
Indian Institute of Technology (BHU)

phd

ambuj

ambuj

Ambuj Kumar

Document Details

Submission ID

trn:oid:::1:3555632756

Submission Date

Apr 30, 2026, 10:52 AM GMT+5:30

Download Date

Apr 30, 2026, 10:56 AM GMT+5:30

File Name

green_chemistry_format_paper-1.docx

File Size

10.2 MB

6 Pages

3,345 Words

20,035 Characters

Page 1 of 11 - Cover Page Submission ID trn:oid:::1:3555632756

Page 1 of 11 - Cover Page Submission ID trn:oid:::1:3555632756



22% Overall Similarity
The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

Bibliography

Quoted Text

Match Groups

47 Not Cited or Quoted  22%
Matches with neither in-text citation nor quotation marks

0 Missing Quotations  0%
Matches that are still very similar to source material

0 Missing Citation  0%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted  0%
Matches with in-text citation present, but no quotation marks

Top Sources

16% Internet sources

17% Publications

6% Submitted works (Student Papers)

Integrity Flags
1 Integrity Flag for Review

Hidden Text
295 suspect characters on 6 pages 
Text is altered to blend into the white background of the document.

Our system's algorithms look deeply at a document for any inconsistencies that 
would set it apart from a normal submission. If we notice something strange, we flag 
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you 
focus your attention there for further review.

Page 2 of 11 - Integrity Overview Submission ID trn:oid:::1:3555632756

Page 2 of 11 - Integrity Overview Submission ID trn:oid:::1:3555632756



Match Groups

47 Not Cited or Quoted  22%
Matches with neither in-text citation nor quotation marks

0 Missing Quotations  0%
Matches that are still very similar to source material

0 Missing Citation  0%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted  0%
Matches with in-text citation present, but no quotation marks

Top Sources

16% Internet sources

17% Publications

6% Submitted works (Student Papers)

Top Sources
The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

1 Student papers

University of Southampton 3%

2 Publication

Ambuj Kumar Kushwaha, Arsala Kamal, Himanshu Kumar Singh, Suresh Kumar M… 3%

3 Publication

Ambuj Kumar Kushwaha, Suresh Kumar Maury, Arsala Kamal, Himanshu kumar S… 1%

4 Internet

pmc.ncbi.nlm.nih.gov 1%

5 Internet

hal.science 1%

6 Publication

Khushbu Rajput, Vishal Singh, Arsala Kamal, Himanshu Kumar Singh, Vandana Sri… 1%

7 Publication

Xiaochen Wang, Binbing Zhu, Yuxiu Liu, Qingmin Wang. "Combined Photoredox a… <1%

8 Internet

www.beilstein-journals.org <1%

9 Internet

ir.library.nitw.ac.in:8080 <1%

10 Internet

tudr.thapar.edu <1%

Page 3 of 11 - Integrity Overview Submission ID trn:oid:::1:3555632756

Page 3 of 11 - Integrity Overview Submission ID trn:oid:::1:3555632756

https://doi.org/10.1021/acs.orglett.4c00031
https://doi.org/10.1039/D2CC07001D
https://pmc.ncbi.nlm.nih.gov/articles/PMC8796287/
https://hal.science/hal-03005698v1/document
https://doi.org/10.1039/D3NJ04374F
https://doi.org/10.1021/acscatal.1c05815
https://www.beilstein-journals.org/bjoc/content/series/pdf/132
http://ir.library.nitw.ac.in:8080/jspui/bitstream/123456789/588/1/Thesis_701642.pdf
https://tudr.thapar.edu/server/api/core/bitstreams/279cc0f4-dc6d-4649-bfcd-cde4a28ba917/content


11 Internet

lirias.kuleuven.be <1%

12 Internet

link.springer.com <1%

13 Internet

onlinelibrary.wiley.com <1%

14 Publication

Shun‐Xi Li, Zhao‐Zhen Zhou, Ming Li, Dong‐Ping Chen, Zheng‐Jun Quan, Xi‐Cun Wa… <1%

15 Publication

Pan Xu, Weipeng Li, Jin Xie, Chengjian Zhu. "Exploration of C–H Transformations o… <1%

16 Publication

Jian-Guo Sun, Hua Yang, Ping Li, Bo Zhang. "Metal-Free Visible-Light-Mediated Oxi… <1%

17 Publication

Lin Huang, Liu Ye, Xiao-Hua Li, Zhong-Liang Li, Jin-Shun Lin, Xin-Yuan Liu. "Stereo… <1%

18 Publication

Zhitao Ning, Zheng Xu, Ruikai Liu, Zhengyin Du. " Cu(OTf)  -Catalyzed efficient sulf… <1%

19 Internet

pubs.rsc.org <1%

20 Internet

www.mdpi.com <1%

21 Internet

www.thieme-connect.com <1%

22 Internet

www.iitbhu.ac.in <1%

23 Publication

Solai Murugappan, Sowmya Dastari, Kalyani Jungare, Nandini M. Barve, Nagula S… <1%

24 Internet

beilstein-journals.org <1%

Page 4 of 11 - Integrity Overview Submission ID trn:oid:::1:3555632756

Page 4 of 11 - Integrity Overview Submission ID trn:oid:::1:3555632756

https://lirias.kuleuven.be/retrieve/f52b2872-ab3f-4a31-bc2d-6e40f55006b8
https://link.springer.com/article/10.1007/s00500-019-03775-0?code=5e108925-a15e-44e8-8332-32cce72118cb&error=cookies_not_supported
https://onlinelibrary.wiley.com/doi/10.1002/anie.201309855
https://doi.org/10.1002/ejoc.70462
https://doi.org/10.1021/acs.accounts.7b00565
https://doi.org/10.1021/acs.orglett.6b02563
https://doi.org/10.1021/acs.orglett.6b02599
https://doi.org/10.1080/00397911.2021.1983603
https://pubs.rsc.org/en/content/articlehtml/2018/cc/c8cc05634j
https://www.mdpi.com/1420-3049/30/9/1987
https://www.thieme-connect.com/products/ejournals/html/10.1055/a-2089-0485?id=&issue=10.1055%2Fs-015-61198&lang=en
https://www.iitbhu.ac.in/contents/institute/dean/doaa/doc/annual_report_english_2023-24.pdf
https://doi.org/10.1016/j.molstruc.2024.138012
https://beilstein-journals.org/bjoc/articles/21/116


25 Internet

dokumen.pub <1%

26 Internet

vdocument.in <1%

27 Internet

www.scielo.br <1%

28 Publication

"Chemical Photocatalysis", Walter de Gruyter GmbH, 2020 <1%

29 Publication

Alageswaran Jayaram, Vijay Thavasianandam Seenivasan, Yu‐Ming Liu, Yu‐Chen L… <1%

30 Publication

Changhua Song, Hengxin Song, Shouyun Yu. "Lighting the way to chirality: a revi… <1%

31 Publication

Danyang Lu, Yimei Wan, Lichun Kong, Gangguo Zhu. "Visible-Light-Induced Tand… <1%

Page 5 of 11 - Integrity Overview Submission ID trn:oid:::1:3555632756

Page 5 of 11 - Integrity Overview Submission ID trn:oid:::1:3555632756

https://dokumen.pub/novel-photochemical-reactions-in-organic-and-medicinal-chemistry.html
https://vdocument.in/review-harrity-cleanweb-viewplease-do-not-adjust-margins-journal-name-please.html
https://www.scielo.br/j/aabc/a/Mv8VVSQyhJpDZXN9RtRDFYv/
https://doi.org/10.1515/9783110576764
https://doi.org/10.1002/ajoc.70384
https://doi.org/10.1007/s11426-024-2441-2
https://doi.org/10.1021/acs.orglett.7b01162


  

 

ARTICLE 

  

Please do not adjust margins 

Please do not adjust margins 

Received 00th January 20xx, 
Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

 

 

Visible-light-initiated, metal-free 
photocatalyzed synthesis of tosyl 
hydrazone  
Pooja Kumaria, Ambuj Kumar Kushwahab, Aman Singha, 
Somya Upadhyaya and Sundaram Singha* 

Herein, we report a novel visible-light-induced, photoredox-catalyzed, eco-
friendly one-pot method for the synthesis of tosyl hydrazone using the 
organic dye rose bengal, since its synthesis under visible light irradiation had 
not been reported before. The reaction exhibited a wide substrate scope, 
strong tolerance to various functional groups, enabling the synthesis and 
modification of pharmaceutical compounds. The proposed mechanism is 
supported by both experimental and density functional theory (DFT) 
calcultions. 

Introduction 

Tosyl hydrazone/Sulfonyl hydrazones are commonly found as 
structural units in natural products, many of                                                                                
which exhibit significant biological properties, including 
insecticidal activity, enzyme inhibition, anti-oxidant, anti-
alzheimer, anti-bacterial, anti-fungal, anti-depressant, and anti-
cancer activities1–15. In addition, sulfonyl hydrazones display 
significant chemical diversity and act as crucial intermediates in 
a wide range of organic transformations16,17 and can be used as 
an alternative precursor for hazardous diazo compounds18, 
carbene sources19,20, and umpolung alkylation21.  
Due to their significant roles in chemistry and biology, sulfonyl 
hydrazones have been extensively studied and synthesized 
through various methods. Conventionally, this transformation 
involves the coupling of aldehydes with activated sulfonyl 
derivatives, typically sulfonyl chlorides4,22,23. While current 
strategies for synthesizing sulfonyl hydrazones can be effective, 
they often involve multiple steps, narrow substrate scopes, and 
the use of additives. To overcome these challenges, Yang et al. 
and Singh et al. reported one-pot approaches for the synthesis 
of sulfonyl hydrazones using sulfonyl hydrazides as precursor 
via a grinding method24, and by employing a gold-catalyst25 
respectively, this method also suffers from limited substrate 
compatibility. Because these reactions still involve the 
utilization of unfavourable conditions, they are still insufficient 
for green and sustainable chemistry, despite their effectiveness 
and generality. Therefore, finding a straightforward, efficient, 
cost-effective, and ecologically friendly method to produce 
sulfonyl hydrazones is still highly desired. 
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In recent years, visible light photoredox catalysis has emerged 
as a green and effective synthetic approach26–29, particularly 
with the advancement of organic dyes as metal-free 
photocatalysts characterized by highly oxidative excited 
states30,31. Rose bengal, a metal-free photocatalyst possessing 
remarkable photoredox properties, serves as a inexpensive and 
readily accessible catalyst. It has evolved into an excellent 
catalyst for organic molecule synthesis and directed 
functionalization.32,33 

The growing interest in using organic dyes, rose bengal, 
activated by photoenergy, has opened up promising avenues 
for developing environmentally benign and efficient synthetic 
methods. Inspired by recent advancements in sustainable 
chemistry and our ongoing efforts in photoinduced organic 
transformations34,35, we have developed first time a green, 
efficient, mild, and metal-free protocol for the synthesis of tosyl 
hydrazones (Scheme 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Scheme 1: Latest strategies for sulfonyl hydrazone synthesis 

Results and discussion 
To support our hypothesis, we started our investigations with the 
optimization of the reaction conditions for the synthesis of tosyl 
hydrazones (Table 1). Our studies were initiated to find the model 
reaction between p-toluenesulfonyl hydrazide (1) and benzaldehyde 
(2a) under visible-light-irradiation of a 40W Kessil lamp (440nm), 
screening photocatalyst i.e., rose bengal and ethanol as solvent for 24 
hours, the transformation produced the desired product (3a) in 89% 
yield (Table 1, entry 1). The influence of different photocatalysts was 
evaluated by substituting PC I with metal-free alternatives PC II, PC III, 
and PC IV, which resulted in a decreased yield of the product (Table 1, 
entry 2). Further screening of various solvents (Table 1, entries 3-8) 
concluded that ethanol is a suitable solvent for the reaction medium 
for the present photocatalytic transformation (Table 1, entry 5). 
Variation in rose bengal loading revealed that 4 mol% remained the 
optimal catalyst amount (Table 1, entry 10). A decrease in product 
yield was observed upon changing the light source (Table 1, entry 11). 
Both the light source and photocatalyst were found to be 
indispensable for the reaction, as no product formation was observed 

in the absence of either light or the photocatalyst (Table 1, entries 12 
and 13). Notably, variations in reaction time had some significant 
impact on the yield of the desired product (Table 1, entry 14). Detailed 
optimization procedures are described in the Supporting Information 
(see SI Pg. S5-S6). 

Table 1 Optimization of the reaction conditions(a) 

 

 

Entry Deviation from standard condition  Yield(b) 

(%) 

1 None (a)     89 

2 PC II, PC III, PC IV instead of PC I    trace 

3 Methanol instead of ethanol    30 

4 H2O instead of ethanol    49 

5 Ethanol instead of MeCN    52 

6 DMF instead of ethanol    25 

7 DMSO instead of ethanol    29 

8 Non-polar solvents    11-32 

10 1, 2, 3, 4 mol% of rose bengal    62-89 

11 Different LEDs instead of blue light    70-80 

12 Without PC    nr 

13  In dark    nr 

14 16, 18, 20 h instead of 24 h    62-82 

(a)Reaction conditions: p-toluene sulfonyl hydrazide 1 (0.5 mmol), benzaldehyde 
2a (0.5 mmol), photocatalyst (x mol %), solvent (7 mL). 

(b)Isolated yield 

With the optimized conditions established, we next investigated the 
generality of our model reaction with a wide range of aldehyde and 
ketone derivatives as shown in (Scheme 2). 

We initially explored a range of aromatic aldehydes, and the results 
demonstrated that this methodology has broad functional group 
compatibility. Aromatic aldehydes bearing diverse electronic and 
steric features on their aryl rings were well tolerated, affording the 
desired products in good to excellent yields (Scheme 2a). Moreover, 
the position of substituents on the aromatic ring whether ortho, meta, 
or para exerted minimal influence on the reaction efficiency, as 
evidenced by the consistently high yield of products (3b–3m). Notably, 
the reaction exhibited excellent tolerance toward both electron-
donating groups, such as methyl (3b) and methoxy (3c), hydroxyl (3d), 
and electron-withdrawing groups, including fluoro (3i), chloro (3j, 3l), 
bromo (3k, 3m), and nitro (3f-3h). Disubstituted and trisubstituted 
aldehydes bearing both electron-donating and electron-withdrawing 
groups successfully furnished the corresponding tosyl hydrazones in 
78–81% yields (3n–3r). Next, we turned our attention to polycyclic 
aldehydes, which afforded the desired product in comparatively lower 
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yields, 75-73% (3s, 3t), possibly due to steric hindrance imposed by the 
fused ring system. Meanwhile, heterocyclic aldehydes containing 
indole and thiophene ring systems afforded the corresponding 
products in moderate yields of 70–71% (3u, 3v). Notably, the 
conjugated aldehyde afforded a lower yield of 68% (3w), while the 
dicarboxaldehyde gave a significantly reduced yield of 45% (3x), likely 
due to both formyl groups reacting with 1. 

 

Scheme 2: Substrate generality of aldehydes and ketones(a) 

(a)Reaction condition :  p-toluene sulfonyl hydrazide (2 mmol), aldehydes/ketones (2 
mmol), rose bengal (4 mol %), solvent (20 mL), 440nm (24 h) under open air at room 
temperature. 

Encouraged by the positive outcomes observed in the substrate scope 
study of aldehydes, we next explored the reaction with various ketone 
derivatives. The reaction tolerated a wide range of substituents like 
halogens (3af-3ah) and other functional groups such as methyl (3z), 
methoxy (3aa), hydroxy (3ab), nitro (3ac, 3ad), and cyano (3ae) were 
well tolerated at the ortho, meta, and para positions, affording the 
desired products in yields of 85% to 88%. Next, we examined 
disubstituted ketones, which afforded the product in 80% yield (3ai). 
The thiophene-containing derivative gave a moderate yield of 69% 
(3aj), while the naphthalene-based substrate also provided a 
moderate yield of 66% (3ak). Our protocol was also compatible with 
aliphatic ketones, both cyclic and acyclic, resulting in decreased yield 
of 50% (3al) and 55% (3am), respectively. 

Encouraged by the positive results obtained with acetophenone 
derivatives (Scheme 2b), we turned our attention to benzophenone 
derivatives to further evaluate the scope of the method. However, 
benzophenone itself afforded a low yield of 24% (3an), and its 

substituted derivatives failed to produce the desired products (3ao–
3as), likely due to steric hindrance from the bulky aryl substituents 
(Scheme 2c). 

To gain insight into the reaction mechanism, a series of control 
experiments was performed. Under standard conditions, when 1 and 
2a were reacted in a nitrogen (inert) atmosphere, the desired product 
3a was not formed which clearly shows that the reaction will proceed 
under open environment. Hence, performing the reaction in open air 
resulted in maximum yield, indicating that atmospheric oxygen is 
essential for the reaction (Scheme 3a). When the same reaction 
conditions were applied without the photocatalyst, the desired 
product 3a was not formed indicating the necessity of photocatalyst 
in the reaction condition (Scheme 3b). Next, we perform a reaction 
between 1 and 2a in the presence of 2 mol% of 2,2,6,6-
tetramethylpiperidinyloxy (TEMPO) under standard conditions; the 
desired product 3a was not formed (Scheme 3c). Instead, TEMPO 
adduct (4a) was detected by high-resolution mass spectrometry 
(HRMS). This result implied that the p-toluene sulfonyl hydrazide 
radical C (Scheme 5) acts as the key reactive intermediate in the 
reaction. 

 

Scheme 3: Control experiments 

To gain deeper insight into the mechanism of the coupling reaction, 
we carried out a series of mechanistic investigations (Scheme 4). 
UV/visible spectroscopy was conducted on the individual reactants, 
and the reaction mixture (Scheme 4a). The findings showed that the 
reactants did not absorb in the visible region, whereas the reaction 
mixture containing 1, 2a and rose bengal exhibited absorbance within 
this range. 

Subsequently, we performed a series of fluorescence quenching 
experiments, which showed that excited rose bengal (RB*) was 
effectively quenched by 1 but not by 2a alone (Scheme 4c, d). A linear 
relationship was observed between the extent of photocatalyst 
quenching and the concentration of 1 clearly demonstrating a direct 
interaction between excited rose bengal and 1 but with 2a no such 
interaction has been observed (Scheme 4e). Moreover, intermediate 
C was found to be the effective quencher of the excited state of RB. In 
addition, light/dark cycle experiment revealed that the reaction was 
paused in the absence of visible light and resumed upon re-irradiation, 
confirming the necessity of continuous light throughout the process 
(Scheme 4b). Furthermore, cyclic voltammatry (CV) analysis of 1, 2a, 
and RB was performed to determine their redox potentials. The results 
revealed that RB exhibited the highest redox potential (+0.86 V), 
indicating its ability to readily accept electrons and undergo reduction. 
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In contrast, 1 showed the lowest redox potential (+0.83 V), while 2a 
displayed a slightly higher value (+0.85 V). Therefore, among 1 and 2a, 
reactant 1 is more prone to electron loss. These findings confirm that 
electron transfer occurs from 1 to RB, supporting the proposed single 
electron transfer (SET) mechanism. 
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Scheme 4: Mechanistic investigations 

Additionally, to confirm the spontaneity of the reaction and to gain 
insight into the reaction mechanism, Density Functional Theory (DFT) 
calculations were performed using Gaussian software to determine 
the Gibbs free energy changes associated with the reaction pathway. 
The calculated free energy (thermal+electronic) energy difference 
between reactant 1 and intermediate C was found to be +364.96 
kcal/mol, indicating that the formation of the radical species C from 1 
is a non-spontaneous process. Therefore, the use of a photocatalyst 
(RB) is essential to facilitate this transformation. In contrast, the 
conversion of reactant 2a into species E exhibited a negative free 
energy (thermal+electronic) energy difference -349.96 kcal/mol, 
suggesting that this step is spontaneous and proceeds readily under 
visible-light-irradiation, leading to the formation of intermediate D 
and eventually into E. Furthermore, DFT results confirm that the 
coupling of species E and C is also a spontaneous process with an 
energy difference of -32.81 kcal/mol. Finally, the formation of the 
product 3a, accompanied by the elimination of a water molecule, was 
found to be highly favourable, with a negative energy difference of -
370.52 kcal/mol (for detailed energy profile diagram see Scheme 4h). 
We have also calculated the HOMO–LUMO energy gap of reactant 1 

and RB to evaluate whether the reaction proceeds via a single electron 
transfer (SET) mechanism. The results revealed that the LUMO of RB 
lies at a lower energy (-5.49 eV) level than the HOMO of 1 (-7.38 eV), 
indicating that an electron transfer from 1a to RB is energetically 
favourable, leading to the formation of the radical cation C confirms 
SET mechanism (see Scheme 4g). 

Based on control experiment and mechanistic investigations we have 
proposed the following reaction mechanism, as shown in (Scheme 5). 
At the beginning, the photocatalyst RB was excited to its excited 
state RB* under visible light irradiation. The RB* then reduced 1a into 
radical cation (A) via a single electron transfer (SET) process, and the 
reduced RB returns to its ground state by donating its electron to 
atmospheric O₂, which is subsequently converted into a superoxide 
ion36. This superoxide ion then reacts with H₂O to produce hydrogen 
peroxide and an O₂ molecule. The species (A), upon deprotonation, is 
converted into radical (B). Through rearrangement, radical (B) 
converts into radical (C). Conversely, benzaldehyde (2a) absorbs 
visible light, generating biradical (D). This species (D) subsequently 
abstracts a proton to produce intermediate (E). Finally, radical (C) then 
couples with intermediate (E), producing the target compound 3a with 
the elimination of water.  

 

 

Scheme 5: Plausible mechanism for the synthesis of tosyl hydrazone 

Conclusions 
In conclusion, we have established for the first time a visible-light-
driven method for synthesizing tosyl hydrazones via metal-free 
photoredox catalysis in an environmentally friendly solvent. This 
approach enables the efficient preparation of a broad range of tosyl 
hydrazones in good to excellent yields. The method is cost-effective, 
atom-efficient, and eco-friendly. Notably, it introduces a novel 
photoredox-catalyzed C–N bond formation between sulfonyl 
hydrazine and carbonyl compounds (aldehydes/ketones) to yield the 
corresponding tosyl hydrazones, offering significant potential for 
applications in organic synthesis. Furthermore, this mechanistically 
unique photoredox process opens new avenues for developing 
innovative transformations in photoredox catalysis. 
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