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ABSTRACT 

This current study of investigation reports on the synthesis of 1,4-dihydroxyanthraquinone 

and its derivatives on explorations of their medicinal potential. The study initially aimed to 

synthesize an analogue of a natural anthraquinone, 1,3,6-trihydroxy-7-((S)-1-

hydroxyethyl)anthracene-9,10-dione 5 using Friedel-Crafts acylation of phthalic anhydride 

and a benzene derivative. Synthetic transformation of anacardic acid 63, obtained as a by-

product of the cashew industry successfully afforded 4-ethoxyisobenzofuran-1,3-dione 89. 

However, when attempted to couple 4-ethoxyisobenzofuran-1,3-dione 89 with 2-

hydroxyacetophenone 91 in a Friedel-Crafts acylation manner to form 2-acetyl-1,8-

dihydroxyanthracene-9,10-dione 87 the reaction did not work efficiently. A simple derivative 

of benzene which is; benzene-1,4-diol 102 was reacted instead with 3-ethoxyphthalic acid 71 

and isobenzofuran-1,3-dione 96 to form 1,4,5-trihydroxy anthraquinone 72 and 1,4-

dihydroxyanthraquinone 42, respectively. A modified Marschalk reaction was then used to 

introduce the hydroxyl alkyl group to 1,4-dihydroxy anthraquinone 42, which allowed further 

elaboration of the hydroxyl-substituent in moderate to good yields (22-80%). 

A molecular docking study was performed using Schrödinger software to predict the binding 

affinity of the test compounds to the target protein trypanothione reductase (PDB ID: 6BU7). 

An in-vitro screening of 1,4-dihydroxyanthraquinone derivatives and some selected 

precursors for antitrypanosomal, antiplasmodial, antibacterial, and cytotoxicity activities 

produced encouraging results. Derivatives of anacardic acid and cardanol from CNSL were 

found to have moderate activity against trypanosomes with no activity against Plasmodium 

falciparum. Almost 63% of synthesized 1,4-dihydroxyanthraquinone derivatives displayed 

activity against trypanosomes. The in-vitro evaluation and the in silico molecular docking 

studies revealed that 1,4-dihydroxyanthraquinone derivatives can be potential drug-like 

candidates active against T.brucei parasites (IC50 = 0.70-1.20 µM). Only four 1,4-
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dihydroxyanthraquinone derivatives with thiosemicarbazone, chloride, pyrrole, and 

diethanolamine functionality displayed activity against Plasmodium falciparum (IC50 = 3.17-

14.36 µM).  

In-vitro evaluated of test compounds against antibacterial screen and cytotoxicity effects 

significantly showed that 2-hydroxy-6-pentadecylbenzoic acid 63a and 2-((2-

chlorophenyl)(piperazin-1-yl) methyl)-1,4-dihydroxyanthracene-9,10-dione 78 have potency 

against Staphylococcus aureus and reduced the viability of the cells below 20% at an initial 

concentration of 50 µg/mL. Only 1,4-dihydroxyanthraquinone derivatives with 

thiosemicarbazone 76, piperazine 78, and diethanolamine 80 motifs were active against HeLa 

cells and reduced the viability of cells below 20% at a concentration of 50 µg/mL. 

In conclusion, this current reported study has generated useful knowlege on the applicability 

of the agro-waste CNSL as an agent active against trypanosomiasis but also as a low-cost 

starting material to synthesize hydroxy anthraquinones. The study has further given an 

overview to the understanding of the medicinal value 1,4-dihydroxyanthraquinone derivatives 

as promising candidates towards developing drugs suitable for treating neglected tropical 

diseases particularly trypanosomiasis. 
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CHAPTER 1 

INTRODUCTION 
 

1.1  Introduction to the chapter 

This chapter gives a general overview of anthraquinones, their structure and uses in the field 

of medicinal chemistry, and routes to their synthesis. The significance of the study is also 

described especially as it relates to the treatment of several neglected tropical diseases. 

1.2  The rationale of the study 

An anthraquinone pharmacophore is a physiologically active ingredient occurring in many 

plants, microorganisms, insects, and marine animals [1]. The therapeutic potential of 

anthraquinone derivatives such as antibacterial [2], anticancer [3] [4], antifilarial [5], and 

antileishmanial [6] has attracted researchers from diverse fields and hence are considered as 

targets in organic synthesis [7]. In addition to their useful medicinal value, their bright-

colored nature of most anthraquinone derivatives has confirmed them as safe colorants in 

cosmetics, drugs, and foods [7] [8]. 

Many anthraquinone derivatives, particularly anthracycline antibiotics have long been used as 

anti-infective agents, and also in the treatment of different types of human cancer [9] [10]. 

There are many anticancer drugs, ranging from nitrogen mustards (e.g. chlorambucil) to 

antimetabolites (e.g. 5-fluorouracil) that are approved worldwide [11], but several 

anthracycline drugs such as daunomycin 1, doxorubicin 2, epirubicin 3, and idarubicin 4 

(Figure 1.1) remain as first-line choices in terms of efficacy and potency [12].  

The general structure of the anthracycline drugs includes the anthraquinone backbone, linked 

to an amino sugar molecule that helps to impart specific functions [13]. The planar, electron-

deficient anthracene quinone ring typically works by inserting itself into the electron-rich 

https://en.wikipedia.org/wiki/Fluorouracil
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purine-pyrimidine bases causing a distorted DNA helix and interfering with the normal 

functioning of DNA polymerases, RNA polymerases, topoisomerases, and other related 

enzymes required for DNA replication and RNA synthesis [14]. The amino sugar is mostly 

inactive, but dramatically improves the water solubility of the anthracyclines [13].  
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Figure 1. 1: The anthracycline anticancer drugs daunorubicin (1), adriamycin (2), 

epirubicin (3), and idarubicin (4) 

Clinically, anthracycline drugs are used to treat a variety of cancers ranging from leukemia, 

lymphomas, breast, uterine and ovarian cancer to lung cancer [15]. Like any other 

chemotherapeutic agents, anthracycline drugs induce some side effects and their use is 

limited due to cardiotoxicity that develops after prolonged treatment with lower doses or after 

acute treatment with high doses [15]. This feature has necessitated the search for other 

anticancer drugs inevitable.  

Almost all anthracycline drugs share a unique feature namely 1,4-dihydroxyanthraquinone 

moiety. This common feature has in recent times raised the attention of many chemists to 

serve as a motif for structural modifications towards the enhancement of other cytotoxic 

anticancer agents. Routes to the synthesis of 1,4-dihydroxyanthraquinone (Figure 1.1) have 

evolved at the hands of medicinal chemists, and these systems have been extensively studied 
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both as a building block for the synthesis of other possible antitumor agents and in the 

development of other therapies [16] [17]. 

1.3  Significance of the study 

Recently, a hitherto new unreported chiral hydroxyanthraquinone 5 (figure 1.2) was isolated 

from marine fungus Negrospora spp. Due to its paucity; the biological activities of compound 

5 were not tested [18]. Several other derivatives of anthraquinones with hydroxyalkyl 

functionality similar to structures 5 and 6 are known to have good antimicrobial activity and 

as well as antitumor activity [19] [20]. From this overview, it was considered necessary to 

design a study to synthesize compound 6, which is the analogue of a chiral natural 

anthraquinone 5 and to test for its biological activities.  

O

O

OH HO H

HO

5

OH

O

O

OH HO H

OH

6  

Figure 1.2: Chemical structure of 1,3,6-trihydroxy-7-((S)-1-hydroxyethyl)anthracene-

9,10-dione 5 and its analogue 6 

Based on this background, the current reported study aimed at finding a general route to the 

synthesis of 5 and its analogue 6 from the agro-waste cashew nutshells, and then to further 

elaborated the moiety for evaluation as anti-infective leads. The components of the cashew 

nut shell liquid from Anacardium occidentale are a source of valuable phenolic compounds 

that have been in recent days used in organic synthetic works. The utilization of cashew nut 

shells is sought to be of importance in adding value to the cashew crop particularly in the 

countries where it is planted like Tanzania. As based on this, a study was designed to 

synthesize an analogue of a chiral natural anthraquinone 6 from anacardic acid 63 using the 
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Friedel-Crafts acylation method (Scheme 1.1). This current study made use of 1,4-

dihydroxyanthraquinone in the synthesis of several other anthraquinone derivatives with 

varied functionalities such as amines and heterocyclics. The compound synthesized were 

tested for their potency for antitrypanosomal, antiplasmodial and antibacterial activities. 

OH
OH

C15H31-n

5 steps

O O

O

OH
OH

O

O

OH HO H

OH

67163

a-e OH

O

2 steps

f-g

91  

Scheme 1.1: Proposed route to 1,6-dihydroxy-7-((S)-1-hydroxyethyl)anthracene-9,10-

dione 6 (a) DES, K2CO3, ACN, 24 h, 90 ℃ (b) Pd/C, methanol, 24 h (c) NBS, BPO, CCl4, 3 

h, 90 ℃  (d) DBU, 5 h, toluene, 110 ℃ (e) FeCl3.6H2O, aq. 70% TBHP, 36 h, NaOH, H2O, 

80 ℃ (f) NaCl/AlCl3, 180-220 ℃, 1½ h (g) PPL, Buffer 

 

1.4  Leishmaniasis and trypanosomiasis 

Leishmaniasis and trypanosomiasis are a group of protozoan diseases of the genus 

Leishmania and Trypanosoma [21] [22]. The two genera belong to the family 

Trypanosomatidae of the order Kinetoplastida [22]. Trypanosomatid parasites affect both 

humans and animals such as cattle, sheep, and goats leading to poor productivity particularly 

in the areas of rural Africa [23] [24] [25].  

The parasites responsible for human diseases are Leishmania, Trypanosoma 

brucei and Trypanosoma cruzi which are respectively the causative of leishmaniasis, African 

sleeping sickness and Chagas disease [26]. The parasites, Leishmania and Trypanosoma have 

unique mechanisms for circumventing the immune systems of their vertebrate hosts [25]. 

Leishmania spp are obligate intracellular parasites that invade and proliferate in monoclonal 

phagocytic cells, the blood cell responsible for vertebrate immune defence [27] [28]. All 
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Trypanosomes with exception of Trypanosoma cruzi on the other hand are extracellular 

parasites living in the bloodstream and cerebrospinal fluid [25] [29] 

The WHO regards human African trypanosomiasis (HAT or sleeping sickness), Chagas 

disease (South American trypanosomiasis), and leishmaniasis as “Neglected Tropical 

Diseases” (NTDs) [30] [31]. It has been reported that none of the approved drugs for the 

treatment of trypanosomatid disease are satisfactory. The reason for this situation has been 

largely due to lack of funding, especially when the target group of the disease is the rural and 

poor in society, who cannot afford to fund the development of new treatments through 

payment for future drugs [31] [32].  

Furthermore, all the currently available therapeutic drugs for these three conditions are 

largely ineffective and highly toxic: they include benznidazole and nifurtimox to treat Chagas 

diseases, paromomycin, miltefosine, amphotericin B, glucantine for treating leishmaniasis 

and eflornithine, pentamidine, and melarsoprol for treating HAT (Figure 1.3) [32]. 

P
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O O

NH2

NH

H2N
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Pentamidine 8

O N CH3
H3C CH3

OO2N
N

N
S

O

O

Nifurtimox 7

 

Figure 1.3: Some examples of approved drugs for the treatment of trypanosomatid 

diseases [31] 

The need for new and alternative drugs is therefore quite clear. In addition to toxicity, some 

of the available drugs suffer pharmacodynamic and pharmacokinetic disadvantages such as 

poor solubility requiring complex routes of administration. To add insult to injury, the 
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emergence of drug resistance and high costs further limit their use in areas where these 

parasites are endemic [31] [32].  

Trypanothione reductase (TR) is a genetically validated drug target enzyme of the unique 

trypanothione-based thiol metabolism of Trypanosomatidae (Figure 1.4) [33]. Trypanothione 

reductase is a key enzyme of the parasite antioxidant defence and does not occur in 

mammalian hosts [34].  

 

Figure 1.4: Structure of trypanothione reductase enzyme with FAD, NADPH and 

trypanothione bound [35] 

TR is an essential enzyme in the catalysis of the NADPH –dependent reduction of 

trypanothione disulphide (T[S]2) to dithiol trypanothione  [bis(glutathio-nyl) spermidine, 

(T[SH]2)  (Figure 1.5) [36].  
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Figure 1.5: Reduction of trypanothione disulfide (TS2) to the dithiol trypanothione 

(T(SH)2) catalyzed by the enzyme TR 

Genetic approaches have validated TR to be essential for the proliferation 

of Leishmania and Trypanosoma [36]. The inhibition of TR is one of the strategies towards 

developing drugs against leishmaniasis and trypanosomiasis [33] [36]. Trycyclic derivatives 

such as chlomipramine, chlorpromazine, and prochlorperazine were reported to be the potent 

trypanothione reductase inhibitor are considered as the leads for developing effective drugs 

against trypanosomiasis and Leishmaniasis [37] [38]. Anthraquinone core structure is 

tricyclic with a keto group either at 9 and 10, 1 and 4 and 1 and 2 (Figure 2.11); however 

none of these systems have been widely studied as both potential inhibitors of trypanothione 

reductase and trypanosomatid parasites. 

The work of a medicinal chemist is to discover new libraries that can be used to combat 

infectious diseases [39]. Nature has always been providing fascinating insights and 

inspirations that can lead to the discovery of potential chemotherapeutic agents for the 

treatment of various diseases on our planet [40] [41]. Cashew nut shell liquid (CNSL), the 

by-product of the cashew industry has been proven to be one of the most versatile food 

wastes for use as low-cost starting materials in organic synthesis works [42]. 
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To date, there are several chemical libraries of CNSL-derived hybrids that have been 

investigated for their potential anti-trypanosomal activity [42]. This successful result has 

given hope for the use of CNSL and its components in combating trypanosomiasis. This is 

particularly true in lower-income countries where often the cultivation of cashew coincides 

with endemic areas for trypanosomiasis [42] [43]. In this work derivatives of anacardic acid 

from CNSL and 1,4-dihydroxy anthraquinones were synthesized and screened against 

trypanosomiasis causing parasite. Furthermore, the in-silico molecular docking studies were 

conducted on the selected compound to determine their mode of interaction with TR and their 

drug-likeness. 

1.5  Purpose of the study 

The main objective of the study was to synthesize 1,4-dihydroxy-anthraquinone derivatives 

as potential anti-infective agents. 

1.5.1 Specific objectives 

The specific objectives were 

i. to synthesize 4-ethoxyisobenzofuran-1,3-dione from anacardic acid  

ii. to synthesize (S)-1,6-dihydroxy-7-(1-hydroxyethyl)anthracene-9,10-dione from 3-

ethoxyphthalic acid  

iii. to synthesize 1,4,5-trihydroxyanthraquinone from 4-ethoxyisobenzofuran-1,3-dione  

iv. to synthesize hydroxyalkyl-1,4-dihydroxyanthraquinone derivatives from 1,4-

dihydroxyanthraquinone  

v. to carry out bioassay studies on each of the pure synthesized compounds 

vi. to perform a docking study to elucidate the mode of interaction of anacardic acid 

derived structures and that of 1,4-dihydroxyanthraquinone with trypanothione 



9 

 

reductase enzyme; PDB Id: 6BU7 

vii. to kinetically resolve the hydroxyalkylanthraquinones to enantiomerically pure 

alcohols 
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CHAPTER 2 

LITERATURE REVIEW 

2.1  Introduction to the chapter 

This chapter describes the medicinal applications and biological properties of anthraquinones; 

several key methodologies developed to synthesize anthraquinones are outlined here. The 

chemistry of the components of cashew nut shell liquid and the therapeutic importance of 

heterocycles is also discussed in a detailed way.  

2.2  Medicinal applications and biological activities of anthraquinones 

Anthraquinones are secondary metabolites occurring in some plants, fungi, lichens, and 

insects [44] [45]. Besides being used as colorants, anthraquinone derivatives have been used 

for centuries for medical applications such as laxatives, antimicrobial and anti-inflammatory 

agents  [46] [47]. 

Despite these useful medical applications only two biosynthetic pathways have been 

proposed; the polyketide pathway and the chorismate/δ-succinylbenzoic acid pathway [48]. 

The polyketide pathway leads to the “emodin” type of anthraquinones 10 (Figure 2.1) and 

have both rings substituted. The chorismate/δ-succinylbenzoic acid pathway leads to the 

alizarin type of anthraquinones 11 and has one of the rings un-substituted [48]. 

O

O

R1

R2

OH
R3

R4

10 Emodin R1 =OH, R2 =CH3, R3 =H, R4= OH

11  Alizarin  R1=R2= R4 =H R3 =OH

 

Figure 2. 1: Structure of the emodin 10 and alizarin anthraquinones 11 

The emodin type of anthraquinone 10 and its derivative have received considerable attention 

due to their broad-spectrum biological activities as such as antibacterial, anticancer, anti-
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inflammatory, anti-diabetic, and anti-oxidative activities [49] [50]. However, research studies 

have indicated that the biological activities of the emodin-type anthraquinones are closely 

related to their chemical structure [51]. The presence of the hydroxyl, methyl, amino, and 

carbonyl groups displayed by the emodin type play a practical significance in their diverse 

biological activities [52]. 

The emodin-type molecules, as well as some of their derivatives, have been recently reported 

to display significant activity against malaria parasites [53]. The relatively high affinity of 

emodin with FIKK kinase has been the key factor for the enhanced antimalarial activity, 

making these anthraquinones (Figure 2.1) potential lead compounds for the development of 

antimalarial drugs targeting FIKK kinase [54]. 

Many natural anthraquinones from plants of the genus Senna occur as anthraquinone 

glycosides (anthraquinones linked to sugar molecules) (Figure 2.2) and; are the causative 

agents for the laxative activity [53] [55]. Laxatives are defined as the type of drugs that help a 

person empty their bowel. The laxative property of anthraquinones is explained by their 

ability to cause alteration in colonic absorption and secretion, resulting in fluid accumulation 

and consequently diarrhea [55]. This property allows the leaves from several Senna plants 

(Cassia acutifolia and Cassia angustifolia) to be used in commercial herbal teas for use as 

laxatives and also for slimming effects [56]. 

O

O OH

OH

OO
HO

OHHO
OH

O

OOH

HO

O

O O
OH

HO
OH

OH

Aloe-emodine-8-O-ß-D-glucopyranoside 12 Rhein-8-O-ß-D-glucopyranoside 13  

Figure 2. 2: Examples of anthraquinone derivatives in form of glycosides [56] 
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The anthraquinone moiety is an important constituent of the traditional Chinese medicine and 

has long been used in cancer treatment [57]. Several amino-substituted anthraquinones 

(Figure 2.3) have shown to display significant anti-proliferative activity against 

human/mammalian cancer cells with less toxicity to normal cells [58]. For example amino 

alkyl-functionalized anthraquinones such as mitoxantrone 14 and ametantrone 15 were 

developed in an attempt to increase therapeutic effectiveness and reduce toxicity by the 

anticancer drugs anthracyclines and anthraquinone during chemotherapy [59]. 

O

O

HN

HN

H
N

OH

N
H

OH

O

O

HNNH
R RR''

R''

14 R'' = OH Mitoxabtrone

15 R'' = H Ametantrone
16 R = CH2CH2CH3

 

Figure 2. 3: Chemical structure of the amino-substituted anthraquinones [59] 

Because of this Sweidan and his co-workers in 2018 synthesized novel N1-anthraquinon-2-yl 

amidrazones of structures 17 and 18 (Figure 2.4) incorporating N-piperazines moieties [60]. 

The in vitro activity of 17 and 18 against MCF-7 breast cancer, K562 chronic myelogenous 

leukemia, and dermal fibroblasts cell lines gave good results which suggest the two structures 

to be promising potential anticancer drugs [60]. 

O

O

H
N

N N
N

R

 

 

Figure 2. 4: The chemical structure of the novel N1-anthraquinon-2-yl amidrazone [60] 

The mechanism of cytotoxicity of anthraquinones compounds and their derivatives is 

reported to be due to their ability to non-covalently binding to DNA duplex and therefore 

Novel amidrazones with their IC50 (µM) 

 

Structure  MCF-7  K562 Fibroblast 

17 R = H 20  2.1 2.2  

18 R = CH2CH2OH 4.5  1.1  15 
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interfering with the activity of DNA topoisomerase II [61]. Since topoisomerases regulate 

cellular processes such as replication and transcription by altering the topology of DNA; 

inhibition of the activity of topoisomerases has shown to be an effective strategy in cancer 

chemotherapy [62]. Ever since their discovery in 1971 DNA topoisomerases have been 

established as molecular targets for developing new anticancer agents with low toxicity [63]. 

Several other compounds such as camptothecins, indolocarbazoles, and indenoisoquinolines 

have been reported to be the human topoisomerases I (top I) inhibitors [64]. Gattinoni et. al 

2007 discovered four types of topopyrones A-D (19-22) as inhibitors of topoisomerase I 

(Figure 2.5) which were isolated from the cultures of a fungus, Phoma sp, and from 

Penicillium sp [64].  

O O

O

OH
R

OHHO

O

O

O

OH
R

HO O

OOH

       21 Topopyrone B R= Cl

       22 Topopyrone D R = H

   19 Topopyrone A R= Cl

   20 Topopyrone C R= H  

Figure 2. 5: Some natural topopyrones (19-22) [64] 

 The wide range biological properties of anthraquinone such as laxative, anti-inflammatory, 

antioxidant, antifungal, antimicrobial, antitumor, larvicidal, and many others, render them to 

be considered as a privileged scaffold in drug discovery [65] [66] .  

Despite all of the efforts that have been made in understanding the chemistry and the biology 

of the anthraquinones in recent years, research studies on their structural-functional 

relationship, mode of action, and therapeutic potential are limited [67] [68] [69]. 

This is the reason making the synthesis of anthraquinone and its derivatives inevitable in the 

process of drug development. Nevertheless, the history of medicinal chemistry has indicated 
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the importance heterocyclic compounds for pharmaceuticals development. The section that 

follows discusses the application of heterocyclic compounds in drug development. 

2.3  The therapeutic importance of heterocycles 

Heterocyclic compounds are a class of organic compounds whose molecules contain one or 

more rings of atoms with at least one atom (the heteroatom) being an element other than 

carbon, most frequently oxygen, nitrogen, or sulphur [70]. Heterocycles find many 

applications in our daily lives as herbicides, photo stabilizers, dyes, sensitizers, flavoring 

agents, and agrochemicals [70] [71]. 

Human diseases like inflammation, tuberculosis, cancer, and diabetes have been treated with 

drugs containing heterocyclic scaffolds [72]. Many heterocyclic scaffolds particularly 

nitrogen heterocycles are reported to be a valuable source of therapeutic agents in the field 

medicinal chemistry [72]. Approximately 75% of drugs approved by the FDA and currently 

available in the market are nitrogen-containing heterocyclic moieties [72]. Compounds such 

as aryl imidazolium salts and aryl triazolium, aryl piperazines and piperadine, and aryl 

thiosemicarbazides are of considerable interest due to their useful biological and 

pharmacological activities especially antitumor activity [73] [74] [75] 

Fused heterocyclic systems such as benzimidazole are reported to be good scaffolds present 

in many drugs that are in clinical application [76]. Benzimidazole systems and their 

derivatives possess a wide range of biological properties such as antibacterial, antifungal 

anthelmintic, and anti-inflammatory activity [76].  

Compounds containing imidazolium and triazolium salts have received considerable attention 

among chemists because of their broad range of biological and pharmacological activity 

especially antitumor activity [77]. 
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Recently, several novel -3-substituted fluorene–imidazolium salt 23 and 24 (Figure 2.6) 

derivatives were synthesized and were found to be active against human tumor cell lines [73].  

N N
O

N N
O

O

BrBr

23 24  

Figure 2. 6: Representative structures of fluorene derivatives and imidazolium salts 

[73]. 

Several other studies have highlighted the applicability of the piperazine ring (Figure 2.7) as 

a good motif for the construction of pharmaceutically important drugs for the treatment of 

diseases like cancer, Alzheimer’s disease, and fungal diseases [78] [79] [80]. 

N

N
N

OO

OH O
N

N

O

N
N

25 26 27  

Figure 2.7: Representative bioactive piperazine containing compounds [74] [78]  

Several morpholine (tetrahydro‐1,4‐oxazine) containing compounds are known to exhibit a 

wide range of biological activities such as analgesic, anti‐inflammatory, antioxidant, anti-

obesity, and anticancer activity [81]. In addition to this, the ring structure of morpholine has 

been reported to be an important pharmacophore present in many pharmaceutically active 

ingredients [82]. Drugs reported to be available on the market such as gefitinib 28, 

phendimetrazine 29, and puparlisib 30 contain a morpholine ring (Figure 2.8) [82]. 
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NO
O

N

NO

NHCl

F

N

O

H3C
CH3

N N

N

O

H2N CF3

N
O

28 29 30  

Figure 2. 8: Representative bioactive morpholine containing drugs [82] 

On the other hand, heterocyclic frameworks containing thiazole analogues have emerged to 

be a new topic in modern drug discovery [71]. Modern research has reported on the diverse 

biological activities of thiazole derivatives such as antibacterial, antifungal, analgesic, 

antidiabetic, antimicrobial, anticancer, antihypertensive, and anti-inflammatory. This has 

aroused the interest of many researchers to design studies to synthesize molecules that 

contain more than one thiazole moiety [71] [83]. 

2-Arylbenzothiazoles motif has gained the attention of chemists in being used as a synthetic 

building block for the construction of molecules with anticancer, antitumor, anti-hepatitis C 

virus, antioxidant, and antiglutamic acid [84]. Recently a series of antitumor aromatic 

benzothiazole molecules 31-33 (Figure 2.9) were designed and synthesized [84] [85]. 

N

S
HN

R1

R2

S

N
CH3

NH2

S

NF
O

O

R3

O

31 32 33  

Figure 2. 9: Representative bioactive 2-arylbenzothiazole compounds [84] 

Several nitrogen-containing compounds known as thiosemicarbazone (TSC) (Figure 2.10) 

constitute a group of pharmaceutically important scaffolds with varied bioactivities 

particularly as antiparasitic, antibacterial, and antitumoral agents [86] [87]. 
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Thiosemicarbazone is the Schiff base derivatives of thiosemicarbazide, obtained by 

condensation of the thiosemicarbazide with aldehydes or ketones [88]. The biological 

activities of thiosemicarbazone depend on the parent aldehyde or ketone [89]. This property 

has aroused the interest of medicinal chemists to design different studies on their synthesis. 

To date, several thiosemicarbazone derivatives have been successfully synthesized such as 

34, 35 and 36 and evaluated for their anticancer [90], antibacterial [91], and antimicrobial 

activities [92]. 

OO

N
H

N

NH

H
S

FF

N
NH

NH2S

Cl

H2N N
H

N
S O

34 35 36  

Figure 2.10: Some biologically active thiosemicarbazones derivatives [88] [90] [93] 

Therefore, considering the interesting biological activities of imidazole, triazole, piperazine, 

and thiosemicarbazide motifs in the drug discovery process, it was desirable to incorporate 

these compounds into the anthraquinone moiety for improved bioactivity. Moreover, 

Marschalk reaction has evolved to be a plausible mechanism for functional group 

modification of the anthraquinone structure which can lead to the discovery novel compounds 

of that can be used as anti-infective agents. Nevertheless, there is no sufficient information in 

the database on these compounds being successfully synthesized and tested. 
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2.4  The synthesis of anthraquinones 

Theoretically, there are three isomeric forms of anthraquinones (anthracenequinones) (Figure 

2.11) namely,  1,2-anthraquinone 37, 1,4-anthraquinone 38, and 9,10-anthraquinones 39 that 

could exist [94]. In terms of diversity and application in industrial sectors, the 9,10-

anthraquinones followed by the 1,4-anthraquinones are reported to be the major groups [95]. 

The diversity, chemistry, and biological activities of the anthra-9,10-quinones render them to 

be an important class, covered by several extensive reviews [96]. The section below discusses 

several methods used to prepare anthra-9,10-quinones. 

O
O

O

O

O

O
37 38 39  

Figure 2.11: The three isomeric forms of anthraquinones 

2.4.1 Friedel–Crafts reactions 

The Friedel–Crafts reaction plays a major role in the synthesis of anthra-9,10-quinones, 

particularly in their industrial production [96]. The Friedel-Crafts reaction has been used in 

the preparation of various anthraquinones and it is a one-pot reaction of phthalic acid/ 

anhydride and some benzene derivatives (Scheme 2.1) catalyzed, by a eutectic mixture of 

aluminium trichloride and sodium chloride at elevated temperature [97]. Although several 

other catalysts, such as AlCl3/H2SO4, montmorillonite clay, and AlCl3/NaCl melt, 

montmorillonite K10 clay, and thin-layer chromatography (TLC) grade silica gel have been 

employed in these transformations there is still the need for simpler methods [98]. This is due 

to the disadvantages such as low yields of products and harsh reaction conditions posed by 

this method [97] [98]. For the unsymmetrical compounds, the use of this method is limited 
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due to a Hayashi rearrangement and hence leading to mixtures of regioisomers that are 

difficult to separate [99] [100].  

O

O

O

OH

OH

O

O

OH

OH

AlCl3/NaCl

180°C

40 41 42  

Scheme 2. 1: Friedel-Crafts acylation between phthalic anhydride and benzene-1,4-diol 

[97] 

2.4.2 Diels–Alder reactions, [4+2]-cycloaddition reaction (DA) 

The Diels–Alder reaction or [4+2] cycloaddition reaction serves as a powerful tool for the 

introduction of complexity in chemical structures, and hence it is an important method for the 

synthesis of many natural products [101][102]. Important carbocyclic scaffolds such as 

hydroanthraquinones which are building blocks of a large number of drugs and natural 

products are one of the typical products of DA cycloadditions with activated napthoquinone 

[101][103]

O

O
OH

O

O

O

O

OH

43 44
45

O

O

-CO2

O

O

OH

OH

O

OH O

O

O

OH

44
46

Oxidation

Diels-Alder

 

Scheme 2. 2: Mechanism of reaction of a Diels-Alder reaction [104]  

One interesting example of Diels-Alder is the reaction of 3-hydroxy-2-pyrone 43 1,4-

naphthoquinone 44 to form 1-hydroxyanthraquinone 45 (Scheme 2.2). The mechanism of the 
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reaction first involves a base-catalyzed Diels–Alder reaction of 43 and 44, followed by 

decarboxylation form dihydroanthraquinone 45, then oxidation of 45 by 44 afford 1-

hydroxyanthraquinone  46 [104]. From an experimental point of view, reports have shown 

that the Diel-Alder reaction procedeeds smoothly with easy operational procedures [104] 

[105]. The Diels-alder reaction is the core approach in the total synthesis of many potent 

anthraquinones such as kwanzoquinone C and related natural products [105] [106].  

2.4.3 Organocatalyzed [4 + 2] benzannulation 

A recently reported, novel and efficient method for the synthesis of anthraquinone and 

tetracenedione derivatives uses L-proline catalyzed [4+2] cycloaddition of in situ generated 

azadiene from α,β-unsaturated aldehydes and 1,4-naphthoquinones or 1,4-anthracenedione 

the presence of organocatalysts (Scheme 2.3) [102]. 

H

O N

H

COOH
L-proline

benzoic acid

azadiene intermediate

O

O

O

O
47 48 49

Solvent

 

Scheme 2. 3: Synthesis of 2-methylanthracene-9,10-dione 49 by the 4＋2 cycloaddition 

reaction [102] 

2.4.4 Ring-closing metathesis 

The ring-closing metathesis (RCM) has been reported to be a general and straightforward 

synthetic design towards naturally occurring anthraquinones [1]. An example, shown below 

involves the diallylation of 1,4-naphthoquinones (Scheme 2.4), followed by RCM using 

Grubbs’ first-generation catalyst and subsequent aromatization to afford the desired 

anthraquinones in a very efficient and elegant way with regio-control of substituent on the 

one ring [1]. 
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52 53  

Scheme 2. 4: Synthesis of anthraquinone by ring closing metathesis [1] 

2.4.5 Anionic condensation reactions 

The Hauser annulation is a general, powerful, and regiospecific method that has been 

successfully applied to the total synthesis of quinonoid natural products [100]. Operationally 

the Hauser Kraus annulation involves the one-pot reaction of isobenzofuranones with p-

benzoquinones as a Michael acceptor (Scheme 2.5) in the presence of LiOtBu [100]. 

The reaction is viewed as a domino reaction sequence consisting of initial lateral 

deprotonation, Michael addition, followed by Dieckmann/Claisen cyclization and elimination 

of the phenyl sulfinate ion [100]. The annulation has been reported to work better when 3-

cyanoisobenzofuran-1(3H)-ones 1 are used in place of sulfonylisobenzofuran-1(3H)-ones 

[100]. 

O

X

O

O

O

O

O

OH

OH

  a: X = SPh        
  b: X = SO2Ph                         
  C: X = CN

LiOBut

54 55 42  

Scheme 2. 5: An example Hauser Kraus annulation reaction [100] 
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The use anionic of  condensation reaction was reported by Roy and co-workers in 2016 in the 

synthesis of anthraquinone 58 (Scheme 2.6) which is the main intermediate towards the 

synthesis of proisocrinin 60. 
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O OHO
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O
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O OH
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Br
OSO3Na

56 57 58 60  

Scheme 2. 6: The application of Hauser Kraus annulation [107] 

2.5 The application of Marschalk reaction 

Marschalk reaction is an old reaction reported in 1936 by Marschalk as a powerful means of 

adding carbon atoms and functionalized side-chains to certain highly deactivated 

anthraquinones [108]. The reaction reports on the introduction of an alkyl group into the 2-

position of 1-amino- or l-hydroxyanthraquinones, and into the 1-position in the case of 2-

hydroxyanthraquinones. The reaction proceeds by the action of an aldehyde on amino- or 

hydroxy-anthraquinone under basic conditions [109]. However, the reaction was later 

employed in the synthesis of anthracycline anticancer drugs [108]. Krohn and Priyono in 

1984 reported the synthesis of anthracyclinones, feudomycinones and rhodomycinones by an 

intramolecular Marschalk reaction [110]. The traditional form of Marschalk reaction 

(Scheme 2.7) is time-consuming, as it involves many steps to accomplish to arrive at the 

desired product. Recent studies have reported simplified  Marschalk reactions under cold 

conditions could produce better results [12]. 
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Scheme 2.7: Traditional Marschalk strategy for the elaboration of 1,4-

dihydroxyanthraquinone [12] 

2.6 A modified Marschalk reaction 

The modified Marschalk reaction is a method that has emerged recently as a direct means to 

derivative and functionalize highly deactivated anthraquinones [12]. The Marschalk reaction 

is a C–C bond-forming reaction which can generate the 2-alkylated anthraquinones via 

sodium dithionite reduction of 1-hydroxyanthraquinones to its leuco-form under basic 

conditions followed by condensation with aldehydes [111].  

The mechanism of this reaction as proposed by Zhao et.al [12] involves the conversion of 

anthraquinone into its leuco form I in the presence of NaOH and Na2S2O4 (Scheme 2.8). This 

step is followed by the condensation of I with the aldehyde to afford adduct II, which further 

isomerizes to afford the hydroxyalkyated anthrahydroquinone anion III. Upon oxidation, at 

low temperature, the desired hydroxyalkyated product IV is generated. 
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Scheme 2. 8: The modified Marschalk reaction mechanism  
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Unlike the traditional strategy which requires protection and deprotection for the introduction 

of the 2-hydroxyalkyl group to the 1-hydroxyanthraquinones, the modified Marschalk 

method offers a simple method, to introduce the hydroxyl alkyl group to the 1-hydroxy 

anthraquinone. 

As based on the usefulness of Marschalk reaction in the medicinal application of 

anthraquinones, it was important to use 1,4-dihydroxyanthraquinones to synthesize 

anthraquinones with varied functional groups. The hydroxyalkyanthraquinone was linked to a 

variety of nitrogen-containing compounds and were tested for biological activities. 

2.7 The chemistry of cashew nut shell liquid 

The cashew nut shell liquid is a by-product of the cashew agribusiness that has in recent days 

been used green in chemistry as a renewable material [112]. The CNSL is a natural source for 

unique unsaturated long-chain phenols that are considered as an abundant low-cost starting 

material in organic synthesis [113].  

CNSL can be natural or technical depending on the methods of extraction such as solvent 

extraction or dry heat extraction [113]. Natural CNSL (Figure 2.12) contains a mixture 

anacardic acid (60–65%), cardol (15–20%), cardanol (10%) and traces of methyl cardol 

whilst technical CNSL obtained by roasting shells contains mainly cardanol (60–65%), cardol 

(15–20%), polymeric material (10%) and with traces of methyl cardol [114]. 
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Figure 2. 12: The components of cashew nut shell liquid 

 The presence of an aromatic nucleus and several functional groups on the components of 

CNSL render them to be of use in a variety of fine chemicals industries  [115] [116]. 

One of the most critical applications of CNSL is the production of resins and polymeric 

derivatives which are used as exchange resins, anticorrosive paints, waterproof materials, 

flame retardants, coating of surfaces, friction materials, and rubber modifiers [117] . 

Past research has indicated various biological properties of CNSL itself such as antibacterial, 

anti-inflammatory, and antioxidant activity, enzymatic inhibition, and anti-proliferative 

activity [116]. 

On the other hand, anacardic acid (AA) the major phenolic constituent of cashew nut shell 

liquid has received great attention, not only due to diverse biological activities but due to its 

usefulness in the synthesis of various advanced intermediates [118] [119] [120]. Anacardic 

acid has been renowned as a Brazilian natural substance with several therapeutic uses such as 

antimicrobial, antioxidant, anticancer, anti-inflammatory, antibacterial, antitrypanosomal, 

antiviral, and many others [118] [121] [122]. Recent studies have reported the application of 

CNSL in the nanodispersion technology in formulations of nanoemulsions that have 

antitumor efficacy for breast cancer [123].  
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The applicability of the cashew nut shell liquid is the ultimate source of the current research 

among chemists. The wide biological activities of the CNSL prove it to be the best candidate 

for use in our daily life in food, dyes, and the field of medicine [117]. 

Based on this background, it was considered necessary to explore ways of adding value to the 

components of cashew nut shell liquid (CNSL), which to the most part forms the major type 

of waste in cashew nut processing industries. The abundance of anacardic acid, its chemical 

structure, and functionalities are key features for its use in our current research  

As explained earlier the chiral natural anthraquinone 5 (Figure 1.2) was isolated from the 

marine fungus Negrospora spp [18]. However, it was reported that the biological activities of 

compound 5 were not tested because it was obtained in minute quantities.  

Since natural products can form the basis for the discovery of drugs of pharmaceutical 

importance. It was necessary to use compound 5 to synthesize its analogous compound 6 with 

the same equivalent features. Accordingly, a synthetic strategy that would utilize anacardic 

acid 63 (Figure 2.13), a constituent of CNSL, to prepare a phthalic anhydride derivative was 

designed in such a manner that could be coupled with a benzene derivative to generate an 

anthraquinone moiety. 

OH

OH

O

63

R =
R

 

Figure 2.13: Anacardic acid 63 as a mixture of the saturated, monoene, diene, and triene 

side chain 

Thus, this thesis aimed at synthesizing anthraquinone 6 (Figure 1.2), an analogue of the 

natural anthraquinone 5, using Friedel-Crafts acylation of a benzene derivative and a 

substituted phthalic anhydride derived from anacardic acid 63 (Figure 2.13). 
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The preliminary results on the synthesis of an analogue of a chiral anthraquinone 6 were not 

promising due to the lack of symmetry of 3-ethoxyphthalic acid 71 leading to the Hayashi 

rearrangement. This prompted the use of other methods that would avoid the Hayashi 

rearrangements. A thorough literature search indicated the use of 1,4-

dihydroxyanthraquinone as a synthon for the synthesis of a variety of anticancer drugs. Thus, 

it was necessary to use the 1, 4-dihydroxyanthraquinone and to derivative into compounds 

with varied functionalities and to test them for antibacterial, antitrypanosomal, and for 

antiplasmodial activity. 

2.8 Graphical representation 

Anacardic acid 63 isolated from cashew agro-waste was synthetically transformed to 1,4,5-

trihydroxyanthraquinone (Scheme 2.9). Modified Marschalk reaction was used to the 

hydroxyalkyl group to the 1,4-dihydroxyanthraquinone 42 (Scheme 2.10). The resulting 

hydroxyaryl anthraquinone was chlorinated with thionyl chloride, and further reacted with 

various amines (Scheme 2.11). On the other hand, the hydroxy aryl anthraquinone 73 was 

oxidized to a carbonyl and then reacted with thiosemicarbazide (Scheme 2.10). 

Studies on the ester formation were done first with the aliphatic hydroxyanthraquinone 62 

which was reacted with saturated anacardic acid (Scheme 2.12). This step is the starting point 

towards the racemic resolution of the prepared alcohols. 
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Scheme 2. 9: Schematic synthetic transformation of anacardic acid to 1,4,5-trihydroxy 
anthraquinone 72 (a) DES, K2CO3, ACN, 24 h, 90 ℃ (b) Pd/C, methanol, 24 h (c) NBS, 
BPO, CCl4, 3 h, 90 ℃  (d) DBU, 5 h, toluene, 110 ℃ (e) FeCl3.6H2O, aq. 70% TBHP, 36 h, 
NaOH, H2O, 80 ℃ (f) NaCl/AlCl3, benzene 1,4-diol, 180-220 ℃, 1½ h 
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Scheme 2. 10: Alkylation of 1,4-dihydroxyanthraquinone 42 (a) NaOH, Na2S2O4, 0 ℃, 
N2, (acetaldehyde or propionaldehyde or 2-chlorobenzaldehyde) (b) SOCl2, 50 ℃ (c) Dess 
Martin reagent/DCM (d) thiosemicarbazide, methanol, 90 ℃ 
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Scheme 2. 11: Synthesis of anthraquinone amine derivatives (78-85) (a) amines/DCM 
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Scheme 2. 12: Esterification of 1, 4-dihydroxy-2-(1-hydroxyethyl)anthracene-9,10-dione 
62 with anacardic acid (a) DCC/DMAP, dichloromethane, rt 
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CHAPTER 3 

EXPERIMENTAL PROCEDURES 

3.1  Introduction to the chapter 

This chapter describes the detailed procedures that were used in the synthesis, purification, 

and characterization of the compounds.  

3.2  General procedures 

Raw cashew nuts were obtained from small-scale farmers in Dar es Salaam (Tanzania). All 

other chemicals and reagents were purchased from Sigma-Aldrich Company limited.  

Reactions were carried out in clean oven-dried glassware. All air or moisture-sensitive 

reactions were carried under a nitrogen or argon atmosphere. All solvents used unless 

otherwise specified were distilled and dried over molecular sieves. Acetaldehyde was 

distilled before use. Methanol was purified by adding a significant amount of CaH2 letting it 

stand for 24 hours, distilling and drying over molecular sieves. Reactions were monitored by 

thin-layer chromatography (TLC) of type silica-gel 60 F254 using UV light as a visualizing 

agent.  Products were purified using Silica gel 60Å, 70-230 mesh, 63-200 µm. Melting points 

were measured by using a hot-stage melting point apparatus and are reported as uncorrected. 

1H-NMR and 13C-NMR spectra were recorded on Bruker Nuclear Magnetic Resonance 

spectrometers (300 MHz, 400 MHz and 600 MHz, 1H-NMR chemical shifts (δH) and 13C-

NMR chemical shifts (δC) are recorded in parts per million (ppm) downfield from 

trimethylsilane (TMS) and coupling constants (J) are quoted in Hertz (Hz). Abbreviations for 

NMR data are s (singlet), br (broad), d (doublet), t (triplet), q (quartet), quin (quintet) and sxt 

(sextet) and m ((multiplet) 

 1H-NMR and 13C-NMR spectra were assigned with the aid of HSQC, HMBC, and DEPT 135 

NMR techniques. Infrared (IR) spectra were recorded on a Perkin Elmer spectrum 100 FT-IR 
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spectrometer and mass spectra were recorded on a Bruker qToF Compact LC MS. Raw mass 

spectrometry data were processed using MZmine software (version 2.38). 

Antimicrobial assays were performed by two organizations the AMR Hub at Rhodes 

University (RU) and the H3D in Cape Town. Trypanosoma assay and malaria assay were 

performed by the Rhodes University Centre for Chemical and Bio-medicinal Research.  

3.3  Extraction of cashew nut shell liquid 

Dry cashew nut shells (1000.00 g) contained in a closed bottle were soaked in methanol for 5 

days and after filtration and evaporation of solvents yielded 270.00 g of cashew nut shell 

liquid (CNSL) 

3.3.1 Isolation and purification of anacardic acid 

CNSL (100.00 g) was dissolved in 5% aqueous methanol (600.00 mL) and calcium 

hydroxide (50.00 g) was added in portions under stirring. Afterward, the temperature was 

raised to 50 ℃ and stirring was maintained for 3 h. The reaction mixture was filtered under 

Buchner funnel and washed with (200.00 mL) methanol to yield 110.00 g of calcium 

anacardate 

To a powdered calcium anacardate, 40.00 g dissolved in 160.00 mL distilled water, was 

added 21. 80 mL of 11M HCl and the resulting mixture stirred for 1 h. The reaction mixture 

was extracted with ethyl acetate, the organic layer was washed with water and dried over 

anhydrous Na2SO4. The crude product was then chromatographed over silica gel using 10% 

methanol in dichloromethane yielding 23.18 g of anacardic acid 63 as a dark brown liquid 

which was used directly as the starting material to synthesize the 1,4,5-

trihydroxyanthraquinone (Scheme 2.9) 
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3.4  Synthesis of (E)-ethyl 2-ethoxy-6-(pentadec-1-en-1-yl)benzoate from (E)-2-

hydroxy-6-(pentadec-8-en-1-yl) benzoic acid 

O

OO
1

4
5

7

12

15 21

22

23
24

25

26

67  

A solution of anacardic acid 63 (19.48 g, 0.06 mol) in acetonitrile (150 mL) was added (39.22 

g, 0.28 mol) K2CO3 and diethyl sulphate (35.00 g, 0.23 mol). The content was heated to 

reflux at 90 ℃ for 24 hrs. The reaction mixture was cooled to room temperature, filtered and 

the filtrate concentrated, re-dissolved in ethyl acetate, and washed with water (2 × 200 mL). 

The organic layer obtained was dried over MgSO4, filtered and the solvent evaporated in 

vacuo. The resultant crude product was subjected to column chromatography using silica gel 

(10% ethyl acetate in petroleum ether) yielding ester 67 (14.90 g, 66%) as a reddish-yellow 

liquid, FTIR υmax(ATR)/cm-1 2900-2844 (O-H) carboxylic, 1730 (C=O); 1H NMR (300 

MHz, CDCl3): δH 0.89 (3H, m, CH3), 1.30 (10H, m, CH2), 1.37 (6H, td, J = 7.0, 3.2 Hz, 

2CH3), 1.52 (2H, m, CH2),  1.99 (2H, m, CH2), 2.63 (2H, m, CH2), 2.84 (2H, m, CH2),  4.04 

(2H, q, J = 6.90 Hz, OCH2), 4.39 (2H, q, J = 7.10 Hz, OCH2), 5.34 (2H, m, =CH2), 6.73 (d, J 

= 8.3 Hz, 1H), 6.79 (d, J  = 7.7 Hz, 1H) and 7.21 (1H, t, J =  8.00 Hz, H5). 13C-NMR (75 

MHz, CDCl3): δC 13.3, 13.7, 24.5, 26.2,  27.9, 28.2, 28.3, 28.4, 28.5, 28.7, 30.2, 30.6, 30.7, 

32.4, 59.9, 63.2, 108.4, 120.3, 123.1, 126.6, 128.3, 128.9, 135.8, 154.6 (C1) and 167.5 (C22). 

O

O

O
1 2

4

6

7 10 21

22 23

24
25

26

68  
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To a two neck 100 mL round-bottomed flask a solution of ester 67 (1.27 g, 3.42 mmol) in 40 

mL degassed methanol was added 0.13 g of 10% palladium on carbon (w/w). The two necks 

were well fitted with a rubber septum and hydrogen gas filled in two balloons was allowed to 

enter the solution with stirring for 24 h. After the completion of the reaction the mixture was 

filtered over a Celite bed, the solvent evaporated to yield the saturated compound 68 as a 

light-yellow liquid (1.22 g, 96 %), 1H NMR (300 MHz, CDCl3): δH 0.88 ( 3H, t, J = 6.7 Hz, 

H21), 1.26 (30H, m, (H9-H20), H25 and H26), 1.57 (2H, m, H8), 2.55 (2H, t, H7),  4.03 (2H, 

q, J = 7.0 Hz, H24), 4.39 (2H, q, J = 7.1 Hz, H23), 6.73 (1H, d, J = 8.3 Hz, H6), 6.79 (1H, d, 

J = 7.7 Hz, H4) and 7.22 (1H, t, J = 8.0 Hz, H5). δC  
13C NMR (75 MHz, CDCl3): δC 14.15 

(21), 14.38 (25), 14.68 (C26), 22.70 (C20), 29.39 - 29.71 (C9-C18), 31.27 (C19), 31.95 (C8), 

33.47 (C7), 60.82 (C23), 63.61 (C24), 109.83 (C6), 121.42 (C4), 124.21 (C2), 130.16 (C5), 

141.00 (C3), 155.68 (C1) and 168.32 (C22). 

O

O

O
1 26

7 10 21

22 23

24
25

26

BrBr

69a  

A solution of saturated compound (0.22 g, 0.59 mmol) 68 in 4 mL absolute dichloromethane 

was added with MnO2 (0.10 g, 1.50 mmol) at room temperature. This was followed by the 

drop-wise addition of liquid bromine (0.10 g, 0.59 mmol) in 2 mL dichloromethane. Stirring 

was maintained for 30 minutes up until completion of the reaction as indicated from the TLC. 

The reaction was quenched with water, filtered, and washed with dichloromethane, dried over 

NaSO4, and after solvent evaporation, the dibromide 69a was obtained as a white solid (0.25 

g, 92%). This was not the expected product and hence it was not used in any reaction as it 
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was difficult to characterize it through the presence of two doublets in the aromatic region the 

1H NMR spectrum indicated the presence of extra bromine in the aromatic region 

3.4.1 The preparation of benzoyl peroxide 

O
O

O

O

13

5

7

94  

In a 25 mL round-bottomed flask containing 2 mL of benzoyl chloride 93 was added 1.50 mL 

of diethyl ether and cooled to 0 ℃. To this was added 586.00 µL of H2O2. The temperature of 

the reaction was maintained between 0-10 ℃, this was followed with the addition of sodium 

hydroxide 0.87 g in 2 mL water. The reaction mixture was left to stir for one hour. The 

precipitates formed were filtered and benzoyl peroxide 94 as white pure solids (1.32 g, 51%) 

m.p 103 °C; FTIR υmax(ATR)/cm-1 1752 (C=O); 1H NMR (600 MHz, CDCl3): δH 7.55 (2H, 

t, J  = 7.6 Hz, H3 and H5), 7.69 (1H, t, J = 7.2 Hz, H4) and 8.11 (2H, d, J = 7.9 Hz, H2 and 

H6). 13C NMR (150 MHz, CDCl3): δC 125.6 (C1), 128.8 (C3 and C5), 129.8 (C2 and C6), 

134.3 (C4), 163.1 (C7). 

O

O

O
1 2

4

6

7 10 21

22 23

24
25

26

Br

69  

To a solution of 68 (2.32 g, 5.90 mmol) in dry CCl4 was added NBS (1.27 g, 7.16 mmol) and 

benzoyl peroxide 0.23 g (10% w/w). The resulting mixture was heated to reflux conditions at 

90 ℃ while stirring for 3 h. The reaction mixture was filtered, and the filtrate was added with 

water, extracted with ethyl acetate, washed with saturated NaHCO3, brine, and dried over 
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sodium sulphate. The solvent was evaporated to yield bromine 69 as a yellowish liquid (2.57 

g, 91%); FTIR υmax(ATR)/cm-1 2916-2847 (C-H), 671 (C-Br); 1H NMR (300 MHz, 

CDCl3): δH 0.8 (3H, t, J = 6.7 Hz, H21), 1.28 (30H, m H9-H18, H25 and H26), 2.08 (2H, m, 

H8), 3.97 (2H, q, J = 7.0 Hz, H24), 4.34 (2H, q, J = 7.1 Hz, H23), 4.89 (1H, t, J = 7.4 Hz, 

H7), 6.74 (1H, d, J = 8.3 Hz, H6), 7.12 (1H, d, J = 8.0 Hz, H4) and 7.25 (1H, t, J = 8.1 Hz, 

H5). 13C NMR (75 MHz, CDCl3):  14.1 (21), 14.3 (25), 14.6 (C26), 22.2 (C20), 28.0- 29.7 

(C9-C18), 31.7 (C19), 39.9 (C8), 50.6 (C7), 61.5 (C23), 64.6 (C24), 111.4 (C6), 119.4 (C4), 

123.1 (C2), 130.8 (C5), 140.4 (C3), 155.3 (C1) and 167.3 (C22). 
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To a solution of bromide 69 (1.25 g, 2.50 mmol) in toluene was added (1.18 g, 7.75 mmol) 

DBU. The reaction mixture was refluxed at 110 ℃ for 6 h under an argon atmosphere. The 

reaction mixture was allowed to cool to room temperature and quenched with 10% 

hydrochloric acid (50 mL) and then extracted with ethyl acetate. The combined organic 

extracts were washed with 10% hydrochloric acid (50 mL), brine (2 mL), and dried over 

sodium sulphate. The organic phase was concentrated to give a yellow solid, purified on 

column chromatography with 5% ethyl acetate: hexane mixture to obtain alkene 70 as a light 

yellow liquid (0.91 g, 87%), FTIR υmax (ATR)/cm-1 2916-2847 (C-H), 1773 (C=C); 1H 

NMR (400 MHz, CDCl3): δH 0.95 (3H, t, J = 6.7 Hz, H21), 1.33 (30H, m, H11-H20, H25 and 

H26), 1.50 ( 2H, m, H10), 2.24 (2H, q, J  = 7.1 Hz, H9), 4.08 (2H, q, J = 6.9 Hz, H24), 4.46 

(2H, q, J = 7.1 Hz,  H23), 6.27 (1H, m, H8), 6.44 (1H, d, J = 15.7 Hz, H7),  6.78 (1H, d, J = 

8.2 Hz, H6), 7.14 (1H, d, J = 7.9 Hz, H4), 7.27 (1H, t, J = 8.0 Hz, H5). 13C NMR (100 MHz, 

CDCl3): δC 14.1(C21), 14.3 (C25), 14.6 (C26), 22.2 (C20), 29.1- 29.2 (C10-C18), 31.9 (C19), 
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33.2 (C9), 60.9 (C23), 64.3 (C24), 110.0 (C6), 117.5 (C4), 122.9 (C2), 126.1 (C7), 129.9 

(C5), 134.3 (C8), 136.4 (C3), 157.7 (C1) and 168.1 (C22) 

3.5 Oxidation of (E)-ethyl 2-ethoxy-6-(pentadec-1-en-1-yl)benzoate to 3-ethoxy-2-

(ethoxycarbonyl)benzoic acid 71 

3.5.1 Method A: Using mild oxidation by oxygen 

O

O

O

H

O

71a  

In a two-neck round-bottomed flask a solution of alkene 70 (1.13 g, 3.00 mmol) and benzoic 

acid (0.18 g, 1.50 mmol) and was added sodium nitrite (0.31 g, 4.49 mmol) under an oxygen 

gas atmosphere. The reaction mixture was stirred at 80 ℃ for 48 h. TLC was used in 

monitoring the reactions. After evaporation of solvents and chromatographic purification 

over silica gel from 10 % to 25%  ethyl acetate/hexane, mixtures to afford aldehyde 71a as a 

light yellow solid; this product confirmed the formation of aldehyde 71a, as revealed from 

the 1H NMR spectra the product had impurities posing difficulties for proper characterization 

and this could be the drawback for this method. 

3.5.2 Method B: Iron-catalyzed oxidative cleavage of olefins 

O
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To a mixture of Olefin 70 (1.76 g, 4.37 mmol) and FeCl3.6 H2O (59.07 mg, 5 mol %) was 

added 70% aqueous TBHP 3.61 mL and water 4.37 mL, After stirring for one hour, NaOH 

(0.699 g, 17.4 mmol) was added, thereafter the temperature of the reaction was raised at 80 

℃ and stirring was maintained for 36 h. The reaction mixture was allowed to cool to room 

temperature and extracted with ethyl acetate and the aqueous layer was treated with dilute 

HCl 10% and crushed ice. This mixture was then extracted with ethyl acetate and the 

combined organic phase was washed with saturated brine solution, dried with anhydrous 

Na2SO4, and concentrated under reduced pressure resulting in a white solid which was 

filtered washed with hexane to afford the pure carboxylic acid 71 as a white solid 0.59 g, 

64%, m.p 183-186 ᴼС; FTIR υmax(ATR)/cm-1 3246 (O-H) carboxylic, 1734 (C=O); m/z 

HRESIMS calcd for C10H10O5 [M + H]+: 211.0601 found 211.0591. 1HNMR (400 MHz, 

CD3OD): δH 1.40 (3H, t, J = 6.9 Hz, H10), 4.14  (2H, q, J = 6.9 Hz, H9), 7.30 (1H, d, J = 8.3 

Hz, H4), 7.47 (1H, t, J = 8.1 Hz, H5) and δ 7.60 (1H, d, J = 7.8 Hz, H6). 13C NMR (100 

MHz, CD3OD): δC 14.9 (C10), 64.7 (C9), 117.1 (C4), 121.8 (C6), 127.2 (C1), 129.3 (C2), 

130.1 (C5), 155.2 (C3), 167.0 (C7) and 168.2 (C8). 

3.6  Synthesis of phthalic anhydrides 

3.6.1 Preparation of 4-ethoxyisobenzofuran-1,3-dione 
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Carboxylic 71 (0.78 g, 3.70 mmol) in 2 mL thionyl chloride was refluxed under N2 

atmosphere at 90 ℃ for 12 h. The reaction mixture was cooled to room temperature. Excess 

thionyl chloride was evaporated. The crude obtained was washed twice with 10 mL of carbon 
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tetrachloride and consecutively evaporated. The resulting crude product was purified under 

column chromatography using 4: 5.5: 0.5 ethyl acetate: petroleum ether: acetic acid. To yield 

(0.27 g, 37.83%) of 4-ethoxyisobenzofuran-1,3-dione 89 as needle-shaped pale yellow 

crystals. 1H NMR (600 MHz, CDCl3): δH 1.57 (3H, t, J = 7.0 Hz, H10), 4.33 (2H, q, J = 7.0 

Hz, H9), 7.33 (1H, d, J = 8.4 Hz, H4), 7.57 (1H, d, J = 7.4 Hz, H6) and 7.82 (1H, dd, J = 8.4, 

7.4 Hz,  H5). 13C NMR (150 MHz, CDCl3): δC 14.8 (C10), 65.5 (C9), 117.0 (C1), 117.1 (C4), 

119.4 (C6), 133.1 (C2), 138.0 (C5), 157.4 (C3), 160.1 (C7) and 162.6 (C8). 

3.6.2 Preparation of isobenzofuran-1,3-dione 
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A solution of phthalic acid 95 (5.00 g, 33.70 mmol) and acetic anhydride (30 mL) was heated 

for 2 h at 140 ℃. The reaction mixture was cooled to room temperature and the excess acetic 

anhydride was removed under reduced pressure. The residue was washed with petroleum 

ether and after drying phthalic anhydride 96 was obtained as a white solid, 3.74 g, 84%; m.p 

127-130 ℃. 1H NMR (400 MHz, DMSO): δH  8.01 (2H, m, H3 and H6) and 8.10 (2H, m, H4 

and H5). 13C NMR (100 MHz, DMSO): δC 125.8 (C3 and C6), 131.7 (C1 and C2), 136.7 (C4 

and C5), 163.7 (C7 and C8) 

3.7 Preparation of 2-hydroxyacetophenone 

OO
1

35

8

97  
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Phenol 92 (10.00 g, 0.10 mol) was treated with acetic anhydride under a catalytic amount of 

sulphuric acid for 30 minutes. TLC was used in monitoring the reaction and after the 

completion of the reaction, the mixture was poured into water (50 mL) with stirring, extracted 

with ethyl acetate (200 mL) and the layers were separated. The organic layer was dried over 

anhydrous sodium sulphate and the solvent was removed under reduced pressure to yield 

phenyl acetate 97 (9.20 g, 64%) which was obtained as a colorless liquid. 1H NMR (600 

MHz, CDCl3): δH 2.31 (3H, s, H8), 7.17 (2H, d, J = 7.6 Hz, H3 and H5), 7.28 (1H, dd, J = 

8.4, 7.4 Hz, H4) and 7.44 (2H, m, H2 and H6). 13C NMR (150 MHz, CDCl3): δC 21.1 (C8), 

121.7 (C2 and C6), 125.9 (C4), 129.5 (C3 and C5), 151.04 (C1) and 168.67 (C7)  

OOH

1
3

5

7

91  

Powdered anhydrous AlCl3 (5.90 g, 0.04 mol) was added little by little to acetic acid phenyl 

ester 97 (3.01 g, 0.02 mol) in a round-bottomed flask in an ice-water bath. The resultant 

mixture was heated to 120 ℃ for 6 h in an oil bath. Then the reaction mixture was added a lot 

of crushed ice for hydrolysis. The newly formed organic layer in the reaction mixture was 

extracted by ethylacetate, dried to yield 0.84 g of 2-hydroxyacetophenone 91 as a colorless 

liquid in 27%. 1H NMR (400 MHz, CDCl3): δH 2.49 (3H, s, H7), 6.77 (1H, t, J = 7.6 Hz, H5), 

6.85 (1H, d, J = 8.4 Hz, H3), 7.34 (1H, t, J = 8.5 Hz, H4) and 7.60 (1H, d, J = 8.0 Hz, H2). 

13C NMR (100 MHz, CDCl3): δC 26.6 (C7), 118.3 (C3), 118.9 (C4), 119.7 (C1), 130.6 (C6), 

136.4 (C4), 162.3 (C2) and 204.6 (C6) 
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3.8  Synthesis of 2-acetyl-1-hydroxyanthracene-9,10-dione 

3.8.1 Method C: Friedel-Crafts acylation 

O

O

OH O
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16

  

To an oven-dried two neck 50 mL round-bottomed flask containing a mixture of aluminium 

chloride (1.74 g, 13.00 mmol) and sodium chloride (0.38 g, 6.46 mmol). A condenser was 

well fitted, and the other neck was fitted with a balloon containing nitrogen gas.  The contents 

were heated at 180 ℃, in an oil bath till molten.  To this melt, an intimate mixture of phthalic 

anhydride 96 (0.25 g, 1.68 mmol), 2-hydroxy acetophenone 91 (0.22 g, 1.61 mmol), and 

aluminium chloride (0.58 g, 4.30 mmol) was added. The temperature was raised to 220oC 

with stirring for 1½ h. The reaction mixture was first cooled to room temperature then poured 

into a mixture of ice/conc.HC1 10% and stirred for 2 h. This reaction did not work as it 

formed black tar. 

3.9  Preparation of meta-iodo acetophenone from acetophenone 

3.9.1 Nitration of acetophenone to 3-nitroacetophenone 

O
O2N
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99  

To a 6.30 ml of 99% fuming nitric acid that is cooled to -45 ℃ was added (1.00 g, 8.30 

mmol) of acetophenone 98 dropwise while maintaining the temperature at -45 to -30 ℃. 

Stirring was then continued for 2½ h at -30 ℃. The reaction mixture was then poured into a 

water-ice mixture and kept at 0-10 °C for 2 h filtered in vacuo to obtain m-nitro 



41 

 

acetophenone 99 as cream powdered (0.71 g, 51%),  m.p. 78 °C. 1H NMR (300 MHz, 

CDCl3): δH 2.62 (3H, s, H7), 7.62 (1H, t, J = 8.0 Hz, H5), 8.24 (1H, m, H6), 8.37 (1H, m, H4) 

and 8.76 (1H, t, J = 1.8 Hz,  H2). 13C NMR (75 MHz, CDCl3):  δC 26.7 (C8), 123.2 (C2), 

127.3 (C4), 129.8 (C5), 133.7 (C6), 138.2 (C1), 148.4 (C3), 195. 6 (C7) 

3.9.2 Reduction of 3-nitroacetophenone to 3-aminoacetophenone 

O
H2N
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8
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100  

To (1.59 g, 9.62 mmol) suspension of m-nitro acetophenone 99 in a mixture of glacial acetic 

acid (10 mL), ethanol (10 mL), and water (5 mL) was added reduced iron powder (2.79 g, 

5.00 mmol). The resulting suspension was exposed to ultrasonic irradiation for 5 h at 30 °C 

with TLC analysis monitoring for the completion of the reaction. The reaction mixture was 

dissolved in ethyl acetate, the filtrate was partitioned with 2 M KOH, and the basic layer was 

further extracted with ethyl acetate. The combined organic extracts were washed with brine 

and water, dried over MgSO4, and concentrated under reduced pressure to give a crude 

product that was subjected to flash silica gel column chromatography (10 - 25 % ethyl acetate 

in hexanes) to afford 3-amino acetophenone 100 as a light brown solid. Yield = 53 %,  m.p 

87-92 ºС; 1H NMR (300 MHz, CDCl3): δH 2.48 (3H, s, H8), 3.77 (2H, br, H9), 6.80 (1H, dd, 

J = 8.0, 2.4 Hz, H4) 7.17 (1H, m, H5), 7.19 (1H, m, H2) and 7.26 (1H, m, H6). 13C NMR (75 

MHz, CDCl3): δC 26.72 (C8), 114.01 (C2), 118.81 (C6), 119.67 (C4), 129.44 (C5), 138.20 

(C1), 146.64 (C3) and 198.44 (C7) 
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3.9.3 Sandmeyer reaction of 3-aminoacetophenone to 3-iodo acetophenone 

O

I

1
3

5

8

101  

To (0.3 g, 2.25 mmol) solution of m-amino acetophenone 100 in concentrated hydrochloric 

acid (1.00 mL) was added ice-cold water (1.00 mL). The reaction mixture was then cooled to 

0 ℃ by use of an ice-water bath. The reaction mixture was then diazotized by the dropwise 

addition with stirring of a solution of sodium nitrite (0.17 g, 2.50 mmol) in water (0.70 mL), 

keeping the temperature between 0-5 ℃. After stirring for 15 min, the reaction mixture was 

added to a solution of potassium iodide (0.83 g, 4.90 mmol) in water (4.00 mL). After stirring 

for 30 min, the reaction mixture was extracted with ethyl acetate. The organic phase was then 

concentrated in vacuo to obtain a crude product that was purified through column 10% ethyl 

acetate in petroleum ether) to yield 3-iodoacetophenone 101 as a brownish liquid. Yield = 

54%. 1HNMR (300 MHz, CDCl3): δH 2.48 (3H, s, H8), 7.11(1H, td, J = 7.8, 4.7 Hz, H5), 7.79 

(2H, m, H4 and H6) and 8.18 (1H, s, H2). 13C NMR (75 MHz, CDCl3): δC 26.6 (C8), 94.5 

(C3), 127.1 (C6), 130.8 (C5), 136.0 (C2), 138.9 (C1), 141.7 (C4) and 196.6 (C7). 

3.10 New synthetic methods 

OH

O

O

OH

O

O

OH

OH

OH

OH

AlCl3/NaCl

180 °C, 90 Min

R

R

R= H, OH  

Scheme 3.1: Friedel-Crafts reaction of phthalic acid and 1,4-benzene diol 

 



43 

 

O

O

OH

OH

1

5

9
10

12

14

15
42  

To an oven-dried two necks 50 mL round-bottomed flask containing a mixture of aluminium 

chloride (3.18 g, 23.84 mmol) and sodium chloride (0.68 g, 11.63 mmol). A condenser was 

well fitted, and the other neck was fitted with a balloon containing nitrogen gas.  The contents 

were heated 180 ℃ in an oil bath till molten.  To this melt, an intimate mixture of phthalic 

acid (0.42 g, 2.88 mmol), 1, 4-benzenediol (0.32 g, 2.96 mmol), and aluminium chloride 

(1.06 g, 7.94 mmol) was added. The temperature was raised to 220 ℃ with stirring for 1½ h. 

The reaction mixture was first cooled to room temperature then poured into a mixture of 

ice/conc. HC1 10% and stirred for 2 h. The solids were filtered, rinsed with water, and air-

dried overnight. The filtrate was extracted with ethylacetate to afford 0.50 g of quinizarin 42 

as a red-orange solid in 82% m.p 195-197 ℃, FTIR υmax(ATR)/cm-1 2906 (C-H), 1624 

(C=O);  1H NMR (400 MHz, DMSO): δH 6.62 (2H, s, H3 and H4), 7.22 (2H, m, H5 and H8), 

7.45 (2H, m, H6 and H7) and 11.88 (2H, s, H15 and H16). 13C NMR (100 MHz, DMSO): δC 

113.1 (C13 and C14), 127.1 (C5 and C8), 129.8 (C2 and C3), 133.3 (C11 and C12), 135.5 

(C6 and C7), 157.1 (C1 and C4) and 187.1 (C9 and C10). 
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For the 1,4,5-trihydroxy anthraquinone method C was used the crude product obtained was 

first filtered over a short silica gel column and washed with 20% chloroform: petroleum ether 

to yield 1,4,5-trihydroxyanthraquinone 72 as a red-orange solids yield 45%, m.p 58-60 ℃, 
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FTIR υmax(ATR)/cm-1 2912-2848 (C-H), 1676 (C=O); HRSM m/z [M + H]+calcd for 

C14H8O5: 257.0444 found 257.2696. 1H NMR (400 MHz, CDCl3): δH 7.19 (1H, s, H6), 7.24 

(2H, d, H2 and H3), 7.64 (1H, t, H7) and 7.81 (1H, d, H8). 13C NMR (100 MHz, CDCl3): δC 

111.4 (C13), 111.6 (C14), 115.0 (C12), 118.5 (C8), 123.5 (C6), 128.5 (C2), 128.9 (C3), 132.4 

(C11), 135.9 (C6), 156.7 (C1), 157.2 (C4), 161.6 (C5), 185.2 (C9) and 190.0 (C10). 

Modified Marschalk reaction for 1,4-dihydroxyanthraquinones and 1,4,5-

trihydroxyanthraquinone with acetaldehyde, propionaldehyde, and 2-chlorobenzaldehyde.  

The reaction of quinizarin with 2-chlorobenzaldehyde as compared to open chain aldehydes 

is advantageous because of its high yield and easiest method of purification. This was the 

reason for choosing 2-chlorobenzaladehydes in our reactions. Moreover, this reaction when is 

done with 1,4,5-trihydroxanthraquinone did not give the expected results as revealed from the 

NMR spectra.  

3.10.1 Method D: Modified Marschalk reaction 
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To a (2.00 g, 8.32 mmol) solution of anthraquinone 42 in absolute methanol (20 mL) cooled 

0 ℃ to was added aqueous NaOH (1 M, 50 mL) and a solution of Na2S2O4 (2.80 g, 2.00 

mmol) in water (16.60 mL) under nitrogen. After 10 minutes of stirring, the acetaldehyde 

(1.83 g, 41.60 mmol) was added. The reaction mixture was stirred for 2 h at 0 °C. The 

solution was poured into cold water that contained 3% H2O2 (12.44 mmol, 10 mL), and 

stirred for 10 minutes. The mixture was acidified by the addition of HCl (1 M solution, 2 

mL). The resultant reaction mixture was washed four times with ethylacetate, the organic 



45 

 

layer dried over sodium sulphate. The solvent was evaporated in vacuo to yield a solid, which 

was purified through a long column over silica gel eluting with dichloromethane to yield a 

product which upon recrystallization from dichloromethane anthraquinone 62 was obtained 

as an orange solid. Yield = 16%, m.p. 87-90℃; FTIR υmax(ATR)/cm-1 3246 (O-H) 

carboxylic, 2908 (CH3), 1609 (Ar-C=C-); 1H NMR (400 MHz, DMSO): δH 1.38 (3H, d, J = 

6.4 Hz, H16), 5.05 (1H, q, J = 6.4 Hz, H14), 7.45 (1H, s, H3), 7.97 (2H, m, H6 and H7) and 

8.23 (2H, m, H5 and H8). 13C NMR (100 MHz, DMSO): δC 24.1 (C16), 63.2 (C15), 111.6 

(C13), 112.5 (C14), 124.7 (C3), 127.0 (C5), 127.1 (C8), 133.3 (C11 and C12), 135.3 (C6), 

135.5 (C7), 149.7 (C2), 154.6 (C1), 157.4 (C4), 186.4 (C9) and 187.3 (C10). 
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To a 0 °C cold solution of anthraquinone 42 (2.00 g, 8.3 mmol) in absolute methanol (20 mL) 

was added aqueous NaOH (1 M, 50 mL) and a solution of Na2S2O4 (2.89 g, 16.50 mmol) in 

water (16.50 mL) under nitrogen. After 10 minutes of stirring, 2-chlorobenzaldehyde (4.60 g, 

33.00 mmol) was added. The reaction mixture was stirred for 4 h at 0 ℃. The solution was 

poured into cold water (50 mL) that contained 30% H2O2 (10 mL), and the mixture was 

stirred for 10 min. The mixture was acidified by the addition of HCl (1 M solution, 10 mL), 

forming a solid mass which was separated and was dissolved in ethyl acetate and evaporated, 

re-dissolved in hexane, and stirred for 2 h to form precipitates. The formed precipitates were 

filtered by filter paper and washed several times with hexane to remove traces of the starting 

material and some of the unreacted aldehydes, dried purified through column 

chromatography with 10% ethyl acetate/ petroleum ether to yield anthraquinone 73 as an 

orange solid. Yield = 75 %, m.p 195-190 ºС ; FTIR υmax (ATR)/cm-1 3450 (O-H) alcohol, 
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1232 (C-O-). 1H NMR (400 MHz, DMSO): δH 6.33 (1H, s, H15), 7.33 (3H, m, Ar-H), 7.42 

(1H, s, H3), 7.47(m, 1H), 7.88 (2H, m, H6 and H7) and 8.16 (2H, m, H5 and H8). 13C NMR 

(100 MHz, DMSO): δC 65.8 (C15), 112.3 (C13), 112.7 (C14), 126.3 (C3), 126.9 (C5), 127.0 

(C8), 127.7 (Ar-C), 129.3 (Ar-C), 129.7 (Ar-C), 129.9 (Ar-C), 133.0 (Ar-C), 133.2 (C11), 

133.3 (C12), 135.3 (C6), 135.5 (C7), 140.2 (Ar-C), 145.2 (C2), 154.9 (C1), 156.8 (C4), 186.5 

(C9) and 187.4 (C10). 
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To a (0.4 g, 1.6 mmol) cold solution of anthraquinone 42 in absolute methanol (10 mL) 

maintained at 0 ℃ was added aqueous NaOH (1 M, 10 mL) and a solution of Na2S2O4 (0.58 

g, mmol) in water (3 mL) under nitrogen. After 10 minutes of stirring, the propionaldehyde 

(0.76 g, 13.6 mmol) was added. The reaction mixture was stirred for 2 h while maintaining a 

temperature of 0 °C. The solution was poured into cold water that contained 3% H2O2 (2.49 

mmol, 5.6 mL), and stirred for 10 minutes. The mixture was acidified by the addition of HCl 

(1 M solution, 1 mL). The resultant reaction mixture was washed four times with ethyl 

acetate, the organic layer dried over sodium sulphate. The solvent was evaporated in vacuo to 

yield a solid. This solid was purified through a long column over silica using 100% 

Dichloromethane to yield product 74 as an orange solid. Yield = 14 %, m.p. 120-125 ℃; 

FTIR υmax (ATR)/cm-1 3183 (O-H) alcohol, 2916 (CH3), 1593 (Ar-C=C-); 1H NMR (400 

MHz, CDCl3): δH 1.03 (3H, t, J = 6.4 Hz, H17), 1.77 (1H, m, H16), 1.90 (1H, m, H16), 5.01 

(1H, m, H15), 7.41 (1H, s, H3), 7.81 (2H, m, H6 and H7) and 8.32 (2H, m, H5 and H8). 13C 

NMR (100 MHz, CDCl3): δC 10.0 (C17), 29.5 (C16), 70.7 (C15), 111.7 (C13), 112.4 (C14), 
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126.0 (C3), 126.9 (C5), 127.0 (C8), 133.4 (C11), 133.5 (C12), 134.4 (C6), 134.5 (C7), 145.9 

(C2), 155.5 (C1), 157.9 (C4), 186.4 (C9) and 187.3 (C10). 

3.10.2 The reaction of alcohol with thionyl chloride 

To further our reaction 2-((2-chlorophenyl)(hydroxy)methyl)-1,4-dihydroxyanthracene-9,10-

dione obtained from the reaction 1,4-dihydroxyanthraquinone and 2-chlorobenzaldehyde was 

used in structure modification as stipulated in the procedure below: 
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Thionyl chloride 2 mL was added dropwise to the parent alcohol 73 (0.50 g, 1.30 mmol) 

cooled in an ice bath after stirring for 10 minutes. The temperature of the reaction was raised 

to 50 ℃ and stirring was maintained for 2 h. Excess thionyl chloride was dried in vacuo; the 

solid obtained was dissolved in dichloromethane and distilled off. The resulting solid was 

further re-dissolved in a mixture of dichloromethane/ hexane to form precipitates which were 

filtered washed several times with hexane and dried to obtain anthraquinone a crude product. 

Further purification with a mixture of 10% ethylacetate in petroleum ether afforded 

compound 77 as  an orange solid Yield = 51.7%, m.p 200-204 ℃; FTIR υmax (ATR)/cm-1 

1738 (C=O); m/z HRESIMS calcd for C21H12Cl2O4 [M + H]+: 399.0185.found 399.1771. 1H 

NMR (400 MHz, CDCl3) δ 6.94 (1H, s, H15), 7.31 (2H, m, Ar-H), 7.41 (2H, m, Ar-H), 7.62 

(1H, m, Ar-H), 7.83 (2H, m, H6 and H7), and 8.35 (2H, m, H5 and H8). 13C NMR (100 MHz, 

CDCl3) δ 53.6 (C15), 112.8 (C13 and C14), 127.1 (Ar-C), 127.2 (Ar-C), 127.3(Ar-C), 128.0 

(Ar-C), 129.5 (Ar-C), 129.9 (C5), 130.0 (C8), 133.2, 133.3 (C11), 133.4 (C12), 134.6 (C6), 

134.7 (C7), 136.3 (C2), 140.5 (Ar-C), 155.1 (C1), 157.1 (C4), 186.7 (C9) and 187.2 (C10).  
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Method E: Reaction of the alkyl chloride with amines 

Method E as highlighted below was used in the synthesis of various amines by reaction with 

the chloride 
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A solution of anthraquinone 77 (0.10 g, 0.25 mmol) in dry dichloromethane (10 mL), was 

added with various amines (0.17 g, 1.97 mmol, 6 equiv) and the resulting mixture was stirred 

at room temperature to completion of the reaction as showed from TLC. The reaction mixture 

was poured into water and extracted with ethylacetate. The organic layer was washed with 

water, dried, and concentrated. The solid obtained was purified by column chromatography 

using a mixture of 4% MeOH/ DCM as a solvent system to yield anthraquinone 78 as a deep 

purple solid.Yield = 71%, m.p 100-120 ℃; FTIR υmax (ATR)/cm-1 3057 (O-H) alcohol, 

1620 (Ar-C=C); m/z HRESIMS calcd for C25H21ClN2O4 [M + H]+: 449.1263 found 449.3618. 

1H NMR (400 MHz, CDCl3): δH 2.48 (2H, m, H16), 2.55 (2H, m, H16), 2.91 (4H, m, H17), 

5.55 (1H, s, H15), 7.19 (2H, m, Ar-H), 7.36 (1H, dd, J = 7.8, 1.3 Hz, Ar-H), 7.51 (1H, dd, J = 

7.7, 1.7 Hz, Ar-H), 7.60 (1H, s, H3), 7.80 (2H, m, H6 and H7) and 8.31(2H, m, H5 and H8). 

13C NMR (100 MHz, CDCl3):  δC 45.2 (C17), 51.4 (C16), 61.5 (C15), 111.0 (C13), 111.5 

(C14), 125.8 (C5), 125.9 (C8), 126.1 (Ar-C), 127.1 (Ar-C), 127.6 (Ar-C), 128.8 (C3), 129.1 

(Ar-C), 132.4 (C11), 132.5 (C13), 133.4 (Ar-C), 134.0 (C6 and C7), 136.1 (Ar-C), 142.1 

(C2), 155.9 (C1), 156.5 (C4), 185.6 (C9) and 186.0 (C10) 
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Purified by column chromatography using a mixture of 4% MeOH/DCM as a solvent system 

to yield anthraquinone 79 as a deep purple solid. Yield = 22%, m.p 147-150 ℃; FTIR 

υmax(ATR)/cm-1 3285 (O-H) alcohol, 1609 (Ar-C=C-); m/z HRESIMS calcd for 

C23H18ClNO5 [M + H]+: 424.0946 found 424.1253. 1H NMR (400 MHz, CDCl3): δH 2.75 

(2H, m, H16), 3.58 (2H, m, H17), 5.67 (1H, s, H15), 7.15-7.22 (3H, m, Ar-H and H3), 7.33 

(1H, d, d, J = 7.6 Hz, Ar-H), 7.45, (1H, d, J = 7.4 Hz, Ar-H), 7.74 (1H, m, H6 and H7) and 

8.25 (2H, m,  H5 and H8). 13C NMR (100 MHz, CDCl3): δC 48.7 (C17), 55.5 (C15), 60.3 

(C16), 112.0 (C13), 112.7 (C14), 127.0, 127.1 (C5), 127.2 (C8), 127.6 (Ar-C), 128.9 (Ar-C), 

129.1 (Ar-C), 130.0 (Ar-C), 133.4 (C6), 133.5 (C7), 134.2 (Ar-C), 133.4 (C6), 134.5 (C7), 

137.6 (Ar-C), 142.9 (C2), 156.3 (C1), 157.5 (C4), 186.5 (C9) and 186.2 (C10). 
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Purified by column chromatography using 4% MeOH in dichloromethane to give 

anthraquinone 80 as an orange solid. Yield = 72%, m.p 130-140 ℃; FTIR υmax(ATR)/cm-1 

3332 (O-H) alcohol, 1585 (Ar-C=C-); m/z HRESIMS calcd for C25H22ClNO6 [M + H]+: 

468.1208 found 468.1544. 1H NMR (400 MHz, CDCl3): δH 2.99 (4H, m, H16), 3.42 (2H, m, 

H17), 3.51 (2H, m, H17), 5.95 (1H, s, 1H), 6.99 (1H, s, H3), 7.22 (2H, m, Ar-H), 7.33 (1H, d, 
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J = 7.4 Hz, Ar-H), 7.43 (1H, d, J = 7.1 Hz, Ar-H), 7.74 (2H, m, H6 and H7) and 8.24 (2H, m, 

H5 and H8). 13C NMR (100 MHz, CDCl3): δC 54.4 (C16), 59.7 (C17), 60.8 (C15), 112.2 

(C13), 112.7 (C14), 127.0 (C5), 127.2 (C8), 128.6 (Ar-C), 129.1 (Ar-C), 129.5 (Ar-C), 130.5 

(C3), 133.4 (C11), 133.5 (C12), 134.4 (Ar-C), 134.5 (C11), 134.7 (C12), 137.1 (Ar-C), 142.4 

(C2), 156.4 (C1), 157.2 (C4), 186.6 (C9) and 187.4 (C10). 
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Purified by column chromatography using a mixture of 10% ethylacetate/ petroleum ether as 

a solvent system to yield compound 81 as an orange solid. Yield = 90%, m.p 98-120 °C; 

FTIR υmax (ATR)/cm-13069 (O-H) alcohol, 1581 (Ar-C=C-); m/z HRESIMS calcd for 

C24H20ClNO4 [M + H]+: 422.1154 found 422.3618. 1H NMR (400 MHz, CDCl3): δH 0.86 

(3H, t, J = 7.4 Hz, 7.4 Hz, H18), 1.5 (2H, dq, J = 14.9, 7.6, 7.0 Hz, H17), 2.57 (2H, t, J = 7.1 

Hz, 7.1 Hz, H16), 5.59 (1H, s, H15), 7.15 (2H, m, Ar-H), 7.30 (1H, m, Ar-H), 7.33 (1H, m, 

Ar-H), 7.36 (1H, s, H3), 7.69 (2H, m, H6 and H7) and 8.18 (2H, m, H5 and H8). 13C NMR 

(100 MHz, CDCl3): δC 11.8 (C18), 23.4 (C17), 50.6 (C16), 57.3 (C15), 111.8 (C13), 112.4 

(C14), 126.8 (Ar-C), 127.0 (C5 and C8), 127.7 (Ar-C), 128.7 (Ar-C), 129.0 (Ar-C), 129.8 

(C3), 133.4 (C11 and C12) 134.0 (Ar-C), 134.3 (C6), 134.4 (C7), 138.5 (Ar-C), 144.1 (C2), 

156.7 (C1), 158.1 (C4), 186.4 (C9) and 187.0 (C10). 
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Purified with 10% ethylacetate/petroleum ether mixtures to give anthraquinone 82 as a dark 

orange solid. Yield = 44%, m.p 148-150 ℃. FTIR υmax (ATR)/cm-1 3065 (O-H) alcohol, 

1577 (-Ar-C=C-); m/z HRESIMS calcd for C25H20ClNO4 [M + H]+: 434.1154 found 

434.3386. 1H NMR (400 MHz, CD6O): δH 1.65 (4H, m, H17 ), 2.38 (2H, m, H16), 2.48 (2H, 

m, H16), 5.37 (1H, s, H15), 7.12 (1H, td, J = 7.6, 1.7 Hz, Ar-H), 7.22 (1H, td, J = 7.6, 1.2 Hz, 

Ar-H), 7.28 (1H, dd, J = 7.9, 1.2 Hz, Ar-H), 7.50 (1H, s, H3), 7.55 (1H, dd, J = 7.8, 1.6 Hz, 

Ar-H), 7.84 (2H, m, H6 and H7) and 8.34 (2H, m, H5 and H8). 13C NMR (100 MHz) CDCl3: 

δC 23.3(C17), 52.2 (C16), 61.4 (C15), 111.9 (C13), 112.6 (C14), 126.7 (C5), 126.8 (C8), 

127.2 (C3), 127.8 (Ar-C), 128.7 (Ar-C), 129.6 (Ar-C), 130.4 (Ar-C), 133.4 (C11), 133.5 

(C12), 133.8 (C6), 134.8 (C7), 134.9 (Ar-C), 138.7(Ar-C), 144.0 (C2), 156.2 (C1), 157.5 

(C4), 186.8 (C9) and 187.5 (C10). 
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Purified with 1% methanol/chloroform to yield compound 83 as an orange solid. Yield = 46 

%, m.p 180-200 °C; FTIR υmax (ATR)/cm-1(1617 (-C=N), 1573 (Ar-C=C-); m/z HRESIMS 

calcd for C24H15ClN2O4 [M + H]+: 431.0793 found 431.0796. 1H NMR (400 MHz, CDCl3): 

δH 6.76 (1H s, H15), 6.91 (2H, d, J = 7.8 Hz, H17), 7.19 (1H, s, H16), 7.28 (2H, m, Ar-H), 

7.35 (1H, t, J = 7.6 Hz, Ar-H), 7.47 (1H, d, J = 7.8 Hz, Ar-H), 7.54 (1H, s, H3), 7.86 (2H, m, 
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H6 and H7), 8.37 (2H, m, H5 and H8), 12.79 (1H, s, -OH) and 13.29 (1H, s, -OH). 13C NMR 

(100 MHz, CDCl3): δC 56.3 (C15), 113.1 (C13), 113.2 (C14), 119.3 (Ar-C), 127.1 (Ar-C), 

127.2 (C5), 127.3 (C8), 128.4 (C17), 129.2 (C16), 130.4 (Ar-C), 130.5 (Ar-C), 133.3 (C11), 

133.4 (C12), 133.8 (Ar-C), 134.7 (Ar-C), 134.8 (C6), 134.9 (C7), 138.5 (C2), 155.0 (C1), 

157.0 (C4), 186.8 (C9) and 187.3 (C10). 
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Purified with 10% Ethylacetate/petroleum ether mixtures to give compound 84 as an orange 

solid. Yield = 80%, m.p. 180-182 ℃, FTIR υmax (ATR)/cm-13057 (O-H) alcohol, 1577 (Ar-

C=C-); m/z HRESIMS calcd for C24H20ClNO5 [M + H]+: 450.1103 found 450.3422. 1H NMR 

(400 MHz, CDCl3): δH 2.50 (2H, m, H16), 2.60 (2H, m, H16), 3.72 (4H, m, H17), 5.51 (1H, 

s, H15), 7.20 (2H, m, Ar-H), 7.37 (1H, dd, J = 7.8, 1.5 Hz, Ar-H), 7.53 (1H, dd, J = 7.7, 1.8 

Hz, Ar-H), 7.62 (1H, s, H3), 7.81 (2H, m, H6 and H7) and 8.34 (2H, m, H5 and H8). 13C 

NMR (100 MHz, CDCl3): δC 50.8 (C16), 61.3 (C15), 66.2 (C17), 111.0 (C13), 111.5 (C14), 

125.9 (Ar-C), 126.0 (C5), 126.1 (C8), 127.1 (Ar-C), 127.7 (C3), 128.9 (Ar-C), 129.1(Ar-C), 

132.3 (C11), 132.4 (C12), 133.43 (C6 and C7), 134.1 (Ar-C), 135.7 (Ar-C), 141.8 (C2), 

155.9 (C1), 156.4 (C4), 185.6 (C9) and 186.1 (C10) 
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Purified with 1% methanol/chloroform to yield anthraquinone 85 as a black solid 27 % m.p 

137 ℃; FTIR υmax (ATR)/cm-1 33 52 (-NH-), 1629 (C=N); m/z HRESIMS calcd for 

C24H15ClN2O4S [M + H]: 463.0514 found 463.0508. 1H NMR (400 MHz, CDCl3): δH 6.44 

(1H, s, H15), 6.96 (1H, d, J = 3.6 H, Ar-H), 7.19 (3H, m, Ar-H), 7.75 (2H, m, H6 and H7) 

and 8.24 (H5 and H8). 13C NMR (100 MHz, CDCl3): δC 55.1 (C15), 109.5 (Ar-C), 111.5 

(C13), 111.9 (C14), 126.0, 126.1, 126.2 (C5), 126.3 (C8), 127.5 (Ar-C), 128.7 (Ar-C), 129.2 

(Ar-C), 132.3 (C11), 132.4 (C12), 133.2 (Ar-C), 133.5 (C6), 133.6 (C7), 135.2 (Ar-C), 

137.5(Ar-C), 139.5 (C2), 155.0 (C1), 156.3 (C4), 168.1 (C16) 185.6 (C9) and 186.1 (C10). 

3.11 Preparation of anthraquinone thiosemicarbazone 
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A solution of alcohol anthraquinone 73 (0.22 g, 0.58 mmol) in CH2Cl2 (20 mL) was treated at 

25 ℃ with Dess–Martin periodinane (0.36 g, 0.84 mmol) and stirred for 20 min. Afterward, 

saturated aq. NaHCO3) was added and extracted with ethyl acetate. The organic layer was 

washed with brine and dried over sodium sulphate. The solvent was evaporated in vacuo; the 

crude product recrystallized from methanol/ petroleum ether to afford compound 75 as an 

orange solid. Yield = 99%, m.p. 140-153 ℃; FTIR υmax(ATR)/cm-1 1738 (C=O); 1H NMR 

(400 MHz) CDCl3: δH 7.35 (2H, m, Ar-H), 7.41 (1H,m, Ar-H), 7.51 (1H, s, H3), 7.79 (2H, m, 

H6 and H7) and 8.28 (2H, m, H5 and H8).13C NMR (100 MHz) CDCl3: δC 113.7 (C13), 

115.3 (C14), 127.0 (C3), 127.2 (C5), 127.3 (C8), 129.6 (Ar-C), 130.4 (Ar-C), 130.6 (Ar-C), 

132.3 (Ar-C), 132.7 (C-2), 133.2 (C11), 133.4 (C12), 134.8 (C6), 134.9 (C7), 138.0 (Ar-C), 

138.1 (Ar-C), 156.1 (C1), 156.5 (C4), 187.0 (C9), 187.1 (C10) and 192.2 (C15) 
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To the thiosemicarbazide (0.14 g, 1.86 mmol) in absolute methanol (20 mL), carbonyl 75 

(0.10 g, 0.26 mmol) was added afterward and three drops of sulphuric acid were added. The 

reaction mixture was refluxed at 90 ℃ for 24 h till the completion of the reaction as 

monitored by TLC. The reaction mixture was allowed to cool to room temperature. The 

solvent was evaporated, and the crude product was purified by column chromatography from 

2:1, petroleum ether/ethylacetate mixture to chloroform as solvent system to yield a solid 

which was recrystallized from CH2Cl2/petroleum ether giving thiosemicarbazone 76 as a red-

orange. Yield = 45%, solid m.p 137-139 ℃; FTIR υmax (ATR)/cm-1 3222 (-NH2), 1624 

(C=N), 1164 (C=S); m/z HRESIMS calcd for C22H14ClN3O4S M + H]: 452.0466 found 

452.0366. 1H NMR (400 MHz, CDCl3): δH 7.34 (1H, dd, J = 7.3, 1.9 Hz, Ar-H), 7.39 (1H, s, 

H3), 7.50 (3H, m, 3H),  7.84 (2H, m, H6 and H7), 8.34 (2H, m, H5 and H8), 12.78 (1H, s, -

OH), 13.68 (1H, s, -OH). 13C NMR (100 MHz, CDCl3) δC 112.5 (C13), 112.7 (C14), 126.1 

(C5), 126.2 (C8), 127.1 (Ar-C), 128.2 (Ar-C), 128.9 (Ar-C), 129.1 (Ar-C), 129.9 (C3), 131.0 

(Ar-C), 131.8 (Ar-C), 132.2 (C11), 132.3 (C13), 133.7 (C6), 133.8 (C7), 134.5 (C2), 142.5 

(C15), 155.4 (C1), 156.1 (C4), 178.6 (C16), 185.7 (C9) and 186.3 (C10) 
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3.12 Esterification of anacardic acid with 1,4-dihydroxy-2-(1-

hydroxyethyl)anthracene-9,10-dione 
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To a stirred solution of 2-hydroxymethyl-1,4-dihydroxy-9,10-anthraquinine 62 (0.20 g, 0.70 

mmol) in dichloromethane was added DCC (0.16 g, 0.77 mmol) and DMAP (0.04 g, 34.3 

mmol) at 0-5 ℃, followed by the addition of Anacardic acid 63a (0.27 g, 0.77 mmol). The 

solution was stirred for 4 h at 0-5 ℃. Afterward, hexane 10 mL was added and stirred for 10 

minutes, the precipitates formed were filtered and the filtrate evaporated. The crude product 

was purified through chromatography using 10% ethyl acetate /petroleum ether to afford ester 

102 as an orange solid (0.041, 9.5%), m.p. 99-101 °C; FTIR υmax(ATR)/cm-1 2912-2845 

(C-H), 1658 (C=O); 1H NMR (400 MHz, CDCl3): δH 0.84 (3H, t, J = 6.8 Hz, H-Alky), 1.21 

(26H, m, H-alkyl), 1.72 (3H, d, J = 6.6 Hz, H16), 2.88-3.03 (2H, m, H-alkyl), 6.52 (1H, q, J 

= 6.6 Hz, H16), 6.71 (1H, d, J = 7.4 Hz, Ar-H), 6.80 (1H, d, J = 8.2 Hz, Ar-H), 7.28 (1H, t, J 

= 7.9 Hz, Ar-H), 7.33 (1H, s, H3), 7.81 (2H, m, H6 and H7) and  8.31 (2H, m, H5 and H8).  

13C NMR (100 MHz, CDCl3): δC 13.1- 35.8  (C-Alkyl), 67.2 (C15), 110.6 (Ar-C), 111.5 

(C13),  111.9 (C14), 114.8 (Ar-C), 121.5 (Ar-C), 124.0 (C3), 126.0 (C5), 126.1 (C8), 132.3 

(C11), 132.4 (C12), 133.5 (Ar-C), 133.6 (C6), 133.7 (C7), 141.2 (Ar-C), 145.1 (C-2), 153.8 

(C1), 156.5 (C4), 161.9 (Ar-C-O-), 169.5 (C-17), 185.6 (C-9) and 186.3 (C-10). 
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3.13 Preparation of saturated anacardic acid 
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To a two neck 200 mL round-bottomed flask containing (10.00 g, 0.03 mol) of anacardic 63 

dissolved in 150 mL absolute methanol, was added (1.00 g, 10% w/w) of powdered Pd/C. 

The two necks were closed by a septum and an inlet allowed hydrogen gas in the balloon to 

enter. The reaction was stirred for 24 h at room temperature, and it was filtered and 

concentrated to obtain a solid which upon recrystallized from petroleum ether afforded pure 

2-hydroxy-6-pentadecylbenzoic acid 63a as a white solid. Yield = 19.9 %, m.p. 78-80 ℃, 

υmax(ATR)/cm-1 3440 (O-H) carboxylic, 2911-2843 (C-H); 1H NMR (400 MHz CDCl3): δH 

0.87 (3H, t, J = 6.8 Hz, H21), 1.25 (24H, m, H9-H20), 1.59 (2H, quin, H8) 2.97 (2H, m, H7), 

6.77 (1H d, J = 7.4 Hz, H6), 6.86 (1H, d, J = 8.2 Hz, H4) and 7.35 (1H, t, J = 7.9 Hz, H5). 

13C NMR (100 MHz CDCl3): δC 13.1 (C21), 21.7 (C8), 28.4-31.1 (C9-C20), 35.5 (C7), 109.5 

(C6), 114.8 (C4), 121.7 (C2), 134.3 (C5), 146.7 (C3), 162.5 (C1) and 174.4 (C22). 

3.14 Preparation of cardanol by decarboxylation of anacardic acid 

Natural CNSL (50.00 g) and calcium hydroxide (1.00 g, 2%, 0.01 mol) were dissolved in 200 

mL toluene and heated at 250 ℃ for 2 h. The mixture was allowed to cool to ambient 

temperature and extracted with petroleum ether, filtered, and concentrated to give as a dark 

brown oil (5.00 g, 11.4%). FTIR υmax (ATR)/cm-1 3264 (O-H), 2918 (C-H); 1H NMR (400 

MHz, CDCl3): δH 1.07 – 0.85 (m, 1H), 1.40 (s, 36H), 1.83 – 1.49 (m, 2H), 1.83 – 1.49 (m, 

2H), 2.13 (s, 1H), 2.70 – 2.41 (m, 1H), 2.91 (d, J = 13.7 Hz, 1H), 6.83 (d, J = 7.6 Hz, 1H) and 

7.20 (t, J  = 7.7 Hz, 1H) 
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3.15 Reduction of cardanol 
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To a two neck 50 mL round-bottomed flask containing (5.00 g, 0.016 mol) of cardanol 64 

dissolved in 20 mL absolute methanol, was added (0.50 g, 10% w/w) of powdered Pd/C. The 

two necks were closed by a septum and an inlet allowed hydrogen gas in a balloon to enter. 

The reaction was stirred for 24 hours at room temperature, and it was filtered and 

concentrated to yield the 3-pentadecylphenol 64a as a white solid. Yield = 92%. m.p. 47-49 

℃, υmax(ATR)/cm-1 3280 (O-H), 2909-2842 (C-H); 1H NMR (400 MHz, CDCl3): δH 0.90 

(3H, t, J = 6.7 Hz, H21), 1.29 (24H, m, H9-H20), 1.59 (2H, quin, H8), 2.56 (2H, t, H7), 6.65 

(1H, d, H2 and H6), 7.75 (1H, d, J = 8.8 Hz, H4) and 7.14 (1H, t, J = 7.7 Hz, H5) 

13C NMR (100 MHz, CDCl3): δC 14.2 (C21), 22.7 (C20), 29.3-29.74 (C9-C19), 31.9 (C8), 

35.87 (C7), 112.5 (C6), 115.3 (C2), 120.9 (C4), 129.4 (C5), 144.9 (C3) and 155.5 (C1) 

3.16 Biological studies procedures 

3.16.1 In vitro antitrypanosomal assay 

To assess for anti-trypanocidal activity, test compounds were added to in vitro cultures of 

T.b. brucei in 96-well plates at a fixed concentration of 20 µM, after an incubation period of 

48 hours, numbers of parasites surviving drug exposure were determined by adding a 

resazurin based reagent.  The reagent contains resazurin which was reduced to resorufin by 

living cells. Resorufin is a fluorophore (Exc560/Em590) and was quantified in a multiwell 

fluorescence plate reader. Results were expressed as % parasite viability – the resorufin 

fluorescence in compound-treated wells relative to untreated controls. 
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3.16.2 In vitro anti-Plasmodium falciparum assay 

Malaria parasites (Plasmodium falciparum strain 3D7) were maintained in RPMI 1640 

medium containing 2 mM L-glutamine and 25 mM Hepes (Lonza). The medium was further 

supplemented with 5% Albumax II, 20 mM glucose, 0.65 mM hypoxanthine, 60 µg/mL 

gentamycin, and 2-4% hematocrit human red blood cells.  The parasites were cultured at 

37oC under an atmosphere of 5% CO2, 5% O2, and 90% N2 in a sealed T75 culture flask. 

Single concentration screening was conducted using compounds at 20 µM added to parasite 

cultures in 96-well, clear plates and incubated for 48 hours in a 37oC CO2 incubator. After 48 

hours, 20 µL of culture was removed from each well and combined with 125 µL of a mixture 

of Malstat and NBT/PES solutions in a fresh 96-well plate. These solutions measure the 

activity of the parasite lactate dehydrogenase (pLDH) enzyme in the cultures. A purple 

product was formed when pLDH was present, and the product was quantified in a 

Spectramax M3 microplate reader (Abs620). The Abs620 reading in each well was quantified 

which is an indication of the pLDH activity and hence the number of parasites present. For 

each compound concentration, % parasite viability – the pLDH activity in compound-treated 

wells relative to untreated controls – was calculated. 

3.16.3 In vitro antibacterial assay 

3.16.4 Staphylococcus aureus antibacterial assay 

To assess the effect of the compounds on the growth of S. aureus cells, they were incubated 

at a fixed concentration of 50 µg/mL in 96-well plates containing S. aureus for 6 hours. The 

numbers of cells remaining viable after exposure to the compound were determined by using 

the resazurin-based reagent and reading resorufin fluorescence in a multiwell plate reader. 

Results were expressed as % viability – the resorufin fluorescence measured in compound-

treated wells relative to untreated controls.  
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3.16.5 E. coli antibacterial assay 

To assess the effect of the compounds on the growth of E. coli cells, they were incubated at a 

fixed concentration of 50 µg/ml in 96-well plates containing E. coli for 6 hours. The numbers 

of cells remaining viable after exposure to the compound were determined by using the 

resazurin-based reagent and reading resorufin fluorescence in a multiwell plate reader. 

Results were expressed as % viability – the resorufin fluorescence measured in compound-

treated wells relative to untreated controls. Compounds were usually tested in duplicate.   

3.16.6 In vitro cytotoxicity assay 

To assess the cytotoxicity effects of the compounds, they were incubated at a fixed 

concentration of 50 µg/ml in 96-well plates containing HeLa cells for 24 hours. The numbers 

of cells surviving drug exposure were determined by using the resazurin-based reagent and 

reading resorufin fluorescence in a multiwell plate reader. 

Results were expressed as % viability – the resorufin fluorescence measured in compound-

treated wells relative to untreated controls. Compounds were usually tested in duplicate.  For 

the cytotoxicity assay, results are expressed as % cell viability, based on fluorescence reading 

in treated wells vs. untreated control well.  



60 

 

3.17 In silico molecular docking analysis procedure 

Docking analysis was performed on Schrödinger suite software which was used both in the 

Knime workflow and in the glide grid docking. 

3.17.1 Knime workflow docking 

The 21 ligands were sketched in chemdoodle and were saved as Sdf files, and they were 

visualized in the discovery studio where they were saved as PDB files. The 3D structure of 

target protein trypanothione reductase; PDB Id, 6BU7 was downloaded from the PDB sum 

[124]. After downloading the structure in PDB format it was visualized in the Discovery 

Studio Visualizer [125] and saved as a PDB file. 

A Knime workflow is a powerful tool designed to perform multitask scientific jobs such as 

docking and many other physico chemical properties of ligands as based on the Schrödinger 

software. Once the workflow was created the target protein (6BU7) was added to node 1 the 

ligands in PDB format are loaded in the PDB reader (node 6) (figure 3.1) 

 

Figure 3. 1: The knime workflow summarizing the docking procedure 
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The software prepared the target protein and the ligands into different conformers 

automatically and it was executed in the table viewer (node 10). 

3.17.2 Glide grid docking 

The docking procedure was performed in the Maestro 12.6 which comes with the 

Schrödinger suite software. Each ligand in Sdf format or PDB format was prepared to 

suitable conformers and was docked into the active sites of the prepared protein prepared. 

The PDB of the target protein was downloaded by going into the file menu, selecting get 

PDB and the protein 6BU7 was typed and downloaded. The target protein was to be prepared 

using the protein preparation wizard, in which case Chain A was removed, the solvents were 

removed and other chemicals such as metallic ions were removed. The remaining part of the 

protein which was chain B was used in the docking procedure. The protein was prepared in 

the protein preparation wizard in which case it was first pre-processed, refined where the H-

bonding was optimized, water was removed, and the protein was minimized. The grid box 

was generated by going into the task menu, receptor grid generation was selected and an atom 

from the ligand was picked to generate the grid box for docking 

Then one ligand after another was imported and each was prepared to get several suitable 

conformers. By going into the task menu, ligand docking was selected, and each conformer 

was docked with the target protein.  

3.18 SwissADME pharmacokinetic properties prediction 

The 15 compounds that were active against trypanosomiasis were passed on the SwissADME 

filter to determine the pharmacokinetic, ADME (absorption, distribution, metabolism, and 

excretion. The active ligands were subjected to several parameters such as molecular mass, 

several hydrogen donors, acceptors; log P, GI (gastrointestinal absorption, etc. These 

parameters help determine if the ligand has lead likeness and drug-likeness.  The ligands 
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were drawn and submitted in smiles format on the SwissADME filter, the ligands that have 

passed the SwissADME filter were subjected to the SCFBioserver to predict their drug-

likeness as based on Lipinski Rule of Five. 

3.19 Lipinski rule of five 

The SCFBioserver was used to identify test compounds that have drug-likeness based on the 

RO5. During this procedure twelve test compounds from the first filter were prepared by 

drawing their chemical structure in the Marvin sketch where explicit hydrogen was added, 

afterwards, the structure was converted to 3D, saved in pdb format on desktop, and uploaded 

on the Lipinski drug filter.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1  Introduction to the chapter 

This chapter discusses the observations and the challenges encountered in each experimental 

work. The full spectrum of each result obtained during the experimental work, including the 

characterization of several synthesized compounds and their intermediates, is discussed. 

4.2  Retrosynthetic analysis 

This study aimed first at designing a synthetic strategy towards an analogue of a chiral 

natural anthraquinone 6. As described several synthetic approaches have been successfully 

employed in the synthesis of many anthraquinone derivatives [1] [97] [100]. However, the 

Friedel-Crafts acylation reaction between phthalic anhydride and benzene derivative was 

being envisaged to be exploited more in this transformation.  The retro-synthetic analysis of 

the analogue of the natural chiral anthraquinone 6 (Scheme 4.1) yields first 2-acetyl-3-

hydroxyanthracene-9,10-dione 88 and the latter yields two building blocks, namely 3-alkoxy 

phthalic anhydride 89 and benzene derivatives 91. The phthalic anhydride 89 was sought to 

be suitable to react with 2-hydroxyacetophenone 91 in the Friedel-Crafts acylation manner 

and it could be derived from alkene 67. The source of the alkene is anacardic acid 63 which is 

derived from the agro-waste cashew nut shells. 
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Scheme 4.1: The retrosynthetic analysis of the analogue of a chiral natural 

Anthraquinone 6 

As reported earlier the versatility of the phenolic constituents of cashew nut shell liquid 

(CNSL) render them to be used as starting materials in organic synthesis [115] [116]. The 

chemical structure of anacardic 63 (Figure 2.13), the carboxylic acid functionality, the 

pentadecyl side chain are ortho to each other making possible for structural modifications to 

yield phthalic anhydride 89 (Scheme 2.9 and Scheme 4.1). As noted earlier anthraquinones, 

particularly of emodin type, are known to be of therapeutic potential due to their diverse 

biological properties such as antibacterial, anticancer, antiviral, antifungal, and antiprotozoal 

activities [50] [51]. The hydroxyl group of anacardic acid makes it possible to arrive at an 

emodin type of anthraquinone 

4.3  Preliminary experiments on the synthetic strategies towards the analogue 

A list of synthetic steps has been employed in the conversion of anacardic acid 63 to the 

analogue of chiral natural anthraquinone 6 (Figure 1.2). These synthetic strategies emanated 

from the extraction and the isolation of anacardic acid from the cashew nut shells. However, 

the finding obtained from this research provides an overview for the exploitation of anacardic 

acid to synthesize the 1,4,5-dihydroxyanthraquinone 
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4.4  Extraction and isolation of anacardic acid 

Attempt to extract the cashew nut shells was first done using petroleum ether as a solvent. 

The use of this solvent could not give expected better results due to relatively low yields of 

the cashew nut shell liquid obtained in approximately 5% yield. Further extraction of the 

cashew nut shells using methanol as solvent could give better yields of CNSL in 27%. 

(Figure 4.1). The anacardic acid from the cashew nut shell liquid could be isolated in an 

acid-base reaction manner employing the method reported by Paramashivappa et.al [126]. In 

this method, 2 eq weight of CNSL in 5% aqueous methanol were reacted with 1 eq weight of 

calcium hydroxide forming calcium anacardate as a stable salt (Scheme 4.2).  

 

Figure 4. 1: Methanol extracted CNSL (A) and dried calcium anacardate (B) 

The fine cake of the calcium anacardate was subsequently dried and hydrolysed at room 

temperature with 11M hydrochloric acid. The resultant mixture was stirred for one hour and 

extracted with ethyl acetate. The organic layer obtained after extraction with ethyl acetate 

was dried to give crude anacardic acid. After purification by column chromatography with 

10% methanol/DCM anacardic acid 63 in 56% yields was obtained as a brownish liquid. 



66 

 

OH

OH

O

R

OH

O

O

Ca
2

Ca(OH)2

aq MeOH, RT2
R RT

OH

R

OH

O

6363 Calcium anacardate

R =

11 M HCl

 

Scheme 4. 2: Isolation of anacardic acid from cashew nut shell liquid 

4.5 Synthetic conversion of anacardic acid to (S)-1,6-dihydroxy-7-(1-

hydroxyethyl)anthracene-9,10-dione 6 

To synthesize the analogue of a chiral natural anthraquinone 6, it was important to first 

prepare 4-ethoxyisobenzofuran-1,3-dione 89 (Scheme 4.1) an important precursor in the 

synthesis of anthraquinones. The 3-hydroxyphthalic anhydride 90 on the other hand is 

regarded as a synthon in preparation of anticancer drugs such as adriamycin and daunomycin 

(Figure 1.1). Many methods used in the preparation of this intermediate 3-hydroxyphthalic 

anhydride 90 (Scheme 4.1) suffer from the disadvantages of many reaction steps, low yields 

and the use of expensive chemicals [5] [6]. Thus, in this study, we are presenting an 

alternative source of 3-hydroxyphthalic anhydride from the readily available cashew nut 

shells. Moreover, the chemicals used in this transformation are readily available and cheap. 

During the preparation of this intermediate, the hydroxyl and carboxylic group of the 

anacardic 63 (Scheme 4.3) were to be first protected. The protecting agents of choice were 

diethyl carbonate and diethyl sulphate. The reaction of anacardic acid with diethyl carbonate 

in dimethylformamide under conditions of refluxing using potassium carbonate did not work 

better. This was evident by observing no change of starting material after developing a TLC 

plate of the reaction medium. However, by using a different protocol as reported by Reddy et. 

al [127] it was possible to protect acid 63 (Figure 2.13). In this method, the anacardic acid 63 
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was ethylated in dry acetonitrile using diethyl-sulfate under reflux conditions (Scheme 4.3). 

After evaporation of solvent and column chromatography, the ester 67 was obtained in high 

yields 66%. 

OH

OH

O

O

OO

DES/K2CO3

ACN/24 h/90°C

63 67  

Scheme 4. 3: Alkylation of anacardic acid 63 to ester 67 

The 1H NMR spectrum of ester 67 exhibited two quartets at H 3.95 and 4.32 ppm each 

integrating two protons. These two peaks signified the formation of the ether group and each 

corresponded to the two hydrogens of the ethoxy group of the phenolic and the carboxylic 

functionality. The aromatic protons were found to be resonating at H between 6.62 to 7.16 

ppm. This region exhibited a triplet at H 7.12 ppm and two doublets at H 6.72 and 6.64 

ppm, each one integrated one proton. A multiplet at H 5.28 ppm was assigned for the two 

protons carrying the alkene functionality 

The 13C NMR spectrum of compound 67 displayed signals at C 59.8 and 63.3 ppm. The two 

signals were assigned to the methylene groups of the ethoxy group carrying the phenoxy 

functionality and the carboxylic acid functionality.   

Three signals at C 13.1, 13.3, and 13.7 ppm were being assigned for the terminal methyl 

group of the pentadecyl side chain and of two ethoxy groups. A peak at C 167.3 ppm was 

being assigned for the carbonyl carbon of the carboxylic acid functionality. 

The double bonds of the alkenyl side chain ester 67 were reduced using hydrogen gas under 

palladium 10% (w/w) as a catalyst. After 24 hours the reaction mixture was filtered over a 

Celite bed, the solvent evaporated giving the saturated compound 68 in 96% yields. 
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Scheme 4.4: Palladium-catalyzed hydrogenation of ester 67 

The 1H NMR spectrum of compound 68 (Figure 4.2) displayed two quartets at H 3.92 and 

4.30 ppm each integrating two protons. These two peaks corresponded each to the two 

hydrogens of the methylene groups of the ethoxy group functionality of phenoxy and 

carboxylic group. 

This spectrum showed a remarkable disappearance of the multiplet at the H between 4.87 

and 5.69 ppm. This confirmed the consumption of the alkene functionality of the starting 

material 68. A triplet at H 2.55 ppm integrating two protons was being assigned for the two 

hydrogens of the benzylic protons. A quintet at H 1.55 ppm integrating to two protons was 

being assigned for the two methylene hydrogens next to the benzylic group. A multiplet at H 

1.27 and 1.36 ppm which integrated to thirty protons was being assigned for the remaining 

hydrogens of the methylene groups of the pentadecyl side chain and the two methyl groups of 

the two ethoxy group 

A triplet at H 0.88 ppm integrating to three protons was being assigned for three hydrogens 

of the terminal methyl group of the pentadecyl side chain group. The downfield aromatic 

region showed a remarkable two doublets at H 6.72 ppm and 6.79 ppm ortho to each 

integrating one proton. These two doublets were consecutively being assigned for the 

hydrogen ortho to phenoxy group and the pentadecyl side chain.  

A triplet integrating one proton appeared at H 7.21 ppm was being assigned to the aromatic 

proton para to the carboxylic group. 
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The 13C NMR spectrum of the saturated compound 68 (Figure 4.2) showed two peaks next to 

each other at C 60.9 and 64.2 ppm. These peaks were respectively being assigned for the two 

methylene carbons of the two ethoxy groups of the carboxylic and phenoxy functionality. 

Three peaks at C 14.1, 14.3, and 14.7 ppm were being accounted for the three-terminal 

methyl groups of pentadecyl side chain of the two ethoxy groups. 

This compound displayed its signal for the carbonyl and phenoxy group at C 168.3 and 155.7 

ppm respectively 

Another signal at C 130.0 ppm was being assigned for C-5 which is para to the carboxylic 

acid group functionality.  A signal at C 109.4 ppm was being assigned to C-6 which is ortho 

to the phenolic group.  
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 Figure 4.2: 400MHz 1H and 13C NMR spectrum of ethyl 2-ethoxy-6-pentadecylbenzoate 

68 in CDCl3) 

A peak at C 121.3 ppm was being assigned to C-4 while a signal at C 141.2 ppm accounted 

for the carbon carrying the pentadecyl side-chain group. A signal at C 124.2 ppm was 

assigned to C-2.  

Different bromination methods to brominate compound 68 at benzylic position were 

attempted. The first trial involved the use of the method proposed by Xu et. al [128], In this 

protocol, alkane 68 in dichloromethane was brominated with molecular Br2 under MnO2 

(non-activated) catalyst (Scheme 4.5). After half an hour the product formed was isolated and 

well-characterized through NMR spectroscopic methods. However, the NMR results, 

revealed that the target product 69 was not formed but product 69a due to loss of 

regioselectivity. 
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Scheme 4.5: Bromination of 68 to ethyl 3-bromo-2-(1-bromopentadecyl)-6-

ethoxybenzoate 

The target product was not formed and our desire was to brominate at the benzylic position, 

the search for a suitable bromination method was therefore necessary. The use of N-

Bromosuccinamide and radical initiators such as benzoyl peroxide or 2,2′-

azobisisobutyronitrile (AIBN)  has been used for benzylic bromination in many syntheses 

[129] [130]. 

The most prominent solvents that are used in this reaction are benzene and CCl4. The use of 

these solvents is mostly not recommended due to their toxicity. Green solvents such as ethyl 

acetate, water, acetonitrile, and chlorobenzene for substituting hazardous CCl4 are being 

encouraged these days [130]. However, when attempted to brominate the saturated compound 

68 with NBS and using a catalytic amount BPO in chlorobenzene at 80 °C for 12 hours as 

indicated by the TLC of the reaction medium no change of the starting material was 

observed. The trial to brominate saturated compound 68, as reported by Logrado et.al [131] 

in CCl4 could result to the formation target product 69 (Scheme 4.6). In this method, 1.2 

equivalents of N-Bromosuccinamide and 10% (w/w) of a suitable free radical initiator were 

used. The radical initiators of choice that were used were AIBN and benzoyl peroxide. The 

AIBN was to be first air dried to get the pure crystals before it was used. Using AIBN 

initiator in this reaction target bromide 69 was obtained in 91% yields with easy purification 

procedures. The radical initiator benzoyl peroxide (BPO) (Scheme 4.7) was to be synthesized 

from benzoyl chloride by adopting the method reported by Flowers and Leffler [132]. 
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Scheme 4.6:  Benzylic bromination of the saturated alkane 68 
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Scheme  4.7: Preparation of benzoyl peroxide 94 from benzoyl chloride [132] 

The 1H NMR spectrum of the target bromide 69 exhibited a remarkable appearance of a 

triplet at H 4.91 ppm which integrated one proton. This signal accounted for the benzylic 

proton and signified a proof of the formation of the target product 69. 

This spectrum showed two quartets as well at the chemical shift of 3.99 and 4.38 ppm each 

integrating two protons. These two signals corresponded each to the two hydrogens of 

methylene groups of the ethoxy group functionality of phenoxy and carboxylic group. 

A multiplet at H 2.13 ppm integrating to two protons was being assigned for the two 

hydrogens next to the benzylic group. 

A multiplet at H between 1.17 to 1.33 ppm which integrated thirty protons was being 

assigned for the remaining hydrogens of the methylene groups of the pentadecyl side chain 

and the two methyl groups of the ethoxy group.  

A triplet at H 0.84 ppm integrating three protons was being assigned for the three hydrogens 

of the terminal methyl group of the pentadecyl side-chain group.  
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The region showed three signals which were observed two doublets at H 6.78 and 7.12 ppm. 

These peaks each integrated one proton and were accounted for the hydrogen ortho to both 

the phenoxy and the aliphatic group. 

A triplet integrating to one proton appeared at H 7.28 ppm was being assigned to the 

aromatic proton para to the carboxylic group. 

The 13C NMR spectrum of bromide 69 showed two peaks next to each other at C 61.4 and 

64.4 ppm. These peaks were respectively being assigned for the two methylene groups of 

carboxylic functionality and phenoxy functionality. Three peaks at C 14.1, 14.3 and 14.7 

ppm were being assigned for the three terminal methyl groups of pentadecyl side chain and of 

the terminal ethoxy group (phenoxy and carboxylic group respectively).  

The carbonyl group ester functionality of this compound displayed its signal at C 167.4 ppm. 

Another signal at C 155.4 ppm was acquainted for the aromatic carbon carrying the phenoxy 

group. The HSQC and HMBC spectra were in conjunction used to assign each carbon present 

in the compound. A signal at C 130.8 ppm was being assigned for the carbon para to the 

carboxylic acid group functionality.  A peak at C 111.5 ppm was being assigned C-6.  A 

signal at C 120.0 ppm was assigned to C-4 (carbon meta to the carboxylic acid 

functionality). A peak at C 140.4 ppm was being assigned for the carbon carrying the 

pentadecyl side-chain group. A peak at C 123.1 ppm was being assigned for the carbon 

carrying carboxylic functionality. 

Dehydrobrominated of compound 93 was first attempted using potassium tert-butoxide, 

however as indicated from the TLC the reaction could not work. Wolkoff P in 1981 

conducted a study highlighting on the effectiveness of this base when applied to primary alky 

bromides [133]. This scholar further indicated the superiority of 1,8-Diazabicyclo [5.4.0] 

undec-7-ene (DBU) in the dehydrohalogenation of secondary and tertiary bromides [133]. In 
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this present work bromide 69 was reacted with DBU in dry toluene under conditions of 

refluxing (Scheme 4.8). After six hours the reaction was quenched with 10% HCl and 

extracted with ethyl acetate. After evaporation of solvent and purification through column 

chromatography desired alkene 70 in 87 % yields was obtained. 

O

O

O

O

OO

DBU/ 5 h

Toluene 110°C

69 70
Br

 

Scheme 4. 8: Dehydrobromination of ethyl 2-(1-bromopentadecyl)-6-ethoxybenzoate to 

Alkene 70 

 The 1H NMR spectrum of alkene 70 (Figure 4.3) was acquainted with the presence of a 

doublet at H 6.44 and a multiplet at H 6.27 ppm each integrating one proton. These two 

hydrogens respectively accounted for two hydrogens of the alkene functionality next to each 

other. The coupling constant (J) of alkene 70 was found to be 15.7 Hz which is characteristic 

to trans configurations [134]. Two quartets at H 4.09 and 4.46 ppm each integrating two 

protons were each assigned to the two hydrogens of methylene protons for the phenoxy and 

carboxylic group. A quartet at H 2.24 ppm integrating two protons accounted for the 

methylene hydrogen next to the alkene group. A triplet at H 0.95 ppm integrating to three 

protons was assigned for the three hydrogens of the terminal pentadecyl group. A multiplet at 

H 1.33 ppm integrating twenty-eight protons was assigned to the twelve methylene 

hydrogens of the pentadecyl side chain and for the two methyl groups of the ethoxy group. 
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Figure 4.3: 400MHz 1H NMR and 13C NMR spectrum of (E)-ethyl 2-ethoxy-6-

(pentadec-1-en-1-yl)benzoate 70 in CDCl3 

The aromatic region of this spectrum exhibited two doublets at H 6.78 and 7.14 ppm 

integrating one proton. These were respectively assigned to the hydrogen ortho to the 

phenoxy group and ortho to the pentadecyl side chain. A triplet integrating one proton 

appeared at H 7.27 ppm was being assigned to the aromatic proton para to the carboxylic 

group. 

The 13C NMR spectrum of this alkene 70 displayed signals at C 61.0 and 64.3 ppm (Figure 

4.3). These signals accounted for the two methylene carbons of the ethoxy group of the 

carboxylic acid functionality and the phenoxy. The terminal methyl groups of the pentadecyl 

side chain and the two ethoxy groups resonated at C 14.1, 14.3, and 14.6 ppm, respectively. 

The aromatic region of this spectrum displayed an increased number of two extra peaks as 
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compared to the respective starting material 69. A signal displayed at C 110.2 ppm was 

being assigned (C-6) the carbon ortho to the phenoxy group. Another signal at C 130.0 ppm 

was assigned (C-5) carbon para to the carboxylic acid functionality. A signal at C 117.5 ppm 

was assigned to (C-4) the carbon ortho to the pentadecyl side chain. A signal at C 126.15 

ppm was assigned to the benzylic carbon of the alkene functionality. A signal at C 134.4 

ppm was assigned to (C-8) the alkene carbon next to the benzylic position. 

A signal at C 136.4 ppm was assigned to the carbon carrying the pentadecyl side chain. A 

signal at C 122.9 ppm was assigned for the carbon carrying the carboxylic acid functionality. 

Two signals at C 155.8 and 168.2 ppm accounted for C-1 and the carbonyl group, 

respectively. These results were pretty enough to confirm the successful formation of the 

compound and perfectly matched with the results reported by Logrado et.al [131] 

4.6 Oxidation of (E)-ethyl 2-ethoxy-6-(pentadec-1-en-1-yl)benzoate 70 

The oxidative cleavage of alkenes is a synthetically useful transformation in the synthesis of 

bioactive natural products, pharmaceuticals, agrochemicals [135]. Mechanistically, there are 

only two main options available to perform this transformation; ozonolysis and 

dihydroxylation using RuO4 and OsO4. Each one of these methods is toxic in the sense that 

they require the use of toxic high-valent oxometals while the former generates ozonide 

intermediate which is explosive [129]. These reasons necessitated the search for 

environmentally friendly methods to cleave alkene 70  

In this aspect, a couple of methods were chosen and attempted to oxidize the alkene 70 to its 

respective oxidative product. The oxidizing agents of the first choice were potassium 

permanganate and sodium periodate. However, when each of these was used as observed 

from the TLC results, there was no indication of the formation of the desired product. These 

challenging result paved the way for more literature search of oxidizing agents to be used. It 
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was later found that when alkene 70 was oxidized under mild conditions of an oxygen 

atmosphere, utilizing sodium nitrite and benzoic acid adopting a protocol reported by Yin 

et.al [129]. By acquiring this procedure the respective aldehyde 71a was formed (Scheme 

4.9). This protocoal as well did not give better results as expected, due to its shortcoming of 

long reaction times and yielded product 71a which was not easily purified under normal 

chromatography columns. 
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Toluene 80 °C, O2 baloon

70 71a  

Scheme 4.9: Mild oxidation of (E)-ethyl 2-ethoxy-6-(pentadec-1-en-1-yl)benzoate with 

sodium nitrite 

The 1H NMR spectrum of aldehyde 71a showed a singlet at the chemical shift of 9.90 ppm 

which accounted for the aldehydic proton. The 13C NMR spectrum of this product displayed a 

signal at 190.4 ppm which corresponded to the carbonyl carbon of the aldehyde functional 

group. 

The use of iron as a cheap catalyst to cleave C=C bonds has recently evolved the interests of 

chemists to be used in green chemistry works [136][137]. From this point of view, we 

cleaved alkene 70 successfully using inexpensive tert-butyl Hydroperoxide under iron 

catalysis, adopting a method reported by Shaikh and Hong [138]. In this procedure (E)-ethyl 

2-ethoxy-6-(pentadec-1-en-1-yl) benzoate 70 to carboxylic acid was treated with aqueous 

tert-butyl hydroperoxide (TBHP) after 2.5 days the ethoxy phthalic acid 71 was obtained in 

64% yields as a white solid (Scheme 4.10). In this current study, it is worthy to note that the 

ethoxy phthalic acid 71 was obtained in good yields with the easiest purification procedure. 
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This confirms that the cashew nut shell liquid is a good candidate for synthesizing 3-

hydroxyphthalic anhydride which is an intermediate for the synthesis of anthracycline 

anticancer drugs. 
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Scheme 4.10: FeCl3·6H2O-catalyzed oxidation of (E)-ethyl 2-ethoxy-6-(pentadec-1-en-1-

yl)benzoate to carboxylic acid 

The 1H NMR spectrum (Figure 4.4) of the carboxylic acid 71 showed a remarkable 

disappearance of the aliphatic side chain. A single quartet at H 3.84 ppm integrating two 

hydrogens indicated the presence of protons of the -CH2- of the ethoxy group of the phenolic 

group. The presence of a single quartet implies that the other ethoxy group of the carboxylic 

group was hydrolyzed. A triplet at H 1.04 ppm integrating three protons was assigned to the 

three methyl hydrogens of the ethoxy group. The aromatic region displayed a doublet at H 

7.24 ppm which integrated to one proton and a multiplet at H 7.44 ppm which integrated to 

two protons. 

The 13C NMR spectrum of carboxylic 71 (Figure 4.4) was marked by the appearance of 10 

peaks which indicated the presence of 10 carbon atoms. This spectrum displayed two signals 

at C 168.3 and 166.6 ppm which confirmed the presence of two carboxylic groups. The 13C 

DEPT 135 experiment (Figure 4.5) displayed a maximum of five peaks, which corresponded 

to the number of carbon atoms carrying hydrogen atoms. In this spectrum, the CH3 and C-H 

displayed positive signals while the CH2 displayed a negative signal.  
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Figure 4.4: 400MHz 1H and 13C NMR spectrum of 3-ethoxyphthalic acid 71 in DMSO 

 

This carboxylic can also be obtained commercially but it is very expensive and hence 

synthesizing it from cashew nut shells offers another source of 3-hydroxyphthalic acids. 
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Figure 4.5: 400MHz 13C DEPT-135 spectrum of carboxylic 71 in DMSO 

4.7 Preparation of phthalic anhydrides 

The 4-ethoxyisobenzofuran-1, 3-dione was prepared from 3-ethoxyphthalic acid 71 (Scheme 

4.11). In this case under nitrogen condition, 3-ethoxyphthalic acid was treated with thionyl 

chloride and heated to reflux at 90 ℃ for 12 hours.  
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71 89  

Scheme  4.11: Synthesis of 4-ethoxyisobenzofuran-1, 3-dione from 3-ethoxyphthalic acid 
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After evaporation of the solvent and chromatographic purification compound, the anhydride 

89 was formed in a 37% yield. The 1H NMR spectrum of 4-ethoxyisobenzofuran-1,3-dione 

89, showed a triplet at H 7.84 ppm which integrated one proton. This proton was being 

assigned to the hydrogen meta to the phenoxy group.  A doublet at H 7.57 ppm integrating 

one proton was assigned to the hydrogen para to the Ethoxy group. Another doublet at H 

7.34 ppm which integrated one proton was assigned for the hydrogen ortho to the ethoxy 

group.  

A quartet at H 4.33 ppm two protons accounted for the two hydrogens of the methylene 

groups. A triplet at H 3.20 ppm integrating three protons was assigned to the three hydrogens 

of the terminal methyl group. 

The 13C NMR of the anhydride 89 displayed the signals for the carbonyl group resonating at 

C 162.6 and 160.1 ppm. These peaks were a significant confirmation of the formations of the 

4-ethoxyisobenzofuran-1, 3-dione.  

A signal displayed at C 157.4 ppm was accounted for the carbon carrying the phenoxy 

group.  The methylene carbon of this compound was found to be resonating at C 65.5 ppm. 

Another signal at C 14.4 ppm was accounted for the terminal methyl group. It was of 

curiosity find to other alternative sources of phthalic anhydride so that it could be coupled 

first with 2-hydroxy acetophenone 91. The commercially available phthalic acid was 

converted to phthalic anhydride by refluxing in acetic anhydride at 140 ℃ (Scheme 4.12) by 

adopting the method reported by Zhang et. al [139]. After evaporation of the solvent, the 

product formed 97 was used for the next reaction.  
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Scheme  4.12: Synthesis of isobenzofuran-1, 3-Dione 96 from phthalic acid 

4.8  Preparation of the 2-hydroxyacetophenone 

The 2-hydroxyacetophenone (Scheme 4.13) was prepared by the O-acetylation of phenol 92 

with acetic anhydride using a catalytic amount of sulphuric acid Tu et.al [140]. The phenyl 

ester 97 was then reacted under anhydrous conditions using aluminium trichloride in a Fries 

rearrangement manner to afford the 2-hydroxyacetophenone 91. Fries rearrangement can be 

defined as a type of organic reaction which transforms phenyl esters to acyl phenols in the 

presence of a Friedel-Crafts catalyst [141] [142]. 

The 1H NMR spectrum of phenylacetate 97 displayed a significant number of four peaks.  A 

signal at H 2.32 ppm integrating three protons this peak was accounted for the three 

hydrogens of the acetyl group. The aromatic region had a doublet at H 7.17 ppm integrating 

to two protons. These protons were being assigned for the two hydrogens ortho to the phenyl 

ester.  A triplet at H 7.30 ppm integrating one proton was being assigned to hydrogen para to 

the phenyl ester. 

OH OH O
O

O

Acetic anhydride

Conc H2SO4 RT

Anhydrous AlCl3

120 °C  6 h

92 97 91  

Scheme  4.13: Synthesis of 2-hydroxy acetophenone 91 from phenol 92 
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A triplet at H 7.45 ppm integrating to two protons was being assigned for the two hydrogens 

Meta to the phenyl ester group. The 13C NMR spectrum of the phenylacetate 97 displayed a 

total of six peaks which confirmed the successful formation of the compound 

The 1H NMR of the 2-hydroxy acetophenone 91 (Figure 4.6) showed two triplets at H 6.77 

and 7.36 and another two doublets at H 6.86 and 7.61 ppm which each was integrating into 

one proton. These four protons corresponded to the four aromatic hydrogens of the 2-hydroxy 

acetophenone. A signal at 2.49 ppm integrating to three protons accounted for the three 

hydrogens of the acetyl group. The 13C NMR spectrum of 2-hydroxy acetophenone 91 had its 

signals resonating at C 26.6 ppm which was assigned to the aliphatic carbon of the acetyl 

group. A signal at C 204.6 ppm accounted for the carbonyl group. Another signal at C 162.4 

ppm was assigned for the carbon carrying the phenol group.  The remaining five aromatic 

carbons were found to be resonating at C 118.3, 118.9, 119.7, 130.8, and 136.8 ppm. The 

appearance of these eight peaks confirmed the successful formation of the 2-hydroxy 

acetophenone 
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Figure 4.6: 400MHz 1H and 13C NMR spectrum of 2-hydroxyacetophenone in CDCl3 

4.9 Friedel-Crafts acylation 

In the present study, the Friedel-Crafts acylation was envisaged to couple the 4-

ethoxyisobenzofuran-1,3-dione 89 and 2-hydroxy acetophenone 91 by using a mixture of 

AlCl3/NaCl as a catalyst. The main task was to synthesize the analogue of a chiral natural 

anthraquinone 6. In this context, the 4-ethoxyisobenzofuran-1,3-dione 89 was prepared from 

anacardic acid 63 which is a by-product of the cashew industry (Scheme 4.12). Moreover, 

isobenzofuran-1, 3-dione 96 as shown from above was prepared (Scheme 4.13) it was first 

coupled with the 2-hydroxyacephenone 91 to create the anthraquinone nucleus. 
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4.10 Synthesis of 2-acetyl-3-hydroxyanthracene-9, 10-dione 87 

As discussed earlier the approach towards the synthesis of 2-acetyl-3-hydroxyanthracene-9, 

10-dione 87 was Friedel-Crafts acylation between isobenzofuran-1,3-dione 96 and 2-

hydroxyacetophenone 91 (Scheme 4.14). This could result to 2-acetyl-3-hydroxyanthracene-

9,10-Dione 87 by adopting the methodology reported by Hicks et.al [143]. Enzymatic 

reduction of anthraquinone carbonyl 87 would afford the target anthraquinone 6.  
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Scheme 4.14: Friedel-Crafts reaction of phthalic anhydride and 2-hydroxyacetophenone 

However, when attempted the reaction (Scheme 4.14) did not work as the product formed 

was black as tar which was not verified by NMR spectroscopic method. The reason for this 

failure was due to the lack of symmetry properties of one of the reactants. Another reason 

that attributed to this discouraging result, is that the two groups of the 2-

hydroxyacetophenone 91 ortho to each other para directors and meta directors unfavourable 

for the cyclization process. 

Apart from synthesizing 2-hydroxyacetophenone, other benzene derivatives such as 3-

nitroacetophenone, 3-aminoacetophenone, and 3-iodoacetophenone were consecutively 

synthesized from acetophenone. Moreover, due to the discouraging results from above, none 

of them were coupled with the phthalic anhydride. The section below discussed the synthetic 

transformation of acetophenone to 3-iodoacetophenone. 
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4.11 Synthetic transformation of acetophenone to 3-iodoacetophenone 101 

The 3-nitroacetophenone was prepared by adding acetophenone dropwise to cold fuming 

nitric 99% at -45 ℃ (Scheme 4.15) while maintaining this temperature for 2½ hours. After 

workup procedures, the 3-nitroacetophenone was obtained as a creamy powder 51% 

O O
O2N

O
H2N

 Nitric acid (fuming)

-45 °C, 2½ h

Fe (S), solvent

Sonication,30 °C, 5 h
98 99 100  

Scheme 4. 15: Synthesis of 3-amino acetophenone 100 from acetophenone 98 

The 1H NMR of the 3-nitroacetophenone 99 showed a maximum number of 5 peaks. The 

hydrogen between the acetyl and the nitro group appeared as a singlet and was found to be 

resonating at H 8.70 ppm. Two consecutive doublets and a triplet were each found to be 

resonating at H 8.37, 8.24, and 7.62 ppm. Each of these three protons was found to be 

integrating to one proton. These four protons were being assigned to the four aromatic 

protons.  

The aliphatic region was being characterized by a singlet at H 2.62 ppm integrating three 

protons. These three protons were being assigned to the three protons of the acetyl group. 

The 13C NMR spectrum 3-nitroacetophenone 99 showed the remarkably number 8 peak in 

which case a peak at C 195.4 ppm was being assigned to the carbonyl functionality of the 

acetyl group 

Reducing the 3-nitroacetophenone using hydrogen gas under palladium catalysts gave 3-

amino acetophenone in approximately low yields 10%. The yield was only sufficient for 

NMR characterizations. However, when attempting to reduce using Iron powder under 

ultrasonic irradiation adopting the method reported by Gamble et.al [144], target  3-amino 
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acetophenone was obtained in 53%. The 1H NMR spectrum of the 3-amino acetophenone 100 

showed a doublet at the H of 7.23 ppm integrating one proton. Another doublet at H 6.77 

ppm integrating one proton and a multiplet at the H 7.17 to 7.14 ppm integrating two protons 

were assigned for the aromatic protons. A broad peak at H 3.77 ppm integrating to two 

protons was accounting for the two hydrogens of the amine group.  A singlet at H 2.48 ppm 

integrating three protons was assigned to the protons of the acetyl group. 

The 3-iodoacetophenone 101 was synthesized from 3-aminoacetophene 100 (Scheme 4.16) 

by using the method reported by Jiang et.al [145]. This unique transformation of an aromatic 

amino group to halide is called the Sandmeyer reaction. The Sandmeyer reaction is a versatile 

tool in transforming an amino group attached to an aromatic ring to an aryl halide via 

diazonium salt intermediates [146]. In this method m-aminoacetophenone in concentrated 

hydrochloric acid was diazotized by using sodium nitrite under cold conditions, and then 

reacted with potassium iodide to yield the 3-iodoacetophenone 54%. 

Compound 100

O
IHCl, water, 0 °C

NaNO2, KI, ½ h

101  

Scheme 4.16: Synthesis of 3-iodoacetophenone 100 from 3-amino acetophenone 101 

The 1H NMR spectrum of the 3-iodoacetophenone 101 (Figure 4.7) showed a singlet at H 

8.19 ppm which was integrating one proton. This proton was assigned for the aromatic 

hydrogen atom situated between the two substituent groups (the acetyl substituent group and 

the iodo substituent group) 

A multiplet at the H 7.78 ppm which was integrated two protons was accounting for the two 

aromatic hydrogens ortho to the acetyl group and the iodo group. A triplet of doublet 
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appeared at the H of 7.11 ppm which integrated one proton was assigned to the hydrogen 

meta to the acetyl substituent group. The 13C NMR spectrum of the 3-iodoacetophenone 101 

was characterized with the appearance of 8 signals. A signal at C 94.5 ppm was assigned for 

the carbon carrying the iodo-substituent group. A signal at 196.6 ppm was accounted for the 

carbonyl carbon of the acetyl substituent group. 

 

Figure 4. 7: 400MHz   1H NMR spectrum of1-(3-iodophenyl)ethanone 101 in CDCl3 

4.12 New synthetic approaches and the modified Marschalk reaction 

The use of the 1,4-dihydroxyanthraquinone as a synthon as described earlier has recently 

gained attention to be used for the synthesis of anticancer drugs [12] [16].  

In this present study, we successfully synthesized the 1,4-dihydroxyanthraquinone from 

phthalic anhydrides 89 and 96 (Scheme 4.12 and Scheme 4.13) and 1, 4-benzenediol 102. 
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Marschalk reaction was later employed in the introduction of the hydroxyalkyl group to the 1, 

4-dihydroxyanthraquinone 42. The Friedel-Crafts acylation was used in the coupling of the 

two anhydrides with the 1,4-benzenediol to form 1,4-dihydroxyanthraquinones 42 and 72. 

However it was observed that phthalic acid without converting to its respective anhydride 

reacted with 1,4-benzenediol 102 preferably to give the anthraquinone (quinizarin) (Scheme 

4.17) 
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42 R' = H   82%
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Scheme 4.17: Synthesis of the 1, 4-dihydroxyanthraquinone from phthalic acid 

The same methodology reported by Hicks et al [143] as described above was used to prepare 

the 1,4-dihydroxyanthraquinone 42 and 1,4,5-trihydroxyanthraquinone 71. From the 

experimental point of view, it was observed that 1, 4-dihydroxyanthraquinone 42 is favorably 

formed as compared to 1,4,5-trihydroxyanthraquinone 72 in terms of yield and easiest 

purification procedures. 

Characterization of quinizarin 42 by 1H NMR spectrum (Figure 4.8) displayed a singlet at H 

6.22 ppm which was integrating to two protons, these protons were being assigned to the two 

hydrogens ortho to the hydroxyl group. The two multiplets at H 7.16 and 7.44 ppm which 

were each integrating to two protons were being assigned for the four hydrogens of the un-

substituted ring of anthraquinones. The 13C NMR spectrum of quinizarin 42 showed a 

maximum number of seven peaks (Figure 4.8). This reduced number of carbon peaks was 
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due to the symmetry properties of compound 72.  A signal at C of 187.1 was accounted for 

the carbonyl group. 

 

Figure 4.8: 400 MHz 1H and 13C NMR spectrum of quinizarin 42 in DMSO 

The low yield results and impurity properties of compound 72 were being attributed to the 

lack of region-selectivity of the Friedel-Crafts acylation method. Both 1H NMR, 13C NMR 

and 13C DEPT 135 experiments were used in confirming the structure of this anthraquinone. 

The 1H NMR spectrum (Figure 4.10) was marked by the appearance of a doublet at H 7.84 

ppm which was integrating one proton was assigned to H-6. A triplet at 7.66 ppm which was 

integrating one proton accounted for H-7. The hydrogens, H-2 and H-3 were found to be 

resonating at 7.27 ppm and these protons were integrated into two protons.  
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These two peaks had a closer similarity to the ones reported by Ubbani et al [6]. A singlet at 

7.27 ppm corresponded to H-8. Signals at H 12.14, 12.23, and 12.95 ppm were assigned for 

the three hydroxyl groups of anthraquinone 

The 13C DEPT 135 (Figure 4.11) experiment displayed five positive signals. This provided a 

proof of the number of C-H atoms that are situated in the aromatic region. Furthermore, the 

1H NMR results of 72 showed the disappearance of the ethoxy substituent as it hydrolyzed 

during the reaction [98].  

The TLC (Figure 4.9) of 1,4,5-trihydroxy 72 anthraquinone exhibited two spots lying over 

one another posing difficulty of purification. The reason for the lack of regiochemical control 

in the intermolecular Friedel-Crafts reaction was due to Hayashi rearrangement [9]. 

 

Figure 4. 9: TLC for the 1, 4, 5-trihydroxy anthraquinone 

The 13C NMR spectrum (Figure 4.10) of 1,4,5-trihydroxyanthraquinone 72 exhibited two 

peaks at C 190.0 and 185.2 ppm corresponding to the two carbonyl groups of the 

anthraquinone. A signal at C 161.7 ppm accounted for the carbon five. Another two 

consecutive signals at C 157.3 and 156.8 ppm was being assigned for carbon one and four. 
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 Figure 4.10: 400MHz   1H and 13C NMR spectrum of 1, 4, 5-trihydroxyanthracene-9,10-

dione 72 in CDCl3 
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Figure 4.11: 400MHz   13C DEPT-135 of 1,4,5-trihydroxyanthracene-9,10-dione 72 in 

CDCl3 

4.13 The modified Marschalk reaction 

The two compounds; 1,4-dihydroxyanthraquinone 42 and the 1,4,5-trihydroxyanthraquinone 

72 were differently reacted with aldehydes such as acetaldehyde, propionaldehyde, and 2-

chlorobenzaldehyde under Marschalk reaction. However, the reaction of these three 

aldehydes with the 1,4,5-trihydroxyanthraquinone 72 under the same conditions, formed 

unwanted products which were isolated in very low yields. This discouraging prompted 

considerations alternative methods for the preparation of the 1,4,5-trihydroxyanthraquinone 

that would avoid Hayashi rearrangements. We further considred that the hydroxyalkylation of 

1,4,5-trihydroxy anthraquinone 72 requires first the protection of the hydroxy group at 

position 5. 

https://www.google.com/search?client=avast&q=propionaldehyde&spell=1&sa=X&ved=2ahUKEwi-1JLRlp3sAhXNVhUIHXzlCbQQBSgAegQIDxAp
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Quinizarin 42 was reacted successfully with the chosen aldehydes under basic conditions 

using dithionite reduction adopting the method reported by Zhao et.al [98] to form alcohol 

anthraquinones 62, 73, and 74 (Scheme 4.18) in moderate yields. In this reaction, 1,4-

dihydroxyanthraquinone 42 in absolute methanol under inert atmosphere at 0 °C was first 

reacted with 1 M sodium hydroxide (6 eq), an orange solution immediately turned purple, and 

afterward, a freshly prepared solution of the dithionite was added and stirred for 10 minutes, 

followed by the addition of aldehyde. The reaction mixture was stirred for a maximum of 

four hours while maintaining the same conditions except for entries 2 and 3 (Table 4.1). 

 Longer reaction times were omitted for entry 1; this is because after two hours undesired 

products started forming. It was necessary to use a maximum of 5.2 equivalent amount of the 

acetaldehyde. The reaction is followed by the addition of an aqueous solution of H2O2, for the 

re-oxidation of the dihydroxyanthraquinones [147]. It was noted that during the re-oxidation 

process higher amount of hydrogen peroxide could affect the formation of anthraquinone 62.  

During the formation of dihydroxyanthraquinones 62, the amount of H2O2 of 3%, unlike 30% 

H2O2 which was for the re-oxidation of 73. From experimental observation, it was was found 

the reaction of quinazarin 42 and aromatic aldehyde formed hydroxyalkylanthraquinone 73 

with  better yields and easiest purification procedures.  

O

O

OH

OH

O

O

OH

OH

R

OH

R H

O NaOH,Na2S2O4
 0 °C, N2, MeOH

HCl / H2O2

42 62, 73 or 74  

Scheme 4.18: The modified Marschalk reaction with aldehydes 
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As indicated from the TLC plate of the reaction alkylated anthraquinones were more polar 

than the starting material 42. The hydrogen bonding on each of the alcohol accounts for this 

polarity. 

Table 4. 1: The reaction of aldehydes with the 1,4-dihydroxyanthraquinone. 

Entry Aldehyde R Alkyl Time (h) Product Yield %  

1 Acetaldehyde methyl 2 62 20 

2 2-chlorobenzaldehyde 2-ClC6H4 4 73 75 

3 Propionaldehyde Ethyl 3 74 20 

 

The results from the 1H NMR spectrum of dihydroxyanthraquinone 62 showed a doublet at 

H 1.38 ppm integrating three protons which were accounting for the three hydrogens of the 

methyl group; a quartet at H 5.04 ppm which was integrating one proton was assigned for the 

benzylic hydrogen of the anthraquinone. The aromatic region displayed singlet at H 7.45 

ppm integrating one proton, which accounted for the proton ortho to the hydroxyethyl 

substituent. Multiplets at H 7.96 and 8.24 ppm each integrating two protons were assigned 

for the protons of the unsubstituted aromatic ring of the anthraquinone.  

The 13C NMR spectrum of the dihydroxyanthraquinone 62 showed a peak at C 24.1 ppm 

which was being assigned for the terminal methyl carbon in the aliphatic group.  Another 

signal at C 63.3 ppm was assigned for the benzylic carbon of the anthraquinone. The carbons 

of the two carbonyl groups of the dihydroxyanthraquinone 62 were found to be resonating at 

C 186.5 and 187.2 ppm. These NMR results successfully confirmed the formation of 

compound 62 and were comparable with the results reported by Zhao et. al [12] 
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The 1H NMR spectrum of compound 73 (Figure 4.12) displayed a signal at H 6.32 ppm 

which was assigned for hydrogen the benzylic group. Signals from H 7.34 to 8.19 ppm 

integrating nine protons accounted for the aromatic hydrogen. 

13C NMR spectrum of alcohol 73 was marked by the appearance of two new signals at C 

186.6 and 187.4 ppm which were accounting for the carbonyl groups of anthraquinone. The 

slightly different chemical environment, associated with these groups was the resultant effect 

of its chemical shifts. 

 

Figure  4.12: 400MHz 1H, 13CNMR spectrum of 2-((2-chlorophenyl)(hydroxy)methyl)-

1,4-dihydroxyanthracene-9,10-dione 73 in DMSO 

The 1H NMR spectrum of anthraquinone 74 (Figure 4.13) showed a triplet at H 0.97 ppm 

integrating three protons accounting for the three protons of the terminal methyl groups. The 

appearance of multiplets at H 1.75 and 1.85 ppm each integrating one proton was assigned 
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for the two hydrogens next to the terminal methyl groups.  A multiplet at H 4.90 ppm 

integrating to one proton was accounted for the benzylic proton.  

The aromatic region was characterized with a singlet at H 7.35 ppm integrating one proton 

which was assigned to the aromatic proton ortho to the hydroxy-Propyl group of the 

anthraquinone. Multiplets at H 7.44 and 8.26 ppm each integrating two protons were 

assigned to the four protons of the un-substituted ring. 

 

Figure 4.13: 400MHz 1H, 13CNMR spectrum of 1,4-dihydroxy-2-(1-

hydroxypropyl)anthracene-9,10-dione 74 in DMSO 

The 13C NMR of this compound 74 showed a signal at C 10.0 ppm, which accounted for the 

methyl group. Another signal at C 29.8 ppm was being assigned for the carbon of the 

methylene group of the aliphatic side chain. The benzylic carbon of this anthraquinone was 

found to be resonating at C 70.8 ppm. A signal at C 126.0 ppm accounted for the aromatic 
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carbon ortho to the aliphatic side chain. The four carbons carrying hydrogens in the 

unsubstituted aromatic ring were found to be resonating at C 127.0, 127.0, 134.4, and 134.6 

ppm. The two carbonyl groups of this anthraquinone resonated at C 187.4 and 186.4 ppm  

4.14 Functional group modifications 

As illustrated earlier in chapter 1, the Marschalk reaction provides a plausible mechanism for 

the functional group modifications of the anthraquinone moiety [17]. In the current study, we 

report some of the few possibilities on how the alcohol was converted into various groups 

ranging from carbonyl to halide functionality. From our experimental observations, it was 

observed that 2-((2-chlorophenyl)(hydroxy)methyl)-1,4-dihydroxyanthracene-9,10-dione 73 

is stable to chlorination with thionyl chloride as compared to 1,4-dihydroxy-2-(1-

hydroxypropyl)anthracene-9,10-dione 74 and 1,4-dihydroxy-2-(1-hydroxyethyl)anthracene-

9,10-dione 62. Furthermore, the esterification reaction of hydroxyalkyl 1,4-

dihydroxyanthraquinone with aromatic carboxylic is favored as compared to aliphatic 

carboxylic acid. In our first trial it 1,4-dihydroxy-2-(1-hydroxyethyl)anthracene-9,10-dione 

62 was esterified with excess anacardic acid (Scheme 4.21) 

4.15 Synthesis of 1,4-dihydroxyanthraquinone thiosemicarbazone 76 

Alcohol 73 was being oxidized to the carbonyl compound 75 in absolute dichloromethane in 

approximately good yield (Scheme 4.19) by using 1.5 eq of Dess Martin periodinane 

according to the procedure reported by Tietze et. al [8]. After proper workup procedure, 

solvent evaporation of the carbonyl 75 was obtained as an orange solid in 99 % yield.  
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Scheme 4.19:  Synthesis of (E)-2-((2-chlorophenyl)(1,4-dihydroxy-9,10-dioxo-9,10-

dihydroanthracen-2-yl)methylene)hydrazinecarbothioamide from anthraquinone 73 

1H NMR spectrum of 2-(2-chlorobenzoyl)-1,4-dihydroxyanthracene-9,10-dione 75 displayed 

two signals at 8.27 and 7.79 ppm, each integrating two protons. The four protons accounted 

for the four hydrogens of the unsubstituted anthraquinone ring. The absence of a signal at 

6.32 ppm in this spectrum was the indicator that the benzylic hydrogen was consumed. 

The 13C NMR spectrum (Figure 4.14) of carbonyl 75 was characterized by the appearance of 

the new peak at the C 192.0 ppm which was accounting for the presence of the carbonyl 

group (C15). The absence of a signal at C 65.5 ppm was an indication that the consumption 

of benzylic carbon  
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Figure 4.14: 400MHz 1H and 13CNMR spectrum of 2-(2-chlorobenzoyl)-1,4-

dihydroxyanthracene-9,10-dione 75 in CDCl3 

The preparation of thiosemicarbazone 76 using involved the use of catalytic amounts of acid. 

The acids used in this catalysis were acetic acid, trifluoroacetic acid, and hydrochloric acid. 

These catalysts did not work better as expected, as it was observed from the TLC of the 

reaction medium. This tremendous discouraging result necessitated the search for a stronger 

catalyst. 

Using a protocol suggested by Saeed et al., [88] with some slight modifications, carbonyl 

compound 75 reacted with 6 equivalent of thiosemicarbazide in methanol under sulphuric 

acid catalyst stirred overnight at 90 ℃ (Scheme 4.19). It was observed that during the 

experiment, higher amounts of sulphuric acid could result in the formation of undesired 
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products. The addition of three drops of this acid was found to be an appropriate amount for 

the formation of the thiosemicarbazone 76.  

After 24 hours of reflux, the reaction was cooled down and the solvent was evaporated. The 

resultant crude product was purified through column chromatography to give the desired 

product 45% yields as a red solid. 

The 1H NMR spectrum of thiosemicarbazone 76 (Figure 4.15) was characterized with a new 

broad peak at the H 8.84 ppm. This broad peak was integrating to two protons and was 

assigned for the hydrogens of the terminal thiosemicarbazone functionality. The 13C NMR 

spectrum of thiosemicarbazone 76 displayed a new signal at C 178.6 ppm this signal 

accounted for the thioamide carbon C=S (C16). The appearance of a peak at this region C 

178.6 or 177.6 ppm signifies the presence of a thioamide as it being reported by several 

scholars [148][149] 
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Figure 4.15: 400MHz 1H and 13CNMR spectrum of (Z)-1-((2-chlorophenyl)(9,10-

dihydro-1,4-dihydroxy-9,10-dioxoanthracen-3-yl)methylene)thiosemicarbazide 76 in 

CDCl3 

Alcohol 73 was first attempted to be chlorinated according to the method reported Venkanna 

et.al [150].  In this method, a mixture of trichloroisocyanuric acid/ dimethylformamide was 

used as a chlorinating agent. This chlorination methodology did not work better as it formed a 

very low yield of product. The information obtained from the TLC of the reaction was a 

significant clue that the product was forming. This necessitated the search for a good 

chlorinating agent with particular; thionyl chloride was chosen. 

However, the reaction of alcohol 73 with thionyl chloride in dichloromethane formed a low 

yield product.  When the solvent was eliminated and therefore excess amount thionyl chloride 

was used the desired product 77 formed in good yield 51%. This crude product was used in 

the next reaction (Scheme 4.20). 
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Scheme 4.20: The reaction of anthraquinone chloride 77 with various amines 

4.16 Synthesis of anthraquinone amines 

The series of amino-substituted anthraquinone derivatives (Table 4.2) were synthesized by 

treating chloride 77 in dichloromethane with a suitable alkyl amine using the method reported 

by Zhao et. al [17] with some slight modifications. Anthraquinones are inherently chemically 

stable aromatic compounds, the two carbonyl group have a deactivating influence therefore, it 

was important to use excessive amount of amine to get approximately good yields [151]. The 

reaction did not require the use of bases such as potassium carbonate and triethylamine. After 

suitable workup procedure and purification, amines were obtained in moderately good yields 

Table 4. 2: Reaction of reaction of dihydroxyanthraquinone 77 with various amines 

Compound R-Group Yield (%) Compound R-Group Yield (%) 

78 H2N(CH2CH2)2N- 71 82 (CH2CH2)2N- 44 

79 HOCH2CH2NH- 22 83 CNC2H3N- 46 

80 (CH2CH2OH)2N- 61 84 O(CH2CH2)2N- 80 

81 CH3CH2CH2NH- 90 85 NC3H3SN- 27 

 

The 1H NMR of piperazine anthraquinone moiety 78 (Figure 4.15) was characterized with 

multiplets at H 2.39 and 2.48 ppm: each of these integrated two protons.  Another multiplet 

appeared at H 2.86 ppm and integrated four protons. These multiplets corresponded to the 

methylene protons of the piperazine group. The benzylic proton of this anthraquinone (H15) 
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was found to be resonating at H 5.43 ppm and integrated one proton. The HSQC experiment 

(Figure 4.17) which is the correlation between proton and carbon was used in the 

assignments of these protons. The aromatic protons were observed to resonate at H 7.13 to 

8.24 ppm were marked with protons integrating to nine protons as equals to the total number 

of aromatic hydrogens. 

The 13C NMR spectrum of piperazine anthraquinone moiety 78 (Figure 4.16) showed a 

remarkable appearance of signals at C 45.2 and 51.4 ppm corresponding to the two 

methylene groups of the piperazine ring.  

 

Figure 4.16: 400MHz 1H and 13CNMR spectrum of 2-((2-chlorophenyl)(piperazin-1-

yl)methyl)-1,4-dihydroxyanthracene-9,10-dione 78 in CDCl3 

A signal at C 61.5 ppm was assigned for the benzylic carbon (C15) of one of the 

anthraquinone ring.  The carbonyl carbons of this anthraquinone were found to be resonating 

at C 185.6 and 186.1 ppm (Figure 4.16). 
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Figure 4. 17: 400MHz HSQC spectrum of 2-((2-chlorophenyl)(piperazin-1-yl)methyl)-

1,4-dihydroxyanthracene-9,10-dione 78 

The 1H NMR spectrum of the ethanolamine anthraquinone 79 displayed two multiplets at H 

2.84 and 3.72 ppm each integrating two protons (Figure 4.18). These protons were assigned 

for four hydrogens of the ethylene group substituent group.  A singlet at H 5.66 ppm 

integrating one proton accounted for the benzylic proton (H15). The aromatic protons were 

found to be resonating at H 7.15 - 8.28 ppm and were found to integrate a total of nine 

protons. 

The 13C NMR of the ethanolamine anthraquinone 79 displayed signals at C 49.7 and 61.1 

ppm (Figure 4.18); these signals were assigned to the –CH2- groups of the ethanolamine 
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substituent. A signal at C 56.3 ppm was being assigned to the benzylic carbon (C15) of one 

of the anthraquinone ring carrying the alkyl group (Figure 4.19).  The carbonyl group of this 

anthraquinone resonated at C 186.5 to 186.2 ppm. 

 

Figure 4.18: 400MHz 1H and 13C NMR spectrum 2-((2-hydroxyethylamino)(2-

chlorophenyl)methyl)-1,4-dihydroxyanthracene-9,10-dione 79 in CDCl3 
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Figure 4.19: 400MHz 13C DEPT 135 spectrum of 2-((2-hydroxyethylamino)(2-

chlorophenyl)methyl)-1,4-dihydroxyanthracene-9,10-dione 79 in CDCl3. 

The 1H NMR spectrum of diethanolamine anthraquinone 80 (Figure 4.20), displayed a 

multiplet at H 2.82 ppm integrating four protons. These four protons were being assigned for 

the four methylene hydrogens next to the amine group. Another two multiplets at H 3.42 and 

3.52 ppm each integrating two protons, each corresponded to the two methylene hydrogens 

next to the hydroxyl group. The benzylic hydrogen of one of the aromatic rings was found to 

be resonating at the H 5.79 ppm and integrated one proton. The aromatic hydrogens were 

found to resonate in the region between H 6.83 - 8.09 ppm. These protons integrated a total 

of nine hydrogens. 

The 13C NMR spectrum of diethanolamine anthraquinone 80 (Figure 4.20) showed three 

peaks in the low field region. A signal at C 54.4 ppm was being assigned for the two-

methylene carbon (C16) next to the amine group.  Another signal at C 60.9 ppm was being 
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assigned for two methylene carbons (C17) next to the hydroxyl group. Signals at C 156.3 

and 157.3 ppm were being assigned for the two aromatic carbons carrying the hydroxyl 

group. The two carbonyl carbons of the anthraquinone ring were found to be resonating at C 

186.6 and 187.4 ppm. They are both in the same chemical environment. The benzylic carbon 

(C15) of one of the aromatic rings was found to be resonating at C 59.8 ppm (Figure 4.20 

and Figure 4.21) 

 

Figure 4.20: 400MHz 1H and 13C NMR 2-((bis(2-hydroxyethyl)amino)(2-

chlorophenyl)methyl)-1,4-dihydroxyanthracene-9,10-dione  80 in CDCl3 
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Figure 4.21: 400MHz 13C DEPT 135 spectrum of 2-((bis(2-hydroxyethyl)amino)(2-

chlorophenyl)methyl)-1,4-dihydroxyanthracene-9,10-dione  80 in CDCl3 

The 1H NMR of amino anthraquinone 81 showed a triplet at H 0.86 ppm integrating three 

protons was assigned to the terminal methyl group (Figure 4.22). A sextet at H 1.49 ppm 

integrating two protons was being assigned to the protons of the methylene group (-CH2-) 

next to the methyl group. Another triplet integrating two protons which was found to be 

resonating at H 2.59 ppm was assigned for the methylene protons next to the amine group. 

The aromatic protons were found to be resonating at H 7.14-8.24 ppm and these protons 

integrated to a total of nine protons 

The 13C DEPT-135 experiments for compound 81 showed a peak at C 11.9 ppm which was 

being assigned for the carbon of the terminal methyl group (Figure 4.23).  Another signal at 

C 23.4 ppm was assigned for the methylene carbon next to the terminal methyl group. The 

methylene carbon next to the amine group was found to be resonating at C 50.9 ppm. The 

carbon of the (-CH-) of the benzylic group was found to be resonating at C 57.5 ppm. The 

aromatic region showed a maximum of nine peaks. 



110 

 

 

Figure 4.22: 400MHz 1H NMR, 13C NMR spectrum of 2-((2-

chlorophenyl)(propylamino)methyl)-1,4-dihydroxyanthracene-9,10-dione 81 in CDCl3 
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Figure 4.23: 400MHz DEPT-135 spectrum of 2-((2-chlorophenyl)(propylamino)methyl)-

1,4-dihydroxyanthracene-9,10-dione 81 in CDCl3 

The same procedure as above was used in the synthesis of anthraquinones bearing pyrrolidine 

82, imidazole 83, morpholine 84, and amino thiazole 85. The hydrogen and the carbon NMR 

respectively were used in the characterization of these compounds. However, the 

anthraquinone imidazole 83 was insoluble in many of the deuterated solvents. Mass 

spectrometry (Appendix AA2) was as well be used in the characterization of this compound. 

The 1H NMR spectrum of the anthraquinone pyrrolidine 82 (Figure 4.24) was characterized 

by two consecutive multiplets at H1.65 and 2.48 ppm. Each one of these integrated four 

protons and corresponded to the eight methylene hydrogens of the pyrrolidine substituent 

group. A singlet atH 5.37 ppm integrating one proton was appointed for the benzylic 

hydrogen.  

The aromatic region had its protons characterized by two consecutive triplets at H 7.14 and 

7.22 ppm, two doublets at H 7.29 and 7.55 ppm, each integrated one proton. These 

corresponded to the four hydrogens of the 2-chlorophenyl substituent group.  
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Figure 4. 24: 400MHz 1H and 13C NMR spectrum of 2-((2-chlorophenyl)(pyrrolidin-1-

yl)methyl)-1,4-dihydroxyanthracene-9,10-dione 82 in acetone 

A singlet at H 7.49 ppm integrating one proton was assigned to the hydrogen next to the 

aliphatic substituent group. Two multiplets at H 7.84 and 8.20 ppm each integrating two 

protons was assigned to the four hydrogens of the un-substituted anthraquinone ring. 

The 13C NMR spectrum of this compound exhibited three signals at the aliphatic region. A 

signal at C 61.4 ppm accounted for the benzylic carbon (Figure 4.24). The consecutive 

signals at C 23.3 and 52.2 ppm were assigned to the methylene carbons. The two-carbonyl 

groups of the anthraquinone were resonating at C 186.8 and 187.5 ppm. The 13C DEPT-135 

of compound 82 (Figure 4.25) displayed two signals negative at C 23.2 and 52.1 ppm, this 
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revealed the presence of two methylene groups (C16 and C17).  A positive signal at C 61.4 

accounted for the C15 group. 

 

 

Figure 4.25: 400MHz DEPT-135 spectrum of 2-((2-chlorophenyl)(pyrrolidin-1-

yl)methyl)-1,4-dihydroxyanthracene-9,10-dione 82 in acetone 

Characterization of the imidazole anthraquinone 83 was observed to be challenging due to the 

overlap of atoms. Moreover, the compound was found to be insoluble in many making it 

difficult to observe some other peaks. The 1H NMR spectrum of anthraquinone imidazole 83 

(Figure 4.25) displayed two signals at H 7.86 and 8.36 ppm each integrating two protons. 

These two signals accounted for the four hydrogens of the unsubstituted ring anthraquinone 

ring. A singlet at H 6.69 ppm integrating one proton accounted for the benzylic hydrogen. A 

doublet at H 6.79 ppm (signal b) integrating two protons was assigned to the two-imidazole 

hydrogen next to each other (H17) (Figure 4.26). A singlet at H 7.18 ppm (signal a) which 

was integrating one proton was assigned to one hydrogen of the imidazole substituent group 
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(H16). Wang et.al has previously reported the 1H NMR spectrum of an imidazole ring to be 

characterized with a doublet for the two hydrogens (H17) at the chemical shift of 6.65 and 

6.75 ppm; they further assigned a singlet at H 7.75 ppm to be the signal for (H16) [152] 

The 13C NMR spectrum (Figure 4.26) of the anthraquinone imidazole 83 displayed 23 

signals, whereby the signal for the benzylic carbon resonated at C 56.1 ppm. The mass 

spectrometry of this compound displayed the parent peak of 431.07 m/z which is equivalent 

to the calculated. 

b

a

 

Figure 4. 26: 400MHz 1H and 13C NMR spectrum of 2-((2-chlorophenyl)(1H-imidazol-1-

yl)methyl)-1,4-dihydroxyanthracene-9,10-dione 83 in CDCl3 

The 1H NMR spectrum of morpholine anthraquinone 84 (Figure 4.27) displayed two 

multiplets at H 2.43 and 2.49 ppm each integrating two protons.  These were assigned to the 

two methylene groups next to the nitrogen atom. The four protons of the two methylene 
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groups next to the oxygen atom were found to be resonating to H 3.6 ppm. These protons 

integrated four hydrogens. A singlet at H 5.47 ppm integrating to one proton was assigned to 

the benzylic hydrogen of one of the aromatic rings. The 13C NMR spectrum displayed signals 

at C 61.3 and 66.2 ppm (Figure 4.27); these peaks were assigned to two methylene groups. 

A signal at C 50.8 ppm accounted for the benzylic carbon of one of the aromatic rings. Two 

signals at C 185.6 and 186.0 ppm were being assigned for the carbonyl carbons of the 

anthraquinone.  

 

Figure 4.27: 400MHz 1H and 13C NMR spectrum of 2-((2-

chlorophenyl)(morpholino)methyl)-1,4-dihydroxyanthracene-9,10-dione 84 in CDCl3 

The 1H NMR spectrum of anthraquinone amino thiazole 85 (Figure 4.28), was being marked 

with the appearance of a multiplet at H 6.42 ppm. This multiplet integrated one proton and it 

was corresponding to the benzylic hydrogen (H15). The degree of electronegativity of the 

compound caused the increase in the deshielding effect of this hydrogen. The aromatic region 
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has its protons resonating at H 6.95-8.23 ppm. These multiplets integrated a total of eleven 

protons.  These number of hydrogens perfectly corresponded to the number of C-H peaks that 

appeared in the 13C DEPT-135 experiments which displayed eleven signals. The mass 

spectrometry data of this compound 85 (Appendix AA3) perfectly matched the theoretical 

molecular mass. 

 

Figure 4.28: 400MHz DEPT-135 and 13C NMR spectrum of 2-((2-chlorophenyl)(thiazol-

2-ylamino)methyl)-1,4-dihydroxyanthracene-9,10-dione 85 in CDCl3 

4.17 Synthesis of 1-(9,10-dihydro-1,4-dihydroxy-9,10-dioxoanthracen-3-yl)ethyl 2-

hydroxy-6-pentadecylbenzoate 

The ester of 1, 4-dihydroxy-2-(1-hydroxyethyl)anthracene-9,10-dione 102 and anacardic acid 

was synthesized according to the method reported by Jin and his co-workers [153].  In this 

method saturated anacardic acid was to be prepared first by reducing anacardic acid 63 using 

hydrogen gas (Scheme 4.22). The named Steglich esterification requires an in-situ activation 
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of carboxylic acid 63a (Scheme 4.21), by dicyclohexylcarbodiimide under the catalysis of 4-

dimethylaminopyridine [154].  
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Scheme 4.21: Synthesis of the ester of anacardic acid and 1,4-dihydroxy-2-(1-

hydroxyethyl)anthracene-9,10-dione 

In the procedure, a cold solution of 1,4-dihydroxy-2-(1-hydroxyethyl)anthracene-9,10-dione 

was reacted first with DCC and DMAP  and then with powdered anacardic acid. After two 

hours the reaction was quenched with hexane, filtered, and dried to obtain the crude product. 

This was be purified through column chromatography and after evaporation, the 1,4-

dihydroxy anthraquinone ester 102 was obtained as an orange solid 9.5 %. The excess 

amount of saturated anacardic acid 63a was needed during the reaction process (2-2.5eq). 

The 1H NMR spectrum was characterized with a triplet at H 0.87 ppm integrating to three 

protons was assigned for terminal -CH3- groups of the anacardic acid pentadecyl chain 

(Figure 4.29). Another multiplet at H 1.25 ppm integrating to twenty-four was assigned to 

the 12-CH2- of the anacardic acid pentadecyl side chain. A doublet at H 1.63 ppm integrating 
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to three protons was assigned to the -CH3- groups of the hydroxyethyl group of 

anthraquinone (H16). 

 

Figure 4. 29: 400MHz 1H and 13C NMR of 1,4-dihydroxyanthraquinone ester 110 in 

CDCl3 

 A quartet at H 6.30 ppm integrating to one proton was assigned to the benzylic proton of the 

anthraquinone ring (H15). Two doublets at H 6.69, 6.83 and a triplet at H 7.17 ppm each 

integrating to one proton was assigned to the aromatic protons of the anacardic acid ring.   

A singlet at H 7.36 ppm integrating to one proton was assigned to the aromatic proton ortho 

to the hydroxyl ethyl group of the anthraquinone (H3). Multiplets at H 8.20 and 7.94 ppm 

each integrating to two protons were assigned to the four protons of the un-substituted ring. 

The 13C NMR spectrum of anthraquinone ester 102 (Figure 4.29) displayed a significant 

signal at C at 169.5 ppm accounting for the presence of the carbonyl ester group and was 
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assigned to C7’. A signal at C 121.5 ppm was assigned to C6’ while another one at C 114.7 

ppm was being assigned to C4’ 

4.18 Hydrogenation of anacardic acid 63 

This was done under hydrogen gas in methanol using a catalytic amount of Pd/C 10% with 

stirring for 24 hours at room temperature (Scheme 4.22). The reaction mixture was afterward 

filtered to remove the palladium, the solvent was evaporated and the saturated anacardic acid 

63a recrystallized from petroleum ether and was obtained as a white solid 19.9%. 

OH O

C15H31-1

OH

63

OH

H2 gas/Pd/C

Methanol

OH

O

63a  

Scheme 4. 22: Hydrogenation of anacardic acid 63 

4.19 Decarboxylation of anacardic acid 

The decarboxylation of natural cashew nut-shell liquid was done by dissolving a mixture of 

CNSL and 2% Ca(OH)2 in toluene and heating to 250 °C as suggested by Tyman [155] with 

some slight modifications. After two hours the mixture was allowed to cool to room 

temperature and extracted with petroleum ether filtered and concentrated to yield cardanol as 

a dark brown oil. The double bonds of cardanol were reduced by hydrogen gas in methanol 

using a catalytic amount of Pd/C 10% to obtain saturated cardanol 64a as a white solid in 

92%. 

OH O

C15H31-1

OH
250 °C

Toluene, 2 hrs

63

OH

C15-31-1
64

H2 gas/Pd/C

Methanol

64a

 

Scheme 4.23: Decarboxylation of anacardic acid 63 to cardanol 
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The 1H NMR spectrum of cardanol 64a (Figure 4.30) displayed a triplet at H 7.05 ppm 

integrating one proton which was assigned to the hydrogen meta to the hydroxyl group. A 

doublet at H 6.67 ppm integrating one proton accounted for the hydrogen ortho to the 

pentadecyl side chain. A multiplet at H 6.58 ppm integrating two protons was assigned to the 

two hydrogens ortho to the hydroxyl group. The aliphatic group of this spectrum was 

acquainted with a triplet at H 2.46 ppm integrating one proton and was assigned to the 

benzylic hydrogen. A multiplet at H 1.50 ppm integrating two hydrogens was being assigned 

to the methylene hydrogens next to the benzylic group. A triplet at H 0.81 ppm integrating to 

three protons accounted for the terminal methyl group of the pentadecyl side chain. 

-C-O

 
 
Figure 4. 30: 400MHz 1H NMR, 13C NMR of cardanol 64a in CDCl3 cardanol 
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The 13C NMR spectrum of compound 64a (Figure 4.30) had its aromatic region displaying 

six signals. A signal at C 155.5 ppm accounted for the carbon carrying the hydroxyl group. 

The aliphatic region of this spectrum had its signals resonating at C 14.2 - 35.9 ppm. 
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CHAPTER 5 

BIOASSAY STUDIES AND IN SILICO MOLECULAR DOCKING ANALYSIS 

5.1  Introduction to the chapter 

This chapter describes the in vitro biological evaluation of the target compounds against 

Trypanosoma brucei (T.b.), Malaria parasites (Plasmodium falciparum 3D7), bacteria 

parasites, and HeLa cell line. The molecular docking analysis of the 21 ligands docked 

against the active sites of the protein trypanothione reductase (6BU7) is given in this chapter 

5.2  Biological evaluation of the target compounds 

The subspecies Trypanosoma brucei brucei (T.b.b.) which is responsible (animal African 

trypanosomiasis) is not infective to humans [156], was used for drug screening. Malarial 

assays were done on chloroquine-sensitive strain 3D7 (P. falciparum) [157]. The full 

sequence genome of the (Plasmodium falciparum 3D7) is known hence making it possible 

for providing new exciting possibilities for discovering novel potent anti-malarial drugs with 

target-specific pathways [157]. The antibacterial activity was carried out against 

Staphylococcus aureus (ATCC 25923) and Escherichia coli (ATCC 25922). The cytotoxicity 

of the synthesized compounds was done on HeLa cell lines which is the name given for 

cervical cancer tumors [158]. HeLa cells are extensively used as cell lines to study the 

cytotoxicity of a chemical compound [159]. The biological screening assays were conducted 

in collaboration with following laboratories: 1) Biochemistry and Microbiology Department, 

Rhodes University – Associate Professor Heinrich Hoppe 2) Drug Discovery and 

Development Centre (H3D), University of Cape Town 

5.3  Biological results and discussion 

The synthesized compounds LK01- LK21 (Figure 5.1 and Figure 5.2) in this study were 

biologically evaluated in vitro for their inhibitory activities against Trypanosoma parasites 
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Trypanosoma brucei (T.b.), malaria parasites P. falciparum (3D7) strains, bacterial and 

cytotoxicity assay. A detailed description for the first two assays is provided with 

pentamidine and chloroquine being used as control drugs, respectively. 
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Figure  5. 1: Cashew nut shell liquid derived compounds 
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Figure 5. 2: The 1,4-dihydroxyanthraquinone derivatives and 2-amino acetophenone 

5.31  Trypanosoma brucei assay 

Test compounds (LK01-LK21) were evaluated for their anti-trypanosomal activity; 

compounds LK01, LK 02, LK09, and LK20 were synthetically derived from anacardic acid 
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63 (Figure 2.12) while LK21 was a saturated cardanol 64a (Scheme 4.22). These were all 

obtained from the agro-waste cashew nut shell liquid. The rest of the compounds that were 

evaluated against trypanosomiasis were the 1,4-dihydroxyanthraquinone derivatives (Figure 

5.2). Previous studies have reported that anthraquinones derivatives to be the agents for 

antimicrobial activities [160]. However, there are very limited studies that have been 

conducted on the anti-trypanosomal activity of the 1,4-dihydroxyanthraquinone.  All the 

twenty-one compounds were first screened in vitro for their activity against trypanosomal 

parasites at an initial concentration of 20 µM. The compounds that showed viability below 

20% were considered active and were put forwards to determine their IC50.  Table 5.1 shows 

a summary of the % viability and IC50 for individual compounds. A careful analysis of the 

data in (Table 5.1) shows that cashew nut shell liquid-derived compounds LK09, LK20, and 

LK21 exhibited moderate activity against T. brucei parasites with IC50  value (3.10-5.04 µM). 

Cerone et.al has recently published a report on the medicinal value of the components of 

CNSL as potent compounds in the drug discovery for NTD  [42]. Compounds LK01 and 

LK02 did not show activity against T. brucei. The activity of the cashew nut shell-derived 

hybrid against trypanosomes has been reported to be due to the inhibition of glyceraldehyde-

3-phosphate dehydrogenase an important enzyme in the catalysis of cellular activities of the 

pathogen [161]. 

The 1,4-dihydroxyanthraquinone showed activity ranging from good to moderate, test 

compound LK04, LK05, LK11, LK12, and LK16 exhibited good activity against T. brucei 

with IC50 values ranging from 0.72-1.2 µM. Elaboration of the alcohol functionality of the 

1,4-dihydroxyanthraquinone to thiosemicarbazide LK04, carbonyl LK05, to primary amine 

was important for the increased activity of the 1,4-dihydroxyanthraquinone skeleton. Test 

compounds LK06, LK07, LK10, LK14, and LK18 were found to exhibit moderate activity 

against T. brucei parasites (IC50 values ranging from 2.39-4.73 µM). The table shows the 
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hydroxyalkyl substituent group as a key determinant of the activity against the parasite. 

Sample compounds with aliphatic hydroxyalkyl substituents (LK07 and LK14) were active to 

T. brucei parasites while the hydroxyaryl substituent group (LK03) was inactive against T. 

brucei parasites. 

Table 5.1: The residual % parasite viability and IC50 ± SD obtained for the individual 

compounds 

Code Trypanosoma brucei Plasmodium falciparum strain 

% Viability IC50 (µM) % Viability IC50(µM) 

LK01 89.31 ± 4.24 - 103.24 ± 2.41 - 

LK02 69.68 ± 1.83 - 19.76 ± 4.82 14.56 ±1.23 

LK03 67.58 ± 4.96 - 51.79 ± 1.93 - 

LK04 0.04 ± 0.20 0.72 ± 0.02 7.84 ± 3.37 3.17±0.07 

LK05 1.83 ± 0.41 0.98 ± 0.005 53.15 ± 5.78 - 

LK06 1.29 ± 0.06 2.39 ± 0.12 12.27 ± 0.96 4.27±0.62 

LK07 3.30 ± 0.02 3.61 ± 0.07 53.15 ± 3.85 - 

LK08 91.79 ± 0.43 - 98.81 ± 2.89 - 

LK09 0.54 ± 0.05 5.04 ± 0.12 84.50 ± 0.96 - 

LK10 0.23 ± 0.05 3.25 ± 0.23 65.08 ± 1.45 - 

LK11 1.70 ± 0.19 1.14 ± 0.08 55.54 ± 3.37 - 

LK12 -0.85 ± 0.10 1.10 ± 0.07 18.06 ± 3.37 9.10 ± 0.94 

LK13 68.83 ± 1.72 - 84.16 ± 1.45 - 

LK14 0.22 ± 0.01 4.73 ± 0.36 60.99 ± 5.30 - 

LK15 90.43 ± 3.78 - 50.77 ± 5.30 - 

LK16 0.96 ± 0.17 1.20 ± 0.01 52.13 ± 4.34 - 

LK17 70.18 ± 6.88 - 16.01 ± 4.34 14.36±1.15 
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LK18 2.71 ± 0.35 2.59 ± 0.10 80.75 ± 3.37 - 

LK19 61.36 ± 2.25 - 64.05 ± 0.96 - 

LK20 0.22 ± 0.25 3.10 ± 0.005 54.86 ± 0.48 - 

LK21 0.92 ± 0.03 3.79 ± 0.050 54.17± 2.41 - 

Pentamidine standard  0.013 Chloroquine  0.01 

 

The bar graph below (Figure 5.3) summarizes the % viability of Trypanosoma brucei for the 

test compounds at 20 µM 
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Figure 5. 3: Summary of the antitrypanosomal activity for teat compounds LK01-LK21 

As shown from the figure sample compounds LK04, LK05, LK06, LK07, LK09, LK10, 

LK11, LK12, LK14, LK16, LK18, LK20, and LK21 displayed the viability below 10%. The 

IC50 of each of these compounds were determined. 

To assess for anti-trypanosomal activity, compounds were tested in triplicate wells, and a 

standard deviation (SD) was derived. For each compound, percentage viability was then 
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plotted against Log (compound concentration) and the IC50 (50% inhibitory concentration) 

was obtained from the resulting dose-response curve by non-linear regression (Appendix 

AA11 and AA12). 

5.32  pLDH (Malaria) assay – single concentration screen 

The anti-plasmodial activity of the target compounds LK01- LK21 was evaluated against the 

chloroquine-sensitive 3D7 strain, P. falciparum parasite. Few of the test compounds 

displayed activity against malaria parasites. Test compounds LK04 and LK06 displayed good 

activity against malaria (IC50 = 3.17 and 4.27 µM).  The 1,4-dihydroxyanthraquinone with 

diethanolamine (LK12) and pyrrole (LK17 substituent groups displayed moderate activity 

against trypanosomiasis (IC50 = 9.10 and 14.36 μM)  
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Figure 5.4: Summarized % viability P. falciparum parasites against test compounds 

LK01-LK21 

Generally, none one of the CNSL derived compounds, except the 1,4,5-

trihydroxyanthraquinone, LK02, showed activity against malaria parasites (Table 5.1), (IC50 
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= 14.56 μM). It can be worthy to note that, the substitution of the hydroxyl group of the alkyl 

functionality of the 1,4-dihydroxyanthraquinone enhanced the activity of the test compounds. 

The bar graph above (Figure 5.4) shows the % viability of the individual compounds at the 

initial concentration of 20 μM. Test compounds LK02, LK04, LK06, LK12, and LK17 were 

observed to display the % viability below 20% and they were active. 

To assess for anti-malarial activity the compounds were tested in a range extending from 100 

μM to 0.001693 μM (3 fold-dilution series).  For each compound concentration, % parasite 

viability – the pLDH activity in compound-treated wells relative to untreated controls – is 

calculated. Compounds were tested in triplicate wells, and a standard deviation (SD) was 

derived. 

For each compound, percentage viability was then plotted against log [C] (Figure 5.5) and 

the IC50 (50% inhibitory concentration) was obtained from the resulting dose-response curve 

by non-linear regression. For comparative purposes, chloroquine (an anti-malarial drug) was 

used as a drug standard (duplicate) and yields IC50 values in the range 0.01-0.05 µM. 
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Figure 5. 5: Graph of Log [C] against percentage viability of P. falciparum parasites 
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5.33 Antibacterial assays 

Twenty sample compounds were screened in vitro for their antibacterial activity against two 

bacterial strains, Staphylococcus aureus, and Escherichia coli. The results were expressed as 

percentage viability of cells of the treated cell against the untreated at the initial concentration 

of 50 µg/ml. Test compounds LK02, LK09, LK10, and LK12 showed % viability below 50% 

and were active against Staphylococcus aureus (Figure 5.6). Sample compounds LK09 and 

LK10 inhibited the viability of Staphylococcus aureus below 20% (Figure 5.6). None of the 

test compounds did show activity against Escherichia coli. 
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Figure 5.6: Summarized % viability of S. aureus at the concentration 50 µg/mL 

5.34  Cytotoxicity assays 

Twenty sample compounds were screened in-vitro for their cytotoxicity against HeLa cell 

lines. This assay was chosen as a suitable model for the assessment of the effect on a human 

cell of the test compounds. The results summarized on the bar graph (Figure 5.7) show that 

test compounds LK04, LK10, LK12, and LK14 reduced the viability of HeLa cells below 
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40%. These four compounds were found to be active against HeLa cells at the concentration 

of 50 µg/mL 
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Figure 5.7: Summarized % viability of HeLa cells against test compounds at 50 µg/mL 

5.4  In silico molecular docking analysis 

Human African trypanosomiasis (HAT) is one of the most devastating neglected tropical 

diseases that occur in sub-Saharan Africa [162]. The causative agents for this disease are two 

species of protozoa: Trypanosoma brucei gambiense and Trypanosoma brucei rhodesiense 

[163]. Several drugs as reported earlier have been clinically approved for treating the disease 

[32]. Despite the available remedies, the mechanism of action of prescribed drugs for HAT is 

still unknown [164]. Nevertheless, the current drugs are reported to have severe side effects 

and to date, there is no vaccine developed against HAT [32]. This has necessitated the need 

for developing effective drugs to circumvent the existing side effects.  

Several drug targets have been identified in T. brucei which are trypanothione reductase 

(TR), rhodesain, triosephosphate isomerase (TIM), farnesyl diphosphate synthase (FDS) 

[165] and L-threonine-3-dehydrogenase [164]. In this present work, twenty test compounds 
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from the natural and synthetic source were docked into T. brucei active sites using two 

docking procedures, Knime workflow, and the glide grid docking, the results were tabulated 

(Table 5.6 and Table 5.7) respectively. 

 The drug target was trypanothione reductase; PDB Id, 6BU7. The protein is a polypeptide 

with two chains, A and B. The active sites of the dipeptide (6BU7) (Figure 5.8 A) contain 

two ligands flavin-adenine dinucleotide (FAD) and the inhibitor RD0 (1-[2-(piperidin-4-

yl)ethyl]-5-{5-[1-(pyrrolidin-1-yl)cyclohexyl]-1,3-thiazol-2-yl}-1H-indole) both present in 

chain A and B [166]. Several other molecules present in the protein are sulphate ion (SO4), 4-

(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (EPE), and Glycerol (GOL) [166]. Chain 

B was used in the glide grid docking (Figure 5.8 B) 

 

A                                                                                                                            B

 

Figure 5. 8: (A) Protein trypanothione reductase (6BU7), (B) Chain B, trimmed ligands 

labeled in red color, and EPE labeled in pink 
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Table 5. 2: Knime workflow docking results with enzyme 6BU7 

 

 

 

 

 

 

 

 

Ligand code Docking score Energy 

LK16 -6.530 27.221 

LK02 -6.523 17.114 

LK13 -6.479 43.373 

LK14 -6.413 22.415 

LK05 -6.229 37.913 

LK15 -5.891 59.710 

LK11 -5.828 39.826 

LK07 -5.679 26.029 

LK01 -5.437 9.460 

LK19 -5.250 49.297 

LK18 -5.225 45.142 

LK10 -5.138 70.846 

LK04 -5.007 19.173 

LK06 -4.982 44.858 

LK08 -4.965 17.240 

LK09 -4.936 16.263 

LK17 -4.894 55.833 

LK21 -4.798 13.738 

LK20 -4.581 19.554 
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The results shown from table 5.2 above show anthraquinones LK16, LK02 and LK13 had 

higher docking scores with the target receptor protein 6BU7. The figure below shows both 

the 2D and the 3D interaction of the ligand with the protein 

A                                                                                                                            B

 

Figure 5.9: (A) 2D interaction of ligand LK 16 with target protein as visualized in 

maestro, three hydrogen bond interactions represented in purple lines, and one halogen 

bond represented in red colour. (B) 3D pose view interaction of ligand LK16 with the 

target protein docked using the ligand represented in red ball 

A                                                                                                         B

 

Figure 5. 10:(A) 2D interaction of ligand LK02 with target protein as visualized in 

maestro, the five-hydrogen bond interaction represented in purple lines (B) 3D pose 

view interaction of ligand LK02 with the target protein represented in red ball 
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A                                                                                            B

 

Figure 5.11(A) 2D interaction of ligand LK13 with target protein as visualized in 

maestro, four hydrogen bond interactions represented in purple lines. (B) 3D pose view 

interaction of ligand LK13 with the target protein with the ligand represented in red 

ball 

 

A                                                                      B

 

 

Figure 5.12:(A) 2D interaction of ligand LK 14 with target protein docked as visualized 

in maestro, the four-hydrogen bond interaction represented in purple lines (B) 3D pose 

view interaction of ligand LK14 with the target protein, the ligand represented in red 

ball 
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Table 5.3: Glide grid docking results with 6BU7 

Ligand Docking score Glide score Glide emodel 

LK16 -7.351 -7.364 -53.057 

LK02 -7.141 -7.141 -57.132 

LK13 -8.775 -8.775 -74.202 

LK14 -7.046 -7.047 -60.389 

LK05 -5.426 -5.426 -38.654 

LK15 -7.419 -7.886 -46.058 

LK11 -6.653 -6.725 -53.024 

LK07 -7.279 -7.280 -51.459 

LK01 -7.596 -7.605 -65.694 

LK19 -5.288 -6.979 -37.458 

LK18 -6.713 -6.781 -54.144 

LK10 -7.25 -7.312 -45.397 

LK04 -5.683 -5.730 -54.738 

LK06 -6.462 -6.464 -56.299 

LK08 -6.797 -6.797 -44.224 

LK09 -5.584 -5.584 -63.370 

LK17 -6.426 -6.607 -32.999 

LK21 -6.264 -6.265 -49.944 

LK20 -5.731 -5.731 -75.003 

LK12 -7.529 -7.691 -65.506 

Pentamidine -4.128 -4.128 -51.710 

Eflornithine -6.055 -6.335 -49.210 

Camptothecin -6.446 -6.446 -60.054 
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5.5  In silico molecular docking results and discussion 

Anthraquinone test samples LK 04, LK 05, LK11, LK12, and LK 16 were active with 

minimum inhibitory concentration (IC50) between this range 0.5-1.5µM against T. brucei. 

The in silico molecular docking studies indicated LK 16 and LK 12 have a good docking 

score -7.351 and -7.529 Kcal/mol. The diethanolamine anthraquinone compound LK 12 

(Figure 5.13), was observed to show three H-bonding interactions with amino acid residues 

LYS 60, ALA 363 and ALA 365. while the 2-aminothiazole anthraquinone LK16 (Figure 

5.14) showed two hydrogen-bonding interactions with amino acid residues LYS 60 and THR 

335.  

Table 5.4: Antitrypanosomal and molecular modelling evaluation of test compound 

Code Trypanosoma brucei 

IC50 (µM) Docking score 

LK04 0.72 ± 0.02 -5.68 

LK05 0.98 ± 0.005 -5.40 

LK06 2.39 ± 0.12 -6.46 

LK07 3.61 ± 0.07 -7.28 

LK09 5.04 ± 0.12 -5.58 

LK10 3.25 ± 0.23 -7.25 

LK11 1.14 ± 0.08 -6.65 

LK12 1.10 ± 0.07 -7.53 

LK14 4.73 ± 0.36 -7.05 

LK16 1.20 ± 0.01 -7.35 

LK18 2.59 ± 0.10 -6.71 

LK20 3.10 ± 0.005 -5.73 

LK21 3.79 ± 0.050 -4.13 
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Pentamidine  0.013 -4.13 

 

 

 

Figure 5. 13: The interactions of ligand LK 12 with the receptor protein molecule, the 

H-bonding interactions are indicated by the purple arrow 
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Figure 5.14: The interactions of ligand LK 16 with the receptor protein molecule, the H-

bonding interactions are indicated by the purple arrow 

Compounds LK04, LK05, and LK11 had moderate binding affinity -5.683, -5.40, and -6.653 

kcal/mol, respectively. The bioassay studies show thiosemicarbazone anthraquinone LK 04 to 

be more active with IC50 0.72 µM less than the rest of the compounds, that were tested 

against T. brucei. Despite the moderate binding energy results thiosemicarbazone LK04 

(Figure 5.13) was found to show several binding interactions with the receptor protein 

molecule than LK 05 and LK11. Compound LK04 was found to appear in H-bonding 

interaction with amino acid residues SER 162, ARG 287, LEU 334 and THR 335, pi-pi 

stacking with PHE 198, pi-cation with ARG 287 and halogen bond interaction with CYS 57. 
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Figure 5. 15: The interactions of ligand LK 04 with the receptor protein molecule, 

showing H-bonding interactions, Pi-cation, halogen bond interaction, and pi-pi-

stacking. 
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Compound LK 06, LK07, LK09, LK10, LK 14, LK 18, LK 20, and LK 21 showed moderate 

activity against T. brucei with IC50 ranging from 2.00-5.10 µM, The in silico molecular 

docking studies show that compound LK 07, LK10 and LK 14 have high binding affinity -

7.279, -7.25 and -7.046 kcal/mol. These compounds formed an H-bonding interaction with at 

least two or three amino acid residues  LYS 60, ASP 327, and ALA 363. Sample molecules 

LK09, LK18, LK20 and LK21 showed moderate binding energy of -5.584, -6.713, -5.731, 

and -6.264 kcal/mol, respectively. The interaction of these compounds with the receptor 

protein is included in the appendix (AA4-AA7) 

Standard drugs pentamidine and eflornithine were found to bind to the receptor molecule 

with docking scores of -4.128 and -6.055 kcal/mol respectively; the receptor-ligand 

interactions are shown in appendices (AA8 and AA9). Pentamidine forms H-bonding 

association with one key amino acid residue ALA 363 while eflornithine associates with 

amino acid residues ASP 327, THR 51 and SER 14. Camptothecin which is the human 

topoisomerases I (top I) was found to bind the active site of the protein 6BU7 with the 

slightly higher binding affinity of -6.446 kcal/mol (AA10). Camptothecin forms H-bonding 

interaction with amino acid residues such as LYS 60 and THR 335. 

5.6 Swiss ADME results for ligands that were active against trypanosomiasis 

The thirteen ligands that were found to be active against trypanosomiasis were passed 

through the SwissADME filter and were detected for their physicochemical properties, 

Lipophilicity, pharmacokinetics, solubility, and lead likeness (Table 5.4). The allowed 

molecular properties for the topological polar surface area (TPSA) ≤ 140; Consensus Log P ≤ 

5; the number of rotatable bonds ≤ 10 [167]. As based on this preview compound LK04, 

LK09, LK20, and LK21 did not pass on the first filter. The results revealed that the CNSL 
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derived compounds LK09, LK20 and LK21 do not have drug-like properties and hence they 

were filtered out. 

Table 5. 5: SwissADME results for the test ligands 

Ligand Physicochemical 
properties 
 

Lipophilicity Pharmacokinetics Lead 
Likeness 

 TPSA 
(Å²) 

No of rot. 
bonds 

Consensus Log P GI Absorption  

LK04 157.10  4 3.44 Low No 
LK05 91.67  2 3.57 High No 
LK06 74.60  2 4.39 High No 
LK07 74.60 2 2.81 High Yes 
LK09 57.53 15 6.37 High No 
LK10 89.87 3 3.38 High No 
LK11 106.86 5 3.15 High No 
LK12 118.30 7 2.95 High No 
LK14 94.83 1 1.88 High Yes 
LK16 127.76 4 4.42 Low No 
LK18 86.63 5 4.30 High No 
LK20 35.53 17 7.04 Low No 
LK21 20.23 14 6.89 Low No 
 

5.7 Lipinski Rule of Five results 

Eight ligands that had passed the SwissADME filter were subjected to be filtered further by 

the SCFBio Lipinski Rule of Five server. The Lipinski rule distinguished drug-like 

compounds and non-drug like compounds as based on five rules which are molar mass ≤ 500, 

partition coefficient (log P ≤ 5), hydrogen bond donor ≤ 5, hydrogen bond acceptors ≤ 10, 

and molar refractivity should be within 40 to 130 [164] [168]. Compounds meeting these five 

criteria are considered orally drug-like compounds. Test compound LK16 (Table 5.5) was 

filtered out as based on this rule it had a log P ˃ 5. Generally, the results from the two table 

(Table 5.4 and Table 5.5) has indicated that the 1,4-dihydroxyanthraquinone derivatives 

have great potential of orally being drug-like candidates. 
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Table 5.6: Lipinski Rule of Five Results 

Ligand Mass (g/mol) H-acceptor H-donor Log P Refractivity 
LK05 378.76  5 2 3.75 97.96 
LK06 399.22 4 2 4.85 102.22 
LK07 298.00 5 3 2.31 78.32 
LK10 448.90 6 3 3.52 120.81 
LK11 423.85 6 4 3.19 111.46 
LK12 467.50 7 4 2.66 121.18 
LK14 284.26 5 3 1.92 73.71 
LK16 462.90 6 3 5.18 122.11 
LK18 421.87 5 3 4.61 114.66 
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CHAPTER 6 

CONCLUSIONS  

Generally in this study, we demonstrated our efforts on the synthesis of analogues of a natural 

anthraquinone utilizing starting materials from natural origin and synthetic sources. We 

successfully synthesized 1,4,5-trihydroxyanthraquinone which is a potential antiparasitic 

agent from the agro-waste cashew nut shells.  The findings from this study, indicate that the 

components of CNSL and alkyl amino-substituted 1,4-dihydroxyanthraquinone derivatives 

can be used as agents for anti-trypanosomiasis. These compounds can serve as motifs to 

construct effective drugs active against trypanosomiasis. Since the components of CNSL 

showed no antiplasmodial activity, it is worthy to note that, they cannot be used for the 

construction of anti-malarial drugs.  

The in silico molecular docking analysis results and the bioassay studies suggest that alky 

1,4-dihydroxyanthraquinones can be good candidates in the preparation of drug-like 

compounds that can be used in the development of drugs effective against trypanosomiasis. 

In conclusion, the study has disclosed on the suitability of 1,4-dihydroxyanthraquinone 

derivatives as important scaffolds in the construction of pharmaceutical important drugs with 

varied bioactivities such as antiplasmodial, antibacterial, and anticancer. 
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RECOMMENDATIONS FOR FUTURE WORK 
 

The current reported work has used the Friedel-Crafts acylation (FCA) method to synthesize 

the 1,4,5-trihydroxyanthraquinone from the agro-waste anacardic acid. The use of FCA to 

synthesize this derivative was limited due to low yields and lack of regioselectivity; these 

drawbacks need to be eliminated in the future. This study recommends thorough 

modifications of FCA method to synthesize 1,4,5-trihydroxyanthraquinone. 

Since the components of CNSL and 1,4-dihydroxyanthraquinone derivatives displayed 

potency against trypanosomiasis, it is evident that these compounds need to be studied in 

detail to understand their mechanism of action and their structure-activity relationship. The 

modified Marschalk reaction was used as a motive to synthesize the 1,4-

dihydroxyanthraquinone derivatives; these compounds need to be further studied with 

particular emphasis on stereoselective synthesis of enantiomerically pure anthraquinone 

amines, chlorides, and alcohols be tested for their biological activities. 
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AA2: Mass spectrometry of imidazole anthraquinone 83 
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AA3: Mass spectrometry of thiazole anthraquinone 85 
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AA4: Protein ligand interaction-LK09 
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AA5: Protein ligand interaction-LK18 
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AA6: Protein ligand interaction-LK20 
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AA7: Protein ligand interaction-LK21 
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AA8: Protein ligand interaction- pentamidine 
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AA9: Protein ligand interaction- eflornithine 
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AA10: Protein ligand interaction- camptothecin 
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AA11: Trypanosoma brucei brucei % cell viability for compounds at the varied 
concentration 

% Cell Viability 

Conc [C] 100 33.33 11.11 3.704 1.235 0.412 0.137 0.0457 

Log [C] 2 1.523 1.046 0.568 0.091 -0.385 -0.863 -1.34 

LK04 -0.54 1.20 1.51 1.60 21.32 80.74 100.97 99.23 

LK05 1.06 2.89 6.58 10.99 31.73 101.19 102.20 102.55 

LK06 1.63 1.17 5.02 21.61 90.61 99.63 102.02 100.66 

LK07 -1.36 -0.70 2.90 46.57 98.84 98.00 97.54 97.70 

LK09 -2.33 0.02 2.22 77.88 98.07 99.41 99.06 101.07 

LK10 -3.17 -0.19 1.06 12.83 98.84 97.68 97.90 97.07 

LK11 2.47 3.79 4.10 3.77 28.21 102.23 102.25 99.29 

LK12 -1.47 -1.57 0.01 1.11 34.83 100.29 100.90 100.14 

LK14 -2.97 -0.91 1.72 70.93 97.88 100.07 100.25 102.54 

LK16 -2.69 -0.05 1.70 9.28 48.77 101.66 102.51 101.02 

LK18 2.70 4.10 4.87 26.38 90.48 98.84 99.02 97.58 

LK20 -0.30 0.58 1.49 29.37 98.66 100.76 100.33 98.83 

LK21 -1.83 -0.72 0.74 52.70 100.93 101.15 99.17 98.37 
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AA12: Graph of % viability (T. brucei cells) against log [C] for sample LK01-LK21 
 

 

 

 

 
 



181 

 

AA13: P. falciparum parasite % cell viability at the varied concentration (μM) 

 

% Cell Viability 

Conc[C] 100 33.33 11.11 3.704 1.235 0.412 0.137 0.0457 

Log C] 2 1.523 1.046 0.568 0.091 -0.385 -0.863 -1.34 

LK02 -4.93 8.60 59.06 83.03 97.67 99.08 99.08 98.80 

LK04 -4.93 1.83 11.13 39.61   94.86 101.62 102.21 102.21 

LK06 0.14 12.83 21.85 58.21 98.52 102.59 102.18 101.90 

LK12 1.88 14.44 44.12 79.28 103.48 104.17 101.43 98.69 

LK17 0.74 7.82 67.41 95.03 102.34 101.66 99.83 97.32 

 

 


