmacophores or moieties, 

provided they have a nucleophilic site. 

 

Selenium dioxide oxidative methods 

Selenium dioxide is a common reagent used to carry out this oxidation and is particularly useful 

for the oxidation of quinaldines to their respective carbaldehydes (Scheme 1-25) (Musiol et 

al., 2009; Chandrasekhar et al., 2011; Ding et al., 2013; George et al., 2013; Gopinath et al., 

2013; Gopaul and Koorbanally, 2016).  The reaction takes place in boiling aprotic solvents 

such as 1,4-dioxane, achieving maximum conversion of 82% (Gopaul and Koorbanally, 2016), 

or xylene, in yields of 50-80% (Pérez-Melero et al., 2004).  Dioxane is a good choice of solvent 

for this purpose since it has the high boiling point required to carry out the reaction at just 

above 100 °C and can easily be removed by biphasic extraction using water, with the product 

being extracted with an immiscible organic solvent.  A solvent free method has been reported, 

wherein unsubstituted quinaldine was reacted with SeO2 at high temperatures of ~170 °C 

producing the aldehyde in a yield of 81% (Ding et al., 2013).  The oxidation of quinaldine to 

the aldehyde has been reported to take place within an hour (Gopaul and Koorbanally, 2016).  

If left longer, oxidation to quinoline-2-carboxylic acids occur provided SeO2 is present in 

stoichiometric excess (Jampilek et al., 2005; Musiol et al., 2009; Chandrasekhar et al., 2011). 

 

 

Scheme 1-25  The oxidation of quinaldine to quinoline-2-carbaldehyde by selenium dioxide 
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The mechanism of selenium dioxide oxidation of quinaldine to quinoline-2-carbaldehyde 

The mechanism proposed for the selenium dioxide oxidation of quinaldine to quinoline-2-

carbaldehyde begins with the nucleophilic attack of the nitrogen lone pair in quinaldine on 

selenium dioxide.  A proton transfer results in the formation of an unstable four membered 

cyclic intermediate.  Oxygen then adds to the methylene group, causing the C-Se bond to break 

thereby opening the four-membered ring.  Finally the hydroxyl oxygen bound to selenium 

abstracts the proton from the 2-methylene group producing the desired quinoline-2-

carbaldehyde while releasing selenium and water (Scheme 1-26) (Trump and Zhou, 1993).  

  

 

Scheme 1-26  The mechanism for the oxidation of quinaldine to quinoline-2-carbaldehyde 
using SeO2 

 

Alternate oxidation methods 

Other than selenium dioxide, oxidation of quinaldine to the aldehyde was also carried out by 

aerobic methods using copper catalysts in DMF at 130 °C in 12 hours (Route A, Scheme 1-27) 

(Liu et al., 2016; Zheng et al., 2016), by a microwave reaction with phenyliodine (III) diacetate 

(PIDA) as a catalyst in DMSO in short periods of 18 to 42 minutes (Route B, Scheme 1-27) 

(Jiang et al., 2016) and a metal free photo-oxidative method using TFA and I2 under oxygen 
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for 20 hours (Route C, Scheme 1-27) (Nagasawa et al., 2016).  Method C formed the aldehyde 

in a green approach with yields of 65%. 

  

 

Scheme 1-27  Alternative oxidative methods from quinaldine to quinoline-2-carbaldehyde 

 

Oxidation to quinaldic acid from quinaldine was also carried out with other reagents such as 

N-hydroxyphthalimide (NHP) and Co(OAc)2/Mn(OAc)2 as a catalyst in the presence of NO2 

(Scheme 1-28) (Sakaguchi et al., 2002).  There were also cases where conversion to the 

carboxylic acid was poor using SeO2 and dioxane, in which case the reaction was followed by 

the Pinnick oxidation (NaClO2, NaH2PO4, tert-butanol) to drive the reaction to completion 

(Contour-Galcéra et al., 2005; George et al., 2013). 

 

 

Scheme 1-28  Oxidation of quinaldine to quinaldic acid  
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There have also been reports of quinoline-2-carbaldehyde being formed first and in a 

subsequent step oxidized by hydrogen peroxide in either formic acid (Dodd and Le Hyaric, 

1993) or in water with the aid of a sulfoxyalkyl-substituted N-heterocyclic carbene catalyst 

(Scheme 1-29) (Yoshida et al., 2009).  The two step oxidation using SeO2 to first oxidize 

quinaldine to quinoline-2-carbaldehyde, and then oxidise the aldehyde to the acid, once 

selenium is removed, is preferred as quinaldic acids form stable compounds with excess 

selenous acid (formed  from mixing SeO2 with water), thus making isolation of quinaldic acid 

difficult (Achremowicz, 1996). 

  

 

Scheme 1-29  The oxidation of quinoline-2-carbaldehyde to quinaldic acid 

 

1.2. Benzimidazole 

The benzimidazole moiety is comprised of a benzene ring fused to a 1,3-diazole (imidazole) 

ring at C-4 and C-5 of imidazole.  They are generally present in two equivalent tautomeric 

forms (Figure 1-3), where the proton rapidly exchanges between two nitrogen atoms (Nieto et 

al., 2014; Diaz et al., 2015).   
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Figure 1-3  The two tautomeric forms of benzimidazole 

 

The benzimidazole nucleus has been identified as a key component of vitamin B12 (α-(5,6-

dimethylbenzimidazolyl)cobamidcyanide), a naturally occurring compound.  Few other 
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naturally derived benzimidazoles have been identified.  One such compound however is 

kealiiquinone, an alkaloid isolated from the marine Leucetta sponges (Figure 1-4) (Faulkner, 

1992; Jin, 2011).  
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Figure 1-4  Naturally occurring compounds containing the benzimidazole scaffold 

 

1.2.1. Applications of benzimidazoles 

The application of the benzimidazole scaffold in pharmaceuticals is well documented, being 

present in a variety of commercially available drugs (Figure 1-5) including omeprazole and 

lansoprazole (anti-ulcer), pantoprazole (antacid), albendazole (anthelmintic), mebendazole 

(antimicrobial), thiabendazole (antifungal), astemizole (antihistaminic), telmisartan 

(antihypertensive), candesartan cilexitil (antihypertensive), bendamustine (anticancer) and 

enviradine (antiviral) (Figure 1-5) (Bansal and Silakari, 2012; Yadav and Ganguly, 2015).  

Other promising biological activities include anti-inflammatory, antidiabetic, anti-oxidant, 
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anticoagulant, anticonvulsant, psychoactive and lipid modulating properties (Bansal and 

Silakari, 2012; Rehman et al., 2013).  

  

 

Figure 1-5  Drugs containing the benzimidazole scaffold 

 

In addition, some benzimidazole sulfonic acid salts have shown promise in dental care 

applications (Rehman et al., 2013), while 5-methylbenzimidazole has also been used as a 

camphor substitute (Wright, 1951).  Benzimidazoles have also found applications as 

organocatalyts (Nájera and Yus, 2015; Sánchez et al., 2016), in the production of semi-

conductors (Mamada et al., 2011; Tozlu et al., 2013), as organometallic ligands (Stibrany et 
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al., 2004; Malik et al., 2015),  in dyes (Malathi et al., 2009; Fleischmann et al., 2015; Bodedla 

et al., 2016), sunscreens (Manescu et al., 2015) and polymeric materials (Berrada et al., 2002; 

Kim et al., 2012).  

 

1.2.2. Synthesis of benzimidazoles 

In general, benzimidazoles are synthesised by the reaction of o-phenylenediamine with 

carboxylic acids, or aldehydes (Alaqeel, 2017).  With carboxylic acids, the amino group adds 

to the carbonyl carbon forming an amide intermediate.  Activation of the carboxylic acid is 

facilitated using acidic catalysts such as polyphosphoric acid (PPA) and hydrochloric acid.  The 

amide is then attacked by the lone pair of electrons on the remaining amino group forming an 

alcohol intermediate, which is subsequently dehydrated forming the benzimidazole (Scheme 

1-30).  

 

 

Scheme 1-30  Proposed mechanism of benzimidazole formation from carboxylic acids 

 

When aldehydes are used in benzimidazole synthesis, a sodium sulfite catalyst first adds to the 

aldehyde, forming a hydroxy sulfite intermediate, which is then attacked by one of the amino 
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groups of o-phenylenediamine, substituting the hydroxy group of the sulfite intermediate.  The 

remaining amino group of the diamine then adds to the carbon of the sulfite intermediate 

resulting in the sulfite group being substituted and the benzimidazole being formed (Scheme 

1-31) (Eren and Bekdemir, 2014).    

 

 

Scheme 1-31  Mechanism of benzimidazole formation from aldehydes 

 

1.2.3. 2-(1H-benzo[d]imidazol-2-yl) quinolines 

2-(1H-benzo[d]imidazol-2-yl) quinolines are hybrid molecules where a benzimidazole is 

attached to a quinoline via C-2 of each molecular scaffold (Figure 1-6).   

 

 

Figure 1-6  2-(1H-benzo[d]imidazol-2-yl) quinoline scaffold 

 

Such hybrids have shown good antimicrobial and antifungal activities (Hisano et al., 1982), 

and were shown to act as receptor agonists to aid colon motility (Cosimelli et al., 2011).  Metal 

complexes of 2-(1H-benzo[d]imidazol-2-yl) quinolines displayed catalytic (Li et al., 2013; 

Dayan et al., 2016; Sinha et al., 2017), fluorescent (Hu et al., 2015; Li et al., 2016) and 

luminescent properties (Chen, 2005; Yeh, 2005; Cao et al., 2013; Sinha et al., 2017). 
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Synthesis of 2-(1H-benzo[d]imidazol-2-yl) quinolines 

The most popular routes to synthesise these hybrid molecules involve the reaction of o-

phenylenediamine with quinaldic acids, quinoline-2-carbaldehydes or quinaldines.   

 

With quinaldic acid precursors (Route A, Scheme 1-32), temperatures of 180-200 °C and 

catalysts such as HCl (Govindan, 1956) and PPA (Case, 1967; Chen, 2005) were used, the 

latter now being the preferred method, taking approximately 4 hours to complete.   

 

When quinoline-2-carbaldehydes are used instead of quinaldic acids (Route B, Scheme 1-32), 

sodium bisulfite (Hu et al., 2015) and ammonium chloride (Sinha et al., 2017) are the common 

catalysts.  In some cases, the reaction proceeded without a catalyst (Li et al., 2016).  They are 

normally formed under reflux conditions in ethanol (Li et al., 2016) or mixtures of ethanol with 

DMF (Hu et al., 2015).    

 

The predominant method for the synthesis of quinoline-2-benzimidazoles with o-

phenylenediamine from quinaldine (Route C, Scheme 1-32) proceeds via oxidation processes.  

Oxidation occurs in the presence of elemental sulfur (Hisano and Ichikawa, 1974; Wang et al., 

2009; Li et al., 2014) or iodine in DMSO (Baig et al., 2017; Yaragorla and Vijaya Babu, 2017).  
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Scheme 1-32  Various methods for the synthesis of 2-(1H-benzo[d]imidazol-2-yl) quinolines 

 

Several alternative methods in 2-(1H-benzo[d]imidazol-2-yl) quinoline synthesis have been 

reported.  These include the base catalysed (K2CO3) synthesis of quinoline-2-benzimidazoles 

using a substituted quinaldine (2-(tribromomethyl)quinoline) and N-methylpyrrolidine 

together with o-phenylenediamine (Route D, Scheme 1-32)  (Tynebor and Millings, 2013); 

using 2-aminobenzylamine instead of o-phenylenediamine together with quinoline-2-

carbaldehyde in the presence of oxone (Route E, Scheme 1-32) (Hati et al., 2016); reacting 2-

nitroaniline with methyl hetarenes including quinaldine together with FeS acting as a reducing 

agent (Route F, Scheme 1-32) (Nguyen et al., 2013); and the acid catalysed rearrangement of 

3-(2-nitrostyryl)quinoxalin-2(1H)ones (Route G, Scheme 1-32)(Mamedov et al., 2010).  

 

1.3. Quinoxaline 

Quinoxaline is a heterocyclic compound composed of a benzene ring fused to a pyrazine ring.  

This moiety is a component of many naturally occurring compounds such as vitamin B2 

(riboflavin) (Figure 1-7).  Quinoxalines have shown an array of biological activities including 

antibacterial (Zhang et al., 2017), antifungal (Zhang et al., 2014), anticancer (El Newahie et 



27 

al., 2016), antiviral (Shibinskaya et al., 2010), anti-inflammatory (Ismail et al., 2005), and 

antimalarial (van Heerden et al., 2012) properties.   

 

 

Figure 1-7  Vitamin B2 (riboflavin), a naturally occurring quinoxaline 

 

1.3.1. Pharmaceutical applications of quinoxaline 

The quinoxaline core is found in a wide array of drugs such as the antibiotics, echinomycin, 

quinacillin, olaquindox and carbadox, a veterinary antibiotic, sulfaquinoxaline, a nicotine 

replacement therapy drug, varenicline, a compound in eye drops, brimonidine and an anticancer 

agent, chloroquinoxaline sulfonamide (Figure 1-8).  The quinoxaline scaffold is also present 

in solar cell dyes (Jung et al., 2015), organic semiconductors (O’Brien et al., 1996; Dailey et 

al., 2001), dehydroannulenes (Ott and Faust, 2004), and cavitands (Castro et al., 2004).  
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Figure 1-8  Quinoxaline containing drugs 

 

1.3.2. The synthesis of quinoxalines 

The quinoxaline nucleus is synthesised by a wide variety of methods and shown as a number 

of routes depicted in Scheme 1-33 (Brown, 2004).  Popular routes include the condensation of 

o-phenylenediamines (Routes A-G) with α-diketones (Route A) (Bhosale et al., 2005; More et 

al., 2005), phenacyl bromides (Route B)  (Nagarapu et al., 2014), 1,4-addition to 

diazenylbutenes (Route C)  (Aparicio et al., 2006), oxidative coupling with epoxides (Route 

D)  (Antoniotti and Duñach, 2002), oxidative cyclization with terminal or internal alkynes 

(Route E)  (Wang et al., 2011), base catalysed surfactant mediated reactions with ketones 

(Route F)  (Cho et al., 2007), and cascade reactions with vicinal diols, α-hydroxy ketones and 

α-bromoketones (Raw et al., 2004; Kim et al., 2005; Cho and Oh, 2006; Wan et al., 2009) 

(Route G).   
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Scheme 1-33  Synthetic routes towards quinoxalines 

 

Ortho-nitroanilines are also used as precursors together with Ru based catalysts and vicinal 

diols (Route H) (Xie et al., 2015) and in SnCl2 mediated reactions with α–diketones (Route I) 

(Shi et al., 2008).  Quinoxalines are also formed from the cyclization of α-arylimino oximes 

(Route J) (Xekoukoulotakis et al., 2000) and deoxygenation of quinoxaline N-oxides which 

were formed from the reaction of aryl imines with tert-butyl nitrite (Route K) (Chen et al., 

2014). 

 

The synthesis of 1-(3-methylquinoxalin-2-yl)ethanone 

The introduction of functionalities such as reactive carbonyl groups to the quinoxaline scaffold 

makes further reactions possible.  When these reactions occur with other bioactive organic 

scaffolds, hybrid compounds containing the quinoxaline core can be developed.  One such 

reactive quinoxaline based species is 1-(3-methylquinoxalin-2-yl)ethanone.  This versatile 
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compound, which is also known as 1,4-bisdesoxymequindox, may be synthesised by a number 

of routes (Scheme 1-34).  

 

Popular methods used to form 1-(3-methylquinoxalin-2-yl)ethanone involve using o-

phenylenediamine with β-diketone based starting materials (Scheme 1-34), including α-

brominated acetylacetone (Route A) (Anil Kumar et al., 2011), an α-aminoxylated 

acetylacetone (Route B) (Yan et al., 2016), a pentane-2,3,4-trione (Route C) (Goswami et al., 

2016), and a 3-diazopentane-2,4-dione (Route D) (Pandit et al., 2016).  Early reports involved 

the reaction of o-nitrosoaniline with acetyl acetone (Route E) (Haddadin et al., 1979).  A more 

recent publication detailed the cyclisation of a β-(N-2-nitroaryl)-α,β-unsaturated ketone 

intermediate with a Mo(VI) catalyst (Route F) (Vodnala et al., 2016). However, this procedure 

delivered poor yields of 18%, unlike the methods above which resulted in yields of 70% or 

greater.  An electrocatalytic process involving the acylation of 2-methyl quinoxaline with 

pyruvic acid mediated by NH4I (Route G) was also used (Wang et al., 2017).  

 

 

Scheme 1-34  Popular methods used to synthesise 1-(3-methylquinoxalin-2-yl)ethanone 
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1.4. Chalcones 

Chalcones are formed by the Claisen-Schmidt condensation, a variation of the aldol 

condensation, between an aromatic aldehyde and acetophenone (Wang, 2010).  Chalcones have 

shown a wide variety of biological properties including anticancer, antimicrobial, anti-oxidant, 

antimalarial, antiulcer, antiviral, antiprotozoal and antihistaminic activities (Singh et al., 2012; 

Yazdan et al., 2015; Zhuang et al., 2017).  They are also found in drugs such as metochalcone 

(choleretic), sofalcone (antiulcer) and hesperidine methylchalcone (antioxidant) (Figure 1-9) 

(Pinho-Ribeiro et al., 2015; Zhuang et al., 2017).  Chalcones also occur naturally as 

intermediates in biosynthetic plant processes en route to flavonoids (Wagner and Farkas, 

1975).  

  

 

Figure 1-9  Pharmaceutical agents containing the chalcone moiety 

 

1.4.1. The Claisen-Schmidt Condensation 

Chalcone synthesis was pioneered simultaneously in 1881 by Claisen (Claisen and Claparède, 

1881) and Schmidt (Schmidt, 1881).  This condensation may be catalysed by either acidic 
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(Tseng et al., 2013; Gopinath et al., 2014) or basic media (Tseng et al., 2013; Tseng et al., 

2015; Gopaul and Koorbanally, 2016).  Under basic conditions an α-hydrogen of the ketone is 

abstracted, forming an enolate ion.  This nucleophilic intermediate then attacks the carbonyl 

group of the aldehyde resulting in formation of an alkoxide, which is subsequently protonated 

to form the alcohol and followed by elimination of water forming the chalcones (Scheme 1-35) 

(Wang, 2010).  

 

 

Scheme 1-35  Base catalysed Claisen-Schmidt condensation to form chalcones 

 

1.4.2. Quinoxaline-chalcones 

Hybrid molecules incorporating both the quinoxaline and α,β-unsaturated ketone moieties have 

previously been reported with good antitubercular, antibacterial, antimalarial and anticancer 

activities (Gil et al., 2014; Santivañez-Veliz et al., 2016; Desai et al., 2017; Zhang et al., 2017).  

In addition, the oxygenated quinoxaline chalcone, quinocetone is a commercially available 

feedstock additive used as both a growth promoter and antibacterial agent (Figure 1-10) 

(Zhang et al., 2013).     

 

 

Figure 1-10  The feedstock additive quinocetone 
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The synthesis of quinoxaline-2-chalcones 

Quinoxaline-2-chalcones have previously been synthesised from the reaction of 2-acetyl 

quinoxaline with benzaldehyde (Route A, Scheme 1-36) (Zhang et al., 2012; Zhang et al., 

2017) or quinoxaline-2-carbaldehyde with various acetophenones (Route B, Scheme 1-36) 

(Desai et al., 2017).  These reactions are conducted in alcoholic media and catalysed using 

bases such as NaOH (Zhang et al., 2012; Desai et al., 2017) and diethylamine (Zhang et al., 

2017).  Similarly the synthesis of 1,4-dioxygenated quinoxaline-2-chalcones involves the base 

catalysed condensation of 1,4-dioxide-2-acetylquinoxaline with aldehydes (Abd El-Halim et 

al., 1995; Santivañez-Veliz et al., 2016).  

  

 

Scheme 1-36  The synthesis of quinoxaline-2-chalcones 

 

1.4.3. Quinoline-chalcones 

Compounds containing the quinoline skeleton and the α,β -ketone system have previously been 

synthesised and have shown antimalarial (Gutteridge et al., 2006), antileishmanial (Gopinath 

et al., 2014), antibacterial (Desai et al., 2012), antifungal (Ashok et al., 2016) and anticancer 

activities (Tseng et al., 2013). 
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The synthesis of quinoline-2-chalcones 

Synthesis of compounds in which the quinoline backbone is functionalised at C-2 have 

previously been reported and involve the condensation of quinoline-2-carbaldehydes with 

various acetophenones (Gutteridge et al., 2006; Rajendra Prasad et al., 2008; Gopinath et al., 

2014; Gopaul and Koorbanally, 2016).  Base catalysed reactions using sodium hydroxide 

(Gopaul and Koorbanally, 2016) or potassium hydroxide (Rajendra Prasad et al., 2008) in 

ethanolic media are the most popular.  Barium hydroxide in methanol has also been used to 

synthesise quinoline-2-chalcones (Gutteridge et al., 2006) and an acid catalysed method using 

sulfuric acid in acetic acid was previously reported (Scheme 1-37) (Gopinath et al., 2014). 

  

 

Scheme 1-37  The synthesis of quinoline-2-chalcones 

 

1.5. Pyrazolines from α,β-unsaturated ketones 

The α,β-ketone is attractive, not only due to its pharmacological activity, but because it is 

highly reactive and can readily be transformed into other more potent pharmacophores such as 

epoxides (Tseng et al., 2015), aurones (Litkei et al., 1995; Detsi et al., 2009), pyrimidines 

(Rostom et al., 2011; Desai et al., 2012), isoxazoles (Voskienė and Mickevičius, 2009) and 

pyrazolines (Scheme 1-38) (Desai et al., 2012; Desai et al., 2013; Kendre and Baseer, 2013; 

Ahmad et al., 2016; Desai et al., 2017).   
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Scheme 1-38  Reactions of the α,β-unsaturated moiety forming a wide variety of 
pharmacophores 

 

The condensation of hydrazines with chalcones is widely reported and results in the formation 

of pyrazolines (Desai et al., 2012, 2013; Ahmad et al., 2016; Desai et al., 2017).  Reports 

suggest this conversion may enhance pharmacological activity (Desai et al., 2013; Kendre and 

Baseer, 2013).  The pyrazoline moiety has shown antitubercular (Ali et al., 2007), 

antidepressant, anticonvulsant (Özdemir et al., 2007), anticancer (Yar et al., 2007; Shaharyar 

et al., 2010), anti-inflammatory and analgesic activities (Joshi et al., 2010).  It is found in 

commercial drugs such as metamizole phenazone, aminophenazone and propylphenazone, 

which are used as analgesics, antipyretics, anti-inflammatories and antispasmodics (Figure 

1-11). 

 

Figure 1-11  Pyrazoline containing drugs 
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1.5.1. Pyrazoline synthesis from chalcones 

The formation of pyrazolines from chalcones occurs in ethanol with hydrazine hydrate or 

substituted hydrazines (Scheme 1-38) (Kendre and Baseer, 2013; Yusuf and Jain, 2014).  If 

hydrazine hydrate is used, acylation of the resulting N-H proton can be carried out in situ by 

substituting ethanol with carboxylic acids such as acetic acid or formic acid as the reaction 

solvent (Rostom et al., 2011).  Use of substituted hydrazine derivatives such as phenyl 

hydrazine predictably leads to N-substituted pyrazolines.  This additional substitution was 

shown to enhance biological properties (Desai et al., 2012; Havrylyuk et al., 2013; Ahmad et 

al., 2016; Desai et al., 2017).  

 

Hydrazines react with α,β-unsaturated ketones in protic media via a Michael addition.  In acidic 

conditions, the nucleophilic hydrazine attacks the β carbon of the activated ketone.  Proton 

transfer then occurs followed by cyclization through a Claisen addition.  A dehydration step 

produces the final pyrazoline (Scheme 1-39). 

  

 

Scheme 1-39  The mechanism of pyrazoline formation from α,β-unsaturated carbonyl 
compounds 
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1.5.2. Quinoline and quinoxaline pyrazoline hybrid molecules 

Molecules containing the quinoxaline core directly bonded to a pyrazoline moiety are rare in 

the literature with a single report of pyrazoline being formed from an α,β-unsaturated ketone 

specifically at C-2 of the quinoxaline ring (Figure 1-12) (Fadda et al., 2011). While the 

synthesis and spectroscopic data is present in the literature, bioactivity on these compounds are 

absent.  

 

On the other hand, quinoline-pyrazoline hybrids with antifungal and antibacterial activities 

have been reported (Desai et al., 2012; Desai et al., 2013; Schowtka et al., 2014; Desai et al., 

2017).  Quinoline-2-pyrazoline compounds are however rare in literature with only one 

example of quinoline-2-pyrazole being reported (Figure 1-12) (Schowtka et al., 2014).  These 

have generally been synthesised by the conventional methods detailed above.   

  

 

Figure 1-12  Typical structures of quinoxaline 2-pyrazoline and quinoline 2-pyrazoline 
hybrids 

 

1.6. Rhodanine 

Rhodanine is a five-membered heterocyclic ring based on a thiazolidine core.  It was first 

discovered in 1877 by Nencki (Nencki, 1877).  This heterocycle is synthesised by reacting 

carbon disulfide with ammonia and sodium chloroacetate in acidic media (Gagoria et al., 

2008a, 2008b).  N-functionalization of rhodanine was carried out with amines in conjunction 
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with an ammonia rich environment in the reaction with carbon disulfide and sodium 

chloroacetate (Scheme 1-40) (Wolfe and Schreiner, 2007; Ramesh et al., 2014). 

 

 

Scheme 1-40  Reaction for the preparation of rhodanine 

 

1.6.1. Applications of rhodanine 

The rhodanine scaffold is versatile in its range of biological activities having antibacterial 

(Grant et al., 2000; Pardasani et al., 2001), antifungal (Habib et al., 1997; Inamori et al., 1998; 

Siddiqui et al., 2005), antiviral (Sing et al., 2001), antimalarial (Takasu et al., 2002; Kumar et 

al., 2007), antitumor (Kawakami et al., 1997), anti-inflammatory (Irvine et al., 2008) and anti-

diabetic activities (Terashima et al., 1984).  Epalrestat, a carboxylic acid derivative of 

rhodanine, is a commercially available drug used in the treatment of neuropathy associated 

with type II diabetes (Figure 1-13).  

 

 

Figure 1-13  Epalrestat, a rhodanine derived drug 

 

1.6.2. Rhodanine and the Knoevenagel condensation 

Rhodanine moieties are most popularly hybridized with organic scaffolds using the 

Knoevenagel condensation of rhodanine with aldehydes (Scheme 1-41).  Sodium acetate-
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acetic acid (Ramesh et al., 2014; Li et al., 2015; Mariano et al., 2016), ammonium acetate-

acetic acid (Chauhan et al., 2013; Matsui et al., 2010; Meyer et al., 2012; Min et al., 2013), 

piperidine-ethanol (Guo et al., 2013; Bataille et al., 2017, Zvarec et al., 2012) and ionic liquids 

(DBU-acetate) (Subhedar et al., 2017) have all been used to perform the condensation. 

 

 

Scheme 1-41  Knoevenagel condensation of rhodanine with aldehydes 

 

The Knoevenagel condensation begins with abstraction of a methylene proton from rhodanine 

and protonation of the aldehydic precursor.  Thereafter, the newly formed rhodanine carbanion 

attacks the activated aldehyde forming an alcoholic intermediate, followed by dehydration 

(Scheme 1-42) (Sandhu, 2013).  

 

 

Scheme 1-42  Proposed mechanism for the Knoevenagel condensation between rhodanine 
and benzaldehyde 
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1.6.3. Quinoline-rhodanine hybrids 

Compounds containing both the quinoline nucleus and rhodanine moiety have previously been 

reported, taking the form of 7-chloro-4-aminoquinoline-rhodanine hybrids (Chauhan et al., 

2013), quinoline-6-rhodanine hybrids (Mariano et al., 2016), 2-chloroquinoline-3-rhodanine 

hybrids (Guo et al., 2013; Ramesh et al., 2014; Subhedar et al., 2017) and quinoline-2-

rhodanine hybrids (Phillips, 1945; Allan et al., 1958; Li et al., 2015; Bataille et al., 2017).  

These compounds have exhibited good antibacterial (Guo et al., 2013), anticancer (Ramesh et 

al., 2014; Mariano et al., 2016; Bataille et al., 2017), antifungal (Subhedar et al., 2017), 

antimalarial (Chauhan et al., 2013) and antitubercular activities (Chauhan et al., 2013; 

Subhedar et al., 2017) as well as providing leads in Alzheimer's related therapies (Mariano et 

al., 2016).  Guo and co-workers (2013) effectively illustrated that hybridizing quinoline and 

rhodanine produced compounds that were two to four fold more active against MRSA and 

QRSA than quinolone based antibiotics.  

 

The 7-chloro-4-aminoquinoline-rhodanine hybrids were synthesised by first condensing 4,7 

dichloroquinoline with various diamines and then reacting the intermediate with carbon 

disulfide and ethylbromoacetate, forming a rhodanine moiety linked to the quinoline scaffold 

via an amine linker.  Further functionalisation of the rhodanine scaffold was made using the 

Knoevenagel condensation with various aromatic and heteroaromatic aldehydes (Scheme 

1-43) (Chauhan et al., 2013).  
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Scheme 1-43  The synthesis of 7-chloro-4-aminoquinoline-rhodanine hybrids 

 

The remaining quinoline-rhodanine hybrids were formed by the methods discussed above, 

namely the Knoevenagel condensation of the respective quinoline carbaldehydes with 

rhodanine or substituted rhodanine species.  An example is shown in Scheme 1-44. 

 

 

Scheme 1-44  The synthesis of quinoline-2-rhodanine hybrids 

 

1.7. Aims and hypothesis 

Hypothesis 

The quinoline scaffold is diverse in its range of pharmacological activities and synthetic 

methods.  Hybridising this scaffold with other pharmacophores such as benzimidazole, 

quinoxaline, chalcone, pyrazoline and rhodanine may thus afford activities which both combine 

and enhance the activity of their parent moieties, thus leading to novel lead compounds for the 

pharmaceutical industry.   
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Aims 

To synthesise small libraries of hybrid molecules based on the quinoline or quinoxaline 

scaffolds with the bioactive pharmacophores of benzimidazoles, chalcones, pyrazolines and 

thioxothiazolidines and to test each set of compounds for their antibacterial activity for 

identification of lead compounds, that could be developed into antibiotics for drug resistant 

bacteria.  

 

Specific aims 

 To synthesise three small libraries of quinoline or quinoxaline hybrid molecules with other 

bioactive pharmacophores mentioned above. 

 To characterise the synthesised compounds and document the novel compounds. 

 To test the synthesised compounds for their antibacterial activity. 
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Chapter 2. Synthesis and structural elucidation of a series of quinoline 

benzimidazole hybrid molecules 

Abstract 

A total of eleven 2-(1H-benzo[d]imidazol-2-yl)quinolines were synthesised by the Doebner-

von Miller reaction of crotonaldehyde and substituted anilines, followed by oxidation and 

benzimidazole formation with o-phenylenediamine.  The series of compounds consisted of 6- 

and 8- substituted halogen, methoxy and methyl groups.  A complete structural elucidation of 

all compounds is provided, studying the effects that the different substituents had on the 

resonances of the quinoline scaffold. 

 

Keywords:  quinolines; benzimidazoles; 2-(1H-benzo[d]imidazol-2-yl)quinolines; structural 

elucidation; NMR 
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2.1. Introduction 

Quinoline and benzimidazole scaffolds are composed of pyridine and imidazole rings fused to 

benzene respectively.  Quinoline-benzimidazole hybrids have shown good antimicrobial and 

antifungal activity (Hisano et al., 1982).  A recent study has shown 2-(1H-benzo[d]imidazol-

2-yl)quinolines to aid colon motility by acting as receptor agonists (Cosimelli et al., 2011).  

When these hybrid molecules were complexed with metals, they showed catalytic, fluorescent 

and electroluminescent properties (Chen, 2005; Yeh et al., 2005; Cao et al., 2013; Li et al., 

2013; Hu et al., 2015; Dayan et al., 2016; Li et al., 2016; Sinha et al., 2017).   

 

The synthesis of 2-(1H-benzo[d]imidazol-2-yl) quinolines generally consist of a reaction 

involving o-phenylenediamine with quinaldic acids, quinoline-2-carbaldehydes or quinaldines.  

Early reports on the synthesis of 2-(1H-benzo[d]imidazol-2-yl) quinolines made use of solvent 

free reactions of o-phenylenediamine with quinaldic acid at 180 °C, however, poor yields of 

17% were reported (Govindan, 1956).  The most popular method used to synthesise these 

compounds is the condensation of quinaldic acid with o-phenylenediamine in the presence of 

polyphosphoric acid (PPA), which occur at temperatures exceeding 200 °C in ~4 hours, 

achieving 80% yields (Chen, 2005; Dayan et al., 2016).  

 

Another frequently used method makes use of quinoline-2-carbaldehydes in a condensation 

reaction with o-phenylenediamine (Hu et al., 2015; Li et al., 2016; Gong et al., 2017; Sinha et 

al., 2017).  They can also be synthesised directly from 2-methylquinoline (quinaldine) and o-

phenylenediamine using oxidising agents such as elemental sulfur and iodine (Hisano and 

Ichikawa, 1974; Wang et al., 2009; Li et al., 2014; Yaragorla et al., 2017).  An alternate method 

involving the reaction of quinaldine with 2-nitroaniline using elemental sulfur and Fe by a 

cascade reaction has also been carried out (Nguyen et al., 2013).  Other miscellaneous methods 
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include using 2-(tribromomethyl)quinoline with o-phenylenediamine or by rearrangement of 

quinoxaline-2-one derivatives (Mamedov et al., 2010; Tynebore and Millings, 2013; Mamedov 

et al., 2014).  

 

To the best of our knowledge, there have been no reports on the structural elucidation of 2-

(1H-benzo[d]imidazol-2-yl) quinolines, hence we report on the synthesis and complete 

structural elucidation of a series of quinoline-benzimidazole hybrids. 

 

 

2.2. Experimental 

General Procedures 

All reagents and chemicals used in this study were purchased from Sigma-Aldrich via Capital 

Lab, South Africa and were reagent grade.  All organic solvents were distilled prior to use.  

Thin-layer chromatography (TLC) was performed using Merck Kieselgel 60 F254 plates.  Crude 

compounds were purified with column chromatography using silica gel (60–120 mesh), as the 

stationary phase, with various combinations of solvents, depending on the sample to be 

purified.  The melting points were measured using a sealed capillary tube in an Electrothermal 

IA9100 melting point apparatus. Infrared (IR) spectra were recorded on a Perkin Elmer 

Spectrum 100 FT-IR spectrometer with universal attenuated total reflectance sampling 

accessory.  Ultraviolet (UV) spectra were obtained on a Shimadzu UV-3600 spectrophotometer 

in dichloromethane.  High-resolution mass spectrometry was carried out using a Waters 

Micromax LCT Premier TOF-MS instrument, operating at ambient temperatures, with a 

sample concentration of approximately 1 ppm.  The 1H and 13C NMR spectra were recorded at 

298 K with 5 to 10 mg samples dissolved in 0.5 mL DMSO-d6 in 5 mm NMR tubes using a 
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Bruker Avance 400 MHz NMR spectrometer (9.4 T; Bruker, Germany) (400.22 MHz for 1H 

and 100.63 MHz for 13C).  The free induction decay (FID) resolution was 0.501 Hz/pt for 1H 

and 0.734 Hz/pt for 13C spectra.  Chemical shifts are reported in ppm and coupling constants 

(J) in Hz.  The 1H and 13C chemical shifts of the deuterated solvent were 2.50 and 39.51, 

respectively, referenced to the internal standard, tetramethylsilane (TMS).  All data was 

analysed using Bruker TopSpin 3.5 software. 

 

Crystallographic data collection and refinement of 5k was conducted using a Bruker Smart 

APEX II diffractometer, using graphite monochromated MoKα radiation (λ = 0.71073 Å).  

Data reduction was performed using SAINT software and the scaling and absorption corrections 

were applied using SADABS multi-scan technique (Bruker, 2009).  The structural data collected 

was solved by direct methods and refined employing full-matrix least-squares with SHELXL 

(Sheldrick, 2008) refining on F2.  All hydrogen atoms were found in the difference electron 

density maps, placed in idealised positions and refined with geometrical constraints.  

Crystallographic images were prepared using ORTEP-3 (Farrugia, 2012). 

 

Preparation of quinoline-2-carbaldehydes  

Substituted anilines (1h-k) (45.0 mmol) were dissolved in HCl:water (1:2) and heated to 60 

°C.  Crotonaldehyde (2) (67.5 mmol; 5.6 mL) dissolved in toluene (20 mL) was added slowly 

to the aniline mixture and heated under reflux for 4 hours.  Upon completion, the aqueous layer 

was separated from the resultant biphasic reaction mixture, adjusted to pH 8, extracted with 3 

× 50 mL portions of ethyl acetate (EtOAc) and dried over anhydrous MgSO4.  The solvent was 

then removed in vacuo. The residue was then dissolved in 1,4-dioxane and SeO2 (45.4 mmol; 

5.0 g) was added.  The resulting suspension was left to reflux for 15 to 180 minutes depending 

on the substituent and the reaction monitored by TLC.  Upon completion, the reaction mixture 
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was filtered hot through celite, diluted with water (40 mL) and extracted with 3 × 50 mL 

portions of ethyl acetate, combined, washed with 2 x 50 mL portions of water, dried over 

anhydrous MgSO4 and the solvent removed.  The residues were purified by column 

chromatography (hexane: EtOAc, 85:15 v/v) to yield the carbaldehydes (3h-k).  

 

Preparation of quinoline-2-carboxylic acids  

The carbaldehydes 3a-g were prepared as above.  The resultant residues were then dissolved 

in 20 mL THF, 10 mL 30% hydrogen peroxide added and the mixture refluxed for 3 hours.  

Upon completion, excess hydrogen peroxide was neutralized with sodium bicarbonate and the 

reaction mixture acidified to pH 3, upon which the halogenated quinoline-2-carboxylic acids 

(4a-g) precipitated out of solution.   

 

Preparation of quinoline-2-benzimidazoles  

Quinoline-2-carboxylic acids (4a-g) (1 eq) and polyphosphoric acid (~4 g) were heated and 

stirred until complete dissolution occurred.  Thereafter o-phenylenediamine (1 eq) was added 

and the reaction mixture heated to 250 °C for 2 hours.  The hot reaction mixture was then 

poured into 20 mL 30% sodium carbonate in water.  The resulting precipitates were collected 

by vacuum filtration and purified by column chromatography (hexane:EtOAc, 80:20 v/v) 

yielding 5a-g.  

 

Preparation of quinoline-2-benzimidazoles  

Quinoline-2-carbaldehydes (3h-k) (1 eq) and sodium metabisulfite (1 eq) were then dissolved 

in ethanol and allowed to stir for 4 hours.  A solution of o-phenylenediamine (1 eq) in DMF 

was added to the ethanol mixture and refluxed for 2 hours.  The reaction mixture was then 

cooled to room temperature, 100 mL water added and the suspension extracted with 3 × 20 mL 
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ethyl acetate.  The organic extracts were combined, dried over anhydrous MgSO4 and purified 

by column chromatography, hexane:EtOAc (80:20) yielding 5h-k.  

 

2-(1H-benzo[d]imidazol-2-yl)-8-fluoroquinoline (5a), yellow powder; yield 66%; mp 194 

°C;  IR (neat) max 2923, 1592, 1499 cm-1; λmax (log ε) = 291 (4.32), 337 (4.35), 351 (4.37); 

HRMS (neg) m/z 262.0787 [M-H] (calcd. for C16H9FN3 262.0781) 

2-(1H-benzo[d]imidazol-2-yl)-8-chloroquinoline (5b), yellow crystals; yield 79%; mp 228 

°C; IR (neat) max  3073, 1599, 1495 cm-1; λmax (log ε) = 292 (4.44), 342 (4.44), 355 (4.47);  

HRMS (neg) m/z 278.0489 [M-H] (calcd. for C16H9ClN3 278.0485) 

2-(1H-benzo[d]imidazol-2-yl)-8-bromoquinoline  (5c), yellow crystals; yield 57%; mp 231 

°C; IR (neat) max 3072, 1598, 1491cm-1; λmax (log ε) = 292 (4.47), 344 (4.46), 356 (4.48); 

HRMS (neg) m/z 321.9982 [M-H] (calcd. for C16H9BrN3 321.9980) 

2-(1H-benzo[d]imidazol-2-yl)-6-fluoroquinoline (5d), brown crystals; yield 58%; mp 159 

°C; IR (neat) max 3050, 1603, 1503 cm-1; λmax (log ε) = 288 (4.15), 302 (4.07), 315 (4.02), 338 

(4.21), 351 (4.24); HRMS (neg) m/z 262.0789 [M-H] (calcd. for C16H9FN3 262.0781) 

2-(1H-benzo[d]imidazol-2-yl)-6-chloroquinoline (5e), yellow crystals; yield 59%; mp 205 

°C; IR (neat) max 3073, 1599, 1495 cm-1; λmax (log ε) = 290 (4.42), 309 (4.39), 323 (4.38), 343 

(4.55), 356 (4.60);  HRMS (neg) m/z 278.0486 [M-H] (calcd. for C16H9ClN3 278.0485) 

2-(1H-benzo[d]imidazol-2-yl)-6-bromoquinoline (5f), yellow crystals; yield 55%; mp 219 

°C; IR (neat) max 3072, 1598, 1491 cm-1; λmax (log ε) = 291 (4.52), 309 (4.49), 323 (4.49), 344 

(4.65), 356 (4.69);  HRMS (neg) m/z 321.9982 [M-H] (calcd. for C16H9BrN3 321.9980) 

 2-(1H-benzo[d]imidazol-2-yl)-6-iodoquinoline (5g), white powder; yield 50%; mp 232 °C; 

IR (neat) max 3435, 1595, 1417 cm-1; λmax (log ε) = 296 (4.63), 310 (4.61), 325 (4.61), 346 

(4.79), 359 (4.85); HRMS (neg) m/z 369.9843 [M-H] (calcd. for C16H9IN3 369.9841) 
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2-(1H-benzo[d]imidazol-2-yl)-8-methoxyquinoline (5h), white crystals; yield 62%; mp 210 

°C; IR (neat) max 3124, 1660, 1601 cm-1; λmax (log ε) = 300 (4.67), 345 (4.57); HRMS (neg) 

m/z 274.0984 [M-H] (calcd. for C17H12N3O 274.0980) 

 2-(1H-benzo[d]imidazol-2-yl)-6-methoxyquinoline (5i), yellow powder; yield 65%; mp 

227 °C; IR (neat) max 3063, 1619, 1499 cm-1; λmax (log ε) = 296 (4.39), 309 (4.32), 321 (4.27), 

345 (4.41), 359 (4.48); HRMS (neg) m/z 274.0984 [M-H] (calcd. for C17H12N3O 274.0980) 

2-(1H-benzo[d]imidazol-2-yl)-8-methylquinoline (5j), yellow crystals; yield 58%; mp 234 

°C; IR (neat) max 3042, 1598, 1501 cm-1; λmax (log ε) = 289 (4.49), 336 (4.53), 351 (4.54);  

HRMS (pos) m/z 260.1188 [M+H] (calcd. for C17H14N3 260.1188) 

2-(1H-benzo[d]imidazol-2-yl)-6-methylquinoline (5k), yellow crystals; yield 66%; mp 224 

°C; IR (neat) max 3064, 1659, 1597 cm-1; λmax (log ε) =289 (4.56), 306 (4.43), 323 (4.48), 338 

(4.61), 352 (4.68); HRMS (pos) m/z 260.1189 [M+H] (calcd. for C17H14N3 260.1188) 

 

2.3. Results and Discussion 

Synthesis 

The 2-(1H-benzo[d]imidazol-2-yl) quinolines were synthesised by two alternative methods, 

either using quinoline-2-carboxylic acid or quinoline-2-carboxaldehyde precursors.  The 

Doebner-von Miller reaction was used to synthesise substituted 2-methylquinolines using 

substituted anilines and crotonaldehyde and subsequently oxidised with selenium dioxide 

resulting in quinoline carbaldehydes.  Without purifying the carbaldehydes, they were further 

oxidised using hydrogen peroxide to carboxylic acids before forming benzimidazoles 5a-g.  By 

avoiding purification of both 2-methylquinoline and quinoline-2-carbaldehyde we have 

developed a more efficient approach since the solvents and time spent on purification is 

avoided.  We found that this made no difference to the yields of final product.  The 8-iodo 
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substituted derivative was not synthesised.  Attempts to synthesise this resulted in substitution 

of the iodo group by chlorine from HCl.  Efforts to modify the procedure using hydroiodic and 

phosphomolybdic acid were unsuccessful.  Previous reports on these reactions all include 

purification of 2-methylquinoline and/or carbaldehyde (Chandrasekhar et al., 2011; George et 

al., 2013; Gopaul and Koorbanally, 2016).  

 

The final step in the synthesis involved condensation with o-phenylenediamine, consistent with 

those reported in the literature (Hisano et al., 1982; Chen, 2005).  Although this reaction 

worked for most precursors, the electron donating methoxy and methyl groups at C-6 and C-8 

seemed to somehow prevent the acid from condensing with the o-phenylenediamine, probably 

through increasing electron density at the carbonyl carbon of the acid, preventing nucleophilic 

substitution from occurring.  For these precursors, the carbaldehydes (3h-k) were purified by 

column chromatography and then condensed with o-phenylenediamine to obtain the 

benzimidazoles, 5h-k.  There were a few reports in the literature which used a similar method 

(Hu et al., 2015; Gong et al., 2017).  In comparison to the route involving the carboxylic acid, 

this procedure is more time consuming and involves an additional purification step by column 

chromatography.  The carboxylic acids precipitated out of solution hence, this purification step 

was not necessary in proceeding through the carboxylic acid route. 
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Scheme 2-1  Synthetic scheme for quinoline-2-benzimidazoles (5a-k). (i) HCl(aq), toluene, 
reflux, 100 °C; (ii) SeO2, 1,4-dioxane, reflux, 101 °C; (iii) H2O2, THF, reflux, 
66 °C; (iv) o-phenylenediamine, Na2S2O5, ethanol, DMF, 100 °C; (v) o-
phenylenediamine, PPA, 250 °C 

 

Structural elucidation 

The full characterisation (1H and 13C NMR assignments) of the 2-(1H-benzo[d]imidazol-2-yl) 

quinolines (5a–k) are shown in Table 2-1 and Table 2-2 and made with the aid of 2D NMR 

spectra.  

 

For the 8-substituted quinoline-benzimidazole hybrids, for example, the 8-chloro substituted 

derivative 5b, the 1H NMR spectrum contained seven resonances in the aromatic region and a 

NH proton resonance at δH 12.93, which occurred as a broadened singlet.  H-3 and H-4 are 

seen as two distinct doublets at δH 8.55 and 8.63 with a J value of 8.5 Hz. The H-5 and H-7 

resonances occur as double doublets at δH 8.07 (J = 7.7, 1.1 Hz) and 8.03 (J = 7.7, 1.1 Hz), 

which coalesce resulting in these resonances taking the form of a triplet of doublets.  The H-6 

resonance occurs as a triplet at δH 7.65 (J = 7.7 Hz) and the benzimidazole protons are present 
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at δH 7.29 and 7.74 as two broadened resonances, attributed to H-5'/6' and H-4'/7'.  The H-5 

and H-7 resonance at H 8.03 was differentiated by an HMBC correlation between H-5 and C-

4.  The singlet carbon resonances C-2 and C-2' at δC 149.2 and 150.1 respectively, were made 

by an HMBC correlation between H-4 and C-2 whilst that of C-8a, C-8 and C-4a at δC 143.2, 

132.2 and 130.5 respectively were assigned using HMBC correlations: H-3 and H-6 to C-4a; 

H-6 to C-8; and H-4, H-5 and H-7 to C-8a.  

 

Since both H-5'/6' and H-4'/7' coalesce in 5b, the assignments of the benzimidazole portion of 

the molecule was made using 5g, the iodo compound, as an example, where H-4' to H-7' all 

occurred as separate resonances.  In addition, all the carbon resonances, including singlet 

carbon resonances were seen.  This was not the case for other compounds due to tautomeric 

effects (Nieto et al., 2014).  In 5g, H-4' and H-7' each appeared as doublets more deshielded 

than the H-5' and H-6' resonances, which were seen as triplets due to each having two adjacent 

protons.  The H-4' and H-7' resonances in this spectrum were differentiated by the NH proton 

resonance of the benzimidazole moiety having an HMBC correlation to C-7'.  C-3'a and C-7'a 

were identified by their HMBC correlations to H-5' and H-6' respectively.    

 

The H-5 and H-7 resonances for 5a-c are more shielded for the fluoro derivative, followed by 

the chloro and then the bromo derivative (Figure 2-1).  This indicates that the resonance effects 

of the halogen at C-8 has a greater influence on the chemical shift of these two protons than an 

inductive effect leading to a build-up of electron density at these positions.  The same trend 

occurs for C-5 and C-7.  For the 8-fluoro and 8-chloro derivatives, H-5 is more deshielded than 

H-7, however, the build-up of electron density at H-7 occurs the least in the 8-bromo derivative, 

such that H-7 is more deshielded than H-5.  In general, the same trends are seen in the 6-

halogenated derivatives (Figure 2-2), however, there is a notable downfield shift for H-5 going 
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from the 6-fluoro to the 6-iodo derivative.  The same effect is observed for H-7, however, not 

as noticeable as that for H-5. 

 

The 1H and 13C NMR spectra of the fluorinated derivatives contain more splitting, resulting in 

more complex spectra, since the protons and carbons are also split by the fluorine atoms.  These 

were discussed in an earlier publication (Gopaul and Koorbanally, 2016).  

 

In addition to NMR, the structures of the compounds were confirmed by X-ray crystallography.  

A crystal structure of 5f (6-bromo derivative) was solved in the monoclinic space group C 2/c, 

with eight molecules in the asymmetric unit.  The entire molecule is planar.  In addition, the 

NH group is clearly seen in the vicinity of H-7'.  An ORTEP diagram of 5k is provided in 

Figure 2-3. 

 

 

Figure 2-1  Overlay of 1H NMR spectra of 8-substituted derivatives 5a-c showing 
differences in NMR shifts of H-5 and H-7 
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Table 2-1  1H NMR data of 2-(1H-benzo[d]imidazol-2-yl)quinolines 5a-k (DMSO-d6, 400 MHz) 

Pos. 5a 5b 5c 5d 5e 5f 5g 5h 5i 5j 5k 

3 
8.55 (d, 

8.6) 
8.56 (d, 

8.5) 
8.54 (d, 

8.6) 
8.50 (d, 

8.7) 
8.51 (d 

8.7) 
8.50 (d, 

8.7) 
8.48 (s) 

8.48 (d, 
8.6) 

8.42 (s) 
8.45 (d, 

8.6) 
8.41 (d, 

9.1) 

4 
8.63 (dd, 
8.6, 1.4) 

8.63 (d, 
8.5) 

8.62 (d, 
8.6) 

8.54 (d, 
8.7) 

8.54 (d 
8.7) 

8.52 (d, 
8.7) 

8.48 (s) 
8.52 (d, 

8.6) 
8.42 (s) 

8.50 (d, 
8.6) 

8.44 (d, 
9.1) 

5 
7.91 (dd, 
7.6, 1.7) 

8.07 (dd, 
7.7, 1.1) 

8.10 (dd, 
7.8, 1.1) 

7.89 (dd, 
9.3, 2.9) 

8.23 (d 
2.4) 

8.38 (d, 
2.2) 

8.55 (d, 
1.9) 

7.63-7.57 
(m) 

7.47  (d, 
2.8) 

7.86 (d, 
8.0) 

7.80 (s) 

6 
7.67 

(ddd, 7.6, 
7.6, 2.4) 

7.66 (dd, 
7.7, 7.7) 

7.58 (dd, 
7.8, 7.8) 

- - - - 
7.32-7.30 

(m) 
- 

7.55 (dd, 
7.6, 7.6) 

- 

7 
7.70 

(ddd, 7.6, 
7.6, 1.5) 

8.03 (dd, 
7.7, 1.1) 

8.23 (dd, 
7.8, 1.1) 

7.77 
(ddd, 8.9, 
8.9, 2.9) 

7.87  (dd 
2.4, 9.0) 

7.97  (dd,  
8.8, 2.2) 

8.10 (dd, 
8.8, 1.9) 

7.63-7.57 
(m) 

7.50 (dd, 
9.1, 2.8) 

7.69 (d, 
7.0) 

7.69 (dd, 
8.6, 1.8) 

8 - - - 
8.20 (dd, 
9.3, 5.4) 

8.15  (d 
9.0) 

8.07 (d, 
8.8) 

7.91 (d, 
8.8) 

- 
8.06  (d, 

9.1) 
- 

8.05 (d, 
8.6) 

4' 7.75 (bs) 7.74 (bs) 7.75 (bs) 7.69 (s) 7.69 (s) 7.69 (s) 
7.61  (d, 

7.8) 
7.73 (d, 
6.0)* 

7.60 (d, 
8.3)** 

7.72 (bs) 
7.70-7.67 

(m) 

5' 7.28 (bs) 7.29 (bs) 7.30 (bs) 7.28 (m) 
7.28 - 
7.27 

7.29 - 
7.26 

7.30 
(ddd, 

7.0,7.0, 
1.2) 

7.32-7.30 
(m) 

7.29-7.22 
(m) 

7.28 (dd, 
5.7, 2.7) 

7.26 (dd, 
6.0, 1.3) 

6' 7.28 (bs) 7.29 (bs) 7.30 (bs) 7.28 (m) 
7.28 - 
7.27 

7.29 - 
7.26 

7.24 
(ddd, 

7.0,7.0, 
1.2) 

7.32-7.30 
(m) 

7.29-7.22 
(m) 

7.28 (dd, 
5.7, 2.7) 

7.26 (dd, 
6.0, 1.3) 

7' 7.75 (bs) 7.74 (bs) 7.75 (bs) 7.69 (s) 7.69  (s) 7.69 (s) 
7.76 (d, 

7.9) 
7.74 (d, 
6.0)* 

7.74 (d, 
7.48)** 

7.72 (bs) 
7.70-7.67 

(m) 

NH 13.11 (s) 12.94 (s) 12.85 (s) 13.20 (s) 13.24 (s) 13.22 (s) 13.21 (s)  13.09 (s) 12.93 (bs) 13.15 (bs) 

OCH3 - - - - - - - 4.07 (s) 3.94  (s)   

CH3 - - - - - - -   2.93 (s) 2.52 (s) 

*,** assignments are interchangeable 
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Table 2-2  13C NMR data of 2-(1H-benzo[d]imidazol-2-yl)quinolines 5a-k (DMSO-d6, 100 MHz) 

Pos. 5a 5b 5c 5d 5e 5f 5g 5h 5i 5j 5k 

2 148.9 149.2 150 
148.3 (d, 

2.6) 
149.1 149.2 149.1 146.4 146.3 150.9* 147.8 

3 120.2 120.1 120.2 120.0 120.2 120.2 119.9 119.7 119.4 118.7 119.2 

4 
137.1 (d, 

11.8) 
138.1 138.3 

136.9 (d, 
5.3) 

136.8 136.6 136.3 137.3 136.0 135.6 136.6 

4a 129.7 130.5 129.5 
128.8 (d, 

10.7) 
128.9 129.3 129.8 139.0 129.4 128.0 128.0 

5 
124.1 (d, 

4.5) 
129.5 128.3 

111.4 (d, 
22.0) 

126.9 130.2 136.6 128.0 106.0 125.9 126.9 

6 
127.3 (d, 

7.9) 
127.5 128.0 

160.0 (d, 
246.6) 

131.5 120.1 93.5 109.4 157.9 127.0 137.0 

7 
114.6 (d, 

18.7) 
127.6 134.0 

120.5 (d, 
25.9) 

131.0 133.5 138.8 119.6 122.9 130.2 132.5 

8 
157.1 (d, 
255.7) 

132.2 123.7 
131.5 (d, 

9.5) 
130.8 130.8 130.5 155.1 130.2 136.8 128.5 

8a 137.4 143.2 144.0 144.3 145.6 145.8 146.1 129.2 143.1 146.1 145.7 
2' 150.2 150.1 149.4 150.5 150.3 150.3 150.3 150.3 151.0 147.4* 150.8 
3'a - - - - - - 135.2 - 135.1 - - 
4' - - - 122.8 - - 112.3 115.7 112.1 - 112.5 
5' - - - 122.8 - - 123.7 123.2 123.3 - 122.8 
6' - - - 122.8 - - 122.1 123.2 121.9 - 122.8 
7' - - - 122.8 - - 119.6 115.7 119.3 - 112.5 
7'a - - -  - - 143.9  143.9 - - 

OCH3 - - - - - - - 55.8 55.6 - - 
CH3 - - - - - - - - - 17.5 21.1 

* assignments are interchangeable 
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Figure 2-2  Overlay of 1H NMR spectra of 6-substituted derivatives 5d-g showing 
differences in NMR shifts of H-5 and H-7 

 

 

Figure 2-3  Ortep diagram of 5f 

 

2.4. Conclusion 

Both 6- and 8- substituted quinoline-2-benzimidazoles were synthesised by an easy, efficient 

reaction scheme consisting of synthesising the 2-methylquinoline backbone, oxidising this to 

either the aldehyde or acid and then condensing this with o-phenylenediamine to produce the 

target compounds.  Electron donating methoxy and methyl groups prevented the condensation 

of o-phenylenediamine with the carboxylic acid and hence the target molecules in this instance 
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were synthesised through the carbaldehyde route.  The ortho position in the molecules was 

most affected by electron donation leading to a build-up of electron density in the order of 

F>Cl>Br>I.  This was indicated by the ortho proton resonance being most shielded for the 

fluoro derivatives, followed by Cl, then Br and I. 
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Chapter 3. Synthesis and antibacterial activity of a series of quinoxaline-

chalcone-quinoline hybrids 

Abstract  

A small library of nine quinoxaline-chalcones and nine quinoxaline-chalcone-quinoline 

hybrids were synthesised and converted to their respective pyrazoline derivatives using 

hydrazine hydrate.  These molecules were synthesised from a quinoxaline acetophenone 

derivative and various 2- or 4- substituted benzaldehydes and 6- or 8- substituted quinoline-2-

carbaldehydes via the Claisen-Schmidt condensation.  The compounds were characterised 

using 1H and 13C NMR spectroscopy using 2D NMR spectroscopy.  All synthesised compounds 

were tested for their antibacterial activity against two Gram +ve species, Staphylococcus 

aureus and MRSA and four Gram -ve bacteria, Pseudomonas aeruginosa, Klebsiella 

pneumoniae, Escherichia coli and Salmonella typhimurium.  The synthesised compounds 

showed activity against the Gram +ve S. aureus and MRSA and not against the Gram -ve 

species.  The activity against S. aureus was much higher than that for MRSA.  Quinoxaline 

chalcones showed no activity against the bacteria tested against, however, when a quinoline 

moiety replaced the aromatic ring, eight derivatives showed enhanced antibacterial activity, 

having MBC values between 0.151-0.360 M against S. aureus and 10.9-618 M against 

MRSA.  The quinoxaline-chalcone-quinoline hybrids showed antibacterial activity two orders 

of magnitude better than ciprofloxacin and levofloxacin against S. aureus and comparable 

activity to these standards against MRSA.  Interestingly, the 4'-Br and 4'-Cl pyrazoline 

derivatives of the quinoxaline chalcones (having MBC values of 11 and 12 M, respectively) 

showed comparable activity to levofloxacin and ciprofloxacin. 

 

Keywords:  quinolines; quinoxalines; chalcones; molecular hybrids; antibacterial activity 
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3.1. Introduction 

Hybrid molecules are chemical compounds in which two or more scaffolds are joined together 

in a single molecule.  This offers a new and exciting approach to drug discovery, since the new 

molecule may have the combined effects of the respective scaffolds.  Quinoxaline chalcones 

are an example of these hybrid molecules, consisting of a quinoxaline scaffold linked via a 

highly reactive α,β-unsaturated ketone to an aromatic ring.  Both quinoxalines and chalcones 

are well known pharmacophores showing an array of biological activities (Batovska and 

Todorova, 2010), including antibacterial (Zhang et al., 2017), antifungal (Zhang et al., 2014), 

anticancer (El Newahie et al., 2016), antiviral (Shibinskaya et al., 2010), anti-inflammatory 

(Ismail et al., 2005), and antimalarial (van Heerden et al., 2012) activities.  In addition, the 

oxygenated quinoxaline chalcone quinocetone is a commercially available feedstock additive 

used as both a growth promoter and antibacterial agent (Carta et al., 2005).     

 

Several quinoxaline chalcones with hydroxy, methoxy, nitro, chloro and N-dimethyl groups 

have previously been synthesised and showed little antibacterial activity, but when converted 

to N-oxides, their antibacterial activity increased dramatically (Zhang et al., 2017).  However, 

the study lacked a systematic approach to electron withdrawing halogen substitution and 

electron donating methyl and methoxy substitution.  In the same study, the authors replaced 

the aromatic ring with a furan ring (Zhang et al., 2017).  To the best of our knowledge no other 

scaffold was combined with a quinoxaline by an α,β-unsaturated linker.  There are reports in 

literature of α,β-unsaturated moieties being converted to pyrazolines, which enhanced 

antibacterial activity (Desai et al., 2013; Kendre and Baseer, 2013).  A quinocetone derivative 

was also reported to have been converted to the pyrazoline moiety using hydrazine hydrate or 

phenylhydrazine (Fadda et al., 2011). 
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The quinoline moiety was identified as an excellent candidate to replace the aromatic ring at 

the alkene end of the α,β-unsaturated fragment as methyl quinolines could easily be converted 

to aldehydes (Gopaul and Koorbanally, 2016), a functional group needed to join a scaffold to 

the alkene end.  Furthermore, quinoline chalcone hybrids have proven to be promising lead 

compounds possessing a wide array of biological activities such as antimalarial (Gutteridge et 

al., 2006), antileishmanial (Gopinath et al., 2014), antibacterial (Desai et al., 2012), antifungal 

(Ashok et al., 2016) and anticancer (Tseng et al., 2013) activities.  The synthesis of organic 

hybrid molecules containing both the quinoxaline and quinoline scaffolds is a novel approach, 

which does not appear in the literature.  

 

3.2. Experimental 

Chemistry 

General Procedures 

Reagents used in the synthesis were reagent grade.  Selenium dioxide was purchased from 

Merck, South Africa.  Crotonaldehyde was purchased from B&M Scientific, South Africa.  All 

other reagents were purchased from Sigma Aldrich, South Africa.  Solvents used in the 

synthesis were distilled prior to being used. Merck Kieselgel 60 F254 plates were used for thin 

layer chromatography (TLC).  Where required, column chromatography was carried out using 

silica gel (60–120 mesh) as the stationary phase and varying ratios of organic solvents as the 

mobile phase depending on the compound to be purified.  Infrared (IR) spectra were collected 

on a Perkin Elmer Spectrum 100 FT-IR spectrometer with universal attenuated total reflectance 

sampling accessory.  Ultraviolet (UV) spectra were recorded on a Shimadzu UV-3600 

spectrophotometer in dichloromethane (DCM) as the samples were not soluble in methanol 

(MeOH).  Melting points were determined in a sealed capillary tube in an Electrothermal 

IA9100 instrument.  High resolution mass spectrometry (HRMS) was conducted using a 
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Waters Micromax LCT Premier TOF-MS instrument, operating at ambient temperature.  1H 

and 13C NMR spectra were recorded using a Bruker Avance 400 MHz NMR spectrometer (9.4 

T; Bruker, Germany) (400.22 MHz for 1H and 100.63 MHz for 13C) at 298 K.  Chemical shifts 

(δ) are reported in ppm and coupling constants (J) in Hz.  Chemical shifts were referenced to 

the solvent peak of chloroform at  7.24 and 77.0 for 1H and 13C NMR, respectively.  NMR 

data was analysed using Bruker TopSpin 3.5 software. 

 

Preparation of quinoline-2-carbaldehydes  

Substituted anilines (1a-i) (45.0 mmol) were dissolved in HCl:water (1:2) and heated to 60 °C.  

Crotonaldehyde (2) (67.5 mmol; 5.6 mL) dissolved in toluene (20 mL) was added slowly to 

the aniline mixture and heated under reflux for 4 hours.  The aqueous layer was then separated 

from the biphasic mixture and the pH adjusted to 8.  The solution was then extracted with 3 × 

50 mL portions of ethyl acetate (EtOAc), dried over anhydrous MgSO4 and the solvent removed 

under reduced pressure.  The resultant residue was dissolved in 1,4-dioxane (20 mL) to which 

SeO2 (45.4 mmol; 5.0 g) was added and the resulting suspension refluxed for 15 to 180 minutes 

depending on the substituent and the reaction monitored by TLC.  Upon completion, the 

mixture was filtered, diluted with water (40 mL) and the contents extracted with 3 × 50 mL 

portions of EtOAc.  The combined extract was washed with 2 × 50 mL portions of water, dried 

using anhydrous MgSO4 and the solvent removed under vacuum.  The residues were purified 

by column chromatography (hexane:ethyl acetate, 85:15 v/v) to yield the carbaldehydes (3a-i) 

in yields of between 70-90% depending on the substituent. 

 

Preparation of 1-(3-methylquinoxalin-2-yl)ethanone  

Acetylacetone (5) (20.0 mL, 0.20 mol) and N-bromosuccinamide (42.0 g, 0.24 mol) were 

stirred in 150 mL water at 70 °C until clear (~20 minutes).  Thereafter o-phenylenediamine (4) 
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(21.6 g, 0.20 mol) was added and the mixture refluxed for an hour.  The reaction mixture was 

extracted with EtOAc (3 × 100 mL) and the organic layers combined before being washed with 

water and saturated brine.  The extracts were then dried over anhydrous Na2SO4, the solvent 

removed in vacuo and the residue purified by column chromatography (hexane: EtOAc, 85:15 

v/v) to yield 6 in a yield of 64%. 

 

Preparation of (E)-1-(3-methylquinoxalin-2-yl)-3-(quinolin-2-yl)prop-2-en-1-ones and (E)-1-

(3-methylquinoxalin-2-yl)-3-phenylprop-2-en-1-ones  

1-(3-Methylquinoxalin-2-yl)ethanone (6) (150 mg, 0.806 mmol) was dissolved in ethanol 

(EtOH), to which 5 drops of 40% NaOH and quinoline aldehyde (3a-i) or benzaldehyde (9a-i) 

(0.806 mmol) added.  The reaction was allowed to proceed until the chalcone precipitated out 

of solution.  In cases where precipitate did not form, ice water (10 mL) was added and the 

reaction mixture stirred at 0 °C until a precipitate formed.  The products were collected under 

filtration and recrystallized in 15 mL DCM:EtOH (2:1 v/v) yielding compounds 7a-i and 10a-

i respectively. 

 

(E)-3-(8-fluoroquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7a), Yield: 

47%; pale yellow powder, mp 178 °C; IR (neat) max 1671 cm-1 (C=O); λmax (log ε) = 335 

(4.34); 1H NMR (CDCl3, 400 MHz) δ  8.47 (1H, d, J = 16.1 Hz, H-12), 8.24 (1H, dd, J = 8.6, 

1.0 Hz, H- 4'), 8.20 (1H, dd, J = 8.4, 1.1 Hz, H-5*), 8.07 (1H, dd, J = 8.2, 1.1 Hz, H-8*), 8.04 

(1H, d, J = 16.1 Hz, H-11), 7.86 (1H, d, J = 8.6 Hz, H-3'), 7.84 (1H, td, J = 8.2, 1.5 Hz, H-6#), 

7.77 (1H, td, J = 8.3, 1.3 Hz, H-7#), 7.61 (1H, d, J = 8.2 Hz, H-5'), 7.50 (1H, td, J = 7.9, 4.9 

Hz, H-6'), 7.42 (1H, ddd, J = 8.9, 7.6, 1.0 Hz, H-7'), 3.00 (3H, s, H-9); 13C NMR (CDCl3, 100 

MHz) δ  191.2 (C=O, C-10), 158.3 (C, d, J = 258.7 Hz, C-8'), 154.0 (C, C-2'), 153.6 (C, C-2), 

148.1 (CH, C-3), 144.4 (CH, C-11), 142.6 (C, C- 4a$), 139.8 (C, C-8a$), 138.8 (C, d, J = 12.4 
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Hz,  C-8'a), 136.6 (CH, d, J = 2.9 Hz,C-4'), 132.0 (CH, C-6#), 129.9 (CH, C-5*), 129.72 (CH, 

C-7#), 129.67 (C, C-4'a), 129.5 (CH, C-3'), 129.1 (CH, C-12), 128.6 (CH, C-8*), 127.4 (CH, d, 

J = 8.1 Hz, C-6'), 123.0 (CH, d, J = 4.8 Hz, C-5'), 114.2 (CH, d, J = 19.1 Hz, C-7'), 24.0 (CH3, 

C-9); HRMS (pos) m/z 344.1196 [M+H] (calcd. for C21H15FN3O 344.1199). 

*, #, $  indicates assignments are interchangeable 

(E)-3-(8-chloroquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7b), Yield: 

95%; pale yellow powder, mp 188 °C; IR (neat) max 1669 cm-1 (C=O); λmax (log ε) = 338 

(4.30); 1H NMR (CDCl3, 400 MHz) δ 8.56 (1H, d, J = 16.0 Hz, H-12), 8.23 (2H, d, J = 8.6 Hz, 

H-5*), 8.20 (1H, d, J = 8.8 Hz, H-4'), 8.08 (1H, d, J = 6.5 Hz, H-8*), 8.05 (1H, d, J = 16.0 Hz, 

H-11), 7.86-7.83 (3H, m, H-5'/6/7), 7.79 (1H, d, J = 7.5 Hz, H-3'), 7.75 (1H, d, J = 8.4 Hz, H-

7'), 7.47 (1H, dd, J = 7.8, 7.8 Hz, H-6'), 3.01 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ  

191.1 (C=O, C-10), 154.3 (C, C-2'), 153.6 (C, C-2), 148.2 (C, C-3), 144.6 (C, C-8'a), 144.3 

(CH, C-11), 142.5 (C, C-4a$), 139.8 (C, C-8a$), 137.3 (CH, C-4'), 134.3 (C, C-4'a), 132.1 (CH, 

C-6#), 130.3 (CH, C-7#), 129.9 (CH, C-3'), 129.8 (CH, C-5*), 129.5 (C, C-8'), 129.1(CH, C-

12), 128.5 (CH, C-8*), 127.4 (CH, C-6'), 126.7 (CH, C-7'), 121.6 (CH, C-5'), 24.0 (CH3, C-9); 

HRMS (pos) m/z 360.0900 [M+H] (calcd. for C21H15ClN3O 360.0904).  

*, #, $  indicates assignments are interchangeable 

(E)-3-(8-bromoquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7c), Yield: 

40%; yellow powder, mp 179 °C; IR (neat) max 1669 cm-1 (C=O); λmax (log ε) = 341 (4.32); 

1H NMR (CDCl3, 400 MHz) δ 8.60 (1H, d, J = 16.0 Hz, H-12), 8.19 (2H, d, J = 8.4 Hz, H- 

4'/5*), 8.08-8.05 (2H, m, H-5'/8*), 8.04 (1H, d, J = 16.0 Hz, H-11), 7.84 (1H, td, J = 8.5, 1.3 

Hz, H-6#), 7.80 (1H, d, J = 8.4 Hz, H-3'), 7.78 (2H, m, H-7'/7#), 7.39 (1H, t, J = 7.8 Hz, H-6'), 

3.01 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ  191.1 (C=O, C-10), 154.4 (C, C-2'), 153.6 

(C, C-2), 148.2 (C, C-3), 145.4 (C, C-8'a), 144.1 (CH, C-11), 142.4 (C, C-4a$), 139.8 (C, C-

8a$), 137.4 (CH, C-4'), 133.8 (CH, C-5'), 132.1 (CH, C-6#), 130.0 (CH, C-5*), 129.8 (CH, C-
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7#), 129.4 (C, C-4'a), 129.1 (CH, C-12), 128.4 (CH, C-8*), 127.8 (CH, C-6'), 127.4 (CH, C-7'), 

125.7 (C, C-8'), 121.8 (CH, C-3'), 24.0 (CH3, C-9); HRMS (pos) m/z 404.0390 [M+H] (calcd. 

for C21H15BrN3O 404.0398). 

*, #, $  indicates assignments are interchangeable 

(E)-3-(8-methylquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7d), Yield: 

83%; pale yellow powder, mp 159 °C; IR (neat) max 1670 cm-1 (C=O); λmax (log ε) = 343 

(4.43); 1H NMR (CDCl3, 400 MHz) δ 8.49 (1H, d, J = 16.0 Hz, H-12), 8.19 (1H, dd, J = 8.1, 

1.2 Hz, H-5*), 8.15 (1H, d, J = 8.4 Hz, H-4'), 8.07 (1H, dd, J = 8.5, 1.0 Hz, H-8*), 8.02 (1H, d, 

J = 16.0 Hz, H-11), 7.84 (1H, td, J = 8.4, 1.4 Hz, H-6#), 7.77 (1H, td, J = 8.2, 1.3 Hz, H-7#), 

7.74 (1H, d, J = 8.4 Hz, H-3'), 7.64 (1H, d, J = 8.1 Hz, H-5'), 7.56 (1H, d, J = 6.9 Hz, H-7'), 

7.44 (1H, dd, J = 7.6, 7.6 Hz, H-6'), 3.00 (3H, s, H-9), 2.85 (3H, s, CH3); 13C NMR (CDCl3, 

100 MHz) δ  191.5 (C=O, C-10), 153.6 (C, C-2), 152.2 (C, C-2'), 148.5 (C, C-3), 147.4 (C, C-

8'a), 145.4 (CH, C-11), 142.5 (C, C-4a$), 139.8 (C, C-8a$), 138.2 (C, C-8'), 136.9 (CH, C-4'), 

131.9 (CH, C-6#), 130.1 (CH, C-7'), 129.9 (CH, C-5*), 129.7 (CH, C-7#), 128.5 (CH, C-8*), 

128.2 (C, C-4'a), 127.9 (CH, C-12), 127.4 (CH, C-6'), 125.5 (CH, C-5'), 120.7 (CH, C-3'), 24.0 

(CH3, C-9), 17.8 (CH3); HRMS (pos) m/z 362.1627 [M+Na] (calcd. for C22H17N3ONa 

362.1269) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(6-fluoroquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7e), yield: 

90%; off-white powder,  mp 179 °C; IR (neat) max 1670 cm-1 (C=O); λmax (log ε) = 339 (4.41); 

1H NMR (CDCl3, 400 MHz) δ 8.51 (1H, d, J = 16.1 Hz, H-12), 8.22-8.17 (2H, m, H-5*/8'), 

8.18 (1H, d, J = 8.9 Hz, H-4'), 8.07 (1H, dd, J = 8.1, 1.4 Hz, H-8*), 8.01 (1H, d, J = 16.1 Hz, 

H-11), 7.84 (1H, td, J = 6.8, 1.4 Hz, H-6#), 7.81 (1H, d, J = 9.1 Hz, H-3'), 7.78 (1H, td, J = 7.1, 

1.3 Hz, H-7#), 7.52 (1H, td, J = 8.9, 2.7 Hz, H-7'), 7.45 (1H, dd, J = 8.7, 2.8 Hz, H-5'), 3.01 

(1H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 191.1 (C=O, C-10), 161.1 (C, d, J = 244.6 Hz, C-
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6'), 153.6 (C, C-2), 153.1 (C, C-2'), 148.1 (C, C-3), 144.3 (CH, C-11), 142.6 (C, C-4a$), 139.8 

(C, C-8a$), 139.7 (C, C-8'a), 136.1 (CH, d, J = 5.8 Hz, C-4'), 132.6 (CH, d, J = 9.1 Hz, C-8'), 

132.0 (CH, C-6#), 129.9 (CH, C-7#), 129.7 (CH, C-5*), 128.9 (C, d, J = 10.9 Hz, C-4'a), 128.6 

(CH, C-8*), 128.3 (CH, C-12), 121.6 (CH, C-3'), 120.5 (CH, d, J = 26.0 Hz, C-7'), 110.7 (CH, 

d, J = 21.8 Hz, C-5'), 24.1 (CH3, C-9); HRMS (pos) m/z 344.1201 [M+H] (calcd. for 

C21H15FN3O 344.1199) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(6-chloroquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7f); yield: 

88%; off-white powder, mp 187 °C; IR (neat) max 1671 cm-1 (C=O); λmax (log ε) = 344 (4.45); 

1H NMR (CDCl3, 400 MHz) δ 8.51 (1H, d, J = 16.0 Hz, H-12), 8.20 (1H, dd, J = 8.6, 1.5 Hz, 

H-5*), 8.12 (1H, d, J = 8.6 Hz, H-4'), 8.07 (2H, d, J = 9.0 Hz, H-8*/8'), 7.98 (1H, d, J = 16.0 

Hz, H-11), 7.84 (1H, td, J = 7.6, 1.3 Hz, H-6#), 7.81 (1H, d, J = 2.3 Hz, H-5'), 7.81-7.75 (1H, 

m, H-7#), 7.80 (1H, d, J = 8.6 Hz, H-3'), 7.67 (1H, dd, J = 9.0, 2.3 Hz, H-7'), 3.01 (1H, s, H-9); 

13C NMR (CDCl3, 100 MHz) δ  191.1 (C=O, C-10), 153.9 (C, C-2'), 153.7 (C, C-2), 148.1 (C, 

C-3), 146.8 (C, C-8'a), 144.1 (CH, C-11), 142.6 (C, C-4a$), 139.8 (C, C-8a$), 135.8 (CH, C-

4'), 133.4 (C, C-6'), 132.1 (CH, C-6#), 131.6 (CH, C-8'), 131.1 (CH, C-7'), 129.9 (CH, C-5*), 

129.7 (CH, C-7#), 128.7 (C, C-4'a), 128.6 (CH, C-8*), 128.6 (CH, C-12), 126.3 (CH, C-5'), 

121.8 (CH, C-3'), 24.1 (CH3, C-9); HRMS (pos) m/z 360.0900 [M+H] (calcd. for C21H15ClN3O 

360.0904) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(6-bromoquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7g), Yield: 

63%; off-white powder,  mp 184 °C; IR (neat) max 1673 cm-1 (C=O); λmax (log ε) = 325 (4.21); 

1H NMR (CDCl3, 400 MHz) δ 8.52 (1H, d, J = 16.0 Hz, H-12), 8.20 (1H, dd, J = 8.5, 1.0 Hz, 

H-5*), 8.12 (1H, d, J = 8.5 Hz, H-4'), 8.07 (1H, dd, J = 8.6, 1.4 Hz, H-8*), 8.00 (1H, d, J = 8.2 

Hz, H-8'), 7.97 (1H, d, J = 16.1 Hz, H-11), 7.97 (1H, d, J = 2.2 Hz, H-5'), 7.85 (1H, td, J = 7.6, 
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1.5 Hz, H-6#), 7.81-7.75 (2H, m, H-7#/7'), 7.81 (1H, d, J = 8.5 Hz, H-3'), 3.01 (1H, s, H-9); 13C 

NMR (CDCl3, 100 MHz) δ  191.0 (C=O, C-10), 154.0 (C, C-2'), 153.7 (C, C-2), 148.1 (C, C-

3), 147.0 (C, C-8'a), 144.1 (CH, C-11), 142.6 (C, C-4a$), 139.8 (C, C-8a$), 135.8 (CH, C-4'), 

133.7 (CH, C-7'), 132.1(CH, C-6#), 131.6 (CH, C-5'), 129.9 (CH, C-5*), 129.7 (CH, C-7#), 

129.6 (CH, C-8'), 129.2 (C, C-4'a), 128.7 (CH, C-12), 128.6 (CH, C-8*), 121.8 (CH, C-3'), 

121.6 (C, C-6'), 24.1 (CH3, C-9); HRMS (pos) m/z 404.0398 [M+H] (calcd. for C21H15FN3O 

404.0398) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(6-methylquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7h), Yield: 

80%; pale yellow fibrous solid, mp 161 °C; IR (neat) max 1669 cm-1 (C=O); λmax (log ε) = 345 

(4.36); 1H NMR (CDCl3, 400 MHz) δ  8.42 (1H, d, J = 16.1 Hz, H-12), 8.19 (1H, dd, J = 8.3, 

1.2 Hz, H-5*), 8.10 (1H, d, J = 8.5 Hz, H-4'), 8.06 (1H, dd, J = 8.4, 1.1 Hz, H-8*), 8.01 (1H, d, 

J = 9.9 Hz, H-8'), 7.98 (1H, d, J = 16.2 Hz, H-11), 7.83 (1H, td, J = 8.2, 1.3 Hz, H-6#), 7.76 

(1H, td, J = 8.2, 1.4 Hz, H-7#), 7.74 (1H, d, J = 8.4 Hz, H-3'), 7.56 (1H, dd, J = 7.9, 1.8 Hz, H-

7'), 7.54 (1H, d, J = 1.8, Hz, H-5'), 2.99 (3H, s, H-9), 2.53 (3H, s, CH3); 13C NMR (CDCl3, 100 

MHz) δ  191.4 (C=O, C-10), 153.5 (C, C-2), 152.7 (C, C-2'), 148.4 (C, C-3), 147.1 (C, C-8'a), 

145.1 (CH, C-11), 142.5 (C, C-4a$), 139.8 (C, C-8a$), 137.8 (C, C-6'), 136.0 (CH, C-4'), 132.5 

(CH, C-7'), 131.9 (CH, C-6#), 129.9 (CH, C-5*), 129.7 (CH, C-7#), 129.6 (CH, C-8'), 128.5 

(CH, C-8*), 128.3 (C, C-4'a), 127.9 (CH, C-12), 126.4 (CH, C-5'), 120.9 (C, C-3'), 24.0 (CH3, 

C-9), 21.7 (CH3); HRMS (pos) m/z 362.1627 [M+Na] (calcd. for C22H17N3ONa 362.1269) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(6-methoxyquinolin-2-yl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (7i), Yield: 

57%; yellow powder, mp 162 °C; IR (neat) max 1670 cm-1 (C=O); λmax (log ε) = 361 (4.39); 

1H NMR (CDCl3, 400 MHz) δ  8.39 (1H, d, J = 16.0 Hz, H-12), 8.20 (1H, dd, J = 8.2, 1.3 Hz, 

H-5*), 8.09 (1H, d, J = 8.5 Hz, H-4'), 8.06 (1H, dd, J = 9.6, 1.5 Hz, H-8*), 8.02 (1H, d, J = 9.2 
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Hz, H-8'), 7.97 (1H, d, J = 16.0 Hz, H-11), 7.84 (1H, td, J = 7.8, 1.4 Hz, H-6#), 7.77 (1H, td, J 

= 7.0, 1.4 Hz, H-7#), 7.74 (1H, d, J = 8.4 Hz, H-3'), 7.38 (1H, dd, J = 9.3, 2.8 Hz, H-7'), 7.07 

(1H, d, J = 2.8, Hz, H-5'), 3.94 (3H, s, OCH3), 3.00 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) 

δ  191.5 (C=O, C-10), 158.8 (C, C-6'), 153.5 (C, C-2), 151.2 (C, C-2'), 148.6 (C, C-3), 145.2 

(CH, C-11), 144.6 (C, C-8'a), 142.5 (C, C-4a$), 139.8 (CH, C-8a$), 135.3 (CH, C-4'), 131.9 

(CH, C-6#), 131.5 (CH, C-8'), 129.9 (CH, C-7#), 129.7 (CH, C-5*), 129.5 (C, C-4'a), 128.5 (CH, 

C-8*), 127.3 (CH, C-12), 123.1 (CH, C-7'), 121.3 (CH, C-3'), 105.0 (C, C-5'), 55.6 (OCH3), 

24.0 (CH3, C-9); HRMS (pos) m/z 356.1395 [M+H] (calcd. for C22H18N3O2 356.1399) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(2-fluorophenyl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (10a), Yield: 98%; 

pale yellow solid; mp 163 °C; IR (neat) max 1670 cm-1 (C=O); λmax (log ε) = 324 (4.50); 1H 

NMR (CDCl3, 400 MHz) δ 8.15 (1H, dd, J = 8.3, 1.2 Hz, H-5*), 8.10 (1H, d, J = 16.3 Hz, H-

11), 8.04 (1H, dd, J = 8.5, 1.1 Hz, H-8*), 7.99 (1H, d, J = 16.3 Hz, H-12), 7.82 (1H, td, J = 8.2, 

1.4 Hz, H-6#), 7.75 (1H, td, J = 8.3, 1.4 Hz, H-7#), 7.73 (1H, td, J = 8.1, 1.6 Hz, H-6'), 7.41-

7.35 (1H, m, H-4'), 7.19 (1H, d, J = 7.3 Hz, H-5'), 7.14-7.09 (1H, m, H-3'), 2.99 (3H, s, H-9); 

13C NMR (CDCl3, 100 MHz) δ  190.9 (C=O, C-10), 161.8 (C, d, J = 254.7 Hz, C-2'), 153.7 (C, 

C-2), 148.3 (C, C-3), 142.5 (C, C-4a$), 139.7 (C, C-8a$), 137.8 (CH, d, J = 3.0 Hz, C-11), 132.2 

(CH, d, J = 8.8 Hz, C-4'), 131.9 (CH, C-6#), 129.8 (CH, C-5*), 129.7 (CH, C-7#), 129.4 (CH, 

d, J = 2.8 Hz, C-6'), 128.5 (CH, C-8*), 125.4 (CH, d, J = 5.9 Hz, C-12), 124.5 (CH, d, J = 3.6 

Hz,  C-5'), 123.0 (C, d, J = 11.6 Hz, C-1'), 116.3 (CH, d, J = 21.8, C-3'), 24.1 (CH3, C-9); 

HRMS (pos) m/z 293.1079 [M+H] (calcd. for C18H14FN2O 293.1090) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(2-chlorophenyl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (10b),Yield: 86%; 

pale yellow solid, mp 150 °C; IR (neat) max 1670 cm-1 (C=O); λmax (log ε) = 325 (4.35); 1H 

NMR (CDCl3, 400 MHz) δ 8.29 (1H, d, J = 16.1 Hz, H-11), 8.15 (1H, dd, J = 8.3, 1.2 Hz, H-
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5*), 8.05 (1H, dd, J = 8.3, 1.2 Hz, H-8*), 8.04 (1H, d, J = 16.1 Hz, H-12), 7.86 (1H, d, J = 9.6 

Hz, H-6'), 7.83 (1H, ddd, J = 8.4, 8.4, 1.4 Hz, H-6#), 7.76 (1H, ddd, J = 8.3, 8.3, 1.4 Hz, H-7#), 

7.44-7.42 (H, m, H-4'), 7.35-7.30 (2H, m, H-3'/5'), 3.00 (3H, s, H-9); 13C NMR (CDCl3, 100 

MHz) δ  190.6 (C=O, C-10), 153.8 (C, C-2), 148.1 (C, C-3), 142.5 (C, C-4a$), 141.1 (CH, C-

11), 139.7 (C, C-8a$), 135.9 (C, C-1'), 133.1 (C, C-2'), 132.0 (CH, C-6#), 131.5 (CH, C-3'†), 

130.3 (CH, C-4'), 129.8 (CH, C-5*), 129.7 (CH, C-7#), 128.6 (CH, C-8*), 128.0 (CH, C-6'), 

127.1 (CH, C-5'†), 125.5 (CH, C-12), 24.2 (CH3, C-9); HRMS (pos) m/z 309.0799 [M+H] 

(calcd. for C18H14ClN2O 309.0795) 

*, #, $, † indicates assignments are interchangeable 

(E)-3-(2-bromophenyl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (10c), Yield: 58%; 

pale yellow powder; mp 140 °C; IR (neat) max 1670 cm-1 (C=O); λmax (log ε) = 321 (4.33); 1H 

NMR (CDCl3, 400 MHz) δ 8.24 (1H, d, J = 16.0 Hz, H-11), 8.15 (1H, dd, J = 8.2, 1.2 Hz, H-

5*), 8.06 (1H, dd, J = 8.2, 0.9 Hz, H-8*), 8.00 (1H, d, J = 16.0 Hz, H-12), 7.85 (1H, d, J = 7.7 

Hz, H-3'), 7.84 (1H, ddd, J = 8.6, 8.6, 1.5 Hz, H-6#), 7.76 (1H, td, J = 8.2, 1.3 Hz, H-7#), 7.63 

(H, dd, J = 8.0, 1.1 Hz, H-6'), 7.37 (1H, t, J = 7.3 Hz, H-4'), 7.25 (1H, ddd, J = 7.9, 7.9, 1.6 Hz, 

H-5'), 3.01 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ  190.6 (C=O, C-10), 153.8 (C, C-2), 

148.1 (C, C-3), 143.7 (CH, C-11), 142.6 (C, C-4a$), 139.7 (C, C-8a$), 134.9 (C, C-2'), 133.6 

(CH, C-6'), 132.0 (CH, C-3'), 131.6 (CH, C-5'), 129.8 (CH, C-5*), 129.7 (CH, C-6#), 128.6 

(CH, C-8*), 128.1 (CH, C-7#), 127.7 (CH, C-4'), 126.3 (C, C-1'), 125.7 (CH, C-12), 24.2 (CH3, 

C-9); HRMS (pos) m/z 353.0293 [M+H] (calcd. for C18H14BrN2O 353.0289) 

*, #, $  indicates assignments are interchangeable 

(E)-1-(3-methylquinoxalin-2-yl)-3-o-tolylprop-2-en-1-one (10d), Yield: 52%;  pale yellow 

solid; mp 134 °C; IR (neat) max 1667 cm-1 (C=O); λmax (log ε) = 334 (4.26); 1H NMR (CDCl3, 

400 MHz) δ 8.18 (1H, d, J = 15.9 Hz, H-11), 8.15 (1H, dd, J = 8.7, 1.4 Hz, H-5*), 8.05 (1H, 

dd, J = 8.5, 1.1 Hz, H-8*), 7.96 (1H, d, J = 15.9 Hz, H-12), 7.82 (1H, td, J = 8.4, 1.4 Hz, H-
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6#), 7.79 (1H, dd, J = 7.8, 1.7 Hz, H-6'), 7.75 (1H, td, J = 8.2, 1.3 Hz, H-7#), 7.30 (H, ddd, J = 

7.4, 7.4, 1.3 Hz, H-4'), 7.26 (1H, t, J = 7.4 Hz, H-5'), 7.22 (1H, d, J = 7.7 Hz, H-3'), 3.00 (3H, 

s, H-9); 2.48 (3H, s, CH3); 13C NMR (CDCl3, 100 MHz) δ 191.0 (C=O, C-10), 153.7 (C, C-2), 

148.6 (C, C-3), 143.0 (CH, C-11), 142.5 (C, C-4a$), 139.8 (C, C-8a$), 138.7 (C, C-2'), 133.7 

(C, C-1'), 131.8 (CH, C-6#), 131.0 (CH, C-3'), 130.6 (CH, C-4'), 129.8 (CH, C-5*), 129.6 (CH, 

C-7#), 128.5 (CH, C-8*), 126.8 (CH, C-6'), 126.4 (CH, C-5'), 124.2 (CH, C-12), 24.2 (CH3, C-

9), 19.9 (CH3); HRMS (pos) m/z 289.1337 [M+H] (calcd. for C19H17N2O 289.9341) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(4-fluorophenyl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (10e), Yield: 79%; 

pale yellow powder, mp 163 °C; IR (neat) max 1667 cm-1 (C=O); λmax (log ε) = 329 (4.31); 1H 

NMR (CDCl3, 400 MHz) δ 8.16 (1H, dd, J = 8.2, 1.2 Hz, H-5*), 8.06 (1H, dd, J = 8.5, 1.1 Hz, 

H-8*), 7.96 (1H, d, J = 16.0 Hz, H-11), 7.86 (1H, td, J = 8.4, 1.5 Hz, H-6#), 7.80 (1H, d, J = 

16.0 Hz, H-12), 7.79 (1H, td, J = 8.2, 1.3 Hz, H-7#), 7.70 (2H, dd, J = 8.7, 5.4 Hz, H-2'/6'), 7.11 

(2H, t, J = 8.6 Hz, H-3'/5'), 2.99 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 190.9 (C=O, C-

10), 164.3 (C, d, J = 254.8 Hz, C-4'), 154.0 (C, C-2), 148.5 (C, C-3), 144.2 (CH, C-12), 142.7 

(C, C-4a$), 139.9 (C, C-8a$), 131.9 (CH, C-6#), 131.1 (C, d, J = 2.7 Hz, C-1'), 130.8 (CH, d, J 

= 8.7 Hz, C-2'/6'), 129.7 (CH, C-5*), 129.7 (CH, C-7#), 128.6 (CH, C-8*), 123.3 (CH, C-11), 

116.2 (CH, d, J = 22.0 Hz, C-3'/5'), 24.1 (CH3, C-9); HRMS (pos) m/z 293.1086 [M+H] (calcd. 

for C18H14FN2O 293.1090) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(4-chlorophenyl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (10f), Yield 90%; 

pale yellow powder;  mp 159 °C; IR (neat) max 1668 cm-1 (C=O); λmax (log ε) = 331 (4.13); 1H 

NMR (CDCl3, 400 MHz) δ 8.16 (1H, dd, J = 8.2, 1.3 Hz, H-5*), 8.05 (1H, dd, J = 8.5, 1.2 Hz, 

H-8*), 8.02 (1H, d, J = 16.1 Hz, H-11), 7.82 (1H, td, J = 8.4, 1.5 Hz, H-6#), 7.79 (1H, d, J = 

16.1 Hz, H-12),  7.76 (1H, td, J = 8.4, 1.4 Hz, H-7#), 7.62 (2H, d, J = 8.5 Hz, H-2'/6'), 7.39 
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(2H, d, J = 8.5 Hz, H-3'/5'), 2.99 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 190.7 (C=O, C-

10), 153.7 (C, C-2), 148.3 (C, C-3), 143.9 (CH, C-12), 142.5 (C, C-4a$), 139.7 (C, C-8a$), 

136.8 (C, C-4'), 133.3 (C, C-1'), 131.9 (CH, C-6#),129.9 (CH, C-2'/6'), 129.8 (CH, C-7#), 129.7 

(CH, C-5*), 129.3 (CH, C-3'/5'), 128.5 (CH, C-8*), 123.7 (CH, C-11), 24.1 (CH3, C-9) ; HRMS 

(pos) m/z 309.0787 [M+H] (calcd. for C18H14ClN2O 309.0795) 

*, #, $  indicates assignments are interchangeable 

(E)-3-(4-bromophenyl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (10g),Yield: 88%; 

pale yellow powder; mp 164 °C; IR (neat) max 1669 cm-1 (C=O); λmax (log ε) = 331 (4.10); 1H 

NMR (CDCl3, 400 MHz) δ 8.15 (1H, dd, J = 8.3, 1.3 Hz, H-5*), 8.05 (1H, dd, J = 8.4, 1.2 Hz, 

H-8*), 8.03 (1H, d, J = 16.0 Hz, H-11), 7.83 (1H, td, J = 8.2, 1.5 Hz, H-6#), 7.78-7.74 (1H, m, 

H-7#), 7.76 (1H, d, J = 16.0 Hz, H-12), 7.54 (4H, s, H-2'/3'/5'/6'), 2.99 (3H, s, H-9); 13C NMR 

(CDCl3, 100 MHz) δ 190.7 (C=O, C-10), 153.7 (C, C-2), 148.2 (C, C-3), 144.0 (CH, C-12), 

142.5 (C, C-4a$), 139.7 (C, C-8a$), 133.8 (C, C-1'), 132.3 (CH, C-2'/6'&), 132.0 (CH, C-6#), 

130.2 (CH, C-3'/5'&), 129.8 (CH, C-7#), 129.7 (CH, C-5*), 128.6 (CH, C-8*), 125.2 (C, C-4'), 

123.8 (CH, C-11), 24.2 (CH3, C-9) ; HRMS (pos) m/z 353.0293 [M+H] (calcd. for 

C18H14BrN2O 353.0289) 

*, #, $ ,& indicates assignments are interchangeable 

(E)-1-(3-methylquinoxalin-2-yl)-3-p-tolylprop-2-en-1-one (10h),Yield: 84%; pale yellow 

powder; mp 145 °C; IR (neat) max 1665 cm-1 (C=O); λmax (log ε) = 339 (4.36); 1H NMR 

(CDCl3, 400 MHz) δ 8.15 (1H, dd, J = 8.1, 1.4 Hz, H-5*), 8.05 (1H, dd, J = 8.0, 1.4 Hz, H-8*), 

7.92 (1H, d, J = 16.1 Hz, H-11), 7.82 (1H, td, J = 8.6, 1.4 Hz, H-6#), 7.80 (1H, d, J = 16.1 Hz, 

H-12),  7.75 (1H, td, J = 8.2, 1.3 Hz, H-7#), 7.57 (2H, d, J = 8.1 Hz, H-2'/6'), 7.22 (2H, d, J = 

8.0 Hz, H-3'/5'), 2.97 (3H, s, H-9), 2.38 (3H, s, CH3); 13C NMR (CDCl3, 100 MHz) δ 191.3 

(C=O, C-10), 153.5 (C, C-2), 148.9 (C, C-3), 145.9 (CH, C-12), 142.4 (C, C-4a$), 141.5 (C, C-

4'), 139.7 (C, C-8a$), 132.1 (C, C-1'), 131.7 (CH, C-6#), 129.7 (CH, C-3'/5'), 129.7 (CH, C-7#), 
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129.6 (CH, C-5*), 128.9 (CH, C-2'/6'), 128.5 (CH, C-8*), 122.5 (CH, C-11), 24.0 (CH3, C-9), 

21.5 (CH3) ; HRMS (pos) m/z 311.1158 [M+Na] (calcd. for C19H16N2ONa 311.1160) 

*, #, $ ,& indicates assignments are interchangeable 

(E)-3-(4-methoxyphenyl)-1-(3-methylquinoxalin-2-yl)prop-2-en-1-one (10i), Yield: 41%; 

yellow solid; mp 140 °C; IR (neat) max 1663 cm-1 (C=O);  λmax (log ε) = 339 (4.20); 1H NMR 

(CDCl3, 400 MHz) δ 8.15 (1H, dd, J = 8.3, 1.3 Hz, H-5*), 8.05 (1H, dd, J = 8.4, 1.3 Hz, H-8*), 

7.84 (1H, td, J = 8.4, 1.5 Hz, H-6#), 7.78 (1H, s, H-11&), 7.79 (1H, s, H-12&), 7.75 (1H, td, J = 

8.4, 1.5 Hz, H-7#), 7.64 (2H, d, J = 8.5 Hz, H-2'/6'), 6.93 (2H, d, J = 8.5 Hz, H-3'/5'), 3.85 (3H, 

s, OCH3), 2.96 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 191.3 (C=O, C-10), 162.0 (C, C-

4'), 153.5 (C, C-2), 149.2 (C, C-3), 145.8 (CH, C-12), 142.4 (C, C-4a$), 139.8 (C, C-8a$), 131.6 

(CH, C-6#), 130.7 (CH, C-2'/6'), 129.7 (CH, C-5*), 129.6 (CH, C-7#), 128.5 (CH, C-8*), 127.6 

(C, C-1'), 121.2 (CH, C-11), 114.5 (CH, C-3'/5'), 55.4 (OCH3), 24.0 (CH3, C-9) ; HRMS (pos) 

m/z 305.1291 [M+H] (calcd. for C19H17N2O2 305.1290) 

*, #, $  indicates assignments are interchangeable; &resonances are coalescing and therefore 

appear as singlets. Assignments can be interchanged. 

 

Preparation of 2-(3-(quinolin-2-yl)-4,5-dihydro-1H-pyrazol-5-yl)quinoxalines and 

preparation of  2-(3-phenyl-4,5-dihydro-1H-pyrazol-5-yl)quinoxalines  

Hydrazine hydrate (2 eq) was added to a suspension of chalcone (7a-h or 10a-i) (200 mg) in 

EtOH (15 mL) and the mixture refluxed for 12 hours.  Upon completion the reaction was cooled 

and allowed to stand overnight where the pyrazoline compounds crystallised out of solution 

(8a-h and 11a-i) and were collected by filtration.   

 

2-(5-(8-fluoroquinolin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (8a), 

Yield  80%; pale yellow powder; mp 197-198 °C; IR (neat) max 3217 cm-1 (N-H); λmax (log ε) 
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= 358 (4.24); 1H NMR (CDCl3, 400 MHz) δ  8.18 (1H, dd, J = 8.6, 1.3 Hz, H- 4'), 7.98 (1H, 

dd, J = 7.6, 1.9 Hz, H-5*), 7.94 (1H, dd, J = 7.7, 2.0 Hz, H-8*), 7.66 (1H, td, J = 6.9, 1.7 Hz, 

H-6#), 7.65-7.61 (1H, m, H-7#), 7.64 (1H, d, J = 8.6 Hz, H-3'), 7.57 (1H, d, J = 7.8 Hz, H-5'), 

7.47-7.41 (1H, m, H-6'), 7.38 (1H, td, J = 7.4, 1.3 Hz, H-7'), 5.32 (1H, dd, J = 11.7, 8.1 Hz, H-

5''), 3.98 (1H, dd, J = 17.4, 11.7 Hz, H-4''a), 3.68 (1H, dd, J = 17.4, 8.1 Hz, H-4''b), 3.07 (3H, 

s, H-9); 13C NMR (CDCl3, 100 MHz) δ 161.9 (C, C-2'), 157.9 (C, d, J = 256.9 Hz, C-8'), 153.6 

(C, C-2), 152.2 (C, C-3''), 146.3 (C, C-3), 140.5 (C, C-4a$), 139.9 (C, C-8a$), 137.4 (C, d, J = 

11.0 Hz,  C-8'a), 137.2 (CH, d, J = 2.9 Hz, C-4'), 129.9 (CH, C-6#), 129.2 (C, d, J = 2.2 Hz, C-

4'a), 129.1 (CH, C-5*), 128.9 (CH, C-7#), 128.0 (CH, C-8*), 126.4 (CH, d, J = 8.0 Hz, C-6'), 

123.2 (CH, d, J = 4.5 Hz, C-5'), 119.6 (CH, C-3'), 114.1 (CH, d, J = 19.1 Hz, C-7'), 64.6 (CH, 

C-5''), 41.1 (CH2, C-4''), 26.1 (CH3, C-9) ; HRMS (pos) m/z 380.1283 [M+Na] (calcd. for 

C21H16FN5Na 380.1287) 

*, #, $  indicates assignments are interchangeable 

 2-(5-(8-chloroquinolin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (8b), 

Yield  37%; off-white powder; mp 198 °C; IR (neat) max 3295 cm-1 (N-H); λmax (log ε) = 348 

(4.22); 1H NMR (CDCl3, 400 MHz) δ 8.18 (1H, d, J = 8.6 Hz, H- 4'), 7.94 (1H, dd, J = 8.2, 2.0 

Hz, H-5*), 7.81 (1H, dd, J = 7.5, 1.0 Hz, H-7'), 7.70 (1H, dd, J = 8.2, 1.0 Hz, H-5'), 7.67 (1H, 

dd, J = 8.2, 1.9 Hz, H-8*), 7.66 (1H, td, J = 8.2, 1.8 Hz, H-6#), 7.65-7.60 (1H, m, H-7#), 7.61 

(1H, d, J = 8.6 Hz, H-3'), 7.42 (1H, t, J = 7.8 Hz, H-6'), 5.30 (1H, dd, J = 11.7, 7.1 Hz, H-5''), 

3.98 (1H, dd, J = 17.3, 11.7 Hz, H-4''a), 3.73 (1H, dd, J = 17.3, 7.1 Hz, H-4''b), 3.06 (3H, s, H-

9); 13C NMR (CDCl3, 100 MHz) δ  162.1 (C, C-2'), 153.8 (C, C-2), 152.3 (C, C-3''), 146.4 (C, 

C-3), 143.4 (C, C-8'a), 140.5 (C, C-4a$), 140.1 (C, C-8a$), 137.8 (CH, C-4'), 133.5 (C, C-8'), 

130.0 (CH, C-7'), 129.8 (CH, C-6#), 129.0 (CH, C-7#), 128.9 (CH, C-5*), 128.8 (C, C-4'a), 

128.1 (CH, C-8*), 126.7 (CH, C-5'), 126.5 (CH, C-6'), 119.5 (CH, C-3'), 64.1 (CH, C-5''), 40.9 



86 

(CH2, C-4''), 26.2 (CH3, C-9) ; HRMS (pos) m/z 396.0985 [M+Na] (calcd. for C21H16ClN5Na 

396.0992) 

*, #, $  indicates assignments are interchangeable 

2-(5-(8-bromoquinolin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (8c), 

Yield  46%; pale yellow powder; mp 189 °C; IR (neat) max 3326 cm-1 (N-H); λmax (log ε) = 

359 (4.37); 1H NMR (CDCl3, 400 MHz) δ 8.16 (1H, d, J = 8.5 Hz, H-4'), 8.03 (1H, d, J = 7.5 

Hz, H-7'), 8.00 (1H, d, J = 8.5 Hz, H-5*), 7.96 (1H, dd, J = 7.6, 1.7 Hz, H-8*), 7.76 (1H, d, J = 

8.1 Hz, H-5'), 7.69-7.62 (2H, m, H-6/7), 7.59 (1H, d, J = 8.5 Hz, H-3'), 7.36 (1H, t, J = 7.8 Hz, 

H-6'), 5.30 (1H, dd, J = 11.7, 6.6 Hz, H-5''), 3.98 (1H, dd, J = 17.3, 11.7 Hz, H-4''a), 3.73 (1H, 

dd, J = 17.3, 6.6 Hz, H-4''b), 3.08 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 162.3 (C, C-2'), 

153.7 (C, C-2), 152.4 (C, C-3''), 146.4 (C, C-3), 144.3 (C, C-8'a), 140.7 (C, C-4a$), 138.4 (C, 

C-8a$), 137.9 (CH, C-4'), 133.6 (CH, C-7'), 130.0 (CH, C-6#), 129.2 (CH, C-7#), 128.9 (CH, 

C-5*), 128.8 (C, C-4'a), 127.8 (CH, C-8*), 127.4 (CH, C-5'), 127.0 (CH, C-6'), 125.1 (C, C-8'), 

119.5 (CH, C-3'), 63.8 (CH, C-5''), 40.7 (CH2, C-4''), 26.0 (CH3, C-9); HRMS (pos) m/z 

440.0485 [M+Na] (calcd. for C21H16BrN5Na 440.0487) 

*, #, $  indicates assignments are interchangeable 

2-methyl-3-(5-(8-methylquinolin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl)quinoxaline (8d), 

Yield 82%; off-white powder; mp 167 °C; IR (neat) max 3316 cm-1 (N-H); λmax (log ε) = 358 

(4.42); 1H NMR (CDCl3, 400 MHz) δ 8.16 (1H, d, J = 8.5 Hz, H- 4'), 7.97 (1H, dd, J = 8.5, 2.1 

Hz, H-5*), 7.95 (1H, dd, J = 8.2, 2.2 Hz, H-8*), 7.66 (1H, td, J = 8.5, 1.9 Hz, H-6#), 7.65-7.61 

(2H, m, H-7#/5'), 7.55 (1H, d, J = 7.6 Hz, H-7'), 7.51 (1H, d, J = 8.5 Hz, H-3'), 7.41 (1H, dd, J 

= 7.6, 7.6 Hz, H-6'), 5.32 (1H, dd, J = 11.6, 6.2 Hz, H-5''), 3.96 (1H, dd, J = 17.2, 11.6 Hz, H-

4''a), 3.78 (1H, dd, J = 17.2, 6.2 Hz, H-4''b), 3.06 (3H, s, H-9), 2.82 (3H, CH3); 13C NMR 

(CDCl3, 100 MHz) δ 159.7 (C, C-2'), 153.7 (C, C-2), 152.6 (C, C-3''), 146.4 (C, C-3), 145.7 

(C, C-8'a), 140.5 (C, C-4a$), 140.0 (C, C-8a$), 138.1 (CH, C-4'), 136.9 (C, C-8'), 130.3 (CH, 
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C-7'), 129.8 (CH, C-6#), 129.0 (CH, C-7#), 128.9 (CH, C-5*), 128.1 (CH, C-8*), 127.5 (C, C-

4'a), 126.5 (CH, C-6'), 125.5 (CH, C-5'), 118.4 (CH, C-3'), 63.3 (CH, C-5''), 40.8 (CH2, C-4''), 

26.0 (CH3, C-9), 18.0 (CH3); HRMS (pos) m/z 376.1537 [M+Na] (calcd. for C22H19N5Na 

376.1538) 

*, #, $  indicates assignments are interchangeable 

2-(5-(6-fluoroquinolin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (8e), 

Yield: 71%; white fibrous solid,  mp 180-182 °C; IR (neat) max 3320 cm-1 (N-H); λmax (log ε) 

= 358 (4.17); 1H NMR (CDCl3, 400 MHz) δ 8.11 (1H, d, J = 8.5 Hz, H- 4'), 8.06 (1H, dd, J = 

9.0, 5.3 Hz, H-8'), 7.96-7.93 (2H, m, H-5/8), 7.67-7.61 (2H, m, H-6/7), 7.56 (1H, d, J = 8.5 Hz, 

H-3'), 7.45 (1H, td, J = 8.9, 2.2 Hz, H-7'), 7.40 (1H, dd, J = 8.7, 2.1 Hz, H-5'), 5.22 (1H, dd, J 

= 11.0, 7.9 Hz, H-5''), 3.95 (1H, dd, J = 17.2, 11.0 Hz, H-4''a), 3.71 (1H, dd, J = 17.2, 7.9 Hz, 

H-4''b), 3.06 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 160.6 (C, C-2'), 160.5 (C, d, J = 

248.1 Hz, C-6'), 153.7 (C, C-2), 152.4 (C, C-3''), 146.3 (C, C-3), 144.4 (C, C-8'a), 140.5 (C, C-

4a$), 140.3 (C, C-8a$), 136.7 (CH, d, J = 5.4 Hz, C-4'), 131.7 (CH, d, J = 9.1 Hz, C-8'), 129.8 

(CH, C-6#), 129.0 (CH, C-7#), 128.8 (CH, C-5*), 128.2 (CH, C-8*), 128.1 (C, d, J = 9.5 Hz, C-

4'a), 120.0 (CH, d, J = 25.6 Hz, C-7'), 119.4 (CH, C-3'), 110.6 (CH, d, J = 21.6 Hz, C-5'), 64.1 

(CH, C-5''), 40.9 (CH2, C-4''), 26.2 (CH3, C-9) ; HRMS (pos) m/z 380.1288 [M+Na] (calcd. for 

C21H16FN5Na 380.1287) 

*, #, $  indicates assignments are interchangeable 

2-(5-(6-chloroquinolin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (8f), 

Yield: 58%; white powder; mp 207-208 °C; IR (neat) max 3352 cm-1 (N-H); λmax (log ε) = 356 

(4.38); 1H NMR (CDCl3, 400 MHz) δ 8.08 (1H, d, J = 8.6 Hz, H- 4'), 7.99 (1H, d, J = 9.0 Hz, 

H-8'), 7.95 (2H, m, H-5/8), 7.77 (1H, d, J = 2.3 Hz, H-5'), 7.68-7.60 (3H, m, H-6/7/7'), 7.57 

(1H, d, J = 8.6 Hz, H-3'), 5.22 (1H, dd, J = 11.6, 7.5 Hz, H-5''), 3.95 (1H, dd, J = 17.3, 11.7 

Hz, H-4''a), 3.70 (1H, dd, J = 17.3, 7.5 Hz, H-4''b), 3.06 (3H, s, H-9); 13C NMR (CDCl3, 100 
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MHz) δ  161.6 (C, C-2'), 153.7 (C, C-2), 152.4 (C, C-3''), 146.3 (C, C-3), 145.7 (C, C-8'a), 

140.5 (C, C-4a$), 140.3 (C, C-8a$), 136.4 (CH, C-4'), 132.3 (C, C-6'), 130.8 (CH, C-8'), 130.7 

(CH, C-7'), 129.8 (CH, C-6#), 129.0 (CH, C-7#), 128.8 (CH, C-5*), 128.2 (CH, C-8*), 128.1 (C, 

C-4'a), 126.2 (CH, C-5'), 119.6 (CH, C-3'), 64.2 (CH, C-5''), 40.9 (CH2, C-4''), 26.2 (CH3, C-

9) ; HRMS (pos) m/z 396.0990 [M+Na] (calcd. for C21H16ClN5Na 396.0992) 

*, #, $  indicates assignments are interchangeable 

2-(5-(6-bromoquinolin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (8g), 

Yield: 50%; off-white powder; mp 219-220 °C; IR (neat) max 3352 cm-1 (N-H); λmax (log ε) = 

358 (4.16); 1H NMR (CDCl3, 400 MHz) δ 8.07 (1H, d, J = 8.6 Hz, H- 4'), 7.97-7.92 (4H, m, 

H-5/8/5'/8'), 7.76 (1H, dd, J = 9.0, 2.1 Hz, H-7'), 7.66 (1H, td, J = 7.0, 1.7 Hz, H-6*), 7.63 (1H, 

td, J = 7.0, 1.7 Hz, H-7*), 7.57 (1H, d, J = 8.6 Hz, H-3'), 5.22 (1H, dd, J = 11.7, 7.5 Hz, H-5''), 

3.96 (1H, dd, J = 17.3, 11.7 Hz, H-4''a), 3.70 (1H, dd, J = 17.3, 7.5 Hz, H-4''b), 3.06 (3H, s, H-

9); 13C NMR (CDCl3, 100 MHz) δ 161.8 (C, C-2'), 153.7 (C, C-2), 152.4 (C, C-3''), 146.3 (C, 

C-8'a), 145.9 (C, C-3), 140.5 (C, C-4a$), 140.3 (C, C-8a$), 136.4 (CH, C-4'), 133.3 (CH, C-7'), 

130.9 (CH, C-8'), 129.8 (CH, C-6#), 129.6 (CH, C-5'), 129.0 (CH, C-5*), 128.8 (CH, C-7#), 

128.6 (C, C-4'a), 128.2 (CH, C-8*),  120.4 (C, C-6'), 119.6 (CH, C-3'), 64.2 (CH, C-5''), 40.9 

(CH2, C-4''), 26.2 (CH3, C-9); HRMS (pos) m/z 440.0481 [M+Na] (calcd. for C21H16BrN5Na 

440.0487) 

*, #, $  indicates assignments are interchangeable 

2-methyl-3-(5-(6-methylquinolin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl)quinoxaline (8h), 

Yield: 79%; off-white powder; mp 180-181 °C; IR (neat) max 3351 cm-1 (N-H); λmax (log ε) = 

358 (4.44); 1H NMR (CDCl3, 400 MHz) δ 8.09 (1H, d, J = 8.6 Hz, H- 4'), 7.99 (1H, d, J = 9.2 

Hz, H-8'), 7.96 (1H, dd, J = 8.1, 2.0 Hz, H-5*), 7.94 (1H, dd, J = 8.0, 2.0 Hz, H-8*), 7.66 (1H, 

td, J = 6.9, 1.7 Hz, H-6#), 7.62 (1H, td, J = 6.9, 1.7 Hz, H-7#), 7.55-7.51 (3H, m, H-3'/5'/7'), 

5.28 (1H, dd, J = 11.6, 7.7 Hz, H-5''), 3.96 (1H, dd, J = 17.3, 11.7 Hz, H-4''a), 3.70 (1H, dd, J 
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= 17.3, 7.7 Hz, H-4''b), 3.06 (3H, s, H-9), 2.51 (3H, s, CH3); 13C NMR (CDCl3, 100 MHz) δ  

160.2 (C, C-2'), 153.8 (C, C-2), 152.4 (C, C-3''), 146.4 (C, C-3), 145.4 (C, C-8'a), 140.5 (C, C-

4a$), 140.3 (C, C-8a$), 137.2 (CH, C-4'), 136.7 (C, C-6'), 132.4 (CH, C-7'), 129.7 (CH, C-6#), 

128.9 (CH, C-5*), 128.8 (CH, C-7#), 128.4 (CH, C-8'), 128.2 (CH, C-8*), 127.6 (C, C-4'a), 

126.5 (CH, C-5'), 118.6 (CH, C-3'), 64.0 (CH, C-5''), 41.0 (CH2, C-4''), 26.2 (CH3, C-9), 21.6 

(CH3); HRMS (pos) m/z 376.1534 [M+Na] (calcd. for C22H19N5Na 376.1538) 

*, #, $  indicates assignments are interchangeable  

2-(5-(2-fluorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (11a), Yield: 

72%;  off white fibrous solid; mp 120-121 °C; IR (neat) max 3308 cm-1 (N-H); λmax (log ε) = 

358 (4.41); 1H NMR (CDCl3, 400 MHz) δ 8.04 (1H, dd, J = 7.4, 2.0 Hz, H-5*), 7.97 (1H, dd, J 

= 7.4, 2.2 Hz, H-8*), 7.70-7.63 (2H, m, H-6#, H-7#), 7.46 (1H, td, J = 7.6, 1.6 Hz, H-5'), 7.29-

7.24 (1H, m, H-4'), 7.13 (1H, td, J = 7.5, 1.3 Hz, H-6'), 7.07 (1H, ddd, J = 8.4, 8.3, 1.7 Hz, H-

3'), 5.27 (1H, dd, J = 11.1, 9.3 Hz, H-5''), 3.85 (1H, dd, J = 17.1, 11.1 Hz, H-4''a), 3.39 (1H, 

dd, J = 17.1, 9.3 Hz, H-4''b), 3.05 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 160.5 (C, d, J 

= 243.4 Hz, C-2'), 153.6 (C, C-2), 152.4 (C, C-3''), 146.4 (C, C-3), 140.5 (C, C-4a$), 140.3 (C, 

C-8a$), 129.8 (CH, C-6#), 129.2 (CH, d, J = 8.1 Hz, C-4'), 129.1 (C, C-1'), 129.0 (CH, C-7#), 

128.9 (CH, C-5*), 128.2 (CH, C-8*), 127.3 (CH, d, J = 4.2 Hz, C-5'), 124.5 (CH, d, J = 3.5 Hz, 

C-6'), 115.3 (CH, d, J = 21.4 Hz, C-3'), 57.1 (CH, d, J = 2.6 Hz, C-5''), 40.6 (CH2, C-4''), 26.2 

(CH3, C-9); HRMS (pos) m/z 329.1177 [M+Na] (calcd. for C18H15FN4Na 329.1178) 

*, #  indicates assignments are interchangeable 

2-(5-(2-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (11b), Yield: 

82%; white fibrous solid;  mp 121-122 °C; IR (neat) max 3380 cm-1 (N-H); λmax (log ε) = 359 

(4.27); 1H NMR (CDCl3, 400 MHz) δ 8.04 (1H, dd, J = 8.6, 1.5 Hz, H-5*), 7.96 (1H, dd, J = 

8.2, 2.2 Hz, H-8*), 7.70-7.63 (2H, m, H-6#, H-7#), 7.55 (1H, dd, J = 7.5, 1.8 Hz, H-3'), 7.39 

(1H, dd, J = 7.5, 1.8 Hz, H-6'), 7.25 (1H, td, J = 8.8, 1.4 Hz, H-4'), 7.23 (1H, td, J = 7.6, 1.4 
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Hz, H-5'), 5.38 (1H, dd, J = 11.1, 9.3 Hz, H-5''), 3.94 (1H, dd, J = 17.2, 11.1 Hz, H-4''a), 3.29 

(1H, dd, J = 17.2, 9.3 Hz, H-4''b), 3.08 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 153.4 (C, 

C-2), 151.8 (C, C-3''), 146.6 (C, C-3), 140.7 (C, C-4a/8a), 139.5 (C, C-1'), 132.9 (C, C-2'), 

130.0 (CH, C-6#), 129.8 (CH, C-6'), 129.3 (CH, C-7#), 128.9 (CH, C-5*), 128.8 (CH, C-5'), 

127.7 (CH, C-8*), 127.3 (CH, C-4'), 126.9 (CH, C-3'), 60.6 (CH, C-5''), 40.7 (CH2, C-4''), 25.9 

(CH3, C-9); HRMS (pos) m/z 345.0882 [M+Na] (calcd. for C18H15ClN4Na 345.0883) 

*, #  indicates assignments are interchangeable 

2-(5-(2-bromophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (11c), Yield: 

51%; white fibrous solid; mp 148-150 °C; IR (neat) max 3379 cm-1 (N-H); λmax (log ε) = 357 

(4.37); 1H NMR (CDCl3, 400 MHz) δ 7.97-7.93 (2H, m, H-5/8), 7.68-7.61 (2H, m, H-6#, H-

7#), 7.57 (1H, d, J = 7.8, H-3'), 7.56 (1H, dd, J = 7.8, 1.3 Hz, H-6'), 7.30 (1H, t, J = 7.4 Hz, H-

5'), 7.14 (1H, td, J = 7.7, 1.5 Hz, H-4'), 6.49 (1H, NH),  5.33 (1H, dd, J = 11.1, 9.3 Hz, H-5''), 

3.95 (1H, dd, J = 17.2, 11.1 Hz, H-4''a), 3.26 (1H, dd, J = 17.2, 9.3 Hz, H-4''b), 3.04 (3H, s, H-

9); 13C NMR (CDCl3, 100 MHz) δ 153.6 (C, C-2), 151.9 (C, C-3''), 146.4 (C, C-3), 141.2 (C, 

C-1'), 140.5 (C, C-4a$), 140.2 (C, C-8a$), 133.0 (CH, C-3'), 129.7 (CH, C-6#), 129.1 (CH, C-

4'), 129.0 (CH, C-7#), 128.9 (CH, C-5*), 128.2 (CH, C-8*), 128.0 (CH, C-5'), 127.2 (CH, C-6'), 

123.0 (C, C-2'), 62.9 (CH, C-5''), 40.9 (CH2, C-4''), 26.2 (CH3, C-9); HRMS (pos) m/z 

367.0561[M+H] (calcd. for C18H16BrN4 367.0558) 

*, #, $  indicates assignments are interchangeable 

2-methyl-3-(5-o-tolyl-4,5-dihydro-1H-pyrazol-3-yl)quinoxaline (11d), Yield: 65%; white 

solid;  mp 150-151 °C; IR (neat) max 3387 cm-1 (N-H); λmax (log ε) = 360 (4.30); 1H NMR 

(CDCl3, 400 MHz) δ 7.98 (1H, dd, J = 8.3, 2.1 Hz, H-5*), 7.93 (1H, dd, J = 8.2, 2.1 Hz, H-8*), 

7.68-7.61 (2H, m, H-6#, H-7#), 7.45-7.43 (1H, m, H-5'), 7.19–7.17 (3H, m, H-3'/4'/6'), 5.20 

(1H, dd, J = 11.1 , 8.8 Hz, H-5''), 3.86 (1H, dd, J = 17.0, 11.1 Hz, H-4''a), 3.23 (1H, dd, J = 

17.0, 8.8 Hz, H-4''b), 3.09 (3H, s, H-9), 2.42 (3H, s, CH3); 13C NMR (CDCl3, 100 MHz) δ 
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153.6 (C, C-2), 151.5 (C, C-3''), 146.6 (C, C-3), 140.6 (C, C-4a/8a), 140.4 (C, C-1'), 135.0 (C, 

C-2'), 130.7 (CH, C-3'), 129.7 (CH, C-6#), 129.0 (CH, C-7#), 128.8 (CH, C-5*),  128.1 (CH, C-

8*), 127.5 (CH, C-4'†), 126.6 (CH, C-6'†), 125.0 (CH, C-5'), 60.5 (CH, C-5''), 41.0 (CH2, C-4''), 

26.2 (CH3, C-9), 19.5 (CH3); HRMS (pos) m/z 303.1617 [M+H] (calcd. for C19H19N4 303.1610)  

*, #, † indicates assignments are interchangeable 

2-(5-(4-fluorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (11e), Yield  

90%; yellow crystals; mp  168 °C; IR (neat) max 3240 cm-1 (N-H); λmax (log ε) = 361 (4.39); 

1H NMR (CDCl3, 400 MHz) δ 7.97 (1H, dd, J = 7.8, 1.9 Hz, H-5*), 7.94 (1H, dd, J = 7.7, 2.2 

Hz, H-8*), 7.69-7.62 (2H, m, H-6#, H-7#), 7.35 (2H, dd, J = 8.7, 5.3 Hz, H-2'/6'), 7.03 (2H, t, J 

= 8.7 Hz, H-3'/5'), 6.42 (1H, s, NH), 4.95 (1H, dd, J = 11.0 , 9.4 Hz, H-5''), 3.80 (1H, dd, J = 

17.2, 11.0 Hz, H-4''a), 3.36 (1H, dd, J = 17.2, 9.4 Hz, H-4''b), 3.05 (3H, s, H-9); 13C NMR 

(CDCl3, 100 MHz) δ 162.4 (C, d, J = 246.0 Hz, C-4'), 153.6 (C, C-2), 152.1 (C, C-3''), 146.4 

(C, C-3), 140.5 (C, C-4a$), 140.2 (C, C-8a$), 138.2 (C, d, J = 2.6 Hz, C-1'), 129.8 (CH, C-6#), 

129.0 (CH, C-7#), 128.8 (CH, C-5*), 128.2 (CH, C-8*), 128.0 (CH, d, J = 8.1 Hz, C-2'/6'), 115.7 

(CH, d, J = 21.5 Hz, C-3'/5'), 63.3 (CH, C-5''), 42.4 (CH2, C-4''), 26.2 (CH3, C-9); HRMS (pos) 

m/z 329.1174 [M+Na] (calcd. for C18H15FN4Na 329.1178) 

*, #, $  indicates assignments are interchangeable 

2-(5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (11f), Yield: 

82%;  yellow powder; mp 164 °C; IR (neat) max 3369 cm-1 (N-H); λmax (log ε) = 358 (4.43); 

1H NMR (CDCl3, 400 MHz) δ 7.96 (1H, dd, J = 7.8, 1.9 Hz, H-5*), 7.93 (1H, dd, J = 7.7, 2.1 

Hz, H-8*), 7.68-7.63 (2H, m, H-6#, H-7#), 7.30 (4H, s, H-2'/3'/5'/6'), 6.45 (1H, s, NH), 4.93 

(1H, dd, J = 11.1, 9.4 Hz, H-5''), 3.81 (1H, dd, J = 17.3, 11.1 Hz, H-4''a), 3.34 (1H, dd, J = 

17.3, 9.4 Hz, H-4''b), 3.04 (3H, s, H-9); 13C NMR (CDCl3, 100 MHz) δ 153.6 (C, C-2), 152.1 

(C, C-3''), 146.3 (C, C-3), 140.9 (C, C-1'), 140.5 (C, C-4a$), 140.2 (C, C-8a$), 133.6 (C, C-4'), 

129.8 (CH, C-6#), 129.0 (CH, C-5*/2'/6'&), 128.8 (CH, C-7#), 128.2 (CH, C-8*), 127.8 (CH, C-
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3'/5'&), 63.3 (CH, C-5''), 42.3 (CH2, C-4''), 26.2 (CH3, C-9); HRMS (pos) m/z 345.0872 [M+Na] 

(calcd. for C18H15ClN4Na 345.0883) 

*, #, $, &  indicates assignments are interchangeable 

2-(5-(4-bromophenyl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (11g), Yield: 

76%; white powder; mp 155 °C; IR (neat) max 3375 cm-1 (N-H); λmax (log ε) = 359 (4.23); 1H 

NMR (CDCl3, 400 MHz) δ 7.97 (1H, dd, J = 7.8, 1.8 Hz, H-5*), 7.94 (1H, dd, J = 7.8, 1.9 Hz, 

H-8*), 7.69-7.61 (1H, m, H-6#, H-7#), 7.47 (2H, d, J = 8.4 Hz, H-3'/5'), 7.26 (2H, d, J = 8.4 Hz, 

H-2'/6'), 6.42 (1H, s, NH), 4.93 (1H, dd, J = 11.0, 9.3 Hz, H-5''), 3.82 (1H, dd, J = 17.1, 11.0 

Hz, H-4''a), 3.35 (1H, dd, J = 17.1, 9.3 Hz, H-4''b), 3.04 (3H, s, H-9); 13C NMR (CDCl3, 100 

MHz) δ 153.6 (C, C-2), 152.1 (C, C-3''), 146.3 (C, C-3), 141.4 (C, C-1'), 140.5 (C, C-4a/8a), 

133.6 (C, C-4'), 132.0 (CH, 3'/5'), 129.8 (CH, C-6#), 128.9 (CH, C-7#), 128.7 (CH, C-5*), 128.2 

(CH, C-8*), 128.1 (CH, 2'/6'), 63.3 (CH, C-5''), 42.3 (CH2, C-4''), 26.2 (CH3, C-9); HRMS (pos) 

m/z 389.0375 [M+Na] (calcd. for C18H15BrN4Na 389.0378) 

*, #  indicates assignments are interchangeable 

2-methyl-3-(5-p-tolyl-4,5-dihydro-1H-pyrazol-3-yl)quinoxaline (11h), Yield: 83%; yellow 

powder; mp  159-160 °C; IR (neat) max 3218 cm-1 (N-H); λmax (log ε) = 360 (4.29); 1H NMR 

(CDCl3, 400 MHz) δ 7.99 (1H, dd, J = 7.6, 2.0 Hz, H-5*), 7.94 (1H, dd, J = 7.7, 2.0 Hz, H-8*), 

7.68-7.61 (2H, m, H-6#, H-7#), 7.25 (2H, d, J = 8.1 Hz, H-2'/6'), 7.14 (2H, d, J = 8.0 Hz, H-

3'/5'), 4.93 (1H, dd, J = 10.9, 8.8 Hz, H-5''), 3.77 (1H, dd, J = 17.1, 10.9 Hz, H-4''a), 3.40 (1H, 

dd, J = 17.1, 8.8 Hz, H-4''b), 3.06 (3H, s, H-9), 2.32 (3H, s, CH3); 13C NMR (CDCl3, 100 MHz) 

δ 153.5 (C, C-2), 151.9 (C, C-3''), 146.5 (C, C-3), 140.6 (C, C-4a/8a), 139.4 (C, C-1'), 137.6 

(C, C-4'), 129.8 (CH, C-6#), 129.5 (CH, C-3'/5'), 129.1 (CH, C-7#), 128.9 (CH, C-5*), 127.9 

(CH, C-8*), 126.2 (CH, C-2'/6'), 63.7 (CH, C-5''), 42.1 (CH2, C-4''), 26.0 (CH3, C-9), 21.1 

(CH3); HRMS (pos) m/z 325.1417 [M+Na] (calcd. for C19H18N4Na 325.1429) 

*, #  indicates assignments are interchangeable 
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2-(5-(4-methoxyphenyl)-4,5-dihydro-1H-pyrazol-3-yl)-3-methylquinoxaline (11i), Yield: 

63%; yellow crystalline powder; mp 129-130 °C; IR (neat) max 3214 cm-1 (N-H); λmax (log ε) 

= 363 (4.21); 1H NMR (CDCl3, 400 MHz) δ 8.00 (1H, dd, J = 7.6, 2.2 Hz, H-5*), 7.94 (1H, dd, 

J = 7.6, 2.1 Hz, H-8*), 7.69-7.62 (1H, m, H-6#, H-7#), 7.28 (2H, d, J = 8.7 Hz, H-2'/6'), 6.87 

(2H, d, J = 8.7 Hz, H-3'/5'), 4.92 (1H, dd, J = 11.0, 8.8 Hz, H-5''), 3.77 (3H, s, OCH3), 3.76 

(1H, dd, J = 17.1, 11.0 Hz, H-4''a), 3.39 (1H, dd, J = 17.1, 8.8 Hz, H-4''b), 3.05 (3H, s, H-9); 

13C NMR (CDCl3, 100 MHz) δ 159.3 (C, C-4'), 153.7 (C, C-2), 152.1 (C, C-3''), 146.6 (C, C-

3), 140.6 (C, C-4a$), 140.2 (C, C-8a$), 134.6 (C, C-1'), 129.6 (CH, C-6#), 128.9 (CH, C-7#), 

128.8 (CH, C-5*), 128.2 (CH, C-8*), 127.5 (CH, C-2'/6'), 114.2 (CH, C-3'/5'), 63.4 (CH, C-5''), 

55.3 (OCH3), 42.1 (CH2, C-4''), 26.3 (CH3, C-9); HRMS (pos) m/z 341.1377 [M+Na] (calcd. 

for C19H18N4ONa 341.1378) 

*, #, $  indicates assignments are interchangeable 

 

The antimicrobial activities of compounds 7a-i, 8a-h, 10a-i and 11a-i were screened against 

two Gram +ve strains (Staphylococcus aureus ATCC 25923 and methicillin resistant 

Staphylococcus aureus ATCC BAA-1683) and four Gram -ve strains (Escherichia coli ATCC 

25922, Pseudomonas aeruginosa ATCC 27853, Salmonella typhimurium ATCC 14026 and 

Klebsiella pneumonia ATCC 314588).   

 

Microbial cultures were grown overnight at 37 °C in nutrient broth (UKZN Biolab, South 

Africa), adjusted to 0.5 McFarland standard using distilled water. Mueller-Hinton agar (MHA) 

(Biolab, South Africa) plates were prepared by dissolving 38 g of agar in 1 L of water, pouring 

them into sterile 60 mm petri dishes and allowing them to set at room temperature.  The agar 

plates were lawn inoculated with each respective strain of bacteria.  A disc diffusion method 

was used for initial screening.  A volume of 5 μL of a 10 mg mL-1 dimethyl sulfoxide (DMSO) 
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solution of each test compound was then spotted onto antibiotic test discs (12 mm), which had 

been placed on an MHA plate and allowed to set.  They were then left to incubate for 24 hours 

at 37 °C, following which the zones of inhibition were measured in millimeters. 

  

Screening based on inhibitory zone diameter was used to select compounds and bacterial strains 

to be further tested in a minimum bactericidal concentration (MBC) study.  Testing revealed 

that only compounds 7a-i and 11a-h showed activity, and only against the two Gram +ve 

bacterial strains.  

 

The MBC study was conducted by swabbing microbial cultures (adjusted to 0.5 McFarland 

standard), prepared as previously described, evenly over sterile MHA plates.  The test 

compounds were dissolved in DMSO and serially diluted.  A volume of 5 μL of concentrations 

of 1.95 to 1000 µg mL-1 were directly spotted on MHA plates containing the respective 

bacterial strains and incubated at 37 °C for 24 hours to determine the MBC of each compound.  

The MBC value was taken as the lowest concentration at which a zone of inhibition was 

observed around the test compound.  DMSO was used as a control and showed no zones of 

inhibition against Staphylococcus aureus ATCC 25923 or MRSA (ATCC BAA-1683).  

Levofloxacin and ciprofloxacin were used as standard drugs for comparison in all antimicrobial 

studies.  All experiments were conducted in triplicate. 

 

3.3. Results and discussion 

Two small libraries of quinoxaline-pyrazoline-quinoline and quinoxaline-pyrazoline-phenyl 

hybrids, in yields of 37-90%, were formed by first synthesising the 2-acetyl-3-

methylquinoxaline intermediate in a yield of 64% from o-phenylendiamine and acetylacetone 

(Anil Kumar et al., 2011).  The reaction was conducted under mild conditions employing N-
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bromosuccinamide as the catalyst in a slight molar excess to acetylacetone.  This key 

intermediate was then reacted with two different types of aldehydes, simple aromatic aldehydes 

and quinoline aldehydes to form α,β-unsaturated ketones bridged between phenyl groups and 

quinoxalines on the one hand and quinolines and quinoxalines on the other.   

 

The quinoline-2-carbaldehydes were synthesised from various anilines, substituted at either the 

2- or 4- position, and crotonaldehyde in a Doebner-von Miller reaction, which resulted in 

substituted quinaldines (2-methylquinolines), which were subsequently oxidized by selenium 

dioxide to the desired aldehydic analogues.  Formation of the pyrazoline derivatives were 

carried out by condensation of the α,β-unsaturated ketones with hydrazine hydrate (Scheme 

3-1) (Voskienė and Mickevičius, 2009).  The reactions proceeded within 4 hours and solid 

crystals were formed overnight in ethanolic solution in yields of 60-80%. 

 

A slight modification was made to the procedures carried out in literature, which was the 

quinaldine intermediates not being purified en route to the quinoline aldehydes.  Thus, this 

method is less time consuming than those previously reported (Gopaul and Koorbanally, 2016).  

The yields of the quinoline 2-carbaldehyde depend on substituent, but, in general, range 

between 70-90%.  

 

The Claisen-Schmidt condensation producing the α,β-unsaturated ketones proceeds readily at 

room temperature in ethanolic media resulting in solid product precipitates similar to reports 

in literature with yields of 41-95% (Gopaul and Koorbanally, 2016).  The 2'-OCH3 derivative 

of the phenyl quinoxaline-chalcone hybrids, and the 8'-OCH3 derivative of the quinoxaline-

quinoline chalcone were not formed despite attempts at modifying the reaction procedure by 
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varying reaction times, temperatures and ratios of reagents.  The pyrazoline analogue of the 6'-

OCH3 derivative 8i also failed even after extended reaction times. 

 

 

Scheme 3-1  Synthetic scheme for quinoxaline-chalcone and quinoxaline-pyrazoline hybrids 
(8a-8h and 11a-i).  (i) HCl(aq), toluene, reflux, 100 °C; (ii) SeO2, 1,4-dioxane, 
reflux, 101 °C; (iii) N-bromosuccinamide, water, 100 °C; (iv) NaOH(aq), 
ethanol; (v) Hydrazine hydrate, ethanol, 78 °C. 
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A full structural elucidation of the quinoxaline-chalcone-quinoline hybdrids and quinoxaline 

chalcones and their pyrazoline analogues were carried out with the aid of 2D (HMBC, HSQC 

and COSY) NMR spectroscopy.  

 

Structural elucidation 

The 1H NMR spectrum of the α,β-unsaturated ketone 7a (the 8'-F derivative) contained twelve 

resonances, eleven of which were in the aromatic region.  Both quinoline and quinoxaline 

resonances as well as the resonances of the α,β-unsaturated ketone moiety appear in the same 

aromatic region, hence HMBC spectra were needed to differentiate between the resonances 

and assign them to their respective scaffold.  The methyl resonance CH3-9 appeared at H 3.00 

in the 1H NMR spectrum and was easily distinguished from the other resonances. 

 

Of the 11 proton resonances in the aromatic region of the spectrum, the α,β-unsaturated olefinic 

resonances, H-11 and H-12 at δH 8.04 and δH 8.47, respectively could easily be distinguished 

due to their large J values of 16.1 Hz.  The two para positioned protons on the quinoxaline 

scaffold, H-5 and H-8, appeared as double doublets at δH 8.20 (J = 8.4, 1.1 Hz) and δH 8.07 (J 

= 8.2, 1.1 Hz).  These two resonances could not be distinguished from each other and are 

interchangeable, as were the H-6 and H-7 resonances, which appeared as triplets of doublets at 

δH 7.84 (J = 8.2, 1.5 Hz) and H 7.77 (J = 8.3, 1.3 Hz).    

 

The aromatic resonances, H-6' and H-7', both show coupling to fluorine at C-8'.  H-6' couples 

to both protons, H-5' and H-7' and to fluorine, resulting in a ddd at δH 7.50 (J = 7.9, 7.9, 4.9 

Hz).  H-7' is also a ddd (δH 7.42) coupled to the fluorine (J = 8.9 Hz), H-6' (J = 7.6 Hz) and H-

5' (J = 1.0 Hz).  The coupled resonances of H-3' and H-4' appeared as doublets and double 

doublets, respectively at δH 7.86 (J = 8.6 Hz) and δH 8.24 (1H, dd, J = 8.6, 1.0 Hz), the small 
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J value of 1.0 Hz being due to either H-4' or F coupling.  The assignment of H-3' also allowed 

us to differentiate between H-11 and H-12 as an HMBC correlation was observed between H-

3' and C-12. 

 

The 13C NMR spectrum showed distinct resonances for the methyl group at δC 24.0 and the 

carbonyl group at δC 191.2.  All protonated carbons were assigned using HSQC correlations to 

their respective protons. C-8', to which the fluorine is attached, occurs as a doublet at δC 158.3 

with a large J value of 258.7 Hz and was confirmed by HMBC correlations to both the H-6' 

and H-7' resonances.  Seven other resonances were observed at δC 129.7, 138.8, 139.8, 142.6, 

148.1, 153.6 and 154.0.  The most upfield resonance of this group, C-4'a occurred at δC 129.7 

and was confirmed by HMBC correlations to H-6' and H-3'.  C-4a and C-8a are found at δC 

142.6 and δC 139.8, respectively.  These resonances could be differentiated from C-3, C-2 and 

C-2' by HMBC correlations to the quinoxaline protons H-5 to H-8.  However, these could not 

be unequivocally assigned and are interchangeable.  C-2 (δC 153.6) and C-3 (δC 148.1), both 

have HMBC correlations to the methyl group at C-9, however, these were differentiated by the 

HMBC correlation of C-2 to H-11.  C-2' (δC 154.0) was assigned due to an HMBC correlation 

with H-4'.  Figure 3-1 shows selected HMBC correlations used to identify the quaternary 

carbon resonances in the molecule. 

 

 

Figure 3-1  Key HMBC correlations used in the structural elucidation of 7a 
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Conversion to the respective pyrazoline (8a) was indicated by the disappearance of the two 

α,β-unsaturated protons and the appearance of an ABX system with double doublets at δH 3.98 

(J = 17.4, 11.7 Hz) and δH 3.68 (J = 17.4, 8.1 Hz) (H-4''a and H-4''b, respectively) and H-5'' at 

δH 5.32 (J = 11.7, 8.1 Hz).  This was also accompanied by slight shifts in the proton resonances 

of the quinoxaline fragment, for example the resonance at δH 8.20 attributed to H-5 or H-8 in 

the chalcone shifted to δH 7.94 in the pyrazoline and similarly the resonances at δH 7.84 and δH 

7.77 assigned to H-6 and H-7 shifted to δH 7.66 and δH 7.61.  In the quinoline fragment, only 

the H-3' resonance, closest to the pyrazoline moiety, shifted upfield significantly from δH 7.86 

to δH 7.64. (Figure 3-2).  Another distinct difference between the chalcone and pyrazoline 

derivatives is the shift of the carbonyl resonance at δC 191.1 (C-10) in the chalcone to δC 152.2 

(C-3''), when this carbon now forms part of the pyrazoline moiety. 

 

 

Figure 3-2 Overlaid 1H NMR spectra of chalcone 7a and its pyrazoline analogue 8a showing 
the differences in chemical shifts of the aromatic protons when derivatisation occurs 
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Antibacterial activity 

The synthesised compounds were tested for their antibacterial activity against two Gram +ve 

(Staphylococcus aureus ATCC 25923 and S. aureus ATCC BAA-1683 (MRSA)) and four 

Gram -ve species (Klebsiella pneumonia, Pseudomonas aeruginosa, Escherichia coli and 

Salmonella typhimurium) by doing a preliminary screen using the disc diffusion method.  Of 

the compounds tested, only 13 compounds showed activity against S. aureus ATCC 25923 and 

7 compounds against MRSA.  In general, replacing the quinoline moiety with an aromatic ring 

in the quinoxaline chalcones resulted in loss of activtiy.  The opposite is true for the pyrazole 

derivatives where only the quinoxaline pyrazolines with an aromatic ring showed some 

activity.  Another general trend was that the quinoxaline chalcones with quinoline moeities 

were far more active (by 3 orders of magnitude) than the aromatic pyrazolines against S. 

aureus.  There were however two pyrazolines, 11f and 11g (4'-Cl and 4'-Br derivatives), which 

were active at an order of magnitude greater than the other pyrazolines. 

 

Eight quinoxaline-chalcone-quinoline derivatives showed two orders of magnitude better 

activity than both ciprofloxacin and levofloxacin against S. aureus, which had MBC values of 

94.3 and 21.6 M, respectively.  The activities of six of the compounds (7a-7c and 7e-7g) 

ranged from 0.151 – 0.178 M, with a further two (7h and 7i) having activities of 0.360 and 

0.343 M.  Our results indicated that all derivatives with halogens at either the 6' or 8' positions 

led to good activity.  Loss of activity occurred when electron donating substituents were placed 

at these positions, such as methyl and methoxy groups.  With the exception of 7f (6'-Cl 

derivative), the same set of compounds were active against MRSA.  Compounds 7a, 7b, 7e and 

7i were active between 10.9-91.0 M, better than the standards, ciprofloxacin and levofloxacin 

which were active at 188.6 and 86.5 M, respectively.  All these compounds contained a 

halogen, with the exception of 7i, which contained a methoxy group at the 6' position.  The 
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bromo derivatives 7c (8'-Br) and 7g (6'-Br) showed less potent activity against MRSA at 618 

and 309 M respectively. 

 

Table 3-1  Antibacterial activity of the synthesised compounds (MBC in μM) 

No. Sa MRSA No. Sa MRSA 

7a 0.178 22.8 11a 816 - 

7b 0.170 10.9 11b 387 - 

7c 0.151 618 11c 681 - 

7e 0.178 91.0 11e - - 

7f 0.170 - 11f 12 - 

7g 0.151 309 11g 11 - 

7h 0.360 23.0 Cip 94.3  188.6  

7i 0.343 87.9 Lev 21.6 86.5 
Sa = Staphylococcus aureus; Cip = Ciprofloxacin; Lev = Levofloxacin 

 

While the quinoxaline-chalcone-quinoline derivatives showed activity against both S. aureus 

ATCC 25923 and MRSA, the quinoxaline-pyrazolines with phenyl groups were only active 

against S. aureus ATCC 25923.  In this case, only the halogenated derivatives were active.  The 

three compounds with methyl and methoxy groups did not show any activity.  The two para 

substituted compounds 11f and 11g (4'-Cl and 4'-Br) showed better activity (12.0 and 11.0 M, 

respectively) than ciprofloxacin and levofloxacin (94.3 and 21.6 M, respectively) but in the 

same order of magnitude. 

 

3.4. Conclusion 

A library of new quinoxaline derived chalcones (7a-i and 10a-i) and their respective 

pyrazolines (8a-h and 11a-i) were synthesised and evaluated for their in vitro antibacterial 

activity.  Chalcones of both substituted benzaldehydes and substituted quinoline-2-

carbaldehydes were synthesised by a base catalysed Claisen-Schmidt condensation with 2-
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acetyl-3-methylquinoxaline in yields ranging from 41 to 95%.  These were readily converted 

to their pyrazoline analogues using hydrazine hydrate, with the exception of the 6'-OCH3 

derivative, achieving good yields of 60 to 80%.  The novel quinoxaline-chalcone-quinoline 

class showed good activity against the Gram +ve species, S.aureus and MRSA, in MBC assays 

while the aromatic derived chalcones did not.  The quinoxaline-chalcone-quinoline derivatives, 

7a-7c and 7e-7i, exhibited better activity (0.151-0.360 M) against S.aureus than the standards, 

ciprofloxacin and levofloxacin, by two orders of magnitude.  These compounds were found to 

be less active against MRSA, however, compounds 7a, 7b and 7h remained more potent than 

the standards. Interestingly, the opposite trend was observed for the pyrazoline analogues as 

conversion of the α,β-ketone group to a pyrazoline in the quinoxaline-chalcone-quinoline 

hybrids resulted in loss of activity.  Similar conversion of the aromatic chalcones to their 

pyrazoline analogues resulted in compounds 11a-c, 11f and 11g showing activity (11-816 M) 

against S. aureus only with 11f and 11g having better activity (12.0 and 11.0 M respectively) 

than the standards.  The results of the study have revealed promising compounds for further 

development as antimicrobial agents 
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Chapter 4. Synthesis and antibacterial activity of quinoline-

thioxothiazolidin-4-one hybrids 

Abstract 

A total of 10 new 5-(quinolin-2-ylmethylene)-2-thioxothiazolidin-4-ones were synthesised 

from the Knoevenagel reaction of various 8- and 6-substituted quinoline-2-carbaldehydes and 

rhodanine.  The method described is a convenient way to tag a rhodanine moeity onto a 

quinoline ring.  Full structural elucidation of the novel compounds was made with the aid of 

2D NMR.  The 6-substituted compounds showed antibacterial activity against the Gram+ve 

strains S. aureus and MRSA.  The 6-Br derivative was found to be the most potent with an 

MBC value of 356 M against both MRSA and S.aureus.   

 

Keywords:  quinolines, thioxothiazolidinones, thiazolidines, antibacterial activity 
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4.1. Introduction 

Hybrid molecules combine two or more classes of organic molecules into a single molecule 

with the aim of enhancing the activity that each of the individual moieties have on their own.  

Quinolines and rhodanines are each known to have a range of bioactivities that make them 

good candidates for molecular hybridisation (Kumar et al., 2009; Tomasic and Masic, 2009).  

Quinoline is composed of a pyridine ring fused with benzene while rhodanine is a 5 membered 

heterocycle based on the thiazolidine core having a carbonyl group at C-4.  

 

Quinolines are known to have antimalarial (Vandekerckhove and D’hooghe, 2015), anticancer 

(Afzal et al., 2015; Gopaul et al., 2015), anti-oxidant (Maddela et al., 2015), anti-HIV (Luo et 

al., 2009), antimicrobial (Musiol et al., 2011), antileishmanial (Gopinath et al., 2013; Gopinath 

et al., 2014), antimycobacterial (Eswaran et al., 2010), and anticonvulsant activities (Siddiqui, 

2010), and is found in many commercially available drugs such as quinine (antimalarial), 

levofloxacin (antibiotic), ciprofloxacin (antibiotic), clioquinol (antifungal), montelukast 

(antiasthmatic), bosutinib (antileukaemic), bedaquiline (antitubercular) and saquinavir (anti-

HIV).  On the other hand, rhodanine derivatives have reported antibacterial (Grant et al., 2000; 

Pardasani et al., 2001), antifungal (Habib et al., 1997; Inamori et al., 1998; Siddiqui et al., 

2005), antiviral (Sing et al., 2001), antimalarial (Takasu et al., 2002; Kumar et al., 2007), 

antitumor (Kawakami et al., 1997), anti-inflammatory (Irvine et al., 2008) and antidiabetic 

(Terashima et al., 1984) activities, and is incorporated in epalrestat, a carboxylic acid derivative 

commercially available for the treatment of neuropathy associated with type II diabetes.  

 

Rhodanine moeities are tagged onto other organic scaffolds using the Knoevenagel 

condensation of rhodanine with aldehydes (Bataille et al., 2017) and, in particular, have been 

tagged onto substituted 2-chloroquinoline-3-carbaldehydes (Guo et al., 2013; Ramesh et al., 
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2014; Subhedar et al., 2017).  These compounds showed potent antibacterial activity against 

methicillin resistant Staphylococcus aureus (MRSA) and quinolone resistant Staphylococcus 

aureus (QRSA) (Guo et al., 2013), anticancer activity (Ramesh et al., 2014) and antitubercular 

activity (Subhedar et al., 2017).  Previously, substituted rhodanines were prepared by the 

reaction of substituted primary amines, carbon disulfide and sodium chloroacetate (Ramesh et 

al., 2014).  In a slightly different synthetic route, 7-chloro-4-aminoquinoline-rhodanine hybrids 

were formed using carbon disulfide and ethylbromoacetate, which formed the rhodanine 

moeity at the amino group on the quinoline itself.  These compounds showed good activity as 

antimalarial and antitubercular compounds with low cytotoxicity (Chauhan et al., 2013). 

Quinoline-6-rhodanine hybrids formed from rhodanine and quinoline-6-carbaldehyde showed 

good anticancer and anti-Alzheimer's activity (Mariano et al., 2016). 

 

This paper describes the synthesis of a series of 6- and 8-substituted quinoline-2-rhodanine 

hybrids and their antibacterial activity against four Gram -ve and two Gram +ve bacterial 

strains. 

 

 

4.2. Experimental 

Chemistry 

General Procedures 

All reagents and chemicals used in this study were purchased from Sigma-Aldrich via Capital 

Lab, South Africa and were reagent grade.  Crude organic solvents were distilled prior to use. 

Merck Kieselgel 60 F254 plates were used for thin-layer chromatography (TLC).  For column 

chromatography, silica gel (60–120 mesh) was used as the stationary phase and varying ratios 

of ethyl acetate:hexane as the mobile phase.  Melting points were obtained using a sealed 
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capillary tube in an Electrothermal IA9100 melting point apparatus (Cole-Parmer, 

Staffordshire, UK).  Infrared (IR) spectra were recorded on a Perkin Elmer Spectrum 100 FT-

IR spectrometer (PerkinElmer Inc.) with universal attenuated total reflectance sampling 

accessory.  Ultraviolet (UV) spectra were collected on a Shimadzu UV-3600 

spectrophotometer (Shimadzu, Tokyo) in chlorobenzene.  High resolution mass spectrometry 

(HRMS) was carried out using a Waters Micromax LCT Premier TOF-MS instrument 

(Microsep Pty, Ltd), operating at ambient temperatures.  The 1H and 13C NMR spectra were 

recorded at 298 K in DMSO-d6 using a Bruker Avance 400 MHz NMR spectrometer (9.4 T; 

Bruker, Germany) (400.22 MHz for 1H and 100.63 MHz for 13C).  Chemical shifts are reported 

in ppm and coupling constants (J) in Hz.  The 1H and 13C NMR chemical shifts of deuterated 

DMSO were δ 2.50 and 39.5, respectively, referenced to the internal standard, 

tetramethylsilane (TMS).  All data was analysed using Bruker TopSpin 3.5 software. 

 

Preparation of quinoline-2-carbaldehydes  

Various 2- and 4- substituted anilines (1a-j) (45.0 mmol) were dissolved in HCl:water (1:2).  

The mixture was heated to 60 °C.  Thereafter, crotonaldehyde (2) (67.5 mmol; 5.6 mL) 

dissolved in toluene (20 mL) was added slowly and the mixture allowed to reflux for 4 hours.  

The aqueous layer was then collected from the mixture and basified to pH 8.  The solution was 

then extracted with 3 × 50 mL portions of ethyl acetate.  The organic extracts were combined 

and dried over anhydrous MgSO4 before the solvent was removed under vacuum.  The residue 

was dissolved in 1,4-dioxane (20 mL) and SeO2 (45.4 mmol; 5.0 g) was added.  The mixture 

was then refluxed for 15 to 180 minutes (monitored by TLC).  The resultant suspension was 

then filtered to remove the reduced selenium.  The filtrate was diluted with water (40 mL) and 

the aqueous solution extracted with 3 × 50 mL portions of ethyl acetate.  The combined extracts 

were washed with 2 × 50 mL portions of water and dried over anhydrous MgSO4 and the 
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solvent removed as above.  The crude products were purified by column chromatography 

(hexane:ethyl acetate, 85:15 v/v) resulting in the carbaldehydes (3a-j) in yields of between 60-

80%, depending on the substituent. 

 

Preparation of quinoline-2-rhodanine derivatives  

Acetic acid (30 mL) was added to a mixture of quinoline-2-carbaldehydes (3a-j) (1.00 mmol), 

2-thioxothiazolin-4-one (4) (0.133 g; 1.00 mmol) and sodium acetate (0.246 g; 3.00 mmol) and 

refluxed for 4 to 6 hours.  Once complete the reaction mixture was cooled to ambient 

temperature and poured into water (50 mL).  The crude grey solid was collected by filtration, 

washed with water (3 x 20 mL) and recrystallized using methanol, resulting in pure products 

(5a-j) in yields of 52-80%.  

 

(E)-5-((8-fluoroquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5a), Yield 55%; 

yellow powder; decomp. 300°C; IR (neat) max 3040 cm-1 (N-H), 1695 cm-1 (C=O); λmax (log 

ε) = 394 (4.58), 313 (4.12), 293 (4.14), 258 (4.52); 1H NMR (CDCl3, 400 MHz) δ 13.75 (1H, 

s, NH), 8.56 (1H, d, J = 8.5 Hz, H-4), 8.06 (1H, d, J = 8.5 Hz, H-3), 7.85 (1H, d, J = 7.9 Hz, 

H-5), 7.84 (1H, s, H-9), 7.73-7.62 (2H, m, H-6/7); 13C NMR (CDCl3, 100 MHz) δ 202.6 (C, 

C-2'), 169.3 (C, C-4'), 157.0 (C, d, J = 256.8 Hz, C-8), 151.8 (C, C-2), 137.3 (CH, C-4), 137.0 

(C, d, J = 12.8 Hz, C-8a), 132.6 (C, C-5'), 128.5 (C, C-4a), 127.8 (CH, d, J = 8.0 Hz, C-6), 

126.2 (CH, C-9), 125.4 (CH, C-3), 123.9 (CH, d, J = 4.5 Hz, C-5), 114.6 (CH, d, J = 17.8 Hz, 

C-7); HRMS (neg) m/z 288.9911 [M-H] (calcd. for C13H6FN2OS2 288.9906) 

(E)-5-((8-chloroquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5b), Yield 54%; 

yellow powder; decomp. 295°C; IR (neat) max 3046 cm-1 (N-H), 1690 cm-1 (C=O); λmax (log 

ε) = 396 (4.66),  315 (4.22), 297 (4.22), 259 (4.68); 1H NMR (CDCl3, 400 MHz) δ 13.75 (1H, 

s, NH), 8.57 (1H, d, J = 8.4 Hz, H-4), 8.07 (1H, d, J = 8.4 Hz, H-3), 8.05 (1H, d, J = 7.8 Hz, 
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H-7), 8.01 (1H, d, J = 7.8 Hz, H-5), 7.86 (1H, s, H-9), 7.65 (1H, t, J = 7.8 Hz, H-6); 13C NMR 

(CDCl3, 100 MHz) δ 202.4 (C, C-2'), 169.4 (C, C-4'), 152.2 (C, C-2), 143.3 (C, C-8a), 138.1 

(CH, C-4), 132.5 (C, C-5'), 132.4 (C, C-8), 130.7 (CH, C-7), 128.5 (C, C-4a), 127.8 (CH, C-

6), 127.4 (CH, C-5), 126.2 (CH, C-9), 125.6 (CH, C-3); HRMS (neg) m/z 304.9605 [M-H] 

(calcd. for C13H6ClN2OS2 304.9610) 

(E)-5-((8-bromoquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5c), Yield 52%; 

orange powder; decomp. 256°C; IR (neat) max 3057 cm-1 (N-H), 1689 cm-1 (C=O); λmax (log 

ε) = 398 (4.37),  297 (3.99); 1H NMR (CDCl3, 400 MHz) δ 13.74 (1H, s, NH), 8.57 (1H, d, J 

= 8.4 Hz, H-4), 8.07 (1H, d, J = 8.4 Hz, H-3), 8.25 (1H, d, J = 7.8 Hz, H-7), 8.06 (1H, d, J = 

7.8 Hz, H-5), 7.86 (1H, s, H-9), 7.58 (1H, t, J = 7.8 Hz, H-6); 13C NMR (CDCl3, 100 MHz) δ  

202.2 (C, C-2'), 169.5 (C, C-4'), 152.4 (C, C-2), 144.3 (C, C-8a), 138.3 (CH, C-4), 134.4 (CH, 

C-7), 132.3 (C, C-5'), 128.7 (C, C-4a), 128.3 (CH, C-5), 128.1 (CH, C-6), 126.3 (CH, C-9), 

125.8 (CH, C-3), 123.8 (C, C-8); HRMS (neg) m/z 348.9105 [M-H] (calcd. for C13H6BrN2OS2 

348.9105) 

(E)-5-((8-methylquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5d), Yield  80%; 

bright yellow powder; decomp. 271°C; IR (neat) max 3037 cm-1 (N-H), 1687 cm-1 (C=O); λmax 

(log ε) = 394 (4.56), 314 (4.03), 258 (4.56); 1H NMR (CDCl3, 400 MHz) δ 13.75 (1H, s, NH), 

8.47 (1H, d, J = 8.4 Hz, H-4), 7.99 (1H, d, J = 8.4 Hz, H-3), 7.86 (1H, d*, H-7), 7.86 (1H, s*, 

H-9), 7.74 (1H, d, J = 7.5 Hz, H-5), 7.58 (1H, t, J = 7.5 Hz, H-6), 2.82 (3H, s, CH3); 13C NMR 

(CDCl3, 100 MHz) δ 202.0 (C, C-2'), 169.4 (C, C-4'), 150.3 (C, C-2), 146.5 (C, C-8a), 137.7 

(CH, C-4), 136.7 (C, C-8), 130.8 (C, C-5'), 130.6 (CH, C-5), 127.5 (CH, C-6), 127.1 (C, C-4a), 

127.1 (CH, C-9), 125.9 (CH, C-7), 124.3 (CH, C-3), 19.3 (CH3); HRMS (neg) m/z 285.0161 

[M-H] (calcd. for C14H9N2OS2 285.0156) 

* resonances overlap, J values cannot be determined. 
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(E)-5-((8-methoxyquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5e), Yield 60%; 

orange powder; mp 288-289 °C; IR (neat) max 3038 cm-1 (N-H), 1688 cm-1 (C=O); λmax (log 

ε) = 399 (4.66), 328 (4.26), 264 (4.65); 1H NMR (CDCl3, 400 MHz) δ 13.64 (1H, s, NH), 8.41 

(1H, d, J = 8.4 Hz, H-4), 7.96 (1H, d, J = 8.4 Hz, H-3), 7.81 (1H, s, H-9), 7.59 (1H, t, J = 7.9 

Hz, H-6),  7.52 (1H, d, J = 7.9 Hz, H-5), 7.29 (1H, d, J = 7.9 Hz, H-7), 4.06 (3H, s, OCH3); 13C 

NMR (CDCl3, 100 MHz) δ 203.6 (C, C-2'), 169.4 (C, C-4'), 155.3 (C, C-8), 149.9 (C, C-2), 

139.1 (C, C-8a), 137.0 (CH, C-4), 131.5 (C, C-5'), 128.3 (CH, C-6), 128.0 (C, C-4a), 126.8 

(CH, C-9), 124.8 (CH, C-3), 119.1 (CH, C-5), 109.2 (CH, C-7), 56.1 (OCH3); HRMS (neg) 

m/z 301.0099 [M-H] (calcd. for C14H9N2O2S2 301.0105) 

(E)-5-((6-fluoroquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5f), Yield 68%; 

yellow powder; mp 303-305 °C; IR (neat) max 3028 cm-1 (N-H), 1691 cm-1 (C=O); λmax (log 

ε) = 393 (4.66), 292 (4.21), 257 (4.62); 1H NMR (CDCl3, 400 MHz) δ 13.73 (1H, s, NH), 8.45 

(1H, d, J = 8.5 Hz, H-4), 8.19 (1H, dd, J = 9.2, 5.4, H-5), 7.98 (1H, d, J = 8.5 Hz, H-3), 7.81 

(1H, d, J = 9.3, 2.7 Hz, H-8), 7.78 (1H, s, H-9), 7.74 (1H, td, J = 8.9, 2.8 Hz, H-7); 13C NMR 

(CDCl3, 100 MHz) δ  202.2 (C, C-2'), 169.3 (C, C-4'), 160.4 (C, d, J = 248.0 Hz, C-6), 151.2 

(C, d, J = 2.7 Hz, C-2), 144.3 (C, C-8a), 136.9 (CH, d, J = 5.5 Hz, C-4), 131.5 (C, C-5'), 131.3 

(CH, d, J = 9.5 Hz, C-8), 127.7 (C, d, J = 10.8 Hz, C-4a), 126.6 (CH, C-9), 125.3 (CH, C-3), 

120.9 (CH, d, J = 26.2 Hz, C-7), 111.2 (CH, d, J = 22.2 Hz, C-5); HRMS (neg) m/z 288.9908 

[M-H] (calcd. for C13H6FN2OS2 288.9906) 

(E)-5-((6-chloroquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5g), Yield 65%; 

yellow powder; decomp. 290 °C; IR (neat) max 3047 cm-1 (N-H), 1716 cm-1 (C=O); λmax (log 

ε) = 397 (4.65), 294 (4.21), 258 (4.70); 1H NMR (CDCl3, 400 MHz) δ 13.77 (1H, s, NH), 8.45 

(1H, d, J = 8.5 Hz, H-4), 8.16 (1H, d, J = 2.3, H-5), 8.15 (1H, d, J = 9.0 Hz, H-8),  8.01 (1H, 

d, J = 8.5 Hz, H-3), 7.84 (1H, dd, J = 9.0, 2.3 Hz, H-7), 7.80 (1H, s, H-9); 13C NMR (CDCl3, 

100 MHz) δ 202.1 (C, C-2'), 169.3 (C, C-4'), 152.1 (C, C-2), 145.5 (C, C-8a), 136.7 (CH, C-
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4), 132.2 (C, C-6), 132.1 (C, C-5'), 131.3 (CH, C-7), 130.4 (CH, C-8), 127.6 (C, C-4a), 126.8 

(CH, C-5), 126.4 (CH, C-9), 125.5 (CH, C-3); HRMS (neg) m/z 304.9605 [M-H] (calcd. for 

C13H6ClN2OS2 304.9610) 

(E)-5-((6-bromoquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5h), Yield 64%; dark 

yellow-green powder; decomp. 258 °C; IR (neat) max 3047 cm-1 (N-H), 1695 cm-1 (C=O); λmax 

(log ε) = 394 (4.66), 313 (4.20), 293 (4.22), 258 (4.60); 1H NMR (CDCl3, 400 MHz) δ 13.75 

(1H, s, NH), 8.43 (1H, d, J = 8.4 Hz, H-4), 8.30 (1H, d, J = 1.7, H-5), 8.05 (1H, d, J = 9.0 Hz, 

H-8),  7.99 (1H, d, J = 8.4 Hz, H-3), 7.92 (1H, dd, J = 9.0, 1.7 Hz, H-7), 7.78 (1H, s, H-9); 13C 

NMR (CDCl3, 100 MHz) δ 202.1 (C, C-2'), 169.2 (C, C-4'), 152.1 (C, C-2), 145.6 (C, C-8a), 

136.6 (CH, C-4), 133.8 (CH, C-7), 132.1 (C, C-5'), 130.4 (CH, C-8), 130.0 (CH, C-5), 128.0 

(C, C-4a), 126.4 (CH, C-9), 125.5 (CH, C-3); 120.9 (C, C-6); HRMS (neg) m/z 348.9106 [M-

H] (calcd. for C13H6BrN2OS2 348.9105) 

(E)-5-((6-methylquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5i), Yield 75%; 

yellow powder; decomp. 268 °C; IR (neat) max 3027 cm-1 (N-H), 1690 cm-1 (C=O); λmax (log 

ε) = 394 (4.58), 293 (4.09), 258 (4.60); 1H NMR (CDCl3, 400 MHz) δ 13.70 (1H, s, NH), 8.38 

(1H, d, J = 8.4 Hz, H-4), 8.05 (1H, d, J = 8.6 Hz, H-8), 7.94 (1H, d, J = 8.4 Hz, H-3),  7.80 

(1H, s, H-9), 7.78 (1H, bs, H-5), 7.70 (1H, d, J = 8.6 Hz, H-7), 2.53 (3H, s, CH3); 13C NMR 

(CDCl3, 100 MHz) δ 202.4 (C, C-2'), 169.3 (C, C-4'), 150.7 (C, C-2), 145.7 (C, C-8a), 137.9 

(C, C-6), 136.6 (CH, C-4), 133.0 (CH, C-7), 130.9 (C, C-5'), 128.2 (CH, C-8), 127.0 (CH, C-

9), 127.0 (C, C-4a), 126.7 (CH, C-5), 124.7 (CH, C-3), 21.2 (CH3); HRMS (neg) m/z 285.0157 

[M-H] (calcd. for C14H9N2OS2 285.0156) 

(E)-5-((6-methoxyquinolin-2-yl)methylene)-2-thioxothiazolidin-4-one (5j), Yield 58%; 

orange powder; decomp. 270 °C; IR (neat) max 3018 cm-1 (N-H), 1688 cm-1 (C=O); λmax (log 

ε) = 419 (4.67), 400 (4.70), 295 (4.12), 260 (4.46); 1H NMR (CDCl3, 400 MHz) δ 13.68 (1H, 

s, NH), 8.35 (1H, d, J = 8.4 Hz, H-4), 8.03 (1H, d, J = 9.2 Hz, H-8), 7.91 (1H, d, J = 8.4 Hz, 
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H-3),  7.77 (1H, s, H-9), 7.48 (1H, dd, J = 9.2, 2.7 Hz, H-7), 7.41 (1H, d, J = 2.7 Hz, H-5), 3.92 

(3H, s, OCH3); 13C NMR (CDCl3, 100 MHz) δ 202.3 (C, C-2'), 169.3 (C, C-4'), 158.4 (C, C-

6), 149.0 (C, C-2), 143.3 (C, C-8a), 135.9 (CH, C-4), 130.0 (C-8/C-5'), 128.4 (C, C-4a), 127.2 

(CH, C-9), 125.0 (CH, C-3), 123.5 (CH, C-7), 105.7 (CH, C-5), 55.7 (OCH3); HRMS (neg) 

m/z 301.0106 [M-H] (calcd. for C14H9N2O2S2 301.0105) 

 

Antibacterial assays 

Compounds 5a-j were screened against two Gram +ve (Staphylococcus aureus ATCC 25923 

and methicillin resistant Staphylococcus aureus ATCC BAA-1683 (MRSA)) and four Gram -

ve bacterial strains (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, 

Salmonella typhimurium ATCC 14026 and Klebsiella pneumonia ATCC 314588).   

 

Bacterial cultures were grown overnight in nutrient broth (UKZN Biolab, South Africa) at 37 

°C and adjusted to a 0.5 McFarland standard using distilled water.  Mueller-Hinton agar (MHA) 

(Biolab, South Africa) plates were prepared by dissolving 38 g of agar in 1 L of water, pouring 

this into sterile 60 mm petri dishes and allowing them to set at room temperature.  Agar plates 

were thereafter inoculated with the respective bacterial strains.  A volume of 5 μL of each test 

compound (10 mg mL-1 DMSO) was then spotted onto antibiotic test discs (12 mm), which 

had been placed on an MHA plate and incubated for 24 hours at 37 °C.  Thereafter, the zones 

of inhibition were measured using a transparent ruler. 

  

For the MBC assay, agar plates were prepared and inoculated with the two Gram +ve bacterial 

strains described above.  The test compounds were dissolved in DMSO and serially diluted 

from 1000 to 1.95 µg mL-1 and directly spotted on the MHA plates in 5 μL aliquots, which 

were were incubated at 37 °C for 24 hours to determine the MBC values.  The MBC value was 



113 

taken as the lowest concentration at which a zone of inhibition was observed.  No zones of 

inhibition were observed against Staphylococcus aureus ATCC 25923 or MRSA (ATCC BAA-

1683) for the DMSO solvent control.  Levofloxacin and ciprofloxacin were employed as 

standard drugs for comparison in all antimicrobial studies.  All experiments were conducted in 

triplicate and an average of the readings taken. 

 

4.3. Results and Discussion 

A series of quinoline-rhodanine hybrids were synthesised in a three step reaction, commencing 

with the preparation of the substituted quinaldines, oxidation to the quinoline-2-carbaldehydes 

and finally a Knoevenagel condensation with rhodanine (2-thioxo-4-thiazolidinone) (Scheme 

4-1).  For the preparation of the quinaldines, various 2 and 4 substituted anilines were reacted 

with crotonaldehyde in an acid catalysed Doebner-von Miller reaction.  Neutralisation, 

extraction and concentration steps yielded a crude reaction mixture, which was oxidised in a 

further step without purification by selenium dioxide, resulting in quinoline-2-carbaldehydes, 

which were isolated by column chromatography in yields of 60-80%.  Avoiding isolation of 

the quinaldine precursors resulted in less solvent being used and a shorter route to the final 

product compared to previous procedures reported in literature (Gopaul and Koorbanally, 

2016).  The final step resulted in various 6- and 8- substituted quinoline-rhodanine hybrids in 

moderate to good yields of 52-80%.  The reaction was conducted in acetic acid and catalysed 

by sodium acetate. 
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Scheme 4-1  Synthetic scheme to the quinoline rhodanine hybrid molecules (5a-j). (i) 
HCl(aq), toluene, reflux, 100 °C; (ii) SeO2, 1,4-dioxane, reflux, 101 °C; (iii) 
CH3COONa, CH3COOH, reflux, 100 °C 

 

Unambiguous elucidation of the quinoline-rhodanine hybrids was made using 2D (HMBC, 

HSQC and COSY) NMR spectroscopy.  As an example, the 1H NMR spectrum of 5g, the 6-Cl 

derivative, contained seven resonances.  The vinylic singlet assigned to H-9 at δH 7.80 was 

characteristic of hybrid formation.  Since the chemical shift of H-9 for all compounds were less 

than  8.0, they were assigned to the E configuration (Mendoza et al., 2014), which is expected 

since this is the thermodynamically favoured configuration.  The distinctive NH proton 

belonging to the rhodanine moiety is visible as a broad singlet at δH 13.77.  The five remaining 

1H signals were assigned to the quinoline scaffold with H-3 and H-4 appearing as doublets at 

δH 8.01 (J = 8.5 Hz) and δH 8.50 (J = 8.5 Hz), respectively.  H-4 was differentiated from H-3 

by HMBC correlations to C-8a and C-5. H-5 appears as a distinctive doublet at δH 8.16 with a 
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small meta coupling of 2.3 Hz.  H-7 is easily identified as the only doublet of doublets at δH 

7.84 (J = 9.0, 2.3 Hz). The remaining doublet at δH 8.15 (J = 9.0 Hz) was assigned to H-8.   

 

The 13C NMR spectrum contained thirteen signals, with the six protonated carbons occurring 

at δC 125.5 (C-3), δC 136.7 (C-4), δC 126.8 (C-5), δC 131.2 (C-7), δC 130.4 (C-8) and δC 126.3 

(C-9).  C-2 was assigned to δC 152.1 due to HMBC correlations to H-9, H-3 and H-4.  The C-

4a and C-8a resonances on the quinoline ring were present at δC 127.6 and δC 145.5, assigned 

by their chemical shifts, which was confirmed by the HMBC correlation from H-3 to C-4a.  

The chlorinated carbon resonance, C-6, was assigned to δC 132.2, following HMBC 

correlations to H-5 and H-8.  In the rhodanine moiety, the carbonyl carbon, C-4', was assigned 

to δC 169.4, while C-5' was assigned to δC 132.1.  Both resonances showed HMBC correlations 

to H-9.  The remaining resonance at δC 202.1 was ascribed to C-2'.  Relevant HMBC 

correlations used for the structural elucidation are shown in Figure 4-1. 

 

Figure 4-1  Key HMBC correlations used in the structural elucidation of 5g 

 

Antibacterial activity 

The quinoline-rhodanine hybrids were screened for their antibacterial activity against two 

Gram +ve (Staphylococcus aureus ATCC 25923 and S. aureus ATCC BAA-1683 (MRSA)) 

and four Gram -ve strains of bacteria (Klebsiella pneumonia, Pseudomonas aeruginosa, 
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Escherichia coli and Salmonella typhimurium).  Initial screening using the disc diffusion 

method indicated that four of the synthesised compounds (5f-i) were active against the two 

Gram +ve bacteria and were further assayed to determine their minimum bactericidal 

concentration (MBC) values.  Only the 6- substituted quinoline hybrids were active while none 

of the 8- substituted compounds showed any activity.  In general, the synthesised compounds 

were less active than the standards, levofloxacin and ciprofloxacin.  The most potent 

compound, 5h, the 6-Br derivative, was active at 356 M against both MRSA and S. aureus, 

the same order of magnitude to ciprofloxacin and an order of magnitude less than levofloxacin.   

 

Table 4-1 Antibacterial activity of quinoline-2-rhodanine hybrids (MBC in μM) 

No. Bacterial strains 

Sa MRSA 

5f 430 861 

5g 1630 815 

5h 356 356 

5i 1746 1746 

Cip 94.3 188.6 

Lev 21.6 86.5 

Sa = Staphyloccocus aureus; Cip = ciprofloxacin; Lev = levofloxacin 

 

4.4. Conclusion 

A convenient method to tag a rhodanine moeity onto a quinoline scaffold via an aldehyde group 

at the 2-position on the quinoline framework was carried out.  A few of the synthesised 

molecules were active against S. aureus and MRSA, however they were not as active as the 

standards levofloxacin and ciprofloxacin.  The most potent of all the synthesised compounds 

was the 6-bromo derivative, 5h, active at 356 M against both S. aureus and MRSA. 
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Chapter 5. Conclusion 

A series of quinoline-2-carbaldehydes and quinoline-2-carboxylic acids were synthesised by 

employing the Doebner-von Miller reaction of crotonaldehyde with various 2- and 4- 

substituted anilines.  The resulting 2-methyl quinolines were thus functionalised by varying the 

anilines used with halogenated, methylated and methoxylated groups being employed.  The 

methyl quinolines were oxidised by selenium dioxide to the aldehydic analogues, with a 

subsequent oxidation step using hydrogen peroxide to produce the quinaldic acids where 

required.  In this study, we modified literature procedures for the synthesis of quinaldic acids, 

bypassing the isolation of both the 2-methyl quinolines and quinoline-2-carbaldehydes thus 

avoiding all column chromatography purifications.  This resulted in a faster and more efficient 

approach to such intermediates.   

The halogenated quinaldic acids were condensed in acid catalysed reactions with ortho 

phenylenediamine to yield benzimidazoles.  While the quinoline scaffolds containing electron 

donating methyl and methoxy substitutents required an alternative procedure, namely the 

reaction of the respective quinoline-2-carbaldehydes with ortho phenylenediamine in the 

presence of sodium metabisulfite.  In varying the substituted anilines used, an NMR study 

examining this substituent effects on the quinoline proton and carbon shifts was conducted. 

The quinoline-2-rhodanine hybrids were synthesised by reacting various quinoline-2-

carbaldehydes with rhodanine in a Knoevenagel condensation using ammonium acetate and 

acetic acid.  

The synthesis of pyrazoline compounds entailed first producing 1-(3-methylquinoxalin-2-

yl)ethanone from the aqueous N-bromosuccinamide catalysed reaction of o-phenylenediamine 

and acetyl acetone.  This was condensed with previously synthesised quinoline carbaldehydes 
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and also monosubstitued benzaldehydes producing α,β-unsaturated compounds.  The chalcone 

compounds were then further condensed with hydrazine hydrate to yield the pyrazolines.    

All compounds were characterised fully by IR, UV and HRMS with full structural elucidation 

being made using 2D NMR techniques.  Single crystal X-ray diffractometry was applied to 

produce a crystal structure of compound A5f. 

All compounds were screened for their antimicrobial activities against two Gram +ve 

(Staphylococcus aureus and MRSA) and Gram -ve (Klebsiella pneumonia, Pseudomonas 

aeruginosa, Escherichia coli and Salmonella typhimurium) strains of bacteria.  The 2-(1H-

benzo[d]imidazol-2-yl)quinolines (A5a-A5k) showed no appreciable antibacterial activity in 

the preliminary screening phase (disc diffusion assay) and thus no further testing was 

conducted.  

The novel quinoxaline-chalcone-quinoline compounds showed good activity against the Gram 

+ve species (S.aureus and MRSA) in MBC assays while the aromatic derived chalcones did 

not. The quinoxaline-chalcone-quinoline derivatives, B7a-c and B7e-i, exhibited better activity 

(0.151-0.360 μM) against S.aureus than the standards, ciprofloxacin and levofloxacin, by two 

orders of magnitude.  Only compounds B7a, B7b and B7h remained more potent than the 

standards when tested against MRSA.  

When these compounds were converted to their respective pyrazoline analogues, however, an 

opposite trend was observed as conversion of the α,β-ketone group to a pyrazoline in the 

quinoxaline-chalcone-quinoline hybrids resulted in loss of activity while similar conversion of 

the aromatic chalcones to their pyrazoline analogues resulted in compounds B11a-c, B11f and 

B11g showing activity (11-816 μM) against S. aureus only with B11f and B11g having better 

activity (12.0 and 11.0 μM, respectively) than the standards.  The results of the study have 

revealed promising compounds for further development as antimicrobial agents. 
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The rhodanine hybrids (C5f-i) also showed significant activity only towards the two Gram +ve 

strains in screening, however, in MBC assays, none of these compounds showed better activity 

than the antibiotic standards.  The most potent of these compounds was C5h, the 6-Br 

derivative, which showed an MBC value of 356 μM.  

Future work can be carried out on all novel compounds wherein antimalarial and anticancer 

assays may be conducted.  The rhodanine hybrids can be screened for antidiabetic activity, as 

compounds containing the rhodanine moiety are known to possess such activity.  Molecular 

modelling computational studies can also be conducted.  
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Figure 1: ORTEP diagram of the asymmetric unit of  2-(1H-benzo[d]imidazol-2-yl)-6-bromoquinoline 

(A5f) 
  



Table 1:  Crystal data and structure refinement for A5f 

 

 

. 
 

 

Identification code  shelx  

Empirical formula  C16 H12 Br N3 O  

Formula weight  342.20  

Temperature  100(2) K  

Wavelength  0.71073 Å  

Crystal system  Monoclinic  

Space group  C 2/c  

Unit cell dimensions a = 13.1808(7) Å α= 90°. 

 b = 7.4783(4) Å β= 92.734(2)°. 

 c = 28.2736(13) Å γ = 90°. 

Volume 2783.8(2) Å3  

Z 8  

Density (calculated) 1.633 Mg/m3  

Absorption coefficient 2.955 mm-1  

F(000) 1376  

Crystal size 0.430 x 0.230 x 0.210 mm3  

Theta range for data collection 2.885 to 28.310°.  

Index ranges -17<=h<=16, -8<=k<=9, -

36<=l<=36 

 

Reflections collected 17138  

Independent reflections 3395 [R(int) = 0.0301]  

Completeness to theta = 25.242° 100.0 %   

Absorption correction Semi-empirical from equivalents  

Max. and min. transmission 0.589 and 0.354  

Refinement method Full-matrix least-squares on F2  

Data / restraints / parameters 3395 / 3 / 196  

Goodness-of-fit on F2 1.093  

Final R indices [I>2sigma(I)] R1 = 0.0271, wR2 = 0.0650  

R indices (all data) R1 = 0.0335, wR2 = 0.0674  

Extinction coefficient n/a  

Largest diff. peak and hole 0.393 and -0.652 e.Å-3  



Table 2:  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for A5f.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 x y z U(eq) 

C(1) 10112(1) 710(2) 6806(1) 19(1) 

C(2) 10373(1) 1652(2) 6409(1) 16(1) 

C(3) 9758(1) 1430(2) 5995(1) 13(1) 

C(4) 9072(1) 1492(2) 5291(1) 12(1) 

C(5) 8863(1) 1845(2) 4785(1) 13(1) 

C(6) 7882(1) 1219(2) 4110(1) 13(1) 

C(7) 7064(1) 257(2) 3889(1) 17(1) 

C(8) 6831(1) 453(3) 3415(1) 19(1) 

C(9) 7406(2) 1635(2) 3148(1) 18(1) 

C(10) 8912(1) 292(2) 5992(1) 13(1) 

C(11) 8643(1) -658(2) 6393(1) 15(1) 

C(12) 9263(1) -428(2) 6799(1) 17(1) 

C(13) 9471(1) 3074(2) 4542(1) 16(1) 

C(14) 9262(1) 3350(2) 4070(1) 17(1) 

C(15) 8450(1) 2415(2) 3836(1) 14(1) 

C(16) 8194(1) 2607(2) 3346(1) 16(1) 

N(1) 9843(1) 2185(2) 5550(1) 14(1) 

N(2) 8093(1) 944(2) 4581(1) 13(1) 

N(3) 8490(1) 358(2) 5539(1) 13(1) 

O(1S) 13143(1) 11923(2) 4627(1) 21(1) 

Br(1) 7060(1) 1861(1) 2493(1) 23(1) 
 

  



Table 3:   Bond lengths [Å] for A5f. 

Symmetry transformations used to generate equivalent atoms:  

C(1)-C(2)  1.382(3) 

C(1)-C(12)  1.406(3) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.401(2) 

C(2)-H(2)  0.9500 

C(3)-N(1)  1.390(2) 

C(3)-C(10)  1.402(2) 

C(4)-N(1)  1.328(2) 

C(4)-N(3)  1.359(2) 

C(4)-C(5)  1.468(2) 

C(5)-N(2)  1.328(2) 

C(5)-C(13)  1.418(2) 

C(6)-N(2)  1.363(2) 

C(6)-C(7)  1.416(2) 

C(6)-C(15)  1.419(2) 

C(7)-C(8)  1.367(2) 

C(7)-H(7)  0.9500 

C(8)-C(9)  1.408(3) 

C(8)-H(8)  0.9500 

C(9)-C(16)  1.366(3) 

C(9)-Br(1)  1.8945(17) 

C(10)-N(3)  1.373(2) 

C(10)-C(11)  1.398(2) 

C(11)-C(12)  1.386(2) 

C(11)-H(11)  0.9500 

C(12)-H(12)  0.9500 

C(13)-C(14)  1.364(2) 

C(13)-H(13)  0.9500 

C(14)-C(15)  1.416(2) 

C(14)-H(14)  0.9500 

C(15)-C(16)  1.419(2) 

C(16)-H(16)  0.9500 

N(3)-H(3)  0.8800 

O(1S)-H(1H)  0.812(10) 

O(1S)-H(2H)  0.820(9) 



Table 4:   Bond angles [°] for A5f. 

C(2)-C(1)-C(12) 121.65(16) 

C(2)-C(1)-H(1) 119.2 

C(12)-C(1)-H(1) 119.2 

C(1)-C(2)-C(3) 117.50(16) 

C(1)-C(2)-H(2) 121.2 

C(3)-C(2)-H(2) 121.2 

N(1)-C(3)-C(2) 129.85(16) 

N(1)-C(3)-C(10) 109.81(14) 

C(2)-C(3)-C(10) 120.33(16) 

N(1)-C(4)-N(3) 113.30(15) 

N(1)-C(4)-C(5) 124.69(16) 

N(3)-C(4)-C(5) 121.99(15) 

N(2)-C(5)-C(13) 123.69(16) 

N(2)-C(5)-C(4) 115.94(15) 

C(13)-C(5)-C(4) 120.37(15) 

N(2)-C(6)-C(7) 118.03(16) 

N(2)-C(6)-C(15) 122.62(15) 

C(7)-C(6)-C(15) 119.35(16) 

C(8)-C(7)-C(6) 120.57(17) 

C(8)-C(7)-H(7) 119.7 

C(6)-C(7)-H(7) 119.7 

C(7)-C(8)-C(9) 119.42(17) 

C(7)-C(8)-H(8) 120.3 

C(9)-C(8)-H(8) 120.3 

C(16)-C(9)-C(8) 122.22(16) 

C(16)-C(9)-Br(1) 119.72(14) 

C(8)-C(9)-Br(1) 118.06(13) 

N(3)-C(10)-C(11) 131.89(16) 

N(3)-C(10)-C(3) 105.72(14) 

C(11)-C(10)-C(3) 122.38(15) 

C(12)-C(11)-C(10) 116.44(16) 

C(12)-C(11)-H(11) 121.8 

C(10)-C(11)-H(11) 121.8 

C(11)-C(12)-C(1) 121.69(17) 

C(11)-C(12)-H(12) 119.2 

C(1)-C(12)-H(12) 119.2 



 

Symmetry transformations used to generate equivalent atoms:  
 

  

C(14)-C(13)-C(5) 118.71(16) 

C(14)-C(13)-H(13) 120.6 

C(5)-C(13)-H(13) 120.6 

C(13)-C(14)-C(15) 119.65(16) 

C(13)-C(14)-H(14) 120.2 

C(15)-C(14)-H(14) 120.2 

C(14)-C(15)-C(16) 123.10(17) 

C(14)-C(15)-C(6) 117.60(16) 

C(16)-C(15)-C(6) 119.30(16) 

C(9)-C(16)-C(15) 119.14(17) 

C(9)-C(16)-H(16) 120.4 

C(15)-C(16)-H(16) 120.4 

C(4)-N(1)-C(3) 104.35(14) 

C(5)-N(2)-C(6) 117.73(15) 

C(4)-N(3)-C(10) 106.81(14) 

C(4)-N(3)-H(3) 126.6 

C(10)-N(3)-H(3) 126.6 

H(1H)-O(1S)-H(2H) 106.9(19) 



Table 5.   Anisotropic displacement parameters (Å2x 103)for A5f.  The anisotropic 

displacement factor exponent takes the form: -2π2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

 

 

 

 

 

 

 

 

 

 

 

 U11 U22 U33 U23 U13 U12 

C(1) 19(1)  21(1) 15(1)  -3(1) -4(1)  2(1) 

C(2) 13(1)  17(1) 18(1)  -3(1) -1(1)  -1(1) 

C(3) 12(1)  13(1) 14(1)  -2(1) 2(1)  1(1) 

C(4) 11(1)  11(1) 14(1)  -1(1) 2(1)  1(1) 

C(5) 13(1)  12(1) 14(1)  -2(1) 2(1)  3(1) 

C(6) 13(1)  13(1) 15(1)  -1(1) 1(1)  3(1) 

C(7) 16(1)  17(1) 17(1)  -1(1) 0(1)  0(1) 

C(8) 19(1)  20(1) 18(1)  -4(1) -4(1)  2(1) 

C(9) 23(1)  18(1) 12(1)  -2(1) -2(1)  8(1) 

C(10) 12(1)  13(1) 14(1)  -2(1) 1(1)  2(1) 

C(11) 15(1)  15(1) 16(1)  -1(1) 3(1)  -2(1) 

C(12) 20(1)  19(1) 13(1)  0(1) 2(1)  1(1) 

C(13) 15(1)  14(1) 18(1)  -2(1) 1(1)  -2(1) 

C(14) 18(1)  14(1) 18(1)  2(1) 4(1)  -1(1) 

C(15) 16(1)  12(1) 14(1)  0(1) 1(1)  4(1) 

C(16) 20(1)  14(1) 14(1)  1(1) 3(1)  4(1) 

N(1) 13(1)  14(1) 14(1)  -1(1) 0(1)  -1(1) 

N(2) 12(1)  13(1) 14(1)  -1(1) 1(1)  0(1) 

N(3) 12(1)  14(1) 12(1)  -1(1) 0(1)  -2(1) 

O(1S) 13(1)  16(1) 35(1)  -2(1) 5(1)  -4(1) 

Br(1) 33(1)  24(1) 13(1)  -2(1) -4(1)  9(1) 



Table 6.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 

for A5f. 

 

  

 x  y  z  U(eq) 

H(1) 10517 835 7091 22 

H(2) 10947 2421 6417 19 

H(7) 6674 -531 4071 20 

H(8) 6285 -203 3268 23 

H(11) 8066 -1420 6388 18 

H(12) 9109 -1055 7078 21 

H(13) 10012 3693 4704 19 

H(14) 9660 4165 3900 20 

H(16) 8566 3402 3157 19 

H(3) 7947 -222 5430 15 

H(1H) 13749(8) 11990(30) 4592(9) 35 

H(2H) 12942(17) 12940(18) 4676(9) 35 



 

Table 7.  Torsion angles [°] for A5f 

C(12)-C(1)-C(2)-C(3) -0.1(3) 

C(1)-C(2)-C(3)-N(1) -179.37(17) 

C(1)-C(2)-C(3)-C(10) 0.2(3) 

N(1)-C(4)-C(5)-N(2) 176.04(16) 

N(3)-C(4)-C(5)-N(2) -2.2(2) 

N(1)-C(4)-C(5)-C(13) -3.5(3) 

N(3)-C(4)-C(5)-C(13) 178.25(16) 

N(2)-C(6)-C(7)-C(8) -178.69(16) 

C(15)-C(6)-C(7)-C(8) 1.0(3) 

C(6)-C(7)-C(8)-C(9) -0.6(3) 

C(7)-C(8)-C(9)-C(16) -0.2(3) 

C(7)-C(8)-C(9)-Br(1) 179.81(14) 

N(1)-C(3)-C(10)-N(3) 0.35(19) 

C(2)-C(3)-C(10)-N(3) -179.26(15) 

N(1)-C(3)-C(10)-C(11) 179.73(15) 

C(2)-C(3)-C(10)-C(11) 0.1(3) 

N(3)-C(10)-C(11)-C(12) 178.79(17) 

C(3)-C(10)-C(11)-C(12) -0.4(3) 

C(10)-C(11)-C(12)-C(1) 0.4(3) 

C(2)-C(1)-C(12)-C(11) -0.2(3) 

N(2)-C(5)-C(13)-C(14) -0.4(3) 

C(4)-C(5)-C(13)-C(14) 179.14(16) 

C(5)-C(13)-C(14)-C(15) 0.1(3) 

C(13)-C(14)-C(15)-C(16) -179.04(17) 

C(13)-C(14)-C(15)-C(6) 0.2(3) 

N(2)-C(6)-C(15)-C(14) -0.3(3) 

C(7)-C(6)-C(15)-C(14) -179.93(16) 

N(2)-C(6)-C(15)-C(16) 178.96(16) 

C(7)-C(6)-C(15)-C(16) -0.7(2) 

C(8)-C(9)-C(16)-C(15) 0.4(3) 

Br(1)-C(9)-C(16)-C(15) -179.53(13) 

C(14)-C(15)-C(16)-C(9) 179.18(17) 

C(6)-C(15)-C(16)-C(9) 0.0(3) 

N(3)-C(4)-N(1)-C(3) 0.61(19) 



Symmetry transformations used to generate equivalent atoms:  
 

  

C(5)-C(4)-N(1)-C(3) -177.76(16) 

C(2)-C(3)-N(1)-C(4) 178.99(18) 

C(10)-C(3)-N(1)-C(4) -0.58(19) 

C(13)-C(5)-N(2)-C(6) 0.3(2) 

C(4)-C(5)-N(2)-C(6) -179.26(14) 

C(7)-C(6)-N(2)-C(5) 179.73(16) 

C(15)-C(6)-N(2)-C(5) 0.1(2) 

N(1)-C(4)-N(3)-C(10) -0.4(2) 

C(5)-C(4)-N(3)-C(10) 178.01(15) 

C(11)-C(10)-N(3)-C(4) -179.27(18) 

C(3)-C(10)-N(3)-C(4) 0.02(18) 



Table 8: Hydrogen bonds for A5f. 

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

 N(3)-H(3)...O(1S)#1 0.88 1.92 2.7683(19) 162 

 O(1S)-H(1H)...N(1)#2 0.812(10) 2.014(12) 2.806(2) 165 

 O(1S)-H(2H)...N(2)#3 0.820(9) 2.272(15) 3.0108(19) 150 

 O(1S)-H(2H)...O(1S)#4 0.820(9) 2.49(2) 2.899(3) 112 

 N(3)-H(3)...O(1S)#1 0.88 1.92 2.7683(19) 162 

 O(1S)-H(1H)...N(1)#2 0.812(10) 2.014(12) 2.806(2) 165 

 O(1S)-H(2H)...N(2)#3 0.820(9) 2.272(15) 3.0108(19) 150 

 O(1S)-H(2H)...O(1S)#4 0.820(9) 2.49(2) 2.899(3) 112 

Symmetry transformations used to generate equivalent atoms:  

#1 -x+2,-y+1,-z+1    #2 -x+5/2,-y+3/2,-z+1    #3 x+1/2,y+3/2,z  

#4 -x+5/2,-y+5/2,-z+1  
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