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ABSTRACT 

 In an attempt to synthesize new antibiotics related to 3 and 5-amino-β-

resorcylic acid entities a number of new amide derivatives of 5-amino-β-resorcylic 

acid were synthesized (15-19) in the course of current study. To study the influence of 

electron density on stabilization of Ag metal, the synthesized amides were tested for 

the synthesis of silver nanoparticles (Ag NPs). It was found that as electron density of 

ligand increases, lesser amount of it is required for capping Ag metal Ag NPs capped 

with ligand 14 and ligand 19 exhibited higher antibacterial activity than ligand 14 and 

19 against Erwinia carotovora pv. carotovora. Ag NPs functionalized with ligand 13, 

16 and ligand 19 showed greater inhibitions in growth of Alternaria solani than their 

ligands. 

 The effect of electron density on growth of inhibition of Erwinia carotovora 

was also tested. It was established that as electron donating character inreases from 

ligand 16, 17 and 19, growth of inhibition (%) reduces. However antibacterial activity 

of these ligand enhances after formation of Ag NPs. So, it was concluded that electron 

density had a robust impact on antibacterial activity of Ag NPs. 

 A sulfonic acid substituted benzoic acid derivative (Potassium 4-

carboxybenzenesulfonate 20) was synthesized and used for synthesis of Ag NPs. 

Ligand 20 and its Ag NPs are more potent than standard drug (Streptomycin) at 150 

and 200 ppm against Erwinia carotovora. Ag NPs stabilize with ligand 20 showed 

greater antibacterial activity than ligand 20 against Alternaria solani. 

 A number of new strategies were tried for synthesis of 3-amino-β-resorcylic 

acid, but we failed to synthesize this entity. 

 A novel terathiacyclophane macrocycle 25 was synthesized from 2,4-

dihydroxybenzoic acid 1 and used for the formation of Ag NPs. Ag NPs capped with 

ligand 25 showed excellent antibacterial activity against Erwinia carotovora pv. 

carotovora than ligand 25 which was completely inactive. However, brine shrimp 

lethality bioassay test revealed that at 200 ppm, macrocycle 25 and standard drug 

(Etoposide) showed similar cytotoxic activity against the experimental shrimps. 

 2,4-dihydroxybenzene carbodithioic acid 28 derivative of 2,4-

dihydroxybenzoic 1 acid was also prepared. Biocide 28 Au NPs were synthesized in 

one pot without using reducing agent. The amount of ligand 28 conjugated to the Au 
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NPs was found to be 7 % by weight, our results indicated that conjugation to the Au 

NPs boosts the biocidal activity of ligand 28 about 14 times. 

It has been verified that the structure of Ag and Au nanoparticle core can be 

determined from MALDI-TOF MS analysis (chapter 4 and 6). Both TEM 

characterization and MALDI-TOF spectrum analysis of Ag NPs stabilize with ligand 

14 and Au NPs capped with ligand 28 indicated the formation of polydispersed 

nanoparticles. A chemical ionization mechanism is proposed for protonation of the 

three labile protons of the ligand in nanosilver and nanogold because all the fragments 

of mass spectrum yielded triply charged specie. 

 To ascertain the potential for in vivo applications, the stability of all 

synthesized nanoparticles was investigated as a function of temperature, pH and salt 

concentration. The suspensions were found to be stable for several days at 

temperatures of up to 100 
˚
C, a pH range of 2-13 and salt concentrations (NaCl) up to 

4 mol/L. 

5-Amino-β-resorcylic acid hydrochloride dihydrate 13 was used as a 

chemosensor for quantitative estimation of Sb
3+

. On the basis of three times the 

standard deviation of the blank (3σ), detection limit was found to be 30 µM. The 

Sb(III) obeyed Beer’s law from 1-20 equivalents with a linear regression equation of I 

= 325.2 + 33.78
 
C with R

2 
= 0.967. 
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1. Introduction 

1.1.1 Bacterial infection and antibiotics 

Large number pathogens for example protozoans, viruses, fungi and bacteria can 

infect animals, plants and human beings. Bacterial infection is unique in many ways 

among the disease causing microorganisms. Few bacteria are valuable to the host 

while some harmful for the host e.g. Mycobacterium tuberculosis causes even life 

threatening disease known as tuberculosis. In 20th century, it was found to be serious 

threat as it killed about 100 million people.
1
 

Leprosy (Hansen’s disease) is another bacterial infection. According to World 

Health Organization several millions of people were killed due to this disease. 

Pneumonia, syphilis and tetanus are the other examples of bacterial infections.
2
 

To inhibit or destroy the growth of microorganisms, such as bacteria, fungi, 

protozoans, the chemical substances which are called antibiotics can be used. 

However, viral infections cannot be treated with antibiotics. Historically, 2500 years 

ago, the first use of antibiotic was reported by ancient Egyptians, Chinese and Greeks 

for curing infection using molds and plants. These molds and plants have some 

compounds which possess antibiotic properties. The attention of society was attracted 

by the discovery of Salvarsan, Penicillin and Prontosil and different classes of 

antibiotics.
3
 
4
 

Penicillin was rediscovered by Alexander Fleming in 1928.
5,6 

The pure form of 

Penicillin was isolated by Ernst Chain and Howard Florey. Due to their significant 

and extraordinary work, they were also rewarded a Nobel Prize for medicine in 1945. 

Prontosil (Figure 1.1), a sulfa drug, was discovered by Gerhard Domagk in 1932.
6
  

 

 

Figure 1.1 Antibiotics of historical importance 
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1.1.2. Classes and mechanism of action of antibiotics 

There are several ways of antibiotics classification. 

 On the basis of their target specificity they are classified into broad-spectrum 

and narrow-spectrum antibiotics. 

 On the basis of their way of affecting the bacteria, antibiotics could also be 

classified into bactericidal and bacteriostatic antibiotics.  

 On the basis of their availability, antibiotics have been classified as synthetic, 

semisynthetic and natural antibiotics. 

 On the basis of their mechanism of action and structure, antibiotics could also 

be classified into five major categories which are bacterial protein synthesis 

inhibitors, (tetracycline, figure 1.2), bacterial cell wall synthesis inhibitors 

(amoxicillin, figure 1.2), inhibitors of nucleic acid synthesis or replication 

(metronidazole, figure 1.2), inhibition of a metabolic pathway (sulfonamides 

and folic acid analogues) and disruption of bacterial membrane structure 

(polymyxins) 
7,8,9,10

  

 

Figure 1.2 A few examples of different antibiotics classes 

1.1.3. Resistance of antibiotics to bacteria growth 

The emergence of antibiotic resistance is a growing problem and current 

antibiotics are almost ineffective against all the bacterial pathogens today. 
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There are several causes of antibiotic resistance which include intrinsic 

resistance of bacteria, feeding antibiotics to healthy food animals, abuse of antibiotics, 

biological random mutation of bacterial DNA.
2
  

All these aspects have resulted in “superbugs”, development. These bacteria 

are resistant to almost all known antibiotics. For example, Streptococcus pneumoniae 

and Neisseria gonorrhea developed resistance against penicillin, Mycobacterium 

tuberculosis against multidrug, Staphylococcus aureus against penicillin, 

Staphylococcus aureus against methicillin, Enterococcus faecium against penicillin, 

Shigella against multidrug, Escherichia coli against five types of fluoroquinolones, 

Campylobacter against fluoroquinolones, Enterococcus against vancomycin and  

Staphylococcus aureus against vancomycin (Table 1).
11

  

Table 1 Some examples of antibiotic resistance bacteria 

Year Antibiotic Bacteria 

1947 Penicillin Staphylococcus aureus 

1967 Penicillin Streptococcus pneumonia 

1967 Penicillin Neisseria gonorrhea 

1970 Methicillin Staphylococcus aureus 

1983 Penicillin Enterococcus faecium 

1983 multidrug Shigella 

1983 fluoroquinolones Escherichia coli 

1984 multidrug Mycobacterium tuberculosis 

1989 vancomycin Enterococcus 

2001 fluoroquinolones Campylobacter 

2002 vancomycin Staphylococcus aureus 

 

1.1.4. Necessity for new classes of antibiotics 

In the 1940-1960, a number of drugs were discovered which are available in 

the market. The newer types have been obtained from old drugs by chemical 

modification. These drugs either inhibit nucleic acid synthesis or cell wall synthesis or 
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protein synthesis of bacteria. As the “superbugs” have attained resistance to almost all 

currently available antibiotics so there is an urgent need to discover new classes of 

antibiotics which work by a novel mechanism.
12

 For survival of bacteria Type II fatty 

acid synthesis (FASII) is needed and Type I fatty acid synthesis (FASI) is necessary 

for human beings. There are several interesting enzymes involved in FASII. This 

would be a striking target to screen a variety of compounds for inhibition of these 

enzymes.
13,14 ,15

  

1.1.4.1.  FASII cycle of bacteria 

Various steps and enzymes participating in FASII cycle are shown in scheme 

1.1.
2
 The condensation reaction of fatty acid-ACP and malonyl-ACP occurs in the 

presence of condensing enzymes i.e. FabB, FabF, and FabH and produces two carbon 

extended β-ketoacyl-ACP. Enzyme FabG reductase reduces β-Ketoacyl-ACP to 

produce β-hydroxyacyl-ACP. Enoyl-ACP is produced from β-hydroxyacyl-ACP by 

elimination in the presence of. In last step enoyl-ACP reduced to form two-carbon-

extended acyl-ACP in the presence of FabA and/or FabZ enzymes. Two-carbon-

extended acyl-ACP produces fatty acid for bacterial growth. 
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Scheme 1.1 FASII cycle of bacteria, Fab= fatty acid biosynthesis enzyme, ACP= acyl 

carrier protein 

 

1.1.4.2. Some inhibitors of fatty acid biosynthesis (FASII) 

Triclosan,
16

 isoniazid,
2,17,18

 cerulenin,
19

 thiolactomycin
20

 and phomallenic 

acids A–C (figure 1.3) are the marketed antibiotics which are the inhibitors of FASII. 

However t none of them was an appropriate antibiotic because of their poor target 

selectivity and lower penetration power.
21,22
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Figure 1.3 FASII inhibitors 

 

1.1.5. Discovery of platensimycin and platencin 

Merck research group isolated a novel antibiotic, platensimycin (figure 1.4)
23,24 

from the strain of Streptomyces platensis. This antibiotic is a selective inhibitor of S. 

aureus FabF and Escherichia coli FabF/B enzymes. Continued screening efforts to 

identify new antibiotics from a strain of Streptomyces platensis, MA7339 by the 

Merck research group to discover another antibacterial agent, named platencin (figure 

1.4).
25,26

 

 

 

http://onlinelibrary.wiley.com/doi/10.1002/asia.200900423/full#fig6
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Figure 1.4 Platensimycin and platencin 

 

Both antibiotics are composed of a lipophilic core and an unusual polar chain. 

The polar chain is identical in both i.e. 3-Amino-2, 4-dihydroxybenzoic acid. While 

lipophilic core is different, that is Bicyclo-[2,2,2] carbon framework in platencin 

while Bicyclo[3,2,1]octane carbon framework in Platensimycin.
27

 The structure of 

these antibiotics was elucidated by single-crystal X-ray crystallography, 1D and 2D 

NMR techniques. 

Platencin exhibits broad-spectrum antibacterial activity against gram-positive 

bacteria which are resistant to existing antibiotics for example Streptococcus 

pneumoniae. The cell-free enzymatic activity of platencin and platensimycin differs 

significantly but their cellular and in vivo activities are similar. It is notable to 

mention that platencin is a double inhibitor of both FabF and FabH enzymes and 

platensimycin is a selective inhibitor of FabF enzyme. The carboxylic acid group of 

these antibiotics interacts with Asn274 and His244 of FabH and with His303 and 

His310 of FabF. 

1.1.5.1 Platensimycin is selective inhibitor of FabF than platencin 

Platensimycin is selective inhibitor of FabF than platencin because the ether 

oxygen atom of the lipophilic core of platensimycin makes a weak hydrogen bond 

with Thr270 of FabF enzyme and such an interaction is not possible in the case of 

platencin. 
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1.1.5.2  Platencin is a selective of FabH over platensimycin 

Platencin is a selective of FabH over platensimycin because the nonpolar 

exocyclic double bond interacts with the nonpolar residues such as Trp32, Ile155 and 

Ile156 of FabH. However such an interaction is not possible in the case of 

platensimycin. However both platensimycin and platencin are potent inhibitors FabH 

and/or FabB/F enzymes and gram positive cocci.
28

  

1.1.5.3 Mechanism of action of platensimycin 

Wang et al. reported 1that the mechanism of action of platensimycin consist of 

the following three steps (Figure 1.5). In first step, the fragment of fatty-acid (R = 

hydrocarbon chain, blue) is converted from a sulphur atom on acyl carrier protein 

(ACP) to a sulphur atom on cysteine in the FabF active site. In second step, the 

malonyl-ACP substrate (green) attaches to the acyl-enzyme intermediate and release 

carbon dioxide. The chain lengthened when the fatty-acid fragment adds to the 

remains of the malonyl-ACP substrate. In step three, the platensimycin bind to the 

acyl-enzyme intermediate and inhibit FASII cycle.  

 

Figure 1.5 Mechanism of action of platensimycin 
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1.1.6. Structure of 3-Amino-β-resorcylic acid and 5-Amino-β-

resorcylic acid 

The structure of 3 and 5 -Amino-β-Resorcylic acid entities consist of a β-

Resorcylic acid nucleus having an amine group at position number 3 and 5 

alternatively. 

 

 

1.2. Literature review about Synthetic Approaches to the 3-

Amino-β-resorcylic acid and 5-Amino-β-resorcylic acids  

1.2.1. Nicolaou’s synthesis 

The protected 2-nitroresorcinol was converted into aromatic amine in three 

steps (Scheme 1.2). The key steps are catalytic hydrogenation, ortho metalation with 

nBuLi and Boc protection of amine and. No other reports are published in the 

literature about the large-scale production of tetra substituted amino-resorcylic acids 

or their derivatives.
2
 

 

Scheme 1.2 Nicolaou’s synthesis of aromatic side chain 
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1.2.2. Gianni’s synthesis 

A short route was reported by the Gianni’s group for the multigram scale 

synthesis of the aromatic side chain of platencin and platensimycin .
29

 A separable 

mixture (1:1) of methyl 2,4-dihydroxy-3-nitrobenzoate and methyl 2,4-dihydroxy-5-

nitrobenzoate was obtained by nitration of methyl 2,4-dihydroxybenzoateutilizing 

acetyl nitrate which was formed in situ from a mixture of AcOH-Ac2O and fuming 

HNO3. Both the isomers were transformed into the MOM ether, and followed by 

catalytic hydrogenation manufactured methyl 3- amino-2,4-bis(methoxymethoxy) 

benzoate and 5-amino-2,4-bis(methoxymethoxy) benzoate. Finally, catalytic 

hydrogenation of methyl 2,4-dihydroxy-3-nitrobenzoate afforded methyl 3-amino-2,4-

dihydroxybenzoate. 

 

Scheme 1.3 Gianni’s’ Synthesis of aromatic side chain 
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1.2.3. Kocevar’s synthesis 

A two steps strategy for the introduction of the polar aromatic side chain by 

Kocevar and co-workers. In first step 2-nitroresorcinol was converted into 2-

aminoresorcinol by catalytic hydrogenation. In the second step a range of simple and 

complex acyl chlorides or carboxylic acids were coupled with 2-aminoresorcinol usig 

DCC or CDI as amide coupling reagents (Scheme 1.4). Lastly the corresponding 

carboxylated products were obtained in moderate yield by introducing the carboxyl 

group through Kolbe–Schmitt carboxylation using K2CO3 as a base in DMSO as 

solvent. Being a simple and altered route, this technique permits the synthesis of large 

number of platencin and platensimycin analogues.
30

  

 

Scheme 1.4 Kocevar’s approach to aromatic subunit. 
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1.2.4. McNulty’s synthesis 

Currently, sulfonamide analogues of platensimycin were reported by McNulty    

et al. by utilizing a palladium-mediated alkoxy-, hydroxy- and aminocarbonylation 

approach for the installation of carboxylic group.
31

  

A large number of aryl and vinyl halides were screened to be used as starting 

materials. The optimum conditions for carbonylation reaction were obtained which 

were consist of a catalyst system comprising 1.5 equiv. Cs2CO3, 2 equiv. nucleophile 

(water, alcohol, or amine), 3  % Pd(OAc)2, CO (45 psi), 3  % PA-Ph and DMF (as a 

solvent).  

Then, the aromatic core was synthesized by using these optimized reaction 

conditions. 2-nitroresorcinol was subjected to base-catalyzed double methylation with 

(CH3)2SO4 and iodination with I2/Ag2SO4 (1:1) in methanol produced nitroaryl iodide. 

The nitroaryl iodide was used further for synthesis of aromatic side chai.(Scheme 

1.5). 

 

Scheme 1.5 McNulty’s methodology to aromatic subunit 
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2. Amides derivatives of Amino-β-resorcylic acids 

2.1. Research plan 

The aims and objectives of present work are as follows. 

i. Synthesis of 3-Amino-β-resorcylic acid and 5-Amino-β-resorcylic acids by 

simple and minimum steps procedure. 

ii. These amines can be further used for preparation of their amide derivatives 

without using any protecting groups. 

2.2.  Results and discussion 

2.2.1  Synthesis of 3-Amino-β-resorcylic acid: 

Owing to the excellent antibacterial activity of 3-Amino-β-resorcylic acid, the 

following different synthetic routes were applied for synthesis of 3-Amino-β-

resorcylic acid; however, none of them yielded the desired product. 

2.2.1.1.  Attempt No.1. Using a mixture of Nitric acid and Ac2O 

 

Scheme 2.1 Synthesis of 3 and 4 using a mixture of Nitric acid and Ac2O 
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In step i, 2,4-dihydroxybenzoic acid 1 was converted to its methyl 2,4-

dihydroxybenzoate 2 in quantitative yield.
32

 The structure of the product 2 from EI-

MS analysis which exhibited molecular ion peak at m/z 168 similar to theoretically 

calculated for 2. 

In step ii, Acetyl nitrate was made in situ (by adding conc. HNO3 in AcOH to 

a solution of 2 in Ac2O–AcOH) was used as a suitable nitration agent for conversion 

of 2 into methyl 2,4-dihydroxy-3-nitrobenzoate 3 and methyl 2,4-dihydroxy-5-

nitrobenzoate 4 as reported previously by Gianni’s et al. But we obtained negative 

result in this case as 4 was formed in 95 % yield but 3 was not formed. So this method 

was not a suitable method for synthesis of 3 (Scheme 2.1). The structure of product 4 

was confirmed from its 
1
H-NMR data (Figure 2.1). The –OCH3 protons were 

observed in the form of a singlet at 3.84 ppm and two singlets due to aromatic protons 

were appeared at 8.39 and 6.58 ppm, respectively. The molecular ion peak in the EI-

MS was observed at m/z 213; this further confirmed the formation of the product 

(Figure 2.2).
29

 

 

Figure 2.1 
1
H-NMR of methyl 2,4-dihydroxy-5-nitrobenzoate 4 in deuterated DMSO 
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Figure 2.2 EI-MS of methyl 2,4-dihydroxy-5-nitrobenzoate 4 

 

2.2.1.2. Attempt No. 2. Using Ammonium carbonate 

 Scheme 2.2 Synthesis of 6 and 8 using ammonium carbonate 



Chapter 2                                                                      Amide derivatives of Amino-β-resorcylic acids 

 

16 
 

Unlike the reported literature method which described the synthesis of 2-

nitroresorcinol 5 from resorcinol using steam distillation,
33

 we were successful to 

synthesize it by simple distillation. The 
1
H-NMR spectrum (Figure 2.3) of 5 consists 

of five protons which include a singlet of two protons at 10.21 ppm due to phenolic 

groups, a triplet of one proton at 7.41 ppm with coupling constant of 8.4 Hz and 

another doublet of two protons at 6.22 ppm with coupling constant of 8.4 Hz. The EI-

MS spectrum showed a molecular ion peak at m/z 155 which confirmed the 

successful formation of the product (Figure 2.4). 

 

Figure 2.3 
1
H-NMR of 2-nitroresorcinol 5 in deuterated acetone 

 

Figure 2.4 EI-MS of 2-niroresorcinol 5 
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Due to lack of availability of autoclave and dry ice in our lab, we have used 

ammonium carbonate as a carboxylating agent for 5. As nitro group is EWG in nature, 

that is why the nucleophilicility of 5 was decreased and we couldn’t get our desired 

product 6. However we also converted the nitro group of 5 into an amino group to 

manufacture 2-aminoresorcinol hydrochloride 7 and then subjected it to carboxylation 

reaction using ammonium carbonate. On doing this we also failed to do carboxylation 

tried with ammonium carbonate to get our desired target 8. The 
1
H-NMR spectrum 

(Figure 2.5) of 7 consists of eight protons which include a doublet of two protons at 

6.46 ppm with a coupling constant of 8.4 Hz and a triplet of one proton at 6.99 ppm 

with a coupling constant of 8.4 Hz, a singlet of three protons at 9.32 ppm and another 

singlet of two protons at 10.58 ppm. The molecular ion peak of product 7 was found 

to be at m/z 165 in the EI-MS (Figure 2.6) and calculated molecular weight was m/z 

164.  

 

Figure 2.5 
1
H-NMR of 2-aminoresorcinol hydrochloride 7 in deuterated DMSO 
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Figure 2.6 EI-MS of 2-aminoresorcinol hydrochloride 7 

 

2.2.1.3.1.  Attempt No. 3. Fries rearrangement and Clemmensen reduction 

In this strategy, for introducing carboxylic acid group into 5 instead of direct 

carboxylation we planned to first introduce ketonic group into 5 to produce 1-(2,4-

dihydroxy-3-nitrophenyl)ethanone 9, then this ketonic group can further be reduced to 

ethyl group by clemmensen reduction. At last the ethyl group can be oxidized to 

carboxylic acid group.  

But our strategy also failed as instead of reduction of ketonic group of 9 into ethyl 

group by clemmensen reduction, the nitro group was converted into amino group to 

produce 10. Furthermore we also tried oxidation of ketonic group of 10 by using 

potassium permanganate as an oxidizing agent and we were unsuccessful to get our 

desired product i.e. 3-Amino-β-resorcylic acid 8. 
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Scheme 2.3 Synthesis of 6 and 8 from 2-nitoresorcinol 5 

 

The 
1
H-NMR spectrum (Figure 2.7) of product 9 shows one singlet of three 

protons at 2.59 ppm, one doublet of one proton with a coupling constant of 9 Hz at 

6.64 ppm, one doublet of one proton with a coupling constant 9 Hz at 7.72 ppm, one 

singlet of proton at 12.36 ppm and another singlet of one proton at 13.32 ppm. The 

13
C-NMR spectrum (Figure 2.8) of product 9 was recorded which shows carbon 

resonances at 204.2, 156.5, 155.7, 135.1, 129.9, 112.9, 108.2 and 26.9 ppm. 



Chapter 2                                                                      Amide derivatives of Amino-β-resorcylic acids 

 

20 
 

 

Figure 2.7 
1
H-NMR of 1-(2,4-dihydroxy-3-nitrophenyl)ethanone 9 in deuterated 

DMSO 

 

 

Figure 2.8 
13

C-NMR of 1-(2,4-dihydroxy-3-nitrophenyl)ethanone 9 in DMSOd6 

 

The 
1
H-NMR spectrum (Figure 2.9) of product 10 was obtained in DMSOd6 

which showed one proton doublet at 6.64 ppm having a coupling constant of 9 Hz, 

another doublet of one proton at 7.72 ppm having a coupling constant of 9 Hz and a 
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broad singlet peak of labile protons at 12.6 ppm. The 
13

C-NMR spectrum (Figure 

2.10) was also obtained in DMSOd6 and shows carbon resonances at 204.2, 150.8, 

150.7, 123.6, 120.9, 113.1, 107.4 and 26.5 ppm. 

 

Figure 2.9 
1
H-NMR of 1-(3-amino-2,4-dihydroxyphenyl)ethanone 10 in DMSOd6 

 

Figure 2.10 
13

C-NMR of 1-(3-amino-2,4-dihydroxyphenyl)ethanone 10 in DMSOd6 
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2.2.1.4.  Attempt No. 4. Reimer Tiemann reaction 

For introduction of carboxylic acid group we tried another scheme 2.4. In this 

scheme first formylation of 5 was carried out to produce 2,4-dihydroxy-3-

nitrobenzaldehyde by a reported method. Then formyl group of 2,4-dihydroxy-3-

nitrobenzaldehyde could be further oxidized to carboxylic acid to synthesize 6. But 

instead of formylation, carboxylation of 5 occurred and we get product 6. 

Unfortunately the yield was only 10 %. So it was not a suitable method for 

preparation of product 6. 

 

Scheme 2.4 Formylation of 2-nitroresorcinol 5 

 

Conclusion: Unlike the reported synthetic approaches about the synthesis of 3-nitro-

β-resorcylic acid 6 and 3-amino-β-resorcylic acid 8 which were multi-step, cost 

effective protocols and utilizing protecting groups, we tried some simple, cheaper and 

minimum steps protocols without involving any protecting groups. All of our attempts 

were failed, instead of attempt no.4 which yielded only 10 % of 6. Due to low yield 

we did not tried the reduction of 6 into 8. From all these discussions it was concluded 

that these strategies will not be used further for synthesis of 8. 

2.2.2. Synthesis of 5-Amino-β-resorcylic acid 

Similar to 3-Amino-β-resorcylic acid, we tried the following new strategies for 

synthesis of its regioisomer i.e. 5-Amino-β-resorcylic acid. 
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2.2.2.1 Synthesis of 5-Carboxy-2,4-dihydroxybenzenaminium chloride (12)
34

 and  

5-Carboxy-2,4-dihydroxybenzenaminium chloride dihydrate (13)
35

 

Scheme 2.5 Synthesis of 12 and 13 from resorcinol 

 

Step i: Resorcinol was heated with sodium bicarbonate in water for 4 h and then 

carbon dioxide gas was passed through the resulting mixture for 30 min to accomplish 

the synthesis of 1. The FTIR spectra of product 1 obtained showed a broad peak at 

2500-3359 cm
-1

 (OH, carboxylic acid) and 1671 (C=O, carboxylic acid). The 

formation of the product was confirmed by taking its 
1
H-NMR spectrum (Figure 

2.11). The appearance of a doublet at 6.38-6.37 ppm corresponds to aromatic protons 

ortho to carboxylic acid group. This was further confirmed from 
13

C-NMR spectrum 

by the appearance of new C=O peak at about 173 ppm of carboxylic acid. The EI-MS 
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analysis exhibited molecular ion peak at m/z 154 similar to theoretically calculated 

mass for 1. 

 

Scheme 2.6 Addition of carbon dioxide to resorcinol 

 

 

Figure 2.11 
1
H-NMR of 2,4-dihydroxybenzic acid in deuterated acetone 

 

Step ii: 2,4-dihydroxybenzoic acid 1 undergoes direct nitration on treatment with 

nitric acid (67 %). 2,4-dihydroxybenzoic acid 1 attacks nucleophilically on the 

nitronium ion; a strong electrophile (scheme 2.7). The formation of product was 

confirmed from its 
1
H-NMR spectrum (Figure 2.12) by appearance of two singlets at 
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8.707 and 6.599 ppm in aromatic region. The EI-MS spectrum (Figure 2.13) displays 

molecular ion peak at m/z 199 analogous to theoretically calculate mass for 11. 

Scheme 2.7 Nucleophilic attack of 2,4-dihydroxybenzoic acid 1 on nitronium ion 

Figure 2.12 
1
H-NMR of 2,4-dihydroxy-5-nitrobenzoic acid 11 in acetone-d6 

 

Figure 2.13 EI-MS of 2,4-dihydroxy-5-nitrobenzoic acid 11 
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Step iii: The nitro group of product 11 undergoes reduction on treatment with 

tin metal in hydrochloric acid (dissolving metal reduction). By using concentrated 

HCl (37 %) and tin metal, compound 12 was produced and product 13 was obtained 

when HClgas was passed through reaction mixture for 15 min. The melting points of 

13 (210 ˚C) was greater than 12 (196 ˚C). Yield of 12 (55 %) was better than 13 (40 

%). In addition to spectroscopic proof, the structure of these two products was also 

confirmed by X-ray crystallography and FAB-MS (+ev) techniques. 

The 
1
H-NMR spectrum (Figure 2.14) of 13 was taken in deuterated water 

which shows two singlets at 6.35 and 7.64 ppm. 

 

Figure 2.14 
1
H-NMR of 5-Carboxy-2,4-dihydroxybenzenaminium chloride dihydrate 

13 in deuterated water 

The FAB
+
-MS (Figure 2.15) shows the molecular ion peak at m/z 241. This 

analysis also confirmed the formation of compound 13.  
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Figure 2.15 FAB
+
-MS of 5-Carboxy-2,4-dihydroxybenzenaminium chloride dihydrate 

13 

The structure of products 12 (Figure 2.16 and 2.17) and 13 (Figure 2.18 and 

2.19) were determined with the help of X-ray crystallography, which confirmed the 

formation of these products. 

 

Figure 2.16 ORTEP packing diagram of 5-Carboxy-2,4-dihydroxyanilinium 

chloride 12 
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Figure 2.17 ORTEP packing diagram of 5-Carboxy-2,4-dihydroxyanilinium chloride 

12 showing the stability via hydrogen bonding 

 

Figure 2.18 ORTEP packing diagram of 5-Carboxy-2,4-dihydroxyanilinium chloride 

dihydrate 13 
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Figure 2.19 ORTEP packing diagram of 5-Carboxy-2,4-dihydroxyanilinium chloride 

dihydrate 13 showing the stability via hydrogen bonding 

 

2.2.2.2  Synthesis of Methyl 5-amino-2,4-dihydroxybenzoate 14 

The following three routes were tried for the synthesis of 14. Same chemicals 

and condition were used in all the three routes. Although, all the routes were 

consisting of the three similar steps that are; 

 Esterification 

 Nitration 

 Dissolving metal reduction 

However, only just by changing the sequence of reactions, the yield of step ii 

in route A (95 %) ˃ route rote B (55 %) ˃ route C (33 %). 
1
H-NMR  spectrum of 

product 14 (Figure 2.20) showed a singlet of three protons at 6.28 ppm due to one 

aromatic and two NH protons. Another singlet at 7.01 is assinghned to aromatic 

proton. The protons of methoxy group were appeared in the form of a singlet at 3.81 
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ppm. The EI-MS analysis shows a molecular ion peak at m/z 183 equivalent to 

theoretically calculated mass for product 14 (Figure 2.21). 

 

Figure 2.20 
1
H-NMR of Methyl 5-amino-2,4-dihydroxybenzoate 14 in deuterated 

DMSO 

 

Figure 2.21 EI-MS of Methyl 5-amino-2,4-dihydroxybenzoate 14 
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Scheme 2.8 Synthesis of Methyl 5-amino-2,4-dihydroxybenzoate 14 via route A 

 

Scheme 2.9 Synthesis of Methyl 5-amino-2,4-dihydroxybenzoate 14 via route B 
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Scheme 2.10 Synthesis of Methyl 5-amino-2,4-dihydroxybenzoate 14 via route C 

 

2.2.3. Dissolving metal reduction of 2,4-Dihydroxy-5-nitrobenzoic 

acid 11 with different reagents 

Several dissolving metal reduction procedures were carefully investigated for 

reduction of nitro group into amino group such as 

I. Tin metal and hydrochloric acid (gas) 

II. Tin metal and concentrated hydrochloric acid (37 %) 

III. Stannous chloride and concentrated hydrochloric acid (37 %) 

IV. Nickel and concentrated hydrochloric acid (37 %) 

V. Palladium on charcoal (Pd/C) and hydrazine 

VI. Zinc metal and concentrated hydrochloric acid (37 %) 
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Scheme 2.11 Dissolving metal reduction of 2,4-Dihydroxy-5-nitrobenzoic acid 

11 with different reagents 

 

Table 2.1 Dissolving metal reduction of 2,4-Dihydroxy-5-nitrobenzoic 

acid with different reagents 

S. No. Time Yield (%) 

I 15 min 44 

II 40min 55 

III No reaction No reaction 

IV No reaction No reaction 

V No reaction No reaction 

VI No reaction No reaction 
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Conclusion: The above table shows that tin metal and hydrochloric acid (37 

%) was a better regent for reduction of 2,4-Dihydroxy-5-nitrobenzoic acid 11. 

Eventually we decided to use tin metal and hydrochloric acid (37 %) as a suitable 

reducing agent. 

2.2.4. Synthesis of Amide derivatives (15-19) of Methyl 5-amino-2,4-

dihydroxybenzoate 14 

Several aliphatic anhydrides and aromatic acyl chlorides were coupled with 

Methyl 5-amino-2,4-dihydroxybenzoate 14 to furnish the corresponding novel 

regioisomeric analogues of platensimycin (15-19) in excellent yields. This method 

describes a different method to synthesize the novel regioisomeric analogues of 

platensimycin. The following anhydrides/acyl chlorides were used for N-alkylation of 

amino group of 14. 

I. Benzoic anhydride 

II. 4-Nitrobenzoyl chloride 

III. Propionic anhydride 

IV. Butyric anhydride 

V. Iso-butyric anhydride 

Scheme 2.12 Synthetic plan for amide derivatives (15, 16) of Methyl 5-amino-2,4-

dihydroxybenzoate 14 from aromatic acyl chlorides 
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Scheme 2.13 Synthetic plan for amide derivatives (17-19) of Methyl 5-amino-2,4-

dihydroxybenzoate 14 from aromatic acyl chlorides 

 

A very simple method has been developed to synthesize new regioisomeric 

analogues of platensimycin. In this method equivalent amount of compound 14 and 

anhydride or acyl chlorides were heated at 60 °C for 3 h using DMF as a solvent. The 

M.P. (°C), Yield (%), 
1
H-NMR and EI-MS data of amides synthesized is as follows. 

Compound Code R Formula EI-MS M. P. (˚C) Yield (%) 

15 C6H5- C15H13NO5 287 235 98 

16 p-NO2C6H4- C15H12N2O7 332 240 97 

17 CH3CH2- C11H13NO5 239 166 95 

18 CH3CH2CH2- C12H15NO5 253 154 96 

19 (CH3)2CH- C12H15NO5 253 208 98 

  

 The 
1
H-NMR data of synthesized amides showed a singlet for three protons in 

the range of 3.83-3.85 ppm due to methoxy group. The aromatic protons appeared at 

6.39-8.36 ppm. The aliphatic protons resonated in the range of 0.91-2.75 ppm. The -

NH of amide functional group appeared at 8.05-9.83 ppm. The phenolic hydroxyl 

protons appeared in the range of 9.45-10.98 ppm (Table 2.2). 

 



Chapter 2                                                                      Amide derivatives of Amino-β-resorcylic acids 

 

36 
 

Table 2.2 
1
H-NMR spectral data of amide derivatives of Methyl 5-amino-

2,4-dihydroxybenzoate 

Code 
1
H-NMR spectral data 

15 

1
H-NMR (300 MHz, DMSO-d6): δ 10.62 (s, 1H, OH), 9.45 (s, 1H, OH), 

8.05 (s, 1H, Aromatic), 7.94 (d, 2H, J = 7.2 Hz, Aromatic), 7.529 (m, 3H, 

Aromatic), 6.464 (s, 1H, Aromatic), 3.85 (s, 3H, -OCH3) 

16 

1
H-NMR  (400 MHz, DMSO-d6): δ 10.92 (s, 1H, OH), 10.631 (s, 1H, OH) 

9.83 (s, 1H, NH, amide), 8.35 (d, 2H, J = 8.7 Hz, Aromatic), 8.16 (d, 2H, J 

= 8.7 Hz, Aromatic), 7.99 (s, 1H, Aromatic), 6.48 (s, 1H, Aromatic), 3.85 

(s, 3H, -OCH3) 

17 

1
H-NMR (300 MHz, DMSO-d6): δ 10.964 (s, 1H, OH), 10.543 (s, 1H, 

OH), 9.046 (s, 1H, NH amide) 8.184 (s, 1H, Aromatic), 6.394 (s, 1H, 

Aromatic), 3.833 (s, 3H, -OCH3), 3.338 (q, 2H, -CH2), 1.043 (t, 3H, -CH3) 

18 

1
H-NMR  (300 MHz, DMSO-d6): δ 10.969 (s, 1H, OH), 10.555 (s, 1H, 

OH), 9.063 (s, 1H, NH amide), 8.175 (s, 1H, Aromatic), 6.399 (s, 1H, 

Aromatic), 3.834 (s, 3H, -OCH3), 2.307 (t, 2H, -CH2), 1.57 (m, 2H, -CH2), 

0.889 (t, 3H, -CH3) 

19 

1
H-NMR (300 MHz, CDCl3): δ 10.564 (s, 1H, OH), 9.962 (s, 1H, NH 

amide), 7.481 (s, 1H, Aromatic), 6.545 (s, 1H, Aromatic), 3.888 (s, 3H, -

OCH3), 2.589 (m, 1H, -CH), 2.274 (d, 6H, 2CH3) 

 

2.2.5 Synthesis of 2,4-Dihydorxybenzoic acid 1 from toluene 

 For synthesis of 2,4-Dihydorxybenzoic acid 1 from toluene we tried scheme 

2.14. In step i, it was planned to carry out sulphonation of toluene at position 2 and 4 

to produce 4-methylbenzene-1,3-disulfonic acid. Then in step ii, 4-methylbenzene-

1,3-disulfonic acid will be converted into 2,4-dihydroxytoluene by using sodium 

hydroxide. In step iii, 2,4-dihydroxytoluene will be oxidized to 2,4-dihydroxybenzoic 
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acid 1. But unfortunately our scheme failed. As methyl group is bulky in nature, so 

due to steric hindrance it was not possible to carry out sulphonation of toluene at 

position 2. In scheme 2.15, So sulphonation of toluene (Scheme 2.15) in step i 

produced only potassium salt of p-toluene sulfonic acid. The oxidation of potassium 

salt of p-toluene sulfonic acid with KMnO4 in step ii produced potassium salt of 4-

carboxybenzenesulfonic acid 20. 

 

Scheme 2.14 Synthesis of 2,4-Dihydorxybenzoic acid 1 from toluene 

 

Scheme 2.15 Synthesis of potassium 4-carboxybenzenesulfonate 20 from toluene 

 

Elemental analysis calculated for: C7H5KO5S (240): C, 34.99; H, 2.10; K, 16.27; 

O, 33.29; S, 13.35, Found C, 35.23; H, 2.07. The structure of 20 was confirmed from 

its 
1
H-NMR data (Figure 2.22). The -COOH proton was observed in the form of a 

singlet at 12.9 ppm and two doublets due to aromatic protons having a coupling 

constant of 8.1 Hz observed at 7.91 and 7.71 ppm, respectively. The 
13

C-NMR 
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spectrum of 20 was recorded which showed carbon resonances at 167.4, 152.6, 131.1, 

129.4 and 126.2 ppm (Figure 2.23). 

 

Figure 2.22 
1
H-NMR of potassium 4-carboxybenzenesulfonate 20 in deuterated water 

 

 

Figure 2.23 
13

C-NMR of potassium 4-carboxybenzenesulfonate 20 in deuterated water 

 

2.3 Experimental 
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2.3.1 Experimental in general 

2.3.1.1  Solvents 

The following dry and freshly distilled organic solvents were utilized. 

a) Methanol 

It was dried with the help of magnesium turnings and iodine. A mixture of 

methanol (400 mL), magnesium turnings (8-10 g) and few crystals of iodine was 

refluxed for 5 h. After refluxing, the yellow color due to iodine was vanished and 

white precipitate was obtained. Cooled it to room temperature and then distilled it 

under nitrogen at 65 
o
C. Dry distilled methanol was stored under nitrogen atmosphere. 

b) Dimethyl formamide (DMF) 

DMF was dried by using calcium hydride (CaH2). A mixture of DMF (400 

mL) and CaH2 (20 g) was kept overnight with balloon needle, followed by decantation 

of the drying agent and refluxed for 3 h. Cooled it to room temperature and then 

distilled under nitrogen and vacuum. Dry distilled DMF was stored under nitrogen 

atmosphere. 

2.3.1.2. Chromatography 

Reactions were monitored by thin layer chromatography using pre coated 

silica gel aluminium packed plates, Kiesal 60 HF454 from Merck (Germany). TLC was 

performed in ethyl acetate, n-hexane, methanol and chloroform and detected by using 

ultraviolet light (λmax 254 and 365 nm) and locating agent like Phosphomolybdic acid 

(PMA). Column chromatography was done by using E. Merck silica gel (0.063-

0.400). 

2.3.1.3. Instrumentation 

The compounds were characterized by their physical constant and spectro-

analytical techniques. 
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i) Melting Point 

Melting point of synthesized compounds were recorded in open capillaries 

using Gallenkamp melting point apparatus (MP-D) and uncorrected. 

ii) Fourier Transform Infrared Spectrophotometer 

Schimadzu Fourier Transform Infrared Spectrophotometer model 470 and 

JASCO IR- A-302 spectrometer was used for recording IR spectra. Solid samples 

were taken in KBr pellets. 

iii)
 1
H-NMR 

Proton NMR spectra were recorded on Bruker AV-300 MHz and AV-600 

MHz spectrometers using (CD3)2SO, CDCl3 (CD3)2CO, D2O, CD3OD and TMS as an 

internal standard. 

iv)
 13

C-NMR 

13
C-NMR spectra were recorded on Bruker AV-300 MHz and AV-600 MHz 

spectrometers using (CD3)2SO, CDCl3 (CD3)2CO, D2O, CD3OD as solvents and TMS 

as an internal standard. 

v) Electron Impact Mass Spectra (EI-MS) 

Electron Impact Mass Spectra (EI-MS) and positive fast atomic bombardment 

(FAB+-MS) was recorded on a Finniggan MATT-311A Germany instrument. 

2.3.2 Synthesis and experimental data of all compounds for synthesis 

of 3-Amino-β-resorcylic acid 

2.3.2.1  Methyl 2,4-dihydroxybenzoate 2 
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Concentrated H2SO4 (5 mL) was added to a stirred solution of 2,4-

dihydroxybenzoic acid 1 (2.2 g, 7.79 mmol) in MeOH (6 mL) and the mixture was 

refluxed for 20 h. After cooling to rt, MeOH was removed under reduced pressure. 

The residue was poured into ice water (200 mL). The precipitates were filtered and 

washed with water. The solid was recrystallized (MeOH/hexanes) to give the product 

2 (2.3 g, 7.73 mmol, 99 %) as a white solid.
32

 

M.P.= 118–121 °C (lit. 112–114 °C). EI-MS: m/z 168. 

2.3.2.2  Methyl 2,4-dihydroxy-5-nitrobenzoate 4 

 

Methyl 2,4-dihydroxybenzoate 2 (0.915 g, 5.44 mmol) was dissolved in a 

mixture of Ac2O (3.4 mL) and glacial AcOH (6.6 mL) using ultra sonication. The 

clear solution was cooled to 0 °C, added a mixture of glacial AcOH (0.3 mL) and 

fuming HNO3 (0.38 g, 6.0 mmol, 2.1 equi) drop wise. Then the temperature of the 

light brown solution was increased to 22 °C and stirred for 15 min. After stirring an 

orange color suspension was obtained. Water (13 mL) was added to reaction mixture 

and kept for 30 min at room temperature. The solid was filtered and washed several 

times with water and dried under vacuum to give crude product 4, which was 

recrystallized from ethyl acetate (25 mL) to give pure product. 

Yield: 95 % M.P. = 167-168 ˚C, Rf.: 0.42 (50 % EtOAc: n-Hexane). FTIR 

(KBr, cm
-1

): 3233 (OH), 2970 (CH3), 1680 (C=O ester).
 1

H-NMR (600 MHz, DMSO-

d6): δ 12.782 (s, 1H, OH), 12.202 (s, 1H, OH), 8.390 (s, 1H, Aromatic), 6.576 (s, 1H, 

Aromatic), 3.842 (s, 3H, CH3), 
13

C-NMR (600 MHz, DMSO-d6): δ 166.65, 164.51, 

158.25, 129.89, 129.62, 106.63, 104.99, 52.52. EI-MS: m/z 213. 

The clear brown solution and combined washings were extracted with diethyl 

ether and the solvents were evaporated under reduced pressure to give crude 3 as 

deeply orange colored solid as reported previously by Gianni’s et al. However we 

were not successful to obtain this product. 
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2.3.2.3  2-Nitroresorcinol 5 

 

Resorcinol (2.1 g. 0.01mol) was treated with sulfuric acid (5.6 mL, 95 %) and 

the solution was kept for 15 min. The pasty yellow mass of sulfonated product was 

nitrated at 0 ºC by a cool mixture nitric acid (0.72 mL, 67 %) and sulfuric acid (2.2 

mL, 95 %), the solution was kept for 15 min at room temperature and then 3 g of ice 

was added. Reflux for 1 h to eliminate sulfonated acid group by heating and subjected 

to simple distillation to afford 2-Nitroresorcinol 5 (0.8 g). 

Yield: 52.61 %, M.P. = 76 ˚C, Rf.: 0.93 (40 % EtOAc: n-Hexane). FTIR (KBr,  

cm
-1

): 3242 (OH), 1538 (N=O, Asym strech), 1370 (N=O, Sym strech).
 1

H-NMR (300 

MHz, (CD3)2CO): δ 10.211 (s, 2H, OH), 7.439-7.383 (t, J = 8.4 Hz, 1H, Aromatic), 

6.636-6.608 (d, J = 8.4 Hz, 2H, Aromatic), 
13

C-NMR (400 MHz, MeOD): δ 153.44, 

134.24, 108.77. EI-MS: m/z 155. 

2.3.2.4  Synthesis of 2-Aminoresorcinol hydrochloride 7 

 

A mixture of 2-Nitroresorcinol 5 (2.5 g, 9.6 mmol), tin (3 g, 25 mmol), 

concentrated hydrochloric acid (8 mL, 37 %) and absolute ethanol (5 mL) were taken 

in a 100 mL round bottom flask and heated under reflux with stirring for 40 min. The 

completion of reaction was checked by TLC. The reaction mixture was filtered to 

remove any unreacted tin. Filtrate was kept for seven days to afford light brown 

needles of 2-Aminoresorcinol hydrochloride 7. 

Yield: 95 %, 
1
H-NMR (300 MHz, DMSO-d6): δ 10.589 (s, 2H, OH), 9.32 (s, 

3H, NH3), 7.026-6.971 (t, J = 8.4 Hz, 1H, Aromatic), 6.475-6.447 (d, J = 8.4 Hz, 2H, 

Aromatic), 
13

C-NMR (300 MHz, DMSO-d6): δ 153.44, 134.24, 108.77. EI-MS: m/z 

165. 
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2.3.2.5  1-(2,4-dihydroxy-3-nitrophenyl)ethanone 9 

 

2-Nitroresorcinol 5 (1.0 g, 6.45 mmol) was added to a solution of aluminum 

chloride (1.85 g) in nitrobenzene (12.5 mL). Acetic anhydride (0.625 mL) was also 

added to this reaction mixture and heated under reflux for 4 h. Ice-cold dilute 

hydrochloric acid was added to decompose the aluminum chloride. Nitrobenzene was 

removed by steam distillation. The crude product 9 was recrystallized from hot water 

which turned yellow on drying.
36

 

Yield: 95 %, 
1
H-NMR (300 MHz, DMSO-d6): δ 13.32 (s, 1H, OH), 12.36 (s, 

1H, OH), 7.97 (d, J = 9 Hz, 1H, Aromatic), 6.65 (d, J = 9 Hz, 1H, Aromatic), 2.59 (s, 

3H, CH3). 
13

C-NMR (300 MHz, DMSO-d6): δ 204.3, 156.5, 155.7, 135.1, 129.9, 

112.9, 108.2, 26.9. 

2.3.2.6. 1-(3-amino-2,4-dihydroxyphenyl)ethanone 10 

  

A mixture of product 9 (1.6 g, 9.6 mmol), tin (3 g, 25 mmol), concentrated 

hydrochloric acid (8 mL, 37 %) and absolute ethanol (10 mL) were taken in a 100 mL 

RBF and refluxed for 1 h. The completion of reaction was checked by TLC. 

Unreacted tin was removed by filtering the reaction mixture. Filtrate was kept for 

seven days to afford light brown needles of 1-(3-amino-2,4-

dihydroxyphenyl)ethanone 10. 

Yield: 90 %, 
1
H-NMR (300 MHz, DMSO-d6): δ 12.68 (s, 1H, labile protons), 

7.15 (d, 1H, J = 9 Hz, Armatic), 7.42 (d, J = 9 Hz, 1H, Aromatic). 
13

C-NMR (300 

MHz, DMSO-d6): δ 204.2, 150.8, 150.7, 123.6, 120.9, 113.1, 107.4 and 26.5. 
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2.3.2.7. 2,4-dihydroxy-3-nitrobenzoic acid 6 

 

A mixture of 2-nitroresorcinol 5 (100 mg, 0.645 mmol) and sodium hydroxide 

(0.21 g, 5.25 mmol, 0.3 mL) was heated at 70 ˚C for 1 h. Chloroform (0.1 mL) was 

added drop wise and the resulting mixture was stirred for another 1 h at the same 

temperature. Cool to room temperature and water (10 mL) was added and 

subsequently acidified with 10 N H2SO4. The mixture was extracted with DCM and 

washed with H2O. Compound 6 was obtained as orange color product. 

Yield: 10 %, 
1
H-NMR (300 MHz, CDCl3): δ 11.1 (s, 1H, -COOH), 10.563 (s, 

1H, OH), 7.35 (d, J = 8.7 Hz, 1H, Aromatic), 6.57 (d, J = 8.7 Hz, 1H, Aromatic). 

2.3.3. Experimental data of all compounds for synthesis of amide 

derivatives of 5-Amino-β-resorcylic acid 

2.3.3.1. 2,4-Dihydroxybenzoic acid 1 

 

Resorcinol (4 g, 0.0364 mmol), sodium bicarbonate (16.8 g, 0.2 mmol) and 

water (22.2 mL, 2.23 mmol) were placed in a 100 mL round bottom flask fitted with a 

reflux condenser and gas inlet tube. Heated gently on a steam bath for 4 h, then reflux 

vigorously over a flame for 30 min while passing a rapid steam of carbon dioxide 

through the solution. Acidified the solution; while still hot by adding 18 mL of 

concentrated hydrochloric acid. Allowed to cool to room temperature, chilled in an ice 

bath and collect the crude 2,4-Dihydroxybenzoic acid 1 by filtration with suction. The 

solid was recrystallized from water. 
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Yield: 64 %, M.P.: 198 ºC; found, 216-217 ºC; reported, State: white solid, 

Rf.: 0.71 (50 % MeOH: CHCl3) FTIR (KBr, cm
-1

): 3563 (OH), 3488 (OH), 2500-3359 

(COOH), 1671 (C=O carboxylic acid), 1520 (C=C aromatic). 
1
H-NMR  (300 MHz, 

CD3COCD3): δ 12.269 (s, 2H, OH and COOH), 9.288 (s, 1H, OH), 7.779-7.750 (d, 

1H, J = 8.7 Hz, Aromatic), 6.467-6.430 (dd, 1H, J =2.4 Hz, 8.7, Aromatic), 6.384-

6.376 (d, 1H, J =2.4, Aromatic), 
13

C-NMR (400  MHz, CD3COCD3): δ 173.47, 

165.50, 165.34, 133.20, 108.75, 105.81, 103.32. 

2.3.3.2. 2,4-Dihydroxy-5-nitrobenzoic acid 11 

 

Concentrated nitric acid (2 mL, 67 %) was added drop by drop to 2,4-

dihydroxybenzoic acid 1 (1 g, 97 %, 6.3 mmol) in a round bottom flask. The mixture 

was protected from moisture by CaCl2 (anhydrous) tube and was allowed to stand for 

12 h at room temperature. Then reaction mixture was diluted with water. The solid i.e. 

crude 2,4-dihydroxy-5-nitrobenzoic acid 11 that separated was filtered and 

recrystallized from water.
35

 

Yield: 94 %. State: straw yellow needles M.P.= 208 ˚C, found, 215 ºC; 

literature. Rf.: 0.67 (50 % MeOH: CHCl3). FTIR (KBr, cm
-1

): 3626 (OH), 3550 (OH), 

2600-3300 (carboxylic acid), 1633 (C=O carboxylic acid), 1294 (N=O). 
1
H-NMR  

(300 MHz, CD3COCD3): δ 12.786 (s, 1H, COOH), 10.954 (s, 1H, OH), 8.707 (s, 1H, 

Aromatic), 7.396 (s, 1H, OH), 6.599 (s, 1H, Aromatic). 
13

C-NMR (75  MHz, 

CD3COCD3): δ 170.33, 168.0, 160.09, 159.90, 129.67, 127.74, 106.49, 105.07. 

2.3.3.3. 5-Carboxy-2,4-dihydroxybenzenaminium chloride 12 
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A mixture of 2,4-dihydroxy-5-nitrobenzoic acid 11 (2.5 g, 7.5 mmol), tin (3 g, 

25 mmol), concentrated hydrochloric acid (8 mL, 37 %) and absolute ethanol (5 mL) 

were taken in a 100 mL round bottom flask and heated under reflux with stirring for 

40 min. The completion of reaction was checked by TLC. The reaction mixture was 

filtered to remove any unreacted tin. Filtrate was kept for seven days to afford light 

brown needles of 5-Carboxy-2,4-dihydroxybenzenaminium chloride 12. 

Yield: 55 %. M.P.= 196 ˚C. FTIR (KBr, cm
-1

): 3471 (OH), 3674 (OH), 2600-

3600 (OH, COOH), 1674 (C=O, carboxylic acid). The structure of the product was 

confirmed by X-Crystallography.
34

  

2.3.3.4. 5-Carboxy-2,4-dihydroxybenzenaminium chloride dihydrate 13 

 

HCl gas was passed through a mixture of 2,4-dihydroxy-5-nitrobenzoic acid 

11 (2.5 g, 7.5 mmol), tin (3 g, 25 mmol and methanol (5 mL) with heating under 

reflux for 15 min. The reaction mixture was filtered to remove any unreacted tin. 

Filtrate was kept for two days to afford light brown needles of 5-Carboxy-2,4-

dihydroxybenzenaminium chloride dihydrate 13. These crystals were filtered and 

washed with chloroform. 

Yield: 40 %. M.P.= 210 ºC. FTIR (KBr, cm
-1

): 3500 (OH), 3230 (OH), 2500-

3400 (OH, COOH), 1634 (C=O, carboxylic acid). 
1
H-NMR  (300 MHz, D2O): δ 7.645 

(s, 1H, Aromatic), 6.356 (s, 1H, Aromatic, 
13

C-NMR (300 MHz, D2O): δ 174.20, 

164.95, 159.30, 128.98, 113.75, 107.99, 106.14. The structure of the product was also 

confirmed by X-Crystallography.
35
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2.3.3.5  Synthesis of Methyl 2,4-dihydroxy-5-nitrobenzoate 4 from 2,4-

dihydroxy-5-nitrobenzoic acid 11 

 

To a stirred solution of 2,4-dihydroxy-5-nitrobenzoic acid 11 (15.9 g, 80 

mmol) in MeOH (60 mL) was added concentrated H2SO4 (5 mL) and the mixture was 

refluxed for 20 h. After cooling to rt, MeOH was removed under reduced pressure and 

the residue was poured into ice water (200 mL). The precipitates were collected and 

washed with water. The solid was recrystallized from ethyl acetate to give the product 

4 (15.79 g, 77.3 mmol) as pale yellow cubes. 

Yield: 95 %. M.P.= 167-168 ˚C. Rf.: 0.42 (50 % EtOAc: n-Hexane).  

The spectroscopic data is identical to that already discussed in section 2.3.2.2. 

2.3.3.6. Synthesis of Methyl 5-amino-2,4-dihydroxybenzoate 14 from 5-

Carboxy-2,4-dihydroxybenzenaminium chloride 12 

  

To a stirred solution of 12 (1 g, 4.86 mmol) in MeOH (3 mL) was added 

concentrated H2SO4 (0.2 mL) and the mixture was refluxed for 5 h. After cooling to 

rt, MeOH was removed under reduced pressure. The residue was poured into ice 

water (10 mL), neutralized with 5 % NaHCO3 and extracted with EtOAc and the 

solvent was removed under reduced pressure to give pure 14 as a light brown solid. 

Yield: 92.23 %, M.P.= 196 ˚C. Rf.: 0.92 (10 % MeOH: CHCl3). FTIR (KBr, 

cm
-1

): 3374 (OH), 3296 (NH), 2924 (CH3), 1724 (C=O ester).
 1

H-NMR (300 MHz, 

DMSO-d6): δ 10.166 (s, 1H, OH), 7.013 (s, 1H, Aromatic), 6.281 (s, 3H, Aromatic, 
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2NH), 3.815 (s, 3H, CH3), 
13

C-NMR (300 MHz, DMSO-d6): δ 170.45, 155.07, 

152.86, 130.38, 113.20, 102.96, 102.48, 52.23. EI-MS: m/z 183. 

2.3.3.7. Synthesis of Methyl 5-amino-2,4-dihydroxybenzoate 14 from 2,4-

dihydroxy 5-nitrobenzoate 4 

 

A mixture of 4 (2.6 g, 7.5 mmol), tin (3 g, 25 mmol), concentrated 

hydrochloric acid (8 mL, 37 %) and absolute ethanol (5 mL) were taken in a 100 mL 

round bottom flask and heated under reflux with stirring for 40 min. The completion 

of reaction was checked by TLC. After cooling to rt, MeOH was removed under 

reduced pressure. The residue was poured into ice water (15 mL), neutralized with 5 

% NaHCO3 and extracted with EtOAc and the solvent were removed under reduced 

pressure to give pure 14 as a light brown solid. 

Yield: 92.23 %. The physical properties and spectroscopic data are identical to 

that already discussed in section 2.3.3.6. 

2.3.4 General procedure for the synthesis of amide derivatives (15-

19) of Methyl 5-amino-2,4-dihydroxybenzoate 14 

Equivalent amounts of 14 and anhydrides/acyl chlorides were heated at 60 °C 

for 3 h in DMF. The reaction mixture was freeze dried, neutralized with aq. NaHCO3 

(5 %) and extracted with DCM, dried over Na2SO4 and evaporated in vacuo to give 

pure amides (15-19). 

2.3.4.1  Methyl 5-benzamido-2,4-dihydroxybenzoate 15 
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Benzoyl chloride = 154 mg (0.13 mL, 1.1 mmol) 

Methyl 5-amino-2,4-dihydroxybenzoate 14 = 200 mg (1.1 mmol) 

Yield: 98 %, M.P.= 235 ˚C. Rf.: 0.25 (35 % EtOAc: n-Hexane). FTIR (KBr, 

cm
-1

): 3535 (OH), 3409 (NH amide), 2956 (CH3), 1665 (C=O ester).
 1

H-NMR (300 

MHz, DMSO-d6): δ 10.62 (s, 1H, OH), 9.45 (s, 1H, OH), 8.05 (s, 1H, Aromatic), 7.94 

(d, 2H, J = 7.2 Hz, Aromatic), 7.529 (m, 3H, Aromatic), 6.464 (s, 1H, Aromatic), 3.85 

(s, 3H, -OCH3), 
13

C-NMR (300 MHz, DMSO-d6): δ. 169.3, 165.3, 159.7, 157.6, 

134.3, 131.6, 128.4, 127.5, 126.3, 118.8, 103.2, 102.9, 52.1. EI-MS: m/z 287. 

2.3.4.2  Methyl 2,4-dihydroxy-5-(4-nitrobenzamido)benzoate 16 

  

4-Nitrobenzoyl chloride = 203.5 mg (1.1 mmol) 

Methyl 5-amino-2,4-dihydroxybenzoate 14 = 200 mg (1.1 mmol) 

Yield: 97 %, M.P.= 240 ˚C. Rf.: 0.26 (30 % EtOAc: n-Hex).
 1

H-NMR  (400 

MHz, DMSO-d6): δ 10.92 (s, 1H, OH), 10.631 (s, 1H, OH) 9.83 (s, 1H, NH, amide), 

8.35 (d, 2H, J = 8.7 Hz, Aromatic), 8.35 (d, 2H, J = 8.7 Hz, Aromatic), 8.16 (d, 2H, J 

= 8.7 Hz, Aromatic), 7.99 (s, 1H, Aromatic), 6.48 (s, 1H, Aromatic), 3.85 (s, 3H, -

OCH3). 
13

C-NMR (400  MHz, DMSO-d6): δ 169.2, 163.9, 160.0, 157.9, 149.1, 140.1, 

129.1, 127.2, 123.5, 118.1, 103.4, 102.9, 52.1. EI-MS: m/z 332. 

The structure of this product was also confirmed by X-ray crystallography 

(Figure 2.24 and 2.25).
37
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Figure 2.24 ORTEP packing diagram of 5-Methyl-2,4-dihydroxy-5-(4-

nitrobenzamido)benzoate 16 

 

Figure 2.25 The partial packing, which shows that molecules of 16 form various ring 

motifs to form three dimensional polymeric network 

 

2.3.4.3 Methyl 2,4-dihydroxy-5-propionamidobenzoate 17 
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Propionic anhydride = 143 mg (0.15 mL, 1.1 mmol) 

Methyl 5-amino-2,4-dihydroxybenzoate 14 = 200 mg (1.1 mmol) 

Yield: 95 %, M.P.= 166 ˚C. Rf.: 0.54 (30 % EtOAc: n-Hex).
 
FTIR (KBr, cm

-1
): 

3659 (OH), 3414 (NH amide), 2966 (CH3), 1666 (C=O ester). 
1
H-NMR (300 MHz, 

DMSO-d6): δ 10.964 (s, 1H, OH), 10.543 (s, 1H, OH), 9.046 (s, 1H, NH amide) 8.184 

(s, 1H, Aromatic), 6.394 (s, 1H, Aromatic), 3.833 (s, 3H, -OCH3), 3.338 (q, 2H, -

CH2), 1.043 (t, 3H, -CH3). 
13

C-NMR (300 MHz, DMSO-d6): δ 172.3, 169.5, 158.8, 

155.7, 123.7, 119.5, 102.8, 102.6, 52.04, 28.91, 9.75. EI-MS: m/z 239. 

2.3.4.4  Methyl 5-butyramido-2,4-dihydroxybenzoate 18 

 

Butyric anhydride = 174 mg (0.2 mL, 1.1 mmol) 

Methyl 5-amino-2,4-dihydroxybenzoate 14 = 200 mg (1.1 mmol) 

Yield: 96 %, M.P.= 154 ˚C. Rf.: 0.29 (20 % EtOAc: n-Hex).
 1

H-NMR  (300 

MHz, DMSO-d6): δ 10.969 (s, 1H, OH), 10.555 (s, 1H, OH), 9.063 (s, 1H, NH 

amide), 8.175 (s, 1H, Aromatic), 6.399 (s, 1H, Aromatic), 3.834 (s, 3H, -OCH3), 

2.307 (t, 2H, -CH2), 1.57 (m, 2H, -CH2), 0.889 (t, 3H, -CH3). 
13

C-NMR (300 MHz, 

DMSO-d6): δ 171.5, 169.5, 158.9, 155.7, 123.8, 119.5, 102.9, 102.7, 52.1, 18.7, 13.6. 

EI-MS: m/z 253. 

2.3.4.5  Methyl 2,4-dihydroxy-5-isobutyramidobenzoate 19 

  

Isobutyric anhydride = 174 mg (0.2 mL, 1.1 mmol) 

Methyl 5-amino-2,4-dihydroxybenzoate 14 = 200 mg (1.1 mmol) 
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Yield: 98 %, M.P.= 208 ˚C. Rf.: 0.57 (30 % EtOAc: n-Hex). FTIR (KBr, cm
-1

): 

3277 (OH), 3419 (NH amide), 2973 (CH3), 1665 (C=O ester).
 1

H-NMR (300 MHz, 

CDCl3): δ 10.564 (s, 1H, OH), 9.962 (s, 1H, NH amide), 7.481 (s, 1H, Aromatic), 

6.545 (s, 1H, Aromatic), 3.888 (s, 3H, -OCH3), 2.589 (m, 1H, -CH), 2.274 (d, 6H, 

2CH3). 
13

C-NMR (300 MHz, DMSO-d6): δ 175.5, 169.5, 158.8, 155.7, 123.8, 119.4, 

102.8, 102.6, 52.02, 34.2, 19.6. EI-MS: m/z 253. 

The structure of this product was also confirmed by X-ray crystallography 

(Figure 2.26 and 2.27).
38

 

 

Figure 2.26 ORTEP packing diagram of Methyl 2,4-dihydroxy-5-

isobutyramidobenzoate 19 

 

Figure 2.27 The partial packing of 19, which shows that molecules form S(5) & S(6) 

loops and one dimensional polymeric chains are formed due to O—H···O H-bonds 

along the [001] direction 
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2.3.5 Potassium 4-carboxybenzenesulfonate 20 

A mixture of toluene (14 mL) and concentrated sulfuric acid (2.4 mL) was 

refluxed with stirring for half an hour. The reaction mixture was left to cool to room 

temperature. 50 mL of water was added with stirring and partially neutralized the 

reaction mixture by adding continuously and in small portions KHCO3 (6 g). The 

resulting solution was boiled, saturated with NaCl and filtered through a preheated 

funnel. The hot filtrate was cooled with stirring in ice. Precipitate of the crude product 

of potassium 4-methylbenzenesulfonate was obtained and dried in a desiccator.
39

 

In next step crude product of potassium 4-methylbenzenesulfonate (1.5 g), 

water (25 mL), and potassium permanganate (0.8 g) were taken in a two neck (100 

mL) round bottom flask. Stirred the mixture and refluxed gently until practically all 

the permanganate color disappeared. At this point added more potassium 

permanganate (0.4 g) and refluxed the mixture again until the permanganate color 

disappeared; the color of the solution was seen by stopping the heating and stirring. 

Finally, added a second portion (0.4 g) of potassium permanganate and continued 

refluxing until the permanganate color disappeared.
40

 The hot contents of the flask 

were filtered from manganese dioxide through sintered glass funnel. Concentrated the 

filtrate by using water-bath and precipitated the crude product of 20 by cautiously 

adding concentrated HCl (0.7 mL). Cooled the crude product and recrystallized it 

from water. White crystals of product 20 were obtained. 

Yield: 70 %, M.P.= These crystals were not melted until 300 ºC.    FTIR (KBr, 

cm
-1

): 2600-3200 (OH,-COOH), 1725 (C=O carboxylic acid).
 1

H-NMR (300 MHz, 

DMSOd6): δ 12.9 (s, 1H, -COOH), 7.922-7.895 (d, J = 8.1 Hz, 1H, Aromatic), 7.726-

7.699 (d, J = 8.1 Hz, 1H, Aromatic). 
13

C-NMR (300 MHz, DMSO-d6): δ 167.4, 152.6, 

131.1, 129.4, 126.2. Elemental analysis calculated for: C7H5KO5S (240): C, 34.99; H, 

2.10; K, 16.27; O, 33.29; S, 13.35, Found C, 35.23; H, 2.07. 
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3.1. Metallic nanoparticles 

Metallic nanoparticles are profoundly utilized in engineering and biomedical 

sciences as these have captivated scientist for over a century. Now-a-days 

nanoparticles synthesis is an active area of research because their huge applications in 

nanotechnology. Today these materials are not only synthesized but also improved 

with numerous functional groups. The conjugation of these nanoparticles with 

ligands, antibodies and drugs introduced a wide range of potential applications in 

biotechnology, preconcentration of target analytes, magnetic separation, targeted drug 

delivery, vehicles for gene and drug delivery and more significantly diagnostic 

imaging, vehicles for gene diagnostic imaging and drug delivery. Furthermore, the 

various states of disease can be seen due to the use of nanoparticles in PET,MRI, 

ultrasound, CT, SERS and optical imaging.
41

  

3.1.1. Nanotechnology 

Nanotechnology states to the division of engineering and science devoted to 

materials, having dimensions of 100 nm or less. Recently, in industrial sectors 

nanotechnology has been attracted due to its applications in various  field like 

biotechnology, drug and gene delivery, bio detection of pathogens, detection of 

proteins, probing of DNA structure and tissue engineering.
42

 The history of 

nanomaterials is very old because these were first initiated by a physicist, Richard P. 

Feynman. In one of his class he said, “There is plenty of room at the bottom,” and 

suggested that scaling down to nanolevel and starting from the bottom was the key to 

future technology and advancement. With the progress in the field of nanotechnology, 

novel nanomaterials have different physical and chemical properties in comparison to 

their bulk parts. These distinctive physiochemical properties of nanomaterials are due 

to their high surface area. As majority of biological methods take place at nanometer 

scales that is why nanoparticles are attracted for biomedical applications.
43
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3.1.2. Gold nanoparticles 

Gold nanoparticles also called colloidal gold are the particles of gold in 

nanometer scale. Gold has been the issue of investigation since ancient times. In 

Roman times, colloidal solutions were used to color glass for decorative purposes.
44

 

In 1850, Michael Faraday’s detected that “the colloidal gold solutions have properties 

that vary from the bulk gold”.
43

 Hence gold nanoparticles of less than 100 nm 

diameter has a deep red color or a yellowish color for larger particles size as shown in 

Figures 3.1 and 3.2.
45,46

 These exciting optical properties of these gold nanoparticles 

are due to their distinctive interaction with light.
47

 The free electrons of the metal 

nanoparticles undergo an oscillation with respect to the metal lattice in the presence of 

the oscillating electromagnetic field of the light.
48

 This process occurs at at a specific 

resonance frequency of the light which is termed as localized surface plasmon 

resonance (LSPR). After absorption of light, the surface plasmon declines radiatively 

or nonradiatively. 

The gold nanoparticles in aqueous solution of about 10 nm diameter have a 

strong LSPR peak 520 nm. A stokes shift was exhibited by these nanospheres with  an 

increase in size due to the electromagnetic retardation in bigger particles.  

 

Figure 3.1 Photos of aqueous solutions of gold nanorods (lower panels) and gold 

nanospheres (upper panels). Consistent TEM images 46for spheres, the size varies 

from 4 to 40 nm (TEMs a-e), for rods, varies from 1.3 to 5 nm for short rods (TEMs f-

j) and 20 nm (TEM k) for long rods. 
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Figure 3.2 Tunable optical absorptions of gold nanorods (NRs) at near-infrared and 

visible wavelengths a) Optical absorption spectra of gold NRs with different ratios (a– 

e); b) Color wheel, with reference to gold NRs labeled (a–e). TR = transverse 

resonance 

3.1.3. Silver nanoparticles 

These are the particles of silver, with particle size between 1-100 nm. 

However often described as being “silver” some contain a large proportion of silver 

oxide due to their large ratio of surface to bulk silver atoms. Presently, scientists are 

interested to incorporate silver nanoparticles into a wide varyties of medical devices 

like surgical instruments, bone cement, surgical masks, etc. Additionally, it has also 

been observed that ionic silver can be used for treatment of wounds.
49

 Furthermore 

the products of silver nanoparticles are also marketed like 136Silver Nano, which 

includes silver nanoparticles on the surfaces of household appliances. Likewise, these 

nanomaterials have achieved significant place in biomedical imaging due to their 

striking physiochemical properties. In fact, they are ideal candidates for molecular 

labeling due to their LSPR peak in visible region of electromagnetic spectrum and 

high surface area.
50
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3.2. Synthetic approaches to silver and gold nanoparticles 

Nanoparticles can be prepared from various materials by relatively simple 

methods. In the past few decades, a range of different methods have been reported and 

reviewed for synthesizing gold colloids of monodispersed and uniform sizes particles. 

At present, there are two kinds of methods commonly carried out to prepare 

nanoparticles (figure 3.3). 

3.2.1. Top-Down approach 

This includes the constant division of bulk metals into nanoparticles. This 

method is based on dissolution of metallic gold or silver. Various methods included in 

the “top- down” approach are laser ablation method,
51

 evaporation under high 

vacuum,
52

 solvated metal atom dispersion (SMAD) method,
53

 electric arc reduction 

method, and electrochemical reduction method. 

3.2.2. Bottom-Up approach  

This comprises the building up of nanoparticles from the atomic level. This 

process is based on preparation of colloid particles from gold halides such as 

tetrachloroauric acid, HAuCl4. The bottom- up approach of preparing nanoparticles 

has come to be very popular, because one can have a good control on size and 

monodispersity of the nanoparticles. In this approach, different reducing agents such 

as  

 sodium borohydride 

 trisodium citrate 

 tannic acid 

 hydrazine 

 ascorbic acid and  

 tartaric acid  

are used to reduce the metal ions into nanoparticles. Nanoparticles from metals such 

as Pd, Rh, Au, Pt and Ag, having high positive redox potentials (E0 > 0.7 V) can be 
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prepared using mild reducing agents under ordinary conditions, whereas 

electronegative metals (E0 < -0.2 V) requires strong reducing agents with extreme 

reaction conditions.
54

  

 

Figure 3.3 How to reach "nano" 

 

3.2.2.1. Citrate reduction 

For numerous biological uses, it is wanted to have nanoparticles dissolved in 

water must retain their chemical and physical properties. Initially, Faraday used 

phosphorus vapors as the reducing agent for preparation of aqueous colloidal Au 

suspensions. In 1857, Faraday specified that these suspensions contained metallic 

particles in a “highly divided state”.
55

 

Among the various methods described, the mostly widely used method is the 

trisodium citrate reduction method at elevated temperatures, initiated by Turkevich 

and co-workers. They have proposed the mechanism for the synthesis of 
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monodispersed colloidal gold hydrosols by reducing aqueous solution of 

tetrachloroauric acid with trisodium citrate. Multi dentate chelating agent (trisodium 

citrate) reduced the Au
3+

 ions to produce clusters of supersaturated Au
0
 nuclei. As the 

concentration of Au
0 

increases, they form seeds of nuclei and the particle growth 

occurs by further deposition of metallic gold upon the nuclei. Small metal particles 

with a negative charge are formed in which case; the negative charge is assumed to 

arise from dichlorogold (I) ions on their outer surface. Here, the citrate anion acts as a 

reducing and capping agents. This method leads to gold nanoparticles of an average 

core size of 20 nm (Figure 3.4).
56

 

 

Figure 3.4 Reduction of AuCl4 by trisodium citrate 

 

The particle size obtained by this method have a size from 20 to 100 nm.
57

 

Nanoparticles of uniform size are produced by the sodium citrate reduction method 

but with a slightly different mean size with every synthesis.
58

 

By using strong reducing agents such as white phosphorus or sodium 

borohydride smaller particles can be synthesized. They yield a great number of 

nuclei and hence the small particles with average diameter of 2 to 10 nm are produced 

depending on the synthetic conditions.
59

 Gold, silver and platinum nanoparticles have 

been prepared using this method.
56

 Additives, such as tannic acid, may be used to 

stabilize and to control their size. 
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3.2.2.2. Two-Phase synthesis and stabilization by thiols 

Brust and Schiffrin method can be used 51to produce gold nanoparticles in 

organic solvents that are normally immiscible with water (like chloroform, 

dichloromethane, toluene). This technique consist of the reaction of a tetrachloroauric 

acid solution (HAuCl4) with tetraoctylammonium bromide (TOAB) solution in 

toluene and sodium borohydride( NaBH4) act as an anti-coagulant as well as reducing 

agent, respectively.  

Gold nanoparticles synthesized by this method have a size of about 5–6 nm. 

TOAB is both the phase transfer catalyst (PTC) and the stabilizing agent and NaBH4 

is the reducing agent. As there is no strong binding between TOAB and gold 

nanoparticles, so the solution will aggregate slowly after two weeks. This can be 

prevented by adding a stronger binding agent e.g. a thiol, which will attach to the 

surface of gold and thus producing a near-permanent solution. Gold nanoparticles 

capped with alkanethiol can be precipitated and then redissolved. Certain phase 

transfer agent may remain attach to the purified nanoparticles; this may affect 

physical properties e.g. .solubility. Soxhlet extraction must be used for removal of 

these agents. The plus point of this procedure is that the method produces highly 

stable and capped nanoparticles. Without irreversible aggregation or decomposition 

these nanoparticles can be repeatedly isolated and re- dissolved in common organic 

solvents.
60

  

3.2.2.3. Seeding growth and other methods 

Although the seeding-growth procedure is an age old technique but current 

research showed that the size distribution of nanoparticles (typically 10-15 %) in the 

range of 5- 40 nm can be successfully controlled by changing the ratio of seed to 

metal salt. It was testified that the step-by-step particle enlargement is more effective 

than a one- step seeding method because it does not involve secondary nucleation.
41
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3.2.2.4. Microemulsion, reversed micelles, surfactants, membranes, and 

polyelectrolytes 

Nanoparticles can also be synthesized by using microemulsions, copolymer 

micelles, reversed micelles, surfactant, membranes, and other amphiphiles in the 

presence or in the absence of thiol ligands. This synthesis involves a two-phase 

system with a surfactant that creates the microemulsion or the micelle to maintain a 

favorable microenvironment, and the thiols that interact with nanoparticles surface 

and stabilize the particles. As compared to conventional two-phase systems this 

provides an advantage to control both the growth and stabilization of the gold 

nanoparticles.
41

 

3.2.2.5. The sol- gel processing of materials 

The sol- gel processing of materials is a versatile method for making particles 

at room temperatures; here the metallic particles can be stabilize in both liquid and 

solid matrices. The sol-gel process can be used to synthesized very stable dispersions 

of the Au, Ag, Pd and Pt nanoparticles in the form of sols, gels and monoliths in a 

single step.
61

  

3.2.2.6. Physical methods: photochemistry (UV, Near-IR), sonochemistry, 

radiolysis, and laser ablation 

The quality of the Au NPs can be improved by UV irradiation, including when 

it is used in synergy with micelles or seeds. Near-IR laser irradiation can be used to 

provoke an enormous size growth of thiol-stabilize Au NPs. Sonochemistry was also 

used for the synthesis of Au NPs within the pores of silica. It is also reported to 

synthesize Au/Pd bimetallic particles by sonochemistry in the presence of specific 

radicals, radiolysis has been used to control the Au NPs size or to synthesize them. 

Laser ablation is another method of gold nanoparticle synthesis, wherein size can be 

controlled by the laser.
41
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3.2.2.7. Nanoparticle biosynthesis 

Since there is a growing need to develop non-toxic, environment friendly 

synthetic procedures, biochemical preparation methods of nanoparticles have been 

reported whereby biological organisms such as fungi could be used as living 

templates for synthesis of Ag NPs.
62

 Similarly silver nanoparticles (Ag NPs) were 

biosynthesized by using aqueous leaves extracts of Euphorbia prostrata as a simple, 

non-toxic and ecofriendly green material.
63

  

3.2.2.8. Bimetallic nanoparticles 

Bimetallic nanoparticles consisting of Au-Pd, Au-Ag, and Au-Pt have been 

synthesized in a single step by a sol–gel process and stabilize in liquid and solid 

matrices. The synthesized nanometallic dispersions are characterized by absorbance, 

TEM, XRD, IR, XPS, and CO adsorption studies are found to be good electro 

catalysts.
64

  

3.3. Control of size of metallic nanoparticles 

More or less all nanoparticles properties are dependent on shape and size. 

Nucleation and growth are two closely inter-linked processes that manage the size and 

shape of controlled synthesis of metal nanoparticles.
56

 The size of the nanoparticles is 

generally controlled by different parameters such as the nature of the stabilizing and 

reducing agents, 6the ratio of the stabilizing agent to the reducing agent, the rate of 

addition of the reducing agent and temperature. In 20case of strong reducing agents 

such as alkali metal anions (alkalides),
60

 borohydrides and super hydrides induce the 

creation of nucleation centers which then grow into small clusters whose final size is 

determined by the nature of the capping agent. However, the rate of reduction is slow 

in case of weak reducing agents such as hydrazine,
65

 ascorbic acid , tartarate and 

trisodium citrate.
56

 Hence, it is growth of the particle and not the nucleation process 

that dominates, resulting in large-sized particles. 
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3.4. Stability of metal nanoparticles 

It is necessary to use stabilizing agents for nanoparticles prepared by aqueous 

chemistry techniques, as it controls the final dimensions of the nanoparticles.
56

 If 

suitable stabilizing agents are not used, colloidal particles would be attracted to each 

other by van der Waals forces, eventually resulting in the aggregation and 

precipitation of the particles.
66

 However a repulsive barrier between the approaching 

particles is established by the use of a stabilizer or capping agent which prevent the 

aggregation or precipitation of the particles. Many capping systems are available 

which includes, hydrophobic monolayers, hydrophilic monolayers, which provide 

electrostatic stabilization and polymeric layers which provide steric stabilization 

(Figure 3.5). 

 

Figure 3.5 Graphic illustration of the stabilization forces in gold nanoparticles (A) 

Electrostatic (B) Steric and (C) Citrate reduced colloidal gold particles. 

 

In case of charged stabilizing agents for example sodium citrate, a diffuse 

electrical double layer via electrostatic stabilization was generated when positively 
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charged counter-cations in the surrounding medium are attracted by the negatively 

charged citrate-functionalized nanoparticles. Columbic repulsion between the 

particles is sequentially generated from diffuse electrical double layer (Figure 3.5).
60

 

Steric stabilization to the nanoparticles is provided by large molecules or 

ligands like polymers and long chain thiols. When particles adsorbed with such 

molecules approach each other, this will cause a reduction in the conformational 

freedom of the adsorbate molecules due to the interpenetration of the ligand chains. 

As the local concentration of the adsorbate increases, the solvent attempts to stabilize 

this effect by diluting the concentration of the adsorbate and thereby causes the 

particles to travel apart. This is especially advantageous in organic solvents, where 

electrostatic effects are minor. Consequently, a highly monodisperse and uniform 

sized particles can be synthesized in organic solvents and can be stabilize at 

somewhat high concentrations.
67

 

3.5. Characterization of metal nanoparticles 

The most common technique for characterization of nanoparticles are; 

i. Characterization of core dimensions of the metallic 

nanoparticles: High-resolution transmission electron microscopy 

(HRTEM) produces a photomicrograph of nanoparticles, providing the 

size distribution and dispersity of the sample. From the mean diameter, d, 

of the cores, the mean number of atoms can be calculated. The core 

dimensions of the metallic nanoparticles have also been characterized 

using other techniques based on microscopy (scanning tunneling 

microscopy-STM, scanning electron microscopy-SEM, atomic force 

microscopy-AFM).
68

  

ii. Determination of localized elemental composition on the 

nanoparticles: Energy Dispersive X- ray microanalysis (EDX) in 

conjunction with TEM can be used for the determination of localized 

elemental composition on the nanoparticles. However, the shortcoming 

associated with TEM, is that the high energy of the beam can cause phase 
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transitions and desorption of the protective ligands. Scanning tunneling 

microscopy (STM) is a valuable technique for determining particle size, 

which also contains the size of the ligand shell as well.
69

 

iii. Characterization of surface plasmon absorption: UV-Visible 

spectroscopy is used for analysis of the deeply colored colloidal 

dispersions having characteristic LSPR absorption band. 19There is 

typically a mixture of different size nanoparticles in a given preparation of 

nanoparticles. Nanoparticles of various size have characteristic LSPR 

absorption bands and thus the UV-Visible spectra of the different 

nanoparticles 19are also usually significantly altered, which may also give 

assistance in determining the particle size.
41

 

iv. Determination of inter-atomic distances and coordination 

numbers of the metal atom: The inter-atomic distances and 

coordination numbers of the metal atom in colloids can be determined 

from Extended X-ray Absorption Fine Structure (EXAFS) spectroscopy 

and thus permitting investigation of the size-dependent distance 

contraction in thiol-stabilize nanoparticles. X- ray diffraction is used to 

examine the structure and size of metal nanoparticles. 

v. Determination of chemisorptive properties of nanoparticles: 

Surface-enhanced Raman scattering (SERS) and X-ray photoelectron 

spectroscopy (XPS) are used to determine the chemisorptive properties of 

tetrathiol ligands and the oxidation states of metallic nanoparticles.
60

 On 

the basis of mobility of nanoparticles in acetate buffer, capillary zone 

electrophoresis has also been used to determine the core radius and size of 

the nanoparticles.
70

 

3.6. Properties of nanoparticles 

Bulk gold has a remarkably higher melting temperature (1064 °C) as 

compared to that of gold nanoparticles (300-400 ˚C). Properties of the bulk metal 

begin to alter dramatically during the reduction process, because more of inner atoms 

move to the surface and electrons begin to suffer quantum effects. The resultant 
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physical properties are neither of bulk metal nor of molecular compounds, but they 

strongly depend on the parameters such as particle size, shape, interparticle distance 

and nature of the protecting group. This makes nanoparticles different from bulk gold 

as well as the atomic state of the metal.
71

 These parameters affect the properties of 

nanoparticles like optical, electronic, chemical, magnetic and mechanical. The optical 

properties of nanoparticles such as surface plasmon band (SPB) are strikingly 

different from that of bulk gold. 

3.6.1. The surface plasmon band (SPB) 

Certain metal colloids such as Ag, Au and Cu are deeply colored as they show 

strong absorption bands in the visible region. The interaction of metallic nanoparticles 

with electromagnetic field induced an absorption band referred to as the “surface 

plasmon band”. This phenomenon is due to the collective coherent oscillation of the 

free conduction band electrons occupying energy states just above the Fermi level. In 

case of fluorescencent gold nanoparticles, it is due to plasmon oscillation of 6s 

electrons of the conduction band. Due to deep-red color of gold nanoparticles in water 

the surface plasmon band (SPB) appear as a broad absorption band in the visible 

region around 520 nm. In general, the surface plasmon values of silver, gold and 

copper nanoparticles with a diameter below 20 nm lie close to 400 nm, 520 nm, and 

570 nm respectively and for larger particles, the peak shifts to longer wavelength 

(e.g., 529 nm for 50 nm gold nanoparticles). Therefore, the SPB provides information 

on the development of the band structure in specific metal.
72

 

3.6.2. Factors affecting the position of surface plasmon band (SPB) 

The position of the surface plasmon depends on several factors such as particle 

size, shape, stabilizing agent, temperature and nature of the surrounding medium. 

Literature
58

 data showed that the plasmon bandwidth is proportional to 1/R, where R 

denotes to the radius of the particle. When the diameter of the particle becomes 

smaller than the mean free path of the conduction electrons (almost 3 nm) electron 

scattering take place at the particle boundaries resulting in broadening and damping of 
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the surface plasmon. That is the reason why SPB is absent for gold nanoparticles with 

core diameter less than 2 nm as well as for bulk gold.
58

 

A significant change in the absorption spectrum is observed as the particle 

shape changes from a sphere to a spheroid, ellipse or a rod. With elliptical particles, 

the SPB is moved to higher wavelength because the spacing between particles is 

reduced. 

The plasmon bandwidth increases with decreasing size in the intrinsic size 

region (mean diameter smaller than 25 nm) and likewise increases with increasing 

size in the extrinsic size region (mean diameter larger than 25 nm) and is found to 

follow the predicted behavior of quantum size effects.
58

 As the particle size increases, 

the gold nanoparticles color changes from ruby red to purple and finally blue and the 

surface plasmon resonance displays a red-shift in the extrinsic size region. 

Nevertheless, in the intrinsic size region, the changes in surface plasmon position are 

indistinct. It has been found that the plasmon resonance absorption obtained often 

deviate from the Mie theory predictions and the divergences are due to the complex 

physical and chemical influences of the capping agent.
58

 

The presence of a ligand shell or group, changes the refractive index and 

causes either a red or blue shift, therefore the spectroscopic data obtained often 

deviate from the prediction of Mie theory that deals with bare nanoparticles. When the 

shift made by this ligand shell is taken into account then agreement with Mie theory is 

obtained.  

As predicted by the Mie theory, the refractive index of the solvent has been 

shown to induce a shift of the SPB. For example, as the solvent refractive index is 

varied from 1.33 to 1.55, the suspensions of dodecanethiolate capped gold 

nanoparticles of 5.2nm average diameter reveal an 8nm shift in SPB. Consequently, 

impurities in the system can be easily detected since the refractive index of gold 

nanoparticles significantly differs from that of gold oxide or gold chloride. 
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Another dominant parameter is the core charge. Electron deficiency causes a 

corresponding shift to lower energy whereas extra electronic charge causes shifts to 

higher energies.  

The SPR wavelength and width of nanoparticles is also effected by dielectric 

constant of the surrounding medium and hence on their average diameter. An increase 

of the solvent dielectric constant with solvents that do not coordinate with gold core, a 

red shift is also observed. But the SPB is unaffected in polar solvents which do not 

bind to the core. 

The degree of dispersion of gold nanoparticles in a variety of solvents can be 

studied by using the SPB. Formation of large aggregates produced a reversible 

variation in color of the gold nanoparticle suspension from red to violet due to 

coupling to surface plasmon in aggregated colloids.
72

 

3.7. Classification of nanoparticles 

Nanoparticles are generally classified based on their morphology, uniformity, 

dimensionality, composition, and agglomeration (Figure 3.6).
73

  

I. Dimensionality 

As shape, or morphology, of nanoparticles shows a significant role in their 

toxicity, it is suitable to classify them based on their number of dimensions. 

1D nanomaterial: Materials with one dimension in the nanometer scale are 

usually surface coatings or thin films, and include the circuitry of computer chips, 

antireflection and hard coatings on eyeglasses. 

2D nanomaterials: Two-dimensional nanomaterials have two dimensions in 

the nanometer scale. These contain 2D nanostructured films, with nanostructures 

firmly attached to a nanopore filters or substrate used for small particle separation and 

filtration. Asbestos fibers are also an example of 2D nanoparticles. 

3D nanomaterials: Materials that are nanoscale in all three dimensions are 

considered 3D nanomaterials. These contain thin films deposited under conditions 

that produce atomic scale porosity, colloids, and nanoparticles with numerous 

morphologies. 
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II. Nanoparticle morphology 

Morphological characteristics to be taken into account are flatness, sphericity and 

aspect ratio. A general classification is between high- and low-aspect ratio particles. 

Small-aspect ratio morphologies include prism, helical, cubic, spherical, oval, or 

pillar. These particles may exist as colloids, suspension or powders. High aspect ratio 

nanoparticles comprise nanowires and nanotubes. 

III. Nanoparticle composition 

It can be composed of a single constituent material or be a composite of numerous 

materials. The nanoparticles which are existing in nature are often agglomerations 

of materials with various compositions. 

IV. Nanoparticle uniformity and agglomeration 

On the basis of chemistry and electro-magnetic properties, nanoparticles can exist 

as suspensions/colloids, as dispersed aerosols, or in an agglomerate state. Such as, 

magnetic nanoparticles tend to cluster and thus forming an agglomerate state. 

Nanoparticles may act as larger particles, dependent on the size of the agglomerate, in 

an agglomeratic state. Therefore, it is obvious that nanoparticle surface reactivity, 

agglomeration, shape along with size, and must be taken into description when 

considering health and environmental regulation of new nano materials.  

 

Figure 3.6 Classification of nanostructured materials  
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3.8. Applications of nanoparticles 

 Nanoparticles are at the leading edge of the quickly developing area of 

nanotechnology. Their distinctive size-dependent properties make these materials 

superior and indispensable in various areas. Some of their applications in different 

fields are as follows.  

i. Nanoparticles as electrochemical sensors and biosensors 

The distinctive physical and chemical properties of nanoparticles make them very 

suitable for designing biosensors and electrochemical sensors. These nanoparticles 

show a significant role in various sensing systems. The main functions provided by 

nanoparticles include labeling of biomolecules, the immobilization of biomolecules, 

the enhancement of electron transfer between electrode surfaces and proteins and the 

catalysis of electrochemical reactions.
74

  

ii. Biomedical applications of nanoparticles  

Nanoparticles based on gold chemistry are multipurpose agents with a variety of 

biomedical applications including use in thermal ablation, highly sensitive diagnostic 

assays, drug and gene delivery and radiotherapy enhancement. Near-infrared radiation 

absorbing gold-silica nano shells have been synthesized and screened for thermal 

ablation of tumors after systemic administration.
75

 Biosynthesized silver nanoparticles 

can be more effective in the medicinal applications due to their surface area.
76

 

iii. Biological activities of nanoparticles 

Noble metals research is been always exciting among the inorganic materials 

especially silver. Nanoscale silver has been shown to be one of the potential 

antifungal, anti-inflammatory and antibacterial agent.
76

 

iv. Nanoparticles as a catalyst for reactions 

As a catalyst,  gold in bulk is chemically inert and has often been viewed to be 

poorly active. When gold is small enough with particle diameters less than 10 nm, it 
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was found to be surprisingly active for many reactions, such as propylene epoxidation 

and CO oxidation. This is especially so at lower temperatures. The catalytic activity 

of gold is defined by three major factors: contact structure, support selection, and 

particle size.
77

 

v. Nanoparticles as a supramolecular chemosensors 

Emissive molecular probes built on amino acid moieties are very appealing 

because of their use as new building blocks in peptide synthesis. Novel, small and 

stable gold nanoparticles bearing fluorescent cysteine-coumarin probes 

(Cou@AuNPs) were synthesized. They behaved as supramolecular chemosensors for 

selective detection of the heavy element Hg
2+

, with a concomitant change of color 

from pink to dark red/brown and an increase of size up to 100-fold.
78

 

3.9 General scheme and methodology for synthesis of Ag NPs 

Based on the above mentioned properties of nanoparticles, we have designed a 

scheme which deals with; 

I. The aqueous synthesis and characterization of biocompatible silver from the 

following ligands. 

 5-Carboxy-2,4-dihydroxybenzenaminium chloride dihydrate 13 (chapter 4) 

 Methyl 5-amino-2,4-dihydroxybenzoate 14 (chapter 4) 

 Methyl 5-benzamido-2,4-dihydroxybenzoate 15 (chapter 4) 

 Methyl 2,4-dihydroxy-5-(4-nitrobenzamido)benzoate 16 (chapter 4) 

 Methyl 2,4-dihydroxy-5-propionamidobenzoate 17 (chapter 4) 

 Methyl 2,4-dihydroxy-5-isobutyramidobenzoate 19 (chapter 4) 

 Potassium 4-carboxybenzenesulfonate 20 (chapter 4) 

 Terathiacyclophane macrocycle 25 (chapter 5) 

II. Role of electron density on synthesis of silver nanoparticles  

III. Effect of concentration of ligands on synthesis of silver nanoparticles 

IV. Assessment of stability of silver nanoparticles at higher temperature, varying 

pH and salt concentrations 
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V. Characterization by UV-vis spectroscopy, FTIR, AFM and MALDI-TOF 

techniques. 

VI. Assessment of comparative biological activities of pre silver, ligand and its Ag 

NPs 

The scientific world is revolutionize by nanotechnology as it allows scientist to 

manipulate matter at the atomic or molecular scale using biology, engineering, 

physics and chemistry. Nanotechnology is a broad and interdisciplinary area of 

research and in the past few years, it has been growing at a rapid pace worldwide.
79

 

Initially silver nano antibiotics were applied against pepper anthracnose under various 

culture conditions and at different concentrations to screen antifungal activities in 

vitro and in field. Maximum inhibition growth of the fungal hyphae was produced by 

application of 100 ppm concentration of silver nano antibiotics.
80

 In our study, we 

concentrate on the inhibition effect of different nano antibiotic against three different 

species. Previous study showed that nano antibiotics are effective against several 

pathogens.
76

 Present study corroborates previous findings. Flow chart below 

described the steps performed, materials and methods employed in this work. 
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Scheme 3 General scheme for synthesis of Ag NPs (ligands= 13, 14, 15, 16, 17, 19, 

20, 25) 

As ligand 13, 15, 16, 17, 19 and 25 has low solubility in water therefore a 

mixture of methanol, DMF and water (2:3:5) was used as a solvent for its solubility. 

In case of ligand 14 a mixture of methanol and water (1: 1) was used as a solvent. 

Water was used as a solvent for preparing the solution of ligand 20. 1 mM solution of 

all the ligands was prepared in their respective solvents and used for synthesis of Ag 

NPs. 1 mM solution of AgNO3 was prepared in water. Freshly prepared (40 mM in 

water) solution of sodium borohydride was also used. A 1: 1 mixture of ligand (1m 

M) and Ag NO3 (1m M) was taken and kept on stirring for 30 min. 0.1 mL of sodium 

borohydride (40 mM) was added drop wise. In case of ligand 14, reducing agent was 

not used. After addition of reducing agent, the color of the reaction mixture generally 

changed, depending upon the ratios of silver and ligand, indicating the formation of 

Ag NPs. After 3 h stirring, nanoparticles were characterized by UV-Vis spectroscopy. 

Similarly different ratios of ligand, AgNO3 and NaBH4 were tested. The ratio having 
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maximum absorbance in the region 400-500 nm was considered as optimum ratio for 

synthesis of Ag NPs. Solid Ag NPs were collected by freeze drying after 3 h stirring 

for FTIR and bioactivity screening studies. 

3.10 Experimental details 

3.10.1  Materials and instruments 

Silver nitrate was purchased from Merck. Materials required for the synthesis 

of ligands 13, 14, 15, 16, 17, 19 and 20 are already described in chapter 2 for 

terathiacyclophane macrocycle 25 will be discussed in section in chapter 5. TEM 

images were taken with a Zeiss Libra transmission electron microscope (TEM) 

operated at 120 keV. Topographical images were obtained with Atomic Force 

Microscope Agilent 5500 operated at tapping mode. A digital pH meter model 510 

(Oakton, Eutech) equipped with a glass working electrode and a reference Ag/AgCl 

electrode was employed for pH measurements. UV-vis spectra were recorded between 

300-700 nm using UV-vis spectrometer (Shimadzu UV-240, Hitachi U-3200) with a 

path length of 1 cm. The IR spectra were recorded by using Shimadzu IR-460 on IR 

spectrophotometer. A 1:1 mixture of ligand (freeze dried) and KBr were taken. This 

powder mixture is then pressed in a mechanical press to form a translucent pellet 

through which the beam of the spectrometer was passed. Fluorescence spectra were 

recorded using Perkin Elmer LS55 spectrophotometer with a path length of 1 cm. A 

MALDI-TOF spectrum was recorded on Bruker Ultra flex TOF-TOF operated in 

reflection mode. The matrix used for sample was 4-Hydroxy-2-cyanocinnamic acid 

(HCCA). All the solutions were prepared using deionized water. 

3.10.2. Bioassay of silver nanoparticles 

3.10.2.1 Isolation of plant pathogens 

Antibiotics which showed in vitro antifungal and antibacterial activities 

against some plant pathogen such as Alternaria solani, Fusarium solani and Erwinia 

carotovora were used. Test pathogens were isolated from their respective hosts on 

potato dextrose media (PDA). For this experiment 7-10 days old cultures were used. 
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3.10.2.2 Preparation of PDA media 

First of all potatoes (250 g) were thoroughly washed, peeled and then boiled in 

distilled water (300 mL) till the potatoes became soft. Then filtered through muslin 

cloth, 20 g of dextrose and 15 g agar were added to it and volume was made to 1 L by 

adding distill water. The media were sterilized in autoclave for 15 min at 121 °C. 

 Before starting the inoculation the laminar flow unit is thoroughly washed 

with methylated spirit. UV light switched on for 15 min to denature DNA of 

contaminants in laboratory. 

3.10.2.3 Antibacterial activity 

The antibacterial activity of samples was determined according to method 

described by Yin et al. (2010). Each Required concentrations (150 ppm, 200 ppm, 

250 ppm) were prepared from stock solution by diluting with DMSO. In sterilized 

Petri dish 25 mL PDA was poured and bacteria inoculation by stretching or spreading 

method to form different colonies. The disc of 6 mm was kept at the center of agar 

plate and 15 µL of antibiotic was poured on disk. The positive control (standard 

streptomycin) and negative control (media+DMSO) were also run in parallel for 

reference and zone of inhibition was observed after 24 h. 

  ( )                  

DC stands for diameter of control and 6 is the size of disc which was 5 millimeter. 

I = Percentage of inhibition, C = Diameter of fungal colony in control, T = Diameter 

of the bacterial colony in treatment. 

3.10.2.4 Antifungal activity 

The antifungal activity was evaluated by the agar-well diffusion method.
49

 

Test sample about 5 mg was taken in a test tube and then 5 mL DMSO was added to 

it; this is stock solution (1000 ppm). Required concentrations (150 ppm, 200 ppm, 250 

ppm) were prepared from stock solution by diluting with DMSO. The PDA medium 

(25 mL) was poured in sterilized environment in petri dishes to avoid contamination. 

When PDA media was solidified, 5 mm deep wells were punched with the aid of 
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sterile 6 mm cork borer. Micropipette was used to pipette 15 µL of sample and was 

dispensed into each hole bored from the PDA media. Fusarium and Alternaria 

mycelia were taken (5 mm) with the help of sterilized borer. The mycelia were placed 

in inverted position into each well. The positive control (Dithane-M45 fungicide) and 

negative control (media+DMSO) were also run in parallel for reference. The agar 

plate cultures were kept at room temperature in the laboratory for 7days and growth of 

the fungal strains were observed daily. The day 7 cultures were used for zone of 

growth in positive, negative, and test culture. Growth Inhibition in percentage was 

determined using the restriction of growth of the fungus by comparing the zone of 

growth of test cultures with positive and negative control. 

  
   

 
      

T = Diameter of the fungal colony in treatment C = Diameter of fungal colony in 

control, I = Percentage of inhibition.  
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4. Synthesis of silver nanoparticles 

This chapter deals with the synthesis of Ag NPs from the ligands 13, 14, 15, 17, 

19 and 20. Effect of electron density on synthesis of Ag NPs was also described. The 

synthesized Ag NPs, their ligands and pure silver were evaluated for antifungal and 

antibacterial activities using reported bioassay methods. Influence of electron density 

on growth of inhibition of Erwinia carotovora has also been discussed 

4.1 Synthesis of Ag NPs stabilize with ligand 13 

4.1.1 Synthesis of ligand 13 

5-Carboxy-2,4-dihydroxybenzenaminium chloride dihydrate 13 is a regioisomer 

of hydrophilic core of platensimycin (3-Amino-2,4-dihydroxybenzoic acid). Its 

synthesis is already discussed in section 2.3.3.4. 

 

 

4.1.2 Synthesis of silver nanoparticles stabilize with ligand 13 

Compared to other ratios we have obtained highest absorbance of 3.358 from 

58:1 (Ag: ligand 13) ratio as cleared from surface plasmon resonance band of Ag NPs 

at 390 nm (Figure 4.1).
81

 After addition of reducing agent, the color of the reaction 

mixture changed from light brown to dark brown, depending upon the ratios of silver 

and ligand 13, indicating the formation of silver nanoparticles (Figure 4.2).  
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Table 4.1 Optimization of reaction conditions by changing the 

amount of Ag, ligand 13 and NaBH4 

Sample Code Ag: ligand 13: NaBH4 (mL) λ
max

/abs
max

(nm) 

56,1 56:1:5.6 390/3.095 

57,1 57:1:5.7 388/2.586 

58,1 58:1:5.8 390/3.358 

59,1 59:1:5.9 390/2.654 

60,1 60:1:6.0 392/2.726 

Conditions: AgNO3 1 mM; ligand 13 1 mM; NaBH4 40 mM 

 

4.1.3 Bioassay of silver nanoparticles 

Materials and methods used for bioassay of silver nanoparticles are already 

discussed in section 3.10.2. 

4.1.4 Results and discussion 

4.1.4.1 Characterization of Ag NPs via UV-vis Spectroscopy 

Characterization of Ag NPs with UV-vis spectroscopy showed SPR peak at 

390 nm, this is a positive indication of reduction of Ag ions and formation of Ag NPs. 

In order to obtain an optimum ratio for the synthesis of Ag NPs it was found that by 

increasing AgNO3 ratio (Table 4.1 and Figure 4.1); there is a gradual reduction in the 

size of the Ag NPs, by noticing increase in absorbance due to more surface area. This 

well-defined plasmon peak is indicative of relatively small and monodispersed silver 

particles. It means that an optimum amount of ligand 13 is necessary for the reduction 

of AgNO3. However, an excess amount of ligand 13 causes a decay in the absorbance 

in the UV-vis band; confirming the decomposition of Ag NPs.
81
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Figure 4.1 UV-vis spectra of Ag NPs stabilize with ligand 13 

 

Figure 4.2 Optical recognition of Ag NPs stabilize with ligand 13 

 

4.1.4.2. FTIR characterization of Ag NPs stabilize with ligand 13 

FTIR spectra in Figure 4.3 indicates the chelation of the carboxylic group of 

the ligand with silver, as the peak of the carboxylic acid oxo group (1639 cm
-1

) in 

ligand 13 disappeared after silver nanoparticles formation by reduction with NaBH4. 
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Figure 4.3 FTIR spectra of pure ligand 13 and Ag NPs stabilize with ligand 13 

 

4.1.4.3 Particle size determination by Atomic force microscopy 

The formation of silver nanoparticles was finally confirmed from atomic force 

micrograph shown in Figure 4.4. From this micrograph distribution curve was plotted 

and reported in Figure 4.5. The average size of nanoparticles was found to be 0.38 

µm. These studies showed that particle formed were in the range of 0.2-0.6 µm and 

are polydispersed in nature. 
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Figure 4.4 AFM image of Ag NPs stabilize with ligand 13 

 

Figure 4.5 Size distribution curve of Ag NPs stabilize with ligand 13 

 

4.1.4.4 Effect of pH, salt and heat on stability of Ag NPs stabilize with 

 ligand 13 

 Ag NPs stabilize with ligand 13 was found to be basic in nature as its pH was 

8.49. Figure 4.6 shows that Ag NPs were quite stable at all values of pH and 

absorbance at pH 8-9 was highest as compared to other pH values. 
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 When NaCl was added to the nanoparticle solutions, a gradual change in peak 

shape is detected; an initial halide surface layer of unknown structure may form very 

rapidly (Figure 4.7). The successive changes in the UV-visible spectra proposed that 

this layer then developed into a silver halide layer. For NaCl, the onset concentration 

for aggregation is considerably lower. This has been discussed in terms of a distinct 

effect on the nanoparticle surface, in which the surface charge is dropped by nearly a 

factor of 2. It is not clear that how this is accomplished. One probability is that a 

chloride layer decreases the number of adsorption sites for the highly charged ligand 

13. Instead, the chloride ion may substitute ligand 13 entirely but then form AgCl2 

rather than AgCl, thereby retaining a negatively charged surface but with a lesser 

value.
82

  

Temperature effect on stability of Ag NPs was also studied up to 100 
˚
C. For 

this purpose Ag NPs were heated for 30 min at 100 
˚
C and then stability was checked 

by observing absorbance. Figure 4.8 shows the absorption spectra of 0.38 µm Ag NPs 

at  100 ˚C. The result indicated that the temperature effect is negligible, resulting in a 

very minute reduction in absorbance while a broadening of the plasmon band was not 

observed. 
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Figure 4.6 Effect of pH on stability of Ag NPs stabilize with ligand 13: After 12 h 
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Figure 4.7 Effect of salt on stability of stabilize with ligand 13: After 12 h 
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Figure 4.8 Effect of heat on stability of Ag NPs stabilize with ligand 13: After 24 h 

 

4.1.4.5 Antibacterial activity of Ag NPs stabilize with ligand 13 

Figure 4.9 reports the antibacterial activities of Ag, ligand 13 and Ag NPs 

stabilize with ligand 13 against E. carotovora. The result shows that Ag NPs stabilize 

with ligand 13 (18.57 %) is 1.5 times more active than ligand 13 (12 %). Pure silver is 
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2.3 times more active than Ag NPs capped with ligand 13. However in comparison to 

commercially available drug; streptomycin (85.71 %), Ag NPs stabilize with ligand 

13 produced 4.6 times lesser inhibition in the growth of bacterial specie. 
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Figure 4.9 Antibacterial activity against E. carotovora of Ag, ligand 13 and Ag NPs 

stabilize with ligand 13. Streptomycin: Standard drug, DMSO: Negative control 

 

4.1.4.6 Antifungal activity of Ag NPs stabilize with ligand 13 

Comparative antifungal activities of Ag, ligand 13 and Ag NPs stabilize with 

ligand 13 against Alternaria. solani are reported in Figure 4.10. Ag NPs stabilize with 

ligand 13 showed 1.5 times greater inhibition in the growth of A. solani (62 %) than 

ligand 13 (42.5 %). However Ag NPs stabilize with ligand 13 showed 1.2 and 1.6 

times lesser activity than pure silver (76.2 %) and commercially available fungicide, 

(Dithane-M45 (100 %), respectively. 
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Figure 4.10 Antifungal activity against A. solani of Ag, ligand 13 and Ag NPs 

stabilize with ligand 13. Standard drug: Dithane-M45, DMSO: Negative control 

 

4.2 Synthesis of Ag NPs stabilize with ligand 14 

4.2.1 Synthesis of ligand 14 

Methyl 5-amino-2,4-dihydroxybenzoate 14 is a regioisomer of hydrophilic 

core of platensimycin A6 methyl ester (3-amino-2,4-dihydroxybenzoate). Its synthesis 

and structural characterization is already discussed in section 2.3.3.8 and 2.3.3.9. 

 

4.2.2 Green synthesis of Ag NPs 

For studying the composition effect, different ratios of ligand 14 and AgNO3 

(Table 4.2) were tested. Compared to other ratios we have obtained highest 
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absorbance of 1.314 from 10:1 ratio (Ag: ligand 14) as evident from surface plasmon 

resonance band of Ag NPs at 416 nm (Figure 4.11). During addition, the color of the 

reaction mixture changed from colorless to brown, depending upon the ratios of silver 

and ligand 14, indicating the formation of silver nanoparticles. 

Table 4.2 Effect of composition by varying the amount of Ag and ligand 14 

Sample Code Ag: ligand 14 (mL) λ
max

/abs
max 

(nm) 

8,1 8:1 406/0.742 

9,1 9:1 414/-0.066 

10,1 10:1 416/1.314 

11,1 11:1 414/0.060 

12,1 12:1 406/0.573 

Conditions: AgNO3 1 mM; ligand 14 1 mM 

 

4.2.3 Bioassay of silver nanoparticles 

Materials and methods used for bioassay of silver nanoparticles are already 

discussed in section 3.10.2. 

4.2.4 Results and discussion 

4.2.4.1 Green synthesis and characterization of Ag NPs 

The objective of present work was to use ligand 14 as a reducing and capping 

agent to synthesize the Ag NPs. Therefore we were capable to effectively synthesize, 

water soluble Ag NPs through green synthesis.  

4.2.4.2 Investigation of nanoparticle formation via UV-vis Spectroscopy 

In the course of synthesizing Ag NPs, the concentration of ligand 14 and 

AgNO3 solution played a significant role. Therefore, their concentrations should be 

carefully optimized to ensure preparation success. During the synthesis of Ag NPs, 

the colorless AgNO3 turned brown with a slow addition of ligand 14 (Figure 4.12). 

The color change of reaction mixture from colorless to brown is an indicative of the 

reduction of Ag ions as shown by the SPR peak of Ag NPs at 416 nm. In order to 

obtain an optimum ratio for the synthesis of Ag NPs. it was found that by increasing 
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AgNO3 ratio (Table 4.2 and Figure 4.11); there is a gradual reduction in the size of the 

Ag NPs, by observing an increase in absorbance at 416 nm due to more surface area. 

The wide plasmon absorption bands indicate the formation of polydispersed Ag NPs.
7
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Figure 4.11 UV-vis spectra of Ag NPs with different ligand 14 and AgNO3 ratios 

 

Figure 4.12 Visual detection of Ag NPs stabilize with ligand 14 

 

4.2.4.3 Composition Investigation via FTIR Spectroscopy 

  Conjugation of ligand 14 to Ag was confirmed by FTIR spectroscopy, which 

is reported in Figure 4.13. A peak at 2923 cm
-1

 attributed to primary amino group 

was measured in ligand 14 but not in the silver conjugates, consistent with nitrogen 

binding to the surface of the silver nanoparticles. 



Chapter 4                                                                                              Synthesis of silver nanoparticles 

 

88 
 

4000 3500 3000 2500 2000 1500 1000 500

0.5

0.6

0.7

0.8

0.9

1.0

1.1

A
s

o
rb

a
n

c
e

Wavenumber (cm
-1
)

 Ligand 14

 AgNPs

2923

 

Figure 4.13 FTIR spectra of ligand 14 and Ag NPs stabilize with ligand 14 

4.2.4.4 Particle size determination by Atomic force microscopy 

Particle size was determined by atomic force microscope. These studies 

revealed that particle formed were in the range of 0.6-1.34 µm and are polydispersed 

in nature. The average size was found to be 1 µm. Atomic force micrograph and 

particle size distributions are reported in Figure 4.14 and 4.15, respectively 

 

Figure 4.14 Typical AFM image of Ag NPs stabilize with ligand 14 
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Figure 4.15 Particle size distribution of Ag NPs stabilize with ligand 14 

 

4.2.4.5 Propose structure of synthesized Ag NPs on the basis of MALDI-

TOF characterization 

No data was described in the literature about the characterization of Au NPs 

stabilize with the ligands like ligand 14 by MALDI-TOF analysis (Figure 4.16). 
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Figure 4.16 MALDI-TOF mass spectrum of Ag NPs stabilize with ligand 14 

 

Formation of polydispersed Ag NPs was revealed from the MALDI-TOF 

analysis, containing Agx (x =5-20) having +3 electrolytic charge. A close agreement 

between the experimentally observed and the calculated peaks was found wchich 

indicated the formation of triply charged species [AgxLxNO3x]
3+

 similar to
 
the multiple 

charged species of diphosphine ligands [P(Ph)2(CH2)MP(Ph)2] with M ≥ 2.
83

 At 

present reaction conditions, ligand 14 is selective to Ag8 clusters synthesis because the 

intensity of peak due to [Ag8L8]
3+

 is maximum. But this size selectivity of ligand 14 

towards a particular Ag8 clusters core is not well clear at present. One option for 

establishment of this triply charged specie is that under acidic condition of matrix 

(HCCA) there may be protonation of C=O (ester) and OH groups of ligand 14.
84

 The 

proposed structure of this triply charged specie is shown in Figure 4.17. 
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Figure 4.17 Triply Charged specie of Ag NPs stabilize with ligand 14 

 

Table 4.3 showed the primary peaks recognized from the MALDI-TOF 

spectrum, their triply charged fragments, the probable structure and the calculated 

mass. This showed under present reaction conditions various types of Ag NPs may be 

formed i.e. [Ag17L8NO3]
3+

, [Ag20L5(NO3)2]
3+

, [Ag10L10]
3+

, [Ag16L4(NO3)2]
3+

, 

[Ag10L7NO3]
3+

, [Ag8L8]
3+

, [Ag16L2NO3]
3+

, [Ag17L1]
3+

, [Ag13L3]
3+

, [Ag9L4]
3+

, 

[Ag8L3(NO3)2]
3+

, [Ag5L5]
3+ 

and [Ag6L3(NO3)2]
3+

. The intensity of peak due to 

[Ag8L8]
3+ 

and
 
[Ag5L5]

3+ 
is maximum.

85 
It was concluded that Ag NPs stabilize with 

ligand 28 are consist of a mixture of nano clusters. Every nano cluster is further 

consisting of ligand 14 and silver atoms. In these clusters the number of silver atoms 

and ligand 14 molecules are variable. Except [Ag10L10]
3+

, [Ag8L8]
3+

, [Ag17L1]
3+

, 

[Ag13L3]
3+

, [Ag9L4]
3+

, and [Ag5L5]
3
,
 
nitrate ions are also bound to all the silver atoms 

of these nano clusters. If we take the example of [Ag9L4]
3+ 

cluster, we can propose 

that it is consist of nine silver atoms and four ligands. From these results it was 

concluded that our method result in the formation of polydispersed nanoparticles. The 

results of AFM characterization and MALDI-TOF analysis are in excellent 

agreement.  
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Table 4.3 Primary peaks recognized from the MALDI-TOF spectrum, their 

triply charged fragments, the probable structure and the calculated mass 

Peak position 

(primary peak) 

Triply charged 

fragments 

Possible structure 

[AgxLxNO3x]
3+

 

Calculated mass 

1120.208 3360.624 Ag17L8NO3 3361.07 

1066.128 3198.384 Ag20L5(NO3)2 3197.2 

970.187 2910.561 Ag10L10 2910.3 

861.103 2583.309 Ag16L4(NO3)2 2582.56 

807.158 2421.474 Ag10L7NO3 2422.82 

775.183 2325.549 Ag8L8 2328.24 

717.085 2151.255 Ag16L2NO3 2154.25 

673.088 2019.264 Ag17L1 2016.95 

650.045 1950.135 Ag13L3 1952.79 

568.119 1704.357 Ag9L4 1703.47 

511.739 1535.217 Ag8L3(NO3)2 1536.44 

484.965 1454.895 Ag5L5 1455.15 

440.969 1322.907 Ag6L3(NO3)2 1320.7 

Note: Ag = 107.87; L= 183.16; -NO3 = 62 

 

4.2.4.6. Stability check of Ag NPs capped with ligand 14 

Temperature effect on stability of Ag NPs was also studied up to 100 
˚
C. For 

this purpose Ag NPs were heated for 30 min at 100 
˚
C and then stability was checked 
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by observing absorbance. Figure 4.18 shows the absorption spectra of 1 µm silver 

nanoparticles at 100 °C. Reduction in absorbance showed instability of nanoparticles 

at higher temperature.
86

 

NaCl-Induced aggregation of Ag NPs is reported in Figure 4.19. It shows the 

effect of various concentrations of sodium chloride aqueous solution (2 M, 3 M and 4 

M) on SPR peak of Ag NPs. The result shows that higher concentration of NaCl 

resulted in a decrease in Amax. The full width at half maximum (FWHM) also 

increases and thereby decreasing the stability of nanoparticles. This rapid decrease in 

absorbance of Ag NPs containing NaCl is attributed to the aggregation effect 

promoted by Cl
-1

 ions. From these observations it was concluded that at higher 

concentration of sodium chloride, however, aggregation turned out to be dominant. As 

for as long term stability is concerned, Ag NPs are much more stable in neat water 

that those in NaCl solution.
87

  

Ag NPs stabilize with ligand 14 were found to be acidic in nature as its pH 

was 4.03. Figure 4.20 shows that Ag NPs were quite stable at pH values of 4-5 and 8-

11. 
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Figure 4.18 Temperature effect on stability of Ag NPs stabilize with ligand 14: After 

24 h 
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Figure 4.19 Effect of salt on stability of Ag NPs stabilize with ligand 14: After 24 h 
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Figure 4.20 Effect of pH on stability of Ag NPs stabilize with ligand 14: After 24 h 

4.2.4.7 Antibacterial activity of Ag NPs stabilize with ligand 14 

The comparative antibacterial activity of pure silver (Ag), ligand 14, Ag 

nanoparticles stabilize with ligand 14 against Erwinia carotovora pv. carotovora are 

shown in figure 4.21. The positive (streptomycin) and negative (DMSO) controls 

showed 85.7 % and 0 % inhibition, respectively. The effect of different doses (150, 
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200 and 250 ppm) of pure silver (Ag), ligand 14 and Ag nanoparticles stabilize with 

ligand 14 on E. carotovora growth were tested. Ag NPs was more effective at all 

doses than ligand 14 and Ag. At 200 ppm ligand 14 and Ag showed similar inhibition 

(29 %). From these results, it was concluded that Ag NPs are more effective than Ag 

and ligand 14. 
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Figure 4.21 Antibacterial activity against E. carotovora of Ag, ligand 14 and Ag NPs 

stabilize with ligand 14. Streptomycin: Standard drug, DMSO: Negative control 

4.2.4.8 Antifungal activity of Ag nanoparticles stabilize with ligand 14 

The effect of different doses (150, 200, and 250 ppm) of pure silver (Ag), 

ligand 14 and Ag nanoparticles stabilize with ligand 14 on growth of Alternaria 

solani was tested and reported in figure 4.22. The commercially available fungicide 

(Dithane-M45) and negative control (DMSO) showed 100 and 0 % activities, 

respectively. Pure silver (Ag) is more potent than ligand 14 and its Ag NPs. Ligand 14 

and its Ag NPs show similar inhibition at 150 ppm i.e. 55 %. At 250 ppm, ligand 14 

and its Ag NPs also show similar antifungal activity i.e. 61 %. However, at 200 ppm 

Ag NPs exhibit greater inhibition in growth (59 %) than ligand 14 (54 %). 
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Figure 4.22 Antifungal activity against A. solani of Ag, ligand 14 and Ag NPs 

stabilize with ligand 14. Standard drug: Dithane-M45, DMSO: Negative control 

 

The effect of different doses (150, 200, and 250 ppm) of pure silver (Ag), 

ligand 14 and Ag NPs stabilize with ligand 14 on growth of Fusarium solani were 

tested and reported in figure 4.23. The commercially available fungicide, (Dithane-

M45 and negative control (DMSO) showing 100 and 0 % activities are used as 

positive and negative controls, respectively. At all concentrations pure silver (Ag) and 

Ag NPs stabilize with ligand 14 show similar activities. The activity of ligand 14 at 

250 ppm and pure silver (Ag) and Ag NPs stabilize with ligand 14 at 150 ppm is 

similar i.e. 18 %. 
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Figure 4.23 Antifungal activity against F. solani of Ag, ligand 14 and Ag NPs 

stabilize with ligand 14. Standard drug: Dithane-M45, DMSO: Negative control 

 

4.3 Synthesis of Ag NPs stabilize with ligand 15 

4.3.1. Synthesis of ligands 15 and 16 

5-benzamido-2,4-dihydroxybenzoate 15 and Methyl 2,4-dihydroxy-5-(4-

nitrobenzamido)benzoate 16 are amide derivative of Methyl 5-amino-2,4-

dihydroxybenzoate 14. Their synthesis is already discussed in section 2.3.4.1 and 

2.3.4.2. 
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4.3.2 Synthesis of silver nanoparticles stabilize with ligand 15 

Compared to other ratios we have obtained highest absorbance of 3.478 from 

20:1:2.0 (Ag: ligand 15: NaBH4) ratio as cleared from surface plasmon resonance 

band of Ag NPs at 388 nm (Figure 4.24).
88

 The resulting mixture was stirred for 3 h at 

room temperature and UV-vis spectra were recorded. 

Table 4.4 Optimization of reaction conditions by changing the amount of 

Ag, ligand 15 and NaBH4 

Sample Code Ag: Ligand 15 : NaBH4 ( mL) λ
max

/abs
max

(nm) 

18,1 18:1:1.8 388/3.398 

19,1 19:1:1.9 388/2.858 

20,1 20:1:2.0 388/3.478 

21,1 21:1:2.1 386/2.346 

22,1 22:1:2.2 392/3.763 

Conditions: AgNO3 1 mM; ligand 15 1 mM; NaBH4 40 mM 

 

4.3.3 Synthesis of silver nanoparticles from ligand 16 

Similar to ligand 15, synthesis of silver nanoparticles from ligand 16 was also 

tested. We obtained negative result in this case. As for stabilization of metal only 

those compounds can work better which are electron rich. As ligand 16 has strong 

electron with drawing group i.e. nitro so it cannot donate electrons to the metal. 

4.3.4 Bioassay of silver nanoparticles 

Materials and methods used for bioassay of silver nanoparticles are already 

discussed in section 3.10.2. 

4.3.5 Results and discussion 

4.3.5.1 Investigation of nanoparticle size via UV-vis Spectroscopy 

When sodium borohydride was added slowly to a colorless mixture of AgNO3 

and ligand 15, the solution turned brown (Figure 4.25). This color change is a positive 

indication of the reduction of Ag ions as revealed by the UV-vis peak at 390 nm 
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corresponding to the SPR band of Ag NPs. Table 6.1 shows the optimization of 

reaction conditions for the synthesis of Ag NPs. By increasing AgNO3 ratio; there is a 

gradual reduction in the size of the Ag NPs, by observing an increase in absorbance 

due to more surface area. This distinctive plasmon peak is a positive indication of 

small, monodispersed Ag NPs. However, an excess amount of ligand 15 causes a 

decay in the absorbance in the UV-vis band; confirming the decomposition of Ag NPs 

(Figure 4.24).
81
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Figure 4.24 UV-vis spectra of Ag NPs stabilize with ligand 15 

 

Figure 4.25 Visual detection of Ag NPs stabilize with ligand 15 
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4.3.5.2 Comparative FTIR analysis of Ag NPs functionalize with ligand 15 

The chelation of the amide group of the ligand with silver was indicated from 

comparative FTIR spectra of ligand 15 and its nanoparticles, as the peak of the amide 

oxo (1665 cm
-1

) and NH groups (3409 cm
-1

) were completely disappeared after the 

formation of Ag NPs by using reducing agent i.e. NaBH4 (Figure 4.26). 
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Figure 4.26 FTIR spectra of ligand 15 and Ag NPs stabilize with ligand 15 

 

4.3.5.3 Particle size determination by Atomic force microscopy 

AFM image of Ag NPs stabilize with ligand 15 has shown in Figure 4.27. 

Particle size distribution is reported in Figure 6.5. The average size of nanoparticles 

was found to be 0.14 µm. These results showed that particle formed are in 0.07-0.27 

µm range and are polydispersed in nature 
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Figure 4.27 AFM image of Ag NPs stabilize with ligand 15 

 

Figure 4.28 Histogram of Ag NPs stabilize with ligand 15 

4.3.5.4 Stability check of silver nanoparticles 

Our synthesized Ag NPs were found to be basic in nature as its pH was 8.80. 

Figure 4.29 exhibits that Ag NPs are quite stable at pH 8-11 even after 48 h. Figure 

4.30 displays the absorption spectra of 0.14 µm Ag NPs at 100 °C. The result shows 
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that the temperature effect is small, resulting in a very minute reduction in absorbance 

while a broadening of the plasmon band was not observed even after 48 h. 

300 400 500 600 700

0.0

0.2

0.4

0.6

0.8

1.0

1.2

A
b

s
o

rb
a

n
c

e

Wavelength (nm)

 2-3

 4,5

 6-7

 8-9, Ag NPs

 10-11

 12-13

Ag NPs, pH= 8.80

 

Figure 4.29 Effect of pH on stability of Ag NPs stabilize with ligand 15: After 48 h 
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Figure 4.30 Effect of heat on stability of Ag NPs stabilize with ligand 15: After 48 h 
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4.3.5.5 Antibacterial activity of Ag NPs stabilize with ligand 15 

Antibacterial activity of Ag, ligand 15 and Ag NPs stabilize with ligand 15 

against E. carotovora are reported in Figure 4.31. Ligand 15 (57.14 %) is three times 

more active than Ag NPs stabilize with ligand 15 (18 %). Pure silver is 1.3 times is 

less active than ligand 15. However in comparison to commercially available drug; 

streptomycin (85.71 %), ligand 15 showed 1.5 times lesser inhibition in the growth of 

bacterial specie. 
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Figure 4.31 Antibacterial activity against E. carotovora of Ag, ligand 15 and Ag NPs 

stabilize with ligand 15. Streptomycin: Standard drug, DMSO: Negative control 

 

4.3.5.6 Antifungal activity of Ag NPs stabilize with ligand 15 

Comparative antifungal activity of Ag, ligand 15 and Ag NPs stabilize with 

ligand 15 against Alternaria. solani is reported in Figure 4.32. Ag NPs stabilize with 

ligand 15 showed 1.2 times greater inhibition in the growth of A. solani (67.85 %) 

than ligand 15 (60.71 %). However Ag NPs stabilize with ligand 15 showed 1.1 and 

1.4 times lesser activity than pure silver (76.2 %) and commercially available 

fungicide, (Dithane-M45 (100 %), respectively. Antifungal activities of pure silver, 

ligand 15 and Ag NPs stabilize with ligand 15 against Fusarium solani are shown in 



Chapter 4                                                                                              Synthesis of silver nanoparticles 

 

104 
 

Figure 4.33. Ag NPs stabilize with ligand 15 shows 2.5 times greater inhibition in the 

growth of A. solani (27.77 %) than ligand 15 (11.11 %). However Ag NPs stabilize 

with ligand 15 and pure silver (31.11 %) shows similar activity. The commercially 

available drug, Dithane-M45 (100 %) is 3.6 times more active than Ag NPs stabilize 

with ligand 15. 
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Figure 4.32 Antifungal activity against A. solani of Ag, ligand 15 and Ag NPs 

stabilize with ligand 15. Standard drug: Dithane-M45, DMSO: Negative control 
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Figure 4.33 Antifungal activity against F. solani of Ag, ligand 15 and Ag NPs 

stabilize with ligand 15. Standard drug: Dithane-M45, DMSO: Negative control  
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4.4 Synthesis of Ag NPs stabilize with ligand 17 

4.4.1 Synthesis of ligand 17 

Ligand 17 (Methyl 2,4-dihydroxy-5-propionamidobenzoate) is an amide 

derivative of Methyl 5-amino-2,4-dihydroxybenzoate 14. Its synthesis is already 

discussed in section 2.3.4.3. 

 

4.4.2 Synthesis of silver nanoparticles stabilize with ligand 17 

For determining the optimum ratio for synthesis of Ag NPs we tried different 

ratios of ligand 17, AgNO3 and NaBH4 (Table 4.5). Highest absorbance of 3.438 was 

obtained from 30:1 ratio (Ag: ligand 17) as is clear from surface plasmon resonance 

band of Ag NPs at 390 nm (Figure 4.34).
81

  

Table 4.5 Optimization of reaction conditions by changing the amount of 

Ag, ligand 17 and NaBH4 

Sample Code Ag: ligand 17: NaBH4 ( mL) λ
max

/abs
max

(nm) 

28,1 28:1:2.8 394/3.007 

29,1 29:1:2.9 392/3.215 

30,1 30:1:3.0 390/3.438 

31,1 31:1:3.1 390/2.404 

32,1 32:1:3.2 390/2.476 

Conditions: AgNO3 1 mM; ligand 17 1 mM; NaBH4 40 mM 

 

4.4.3 Bioassay of silver nanoparticles 

Materials and methods used for bioassay of silver nanoparticles are already 

discussed in section 3.10.2. 
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4.4.4 Results and discussion 

4.4.4.1 Investigation of nanoparticle size via UV-vis spectroscopy 

Upon addition of sodium borohydride, the colorless reaction mixture of ligand 

17 and silver turned brown (Figure 4.35). This change in color is a positive indication 

for the reduction of Ag ions as revealed by the peak at 390 nm
81

 corresponding to the 

surface plasmon resonance band of Ag NPs. In order to obtain an optimum ratio for 

the synthesis of Ag NPs it was found that by increasing AgNO3 ratio (Table 4.5 and 

Figure 4.34); there is a gradual reduction in the size of the Ag NPs, by observing an 

increase in absorbance due to more surface area. However, decomposition of Ag NPs 

was observed by increasing the amount of ligand 17 as indicated by decrease in the 

absorbance at 390 nm. 
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Figure 4.34 UV-vis spectra of Ag NPs stabilize with ligand 17 

 

Figure 4.35 Visual detection of Ag NPs stabilize with ligand 17 
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4.4.4.2 FTIR analysis of Ag NPs stabilize with ligand 17 

 FTIR spectra (Figure 4.36) indicates the chelation of the amide group of the 

ligand 17 with silver, as the peak of the amide oxo (1666 cm
-1

) and NH (3414 cm
-1

) 

groups disappear after the silver nanoparticles formation by reduction with NaBH4. 
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Figure 4.36 Comparative FTIR spectra of ligand 17 and its Ag NPs 

4.4.4.3 Particle size determination by Atomic force microscopy 

Atomic force micrograph is reported in Figure 4.37. From this micrograph 

distribution curve is plotted and reported in Figure 4.38. The average size of 

nanoparticles is found to be 0.022 µm. These studies show that particle formed were 

in the range of 0.0125-0.0297 µm and are polydispersed in nature. 
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Figure 4.37 AFM image of Ag NPs stabilize with ligand 17 

 

Figure 4.38 Size distribution curve of Ag NPs stabilize with ligand 17 
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4.4.4.4 Stability check of Ag Nanoparticles 

In order to study the effect of heat on SPR peak of Ag NPs, these were heated 

for 30 min at 100 ˚C. The result in Figure 4.39 shows that the temperature effect is 

negligible, resulting in a very minute reduction in absorbance while a broadening of 

the plasmon band was not observed. 
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Figure 4.39 Effect of heat on stability of Ag NPs stabilize with ligand 17: After 24 h 

 

Figure 4.40 shows the effect of different concentrations of aqueous solution of 

sodium chloride (2M, 3M and 4M) on surface plasmon peak of Ag NPs. The results 

show that higher concentration of NaCl resulted in a decrease in Amax. The full width 

at half maximum (FWHM) also increases and thereby decreasing the stability of 

nanoparticles. This rapid decrease in absorbance of Ag NPs containing NaCl is 

attributed to the aggregation effect promoted by Cl
-1

 ions. From these observations it 

was concluded that at higher concentration of sodium chloride, however, aggregation 

turned out to be dominant. As for as long term stability is concerned, Ag NPs are 

much more stable in neat water than those in NaCl solution.
87

 Our synthesized Ag 

NPs were found to be basic in nature as its pH was 9.04. Figure 4.41 shows that Ag 

NPs were quite stable only at pH 8-9. 
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Figure 4.40 Salt effect (NaCl) on stability of Ag NPs stabilize with ligand 17: After 

24 h 
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Figure 4.41 Effect of pH on stability of Ag NPs stabilize with ligand 17: After 24 h 

4.4.4.5 Antibacterial activity of Ag NPs stabilize with ligand 17 

Comparative antibacterial activities of Ag, ligand 17 and Ag NPs stabilize 

with ligand 17 against E. carotovora are shown in Figure 4.42. Both ligand 17 and its 
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Ag NPs stabilize with ligand 17 showed 18.5 and 20.1 % inhibition in the growth of 

the bacterial specie. This inhibition in the growth of bacterial specie was lesser than 

pure silver (42.5 %) and commercially available drug, streptomycin (85.71 %). 
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Figure 4.42 Antibacterial activity against E. carotovora of Ag, ligand 17 and Ag NPs 

stabilize with ligand 17. Standard drug: Streptomycin, DMSO: Negative control 

4.4.4.6 Antifungal activity of Ag NPs stabilize with ligand 17 

Comparative antifungal activities of Ag, ligand 17 and Ag NPs stabilize with 

ligand 17 against Alternaria. solani are shown in Figure 4.43. Both ligand 17 and Ag 

NPs stabilize with ligand 17 showed 58.33 % inhibition in the growth. This inhibition 

in the growth of bacterial specie was lesser than pure silver (76.19 %) and 

commercially available drug, Dithane-M45 (100 %). 

Antifungal activities of Ag, ligand 17 and Ag NPs stabilize with ligand 17 

against Fusarium solani are shown in Figure 4.44. Ligand 17 and Ag NPs stabilize 

with ligand 17 showed 13 and 10 % inhibition in the growth. This inhibition in the 

growth of bacterial specie was lesser than pure silver (31.11 %) and commercially 

available drug, Dithane-M45 (100 %). 
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Figure 4.43 Antifungal activity against A. solani of Ag, ligand 17 and Ag NPs 

stabilize with ligand 17. Standard drug: Dithane-M45, DMSO: Negative control 
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Figure 4.44 Antifungal activity against F. solani of Ag, ligand 17 and Ag NPs 

stabilize with ligand 17. Dithane-M45: Standard drug: DMSO: Negative control 

4.5 Synthesis of Ag NPs stabilize with ligand 19 
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4.5.1. Synthesis of ligand 19 

Methyl 2,4-dihydroxy-5-isobutyramidobenzoateis 19 is an amide derivative of 

Methyl 5-amino-2,4-dihydroxybenzoate 14. Its synthesis and structural 

characterization is already discussed in section 2.4.3.5. 

 

4.5.2 Synthesis of silver nanoparticles stabilize with ligand 19 

For optimization of reaction conditions different ratios of ligand 19 and 

AgNO3 (Table 4.6) were tested. In comparison to other ratios we have obtained 

highest absorbance of 3.863 from 50:1:5.0 ratio (Ag: ligand 19: NaBH4) ratio as is 

clear from surface plasmon resonance band of Ag NPs at 392 nm (Figure 4.45).
88

 

During addition, the color of the reaction mixture changed to dark brown, depending 

upon the ratios of silver and ligand 19, indicating the formation of silver 

nanoparticles.  

Table 4.6 Effect of composition by varying the amount of Ag, ligand 19 and 

NaBH4 

Sample Code Ag: ligand 19: NaBH4 (mL) λ
max

/abs
max

(nm) 

48,1 48:1:4.8 392/3.188 

49,1 49:1:4.9 392/3.029 

50,1 50:1:5.0 392/3.863 

51,1 51:1:5.1 392/3.167 

52,1 52:1:5.2 392/3.763 

53,1 53:1:5.3 392/3.178 

Conditions: AgNO3 1 mM; ligand 19 1 mM; NaBH4 40 mM 
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4.5.3 Bioassay of silver nanoparticles 

Materials and methods used for bioassay of silver nanoparticles are already 

discussed in section 3.10.2. 

4.5.4 Results and discussion 

4.5.4.1 Characterization of Ag NPs by UV-visible Spectroscopy 

In order to obtain an optimum ratio for the synthesis of Ag NPs it was found 

that by increasing AgNO3 ratio (Table 4.6 and Figure 4.45); there is a gradual 

reduction in the size of the Ag NPs, by observing an increase in absorbance due to 

more surface area. This well-defined plasmon peak is indicative of relatively small 

and monodispersed Ag particles. It means that an optimum amount of ligand 19 is 

required for the reduction of AgNO3. However, an excess amount of 19 causes a 

decay in the absorbance in the UV-vis band; confirming the decomposition of Ag 

NPs.
81

 During the synthesis of nanosilver, the colorless AgNO3 and ligand 19 turned 

brown with a slow addition of sodium borohydride (Figure 4.46). This change in color 

is a positive indication of the reduction of silver ions as shown by the peak at 390 nm 

corresponding to the SPR band of Ag NPs.  
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Figure 4.45 UV-vis spectra of Ag NPs stabilize with ligand 19 
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Figure 4.46 Visual detection of Ag NPs stabilize with ligand 19 

 

4.5.4.2. Characterization of Ag NPs by FTIR Spectroscopy 

FTIR spectra (Figure 4.47) indicate the chelation of the amide group of the 

ligand 19 with silver, as the peak of the amide oxo (1666 cm
-1

) and NH groups (3419 

cm
-1

) were completely disappeared after the silver nanoparticles formation with 

reduction of NaBH4. 
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Figure 4.47 Comparative FTIR spectra of ligand 19 and Ag NPs stabilize with ligand 

19 

4.5.4.3 Particle size determination by Atomic force microscopy 

Atomic force micrograph is reported in Figure 4.48. From this micrograph 

distribution curve is plotted and reported in Figure 4.49. The average size of 
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nanoparticles is found to be 0.21 µm. These studies shown that particle formed were 

in the range of 0.10-0.37 µm and are polydispersed in nature. 

 

Figure 4.48 AFM image of Ag NPs stabilize with ligand 19 

 

Figure 4.49 Size distribution curve of Ag NPs stabilize with ligand 19 
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4.5.4.4 Effect of heat, salt and pH on stability Ag NPs 

Temperature effect on stability of Ag NPs was also studied up to 100 ˚C. For 

this purpose Ag NPs were heated for 30 min at 100 ˚C and then stability was checked 

by observing absorbance. Figure 4.50 shows the absorption spectra of 0.21 µm Ag 

NPs taken at 100 ˚C. The result showed that the temperature effect is negligible; 

resulting in a very minute reduction in absorbance and lengthening of the plasmon 

band was not detected. 

Figure 4.51 reports the aggregation effect of various concentrations of aqueous 

solution of sodium chloride (2 M, 3 M and 4 M) on SPR peak of Ag NPs. The result 

indicates that higher concentration of NaCl resulted in a decrease in Amax. The full 

width at half maximum (FWHM) also increases and thereby decreasing the stability 

of nanoparticles. This rapid decrease in absorbance of Ag NPs containing NaCl is 

attributed to the aggregation effect promoted by Cl
-1

 ions. From these observations it 

was concluded that at higher concentration of sodium chloride, however, aggregation 

turned out to be dominant and synthesized Ag NPs are much more stable in neat water 

that those in NaCl solution.
87

 

 Effect of pH on stability of Ag NPs was also studied. Our synthesized Ag NPs 

were found to be basic in nature as its pH was 8.77. Figure 4.52 shows that Ag NPs 

are quite stable at pH 8-11, while they are unstable at other pH ranges. 
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Figure 4.50 Effect of heat on stability of Ag NPs stabilize with ligand 19: After 24 h 
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Figure 4.51 Effect of salt on stability of Ag NPs stabilize with ligand 19: After 24 h 
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Figure 4.52 Effect of pH on stability of Ag NPs capped with ligand 19: After 24 h 

 

4.5.4.5 Effect of electron density on synthesis of Ag NPs 

 The general structure of amide derivatives of 5-amino –β-resorcylic acid used 

for synthesis of Ag NPs is shown in Figure 4.53. Table 4.7 shows the effect of 

electron density on synthesis of Ag NPs. It is concluded that as electron density of a 
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ligand increases (R = (CH3)2CH-> CH3CH2> C6H5-> p-NO2C6H4-) lesser amount of it 

is required for stabilization of silver metal. Ligand 15 has nitro group which is 

electron withdrawing in nature, so it did not form Ag NPs. Electronic density of 

ligand 16 (iso-propyl group) is greater than ligand 17 (ethyl group) which in turn 

greater than ligand 19 (phenyl group) that is why optimization ratio for the synthesis 

of Ag NPs decreased from 50 to 30 and 20 equivalents for 1 equivalent of ligand, 

respectively. 

 

Figure 4.53 General structure of ligand used for synthesis of Ag NPs 

Table 4.7 Effect of electron density on synthesis of Ag NPs 

Ligand code R Optimization ratio 

15 p-NO2C6H4- No reaction 

16 C6H5- 20:1 

17 CH3CH2- 30: 1 

19 (CH3)2CH- 50: 1 

 

4.5.4.6 Antibacterial activity of Ag NPs functionalize with ligand 19 

Comparative antibacterial activity against Erwinia carotovora pv. carotovora 

of pure silver, ligand 19 and Ag NPs capped with ligand 19 are shown in figure 4.54. 

Streptomycin and DMSO are used as positive and negative controls exhibited 85.71 

and 0 % inhibition in growth of bacterium specie. Pure silver at 250 ppm, Ag NPs 

capped with ligand 19 at 200 ppm and Streptomycin at 150 ppm comparable activity 

i.e. 42.85 %. Pure silver displayed similar inhibition in growth of bacterium at 150 

and 200 ppm. Ligand 19 at 200 and 250 ppm and Ag NPs capped with ligand 19 at 

150 ppm exhibited comparable activity (14 %). Streptomycin at 200 ppm and Ag NPs 
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capped with ligand 19 at 250 ppm showed equal inhibition in growth of E. carotovora 

i.e. 57.14 %. 
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Figure 4.54 Antibacterial activity against E. carotovora of Ag, ligand 19 and Ag NPs 

capped with ligand 19. Streptomycin: Standard drug, DMSO: Negative control 

 

4.5.4.7 Antifungal activities of Ag NPs functionalize with ligand 19 

Relative antibacterial activity against Alternaria solani of pure silver, ligand 

19 and Ag NPs functionalize with ligand 19 is reported in figure 4.55. Dithane-M45 

and DMSO are used as positive and negative controls exhibited 100 and 0 % 

inhibition in growth of fungus specie. At all concentrations (150, 200 and 250 ppm), 

the activity of ligand 19 is lesser than pure silver and Ag NPs functionalize with 

ligand 19. However, Ag NPs functionalize with ligand 19 is more potent than pure 

silver at all doses. 



Chapter 4                                                                                              Synthesis of silver nanoparticles 

 

121 
 

Ag ligand 19 Ag NPs Dithane-M45 DMSO

0

20

40

60

80

100

In
h

ib
it

io
n

 (
%

)

 150ppm

 200ppm

 250ppm

 

Figure 4.55 Antifungal activity against A. solani of Ag, ligand 19 and Ag NPs capped 

with ligand 19. Dithane-M45: Standard drug, DMSO: Negative control 

 

4.5.4.8 Effect of electron density on growth of inhibition of Erwinia 

carotovora 

The effect of electron density on growth of inhibition of Erwinia carotovora 

was also studied and is reported in figure 4.56. It is found that as electron donating 

character inreases from ligand 15, 17 and 19, growth of inhibition (%) decreases. 

However antibacterial activity of these ligands boost up after formation of Ag NPs 

(Ag15, Ag17 and Ag19). So, it was concluded that electron density had a strong 

influence on antibacterial activity of Ag NPs. 
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Figure 4.56 Influence of electron density on growth of inhibition of E. carotovora. 

S = Streptomycin; standard drug 

 

4.6 Synthesis of Ag NPs stabilize with ligand 20 

4.6.1 Synthesis of ligand 20 

The synthesis and structural characterization is already discussed in section 

2.3.5. 

   

4.6.2 Synthesis of Ag NPs stabilize with ligand 20 

For optimization of reaction conditions, various ratios of ligand 20 and AgNO3 

(Table 4.8) were tested. In comparison to other ratios we have obtained highest 

absorbance of 3.300 from 31:1:3.1 ratio (Ag: ligand 20: NaBH4) ratio as is clear from 
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SPR band of Ag NPs at 392 nm (Figure 4.57).
88

 During addition, the color of the 

reaction mixture changed to from colorless to dark brown, depending upon the ratios 

of silver and ligand 20, indicating the formation of silver nanoparticles. 

Table 4.8 Optimization of reaction conditions by changing the amount 

of Ag, ligand 20 and NaBH4 

Sample Code Ag: ligand 20: NaBH4 (mL) λ
max

/ abs
max

(nm) 

29,1 29:1:2.9 394/1.152 

30,1 30:1:3.0 392/2.360 

31,1 31:1:3.1 392/3.300 

32,1 32:1:3.2 390/2.146 

33,1 33:1:3.3 390/2.492 

Conditions: AgNO3 1 mM; ligand 20 1 mM; NaBH4 40 mM 

 

4.6.3 Bioassay of silver nanoparticles 

Materials and methods used for bioassay of silver nanoparticles are already 

discussed in section 3.10.2. 

4.6.4 Results and discussion 

4.6.4.1 Characterization of Ag NPs by UV-visible Spectroscopy 

In order to obtain an optimum ratio for the synthesis of Ag NPs it was found 

that by increasing AgNO3 ratio (Table 4.8 and Figure 4.57); there is a gradual 

reduction in the size of the Ag NPs, by observing an increase in absorbance due to 

more surface area. This definite plasmon peak is an indicative of monodispersed and 

small Ag NPS. It means that an optimum amount of ligand 20 is required for the 

reduction of AgNO3. However, an excess amount of ligand 20 causes a decay in the 

absorbance in the UV-vis band; confirming the decomposition of Ag NPs.
81

 During 

the synthesis of nanosilver, the colorless AgNO3 and ligand 20 turned brown with a 

slow addition of sodium borohydride (Figure 4.58). This change in color is a positive 

indication of the reduction of silver ions as shown by the peak at 392 nm 

corresponding to the SPR band of Ag NPs. 
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Figure 4.57 UV-vis spectra of Ag NPs stabilize with ligand 20 

 

Figure 4.58 Visual detection of Ag NPs stabilize with ligand 20 

 

4.6.4.2 Characterization of Ag NPs by FTIR Spectroscopy 

FTIR spectrum (Figure 4.59) also confirmed the formation of Ag NPs as the 

peak of the carboxylic oxo group at 1725 cm
-1

 in ligand 20 disappeared after the 

formation of Ag NPs by reduction with NaBH4. 
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Figure 4.59 FTIR spectra of ligand 20 and Ag NPs stabilize with ligand 20 

 

4.6.4.3 Characterization of Ag NPs by Atomic force microscopy 

Atomic force micrograph is reported in Figure 4.60, which indicates the 

formation of oval shaped nanoparticles. 

 

Figure 4.60 AFM image of Ag NPs capped with ligand 20 
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4.6.4.4 Effect of heat and pH on stability of Ag NPs capped with ligand 20 

To ascertain the potential for in vivo applications, the stability of the Ag NPs 

was explored as a function of, temperature and pH. The result showed (Figure 4.61) 

that the temperature effect is negligible, resulting in a very minute reduction in 

absorbance while a lengthening of the SPR band was not observed. Ag NPs stabilize 

with ligand 20 were found to be basic in nature as its pH was 8.57. Figure 4.62 shows 

that the suspensions were found to be stable in a pH range of 2-13. 
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Figure 4.61 Effect of heat on stability of Ag NPs capped with ligand 20: After 24 h 
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Figure 4.62 Effect of pH on stability of Ag NPs capped with ligand 20: After 12 h 
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4.6.4.5 Antibacterial and antifungal activities of Ag NPs functionalize with 

ligand 20 

 Figure 4.63 reports the comparable antibacterial activity of Ag, ligand 20 and 

Ag NPs functionalize with ligand 20 against E. carotovora. At 150 ppm ligand 20 and 

its Ag NPs exhibited equal inhibition (57 %) in growth and higher than standard drug 

(42.85 %). At 200 ppm, ligand 20, Ag NPs functionalize with ligand 20 and 

streptomycin showed 71, 73.45, and 57.14 % inhibition in growth, respectively. So at 

this concentration ligand 20 and its Ag NPs are more potent than standard drug. At 

250 ppm, ligand 20 and standard drug exhibit equal activity (85.71%) but higher than 

Ag NPs functionalize with ligand 20 (80.1 %). 

The result of antifungal activity of Ag, ligand 20 and Ag NPs functionalize 

with ligand 20 against Alternaria solani is reported in figure 4.64. At all doses pure 

silver and Ag NPs functionalize with ligand 20 showed almost similar inhibition in 

growth but higher than those exhibited by ligand 20. 
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Figure 4.63 Antibacterial activity against E. carotovora of Ag, ligand 20 and Ag NPs 

stabilize with ligand 20. Standard drug: Streptomycin, DMSO: Negative control 
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Figure 4.64 Antifungal activity against A. solani of Ag, ligand 20 and Ag NPs 

stabilize with ligand 20. Standard drug: Streptomycin, DMSO: Negative control 
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5.1 Introduction to supramolecular chemistry 

As said by Lehn,
89

 supramolecular chemistry can be defined as “Chemistry 

beyond the molecule.” The key feature of supramolecular chemistry is to gain 

control over intermolecular interactions. Nature, itself has been a productive basis of 

supramolecular chemistry e.g., enzymes in living organisms, not only have a binding 

site, but also hold reactive functional group that leads to a chemical transformation 

through intermolecular interactions. 

5.1.1 Macrocycle’s based supramolecular architectures 

In areas such as drug development and supramolecular chemistry, macrocycles 

are of great importance. Macrocycles 12can be considered as privileged molecules, as 

they can combine flexibility and conformational bias. For binding they permit a 

definite conformational variation and in comparison to linear molecules, have an 

enhanced overall energy while binding. In recent times, a multiple multi component 

macrocyclization include bifunctional building blocks (MiB) method was established. 

This approach can be used to synthesize constitutionally complex and diverse 

macrocycles in one pot from simple building blocks. Due to their application in 

recognition and medicinal chemistry and their widespread occurrence in nature, 

macrocycles have attracted great attention.
89,90

 Macrocycles generally have an 

appropriate flexibility, conformational preorganization and arrangement of more than 

one binding area.
91

 Their physicochemical, structural and biological features offer 

binding properties and recognition which does not exists in their linear or small ring 

compounds.
92

  

5.1.2 Applications of supramolecular macrocyclic architectures 

Macrocyclic architectures Cyclotriveratrylenes, cucurbiturils, calixarenes, 

resorcinarenes and crown ethers are representative families of macrocyclic 

compounds. Properties of these compounds include facial curvature; switchability and 

the capability to coordinate to metal ions. Current examples are cyclotriguaiacylene 

capsules,
93

 calixarene/drug,
94

 resorcinarene cocrystals,
95

 and calixarene/quinoline
96

 

inclusion complexes, calixarene/metal self-inclusion polymers
97

 and macrocycles 
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bearing crown ether-like moieties.
98

 Some of the properties are briefly discussed as 

under; 

5.1.2.1  In host-guest chemistry 

Macrocycles have developed platforms to observe complexation of small 

molecules and to model enzymatic reactions as they have internal cavities and polar 

functionality; this approach has initiated the basis of host-guest chemistry with 

cyclophanes macrocycles.
99

 In transition metal coordination chemistry, macrocycles 

are considered to be important and powerful ligands. The formation of complexes by 

encapsulation of cation in the cavity of macrocycle is of great importance in the field 

of analytical chemistry. Particularly, the macrocyclic ligand formed by the 2:2 

cyclization
100 

with a large cavity and the linked macrocyclic ligands can allow 

complexing properties to bind two metal ions in distinct positions (Figure 5.1).  

 

Figure 5.1 40-membered macrocyclic ligand form dimercury (II) host-guest complex 

5.1.2.2 In molecular recognition 

Molecular recognition is an imperative phenomenon which has been motivated 

from the enzymatic reactions. The binding sites in enzymes combine very selectively 

to ligands. Following principles can be applied to achieve molecular recognition 

through any macrocycle.
101

  

 Multiple interaction sites 
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 Interactional complementarity 

 Strong overall binding 

 Steric complementarity 

5.1.2.3 In supramolecular catalysis 

A major source of inspiration for supramolecular catalysis is the activity of 

enzymes in living organisms. Pronounced supramolecular catalytic activities are 

displayed by macrocyclic polyamines (Figure 5.2), as after forming organized 

molecular associations resulting from the selective binding of a substrate with a 

receptor molecule; they convert the bound substrate into products. 

 

Figure 5.2 Macrocyclic polyamine catalyzed ATP dephosphorylation  

 

These macrocycles perform catalysis by the following three steps: 

 selectivity and recognition in the substrate binding by the synthetic receptor-

bearing groups, 

 transformation of the bound species and  

 release of the products, so as the catalyst can be regenerated for further use in 

a new cycle. 

5.1.2.4 As a supramolecular sensors 

Supramolecular sensors are devices which upon complexation yield a change 

in the physical and chemical properties of host (e.g. fluorescence, phosphorescence, 

redox potential etc.). These sensors have a binding site, a linker and an active unit. 

For example, the calixpyrrole unit (figure 5.3), designed by Gale,
102

 bind to an anion 

and the changes in fluorescence of the pendant anthracene unit is detected and it has 
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been noticed that the fluorescence of anthracene is quenched on interaction with 

anions (tetrabutyl ammonium salts of fluoride, chloride and dihydrogen phosphates). 

 

Figure 5.3 Calixpyrrole unit used as supramolecular sensor 

 

5.1.2.5 As a supramolecular artificial ion channel 

An increasing interest is observed in designing of macrocyclic receptors which 

are able to transport ions through cell membranes and act as a supramolecular 

artificial ion channels. Many biological processes are regulated by the variation in 

concentration of ions across the cell. Even the life of cell particularly depends on 

accurate concentration gradient of sodium and potassium ions inside and outside the 

cell. So the synthesis of macromolecules capable of transporting cations and anions 

across the cell membrane can be especially useful for curing diseases caused by the 

deficiency or sufficiency of certain ions in the cell, where these molecule work as a 

carrier or as a transmembrane channel.  

For instance, Fuhrhop and Liman
103

 synthesized an ion channel for monolayer 

lipid membranes, which is able to release lithium ion from the vesicles made of 

macrocycle (Figure 5.4). 

 

Figure 5.4 Formation of ion channel in vesicles by a macrocycle 
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5.1.2.6 As a supramolecular self-assemblies and molecular machines 

Self-assembly is the self-directed association of components into organized 

structures deprived of external interference. In nature and technology, self-assembling 

processes are well-known.  

They inhabit components from the molecular (crystals) to the planetary 

(weather systems) level and possess many various types of non-covalent interactions. 

The concept of self-assembly is used progressively in various fields, such as in the 

field of biosensors, nanodevices, magnetism and optoelectronics.
104

 Supramolecules 

(Figure 5.5) are formed by the nanometer-size shape-persistent macrocycles, self-

assembled by solvatophobic interactions.
105 

 

 

Figure 5.5 Nano-sized self-assembled shape-persistent macrocycle 

 

5.1.3 Types of macrocyclic architectures 

A large number of macrocycles have been prepared which has been 

extensively studied in the areas of chemistry, biology and material sciences. The 

macrocycles can be classified into different groups with respect to their functional 

group which are describing here. 
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5.1.3.1 Cyclophanes 

Cyclophanes are macrocycles containing aromatic subunits bridged by spacer 

and forming cage like structures. Due to their remarkable ability to host many metals 

and make various inclusion complexes, these macrocycles are having widespread 

attention. The unique chemistry of cyclophanes was applied to molecular recognition, 

catalysis and metal ion transport.
106

 Cyclophanes having intra-annular functionalities 

(Figure 5.6) are of great interest for numerous applications because of their relative 

ease of tailoring selectivities for molecular recognition and complexation with neutral 

or ionic species. 

 

Figure 5.6 Cyclophane with intra-annular nitrogen functional group 

 

5.1.3.2 Amide based macrocycles 

In nature, macrocycles with secondary amides as hydrogen bond donors to 

anions have wide range of applications. An enormous number of flexible macrocycles 

having polyamides (Figure 5.7) as H-bonding donors has been synthesized and it was 

determined that each amide has impact to the binding process in polyamide 

macrocycles. It also revealed that these preorganized macrocyclic receptors have 

much higher binding constants than their acyclic analogues.
107  
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Figure 5.7 Bowman-James amide macrotricycle 

 

5.1.3.3 Urea and thiourea based macrocycles 

Urea and thiourea based macrocycles possess two parallel hydrogen bond 

donors (Figure 5.8) and hence they are useful receptors for binding anions particularly 

for carboxylates. The acidity of thiourea based macrocycles is greater than urea based 

macrocycles and thus providing much higher binding constants. 

 

Figure 5.8 A urea based macrocycle 

5.1.3.4 Aromatic heterocycles based macrocycles 

Aromatic heterocycles based macrocycles are of great importance. As in case 

of pyridine nitrogen, it acts as H-bond acceptor, whereas in the case of pyrrole-NH, 

the heteroaromatic unit behaves as H-bond donor. Pyrrole acts as an ideal group to 
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bind anions because it has not only H-bond donor but also it can, itself, form a stable 

complex with anions in solid phase. For example, sapphyrin (Figure 5.9) strongly 

binds to halides and especially possess great affinity for fluorides.
108

  

 

Figure 5.9 Pyrrole based macrocycle (Sapphyrin) 

 

5.1.3.5 Calixarenes 

Calixarenes are macrocycles, in which phenolic units are bridged by 

methylene spacer at meta-positions to form ring (Figure 5.10). The macrocyclic ring 

in calixarenes is used as a molecular backbone for attachment of ligating functional 

groups. The donor atoms held by the calixarene backbone are with limited flexibility 

and in positions which is suitable to match the shape of the coordination sphere. 

 

Figure 5.10 tert-Butylcalix[6]arene based macrocycles 
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5.1.3.6 Cyclodextrins (cyclic oligosaccharides)  

Macrocycles consisting of six or more g -1,4-

linkages together in a ring are termed as cyclodextrins (Figure 5.11). Cyclodextrins 

(CDs) are the most important and promising research candidates as macrocyclic hosts 

because they are commercially available, readily functionalize, nontoxic, inexpensive 

and water-soluble natural products. Optical chemical sensors derived from CDs are 

quite interesting and useful research candidates because optical variations such as 

color and fluorescence by recognition of guest molecules can be directly and instantly 

observed by the naked human eye.
109

  

 

Figure 5.11 Cyclodextrin based macrocycle 

 

5.1.3.7 Interlocked Macrocycles 

These molecules are bound to each other by a mechanical bond and not by a 

chemical bond. In order to break the interlock, a chemical bond breakage is necessary. 

Examples of interlocked macrocycles are rotaxanes, catenanes, molecular borromean 

rings and molecular knots. [3]catenanes, [2]catenanes, handcuff-shaped catenanes and 

pretzelanes are typical examples of catenanes etc. (Figure 5.12). 

javascript:openDSC(234221203,%201,%20'2766');
javascript:openDSC(234221203,%201,%20'2766');
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Figure 5.12 Mechanically interlocked macrocycles (wikipedia) 

 

5.2. Research plan 

The main theme of the scheme was to synthesize macrocycles based on 2,4-

dihydroxybenzoic acid 1 and 2,4-Dihydroxy-5-nitrobenzoic acid 11 moieties. It was 

also desired to utilize these macrocycles for the synthesis of silver nanoparticles. An 

innovative approach was adopted in the present dissertation to prepare macrocycles 

based on the incorporation of 2,4-dihydroxybenzoic acid 1 unit into 

terathiacyclophane macrocycle. These macrocycle has the potential to be extended 

further to form nanoparticles. 

In the first part of the project, it was decided to synthesize macrocycle 25 from 

2,4-Dihydroxybenzoic acid 1 as shown in scheme 5.1 and to convert it into silver 

nanoparticles as already discussed in scheme 3. In the second part it was planned to 

synthesize macrocycle from 2,4-Dihydroxy-5-nitrobenzoic acid 11 moiety and to 

utilize it for the synthesis of nanoparticles (scheme 5.2). 
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Scheme 5.1 Synthesis of a macrocycle 25 derived from 2,4-dihydroxybenzic acid 1 
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Scheme 5.2 Synthesis of halogen derivatives of Methyl 2,4-dihydroxy-5-nitrobezoic 

acid 11 

 

5.2.1 Results and discussion 

Starting from 11 towards macrocycles, it was needed to substitute phenolic and 

carboxylic acids –OHs with GLG (good leaving group). Nucleophilic substitution 

reaction for incorporation of bromide moiety at phenolic and carboxylic acids –OHs 

positions of 11 was expected to be the most appropriate reaction. As bromides are 

needed for nucelophilic substitution so a number of strategies were established to 
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carry out bromination of 11 by reacting it with dibromopropane as shown in scheme 

5.2. A huge number of harsh conditions were tested to carry out the transformations; 

but, none of them yielded the preferred product. In all attempts the starting material 

was remained as such however using DMSO as a solvent decarboxylation of 11 was 

observed. The structure of decarboxylated product 26 (Figure 5.13) was confirmed 

from its EI-MS spectrum (m/z = 155). 

 

Figure 5.13 EI-MS of 4-niroresorcinol 26 

However, we were succeeded in synthesizing a macrocycle from compound 1 

by the following three steps (scheme 5.1). 

Step I.  Synthesis of bromo derivatives (R-Br) 

Step II.  Synthesis of thioester derivatives R-SCOCH3 

Step III. Synthesis of macrocycle 25 via reaction of R-SCOCH3 with NaOH 

Step I. Synthesis of bromo derivatives (R-Br) of compound 11 

As the most common starting materials for preparing sulfur-containing 

molecules are bromides so in first step compound 1 was treated with a mixture of six 

equivalents of dibromopropane and potassium carbonate to yield a mixture of its 
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bromide derivatives (21 and 22). This mixture was separated by column 

chromatography (20 % EtOAc: n-Hexane). 

The formation of product 21 was confirmed from its 
1
H-NMR spectrum 

(Figure 5.14) by appearance of a singlet of one proton at 10.928 ppm, a doublet of one 

proton at 7.820 ppm having a coupling constant of 8.7 Hz, a doublet of doublet of one 

proton at 6.537 ppm having a meta coupling constants of 2.4 Hz and ortho coupling 

constant of 9 Hz, another doublet of one proton at 6.497 ppm having a coupling 

onstant of 2.4 Hz, a triplet of two protons at 4.478 ppm, another triplet of two protons 

at 4.211 ppm, a triplet of doublet four protons at 3.673 ppm, a sextet of four protons at 

2.343 ppm. The 
13

C-NMR spectrum of product 21 (Figure 5.15) was recorded which 

showed carbon resonances at 206.0, 165.9, 164.8, 132.3, 108.5, 102.2, 66.7, 63.8, 

32.9 and 32.5ppm. The EIMS spectrum in figure 5.16 shows the molecular ion peak at 

m/z 396. This analysis also confirmed the formation of compound 21. 

 

Figure 5.14 
1
H-NMR of 2,4-Bis(3-bromopropoxy)benzoic acid 21 in deuterated 

acetone 
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Figure 5.15 
13

C-NMR of 2,4-Bis(3-bromopropoxy)benzoic acid 21 in deuterated 

acetone 

 

Figure 5.16 EIMS of 2,4-Bis(3-bromopropoxy)benzoic acid 21 

The 
1
H-NMR spectrum of product 22 in Figure 5.17 shows one doublet of one 

proton with a coupling constant of 8.7 Hz at 7.803 ppm, another doublet of one proton 

with a coupling constant of 2.1 Hz at 6.628 ppm, a doublet of doublet of one proton at 

6.591 ppm with a meta coupling constants of 2.1 Hz and ortho coupling constant of 
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8.7 Hz, a triplet of two protons at 3.367 ppm, a triplet of doublet of four protons at 

4.45 ppm, a multiplet of four protons at 3.157 ppm and another multiplet of six 

protons at 3.99 ppm. The 
13

C-NMR spectrum of product 22 in Figure 5.18 shows 

carbon resonances at 206.1, 165.8, 164.4, 161.3, 134.4, 132.3, 132.2, 113.4, 108.6, 

108.5, 106.9, 102.1, 102.0, 100.9, 66.9, 66.6, 65.9, 65.5, 63.7, 62.7, 33.3, 33.1, 32.9, 

32.8 and 32.5 ppm. The EIMS in Figure 5.19 shows the molecular ion peak at m/z 

517. These analyses confirmed the formation of product 22. 

 

Figure 5.17 
1
H-NMR of 3-Bromopropyl 2,4-bis(3-bromopropoxy)benzoate 22 in 

deuterated methanol 

 

Figure 5.18 
13

C-NMR of product 22 in deuterated acetone 
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Figure 5.19 EI-MS of 3-Bromopropyl 2,4-bis(3-bromopropoxy)benzoate 22 

Step II: Synthesis of thioester derivatives (R-SCOCH3) 

Potassium thioacetate (KSAc) is a popular reagent for the conversions of 

halides to thioesters, which can be easily isolated if desired. In step IIA, 21 was 

treated with a mixture of nine equivalents of potassium acetate and potassium 

carbonate to obtain thioester derivative i.e. 2,4-Bis(3-(acetylthio)propoxy)benzoic 

acid 23. While in step IIB, 22 was treated with a mixture of six equivalents of 

potassium acetate and potassium carbonate to obtain another thioester derivative i.e. 

3-(Acetylthio)propyl 2,4-bis(3-(acetylthio)propoxy)benzoate 24.
110

 

The 
1
H-NMR spectrum (Figure 5.20) of product 23 shows one singlet of one 

proton at 10.765 ppm, one doublet of one proton with a coupling constant of 8.7 Hz at 

7.729 ppm, another doublet of one proton with a coupling constant of 2.4 Hz at 6.538 

ppm, a doublet of doublet of one proton at 6.508 ppm, with a meta coupling constant 

of 2.4 Hz and an ortho coupling constant of 9 Hz, a triplet of two protons at 4.221 

ppm, another triplet of two protons at 4.041 ppm, a triplet of doublet of four protons 

at 4.959 ppm, a multiplet of four protons at 4.986 ppm, a singlet of six protons at 2.32 

ppm. The 
13

C-NMR spectrum of product 23 was recorded which showed carbon 

resonances at 195.18, 195.16, 168.87, 164.40, 162.67, 131.44, 107.7, 105.35, 101.38, 

66.5, 63.38, 30.53, 28.5, 28.3 and 25.1 ppm (Figure 5.21). The EIMS shows the 
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molecular ion peak at m/z 386. These analyses confirmed the formation of product 23 

(Figure 5.22). 

 

Figure 5.20 
1
H-NMR of 2,4-Bis(3-(acetylthio)propoxy)benzoic acid 23 in DMSO-d6 

 

Figure 5.21 
13

C-NMR of 2,4-Bis(3-(acetylthio)propoxy)benzoic acid 23 in DMSO-d6 
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Figure 5.22 EIMS of 2,4-Bis(3-(acetylthio)propoxy)benzoic acid 23 

The 
1
H-NMR spectrum (Figure 5.23) of product 24 consist of one doublet of 

one proton with a coupling constant of 8.4 Hz at 7.712 ppm, another doublet of one 

proton with a coupling constant of 1.5 Hz at 6.591 ppm, a third doublet of one proton 

at 6.555 ppm with a coupling constant of 2.1 Hz, a triplet of two protons at 4.183 

ppm, another  triplet of four protons at 4.056 ppm, a multiplet of six protons at 2.97 

ppm, a singlet of nine protons at 2.32 ppm, another multiplet of six protons at 1.93 

ppm. The 
13

C-NMR spectrum of product 23 was recorded which shows carbon 

resonances at 195.16, 195.13, 195.03, 165.00, 163.01, 159.8, 133.2, 111.9, 105.9, 

100.1, 66.74, 66.44, 62.52, 30.51, 30.49, 28.63, 28.61, 28.4, 25.3, 25.2 ppm (Figure 

5.24). The EIMS (Figure 5.25) shows the molecular ion peak at m/z 502. All these 

analyses confirmed the formation of product 24. 
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Figure 5.23 
1
H-NMR of 2,4-Bis(3-bromopropoxy)benzoic acid 24 in methanol-d4 

 

Figure 5.24 
13

C-NMR of 2,4-Bis(3-bromopropoxy)benzoic acid 24 in DMSO-d6 
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Figure 5.25 EI-MS of 2,4-Bis(3-bromopropoxy)benzoic acid 24 

Step III: Synthesis of macrocycle 25 via reaction of R-SCOCH3 with  

NaOH 

A disulfide macrocycle 25 was formed when thioester derivatives (23 and 24) 

were treated with 30 mL (step IIIA) and 20 mL (step IIIB) of 3 M NaOH, 

respectively.
110

 

The 
1
H-NMR spectrum (Figure 5.26) of macrocycle 25 is consist of one 

singlet of one proton at 12.173 ppm, a doublet of one proton with a coupling constant 

of 8.7 Hz at 6.629 ppm, another singlet of one proton at 6.57 ppm, another doublet of 

one proton with a coupling constant of 8.7 Hz at 6.484 ppm, a triplet of two protons at 

4.082 ppm, another triplet of two protons at 3.970 ppm, a third triplet of two protons 

at 2.945 ppm, a fourth triplet of two protons at 2.816 ppm, a multiplet of four protons 

at 2.002 ppm, another singlet of one proton at 6.59 ppm. The 
13

C-NMR spectrum 

(Figure 5.27) of product 25 was recorded which shows carbon resonances at 166.4, 

162.6, 159.7, 133.2, 112.9. 105.8, 100.0, 65.8, 65.7, 58.9, 34.8, 34.6, 34.1, 31.9, 31.8, 

28.2, 28.0 ppm. The FAM
+
-MS (Figure 5.28) shows the molecular ion peak at m/z 

599. All these analyses confirmed the formation of product 25. 
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Figure 5.26 
1
H-NMR of compound 25 in deuterated DMSO 

Figure 5.27 
13

C-NMR of compound 25 in deuterated DMSO 
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Figure 5.28 FAB
-
-MS of compound 25 

 

5.3. Experimental 

Silver nitrate, 2,4-dihydrxybenzoic acid, dibromopropane, potassium 

carbonate, potassium thioacetate and sodium hydroxide were purchased from Merck. 

5.3.1 Synthesis of ligand 25 (2,11,17,26-tetraoxa-6,7,21,22-

tetrathiatricyclo[25.3.1.112,16]dotriaconta-1[30],12[32],13,15,27[31],28-

hexaene-13,30-dicarboxylic acid) 

5.3.1.1  2,4-Bis(3-bromopropoxy)benzoic acid 21 and 3-Bromopropyl 

2,4-bis(3-bromopropoxy)benzoate 22  

    

A mixture of 2,4-Dihydroxybenzoic acid 1 (1 g, 6.49 mmol) and potassium 

carbonate anhydrous (5.37 g, 38.94 mmol, 6 eq) in acetone was refluxed with stirring 

for half an hour. After cooling to room temperature 1, 3-dibromopropane (0.4 mL, 

38.94 mmol, 6 eq) was added drop wise. The reaction mixture was stirred overnight 

and completion of reaction was checked by TLC. Then the mixture was filtered to 
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remove unreacted potassium carbonate, acetone was removed from filtrate under 

reduced pressure and the mixture was extracted with EtOAc. Purification of the 

products was done by chromatography (silica gel, n-hexane: EtOAc, 8:2) to yield pure 

21 and 22 as white solids. 

Compound 21: Yield: 50 %. State: white solid M.P.= 75 ˚C, Rf.: 0.73 (20 % 

EtOAc: n-Hexane). 
1
H NMR (300 MHz, CD3COCD3): δ 10.928 (s, 1H, COOH), 

7.834-7.805 (d, 1H, J = 8.7 Hz, Aromatic), 6.556-6.519 (dd, 1H, J = 8.7 Hz, J = 2.4 

Hz, Aromatic),6.501-6.493 (d, 1H, J= 2.4 Hz, Aromatic), 4.498-4.457 (t, 2H, OCH2), 

4.231-4.191 (t, 2H, OCH2), 3.701-3.649 (td, 4H, CH2Br), 2.376-2.312 (sextet, 4H, 

CH2CH2CH2). 
13

C-NMR (75 MHz, CD3COCD3): δ 206.0, 165.9, 164.8, 132.3, 108.5, 

102.2, 66.7, 63.8, 32.9 and 32.5 ppm. EIMS: m/z 396. 

Compound 22: Yield: 55 %. State: white solid M.P.= 67 ˚C, Rf.: 0.46 (20 % 

EtOAc: n-Hexane). 
1
H NMR (300 MHz, CD3OD): δ 7.818-7.789 (d, 1H, J = 8.7 Hz, 

Aromatic), 6.632-6.625 (d, 1H, J = 2.1 Hz, Aromatic), 6.609-6.573 (dd, 1H, J = 8.7 

Hz, J = 2.1 Hz, Aromatic), 4.387-4.347 (t, 2H, COOCH2), 4.199-4.154 (td, 4H, 

OCH2), 3.715-3.558 (m, 6H, CH2CH2CH2), 2.343-2.244 (m, 6H, CH2Br. 
13

C NMR 

(75 MHz, CD3COCD3): δ 206.1, 165.8, 164.4, 161.3, 134.4, 132.3, 132.2, 113.4, 

108.6, 108.5, 106.9, 102.1, 102.0, 100.9, 66.9, 66.6, 65.9, 65.5, 63.7, 62.7, 33.3, 33.1, 

32.9, 32.8 and 32.5 ppm. EIMS: m/z 517. 

5.3.1.2 2,4-Bis(3-(acetylthio)propoxy)benzoic acid 23 

  

Potassium thioacetate (0.684 g, 6 mmol, 6 eq) was added to a mixture of 

potassium carbonate (828 mg, 6 mmol) and compound 21 (0.396 g, 1 mmol) in 

acetone. The reaction mixture was stirred overnight and completion of reaction was 

checked by TLC. Then the mixture was filtered to remove unreacted potassium 

thioacetate, acetone was removed from filtrate under reduced pressure and the mixture 
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was extracted with EtOAc. The pure product 23 was obtained as yellow color oil with 

rotten egg smell. 

Yield: 94%. State: yellow oil, Rf.: 0.46 (20 % EtOAc: n-Hexane). 
1
H-NMR 

(300MHz, DMSO): δ 10.765 (s, 1H, COOH), 7.763-7.734 (d, J = 8.7 Hz, 1H, 

Aromatic), 6.543-6.535 (d, J = 2.4 Hz, 1H, Aromatic), 6.513-6.505 (dd, J = 2.4 Hz, J 

= 8.4 Hz, 1H, Aromatic), 6.489-6.481 (d, J = 2.4 Hz, 1H, Aromatic), 4.311-4.290 (t, 

2H, OCH2), 4.066-4.025 (t, 2H, OCH2), 2.994-2.935 (td, 4H, CH2SAc), 1.995-1.909 

(m, 4H, CH2CH2CH2), 2.32 (s, 6H, OCH3). 
13

C-NMR (75 MHz, DMSO): δ 195.18, 

195.16, 168.87, 164.40, 162.67, 131.44, 107.7, 105.35, 101.38, 66.5, 63.38, 30.53, 

28.5, 28.3 and 25.1. EIMS: m/z 386. 

5.3.1.3. Synthesis of ligand 25 from compound 23 

   

1 mmol of 23 was dissolved in acetone (10 mL) was treated with 3 M aq. 

NaOH (20 mL) for 3 h. The solution was then acidified with 1 M HCl, ppt. was 

obtained which was filtered and washed with water, dried and dissolved in DCM, 

filtered. DCM was removed under reduced pressure to obtain 25 as a pale yellow 

solid with rotten egg smell. 

Yield: 94%. State: pale yellow solid M.P.= 193 ˚C. 
1
H NMR (300MHz, 

DMSO-d6): δ 12.173 (s, 1H, COOH), 7.683-7.654 (d, 1H, J = 8.7 Hz, Armatic), 6.571 

(s, 1H, Aromatic), 6.499-6.470 (d, 2H, J = 8.7 Hz, Aromatic), 4.099-4.065 (t, 2H, J 

=5.1 Hz, OCH2), 3.989-3.951 (t, 2H, J =5.7 Hz, OCH2), 2.980-2.935 (t, 2H, J =6.75 

Hz, SCH2), 2.840-2.792 (t, 2H, J =7.2 Hz, SCH2), 2.026-1.977 (m, 4H, CH2 CH2 

CH2), 6.599 (s, 1H, Aromatic). 
13

C NMR (75 MHz, DMSO): δ 166.4, 162.6, 159.7, 

133.2, 112.9. 105.8, 100.0, 65.8, 65.7, 58.9, 34.8, 34.6, 34.1, 31.9, 31.8, 28.2 and 

28.0. FAB
-
-MS: m/z 599. 
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5.3.1.4. 3-(Acetylthio)propyl 2,4-bis(3-(acetylthio)propoxy)benzoate 24 

 

Potassium thioacetate (1.027 g, 9 mmol, 9 eq) was added to a mixture of 

potassium carbonate (1.24 g, 9 mmol) and 22 (0.502g, 1mmol) in acetone. The 

reaction mixture was stirred overnight and completion of reaction was checked by 

TLC. Then the mixture was filtered to remove unreacted potassium thioacetate, 

acetone was removed from filtrate under reduced pressure and the mixture was 

extracted with EtOAc. The pure product 24 was obtained as yellow brown color with 

rotten egg smell. 

Yield: 94%. State: yellow oil. Rf.: 0.30 (20 % EtOAc: n-Hexane). 
1
H-NMR 

(300MHz, DMSO): δ 7.726-7.698 (d, J = 8.4 Hz, 1H, Aromatic), 6.594-6.589 (d, J = 

1.5 Hz, 1H, Aromatic), 6.559-6.552 (d, J = 2.1 Hz, 1H, Aromatic), 4.204-4.162 (t, 2H, 

OCH2), 4.082-4.031 (td, 4H, OCH2), 3.032-2.908 (m, 6H, CH2SAc), 2.32 (s, 9H, 

OCH3) 2.002-1.869 (m, 6H, CH2CH2CH2). 
13

C-NMR (75 MHz, DMSO): δ 195.16, 

195.13, 195.03, 165.00, 163.01, 159.8, 133.2, 111.9, 105.9, 100.1, 66.74, 66.44, 

62.52, 30.51, 30.49, 28.63, 28.61, 28.4, 25.3, 25.2. EIMS: m/z 502. 

5.3.1.5. Synthesis of ligand 25 from compound 24 

  

1 mmol of 24 was dissolved in acetone (10 mL) and was treated with 3 M aq. 

NaOH (30 mL) for 3 h. The solution was then acidified with 1 M HCl, ppt. was 

obtained which was filtered and washed with water, dried and dissolved in DCM, 

filtered. DCM was removed under reduced pressure to obtain 25 as a pale yellow 
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solid with rotten egg smell. Yield: 90 %. The physical and spectroscopic data are 

identical to those mentioned in section 9.3.1.3. 

5.3.2 Synthesis of silver nanoparticles stabilize with ligand 25 

For optimization of reaction conditions different ratios of ligand 25 and 

AgNO3 (Table 5) were tested. In comparison to other ratios we have obtained highest 

absorbance of 3.404 from 17:1: 1 ratio (Ag: ligand 25: NaBH4) as is clear from 

surface plasmon resonance band of Ag NPs at 396 nm (figure. 9.2).
81

 During addition, 

the color of the reaction mixture changed to dark brown, depending upon the ratios of 

silver and ligand 25, indicating the formation of silver nanoparticles.  

Table 5 Optimization of reaction conditions by varying the amount 

of Ag, ligand 25 and NaBH4 

Sample Code Ag: ligand 25: NaBH4 (mL) λ
max

/abs
max

(nm) 

15,1 15,1,1.5 398/3.020 

16,1 16,1,1.6 400/3.114 

17,1 17,1,1.7 396/3.404 

18,1 18,1,1.8 398/3.170 

19,1 19,1,1.9 398/3.290 

Conditions: AgNO3 1mM; 25 1mM; NaBH4 40mM 

 

5.3.3 Bioassay of silver nanoparticles 

Materials and methods used for antibacterial and antifungal activities of silver 

nanoparticles are already discussed in section 3.10.2. Materials and methods used for 

brine shrimp lethality bioassay and insecticidal activity of silver nanoparticles will be 

discussed in section 10.3.4.1 and 10.3.4.4, respectively. 

5.4. Results and discussion 
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5.4.1 Investigation of nanoparticle size via UV-vis Spectroscopy 

When sodium borohydride was added to a colorless mixture of AgNO3 and 

ligand 25, the color of reaction mixture turned brown (Figure 5.30). This color change 

from colorless to brown is a positive indication of the reduction of Ag ions as 

revealed by the SPR peak at 390 nm. In order to obtain an optimum ratio for the 

synthesis of Ag NPs, it was found that by increasing silver nitrate ratio (Table 5 and 

Figure 5.29), there is a gradual reduction in the size of the Ag NPs, by observing an 

increase in absorbance due to high surface area. However, an excess amount of ligand 

25 causes a decay in the absorbance in the UV-vis band; confirming the 

decomposition of Ag NPs.
81
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Figure 5.29 UV-vis spectra of Ag NPs with different ligand 25 and AgNO3 ratios 

 

Figure 5.30 Visual detection of Ag NPs stabilize with ligand 25 
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5.4.2 Composition Investigation via Fourier Transform Infrared 

 Spectroscopy 

 FTIR spectrum (Figure 5.31) also confirmed the formation of Ag NPs as the 

peak of the carboxylic oxo group (1723 cm
-1

) in ligand 25 disappeared after the 

formation of Ag NPs with reduction by NaBH4. 
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Figure 5.31 FTIR spectra of ligand 25 and Ag NPs stabilize with ligand 25 

5.4.3 Particle size determination by Atomic force microscopy 

Atomic force microscopy (AFM) was used to identify the size of silver 

nanoparticles. The average particle size measured for the nanoparticles were observed 

to be 0.42 µm (Figure 5.32). 
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Figure 5.32 AFM image of Ag NPs stabilize with ligand 25 

 

5.4.4 Stability check of Ag nanoparticles 

To ascertain the potential for in vivo applications, the stability of the 

suspensions was investigated as a function of temperature, salt concentration and pH 

(Figures 5.33, 5.34 and 5.35). The suspensions were found to be stable for several 

days at temperature of up to 100 
˚
C, salt concentrations up to 4 mol/L and a pH range 

of 2-13. 
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Figure 5.33 Effect of heat on stability of Ag NPs: After 12 h 
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Figure 5.34 Effect of salt (NaCl) on stability of Ag NPs: After 12 h 
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Figure 5.35 Effect of pH on stability of Ag NPs: After 24 h 

 

5.4.5 Brine shrimp lethality bioassay 

This test was performed to assess the toxicity of pure 2,4-dihdroxybenzoic 

acid 1 and its macrocycle 25. Results were noted in terms of deaths of larvae, 

compared with standard drug (Etoposide). The calculated LD50 value for the standard 
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drug was 7.4625 μg/mL while LD50 of 1 and 25 were found to be 108.8 and 10.6 

μg/mL, respectively. At 200 ppm, macrocycle 25 showed similar cytotoxic activity 

against the experimental shrimps in comparison to standard drug. However, the % 

mortality of brine shrimp larvae at doses of 1 was lesser than 25 and Etoposide 

(Figure 5.36). 
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Figure 5.36 Brine shrimp lethality of 1and 25. * Etoposide at 7.4625 µg/ml and 

**methanol were used as the standard drug and used as negative control, respectively 

 

5.4.6 Insecticidal activity 

Pure 2,4-dihdroxybenzoic acid 1 and its macrocycle 25 were also screened 

for insecticidal activity, using impregnated filter paper method against Myzus 

persicae. The positive and negative controls showed 100 and 0 % mortality, 

respectively. The effect of different doses of 1 and 25 is shown in figure 5.37. At all 

doses compound 25 was more effective than 1. LD50 values of 1 and 25 were 164.5 

and 48.5 µg/mL, respectively. From these results, it was concluded that 25 has high 

insecticidal activity than 1. 
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Figure 5.37 Insecticidal activity of 1 and 25. *Permethrin at 235.9 mg/cm
2 

and
 

**methanol were used as standard drug in the positive control and negative control, 

respectively 

 

5.4.7. Antibacterial and antifungal activities of Ag NPs stabilize with 

ligand 25 

 The synthesized silver nanoparticles were then tested as antibacterial and 

antifungal agents and compared with pure ligand 25 and with commercial antibiotics. 

In these tests, cell cultures were contacted with the same weight of Ag NPs, pure 

ligand 25 and streptomycin (in the antibacterial test) and Dithane-M45 (in the 

antifungal test). The bioactivity test results of antibacterial activity and antifungal 

activity are reported in figures 9.11 and 9.12, 9.13, respectively. 

The ligand 25 failed to show antibacterial activity against E. carotovora. Low 

antifungal activity was observed for the pure silver and compound 1 which is a 

starting material for the synthesis of ligand 25. However Ag NPs stabilize with ligand 

25 showed significant antibacterial activity (71 %) at 250 ppm (Figure 5.38). The test 

samples were screened for antifungal activity against A. solani and F. solani. Ligand 

25, pure silver and Ag NPs showed significant effect against A. solani (Figure 5.39). 
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Moderated antifungal activity was observed by pure silver and ligand 25 against F. 

solani. Low antifungal effect was showed by Ag NPs stabilize with ligand 25 (Figure 

5.40). 
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Figure 5.38 Antibacterial activity against E. carotovora of Ag, compound 1, ligand 

25, Ag NPs stabilize with ligand 25. Standard drug: Streptomycin, DMSO: Negative 

control 
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Figure 5.39 Antifungal activity against A. solani of Ag, ligand 25 and Ag NPs 

stabilize with ligand 25. Standard drug: Dithane-M45, DMSO: Negative control 
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Figure 5.40 Antifungal activity against F. solani of Ag, ligand 25 and Ag NPs 

stabilize with ligand 25. Standard drug: Dithane-M45, DMSO: Negative control 
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6.1 2,4-Dihdroxybenzene carbodithioic acid 28 

2,4-Dihydroxybenzoic 1 is an active part of platencin and platensimycin 

antibiotics. In literature the activity of compound was improved further by different 

synthetic approaches and structural changes mention below. 

I. discovering new natural congeners 

II. chemical modification 

III. total synthesis 

IV. combinatorial biosynthesis 

As all these methods are multi-step, expensive and comprising the use of 

protecting groups as explained already in chapter 1. Nanoparticles approach of 1 and 

28 was not tried. 

6.2. Research plan 

The main theme of the scheme is the green synthesis of Ag and Au 

nanoparticles stabilize with compound 1. Silver nanoparticles were not formed. Gold 

nanoparticles were obtained from 5:1 ratio (Au: 1) as cleared from SPR peak at 571 

nm with an absorbance of 0.361 (Figure 6.1). But the synthesized Au NPs were found 

to be quite unstable. So our scheme failed (Scheme 6.1). 

To achieve our target sodium salt of 2,4-dihydroxybenzoic 27 was tried for the 

green synthesis of Ag and Au nanoparticles by a modified Turkevich method. But 

this method also failed. 



Chapter 6                                                                        Green synthesis of nanogold from ligand 28 

165 
 

 

Scheme 6.1 Synthesis of silver and gold nanoparticles from ligand 1 
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Figure 6.1 UV-vis spectra of gold nanoparticles stabilize with ligand 1 

 

Scheme 6.2 Synthesis of nanoparticles from ligand 27 
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To achieve our project 2,4-Dihydroxybenzodithioic acid 28, a derivative of 

2,4-dihydroxybenzoioic acid 1 was synthesized and used for the green synthesis of Ag 

and Au nanoparticles. 

 

Scheme 6.3 Synthesis of nanoparticles from ligand 28 

 

Theme of our present work 

Theme of our present work is to produce a nanoparticle from an inexpensive 

and cheaper ligand i.e. 2,4-dihdroxybenzene carbodithioic acid 28 acting as a 

reducing and capping agent. The synthesized nanoparticles were characterized by 

physicochemical properties. These include size, size distribution and stability of the 

particles. 

6.3. Experimental details 

6.3.1. Materials 

Tetrachloroauric (III) acid tri hydrate (HAuCl4), resorcinol, carbon disulfide 

(CS2), potassium hydroxide (KOH), absolute ethanol (EtOH) were purchased from 

Merck. 
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6.3.2. Synthesis and characterization of 2,4-Dihydroxybenzodithioic 

 acid 28 and Bis (2,4-dihydroxyphenyl)methanethione 29 

A mixture of resorcinol (0.01 mol) in ethanol and KOH (2 M) in 5 mL water 

were taken in a 50 mL RB flask. CS2 (0.01 mol) was added and the mixture was 

refluxed for 3 h. The solution was cooled to room temperature and acidified with 

small portions of HCl (2 M). The crude product was recrystallized from ethanol to 

obtain product 28 in 82 % yield.
111

 

 

Scheme 10: Synthesis of 2,4-dihdroxybenzene carbodithioic 28 and Bis (2,4-

dihydroxyphenyl)methanethione 29 

Yield: 82 %, M.P.: 132–133 °C. EIMS m/z: 186.
 1

H-NMR  (300 MHz, 

MeOH-d4): δ 8.421-8.391 (d, 1H, J = 9Hz, Aromatic), 6.839-6.801 (dd, 1H, J = 2.4 

Hz , J = 9 Hz, Aromatic), 6.634-6.627 (d, 1H, J = 2.1 Hz, Aromatic). 

A mixture of resorcinol (0.01 mol) in ethanol and KOH (2 M) in 5 mL water 

were taken in a 50 mL RB flask. CS2 (0.01 mol) was added and the mixture was 

refluxed for 10 h. The solution was cooled to room temperature and acidified with 

small portions of HCl (2 M). The crude product was recrystallized from ethanol to 

obtain product 29 (70 % yield). M.P.: 247 °C. EIMS m/z: 260.
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Since 28 is monomer and 29 is dimer therefore both compounds have the same 

1
H-NMR spectra in deuterated methanol. 

6.3.3. Green synthesis of Au NPs stabilize with ligand 28 

In a typical synthesis, 1 mL of ligand 28 (1mM) was added drop wise to 1 mL 

of tetrachloroauric (III) acid (1mM). As ligand 28 has low solubility in water 

therefore a mixture of methanol and water was used. For optimization of reaction 

conditions different ratios of ligand 28 and HAuCl4 (Table 6.1) were tested. 

Compared to other ratios we have obtained highest absorbance of 2.84 from 6:1 (Au: 

ligand 28) ratio as cleared from surface plasmon resonance band of Au NPs at 562 nm 

(Figure 6.2). During addition, the color of the reaction mixture changed from yellow 

to dark brown, depending upon the ratios of gold and ligand 28, indicating the 

formation of gold nanoparticles (Figure 6.3). The resulting mixture was stirred for 3 h 

at room temperature. Solid Au NPs were collected by freeze drying. 

Table 6.1: Variation in the amount of Au (III) and ligand 28 

Sample Code Au: ligand 28 (mL) λ
max

/abs
max

(nm) 

1,3 1:3 ----------- 

5,1 5:1 554/1.693 

6,1 6:1 562/2.84 

8,1 8:1 558/2.415 

9,1 9:1 562/2.078 

10,1 10:1 564/1.830 

11,1 11:1 570/1.580 

12,1 12:1 566/2.046 

15,1 15:1 584/0.794 

Conditions: HAuCl4 1mM; ligand 28 1mM 

 

6.3.4. Bioassay of gold nanoparticles  
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6.3.4.1. Brine shrimp lethality bioassay 

 Cytotoxic activity of the samples was determined by Brine shrimps lethality 

bioassay.
49

 The eggs of brine shrimp were collected from Department of Botany, 

University of Peshawar and hatched in a tank at room temperature with constant 

oxygen supply. After hatching for two days, the mature nauplii were produced and the 

eggs were placed in 3.8% sea salt solution. Various concentrations i.e. 10, 50, 100 and 

200 ppm were made with respective solvent and were allowed to evaporate. Total of 

10 larvae were added in each concentration and stored at room temperature. Control 

treatments were also run in parallel as a reference to compare toxicity and LD50 values 

were calculated using probit analysis. 

6.3.4.2. Antifungal activity 

 The antifungal activity was evaluated by the agar-well diffusion method.
49

 The 

test sample (20 mg in DMSO) was uniformly dissolved in PDA medium on agar 

plate. Using sterilized borer mycelial plug (5 mm) of Fusarium oxysporum f. sp. 

lycopersici (FOL) and Aspergillus niger were fixed at the center of the agar plate. The 

positive control (Dithane-M45 fungicide) and negative control (media+DMSO) were 

also run in parallel for reference. The agar plate cultures were incubated at 25 
0
C for 7 

days and growth of the fungal strains were observed on daily basis. After incubation, 

the cultures were compared for reduction in radial colony growth of the fungus in 

negative, positive and test cultures. Percent growth Inhibition in radial colony growth 

was determined by using the formula, 

  
   

 
      

I = Percentage of inhibition, C = Diameter of fungal colony in control, T = Diameter 

of the fungal colony in treatment. 

6.3.4.3. Antibacterial activity 

The antibacterial activity of samples was determined according to method 

described by Yin et al. (2010). For this study two gram-negative bacterial species 

were selected. Escherichia coli is a rod-shaped bacterium that is commonly found in 

http://en.wikipedia.org/wiki/Bacillus_(shape)
http://en.wikipedia.org/wiki/Bacterium
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the lower intestine of warm-blooded organisms.
112

 Erwinia carotovora infects a 

variety of vegetables and plants including carrots, potatoes, cucumbers, onions, 

tomatoes, lettuce and ornamental plants like iris.
113

 Each sample about 0.5 mg was 

taken in a test tube and added to 1 mL DMSO. In sterilized petridishes, 10 mL PDA 

was poured and bacterial inoculation was carried out by streaking to form different 

colonies. The disc of 5 mm was kept at the center of agar plate and 10 µL of sample 

was poured on disk. Positive and negative control ware also taken and their zone of 

inhibition were observed after 72 h. 

  ( )                  

DC stands for diameter of control and 5 is the size of disc which was 5 millimeter. 

6.3.4.4. Insecticidal activity 

The insect specie Myzus persicae (green peach leaf aphid) was obtained from 

Entomology Department, Khyber Pakhtunkhwa Agricultural University Peshawar. 

The insecticidal activity was performed by previously reported method.
114

 Permethrin 

(235.71 µg/cm
2
) and methanol were used as positive and negative controls, 

respectively. 

6.4. Results and discussion 

6.4.1. Green synthesis and characterization of Au NPs  

The aim of present work was to use 2,4-dihdroxybenzene carbodithioic acid as 

a reducing and capping Agent to synthesize the gold nanoparticles. Therefore we were 

capable to effectively synthesized water soluble gold nanoparticles. 

6.4.2. Investigation of nanoparticle size via UV-vis Spectroscopy 

When ligand 28 was added to a HAuCl4 solution, the color of the liquid 

rapidly changed from light yellow to brown indicate the reduction of the Au ions. 

UV-Vis spectra of the Au NPs stabilize with ligand 28 is shown in figure 6.2 and they 

exhibit a SPR peak at 562 nm. 

http://en.wikipedia.org/wiki/Gastrointestinal_tract
http://en.wikipedia.org/wiki/Warm-blooded
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Typically, water solutions of Au NPs have an absorbance maximum from 520-

530 nm.
115

 A bathochromic shift in the surface plasmon absorption peak of Au NPs 

can be made by changes in the surface chemistry or by nanoparticle aggregation. For 

instance, the literature showed that sulfur-containing capping agents can change the 

electron density of Au and therefore shift the position of the plasmon absorption. 

Normally it has been observed that the bathochromic shift due to thiols is usually 

from 5-10 nm,
116

 but we observed a greater red-shift of 30 nm. This spectral shift in 

our experiments is due to a non-spherical shape or aggregation of the nanoparticles. 
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Figure 6.2 UV-vis spectra of Au NPs with different ligand 28 and HAuCl4 ratios 

 

Figure 6.3 Visual detection of Au NPs stabilize with ligand 28 
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6.4.3. Composition Investigation via Fourier Transform Infrared 

Spectroscopy  

 Conjugation of ligand 28 to Au was confirmed by FTIR spectroscopy, which 

is reported in figure 6.4. A peak at 2644 cm
-1

 attributed to thiol was measured in 

ligand 28 but not it was absent in the conjugates, consistent with the attachment of 

sulphur to the surface of the Au NPs. 

 

 

 

 

 

 

Figure 6.4 FTIR spectra of ligand 28 and Au NPs stabilize with ligand 28 

 

6.4.4. Particle size determination by Transmission electron 

microscopy 

The nanoparticles were thus characterized with TEM.  Bright field images are 

reported in figure 4.28 and they display that the Au NPs stabilize with ligand 28 had a 

non-spherical shape. The morphology of the nanoparticles suggested that 

nanoparticles of about 10 nm size coalesced into larger aggregates with an irregular 

shape and a size on the order of 30 nm. For this type of irregularly shaped 

nanoparticles, a strongly red-shifted absorption is expected. 
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Figure 6.5 Bright field TEM image of Au- ligand 28 conjugates 

 

6.4.5. Propose structure of synthesized Au NPs on the basis of 

MALDI-TOF characterization 

No data was reported in the literature about the characterization of Au NPs 

stabilize with the ligands like2,4-dihydroxybenzene carbodithioic acid 28 by MALDI-

TOF analysis (Figure 6.6). 



Chapter 6                                                                        Green synthesis of nanogold from ligand 28 

174 
 

Figure 6.6 MALDI-TOF mass spectrum of Au NPs stabilize with ligand 28 

 

As cleared from TEM characterization, the MALDI-TOF analysis also 

revealed the formation of polydispersed mixture of nanoparticles varying in size from 

2.9-19.1 nm, containing Aux (x = 4-11) having +3 electrolytic charge. However, the 

MALDI-TOF spectra of nanoparticles containing sulfur atom do not have any peak 

corresponding to charged specie. In case of Au NPs stabilize with ligand 28 , an 

excellent agreement between the experimentally and the calculated observed peaks 

established clearly the mass assignment for triply charged species [AuxLxClx]
3+

 like
 

the multiple charged species of diphosphine ligands [P(Ph)2(CH2)MP(Ph)2] with M ≥ 

2. The ligand 28 contain two sulfur atoms.
83

 As the intensity of peak due to 

[Au9L7Cl3]
3+

 is very maximum, so under current reaction conditions ligand 28 is 

selective to Au9 clusters. This size selectivity of ligand 28 ligand towards Au9 cluster 

core is not clear at present. One probability for establishment of this triply charged 

specie is that under acidic condition of matrix (HCCA) there may me protonation of 
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OH and SH groups of ligand 28.
84

 The proposed structure of this triply charged specie 

is shown in Figure 6.7. 

 

Figure 6.7 Triply charged specie of synthesized Au NPs 

 

 Table 6.2 showed the primary peaks recognized from the MALDI-TOF 

spectrum, their triply charged fragments, the probable structure and the calculated 

mass. This showed under present reaction conditions various types of Au NPs may be 

formed i.e. [Au9L8Cl]
3+

,[Au11L4Cl9]
3+

,  [Au9L7Cl3]
3+

, [Au9L6Cl7]
3+

, [Au7L9]
3+

,  

[Au8L4Cl11]
3+

, [Au8L5Cl3]
3+

, [Au7L6]
3+

, [Au6L4Cl2]
3+

, [Au4L5Cl6]
3+

, and [Au4L4Cl8]
3+

. 

The intensity of peak due to [Au9L7Cl3]
3+ 

is high.
 
On the whole we can accomplish 

that Au NPs stabilize with ligand 28 are composed of a mixture of nano clusters. 

Every nano cluster is additionally consist of ligands molecules and gold atoms and. 

The number of ligand molecules and gold atoms are variable in these clusters. Except 

[Au7L9]
3+ 

and [Au7L6]
3+

, chlorine atoms are also bound to all the gold atoms of nano 

clusters. Suggested structure of synthesized Au NPs [AuxLxClx]
3+

 is reported in Figure 

6.8a. If we take the example of [Au8L5Cl3]
3+ 

cluster, we can proposed that it is consist 

of five ligands 28 molecules, eight gold atoms and three chlorine atoms (Figure 6.8b). 

The results of MALDI-TOF analysis and TEM characterization are in excellent 

agreement. 
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Figure 6.8. a: Proposed structure of synthesized Au NPs [AuxLxClx]
3+

. b: Proposed 

structure of [Au8L5Cl3]
3+ 
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Table 6.2 Primary peaks recognized from the MALDI-TOF analysis, their 

triply charged fragments, the proposed structure and the calculated mass 

Peak position 

(primary peak) 

Triply charged 

fragments 

Possible structure 

[AuxLxClx]
3+

 

Calculated 

mass 

1098.62 3295.85 Au9L8Cl 3296.07 

1076.645 3229.935 Au11L4Cl9 3230.2 

1060.653 3181.96 Au9L7Cl3 3181.09 

1045.7 3137.1 Au9L6Cl7 3137.11 

1017.590 3052.7 Au7L9 3052.61 

903.54 2710.62 Au8L4Cl11 2710.18 

871.083 2613.25 Au8L5Cl3 2612.16 

831.125 2493.5 Au7L6 2494.74 

666.062 1998.2 Au6L4Cl2 1996.74 

644.068 1932.2 Au4L5Cl6 1930.78 

606.116 1818.348 Au4L4Cl8 1815.80 

Note: Au= 196.97; L= 185.98; Cl= 35.5 

 

6.4.6. Stability check of Au nanoparticles 

We attribute the formation of aggregates to the presence of two sulfur atoms 

per ligand 28 molecule, which might have acted as bridges between NPs. Whatever 

the origin of the aggregation; it did not compromise the stability of the suspensions, 

which could be kept for days at room temperature without any noticeable shift in their 

absorption. Precipitation was also not observed. The suspensions were also found to 

be stable under quite severe environmental modifications. Figure 6.9 reports 
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absorption spectra of suspensions kept at elevated temperatures for 24 h. The plasmon 

peak did not sift, and no precipitation was observed. The reduced absorbance is in 

agreement with previously reported results by the group of El-Sayed.
86

 Variations of 

salt concentration and pH also did not affect the absorption spectra and the stability of 

the suspensions, as shown in figures 6.10 and 6.11, respectively. 
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Figure 6.9 Effect of heat on stability of Au NPs: After 24 h 
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Figure 6.10 Effect of different concentrations of NaCl on stability of Au NPs: After 

24 h 
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Figure 6.11 Effect of pH on stability of Au NPs: After 24 h 

 

6.4.7. Enhanced biocidal activity of synthesized Au nanoparticles 

Lab biosynthesized 10-30 nm gold nanoparticles were tested for cytotoxic, 

antifungal and antibacterial activities. No gold nanoparticle is reported in the literature 

to have potential activity against Aspergillus niger. A part from this, carbodithioic 

functionality (RCSSH) was used for the first time for the biosynthesis of Au NPs. 

To our best of knowledge no nanoparticle is reported in the literature showing 

potential activity against green peach aphid. So the aim of the present work is to test 

the efficacy of a novel Au NPs in a miniature biological model system. Green peach 

aphid; an insect, is the biological model. The synthesized Au NPs are only 10-30 nm 

in diameter. It is composed of nanogold particles stabilize with ligand 28 and planned 

to be a novel approach to fight disease carrying vectors. A bioassay (Ahmad et al. 

2009) was used to measure the uptake of Au NPs and to assess the mortality of 

aphids.
114

  

To measure the amount of conjugated ligand 28, Au nanoparticles were 

centrifuged out of the suspensions. The supernatant was freeze-dried and the residue 

weighed. These results indicate that the conjugates contained about 7 % by weight of 
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ligand 28. The conjugates were then tested as antibacterial, antifungal, insecticidal 

and cytotoxic agents and compared with pure ligand 28 and with commercial 

biocides. In the tests, cell cultures were contacted with the same weight of Au- ligand 

28 conjugates, pure ligand 28 and streptomycin (in the antibacterial test), Dithane-

M45 ((in the antifungal test), Etoposide (in the brine shrimp lethality bioassay), 

Permethrin (in the Insecticidal). The bioactivity test results of antibacterial activity, 

antifungal activity, brine shrimp lethality bioassay and insecticidal activity are 

reported in figures 6.12, 6.13, 6.14 and 6.15 respectively. The tests consistently 

indicate that Au- ligand 28 nanoparticles had a biocidal activity which was 

comparable to that of pure ligand 28 and the commercial products. Most importantly, 

on a per weight base, our conjugates contained about 7 % biocide. This indicates that 

conjugation enhanced the bioactivity of ligand 28 by more than 14 times. At this 

stage, we do not have a clear idea of the mechanism underlying biocidal activity 

amplification. The results clearly indicate, however, that nanoparticle conjugation 

could be used to minimize the amount of biocide molecules, thereby delaying 

development of resistant strains and minimizing the environmental effects of biocides. 
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Figure 6.12 Antibacterial activity (percentage inhibition) of ligand 28, Au NPs and Au 

(pure gold). Standard drug: Streptomycin, Control: Bacteria only 
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Figure 6.13 Antifungal activity (percentage inhibition) of ligand 28, Au NPs and Au 

(pure gold). Standard fungicide: Dithane-M45, Control: Fungi only 

ligaand 28 Au NPs Au *Control (+) **Control (-)
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Figure 6.14 Brine shrimp lethality of ligand 28, Au NPs and Au (pure gold). 

*Etoposide at 7.4625 µg/ml and **methanol were used as the standard drug and used 

as negative control, respectively 
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Figure 6.15 Insecticidal activity of ligand 28, Au NPs and Au (pure gold). 

*Permethrin at 235.9 mg/cm
2 

and
 
**methanol were used as standard drug in the 

positive control and negative control, respectively  
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7.1 Synthesis of compound 13 

5-Carboxy-2,4-dihydroxybenzenaminium chloride dihydrate 13 is a regioisomer 

of hydrophilic core of platensimycin (3-Amino-2,4-dihydroxybenzoic acid). Its 

synthesis is already discussed in section 2.3.3.4. 

 

7.2 Materials and instruments 

Materials (salts) and solvents used were purchased from Merck and 

instruments required for chemosenssing are already discussed in section 3.10.1. 

7.3 Results and discussion 

7.3.1 Positive solvatochromism 

For almost all molecules, the excited state is more polar than the ground state, thus 

in comparison to ground state, an excited state is more stabilize by a polar solvent. 

Therefore, 64with increase in polarity of the solvent, a bathochromic effect (red shift) 

generally observed in the absorption maximum, which is termed as “positive 

solvatochromism”.
117

 To select a specific solvent for complexation studies we have 

taken different solvents to observe their solvatochromic effect. Thus, UV–visible and 

fluorimetric spectroscopic studies of ligand 13 were investigated in different solvents 

such as toluene, ethanol, chloroform DMF, methanol, acetone, acetonitrile and water 

at a concentration of 30 µM; the recorded results are shown in Figures 7.1 and 7.2, 

respectively. 

javascript:openDSC(5059599,%2037,%20'44577');
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javascript:openDSC(5059599,%2037,%20'44584');
javascript:openDSC(5059599,%2037,%20'44584');


Chapter 7                                                                      Application of compound 13 as a chemosensor 

 

184 
 

300 330 360 390 420

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

 Chloroform

 Water

 DMF

 Acetonitrile

 Ethanol

 Acetone

 Toluene

 Methanol

A
b

s
o

rb
a

n
c

e

Wavelength (nm)

 

Figure 7.1 UV–visible spectral data of compound 13 in different solvents (30 µM) 
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Figure 7.2 Fluorescence spectral data of compound 13 in different solvents (30 µM) 

On the basis of UV-vis analysis DMF was selected as a best solvent for 

studying the further quantitative analysis of compound 13. However fluorescence 

studies (Figure 7.2) revealed that both DMF and acetonitrile can be used for further 

measurements. The fluorescence spectra were recorded at an excitation wavelength of 

312 nm. The slit of emission spectra was 3.2 nm. The maximum emission wavelength 

was found to be 407 nm. As compared to other solvents compound 13 also showed 
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green color in DMF and blue fluorescence in UV light i.e. λmax 365nm (Figures 7.3 

and 7.4). As majority of metal salts are soluble in DMF so for further studied we 

selected DMF as a solvent.  

 

Figure 7.3 Compound 13 under ordinary light 

 

Figure 7.4 Compound 13 under UV light (λmax = 365 nm) 

7.3.2 Study of complexation behavior of 13 with various metal ions 

UV–visible measurements (Figures 7.5 and 7.6) were used to explore 

applicability of 13 as a chemosensor. For this purpose, compound 13 was tested to 

assess its binding affinity toward metal ions of the following salts. 

 Nitrates of Bi(III), Ag(I), NH4(I), Na(I) 

 Acetates of PhHg(I), Zn(II), Na(I) 

 Perchlorates of Hg(II), Pb(II), Ba(II)  

 Chlorides of Cu(I), Cu(II), Ca(II), Sn(II), Rb(I), Te(IV), Fe(III), Sb(III) 

All complexation experiments were carried out at 1:1 ratio of compound 13 and 

salt each 30 µM in DMF. On addition of chloride salt of Fe (III), good complexation 

behavior of 13 has been observed (Figures 7.5 and 7.6). Fluorescence emission 

spectra of the same samples were also taken (Figure 7.7). In comparison to other salts, 

it supported the blue shift from 407 nm to 374.8 nm of chloride salt of Sb(III). 
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Figure 7.5 UV–visible complexation study of 13 (30 µM) before and after the 

addition of different metals of acetate, nitrate and perchlorate (30 µM) in DMF. 
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Figure 7.6 UV–visible complexation study of 13 (30 µM) before and after the 

addition of different metals of chloride (30 µM) in DMF.  
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Figure 7.7 Fluorescence spectra of 13 (30 µM) in DMF solution before and after 

addition of metal salts of nitrate, acetate, perchlorate and chloride (each 30 µM). 

Excitation at 312 nm. 

 

7.3.3 Quantitative estimation of SbCl3 using compound 13 

The concentration effect with the addition of increasing amounts of Sb(III) 

was also examined through fluorescence spectroscopic techniques. Fluorescence 

spectra of 13 upon addition of increasing amounts of Sb(III) ions from 1.0 to 20 

equivalents resulted in an increase in the PL intensity of peak at 374.8 nm (Figure 

7.8). 

The Sb(III) obeyed Beer’s law from 1-20 equivalents with a linear regression 

equation of I = 325.2 + 33.78
 
C with R

2 
= 0.967. Limit of detection based on three 

times the standard deviation of the blank (3σ) is 30 µM (Figure 7.9). 
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Figure 7.8 Fluorescence spectra of 13 upon addition of various equivalents of Sb(III) 

in DMF 
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Figure 7.9 Verification of Beer’s law for quantitative estimation of Sb(III) by 

compound 13 
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7.3.4 Interference of other metal ions on complexation behavior of 13 

 and Sb
3+

  

To test the practical ability of 13 as a Sb
3+

 selective chromoionophore, 

competitive experiments were carried out in the presence of Sb
3+

 (1 equi) mixed with 

chloride salts of Cu
1+

, Cu
2+

, Ca
2+

, Sn
2+

,Rb
1+

, Te
4+

, Fe
3+

, perchlorate slats of Ba
2+

, 

Hg
2+

, Pb
2+

, nitrate salts of Bi
3+

, Ag
1+

, NH4
1+

, Na
1+

 and acetate salts of PhHg
1+

, Zn
2+

 

and Na
1+

 (each 1 equi). However, no significant variation in the PL intensity of 13-

Sb
3+

 complex after addition of interfering ions was observed at 374.8 nm except Cu
1+

,
 

Fe
3+

 and Bi
3+

 which interfere with the detection of Sb
3+

 ion, i.e. PL intensity for the 

13-Sb
3+

 system decreased significantly from 982 to 670, 171 and 701, respectively 

(Figure 7.10). 
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Figure 7.10 Study of interfering effect of metal ions on 13-Sb
3+ 

complex in DMF. 

1=CuCl, 2=CuCl2, 3=CaCl2, 4 =SnCl2, 5=RbCl, 6=TeCl4, 7 =FeCl3, 8=Ba(HClO4)2, 

9=Hg(HClO4)2, 10=Pb(HClO4)2, 11=Bi(NO3)3, 12=AgNO3, 13=NH4NO3, 14=NaNO3, 

15=PhHgOAc, 16=ZnOAc, 17=NaOAc 
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7.3.5 Comparative FTIR analysis of 13, SbCl3 and 13-Sb
3+

 complex 

Complexation of 13 to Sb
3+

 was also supported by FTIR spectroscopy (Figure 

7.11). FTIR analysis clearly indicated the stronger evidence for complexation of 

phenolic groups of 13 with Sb (III). A broad peak at 3241-3627 cm
-1

 attributed to 

phenolic groups was measured in compound 13 but it was shifted to 2703-3129 cm
-1

 

in the 13-Sb
3+

 complex; consistent with phenolic groups interaction with Sb
3+

. 
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Figure 7.11 Comparative FTIR spectra of 13, SbCl3 and 13-Sb
3+

 complex
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