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SUMMARY  
 

 

Organosulfur compounds are widely found in agrochemicals, pharmaceuticals, pesticides, medical 

chemistry, and material science. Therefore, the research area on carbonïsulfur bond formation 

reaction is becoming an attractive research field in organic chemistry. In this context, the central 

focus of this thesis describes the sustainable approaches towards C-S bond formation and 

metathesis reactions in organic synthesis. However, various sustainable tactics like (i) using 

tBuOLi (tert-butoxide) in ethanol can act as radical initiators for the thiols, (ii)  cascaded oxidative 

sulfonylation of N-propargylamine via a three-component coupling reaction using DABCO.(SO2)2 

(DABSO). 3-Arylsulfonylquinolines were obtained by mixing diazonium tetrafluoroborate, N-

propargylamine, and DABSO under argon atmosphere in dichloroethane (DCE) for 1 h, (iii) The 

synthesis of diaryl sulfides and a diaryl selenide using orthorhombic CsPbBr3 perovskite nano-

crystal (NC) obtained from bromide precursor dibromoisocyanuric acid, can work efficiently as a 

visible light photocatalyst (blue LED, 5 mol % and TON ~ 18.11) under O2 atmosphere and in 

acetonitrile (dielectric constant Ů ~ 37.5), and (iv) cascaded chalcogenation of aryl alkynoates or 

N-arylpropynamides using 9-mesityl-10-methylacridinium perchlorate as a visible light 

photocatalyst to obtain selectively, either 3-sulfenylated/selenylated coumarins or 

spiro[4,5]trienones, and (v) N-Iodosuccinimide (NIS) promoted SulfuréIodine (SéI) interaction 

controlled a cross-metathesis reaction of symmetrical disulfides to unsymmetrical disulfides.  
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CHAPTER 1 

 

 An Overview of C-S Bond Formation Reactions and Visible-light Photocatalysis 

 

1.1 ABSTRACT 

 The chapter is divided into three major sections: (i) sulfurôs Importance in daily life (ii)  Using 

various reagents and how they work in C-S bond formations (iii) Disulfide metathesis 

reactions. Based on the sustainable strategies, the second part is similarly divided into sub-

categories. (i) Some common organo-sulfur reagent mediated C-S bond formations (ii) iodine 

reagent mediated C-S bond formations (iii) C-S bond formation through electrochemistry (iv) 

importance of visible-light-driven photocatalytic to C-S bond formations. An overview of the 

present thesis' research area is provided as a brief conclusion to the chapter. 

.  

 

1.2 INTRODUCTION  

It has been known from the beginning of time that sulfur is the fifth-highest element on earth1 

and the tenth most abundant element overall. It is found on earth as a sulfate mineral and also 

exited in a pure native form. Hot springs, hydrothermal vents, salt domes, volcanic emissions, 

and other places on Earth contain mainly elemental sulfur.2 The sulfur-containing substance 

that is produced in the greatest amounts worldwide is sulfuric acid, which has a wide range of 

uses outside of the chemical industry.3-4 Sulfur was employed as a source of fire in religious 

rituals in ancient India, China, Greece, and Egypt. Also known as brimstone5, or burn stone. 

Antoine Lavoisier, an alchemist, discovered in 1777 that sulphur is an element but is not a 

compound due to the combustibility principle. Subsequently, Joseph Gay-Lussac and Louis 
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Thenard, two French chemists, imagined its elemental characteristics.  Sulfur is an element 

with the atomic number 16 and the letter "S" as its symbol. It mainly fit in to p-block, group 

16 in the periodic table with electronic configuration [Ne] 3S2 3P4. As a result, the usual 

oxidation state of sulphur ranges from -2 to +6. Nonetheless, with the exception of noble gas, 

Sulphur can form a stable compound due to its electropositivity, size, and amphoteric 

behaviour. The ability of sulphur to mix with Xenon to create at least meta-stable molecules 

has been also established.6 Sulfur can also combine with electronegative elements to generate 

multivalent compounds containing oxygen7, nitrogen8, pseudo halide9, or sulfur10 as well as 

form pseudohalides such as sulfonates ((tosylates, mesylates, triflates and flurosulfates 

amongst others).11-13 As an allotrope, sulphur produces octasulfur and Sulfur dioxide is 

produced during its burning when a blue flame is present. In addition, application of 

photoredox-organocatalysis for C-S bond synthesis will be discussed. 

 

1.3 SULFUR IN DAILY LIFE  

All  living things contain sulphur, one of the fundamental components. It is also the third most 

prevalent mineral in the human body after calcium (Ca) and phosphorus (P). Organosulfur 

compounds, which can be found inside the body, like proteins14, amino acids15, etc.  Cysteine 

and methionine are two of the twenty amino acids that contain sulfur. Biotin and Thiamine are 

two vitamins that include sulphur. According to the National Academics Food and Nutrition 

Board, an adult need between 0.2 and 1.5 g of sulfur daily. Our natural environment always 

provides us with an abundant amount of sulfur16 in the form of fruits and vegetables. (Figure 

1.1). 
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Figure 1.1. Examples of natural organo-sulfur compound used in daily life. 

 

 Furthermore, organosulfur compounds are pervasive in a wide range of natural products 

and are extensively utilized in the pharmaceutical sector, agrochemicals, material sciences, and 

medical sciences.17-19 Some of the commercial drug candidates, such as omeprazole, penicillin 

V, amoxicillin, ATI2 (Ativan), and Nelfinavir, etc., are used to treat conditions including 

bacterial infection, anxiety, HIV, and gastric illness, etc. (Figure 1.2).   
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Figure 1.2. few examples of sulfur-based medicines with pharmacological activity. 

 

1.4 PRECURSORS OF SULPHUR AND THEIR APPLICATION IN C -S BOND 

FORMATION REACTIONS  

Precursors for the preparation of organosulfur compounds are mainly classified into two 

categories: a) organo-sulfur reagents such as thiophenol, disulfide, and aryl sulfonyl hydrazide, 

etc. b) salt of sulfur such as PhSO2Na, Na2S, and NH4SCN etc. Herein, we've mostly talked 

about the organo-sulfur precursors that are employed to create C-S bonds under benign reaction 

condition.20 Figure 1.3 displays examples of organo-sulfur reagents (diphenyl disulfide, 

thiophenol, elemental sulfur, thiosuccinimide, DABSO, sulfonyl hydrazide, thiobenzoic acid, 

sulfonyl chloride, dimethyl sulfoxide, sulfonic acid etc.)  used in C-S bond formation reaction.  

However, we chose at random a few samples of organo-sulfur precursors that are readily 

available commercially or that are very simple to make.  
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Figure 1.3. Commonly used sulfur precursors for C-S bond formation reactions. 

 

The usage of dangerous chemicals in the chemical industry is one kind of pollution that 

constantly poses serious problems for our world. Finding new sustainable resources that can 

reduce global pollution is therefore urgently needed. In order to create greener techniques of 

creating an organic molecule, the experimental chemist is making an unrelieved attempt to 

imagine a novel reactivity archetype.21-22 Therefore, we have herein considered methodologies 

for C-S bond formation reaction in terms of sustainable chemistry. The examples are classified 

into four categories: (i) Some common organo-sulfur reagent  mediated C-S bond formations 

(ii) iodine reagent mediated C-S bond formations (iii) C-S bond formation through 

electrochemistry (iv) importance of visible-light-driven photocatalytic to C-S bond formations. 
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1.4.1 Some common organo-sulfur reagent mediated C-S bond formations 

1.4.1.1 Elemental Sulfur 

The odourless, colourless solid form of elemental sulphur2, 23 dissolves in carbon disulfide. In 

general, it is employed to create C-S bonds since it is readily available and affordable. 

Typically, natural sources like crude petroleum, minerals, etc. contain the elemental sulphur. 

The allotropic forms of elemental sulphur include rhombic, octahedral, monoclinic, prismatic, 

and Ŭ or ɓ-sulfur. According to several literature publications, a lot of organic reactions have 

utilized elemental sulphur (S8). Many studies show that elemental sulphur (S8) has been widely 

used in a variety of organic reactions.8 

Retailleau and coworkers have synthesized 2-benzoylbenzothiophenes derivative from 2-

nitrochalcones by using elemental sulfur and diisopropyl ethylamine (DIPEA) as activator 

under heating at 80 oC (Scheme 1.1).24 

 

 Scheme 1.1 Retailleauôs approach for substituted benzothiophenes formation. 

 

1.4.1.2 Thiophenol 

Thiophenol is foul smelling colorless liquid, acidic in nature with Pka value 6.62.25 The 

oxidation state of sulfur in thiophenol is +2. It can possess nucleophilic as well as electrophilic 

character26 due to the presence of two sets of lone pair of electrons and vacant 3d orbital. 

Thiophenol could be easily prepared by the reduction of sulfonyl chloride with metallic zinc in 

acidic medium.  
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1.4.1.3 N-phenylthio-succinimide 

N-Phenylthio-succinimide is a colorless solid. It is used as sulfur precursor for the cleavage of 

N-S bond via single electron transfer (SET) in acidic condition. It is prepared by the reaction 

of thiophenol and succinimide in presence of sulfuryl chloride and triethyl amine in anhydrous 

DCM at 0 oC (Scheme 1.2).   

 

 Scheme 1.2 Preparation of N-phenylthio-succinimide. 

 

Cossy and coworkers developed TFA (Trifluoro acetic acid) promoted regioselective C(Sp2)-

H sulfenylation of electron rich arene by using N-(arylthio)-succinimides as sulfur surrogate at 

room temperature (Scheme 1.3).8 

 

Scheme 1.3 Cossyôs regioselective C-H sulfenylation. 

 

1.4.1.4 1,4-Diazabicyclo[2,2,2]octane bis(sulfur dioxide) adduct (DABSO) 

DABSO is a white, crystalline solid that is bench stable and mostly soluble in organic 

solvents.27 The oxidation state of sulfur in DABSO is +4. It is typically utilized as a substitute 

source of gaseous SO2 in Synthesis. DABSO was prepared by the combination of DABCO and 

gaseous SO2 to form a charge transfer white crystalline solid. 

Wu and his group Wu and his team developed a three-component tandem technique for the 

Synthesis of 3-sulfonated coumarins derivatives by combining aryldiazonium salt, DABSO, 
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and aryl propiolates in a DCE solvent at 60 °C (Scheme 1.8).28 According to kinetics and 

experimental studies, the reaction was carried out by the treatment of aryldiazonium 

tetrafluoroborates and DABSO via the production of charge-transfer complexes. 

 

Scheme 1.4 Wuôs report for 3-sulfonated coumarins synthesis. 

 

1.4.1.5 Sulfonyl Hydrazide 

 Sulfonyl Hydrazide is a colorless crystalline solid and basic in nature with pKa of 17.1.29 The 

oxidation state of sulfur in sulfonyl hydrazide is +6. Sulfonyl hydrazides are readily accessible, 

have been utilized as thiyl source for sulfonylating reactions30 by the breaking of S-N bond. It 

can be easily prepared by the combination with sulfonyl chloride and hydrazide hydrate 

solution in THF at 0 °C (Scheme 1.5). 

 

 Scheme 1.5 Preparation of sulfonyl hydrazide. 

Tian and coworkers created a method for selectively sulfenylating indoles utilising molecular 

iodine and sulfonyl hydrazide as the sulphur precursor. (Scheme 1.6).31 Sulfonyl hydrazide 

decided to break down into a sulfenium ion intermediate when catalytic amounts of iodine were 

present, and this intermediate was then trapped by indole at the 3 positions via an electrophilic 

aromatic substitution reaction to create a variety of structurally different indole thioether 

derivatives. 
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Scheme 1.6 Tianôs approach for regioselective sulfenylation of indoles. 

 

1.4.1.6 (Trimethylsilyl)isothiocyanate (TMSNCS) 

(Trimethylsilyl)isothiocyanate (TMSNCS) is a light-yellow liquid that decomposes when it 

comes into contact with water. It has an offensive strong smell. TMSNCS is used as a versatile 

reagent in organic Synthesis. The -NCS being an ambidentate chelating ligand, generally used 

for the introduction of thiocyanate or isothiocyanate groups in Synthesis. Also, it can be utilized 

to make nitrogen-containing heterocycles by co-coordinating with both the chelating center (N, 

S). It can be prepared by the treatment of trimethylchlorosilane (TMSCl) with excess of silver 

isothiocyanate in inert solvents at 80 oC.  

Fu and coworkers developed isothiocyanatoalkylthiation of olefins using N-phenylthio-

succinimide and trimethylsilyl isothiocyanate in DMF under inert condition heating at 90 oC 

(Scheme 1.13).32 The transformation starts with the formation classical sulfenium ion 

intermediate by the treatment of N-phenylthio-succinimide with styrene, which was trapped by 

TMSNCS through the hard nucleophilic center (-NCS) to afford isothiocyanatoalkylthiation 

product. 

 

 Scheme 1.7 Fuôs approach for isothiocyanatoalkylthiation of styrene. 
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1.4.2. C-S bond formation processes under the influence of iodine reagents.  

Since 196017, the synthetic toolbox for organic research has greatly increased due to the 

development of transition metal-catalyzed carbon-sulfur (C-S) bond forming reactions. Here, 

the main emphasis has been on the C-S coupling reaction's usage of several iodine reagents. 

Also, we have listed some of the iodine reagents that are frequently employed in oxidative C-

S coupling. (Figure 1.4). 

 

Figure 1.4. Iodine reagents used for C-S coupling reactions. 

 

1.4.2.1. PhICl2 mediated Synthesis of sulfenylated isocoumarins. 

 

A regioselective synthesis of sulfenylated isocumarins using disulfides as sulfenylating agents 

and PhICl2 as an oxidant was recently demonstrated by the Du group (Scheme 1.1)33. In the 

presence of the iodine reagent, aryl sulfenyl chloride generated a cyclic intermediate as 

explained below. After then, the creation of the finished product could result via intramolecular 

cyclization by a nearby oxygen.  
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Scheme 1.8 Leiôs approach for Synthesis of sulfenylated isocoumarin. 

 

1.4.2.2 NIS mediated Synthesis of vinyl sulfone 

Mal and coworkers developed extremely regio- and stereoselective C(sp2)-H sulfonylation of 

styrenes utilising sulfonyl hydrazide as a sulphur substitute. NIS performs two functions in this 

reaction. By the cleavage of the S-N bond, it was used to produce sulfonyl radical from sulfonyl 

hydrazides, and in the last step, it serves as the iodine source to create ɓ-iodosulfone 

intermediate which would decomposed to formed vinyl sulfone in presence of K2CO3 .
 34 

 

Scheme 1.9 Malôs approach for stereoselective C(sp2)-H sulfonylation of styrenes 

 

1.4.2.3 TBAI mediated thioesterification of a methyl ketone. 

 

A direct Csp3-H thioesterification of methyl ketones was demonstrated by Yan and co-worker 

using TBAI/ K2S2O8 as reaction controller (Scheme 1.5)35. They have demonstrated that the 

addition of TBAI and K2S2O8 to the SET process could aid in producing the target product, -

keto thioesterification, which then underwent oxidation and produced a C-S linked product 
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Scheme 1.10. Yuôs report for oxidative thioesterification of methyl ketones. 

 

1.4.2.4 Iodine catalyzed Synthesis of thioethers. 

 

Iodine mediated C(Sp2)-H bond functionalization of naphthols is developed by Huang and 

coworkers, for the Synthesis of thioether by using sulfonyl hydrazide as sulfur precursor in 

THF at 100 oC (Scheme 1.11).36 This reaction was started with the in-situ generation of thiyl 

cationic intermediate from sulfonyl hydrazide via cleavage of S-O and S-N bond, and followed 

by nucleophilic attack of naphtholôs to obtain the products.  

 

Scheme 1.11. Iodine catalyzed thioether synthesis. 

 

Later, Peddinti group have expanded the scope, for the Synthesis of thioether by using 

thiophenol as sulfur precursor via umpolung strategy form readily available thiophenol 

derivative and electron rich scaffold.37 

 

1.4.2.5 PIDA mediated Synthesis of arylthioer and aryl sulfoxide. 

 

Mal and coworkers have demonstrated that the production of the intermediate sulfenium ion 

allows for the Synthesis of either thioethers or diaryl sulfoxides from electron-rich arenes and 

thiophenols. (Scheme 1.12).38 However when thiols and the iodine(III) reagent PhI(OAc)2 

(PIDA) were combined in HFIP, sulfenium ions were produced. Diaryl sulphide was produced 

as a result of aromatic electrophilic substitution (EArS) between the sulfenium ion and an 

electron-rich arene. The subsequent addition of too much PIDA aided in the oxidation of the 
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sulphur core, resulting in the production of diaryl sulfoxides as a byproduct. Also, they believed 

that HFIP maintained the sulfenium ion intermediate by hydrogen bonding. The fact that HFIP 

could ionise PIDA in addition to possessing an excellent hydrogen bonding capability aided in 

the acceleration of the EArS reaction with electron-rich arenes. 

 

 Scheme 1.12.  Malôs approach for dehydrogenative C-S coupling of arene and thiol. 

 

 

1.4.2.6 NaI mediated Sulfenylation of arenes or heteroarene 

 

demonstrated an air-based oxidant-catalyzed NaI catalysed technique for the sulfenylation of 

arenes and heteroarenes. Controlled investigations proved that the transition requires both NaI 

and air. A wide variety of aryl thiols were produced in excellent yields throughout the 16-hour 

reaction in DMSO at 120°C. 

 
Scheme1.13. Wangôs approach NaI mediated Sulfenylation of arenes or heteroarenes 

 

 

 

 

 

. 
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1.4.2.7 DDQ mediated cross coupling reactions. 

 

Scheme1.14. Leiôs approach DDQ mediated cross coupling reactions 

 

 

The Lei group revealed in 2016 that 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) 

mediated a radicalïradical cross-coupling reaction between electron-rich arenes and thiols via 

cation-radical intermediates for the Synthesis of diaryl thioethers.39 A wide variety of aryl 

thiols were produced in excellent yields throughout the 2 h reaction in toluene at room 

temperature. 

 

1.4.3 Electrochemical oxidative C-S bond formation reaction. 

 

Since that more people are becoming conscious of the need to conserve renewable energy due 

to global warming, it is crucial to cut down on chemical waste in organic synthetic methods. 

Electrochemical synthesis is a viable approach to reduce the use of chemicals, especially 

dangerous ones. Here is a discussion of a few recent electrochemical oxidative reactions that 

create C-S bonds. 

 

1.4.3.1 Vicinal di-functionalization of olefin. 

In 2018, Leiôs group demonstrated an electrochemical oxidative oxysulfenylation and 

aminosulfenylation of olefins using thiophenol as a C-S coupling partner under 12 mA current 

in an undivided cell (Scheme 1.29)40. This oxidative strategy could be applied for 

hydroxysulfenylation and acyloxysulfenylation of alkenes, as shown in the scheme. Authors 

have suggested that oxidation of thiophenol at carbon anode helped to generated thiyl radical. 

Subsequently, the addition of thiyl radical to olefin produces a radical intermediate, which was 
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oxidized to generate a cationic benzyl intermediate. Finally, the nucleophilic attack by a 

nucleophile on carbocationic intermediate helped to get the desired product. On the other hand, 

concomitant cathodic reduction at platinum electrodes led to H2 evaluation.   

 
Scheme 1.15. Electrochemical difunctionalization of olefins. 

 

1.4.3.2 Benzothiazole synthesis from Ŭ-keto acid.  

Benzothiazoles are recognized as an important category of scaffold which is found in many 

biologically active molecules. Therefore, synthesis of benzothiazole using mild reaction 

conditions is always desirable. In 2016 Huangôs group realized an electrochemical 

decarboxylative synthesis of substituted benzothiazoles from Ŭ-keto acids when 2-amino 

thiophenol was used as another coupling partner (Scheme 1.33)41. In this work, the authors 

have used Pt-Pt combination as cathode and anode in 0.2 M ammonium perchlorate as an 

electrolyte in the presence of 5 mA current for this oxidative cyclization reaction. 
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Scheme 1.16. Electrochemical decarboxylative benzothiazole synthesis. 

 

 

1.4.4 Visible light-driven photocatalytic C-S bond formation reaction. 

 

Visible-light-driven photocatalysis has been regarded as one of the key techniques in organic 

Synthesis because photons' energy may be easily transformed into chemical energy.42-43 

Moreover, the photocatalyst participates in the single electron transfer (SET) process, a 

promising alternative approach for green chemistry. Many of the photocatalysts such as eosin 

Y, rose bengal, benzophenone, riboflavin, etc. has been employed for a wide range of elegant 

C-S bond formation reaction (Figure 1.5). The majority of the photocatalyst displayed below 

possesses substantial visual absorption, a lengthy lifetime in the excited state, and stability in 

photolytic conditions.   
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Figure 1.5. Common photocatalyst used in C-S bond formation reaction. 

A photocatalyst's typical function is to either transfer energy to a substrate or assist in a single 

electron transfer process. (Figure 1.6). However, it needs to be excited initially by irradiation 

of visible light, which can therefore participate in the oxidative-reductive or energy transfer 

process. During an oxidative cycle, the excited state photocatalyst (PC*) can be oxidized by an 

acceptor, which can take one electron from the photocatalyst. Following this, oxidized PC can 

acquire one electron from the substrate and returns to its ground state. Notably, the substrate, 

now short of one electron, can quickly react through a single electron transfer process. 

Similarly, a photocatalyst also involves in a reductive cycle. In this case, the excited 

photocatalyst (PC*) can take up one electron from a donor and itself reduced. Reduced PC can 

give one electron to the substrate, making one extra electron available for reaction. 


