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Abstract: Esters represent a vital functional group in organic chemistry and are prominently featured in valuable molecules. Traditional 
approaches for ester synthesis from acids typically entail the use of strong acids and toxic activating agents. Photoacid-catalyzed 
organic synthesis has recently come to the fore in several important transformations accruing the benefits of acid-based reactions 
under mild conditions. In this context, a green and sustainable method for esterification is proposed wherein, Eosin Y is introduced as 
a multifunctional photoacid catalyst that can be activated with visible light and catalyze the esterification of carboxylic acids. The present 
strategy is fairly broad and applies to the esterification of cinnamic acids, α-keto acids, and phenyl propiolic acids. The scope of 
carboxylic acids and alkyl alcohols includes several examples and therefore provides various carboxylic ester building blocks of 
pharmaceutical interest. Elaborated mechanistic studies revealed that proton-coupled electron transfer (PCET) between Eosin Y and 
carboxylic acid might facilitate the formation of a transient ketyl radical. This ketyl radical would subsequently undergo coupling with 
alkyl alcohols, yielding carboxylic esters in good to excellent yields. 
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Introduction 

Esters are the most fundamental functionalities in organic chemistry considered to be invaluable for pharmaceutical chemistry  and 
other chemical industries.[1] Amongst them, cinnamic esters and α-keto esters are widely prevalent in many biologically active 
compounds.[2] Traditional methods to synthesize esters from acids involve environmentally hazardous strong acids and toxic activating 
reagents.[3] To circumvent this, a few modified approaches in line with green and sustainable chemistry have been developed and 
hereby discussed in context to cinnamic esters and α-keto esters synthesis (Scheme 1).[4] Hou et al. reported the synthesis of methyl 
cinnamates by copper-catalyzed methyl carboxylation of styrenes,[5] however, this method required a two-step process to access 
cinnamic esters. Following this, copper-catalyzed strategies for the synthesis of α-keto esters have been reported by many research 
groups. For example, Jiao and co-workers reported an aerobic oxidative esterification of 1,3 diones with alcohol via C-C bond cleavage 
approach.[6] However, the formation of esters of benzoic acid as by-products badly impacted the atom economy of this method. Later, 
Song et al. utilized acetophenones,[7] whereas, Bai’s group utilized α-diazo esters as substrates for the synthesis of α-keto esters.[8] 

Collectively, the requirement of metal catalysts, acids and bases, pre-synthesized, unstable, and shock-sensitive starting materials, 
high boiling solvents, and elevated reaction temperature impede the applicability of these methods.  
Visible-light photocatalysis has emerged as a powerful tool for the generation of radicals and thus might provide an alternative to 
achieve a wide spectrum of reactions including the title reaction in a step economical way without the need to use stoichiometric 
amounts of reagents.[9] In this context, a visible-light-mediated method for esterification involving the oxidation of terminal alkynes using 
copper was also developed.[10]. Thereafter, Wan et al. developed a photocatalytic method employing Rose Bengal through the 
scissoring of C=C bond in enaminones[11] but this method suffers from the limitation of having a poor atom economy. Overall, a general, 
green, and sustainable method for esterification that involves the use of environmentally benign solvents, catalysts, and conditions is 
highly desired.  
In the broader domain of visible-light photoredox catalysis, the recent advent of photoacids has led to many useful organic 
transformations.[12] Photoacids are molecules that have a higher proton-donating tendency in the excited state than in the ground state 
due to a respective change in the pKa value.[13] The first use of photoacids under visible-light has been reported by Toshima and co-
workers wherein an organophotoacid-induced glycosylation was successfully attempted.[14] Later, Wang and co-workers explored 
glycosylation by using Eosin Y and other photoacid catalysts.[15] Since then, there have been a few excellent reports on the use of 
photoacids in Friedel-Craft’s arylation of carbonyls,[16] acetal formation,[17] Minisci-type acylation of N-heteroarenes,[18] indane 
synthesis,[19] hydrodesulfurization of aryl thioethers[20] and glycosylation.[21] Structurally speaking, mostly, thioureas have been utilized 
as photoacids. In addition, naphthols, MEH, and disulfides also have acted as photoacid catalysts (Figure 1). 
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         Figure 1: Structure of photoacid catalysts. 
 
Based upon the above discussion and our interest in developing green and sustainable synthetic protocols, [22] we hypothesized that 
esterification of carboxylic acids can be achieved by the use of photoacids. We intended that a suitable photoacid, under visible-light 
irradiation, may protonate the acid and a concurrent SET may result in generating a ketyl radical of the acid. However, the challenge is 
the selective ketyl radical formation of the less reactive carboxylic acid function of the substrate. We believed that a process akin to 
PCET involving a photoacid may resolve this reactivity problem. Herein, we disclose an Eosin Y-catalyzed esterification of carboxylic 
acids such as α-keto acids, cinnamic acids, and phenyl propiolic acids (Scheme 1). Mechanistic studies reveal that esterification was 
achieved via reductive pathway. Initially, carboxylic acids are reduced via proton-coupled electron transfer to get a ketyl radical 
intermediate, which further gets converted into the ester. 
 

Scheme 1: Strategies for the synthesis of carboxylic esters: a) prior art for the synthesis of α-keto esters; b) prior art for the synthesis of cinnamic esters; c) 
present work: photoacid catalyzed synthesis of carboxylic esters via ketyl radical intermediate. 
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  Results and Discussion 

 Initially, we set out to investigate the possibility of the esterification reaction assuming that a photoacid cum photoredox catalyst 
might be useful in generating the PCET complex with the substrate, and Eosin Y fitted the bill very well. Accordingly, the reaction of 
commercially available cinnamic acid 1a with methanol 2a in the presence of 2 mol% Eosin Y under the irradiation of 440 nm kessil 
light at room temperature was performed to generate 3a. The reaction resulted in 84% yield of 3a (Table 1, entry 1). A variety of 
organic dyes as photocatalysts (2 mol%) were tested for this transformation under 440 nm kessil light (Table 1, entries 2-5). While 
Rhodamine 6G and Rhodamine B produced a very low yield of the product (Table 1, entries 2-3), Rose Bengal and Eosin B failed to 
produce any 3a (Table 1, entries 4-5). Later, the amount of Eosin Y was optimized (Table 1, entries 6-8) and it appeared that 2 mol% 
of Eosin Y was most suitable for the formation of the desired product 3a. Further, screening of different wavelengths of light revealed 
that 440 nm wavelength of light was the optimal wavelength for this reaction (Table 1, entries 9 -11). Control experiments 
demonstrated the necessity of the photocatalyst and visible-light irradiation, as no detectable product formation was observed in its 
absence (Table 1, entries 12-13). Quenching of product 3a was observed when the base such as K2CO3 was employed in the 
standard reaction conditions (Table 1, entry 14), indicating the involvement of the photoacid.  

   Table 1. Summary of the effects of reaction parameters on the reaction efficiency[a]   

 
 
 
Variation from the above reaction conditions   
 

[a] Reaction conditions: Cinnamic acid (0.5 mmol), Eosin Y (2 mol%), methanol (1 ml), 440 nm Kessil, r.t., 8 h. [b] Isolated yields. n.d. = not detected.

 
Having optimized the reaction conditions, the scope of the reaction was then investigated. We were pleased to find that the  visible-
light-mediated esterification reaction was compatible with a diverse range of functional groups (Figure 2). Initially, the esterification 
reaction of varied cinnamic acids was executed with methanol. Pleasingly, strong electron-donating groups such as hydroxy and 
moderate electron-donating substituents such as methyl, both at the para position, showed very good yields of the products 3c and 3b 
in 89% and 86% respectively. Additionally, the dihydroxy-substituted cinnamic acid was also compatible and delivered the desired 
product 3o in 87% yield. It is worth noting that no prior protection of these hydroxyl functionalities was required under the given 
conditions. Cinnamic acids with moderate electron-donating substituents as methyl at the ortho, and meta positions furnished the 
corresponding esters 3l, and 3j in 87% and 85% yields respectively. Strong electron-withdrawing group CF3 at the para position 
provided the desired ester 3f with a yield of 71%. Unfortunately, the reaction was not compatible with the nitro group at the para position 
of the aryl ring to provide the product 3g. Overall, the yield of cinnamic esters having electron donating groups was markedly better 
than the cinnamic esters embodying electron-withdrawing groups. Assuming that electron-donating groups on cinnamic acids enhanced 
the nucleophilic character of the oxygen atom of the carboxylic acid that eases proton coupling with the Eosin Y, the above observation 
came as no surprise. Furthermore, cinnamic acids with halide substituents at ortho, meta, and para positions were subjected to this 
procedure giving the corresponding esters in good yields (3k, 3h, 3d, 3e, and 3n). Finally, vinyl carboxylic acid carrying naphthalene 
on one hand and a heterocycle as thiophene on the other transformed successfully into the esters 3p, and 3q in 85% and 60% yields 
respectively. The scope of the photoacid-catalyzed esterification of cinnamic acids leading to cinnamates was further expanded to a 
range of alcohols. Cinnamic acid 1a was reacted with several straight-chain alcohols at standard reaction conditions to form the 
corresponding esters (3r-3t) in 80-75% yields. Furthermore, primary alcohols containing the cyclic ring and challenging functionalities 
such as a terminal alkyne group were well tolerated to furnish the corresponding cinnamic esters 3u, and 3w in 77% and 75% yields. 
In addition, benzyl alcohol also worked well in this transformation to form 3v in 76% yield. Unfortunately, aliphatic acyclic secondary 
alcohols were unreactive under these conditions. It is apparent that the β- cleavage of alcohols may have adversely affected the 
reactions in this case (Scheme S3, see SI). Tertiary alcohol such as t-BuOH also did not take part in the present transformation. 
However, cyclic secondary alcohols provided the desired products 3x and 3y in 72% and 70% yields respectively. In addition, 
biologically relevant cholesterol was also tolerated in this esterification of cinnamic acid providing the respective product  3z in moderate  

Entry  Variation from standard conditions % Yield[b] Entry Variation from standard conditions % Yield[b] 

 
1. 
 

2. 
 

3. 
 

4. 
 

5. 
 

6. 
 

       7. 

 
None 

 
Rhodamine 6G instead of Eosin Y 

 
Rhodamine B instead of Eosin Y 

 
Rose Bengal instead of Eosin Y 

 
Eosin B instead of Eosin Y 

 
1 mol% of Eosin Y 

 
3 mol% of Eosin Y 

 
84 
 

37 
 

30 
 

n.d. 
 

n.d. 
 

70 
 

85 

 
8. 
 

9. 
 

10. 
 

11. 
 

12. 
 

13. 
 

14. 

 
5 mol% of Eosin Y 

 
                          456 nm Kessil 

 
427 nm Kessil 

 
395 nm Kessil 

 
No catalyst 

 
No light 

 
1 equiv. of base 

 
86 
 

61 
 

50 
 

n.d. 
 

n.d. 
 

n.d. 
 

n.d. 
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Figure 2: Substrate scope for esterification reaction[a] [a] Reaction conditions: 1 (0.5 mmol), Eosin Y (2 mol%), and alkyl alcohol 2 (1 ml) were kept under 
photoirradiation using a blue LED (440 nm, 40 W) for 8 h; yields refer to isolated products. [b] alkyl alcohol (1.5 mmol), CH3CN (1 ml) as a solvent. 
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yield. Moreover, an anti-inflammatory drug chlorogenic acid 3aa was synthesized through the coupling of caffeic acid with quinic acid. 
To further illustrate the synthetic potential of our protocol, we conducted a gram-scale reaction to synthesize methyl cinnamate 3a 
(Figure 4A). We successfully performed the model reaction at 1 gram scale, and 0.7303 g of product 3a was obtained in mildly 
decreased yield (67% in 12 h). 
Having studied the scope of cinnamic acids, we decided to extend our method to the esterification of α-keto acids. An additional 
challenge with α-keto acids was the presence of the keto group which might interfere with the formation of the ketyl radical according 
to our hypothesis. Based on the previous literature,[23] we speculated that after PCET, one electron can be delocalized on both carbon 
atoms and oxygen of the carbonyl group (Figure 3).  
 
 

 
Figure 3: Delocalization of electrons.  

 
Assuming that electrophilic alkoxy radical might interact with the more nucleophilic carbon radical i.e. β-carbon radical of the 
intermediate 1amʺ, the carbonyl function may then not interfere in the esterification reaction. Accordingly, when α-keto acids were 
subjected to similar reaction conditions, desired α-keto esters were isolated in 49% to 88% yields (Figure 2). The electron-with-drawing 
groups such as trifluoromethyl or cyano at para and metapositions, furnished the corresponding products 3ae and 3ag in 88% and 84% 
yields respectively. However, the electron-donating methyl group at the ortho or meta-position of the phenyl ring afforded the α-keto 
esters, 3ai, and 3af in 75% and 78% yields respectively. Furthermore, 2,4,6-tri-methyl substituted α-keto ester 3ak was obtained in 
70% yield. In contrast to cinnamic acids, the α-keto acids bearing electron-withdrawing groups produced α-keto esters in higher yield, 
as compared to those containing electron-donating groups. Considering that the electron-donating group might increase the 
nucleophilic character of the α-keto group instead of the carboxylic acid group of α-keto acid resulting in the lower yield of the 
corresponding ester. In the case of halogen-substituted substrates, the 4-halo substituted derivatives (F and Cl) produced respective  
products 3ac and 3ad in 84% and 81% yields. Likewise, iodo-substituent on phenyl ring at ortho position afforded the product 3ah in a 
good yield of 83%. Next, α-keto-acids containing polycyclic aromatic rings 3aj or heteroatom rings 3al were also found to be compatible 
with this reaction. Further, the scope of alcohols for photocatalytic esterification of α-keto acids was examined (Figure 2). Delightfully, 
like in the previous series, primary aliphatic alcohols underwent the esterification process smoothly to afford the desired products (3 
am-3as) in good to moderate yields of 86-72%. In addition, the reaction was also successfully applied to cyclic secondary alcohol to 
furnish 3at in 70% yield. Also, cholesterol proved to be compatible with the standard reaction conditions, generating the desired 
compound 3au in 49% yield. Lastly, we tested our synthetic method on benzoic acid. Unfortunately, no desired product was formed 
presumably due to its higher reduction potential.[24] However, to our delight, when 3-phenyl propiolic acids were employed as substrates, 
the reaction went exceedingly well and we achieved the esterification products 3av, 3aw, and 3ax in 85%, 82%, and 69% yields 
respectively. 
Following the identification of a wide range of substrate scope, we shifted our focus towards the detailed exploration of the  reaction 
mechanism. Therefore, several experiments were performed to gain insights into the mechanistic pathway. Initially, the radical nature 
of this reaction was confirmed by conducting a radical trapping experiment using, α-methyl styrene, finding that the esterification product 
was completely suppressed. Instead, the adduct between methanol and α-methyl styrene was observed which was detected by HRMS 
analysis (Figure S2, See SI). This finding indicated that alkoxy radical was formed during the catalytic cycle. Additionally, employing 
TEMPO in the reaction mixture completely quenched the product formation (Figure 4B). Electron paramagnetic resonance spectral 
studies also confirmed the presence of a radical in the reaction. The calculated g value at 2.003 indicated that a carbon radical was 
being formed during the catalytic cycle (Figure 4C). Furthermore, we observed that there was no overlap between the absorption 
spectrum of 1a and the emission spectrum of Eosin Y (Figure 4D). This study proved the absence of energy transfer between cinnamic 
acid and Eosin Y.[25] Subsequently, transient absorption studies were performed to examine the excited-state dynamics of Eosin Y, with 
and without 1a. The transient absorption spectra in the absence of 1a contained an absorption band in the range of 500 to 550 nm.[26] 
In contrast, when 1a was added to Eosin Y, the intensity of the absorption band was altered. These results suggested that the population 
of electrons in the excited state was perturbed due to the non-covalent interaction between Eosin Y and 1a (Figure 4E). Further, 
fluorescence lifetime experiments revealed that cinnamic acid 1a effectively quenched the lifetime of the photocatalyst Eosin Y (Figure 
4F). This dynamic quenching[27] indicated the occurrence of a single electron transfer between 1a and Eosin Y. The linear Benesi-
Hildebrand plot[28] justified the non-bonding interaction between Eosin Y and 1a (Figure 5A). To clarify the photoacidic nature of Eosin 
Y, the fluorescence emission spectra were recorded. Eosin Y reacted with 1a and was converted into its conjugate base that is more 
active in light, as a result, there was an increase in fluorescence intensity on the consecutive addition of 1a (Figure 5B).[29] Next, cyclic 
voltammetry was used to analyze the reduction potential of the substrates (Figure 5C, 5D). The cinnamic acid and phenyl glyoxylic 
acids displayed a reduction potential value greater than the excited state Eosin Y [9a] that supported the hypothesis of proton coupling 
before electron transfer. A determined quantum yield of 0.963 was consistent with the absence of a radical chain process (For full 
details, see supporting information). 
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                      (C)                                                                                                          (D) 
 

     
 

 
 
                           (E)                                                                                                             (F) 

          
            
 

           Figure 4: (A) Gram scale synthesis of methyl cinnamate; (B) Radical trapping experiment. (C) EPR spectrum for carbon-centered radical; (D) Ground          
state absorption of Eosin Y and cinnamic acid 1a. (E) Excited state absorption of  Eosin Y and Eosin Y with cinnamic acid 1a; (F) Fluorescence lifetime 
studies of Eosin Y on consecutive addition of cinnamic acid 1a;    
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    (A)                                                                                                                         (B)                                                                              

      

                                                                 
 
 
   (C)                                                                                                                          (D) 

                              
    
                                       (E) 
 

 
 Figure 5: (A) Benesi Hildebrand plot depicting 1:1 stoichiometric interaction of Eosin Y with cinnamic acid 1a; (B) Fluorescence emission spectra of Eosin Y with 
consecutive addition of cinnamic acid 1a; (C) Cyclic voltammetry of cinnamic acid 1a; (D) Cyclic voltammetry of phenyl glyoxylic acid 1am. (E) Proposed mechanism. 
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According to our experimental results, control experiments, and the previous literature,[15] we developed a working mechanistic 
hypothesis depicted in Figure 5E. Initially, a more acidic form of Eosin Y was produced in the presence of blue light that could interact 
with substrate 1. This interaction allowed a single electron transfer between the substrate cinnamic acid (E½

red = -1.82 V vs SCE in 
CH3CN) or phenyl glyoxylic acid (E½

red = -1.87 V vs SCE in CH3CN) (Figure 5C and 5D) and Eosin Y (E½
ox (EY*/EY+• = -1.15 V vs 

SCE)][1a] despite their mismatched redox potentials. The single electron transfer induced the formation of the ketyl radical 1ʺ along with 
the intermediate EY-II. Subsequently, hydrogen atom transfer from alkyl alcohol 2 to intermediate EY-II furnished alkoxy radical 2ʹ with 
the regeneration of Eosin Y. The resulting alkoxy radical reacts with intermediate 1ʺ to produce a tetrahedral intermediate 3ʹ. The final 
product 3 was obtained by the dehydration of the intermediate 3ʹ. 

 

Conclusion 

In conclusion, we have developed photoacid-catalyzed esterification of cinnamic acids, α-keto acids, and phenyl propiolic acids. This 
simple method provides a green approach for the synthesis of esters from aromatic carboxylic acids and alkyl alcohols at room 
temperature, without any traditional acid catalyst. The method features an operationally simple, high selective, low catalyst loading, 
and broad substrate scope. In addition, mechanistic studies support the proton-coupled electron transfer pathway and the generation 
of the ketyl radical employing Eosin Y as a photoacid catalyst. Our laboratory is currently engaged in further research utilizing 
photoacids for synthetic transformations. 
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Author Information 

Corresponding Author 

 Anuj Sharma - Department of Chemistry, 
 Indian Institute of Technology, Roorkee, 
 Uttarakhand, 247667, India. 
 Orcid id.  https://orcid.org/0000-0003-1035-979X ; Email.  anuj.sharma@cy.iitr.ac.in  

Authors 

 Jaya Tripathi - Department of Chemistry, 
 Indian Institute of Technology, Roorkee, 
 Uttarakhand, 247667, India. 
  
 Harshita Gupta - Department of Chemistry, 
 Indian Institute of Technology, Roorkee, 
 Uttarakhand, 247667, India. 

 
 

Notes 
 
The authors declare no competing financial interest 

Acknowledgements  

 

This research was supported financially by UCOST (UCS & T/R & D-35/20-21) Govt. of Uttarakhand, and SERB (CRG/2022/002691), 

India. We also acknowledge DST-FIST (SR/FST/CS-II/2018/72(C) for the NMR facility in the Department of Chemistry, IIT Roorkee. 

J.T. and H.G. thanks CSIR for the SRF fellowship.  

References 

[1] Riemenschneider, W.; Bolt, H. M. Esters, Organic. In Ullmann’s Encyclopedia of Industrial Chemistry; Wiley-VCH: Weinheim, Germany, 2005.   
https://doi.org/10.1002/14356007.a09_565.pub2 (b) SÁ, A. G. A.; Meneses, A. C. de; Araújo, P. H. H. de; Oliveira, D. de. A Review on Enzymatic 

Synthesis of Aromatic Esters Used as Flavor Ingredients for Food, Cosmetics and Pharmaceuticals Industries. Trends Food Sci. Technol. 2017, 

69, 95-150. https://doi.org/10.1016/j.tifs.2017.09.004  

https://doi.org/10.26434/chemrxiv-2024-2s03p ORCID: https://orcid.org/0000-0003-1035-979X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://orcid.org/0000-0003-1035-979X
mailto:anuj.sharma@cy.iitr.ac.in
https://doi.org/10.1002/14356007.a09_565.pub2
https://doi.org/10.1016/j.tifs.2017.09.004
https://doi.org/10.26434/chemrxiv-2024-2s03p
https://orcid.org/0000-0003-1035-979X
https://creativecommons.org/licenses/by-nc-nd/4.0/


[2] (a) Hu, L. H.; Zou, H. Bin; Gong, J. X.; Li, H. B.; Yang, L. X.; Cheng, W.; Zhou, C. X.; Bai, H.; Guéritte, F.; Zhao, Y. Synthesis and Biological 

Evaluation of a Natural Ester Sintenin and Its Synthetic Analogues. J. Nat. Prod. 2005, 68 (3), 342-348. https://doi.org/10.1021/np0496441 (b) 

Oufensou, S.; Casalini, S.; Balmas, V.; Carta, P.; Chtioui, W.; Dettori, M. A.; Fabbri, D.; Migheli, Q.; Delogu, G. Prenylated Trans-Cinnamic Esters 

and Ethers against Clinical Fusarium Spp.: Repositioning of Natural Compounds in Antimicrobial Discovery. Molecules 2021, 26 (3), 658. 

https://doi.org/10.3390/molecules26030658 (c) Gunia-Krzyżak, A.; Słoczyńska, K.; Popiół, J.; Koczurkiewicz, P.; Marona, H.; Pękala, E. Cinnamic 

Acid Derivatives in Cosmetics: Current Use and Future Prospects. Int J Cosmet Sci. 2018, 40 (4), 356-366. https://doi.org/10.1111/ics.12471 (d) 

Boughton, B. A.; Hor, L.; Gerrard, J. A.; Hutton, C. A. 1,3-Phenylene Bis(Ketoacid) Derivatives as Inhibitors of Escherichia Coli Dihydrodipicolinate 

Synthase. Bioorg. Med. Chem. 2012, 20 (7), 2419-2426. https://doi.org/10.1016/j.bmc.2012.01.045 (e) Boughton, B. A.; Dobson, R. C. J.; Gerrard, 

J. A.; Hutton, C. A. Conformationally Constrained Diketopimelic Acid Analogues as Inhibitors of Dihydrodipicolinate Synthase. Bioorg. Med. Chem. 

Lett. 2008, 18 (2), 460-463. https://doi.org/10.1016/j.bmcl.2007.11.108 

[3] (a) Otera, J.; Nishikido, J. Esterification: Methods, Reactions, and Applications: Second Edition; 2010. https://doi.org/10.1002/9783527627622 (b) 
Fischer, E.; Speier, A. Darstellung Der Ester. Ber. Deutsch. Chem. Ges. 1895, 28 (3), 3252-3258.  https://doi.org/10.1002/cber.189502803176 (c) 
Barrett, A. G. M.; Braddock, D. C. Scandium (III) or Lanthanide (III) Triflates as Recyclable Catalysts for the Direct Acetylation of Alcohols with 

Acetic Acid. Chem. Commun. 1997, (4), 351-352. https://doi.org/10.1039/A606484A 

(d) Komura, K.; Ozaki, A.; Ieda, N.; Sugi, Y. FeCl3·6H2O as a Versatile Catalyst for the Esterification of Steroid Alcohols with Fatty Acids. Synthesis  

2008, 21, 3407-3410. DOI: 10.1055/s-0028-1083175 (e) Höfle, G.; Steglich, W.; Vorbrüggen, H. 4-Dialkylaminopyridines as Highly Active Acylation 

Catalysts. Angew. Chem. Int. Ed. Engl. 1978, 17 (8), 569-583. https://doi.org/10.1002/anie.197805691 (f) Neises, B.; Steglich, W. Simple Method 

for the Esterification of Carboxylic Acids. Angew. Chem. Int. Ed. Engl. 1978, 17 (7), 522-524. https://doi.org/10.1002/anie.197805221 

[4] (a) Gu, C. H.; Zhang, Z.; Shen, S. J.; Xu, H. J.; Hu, Y. A Cheap and Efficient Oxidant (n-Bu)4NNO3-Enabled C(Sp2)- and C(Sp3)-H Olefination at 

Room Temperature. Org. Lett. 2023, 25 (15), 2622-2626. https://doi.org/10.1021/acs.orglett.3c00621 (b) Luo, X.; He, R.; Liu, Q.; Gao, Y.; Li, J.; 

Chen, X.; Zhu, Z.; Huang, Y.; Li, Y. Metal-Free Oxidative Esterification of Ketones and Potassium Xanthates: Selective Synthesis of α-Ketoesters 

and Esters. J. Org. Chem. 2020, 85 (8), 5220–5230. https://doi.org/10.1021/acs.joc.9b03272 (c) Huang, X.; Li, X.; Zou, M.; Pan, J.; Jiao, N. TEMP 

and Copper Cocatalyzed Oxygenation of Ketones with Molecular Oxygen: Chemoselective Synthesis of α-Ketoesters. Org. Chem. Front. 2015, 2 

(4), 354-359. https://doi.org/10.1039/c5qo00028a (d) Wheatley, E.; Zanghi, J. M.; Mason, M. M.; Meek, S. J. A Catalytic Method for the 

Enantioselective Synthesis of α-Quaternary Ketones, α-Ketoesters and Aldehydes. Angew. Chem. Int. Ed. 2023, 62 (18), e2022158. 

https://doi.org/10.1002/anie.202215855 

[5] Sahoo, H.; Zhang, L.; Cheng, J.; Nishiura, M.; Hou, Z. Auto-Tandem Copper-Catalyzed Carboxylation of Undirected Alkenyl C-H Bonds with CO2 

by Harnessing β-Hydride Elimination. J. Am. Chem. Soc. 2022, 144 (51), 23585-23594. https://doi.org/10.1021/jacs.2c10754 

[6] Zhang, C.; Feng, P.; Jiao, N. Cu-Catalyzed Esterification Reaction via Aerobic Oxygenation and C-C Bond Cleavage: An Approach to α-Ketoesters. 

J. Am. Chem. Soc. 2013, 135 (40), 15257-15262. https://doi.org/10.1021/ja4085463 

[7] Xu, X.; Ding, W.; Lin, Y.; Song, Q. Cu-Catalyzed Aerobic Oxidative Esterification of Acetophenones with Alcohols to α-Ketoesters. Org. Lett. 2015, 

17 (3), 516-519. https://doi.org/10.1021/ol503472x 

[8] Xu, C.; Bai, L.; Wang, Y. Copper(I)-Catalyzed Aerobic Oxidation of α-Diazoesters. J. Org. Chem. 2020, 85 (19), 12579-12584. 

https://doi.org/10.1021/acs.joc.0c01744 

[9] (a) Romero, N. A.; Nicewicz, D. A. Organic Photoredox Catalysis. Chem. Rev. 2016, 116 (17), 10075-10166. 

https://doi.org/10.1021/acs.chemrev.6b00057 (b) Narayanam, J. M. R.; Stephenson, C. R. J. Visible Light Photoredox Catalysis: Applications in 

Organic Synthesis. Chem. Soc. Rev. 2011, 40 (1). https://doi.org/10.1039/b913880n (c) Marzo, L.; Pagire, S. K.; Reiser, O.; König, B. Visible-Light 

Photocatalysis: Does It Make a Difference in Organic Synthesis? Angew. Chem. Int. Ed. 2018, 57 (32), 10034-10072. 

https://doi.org/10.1002/anie.201709766 (d) Cheung, K. P. S.; Sarkar, S.; Gevorgyan, V. Visible Light-Induced Transition Metal Catalysis. Chem. 

Rev. 2022. 122 (2), 1543-1625 https://doi.org/10.1021/acs.chemrev.1c00403 (e) Tripathi, K. N.; Singh, S.; Akhtar, N.; Manna, K.; Singh, R. P. 

Visible-Light-Driven Site-Selective Alkylation of the Benzo Core of Coumarins. Chem. Commun. 2022, 58 (69). 9674-9677. 

https://doi.org/10.1039/d2cc03073j (f) Singh, S.; Tripathi, K. N.; Singh, R. P. Redox Activated Amines in the Organophotoinduced Alkylation of 

Coumarins. Org. Biomol. Chem. 2022, 20 (29), 5716-5720. https://doi.org/10.1039/d2ob00943a 

[10] Das, D. K.; Kumar Pampana, V. K.; Hwang, K. C. Copper Catalyzed Photoredox Synthesis of α-Keto Esters, Quinoxaline, and Naphthoquinone: 

Controlled Oxidation of Terminal Alkynes to Glyoxals. Chem. Sci. 2018, 9 (37), 7318-7326. https://doi.org/10.1039/c8sc03447h 

[11] Yu, Q.; Zhang, Y.; Wan, J. P. Ambient and Aerobic Carbon-Carbon Bond Cleavage toward α-Ketoester Synthesis by Transition-Metal-Free 

Photocatalysis. Green Chem. 2019, 21 (12), 3436-3441. https://doi.org/10.1039/c9gc01357a 

[12] Saway, J.; Salem, Z. M.; Badillo, J. J. Recent Advances in Photoacid Catalysis for Organic Synthesis. Synthesis. 2021, 53 (03), 489-497. 

https://doi.org/10.1055/s-0040-1705952 

[13] Kramer, H. E. A.; Fischer, P. The Scientific Work of Theodor Förster: A Brief Sketch of His Life and Personality. ChemPhysChem., 2011, 12 (3), 

555-558. https://doi.org/10.1002/cphc.201000733 

[14] (a) Iwata, R.; Uda, K.; Takahashi, D.; Toshima, K. Photo-Induced Glycosylation Using Reusable Organophotoacids. Chem. Commun. 2014, 50 

(73), 10695-10698. https://doi.org/10.1039/c4cc04753b (b) Kimura, T.; Eto, T.; Takahashi, D.; Toshima, K. Stereocontrolled Photoinduced 

Glycosylation Using an Aryl Thiourea as an Organo Photoacid. Org. Lett. 2016, 18 (13), 3190-3193. https://doi.org/10.1021/acs.orglett.6b01404 (c) 

Otani, N.; Higashiyama, K.; Sakai, H.; Hasobe, T.; Takahashi, D.; Toshima, K. Photoinduced Glycosylation Using a Diarylthiophene as an Organo 

Lewis Photoacid Catalyst. Eur. J. Org. Chem. 2023, 26 (20), e202300287. https://doi.org/10.1002/ejoc.202300287 

[15] (a) Zhao, G.; Wang, T. Stereoselective Synthesis of 2‐Deoxyglycosides from Glycals by Visible‐Light‐Induced Photoacid Catalysis. Angew. Chemie. 

2018, 130 (21), 6228-6232. https://doi.org/10.1002/ange.201800909 (b) Li, J.; Zhao, G.; Wang, T. Organic-Photoacid-Catalyzed Glycosylation. 

Synlett 2020, 31 (9), 823-828. https://doi.org/10.1055/s-0039-1690773 (c) Zhao, G.; Li, J.; Wang, T. Visible-Light-Induced Photoacid Catalysis: 

Application in Glycosylation with: O -Glycosyl Trichloroacetimidates. Chem. Commun. 2021, 57 (94), 12659-12662.  

https://doi.org/10.1039/D1CC04887B 

[16] Salem, Z. M.; Saway, J.; Badillo, J. J. Photoacid-Catalyzed Friedel-Crafts Arylation of Carbonyls. Org. Lett. 2019, 21 (21), 8528-8532. 

https://doi.org/10.1021/acs.orglett.9b02841 

[17] (a) Spiliopoulou, N.; Nikitas, N. F.; Kokotos, C. G. Photochemical Synthesis of Acetals Utilizing Schreiner’s Thiourea as the Catalyst. Green Chem. 

2020, 22 (11), 3539-3545. https://doi.org/10.1039/d0gc01135e (b) Saway, J.; Pierre, A. F.; Badillo, J. J. Photoacid-Catalyzed Acetalization of 

Carbonyls with Alcohols. Org. Biomol. Chem. 2022, 20 (31), 6188-6192. https://doi.org/10.1039/D2OB00435F 

[18] Roy, V. J.; Sen, P. P.; Roy, S. R. Exploring Eosin y as a Bimodular Catalyst: Organophotoacid Mediated Minisci-Type Acylation of: N-Heteroarenes. 

Chem. Commun. 2022, 58 (11), 1776-1779. https://doi.org/10.1039/d1cc06483e 

[19] Yang, B.; Dong, K.; Li, X. S.; Wu, L. Z.; Liu, Q. Photoacid-Enabled Synthesis of Indanes via Formal [3 + 2] Cycloaddition of Benzyl Alcohols with 

Olefins. Org. Lett. 2022, 24 (10), 2040-2044. https://doi.org/10.1021/acs.orglett.2c00566 

[20] Wu, D.; Shiozuka, A.; Kawashima, K.; Mori, T.; Sekine, K.; Kuninobu, Y. Bifunctional 1-Hydroxypyrene Photocatalyst for Hydrodesulfurization via 

Reductive C(Aryl)-S Bond Cleavage. Org. Lett. 2023, 25 (18), 3293-3297. https://doi.org/10.1021/acs.orglett.3c01061 

[21] Iibuchi, N.; Eto, T.; Aoyagi, M.; Kurinami, R.; Sakai, H.; Hasobe, T.; Takahashi, D.; Toshima, K. Photo-Induced Glycosylation Using a Diaryldisulfide 

as an Organo-Lewis Photoacid Catalyst. Org. Biomol. Chem. 2020, 18 (5), 851-855. https://doi.org/10.1039/c9ob02674f 

[22] (a) Saxena, B.; Patel, R. I.; Sharma, S.; Sharma, A. Mechanochemical-Assisted Decarboxylative Sulfonylation of α,β-Unsaturated Carboxylic Acids 

with Sodium Sulfinate Salts. Green Chem. 2024, 26 (5), 2721-2729. https://doi.org/10.1039/d3gc04954j (b) Singh, N.; Sharma, S.; Sharma, A. 

Visible Light Induced EDA-Mediated Deaminative C-2 Alkylation of Heterocyclic-N-Oxides Using Katritzky Salts. Adv. Synth. Catal. 2023, 365 (20), 

3505-3511. https://doi.org/10.1002/adsc.202300723 (c) Monga, A.; Pandey, A. P.; Sharma, A. Visible-Light Mediated Photooxidative Synthesis of 

α-Keto Amides. Adv. Synth. Catal. 2019, 361 (15), 3554-3559. https://doi.org/10.1002/adsc.201900279 (d) Monga, A.; Bagchi, S.; Soni, R. K.; 

https://doi.org/10.26434/chemrxiv-2024-2s03p ORCID: https://orcid.org/0000-0003-1035-979X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.1021/np0496441
https://doi.org/10.3390/molecules26030658
https://doi.org/10.1111/ics.12471
https://doi.org/10.1016/j.bmc.2012.01.045
https://doi.org/10.1016/j.bmcl.2007.11.108
https://doi.org/10.1002/9783527627622
https://doi.org/10.1002/cber.189502803176
https://doi.org/10.1039/A606484A
doi:%2010.1055/s-0028-1083175
https://doi.org/10.1002/anie.197805691
https://doi.org/10.1002/anie.197805221
https://doi.org/10.1021/acs.orglett.3c00621
https://doi.org/10.1021/acs.joc.9b03272
https://doi.org/10.1039/c5qo00028a
https://doi.org/10.1002/anie.202215855
https://doi.org/10.1021/jacs.2c10754
https://doi.org/10.1021/ja4085463
https://doi.org/10.1021/ol503472x
https://doi.org/10.1021/acs.joc.0c01744
https://doi.org/10.1021/acs.chemrev.6b00057
https://doi.org/10.1039/b913880n
https://doi.org/10.1002/anie.201709766
https://doi.org/10.1021/acs.chemrev.1c00403
https://doi.org/10.1039/d2cc03073j
https://doi.org/10.1039/d2ob00943a
https://doi.org/10.1039/c8sc03447h
https://doi.org/10.1039/c9gc01357a
https://doi.org/10.1055/s-0040-1705952
https://doi.org/10.1002/cphc.201000733
https://doi.org/10.1039/c4cc04753b
https://doi.org/10.1021/acs.orglett.6b01404
https://doi.org/10.1002/ejoc.202300287
https://doi.org/10.1002/ange.201800909
https://doi.org/10.1055/s-0039-1690773
https://doi.org/10.1039/D1CC04887B
https://doi.org/10.1021/acs.orglett.9b02841
https://doi.org/10.1039/d0gc01135e
https://doi.org/10.1039/D2OB00435F
https://doi.org/10.1039/d1cc06483e
https://doi.org/10.1021/acs.orglett.2c00566
https://doi.org/10.1021/acs.orglett.3c01061
https://doi.org/10.1039/c9ob02674f
https://doi.org/10.1039/d3gc04954j
https://doi.org/10.1002/adsc.202300723
https://doi.org/10.1002/adsc.201900279
https://doi.org/10.26434/chemrxiv-2024-2s03p
https://orcid.org/0000-0003-1035-979X
https://creativecommons.org/licenses/by-nc-nd/4.0/


Sharma, A. Synthesis of Benzothiazoles via Photooxidative Decarboxylation of α-Keto Acids. Adv. Synth. Catal. 2020, 362 (11), 2232-2237. 

https://doi.org/10.1002/adsc.201901617 

[23] Zhu, Y.; Huang, H. Y.; He, Y. Q.; Wang, M.; Wang, X. Y.; Song, X. R.; Mao, Z. J.; Tian, W. F.; Xiao, Q. Visible-Light Enabled Photochemical 

Reduction of 1,2-Dicarbonyl Compounds by Hünig’s Base. Org. Chem. Front. 2022, 9 (7), 1924-1931. https://doi.org/10.1039/d1qo01841h 

[24] Roth, H. G.; Romero, N. A.; Nicewicz, D. A. Experimental and Calculated Electrochemical Potentials of Common Organic Molecules for Applications 

to Single-Electron Redox Chemistry. Synlett 2016, 27 (5), 714-723. https://doi.org/10.1055/s-0035-1561297 

[25] Strieth-Kalthoff, F.; James, M. J.; Teders, M.; Pitzer, L.; Glorius, F. Energy Transfer Catalysis Mediated by Visible Light: Principles, Applications, 

Directions. Chem. Soc. Rev. 2018, 47 (19), 7190-7202. https://doi.org/10.1039/C8CS00054A 

[26] Lewandowska-Andrałojć, A.; Larowska, D.; Gacka, E.; Pedzinski, T.; Marciniak, B. How Eosin Y/Graphene Oxide-Based Materials Can Improve 

Efficiency of Light-Driven Hydrogen Generation: Mechanistic Aspects. J. Phys. Chem. 2020, 124 (5), 2747-2755. 

https://doi.org/10.1021/acs.jpcc.9b09573 

[27] Berezin, M. Y.; Achilefu, S. Fluorescence Lifetime Measurements and Biological Imaging. Chem. Rev. 2010, 110 (5), 2641-2684. 

https://doi.org/10.1021/cr900343z 

[28] Benesi, H. A.; Hildebrand, J. H. A Spectrophotometric Investigation of the Interaction of Iodine with Aromatic Hydrocarbons. J. Am. Chem. Soc. 

1949, 71 (8), 1924-1931. https://doi.org/10.1021/ja01176a030 

[29] Majek, M.; Filace, F.; Von Wangelin, A. J. On the Mechanism of Photocatalytic Reactions with Eosin Y. Beilstein J.  Org. Chem. 2014, 10, 981-989. 

https://doi.org/10.3762/bjoc.10.97 

 
 

    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.26434/chemrxiv-2024-2s03p ORCID: https://orcid.org/0000-0003-1035-979X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.1002/adsc.201901617
https://doi.org/10.1039/d1qo01841h
https://doi.org/10.1055/s-0035-1561297
https://doi.org/10.1039/C8CS00054A
https://doi.org/10.1021/acs.jpcc.9b09573
https://doi.org/10.1021/cr900343z
https://doi.org/10.1021/ja01176a030
https://doi.org/10.3762/bjoc.10.97
https://doi.org/10.26434/chemrxiv-2024-2s03p
https://orcid.org/0000-0003-1035-979X
https://creativecommons.org/licenses/by-nc-nd/4.0/


Table of Content 
 

     Esterification of Carboxylic Acids utilizing Eosin Y as a Photoacid Catalyst 
 

 

 
Photoacid-catalyzed esterification of carboxylic acids with alkyl alcohols is presented. Herein, Eosin Y acted as a photoacid, 
photoredox, and hydrogen atom transfer agent in the presence of blue light. Mechanistic studies suggested that this transformation 
proceeded via ketyl radical derived from the carboxylic acids.  
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