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2.1 Introduction 

In recent years, the area of C(sp2)-H/C(sp3)-H functionalization, which entails activating 

inert C(sp2)-H/C(sp3)-H bond, has gained significant interest as a novel and atomically 

efficient technique for straight forward conversion of simple substrate into a helpful 

molecule. Over the past few decades, the field of catalytic C-H functionalization has 

expanded rapidly in terms of both the scope of conceivable transformations and the kinds of 

catalytic manifolds that permit C-H functionalization. Many catalytic techniques have been 

used for the selective functionalization of C-H bonds, including those using transition metals, 

enzymatic systems, and photochemical, electrochemical, and photoredox systems [1-9]. 

 

Figure 2.1 Biologically active Hydrazones 

Among these, photoredox catalysis is still growing quickly in various areas of scientific 

studies, including applications to new reaction development, renewable energy, chemical 

feedstock, natural product synthesis, and biological applications [10-14]. As a green, potent, 
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and environmentally benign tool for organic synthesis, visible light in conjunction with 

photoredox catalysis to enable chemical transformations has also become more prominent 

lately [15-19]. Eosin-Y is a specific organic dye that triggers photoredox catalysis for organic 

transformations. It has drawn greater attention recently because of its easy handling, 

environmental friendliness, and significant potential for use in visible-light-mediated organic 

transformation [20-23].  

 

Scheme 2.1 Previous methods for the synthesis of Hydrazones 

The creation of C-N bonds, a class of important chemical bonds frequently found in bioactive 

compounds, natural products, and functional materials, is one of the most successful 

applications of visible-light photocatalysis [24-27]. Hydrazones are an important class of 

fundamental organic molecules containing C-N bonds that are valuable building blocks for 

synthesizing biologically active natural products and functional materials [28-33] (Figure 

2.1). These hydrazone derivatives have shown a wide range of biological activities, such as 
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anti-proliferative [34], monoamine oxidase inhibitory [35], amoebicidal [36], anti-microbial 

[37], insecticidal [38], anti-inflammatory & analgesic [39], and EGFR inhibitory [40]. These 

molecules have also been used in chemical synthesis as dyes [41], ligands [42], and 

fluorescent sensors [43,44]. The addition of hydrazone moieties on the indole ring/aryl group 

has attracted much attention due to its potential application in photoswitches [45]. 

Because of their immense relevance, numerous synthetic methods were developed to 

synthesize these hydrazones [30,31,46,47] (Scheme 2.1). Although these techniques for 

synthesizing hydrazones were often effective, they have one or more drawbacks, such as 

thermal conditions, metal catalysts, volatile organic solvents, difficulties in product isolation, 

and unsatisfactory yields. Therefore, establishing green, gentle, and effective protocols for 

visible-light-induced C-N coupling using photoredox catalysis is quite exciting and 

appealing. Hence, we have focused on developing a new methodology for C-N coupling 

through visible-light-induced sp2/sp3 C-H bond functionalization using photocatalysts and 

atmospheric air as oxidants (Scheme 2.2).  

 

       Scheme 2.2 Direct synthesis of hydrazone derivatives 
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2.2 Results and Discussion 

In the initial investigation, the visible-light photoredox C(sp2)-H functionalization of  indole 

(1a) with phenylhydrazine (2a) was selected as the model reactant to optimize the reaction 

conditions under blue LED irradiation in ambient air at room temperature (Table 2.1). Firstly 

we investigated the role of various photocatalysts (Table 2.1, entries 1-4) using ethanol as a 

solvent.  

Table 2.1 Optimization of reaction parameters (a) 

 

Entry Catalyst Solvent Time (h) Yield (b) (%) 

1 Rhodamine B (3) EtOH 24 4 

2 Rose Bengal (3) EtOH 24 8 

3 Xanthone (3) EtOH 24 5 

4 Eosin Y (3) EtOH 24 42 

5 Eosin Y (3) DMF 24 12 

6 Eosin Y (3) acetonitrile 24 15 

7 Eosin Y (3) methanol 24 22 

8 Eosin Y (3) toluene 24 18 

9 Eosin Y (3) DMSO 24 10 
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10 Eosin Y (3) THF 24 20 

11 Eosin Y (3) H2O 24 45 

12 Eosin Y (3) EtOH: H2O (1:1) 24 68 

13 Eosin Y (3) EtOH: H2O (2:1) 24 65 

14 Eosin Y (3) EtOH: H2O (1:2) 24 88 

15 Eosin Y (3) EtOH: H2O (1:4) 24 80 

16 Eosin Y (1) EtOH: H2O (1:2) 24 75 

17 Eosin Y (2) EtOH: H2O (1:2) 24 81 

18 Eosin Y (4) EtOH: H2O (1:2) 24 85 

19 Eosin Y (3) EtOH: H2O (1:2) 26 82 

20 Eosin Y (3) EtOH: H2O (1:2) 20 78 

(a)Reaction Condition: indole (0.25 mmol), phenylhydrazine (0.25 mmol), catalyst (3 mol 

%), solvent (5 mL), blue LED (24 h) under open air at room temperature. (b)isolated yield. 

We found that eosin Y was the most active catalyst, giving product 3a in 42% yields (Table 

2.1, entry 4). Next, a variety of solvents were optimized (Table 2.1, entries 5-11), and water 

gave a good yield of 45%  (Table 2.1, entry 11). In our favor, the reaction yield was 

accelerated to 68% using a mixture of ethanol and water in a ratio of 1:1 (Table 2.1, entry 

12). Encouraged by the finding, a different ratio of ethanol and water (Table 2.1, entries 12-

15) was tried. We got the best result (88%) using a mixture in the ratio of 1:2 (Table 2.1, 

entry 14).  

Further, we varied the loading of eosin Y from 3 mol% to 1, 2, 4 mol% (Table 2.1, entries 

16-18) and found a decrease in yield on increasing or decreasing the mol% of the 
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photocatalyst. We tried extending or shortening the reaction time (Table 2.1, entries 19-20), 

but we failed to get a better yield of product 4a. 

Table 2.2 Optimization of different colour LED (a) 

 

Entry Variations in the reaction conditions Yield (b) (%) 

1 in dark nr 

2 green LEDs instead of blue LEDs 25 

3 purple LEDs instead of blue LEDs 68 

4 white LEDs instead of blue LEDs 79 

5 20W CFL instead of blue LEDs 74 

6 blue LEDs 88 

7 under O2 atmosphere 89 

(a)Reaction Condition: indole (0.25 mmol), phenylhydrazine (0.25 mmol), eosin Y (3 mol 

%), solvent (5 mL), light source (24 h) under open air at room temperature. (b)isolated yield 

Furthermore, the effect of light was investigated. Product was not obtained when the reaction 

was carried out in the dark (Table 2.2, entry 1), demonstrating the significance of light 

irradiation. Additionally, we used green, purple, and white LED and 20W CFL instead of the 

blue LED (Table 2.2, entries 2-5) for irradiation and got 25, 68, 79, and 74% yield, 

respectively. After looking into the impact of the atmospheric air, it was discovered that the 
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reaction under oxygen practically produced almost the same yield as under air atmosphere 

(Table 2.2, entry 7).  

Table 2.3 Scope of indole for the synthesis of hydrazones (a) 

 
(a)Reaction Condition: indoles (0.25 mmol), phenylhydrazine (0.25 mmol), eosin Y (3 mol 

%), solvent (5 mL), blue LED (24 h) under open air at rt. 
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This result showed that the atmospheric oxygen molecule or O2 produced in-situ from H2O2 

(Scheme 2.4) might be crucial to this transition. The optimal conditions were established 

using 3 mol% of eosin Y in a mixture of ethanol and water in the ratio of 1:2 under blue LED 

irradiation for 24 hrs in atmospheric air. 

After establishing the optimized reaction condition, we shifted our attention toward 

investigating the substrate scope and generality of different indole, toluene, and 

phenylhydrazines. As depicted in Table 2.3 (a), the reaction of different indole derivatives 

with phenylhydrazine was examined (4a-4o). Indoles with various electron-withdrawing 

groups like halides (Cl, Br, F) and nitro give good to excellent yields (84%-92%). Electron-

donating groups (methyl and methoxy) were also well tolerated in this transformation, giving 

84-86% yields. Additionally, this approach was appropriate with N-derivatives of indoles 

providing targeted products in 83-86% yields (4m-4o).  

Next, we looked into the range of substrates for the reaction of various arylhydrazine 

derivatives with indole to deliver the target products in 82-93% yields (5a-5p) (Table 2.3 

(b)). This transformation effectively tolerated various electron-withdrawing groups (halides, 

cyano, and nitro) to give excellent yields. Electron-donating groups like methyl, methoxy, 

isopropyl, and heterocyclic hydrazine provided the desired products in good to excellent 

yields (82-88%).  

Following the effective synthesis of 3-(2-phenylhydrazineylidene)indolin-2-one derivatives, 

we focused on the synthesis of 1-benzylidene-2-phenylhydrazine derivatives (Table 2.4 (a)) 

according to the optimized reaction conditions (Table 2.1, entry-14).  
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Table 2.4 Substrate scope for the synthesis of 1-benzylidene-2-Phenylhydrazines (a) 

 
(a)Reaction Condition: toluene (0.25 mmol), phenylhydrazine (0.25 mmol), catalyst (3 mol 

%), solvent (5 mL), blue LED (24 h) under open air at room temperature. 

We tested the range of the substrate using different methylarenes (halides, nitro, and 

methoxy), 1- methylnaphthalene (6u), and methyl-heteroarene (6v), and we observed that all 
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of these derivatives performed well and produced the desired product in yields of 85–93%. 

The reactivity of arylhydrazines with methylarenes was then assessed (6k-6t). It was found 

that, similarly, in  table 2.4 (b), various arylhydrazines were well tolerated by functional 

groups such as methyl, cyano, as well as halides (Cl, Br, and F) and heterocyclic hydrazine 

(6w), providing a wealth of opportunity for further functionalization. 

2.3 Control Experiment 

After evaluating the reproducibility and sensitivity of the substrate scope, we moved our 

attention toward the mechanism of the reaction and conducted several mechanistic 

investigations (Scheme 2.3). Furthermore, the UV-visible spectra of reactants (1a, 2a, and 

3a), reaction mixtures (1a+2a, 2a+3a), and eosin Y were observed (Figure 2.2a, b). The 

finding showed that, except for the reactants, the photocatalyst eosin Y and the reaction 

mixture could absorb blue light.  

Next, the results of subsequent Stern-Volmer experiments showed that excited eosin Y was 

successfully quenched by 2a (Figure 2.3). As seen in Figure 2.3, the quenching effect gets 

more pronounced as the concentration of 2a rises. It was discovered that there was a linear 

relationship between the concentration of 2a and Io/I (Io and I are the fluorescence intensity) 

prior to and following the addition of 2a (Figure 2.4). The outcomes showed that 2a was an 

effective quencher for excited eosin Y.  

As depicted in Scheme 2.3, under N2 atmosphere (Scheme 2.3, entry a) the reaction was 

unable to produce the desired products 4a and 6a, proving that O2 was crucial to the reaction's 

success. 
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Scheme 2.3 Mechanistic Investigation 

Then, a radical scavenger 2, 2, 6, 6-tetramethylpiperidin-1-oxyalkyl (TEMPO) was 

introduced to the process (Scheme 2.3, entries b, c), and we found that the yields of products 

4a and 6a were greatly suppressed. HRMS data confirmed the formation of adducts 7a, 8a, 

and 9a. It suggests that the PhNHNH free radical was formed, and the reaction follows the 
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free radical mechanism. To get the insight of intermediate, the analysis of the reaction under 

standard conditions was done, and we got intermediate VI (isatin) and E (benzaldehyde) 

(Scheme 2.3, entries e and f). The formation of intermediate VI and E was confirmed by 1H 

and 13C NMR spectroscopy.  

Reaction in the absence of a catalyst gives no product indicating that photocatalyst plays a 

vital role (Scheme 2.3, entry d). Additionally, light-dark cycle experiments showed that this 

reaction required exposure to light irradiation (Figure 2.6). The quantum yield was found to 

be 0.0074 (Figure 2.5). These experimental findings showed that the reaction was light-

dependent and ruled out the idea of radical chain propagation (ϕ ≤ 1). 

2.3.1 UV-Vis absorption experiment 

The sample was prepared by mixing of 1a, 2a and mixture (1a+2a) (Figure 2.2a) and 3a, 2a 

and mixture (2a+3a) (Figure 2.2b) in methanol solvent [Conc. reaction mixture = 1.25×10-

4mol/L] in a light path quartz UV cuvette. 

 

Figure 2.2 a) UV-vis absorption spectra of (1a+2a), b) UV-vis absorption spectra of (2a+3a) 
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2.3.2 Stern-Volmer Fluorescence Quenching Studies 

In a Fluorescence experiment, the solution of EY in ethanol was added to the appropriate 

amount of 2a. The addition of 2a was repeated 6 consecutive times. We recorded the 

emission spectra after each addition. All the solutions were excited at 559 nm, and the 

emission was acquired from 0 nm to 700 nm. The result shown in Figure 2.3 indicates that 

2a quenches the excited state of EY and its emission. 

 

Figure 2.3 The fluorescence emission spectra of EY with different conc. of quencher 2a 

The Stern-Volmer plot (Figure 2.4) indicated a linear relationship between the concentration 

of 2a and the ratio I0/I. The Stern-Volmer constant KSV was calculated using equation 1. 

I0/I = 1 + KSV[Q]        ……….Eq. 1 

Where, I0 = the intensity of fluorescence of EY, without quencher 2a 

             I = the intensity of fluorescence of EY, with quencher 2a 

             [Q] = concentration of the quencher 2a 
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Figure 2.4 Stern-Volmer fluorescence quenching plot 

2.3.3 Quantum Yields 

The quantum yield was recorded on a PerkinElmer LS 55 Fluorescence spectrometer. 1.0 

mM stock solution of 4a was prepared and diluted with ethanol. The solution was placed in 

a screw top 1cm quartz cuvette, and emission spectra of the sample were collected. The 

excitation wavelength was fixed at 395nm (Figure 2.5). 

Estimation of Quantum Yields: The quantum yield of probe DPA and DPA+N2H4 with 

respect to quinine sulfate (Φ = 0.54, 1M H2SO4) as an internal standard was estimated by 

using the equation  

Q = QR. I/IR. ODR/OD. n2/n2
R                                                                 

       Where Q is the quantum yield, I stand for the integrated area of fluorescence intensities, 

OD is optical densities, and n is the refractive indexes of solution. The subscript R refers to 

the reference fluorophore of known quantum yield.  

       Quantum Yields Φ =0.0074 
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Figure 2.5 Quantum yield 

2.3.4 ON-OFF Experiments 

The reaction between 1a and 2a was conducted under the standard conditions on a 0.25 mmol 

scale. The reaction mixture was subjected to sequential periods of stirring under visible-light-

irradiation (blue LED) followed by stirring in the absence of light. At each time point, one 

reaction system was suspended, which was then purified with column chromatography to 

give the corresponding products 3a. The yield of 3a was measured by weight of the product 

(Figure 2.6). 

 
Fig 2.6 ON-OFF Experiments 
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2.4 Proposed Mechanism 

A potential reaction mechanism for photocatalyzed C(sp2)-H (Scheme 2.4) functionalization 

(oxidative coupling) was hypothesized based on the outcomes of the control experiments and 

previous literature [48-50]. 

 

Scheme 2.4 Plausible mechanism for C(sp2)-H functionalization 

Excited eosin Y (EY*) is created from eosin Y (EY) when it is exposed to visible light. 

Singlet oxygen is formed from oxygen as oxygen quenches excited eosin Y (EY*). This 

singlet oxygen interacts with indole (1a) to form peroxo species II. In the second 
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photocatalytic cycle, the oxidized species II produces the radical anion EY•- and the 

peroxoindole species III. The cleavage of species III results in the successive formation of 

cation IV and hydroxyl radical. The hydroxyl radical that is created in this way removes an 

atom of hydrogen from IV. The superoxide radical anion is formed when EY•- is reduced by 

oxygen. When this radical anion reacts with water, it produces hydroxide anions and 

peroxide radicals. Species V is formed from the reaction of hydroxyl radical and the oxidized 

form of species IV. Intermediate VI is formed from species V by the loss of water molecules. 

Also, phenylhydrazine (2a) gets converted to ionic radical (IX). This ionic radical gets 

converted into radical (X) upon deprotonation. Upon rearrangement, radical (XI) is formed 

from (X). Radical (XI) reacts with intermediate VI to form desired product 4a by removal 

of water. 

The plausible mechanism for photoredox C(sp3)-H (Scheme 2.5) functionalization was also 

proposed. When exposed to blue light, the photocatalyst eosin Y (EY) enters its excited state, 

which results in the formation of the potent photooxidant EY*. This species goes through a 

single electron transfer (SET) step with methylarene (3a), producing the radical cationic 

intermediate A. The reduced EY reaches its ground state by transferring its electron to O2, 

which in turn converts to superoxide ion. This superoxide ion combines with H2O and 

produces hydrogen peroxide and O2 molecules (this O2 helps in increasing the yield of the 

reaction). The cationic intermediate A undergoes proton abstraction generating benzylic 

radical B. This is then trapped by oxygen, resulting in peroxo-species C, which, following 

H-radical abstraction, results in benzyl hydroperoxide D. This species leads to the formation 

of intermediate E after the removal of a water molecule. Phenylhydrazine reacts with 
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intermediate E to give the desired product 6a in a similar manner. This mechanism is 

supported by the formation of complex 8a and 9a (Scheme 2.3). 

 

Scheme 2.5 Plausible mechanism for C(sp3)-H functionalization 

2.5 Conclusions 

In summary, we have developed a highly efficient, green, and metal-free method for 

synthesizing arylhydrazones through oxidative C-H functionalization to form C-N bonds 

under ambient air using organic photoredox catalysis at room temperature. The current 

technique has several benefits, including low cost, high efficiency, and tolerance of a wide 

range of functional groups for indoles, methylarenes, and arylhydrazines, and several 

arylhydrazones were synthesised in good to moderate yields. The detailed mechanistic 
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investigation demonstrated that the reaction proceeds through photoredox catalysis, and the 

formation of intermediates reflects the C-H functionalization. Such easy and controlled 

photocatalytic techniques may open the door to the related transformation of arylhydrazines. 

2.6 Experimental Procedures 

2.6.1 General procedure for the preparation of compounds 4a-4o and 5a-5p. 

A 25 mL RB flask equipped with a magnetic stirring bar was charged with indole derivatives 

1 (0.25 mmol), eosin Y (3 mol%), and solvent (5 mL). The mixture was then stirred at room 

temperature and irradiated with blue LEDs light strips for 6 h under open air. After that, 

phenylhydrazine derivatives 2 (0.25 mmol) were added to the reaction mixture. The progress 

of the reaction was monitored via TLC. The precipitate obtained was filtered and washed 

with ethanol after the completion of the reaction. The desired product was obtained in good 

yields after recrystallization using ethanol. 

2.6.2 General procedure for the preparation of compounds 6a-6w. 

A 25 mL RB flask equipped with a magnetic stirring bar was charged with methylarenes 3 

(0.25 mmol), eosin Y (3 mol%), and solvent (5 mL). The mixture was then stirred at room 

temperature and irradiated with blue LEDs light strips for 6 h under open air. After that 

phenyl hydrazine derivatives 2 (0.25 mmol) were added to the reaction mixture. The progress 

of the reaction was monitored via TLC. The precipitate obtained was filtered and washed 

with ethanol after the completion of the reaction. The desired product was obtained in good 

yields after recrystallization using ethanol. 
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2.7 Characterization of products 

3-(2-Phenylhydrazineylidene)indolin-2-one (4a) 

88% yield; dark yellow solid; m.p. 218-219oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.75 (s, 1H), 11.03 (s, 1H), 7.56 (d, J = 7.3 Hz, 1H), 7.43 

(d, J = 7.6 Hz, 2H), 7.39 (d, J = 7.3 Hz, 2H), 7.25 (t, J = 7.7 Hz, 1H), 

7.08 – 7.04 (m, 2H), 6.93 (d, J = 7.8 Hz, 1H). 13C NMR (126 MHz, 

DMSO-d6) δ 163.65, 142.98, 140.28, 129.97, 128.99, 128.16, 123.39, 122.36, 121.63, 

119.10, 114.55, 110.99. HRMS (ESI) m/z: [M+H]+ calculated for C14H11N3O: 238.0902; 

found: 238.0900. 

5-Nitro-3-(2-phenylhydrazineylidene)indolin-2-one (4b) 

92% yield; yellowish brown; m.p. 280-281oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.75 (s, 1H), 11.67 (s, 1H), 8.33 (d, J = 2.3 Hz, 1H), 

8.18 (m, J = 8.6 Hz, 1H), 7.57 (m, J = 8.6 Hz, 2H), 7.41 (m, J = 7.8 

Hz, 2H), 7.12 (m, J = 8.2 Hz, 2H). 13C NMR (126 MHz, DMSO-

d6) δ 163.77, 145.13, 142.90, 142.57, 129.98, 126.06, 124.77, 124.39, 122.45, 115.39, 

114.02, 111.05. HRMS (ESI) m/z: [M+H]+ calculated for C14H10N4O3:283.0753; found: 

283.0757. 

5-Chloro-3-(2-phenylhydrazineylidene)indolin-2-one (4c) 

89% yield; yellow solid; m.p. 270-271oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.75 (s, 1H), 11.15 (s, 1H), 7.58 (d, J = 7.1 Hz, 1H), 

7.49 (d, J = 7.8 Hz, 2H), 7.39 (m, J = 7.8 Hz, 2H), 7.28 (m, J = 8.3 

Hz, 1H), 7.09 (d, J = 7.3 Hz, 1H), 6.94 (d, J = 8.3 Hz, 1H). 13C NMR 
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(126 MHz, DMSO-d6) δ 163.42, 142.76, 138.80, 129.95, 128.23, 126.95, 126.58, 123.88, 

123.46, 118.66, 114.96, 112.40. HRMS (ESI) m/z: [M+H]+ calculated for C14H11N3O: 

238.0902; found: 238.0900. 

5-Bromo-3-(2-phenylhydrazineylidene)indolin-2-one (4d) 

91% yield; brown solid; m.p. 265-267oC. 1H NMR (500 MHz, 

DMSO-d6) δ 12.75 (s, 1H), 11.15 (s, 1H), 7.58 (d, J = 2.0 Hz, 1H), 

7.49 (d, J = 7.7 Hz, 2H), 7.39 (t, J = 7.9 Hz, 2H), 7.27 (m, J = 8.3 

Hz, 1H), 7.08 (s, 1H), 6.93 (d, J = 8.3 Hz, 1H). 13C NMR (126 MHz, 

DMSO-d6) δ 163.42, 142.76, 138.81, 129.94, 128.23, 126.96, 126.58, 123.87, 123.46, 

118.66, 114.96, 112.39. HRMS (ESI) m/z: [M+H]+ calculated for C14H10N3BrO: 316.0007; 

found: 316.0006. 

5-Fluoro-3-(2-phenylhydrazineylidene)indolin-2-one (4e) 

86% yield; reddish solid; m.p. 251-253oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.77 (s, 1H), 11.12 (s, 1H), 7.81 (d, J = 8.8 Hz, 2H), 

7.64 (d, J = 8.9 Hz, 3H), 7.46 – 7.42 (m, 1H), 7.15 – 7.09 (m, 1H), 

6.92 (dd, J = 8.5, 4.2 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) δ 

163.43, 159.69, 146.69, 137.41, 134.25, 130.59, 122.55, 119.75, 116.41, 116.22, 115.28, 

112.10, 107.10, 106.90, 104.69. 19F NMR (471 MHz, DMSO-d6) δ -121.15, -121.16. HRMS 

(ESI) m/z: [M+H]+ calculated for C14H10FN3O 256.0808; found: 256.0809. 
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6-Chloro-3-(2-phenylhydrazineylidene)indolin-2-one (4f) 

91% yield; yellowish solid; m.p. 264-265oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.80 (s, 1H), 11.09 (s, 1H), 7.54 (d, J = 7.5 Hz, 1H), 

7.52 – 7.40 (m, 3H), 7.24 (m, J = 8.3 Hz, 1H), 6.99 – 6.97 (m, 2H), 

6.92 (d, J = 8.3 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) δ 163.44, 

156.39, 138.29, 136.38, 127.60, 126.43, 125.57, 123.67, 118.22, 116.37, 115.24, 112.24. 

HRMS (ESI) m/z: [M+H]+ calculated for C14H10ClN3O: 272.0512; found: 272.0514. 

6-Bromo-3-(2-phenylhydrazineylidene)indolin-2-one (4g) 

92% yield; yellowish solid; m.p. 270-272oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.79 (s, 1H), 11.09 (s, 1H), 7.67 (d, J = 7.9 Hz, 1H), 

7.52 – 7.41 (m, 3H), 7.37 (m, J = 8.3 Hz, 1H), 6.99 – 6.96 (m, 2H), 

6.88 (d, J = 8.3 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) δ 163.27, 

156.40, 138.65, 136.39, 130.38, 125.40, 124.11, 120.98, 116.40, 115.13, 114.13, 112.74. 

HRMS (ESI) m/z: [M+H]+ calculated for C14H10BrN3O: 316.0007; found: 316.0009. 

Chloro-3-(2-phenylhydrazineylidene)indolin-2-one (4h) 

85% yield; yellowish solid; m.p. 263-264oC; 1H NMR (500 MHz, 

DMSO-d6) δ 13.11 (s, 1H), 11.17 (s, 1H), 7.82 (m, J = 8.2 Hz, 1H), 7.61 

(m, J = 7.5 Hz, 1H), 7.51 (m, J = 8.0 Hz, 1H), 7.45 – 7.40 (m, 1H), 7.31 

(m, J = 7.7 Hz, 1H), 7.11 – 7.04 (m, 2H), 6.96 (d, J = 7.8 Hz, 1H).  13C 

NMR (126 MHz, DMSO-d6) δ 163.83, 140.96, 139.25, 130.09, 129.87, 129.06, 123.76, 

122.57, 119.71, 118.64, 114.60, 111.26. HRMS (ESI) m/z: [M+H]+ calculated for 

C14H10ClN3O: 272.0512; found: 272.0514. 
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5,7-Dichloro-3-(2-phenylhydrazineylidene)indolin-2-one (4i) 

84% yield; dark brown solid; m.p. 258-259oC; 1H NMR (500 MHz, 

DMSO-d6) δ 13.09 (s, 1H), 11.20 (s, 1H), 7.80 (d, J = 8.9 Hz, 1H), 

7.69 (d, J = 8.3 Hz, 1H), 7.61 (d, J = 7.2 Hz, 1H), 7.49 (m, J = 8.8 

Hz, 1H), 7.32 (m, J = 7.7 Hz, 1H), 7.09 (m, J = 7.6 Hz, 1H), 6.96 (d, 

J = 7.8 Hz, 1H).  13C NMR (126 MHz, DMSO-d6) δ 163.84, 141.17, 138.52, 131.61, 130.16, 

129.43, 126.50, 122.66, 120.85, 119.90, 115.68, 111.34. HRMS (ESI) m/z: [M+H]+ 

calculated for C14H9Cl2N3O: 306.0123; found: 306.0124. 

5-Methyl-3-(2-phenylhydrazineylidene)indolin-2-one (4j) 

86% yield; yellow solid; m.p. 251-252oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.73 (s, 1H), 10.92 (s, 1H), 7.43 (d, J = 7.5 Hz, 2H), 

7.40 – 7.36 (m, 3H), 7.05 (m, J = 8.3 Hz, 2H), 6.82 (d, J = 7.9 Hz, 

1H), 2.32 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 163.77, 

143.04, 138.11, 131.28, 129.95, 129.49, 128.31, 123.28, 121.67, 119.54, 114.49, 110.74, 

21.19. HRMS (ESI) m/z: [M+H]+ calculated for C15H13N3O: 252.1059; found: 252.1057. 

5-Methoxy-3-(2-phenylhydrazineylidene)indolin-2-one (4k) 

85% yield; dark brown solid; m.p. 245-247oC; 1H NMR (500 

MHz, DMSO-d6) δ 12.79 (s, 1H), 10.85 (s, 1H), 7.45 (d, J = 7.7 

Hz, 2H), 7.38 (t, J = 7.9 Hz, 2H), 7.15 (s, 1H), 7.05 (s, 1H), 6.84 

(d, J = 7.1 Hz, 2H), 3.78 (s, 3H). 13C NMR (126 MHz, DMSO-d6) 

δ 163.87, 155.56, 142.95, 134.06, 129.94, 128.49, 123.39, 122.44, 115.27, 114.60, 111.69, 
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104.34, 56.01. HRMS (ESI) m/z: [M+H]+ calculated for C15H13N3O2:268.1008; found: 

268.1009. 

5,7-Dimethyl-3-(2-phenylhydrazineylidene)indolin-2-one (4l) 

84% yield; white solid; m.p. 256-258oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.95 (s, 1H), 11.07 (s, 1H), 7.61 – 7.55 (m, 2H), 7.25 

(m, J = 7.7 Hz, 1H), 7.12 – 7.04 (m, 3H), 6.95 (d, J = 7.8 Hz, 1H), 

2.26 (d, J = 5.2 Hz, 6H).  13C NMR (126 MHz, DMSO-d6) δ 164.05, 

140.01, 138.51, 132.10, 131.78, 128.75, 128.28, 122.89, 122.34, 118.95, 112.89, 111.05, 

20.83, 16.77. HRMS (ESI) m/z: [M+H]+ calculated for C16H15N3O: 266.1215; found: 

266.1217. 

Ethyl-2-oxo-3-(2-phenylhydrazineylidene)indoline-1-carboxylate (4m) 

86% yield; pale yellow solid; m.p. 284-285oC.  1H NMR (500 MHz, 

DMSO-d6) δ 12.58 (s, 1H), 7.66 – 7.63 (m, 1H), 7.49 (d, J = 7.7 Hz, 2H), 

7.39 (d, J = 8.4 Hz, 2H), 7.33 (t, J = 7.7 Hz, 1H), 7.16 (m, J = 7.5 Hz, 

2H), 7.08 (t, J = 7.3 Hz, 1H), 4.20 (s, 3H), 1.23 (d, J = 7.1 Hz, 3H). 13C 

NMR (126 MHz, DMSO-d6) δ 168.54, 154.11, 145.74, 142.85, 134.26, 

131.50, 129.97, 126.64, 123.14, 114.88, 110.01, 61.74, 14.52. HRMS (ESI) m/z: [M+H]+ 

calculated for C17H15N3O3: 310.1113; found: 310.1114. 
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1-Benzyl-3-(2-phenylhydrazineylidene)indolin-2-one (4n) 

83% yield; light brown solid; m.p. 277-278oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.73 (s, 1H), 7.63 (d, J = 7.4 Hz, 1H), 7.49 (d, J = 7.7 Hz, 

2H), 7.42 – 7.33 (m, 6H), 7.30 – 7.25 (m, 2H), 7.12 – 7.07 (m, 2H), 5.04 

(s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 161.63, 142.91, 140.55, 

136.84, 129.98, 129.19, 128.84, 128.00, 127.86, 123.66, 123.00, 

121.05, 118.99, 114.80, 110.28, 42.80. HRMS (ESI) m/z: [M+H]+ calculated for C21H17N3O: 

328.1372; found: 328.1374. 

5-Chloro-1-ethyl-3-(2-phenylhydrazineylidene)indolin-2-one (4o) 

86% yield; yellow solid; m.p. 280-281oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.70 (s, 1H), 7.85 – 7.76 (m, 3H), 7.69 – 7.66 (m, 3H), 

7.40 (m, J = 8.4 Hz, 1H), 7.22 (d, J = 8.4 Hz, 1H), 3.82 (d, J = 7.2 

Hz, 2H), 1.21 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 160.74, 

146.62, 139.97, 134.22, 129.24, 129.01, 127.29, 122.37, 119.72, 119.44, 115.47, 111.49, 

104.90, 31.77, 13.23. HRMS (ESI) m/z: [M+H]+ calculated for C16H14ClN3O: 299.0825; 

found: 299.0823. 

4-(2-(2-Oxoindolin-3-ylidene)hydrazineyl)benzonitrile (5a) 

93% yield; white solid; m.p. 241-243oC; 1H NMR (500 MHz, DMSO-

d6) δ 12.76 (s, 1H), 11.12 (s, 1H), 7.82 – 7.78 (m, 2H), 7.61 – 7.57 (m, 

3H), 7.32 – 7.28 (m, 1H), 7.08 (m, J = 7.6 Hz, 1H), 6.93 (d, J = 7.8 Hz, 

1H). 13C NMR (126 MHz, DMSO-d6) δ 163.33, 146.86, 141.26, 134.27, 
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131.15, 130.16, 122.59, 121.15, 119.91, 119.82, 114.95, 111.19, 104.24. HRMS (ESI) m/z: 

[M+H]+ calculated for C15H10N4O 263.0855; found: 263.0854. 

3-(2-(4-Nitrophenyl)hydrazineylidene)indolin-2-one (5b) 

92% yield; reddish solid; m.p. 247-249oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.72 (s, 1H), 11.01 (s, 1H), 7.55 (d, J = 7.1 Hz, 1H), 7.49 

(m, J = 9.1 Hz, 2H), 7.27 – 7.20 (m, 3H), 7.06 (m, J = 7.5 Hz, 1H), 

6.93 (d, J = 7.7 Hz, 1H).  13C NMR (126 MHz, DMSO-d6) δ 163.53, 

140.30, 128.97, 128.12, 122.32, 121.65, 119.08, 116.66, 116.48, 

116.16, 116.09, 110.96. HRMS (ESI) m/z: [M+H]+ calculated for C14H10N4O3: 283.0753; 

found: 283.0754. 

3-(2-(4-Chlorophenyl)hydrazineylidene)indolin-2-one (5c) 

88% yield; white solid; m.p. 255-256oC; 1H NMR (500 MHz, DMSO-d6) 

δ 12.70 (s, 1H), 11.05 (s, 1H), 7.55 (d, J = 7.5 Hz, 1H), 7.47 (m, J = 8.8 

Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H), 7.26 (td, J = 7.7Hz, 1H), 7.06 (td, J = 

7.5 Hz, 1H), 6.93 (d, J = 7.8 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) δ 

163.52, 142.09, 140.53, 129.75, 129.30, 128.86, 126.81, 122.42, 121.48, 

119.30, 116.20, 111.05. HRMS (ESI) m/z: [M+H]+ calculated for C14H10ClN3O: 272.0512; 

found: 272.0513. 
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3-(2-(4-Bromophenyl)hydrazineylidene)indolin-2-one (5d) 

89% yield; yellowish solid; m.p. 259-260oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.71 (s, 1H), 11.05 (s, 1H), 7.56 (d, J = 7.4 Hz, 1H), 7.47 

(d, J = 8.8 Hz, 2H), 7.41 (m, J = 9.1 Hz, 2H), 7.26 (m, J = 7.7 Hz, 1H), 

7.06 (m, J = 7.5 Hz, 1H), 6.93 (d, J = 7.8 Hz, 1H). 13C NMR (126 MHz, 

DMSO-d6) δ 163.51, 142.11, 140.54, 129.75, 129.30, 128.86, 126.81, 

122.41, 121.49, 119.30, 116.20, 111.05. HRMS (ESI) m/z: [M+H]+ calculated for 

C14H10BrN3O: 316.0007; found: 316.0009. 

3-(2-(4-Fluorophenyl)hydrazineylidene)indolin-2-one (5e) 

85% yield; white solid; m.p. 248-249oC; 1H NMR (500 MHz, DMSO-

d6) δ 12.72 (s, 1H), 11.01 (s, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.51 – 7.46 

(m, 2H), 7.27 – 7.20 (m, 3H), 7.06 (td, J = 7.5 Hz, 1H), 6.93 (d, J = 7.8 

Hz, 1H).  13C NMR (126 MHz, DMSO-d6) δ 163.53, 140.30, 139.71, 

128.97, 122.32, 121.65, 119.08, 116.66, 116.48, 116.16, 116.09, 110.96. 

19F NMR (471 MHz, DMSO-d6) δ -120.75. HRMS (ESI) m/z: [M+H]+ calculated for 

C14H10FN3O: 256.0808; found: 256.0809. 

3-(2-(2-Chlorophenyl)hydrazineylidene)indolin-2-one (5f) 

86% yield; white solid; m.p. 257-258oC; 1H NMR (500 MHz, DMSO-

d6) δ 13.11 (s, 1H), 11.17 (s, 1H), 7.82 (m, J = 8.2 Hz, 1H), 7.61 (m, J = 

7.5 Hz, 1H), 7.51 (m, J = 8.0 Hz, 1H), 7.45 – 7.40 (m, 1H), 7.31 (m, J = 

7.7 Hz, 1H), 7.11 – 7.04 (m, 2H), 6.96 (d, J = 7.8 Hz, 1H). 13C NMR 

(126 MHz, DMSO-d6) δ 163.83, 140.96, 139.25, 130.94, 130.09, 129.87, 129.06, 123.76, 
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122.57, 121.03, 119.71, 118.64, 114.60, 111.26. HRMS (ESI) m/z: [M+H]+ calculated for 

C14H10ClN3O: 272.0512; found: 272.0514. 

3-(2-(2-Bromophenyl)hydrazineylidene)indolin-2-one (5g) 

86% yield; yellowish solid; m.p. 264-265oC; 1H NMR (500 MHz, 

DMSO-d6) δ 13.11 (s, 1H), 11.17 (s, 1H), 7.82 (m, J = 8.2 Hz, 1H), 7.61 

(d, J = 7.1 Hz, 1H), 7.51 (m, J = 8.0Hz, 1H), 7.45 – 7.40 (m, 1H), 7.31 

(m, J = 7.7 Hz, 1H), 7.12 – 7.05 (m, 2H), 6.96 (d, J = 7.8 Hz, 1H). 13C 

NMR (126 MHz, DMSO-d6) δ 163.84, 140.97, 139.27, 130.95, 130.10, 129.88, 129.08, 

123.78, 122.58, 121.04, 119.72, 118.65, 114.61, 111.27. HRMS (ESI) m/z: [M+H]+ 

calculated for C14H10BrN3O 316.0007; found: 316.0008. 

3-(2-(2,4-Dichlorophenyl)hydrazineylidene)indolin-2-one (5h) 

83% yield; white solid; m.p. 248-249oC; 1H NMR (500 MHz, DMSO-

d6) δ 13.09 (s, 1H), 11.20 (s, 1H), 7.80 (d, J = 8.9 Hz, 1H), 7.69 (d, J = 

7.3 Hz, 1H), 7.61 (d, J = 7.2 Hz, 1H), 7.49 (m, J = 8.8 Hz, 1H), 7.34 – 

7.29 (m, 1H), 7.09 (m, J = 7.6 Hz, 1H), 6.96 (d, J = 7.8 Hz, 1H). 13C 

NMR (126 MHz, DMSO-d6) δ 163.84, 141.17, 138.52, 131.61, 130.16, 

129.43, 129.19, 126.50, 122.66, 120.85, 119.90, 119.19, 115.68, 111.34. HRMS (ESI) m/z: 

[M+H]+ calculated for C14H9Cl2N3O: 306.0123; found: 306.0125. 
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3-(2-(2,4-Dibromophenyl)hydrazineylidene)indolin-2-one (5i) 

82% yield; white solid; m.p. 237-238oC; 1H NMR (500 MHz, DMSO-

d6) δ 13.09 (s, 1H), 11.20 (s, 1H), 7.80 (d, J = 8.9 Hz, 1H), 7.69 (d, J = 

2.3 Hz, 1H), 7.61 (d, J = 7.4 Hz, 1H), 7.49 (m, J = 8.8 Hz, 1H), 7.32 (m, 

J = 7.7 Hz, 1H), 7.09 (m, J = 7.5 Hz, 1H), 6.96 (d, J = 7.8 Hz, 1H). 13C 

NMR (126 MHz, DMSO-d6) δ 163.84, 141.17, 138.53, 131.61, 130.17, 

129.43, 129.19, 126.51, 122.66, 120.85, 119.90, 119.20, 115.69, 111.35. HRMS (ESI) m/z: 

[M+H]+ calculated for C14H9Br2N3O: 393.9112; found: 393.9114. 

3-(2-(3,4-Dichlorophenyl)hydrazineylidene)indolin-2-one (5j) 

86% yield; white solid; m.p. 238-239oC; 1H NMR (500 MHz, DMSO-

d6) δ 13.09 (s, 1H), 11.20 (s, 1H), 7.80 (d, J = 8.9 Hz, 1H), 7.69 (d, J = 

2.3 Hz, 1H), 7.61 (d, J = 7.4 Hz, 1H), 7.49 (m, J = 8.8 Hz, 1H), 7.32 (m, 

J = 7.7 Hz, 1H), 7.09 (m, J = 7.5 Hz, 1H), 6.96 (d, J = 7.8 Hz, 1H). 13C 

NMR (126 MHz, DMSO-d6) δ 163.84, 141.17, 138.53, 131.61, 130.17, 

129.43, 129.19, 126.51, 122.66, 120.85, 119.90, 119.20, 115.69, 111.35. HRMS (ESI) m/z: 

[M+H]+ calculated for C14H9Cl2N3O: 306.0123; found: 306.0124. 

3-(2-(2,4-Dimethylphenyl)hydrazineylidene)indolin-2-one (5k) 

85% yield; reddish solid; m.p. 229-230oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.95 (s, 1H), 11.07 (s, 1H), 7.61 – 7.55 (m, 2H), 7.25 

(m, J = 7.7 Hz, 1H), 7.12 – 7.04 (m, 3H), 6.95 (d, J = 7.8 Hz, 1H), 2.26 

(d, J = 5.2 Hz, 6H). 13C NMR (126 MHz, DMSO-d6) δ 164.05, 140.01, 

138.51, 132.10, 131.78, 128.75, 128.33, 128.28, 122.89, 122.34, 
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121.52, 118.95, 112.89, 111.05, 20.83, 16.77. HRMS (ESI) m/z: [M+H]+ calculated for 

C16H15N3O: 266.1215; found: 266.1216. 

3-(2-(4-Methoxyphenyl)hydrazineylidene)indolin-2-one (5l) 

86% yield; brick red solid; m.p. 227-229oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.78 (s, 1H), 10.96 (s, 1H), 7.53 (d, J = 7.4 Hz, 1H), 

7.40 (d, J = 9.0 Hz, 2H), 7.22 (t, J = 8.3 Hz, 1H), 7.04 (m, J = 9.3 Hz, 

1H), 6.97 (d, J = 9.0 Hz, 2H), 6.92 (d, J = 7.8 Hz, 1H), 3.76 (s, 3H). 

13C NMR (126 MHz, DMSO-d6) δ 163.66, 156.03, 139.81, 136.65, 

128.39, 126.82, 122.18, 121.86, 118.70, 115.93, 115.28, 110.86, 55.81. HRMS (ESI) m/z: 

[M+H]+ calculated for C15H13N3O2: 268.1008; found: 268.1009. 

3-(2-(3,4-Dimethylphenyl)hydrazineylidene)indolin-2-one (5m) 

86% yield; white solid; m.p. 238-239oC; 1H NMR (500 MHz, DMSO-

d6) δ 12.95 (s, 1H), 11.07 (s, 1H), 7.60 – 7.55 (m, 2H), 7.25 (m, J = 7.7 

Hz, 1H), 7.09 (m, J = 7.1 Hz, 1H), 7.06 (m, J = 7.6 Hz, 2H), 6.95 (d, J 

= 7.8 Hz, 1H), 2.26 (d, J = 5.2 Hz, 6H). 13C NMR (126 MHz, DMSO-

d6) δ 164.05, 140.01, 138.51, 132.10, 131.78, 128.75, 128.33, 128.28, 

122.89, 122.34, 121.52, 118.95, 112.89, 111.05, 20.83, 16.78. HRMS (ESI) m/z: [M+H]+ 

calculated for C16H15N3O: 266.1215; found: 266.1217. 
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3-(2-(4-Isopropylphenyl)hydrazineylidene)indolin-2-one (5n) 

88% yield; white solid; m.p. 228-229oC; 1H NMR (500 MHz, DMSO-

d6) δ 12.78 (s, 1H), 11.13 (s, 1H), 7.55 (d, J = 7.1 Hz, 1H), 7.41 (d, J = 

8.6 Hz, 2H), 7.26 (m, J = 8.6 Hz, 4H), 6.93 (d, J = 8.3 Hz, 1H), 2.91 – 

2.85 (m, 1H), 1.21 (d, J = 6.9 Hz, 6H). 13C NMR (126 MHz, DMSO-

d6) δ 163.47, 144.23, 140.71, 138.56, 127.95, 127.74, 126.51, 126.30, 

123.54, 118.43, 115.02, 112.33, 33.34, 24.42. HRMS (ESI) m/z: [M+H]+ calculated for 

C16H15N3O: 279.1372; found: 279.1374. 

3-(2-Mesitylhydrazineylidene)indolin-2-one (5o) 

 82% yield; white solid; m.p. 231-232 oC; 1H NMR (500 MHz, DMSO-

d6) δ 12.76 (s, 1H), 11.02 (s, 1H), 7.24 (m, J = 8.4 Hz, 1H), 7.06 – 7.01 

(m, 1H), 6.95 – 6.90 (m, 3H), 2.36 (s, 6H), 2.24 (s, 3H). 13C NMR (126 

MHz, DMSO-d6) δ 163.51, 138.06, 136.50, 134.15, 130.42, 128.50, 

127.54, 126.43, 125.87, 123.72, 117.80, 112.33, 20.82, 19.37. HRMS 

(ESI) m/z: [M+H]+ calculated for C17H17N3O: 279.1372; found: 279.1375. 

3-(2-(Benzo[d]thiazol-2-yl)hydrazineylidene)indolin-2-one (5p) 

83% yield; brick red solid; m.p. 270-272oC; 1H NMR (500 MHz, 

DMSO-d6) δ 12.13 (s, 1H), 11.04 (s, 1H), 7.59 (m, J = 7.7 Hz, 2H), 

7.51 (m, J = 7.4 Hz, 2H), 7.07 (m, J = 7.4 Hz, 2H), 6.91 (m, J = 7.9 

Hz, 2H). 13C NMR (126 MHz, DMSO-d6) δ 184.86, 159.83, 151.19, 

138.84, 136.28, 127.58, 125.16, 123.23, 118.30, 112.67. HRMS (ESI) m/z: [M+H]+ 

calculated for C15H11N4OS: 295.0648; found: 295.0644. 
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1-Benzylidene-2-phenylhydrazine (6a) 

86% yield; white solid; m.p. 210-212oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.34 (s, 1H), 7.86 (s, 1H), 7.67 – 7.63 (m, 2H), 7.39 (t, J = 7.6 Hz, 2H), 

7.29 (t, J = 7.3 Hz, 1H), 7.22 (m, J =7.4 Hz, 2H), 7.08 (d, J = 1.0 Hz, 2H), 

6.75 (t, J = 7.3 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) δ 145.75, 136.87, 

136.30, 129.59, 129.12, 128.38, 126.08, 119.21, 112.44. HRMS (ESI) m/z: [M+H]+ 

calculated for C13H12N2: 197.1000; found: 197.1002. 

1-(3-Chlorobenzylidene)-2-phenylhydrazine (6b) 

90% yield; light brown; m.p. 215-216oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.52 (s, 1H), 7.83 (s, 1H), 7.70 (s, 1H), 7.60 (d, J = 7.7 Hz, 1H), 7.41 (t, J 

= 7.8 Hz, 1H), 7.33 (d, J = 5.8 Hz, 1H), 7.26 – 7.21 (m, 2H), 7.09 (d, J = 7.5 

Hz, 2H), 6.78 (t, J = 7.3 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) δ 145.42, 

138.65, 135.03, 134.01, 130.97, 129.63, 127.87, 124.68, 112.63. HRMS 

(ESI) m/z: [M+H]+ calculated for C13H11ClN2: 231.0611; found: 231.0613. 

1-(2,4-Dichlorobenzylidene)-2-phenylhydrazine (6c) 

87% yield; cream solid; m.p. 219-221oC; 1H NMR (500 MHz, DMSO-

d6) δ 10.80 (s, 1H), 8.14 (s, 1H), 8.02 (d, J = 8.6 Hz, 1H), 7.62 (d, J = 

2.1 Hz, 1H), 7.44 (d, J = 8.6 Hz, 1H), 7.27 – 7.23 (m, 2H), 7.10 (d, J = 

7.6 Hz, 2H), 6.81 (t, J = 7.3 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) 

δ 145.08, 132.09, 131.24, 129.69, 129.56, 128.18, 127.40, 120.02, 112.74. HRMS (ESI) m/z: 

[M+H]+ calculated for C13H10Cl2N2: 265.0221; found: 265.0222. 
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1-(3,4-Dichlorobenzylidene)-2-phenylhydrazine (6d) 

87% yield; white solid; m.p. 216-218oC; 1H NMR (500 MHz, DMSO-

d6) δ 10.81 (s, 1H), 8.14 (s, 1H), 8.02 (d, J = 8.6 Hz, 1H), 7.63 (d, J = 

7.1 Hz, 1H), 7.44 (m, J = 8.6 Hz, 1H), 7.27 – 7.21 (m, 2H), 7.10 (d, J = 

7.6 Hz, 2H), 6.81 (t, J = 7.3 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) 

δ 145.07, 132.88, 132.54, 132.09, 131.23, 129.70, 129.57, 128.20, 

127.40, 120.02, 112.73. HRMS (ESI) m/z: [M+H]+ calculated for C13H10Cl2N2: 265.0221; 

found: 265.0223. 

1-(3-Bromobenzylidene)-2-phenylhydrazine (6e) 

92% yield; white solid; m.p. 213-215oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.53 (s, 1H), 7.83 (s, 1H), 7.71 – 7.69 (m, 1H), 7.60 (d, J = 7.8 Hz, 1H), 

7.41 (t, J = 7.8 Hz, 1H), 7.33 (m, J = 7.9 Hz, 1H), 7.26 – 7.21 (m, 2H), 7.09 

(m, J = 8.6 Hz, 2H), 6.78 (m, J = 13.5 Hz, 1H).  13C NMR (126 MHz, DMSO-

d6) δ 145.40, 138.63, 135.01, 133.99, 130.96, 129.62, 127.86, 125.24, 

124.67, 119.59, 112.61. HRMS (ESI) m/z: [M+H]+ calculated for C13H11BrN2: 275.0106; 

found: 275.0107. 

1-(2,4-Dibromobenzylidene)-2-phenylhydrazine (6f) 

88% yield; white solid; m.p. 217-219oC; 1H NMR (500 MHz, DMSO-

d6) δ 10.81 (s, 1H), 8.14 (s, 1H), 8.02 (d, J = 8.6 Hz, 1H), 7.63 (d, J = 

8.1 Hz, 1H), 7.44 (m, J = 8.6 Hz, 1H), 7.25 (m, J = 7.4 Hz, 2H), 7.12 – 

7.08 (m, 2H), 6.81 (t, J = 7.3 Hz, 1H).  13C NMR (126 MHz, DMSO-d6) 
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δ 145.05, 132.88, 132.53, 132.08, 131.22, 129.68, 129.56, 128.18, 127.39, 120.02, 112.72. 

HRMS (ESI) m/z: [M+H]+ calculated for C13H10Br2N2: 352.9211; found: 352.9210. 

1-(4-Nitrobenzylidene)-2-phenylhydrazine (6g) 

93% yield; reddish brown solid; m.p. 205-207oC; 1H NMR (500 MHz, 

DMSO-d6) δ 11.38 (s, 1H), 8.28 – 8.23 (m, 2H), 8.05 (s, 1H), 7.96 (d, 

J = 9.4 Hz, 2H), 7.68 (d, J = 8.9 Hz, 2H), 7.25 (d, J = 8.7 Hz, 2H). 13C 

NMR (126 MHz, DMSO-d6) δ 148.46, 147.29, 142.20, 137.68, 134.24, 

127.31, 124.40, 120.32, 113.08. HRMS (ESI) m/z: [M+H]+ calculated for C13H11N3O2: 

242.0851; found: 242.0853. 

1-(3-Nitrobenzylidene)-2-phenylhydrazine (6h) 

91% yield; red solid; m.p. 208-209oC; 1H NMR (500 MHz, DMSO-

d6) δ 10.69 (s, 1H), 8.45 – 8.43 (m, 1H), 8.12 – 8.08 (m, 2H), 7.97 

(s, 1H), 7.66 (t, J = 8.0 Hz, 1H), 7.26 (t, J = 7.8 Hz, 2H), 7.13 (d, J 

= 7.8 Hz, 2H), 6.81 (d, J = 7.2 Hz, 1H).  13C NMR (126 MHz, DMSO-d6) δ 148.78, 145.21, 

138.33, 134.21, 130.60, 129.67, 122.41, 119.96, 119.90, 112.74. HRMS (ESI) m/z: [M+H]+ 

calculated for C13H11N3O2: 242.0851; found: 242.0853. 

1-(3,4-Dimethoxybenzylidene)-2-phenylhydrazine (6i) 

85% yield; white solid; m.p. 198-200oC; 1H NMR (500 MHz, DMSO-

d6) δ 9.88 (s, 1H), 7.92 – 7.86 (m, 4H), 7.16 – 7.11 (m, 3H), 7.02 (d, J 

= 9.0 Hz, 1H), 3.85 (d, J = 21.8 Hz, 6H).13C NMR (126 MHz, DMSO-

d6) δ 167.48, 164.70, 163.30, 132.27, 131.80, 130.14, 123.48, 114.98, 
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114.27, 56.15, 55.89. HRMS (ESI) m/z: [M+H]+ calculated for C15H16N2O2: 257.1212; 

found: 257.1215. 

1-(4-Methoxybenzylidene)-2-phenylhydrazine (6j) 

86% yield; cream solid; m.p. 201-203oC; 1H NMR (500 MHz, DMSO-

d6) δ 10.81 (s, 1H), 7.93 (s, 1H), 7.65 (d, J = 6.8 Hz, 2H), 7.61 (s, 2H), 

7.13 (s, 2H), 7.00 (d, J = 4.7 Hz, 2H), 3.80 (s, 3H). 13C NMR (126 

MHz, DMSO-d6) δ 160.35, 149.18, 140.65, 133.51, 127.95, 120.79, 

114.69, 112.27, 55.78. HRMS (ESI) m/z: [M+H]+ calculated for C14H14N2O: 227.1106; 

found: 227.1108. 

4-(2-(4-Methoxybenzylidene)hydrazineyl)benzonitrile (6k) 

89% yield; whitish brown solid; m.p. 231-232oC; 1H NMR (500 MHz, 

DMSO-d6) δ 10.81 (s, 1H), 7.93 (s, 1H), 7.66 – 7.64 (m, 2H), 7.60 (d, 

J = 9.0 Hz, 2H), 7.12 (d, J = 8.6 Hz, 2H), 7.00 – 6.97 (m, 2H), 3.80 (s, 

3H). 13C NMR (126 MHz, DMSO-d6) δ 160.45, 149.26, 140.65, 

134.10, 128.21, 128.09, 120.67, 114.73, 112.34, 99.23, 55.72. HRMS 

(ESI) m/z: [M+H]+ calculated for C15H13N3O: 252.1059; found: 252.1057. 

4-(2-(4-Nitrobenzylidene)hydrazineyl)benzonitrile (6l) 

90% yield; dark orange solid; m.p. 224-225oC; 1H NMR (500 MHz, 

DMSO-d6) δ 11.38 (s, 1H), 8.25 (d, J = 8.9 Hz, 2H), 8.05 (s, 1H), 7.96 

(d, J = 8.9 Hz, 2H), 7.68 (d, J = 8.9 Hz, 2H), 7.25 (d, J = 8.7 Hz, 2H). 

13C NMR (126 MHz, DMSO-d6) δ 148.46, 147.23, 142.08, 137.83, 
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134.24, 127.31, 124.53, 120.32, 113.20, 101.07. HRMS (ESI) m/z: [M+H]+ calculated for 

C14H10N4O2: 267.0804; found: 267.0807. 

1-Benzylidene-2-(2-chlorophenyl)hydrazine (6m) 

85% yield; white solid; m.p. 213-215oC; 1H NMR (500 MHz, DMSO-d6) δ 

9.90 (s, 1H), 8.30 (s, 1H), 7.68 (d, J = 7.2 Hz, 2H), 7.58 (d, J = 8.2 Hz, 1H), 

7.42 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 6.6 Hz, 2H), 7.27 (t, J = 8.2 Hz, 1H), 

6.82 – 6.78 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 141.88, 140.85, 

135.91, 129.83, 129.21, 129.03, 128.53, 126.50, 120.10, 116.65, 114.52. HRMS (ESI) m/z: 

[M+H]+ calculated for C13H11ClN2: 231.0611; found: 231.0614. 

1-Benzylidene-2-(4-chlorophenyl)hydrazine (6n) 

86% yield; white solid; m.p. 217-218oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.47 (s, 1H), 7.88 (s, 1H), 7.67 – 7.64 (m, 2H), 7.40 (m, J = 7.6 Hz, 2H), 

7.32 (m, J = 8.1 Hz, 1H), 7.27 – 7.23 (m, 2H), 7.10 – 7.06 (m, 2H). 13C NMR 

(126 MHz, DMSO-d6) δ 144.70, 137.79, 136.04, 129.39, 129.13, 128.64, 

126.23, 122.43, 113.88. HRMS (ESI) m/z: [M+H]+ calculated for 

C13H11ClN2: 231.0611; found: 231.0608. 

1-Benzylidene-2-(2,4-dichlorophenyl)hydrazine (6o) 

84% yield; white solid; m.p. 223-224oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.05 (s, 1H), 8.31 (s, 1H), 7.70 – 7.66 (m, 2H), 7.57 (d, J = 8.9 Hz, 1H), 

7.47 (d, J = 8.3 Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 7.36 (d, J = 7.4 Hz, 1H), 

7.33 – 7.30 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 141.61, 141.11, 
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135.68, 129.24, 129.22, 129.06, 128.54, 126.62, 122.67, 117.11, 115.52. HRMS (ESI) m/z: 

[M+H]+ calculated for C13H10Cl2N2: 265.0221; found: 265.0224. 

1-Benzylidene-2-(2-bromophenyl)hydrazine (6p) 

86% yield; white solid; m.p. 218-219oC; 1H NMR (500 MHz, DMSO-d6) δ 

9.89 (s, 1H), 8.30 (s, 1H), 7.68 (d, J = 9.3 Hz, 2H), 7.60 – 7.57 (m, 1H), 7.42 

(t, J = 7.5 Hz, 2H), 7.34 (t, J = 8.5 Hz, 2H), 7.27 (t, J = 7.7 Hz, 1H), 6.83 – 

6.77 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 141.95, 140.85, 135.91, 

129.75, 129.28, 129.03, 128.53, 126.50, 120.10, 116.75, 114.64. HRMS (ESI) m/z: [M+H]+ 

calculated for C13H11BrN2: 275.0106; found: 275.0108. 

1-Benzylidene-2-(4-bromophenyl)hydrazine (6q) 

89% yield; white solid; m.p. 227-228oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.47 (s, 1H), 7.88 (s, 1H), 7.68 – 7.63 (m, 2H), 7.39 (t, J = 6.8 Hz, 2H), 

7.33 – 7.28 (m, 1H), 7.25 (d, J = 8.9 Hz, 2H), 7.07 (d, J = 8.9 Hz, 2H). 13C 

NMR (126 MHz, DMSO-d6) δ 144.68, 137.79, 136.04, 129.39, 129.06, 

128.55, 126.23, 122.36, 113.95. HRMS (ESI) m/z: [M+H]+ calculated for 

C13H11BrN2: 275.0106; found: 275.0107. 

1-Benzylidene-2-(2,4-dibromophenyl)hydrazine (6r) 

87% yield; white solid; m.p. 228-229oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.05 (s, 1H), 8.31 (s, 1H), 7.68 (d, J = 8.5 Hz, 2H), 7.57 (d, J = 8.9 Hz, 1H), 

7.47 (s, 1H), 7.44 – 7.40 (m, 2H), 7.37 – 7.33 (m, 1H), 7.31 (d, J = 8.9 Hz, 

1H). 13C NMR (126 MHz, DMSO-d6) δ 141.61, 141.11, 135.78, 129.24, 
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128.99, 128.45, 126.74, 122.61, 117.19, 115.52. HRMS (ESI) m/z: [M+H]+ calculated for 

C13H10Br2N2: 352.9211; found: 352.9210. 

1-Benzylidene-2-(2,4-dimethylphenyl)hydrazine (6s) 

86% yield; cream solid; m.p. 216-218oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.38 (d, J = 8.0 Hz, 1H), 7.93 (m, J = 8.3 Hz, 2H), 7.58 (d, J = 7.4 Hz, 1H), 

7.54 – 7.50 (m, 2H), 7.12 (d, J = 3.0 Hz, 1H), 6.87 – 6.81 (m, 2H), 6.63 (d, 

J = 8.1 Hz, 1H), 2.18 (d, J = 11.9 Hz, 6H). 13C NMR (126 MHz, DMSO-d6) 

δ 166.59, 145.01, 133.54, 132.05, 131.18, 128.95, 127.83, 127.72, 127.16, 

122.63, 111.97, 20.57, 17.67. HRMS (ESI) m/z: [M+H]+ calculated for C15H16N2: 225.1313; 

found: 225.1315. 

1-Benzylidene-2-(4-fluorophenyl)hydrazine (6t) 

80% yield; white solid; m.p. 210-211oC; 1H NMR (500 MHz, DMSO-d6) δ 

10.47 (s, 1H), 7.88 (s, 1H), 7.68 – 7.64 (m, 2H), 7.40 (m, J = 7.6 Hz, 2H), 

7.33 – 7.28 (m, 1H), 7.28 – 7.24 (m, 2H), 7.10 – 7.05 (m, 2H). 13C NMR 

(126 MHz, DMSO-d6) δ 144.63, 137.79, 136.04, 129.45, 129.26, 128.64, 

126.23, 122.43, 113.98. 19F NMR (471 MHz, DMSO-d6) δ -121.65, -121.66. 

HRMS (ESI) m/z: [M+H]+ calculated for C13H12N2F: 215.0979; found: 215.0976. 

1-(Naphthalen-1-ylmethylene)-2-phenylhydrazine (6u) 

81% yield; brown solid; m.p. 79-80oC; 1H NMR (500 MHz, DMSO-d6) 

δ 10.41 (s, 1H), 9.17 (d, J = 8.5 Hz, 2H), 8.27 (d, J = 8.2 Hz, 2H), 8.18 

(d, J = 7.1 Hz, 2H), 8.07 (d, J = 8.2 Hz, 1H), 7.78 – 7.69 (m, 4H), 7.65 

(t, J = 6.9 Hz, 2H). 13C NMR (126 MHz, DMSO-d6) δ 152.30, 137.22, 
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135.71, 133.79, 131.34, 130.25, 129.48, 129.18, 127.38, 125.84, 124.60. HRMS (ESI) m/z: 

[M+H]+ calculated for C17H15N2: 247.1230; found: 247.1232. 

1-Phenyl-2-(thiophen-2-ylmethylene)hydrazine(6v) 

78% yield; white solid; m.p. 145-147oC; 1H NMR (500 MHz, DMSO-

d6) δ 10.30 (s, 1H), 8.06 (s, 1H), 7.46 (d, J = 5.0 Hz, 1H), 7.21 (s, 3H), 

7.06 (m, J = 7.9 Hz, 1H), 6.99 (d, J = 7.7 Hz, 2H), 6.74 (t, J = 7.3 Hz, 

1H). 13C NMR (126 MHz, DMSO-d6) δ 145.52, 141.39, 132.47, 129.60, 128.05, 127.04, 

126.21, 119.23, 112.34. HRMS (ESI) m/z: [M+H]+ calculated for C11H11N2S: 203.0637; 

found: 203.0639. 

2-(2-Benzylidenehydrazineyl)benzo[d]thiazole (6w) 

83% yield; brown solid; m.p. 190-191oC; 1H NMR (500 MHz, DMSO-

d6) δ 12.49 (s, 1H), 8.44 (s, 2H), 7.55 (d, J = 8.1 Hz, 2H), 7.36 (m, J = 

7.9 Hz, 2H), 7.21 (m, J = 7.7 Hz, 2H), 7.15 (d, J = 7.9 Hz, 2H). 13C 

NMR (126 MHz, DMSO-d6) δ 161.36, 151.06, 145.30, 138.70, 130.06, 

128.73, 125.96, 123.54, 111.81. HRMS (ESI) m/z: [M+H]+ calculated for C14H12N3S: 

254.0746; found: 254.0749. 
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2.8 Spectral Data of few compounds 

 
Figure 2.7 1H-NMR spectrum of 4a (500 MHz, DMSO-d6) 

 
Figure 2.8 13C-NMR spectrum of 4a (126 MHz, DMSO-d6) 
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Figure 2.9 1H-NMR spectrum of 6a (500 MHz, DMSO-d6) 

 

Figure 2.10 13C-NMR spectrum of 6a (126 MHz, DMSO-d6) 
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2.9 HRMS Data 

 

Figure 2.11 HRMS of compound 5c 

 

Figure 2.12 HRMS of compound 6c 
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Figure 2.13 HRMS of adduct 7a 

 

Figure 2.14 HRMS of adduct 8a 



Chapter-2 
 

Department of Chemistry, IIT (BHU), Varanasi. Page 88 

 

Figure 2.15 HRMS of adduct 9a 
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