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Abstract: A mechanistic paradigm for terpene cyclization driven by photocatalytic disproportionation 

of eosin Y in fluorinated alcohol media was discovered. By employing a 1:1 mixture of HFIP and PFTB, 

the neutral form of eosin Y (EH₂) undergoes efficient intersystem crossing to its triplet state, initiating 

hydrogen atom transfer (HAT) with ground-state EH₂. This generates two radicals, EH• and EH₃•, with 

EH• identified as the key species triggering polyene cyclizations. Spectroscopic and computational 

analyses revealed that hydrogen bonding with fluorinated alcohols stabilizes the otherwise unfavored 

open carboxylic acid form of eosin Y, enabling visible-light absorption and reactivity. The study clarifies 

the long-debated mechanism of eosin Y-mediated cyclizations, introducing a dual-radical generation 

strategy from a single photocatalyst molecule. These findings introduce a new paradigm in photoredox 

catalysis, offering a mild, selective, and sustainable approach to complex terpene synthesis and paving 

the way for broader applications in synthetic organic chemistry. 

 

Biosynthetic polycyclization cascades elegantly demonstrate how nature efficiently achieves the total 

synthesis of secondary metabolites. A notable example is polyene cyclization, which generates 

structurally complex, multi-cyclic carbon frameworks from simple linear isoprenyl chains in a single 

step.[1-2] This remarkable process simultaneously forms multiple carbon-carbon bonds and 

stereocenters. Synthetic chemists have been aiming for a long time to replicate nature's orchestration 

of these intricate ring-closing events.[3] Since the groundbreaking work of Stork[4] and Eschenmoser[5-6] 

in 1955, rationalizing the stereoelectronic aspects of polyene cyclizations, there has been extensive 

research into developing reagent-based and catalytic methods for these transformations.[7-9] Structural 

pre-organization of the flexible, linear polyene substrates, as explained in the biogenic isoprene rule [3-
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4], is the key to successfully controlling solution-phase conformations and, with that, steering the 

selectivity of such ring-closing events as enzymes can do. This, however, still constitutes a dream for 

organic chemists.  

Currently, the only known pathways for terpene biosynthesis involve two-electron transfer and cation-

π mechanisms. However, single-electron transfer (SET) reactions are also feasible with excellent 

diastereoselectivity, as demonstrated by Breslow et al. in the 1960s.[10-11] The limited examples of 

radical terpene cyclizations to date have primarily depended on transition metals, such as Ti(III) or 

Ti(III)/Mn, which are often required in stoichiometric amounts.[12] Seminal studies by Demuth[13-20] have 

shown that radical polyene cyclizations can be initiated through photochemically induced electron 

transfer (PET, Figure 1a).[21-22] In this process, the radical cation 3 generated from the photochemical 

oxidation of alkene 1 leads to a radical cyclization cascade and nucleophile addition (here MeOH) to 

the cation (Figure 1a). The transformation is concluded by reduction and protonation or by HAT from 

a suitable H-donor. Nonetheless, these transformations need high or often stoichiometric amounts of 

a photochemically active electron-acceptor system, such as N-methyl quinolinium salt (2)/biphenyl, 

UV light irradiation, and struggle with low yields and selectivities, together with a limited substrate 

scope. 

In 2015, Zhang, Luo, and co-workers[23] converted trien-ols 5 to the corresponding cyclohexyl products 

7 (Figure 1b) by applying the xanthene dye eosin Y (6) as photocatalyst and illumination with green 

light. The reaction proceeded only in high yields and diastereoselectivities when 1,1,1,3,3,3-

hexafluoro-isopropanol (HFIP) was used as the solvent. Fluorinated alcohols, such as HFIP and 

perfluoro-tert-butanol (PFTB), proved superior for ionic polyene cyclizations. They form dynamic, 

catalytically active F-alcohol-Lewis base clusters in situ that mimic the intrinsic properties of terpene 

cyclases, facilitating selective head-to-tail cyclizations of structurally different linear polyenes.[24-27]  

The mechanism of the eosin-catalyzed[28] terpene cyclization has triggered a controversial debate 

among the scientific community.[29-30] The authors claim that the reaction proceeds via a PET 

mechanism in analogy to the photoinduced cyclizations reported Demuth et al. (Figure 1a).[13-22, 31-33] 

However, for the eosin Y-catalyzed transformations, no trapping of the elusive carbocation by 

nucleophilic addition or deprotonation, giving rise to the alkene products (not shown), was observable. 

In addition, the proposed direct photochemical oxidation of the alkene moiety by neither the singlet 

nor the triplet state of eosin Y (6)  is possible when comparing the redox potential of EH2
* 

(𝐸𝑟𝑒𝑑 
𝑆 (S1EH2

*/EH2
•) = 1.23 V vs. SCE); 𝐸𝑟𝑒𝑑 

𝑇 (T1EH2
*/EH2

•) = 0.83 V vs. SCE)[34] and that of trisubstituted 

alkenes (EOx (sub•+/sub) = ca. 2V,[35] even when considering an increased redox potential in HFIP as 

proposed by Luo and Zhang (Figure 1b). An acid-mediated, ionic cyclization mechanism seems more 

consistent with the observation that the transformation leading to products 7 exhibiting the same 

stereo- and regioselectivity as in acid-mediated cyclizations.[26, 36-38] In this context, photocatalytic 

oxidation of the phenol followed by protonation of the alkene moiety in 5 by the highly acidic phenol 

radical cation [pKa(PhOH•+) = −8.13][39] was discussed by  Nicewicz and co-workers.[29] Another possible 

mechanistic scenario might be that photocatalyst 6 acts as a photoacid,[40-41] facilitating protonation of 

the terminal alkene in 6 in the excited state, thus starting the proton-induced cyclization to 7. Direct 

protonation of the alkene moiety in 5 by ground-state eosin Y (6, pKa 2.0 and 3.8) or HFIP (pKa 9.4)[42-

43] can be ruled out as neither 6 nor HFIP is acidic enough to protonate terminal alkenes. 
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Figure 1. Photocatalytic Polyene Cyclizations. 

 

Establishing photocatalytic radical terpene cyclizations as a versatile, mild, and selective alternative 

with orthogonal chemoselectivity to the extensively studied ionic transformations is highly desirable. 

Shedding light on the mechanistic scenario, particularly on the role of eosin Y (6) in this transformation, 

is necessary for rational and straightforward method development addressing a broad substrate and 

reaction scope in the future. Herein, we report on a new reaction mode of eosin Y (6) in photoredox 

reactions.   

We started our investigations by re-evaluating the reaction conditions that led to the photocatalytic 

terpene formation in HFIP using eosin Y (6) as the catalyst. Thereby, it turned out that by changing 

from green to blue (455 nm) light, the reaction was more efficient, and even substrates devoid of 

electron-rich aromatic substituents, such as homogeranyl benzene (8a), can be converted (Scheme 1 

and SI). The corresponding cyclic product 9a was obtained in 50% yield and perfect diastereoselectivity 

(d.r. > 95:5). Protonation-induced polyene cyclizations previously reported by the Gulder group[25-27] 

showed a better outcome when PTFB was used as the solvent. In the photocatalytic transformation, 

however, the yield dropped significantly to 23%, but in a 50:50 mixture of HFIP:PTFB, the polyene 

cyclization was achieved in 74% with excellent diastereoselectivities (d.r. > 95:5). We exposed various 

acyclic substrates 8 to these conditions. The polyene cyclization proceeded smoothly in all cases. It 

chemoselectively gave (poly) cyclic products 9 with excellent diastereomeric ratios of up to >95:5 

(Scheme 1), regardless of whether electron-donating or -withdrawing substituents are present. 

Although control experiments (no light, no photocatalyst) suggested that the polyene cyclization is a 

photocatalytic process, the chemo- and regioselectivity gave only products 9 that can also arise from 

an ionic protonation-induced ring-closing event.[26] For example, the formation of cyclopentane 

derivatives and the conversion of substrates typical for radical cyclizations were not observed. The 

addressable substrate scope also rules out that phenol oxidation can solely trigger the reaction.  
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Scheme 1. Substrate Scope of the Eosin Y (6)-Catalyzed Polyene Cyclizations in HFIP:PTFB. 

 

The xanthene dye 6 was crucial in all transformations. Other photocatalysts, especially those acting 

preferably via hydrogen atom transfer (HAT), did not yield 9a). Exchanging the bromine substituents 

in 6 with other halogen atoms (F and Cl) or hydrogen also led to a significant decrease in yield. 

Employing the iodo analog erythrosine B as photocatalyst, the catalyst and product 9a were 

significantly degraded, giving the terpene 9a in poor 32% isolated yield. This behavior could be 

explained by the fact that the reaction only proceeds through the longer-lived triplet excited state of 

6. Additionally, no fluorescence quenching of 6 by adding homogeranyl benzene (8a) was detectable, 

further corroborating this hypothesis.  

In the next step, we looked closer at the photocatalyst eosin Y (6), particularly its properties in the 

microstructured F-alcohol environment. Eosin Y (6) can exist as several protolytic species, ranging from 

the cationic EH3
+ to the dianionic E2-

, depending on the acidity or basicity of the medium. Each of these 

protonation states displays different chemical and photophysical properties.[44-45] [28] The neutral EH2 

exists in a tautomeric equilibrium of the spirocyclic lactone EH2-lactone 6a (closed form) and the 

carboxylic acid EH2 6b (open form; Figure 2a).[44, 46] The lactone 6a is colorless, absorbing only UV light, 

while the carboxylic acid 6a is colored orange (Figure 2b), absorbing near 480 nm (Figure 4b).[44] [47]  

In this study, we focused on the neutral EH2 species 6 in a moderately acidic mixture of HFIP (pKa = 

9.4) and PFTB (pKa = 5.4), confirmed qualitatively (Figure 2b) and quantitatively by the UV-vis 

absorption spectrum of 6 in HFIP, which shows only EH2, with no color change observed throughout 

the reaction (Figure 2c and 4b). NMR and UV-Vis titration experiments showed a strong interaction of 

the Lewis acid HFIP and the photocatalyst 6. Adding HFIP to an eosin Y-dichloromethane (DCM) 

solution led to increased acidity of the mixture, accompanied by a bathochromic shift and an enhanced 

UV/Vis absorption between 350 nm and 550 nm (Figure 2c). This observation suggests that HFIP 

interacts with 6 most likely via hydrogen bonding, stabilizing the photoactive tautomer 6b.[48] 

https://doi.org/10.26434/chemrxiv-2025-hx8h0 ORCID: https://orcid.org/0000-0003-4870-2266 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2025-hx8h0
https://orcid.org/0000-0003-4870-2266
https://creativecommons.org/licenses/by/4.0/


 

Figure 2. a) Equilibrium of the lactone 6a (closed form) and the carboxylic acid 6b (open form) for the neutral 

protolytic species EH2. b) eosin Y (6) EH2 in HFIP:PFTB (50:50). c)  Increasing UV/Vis absorption due to stabilization 

of the open form 6b of eosin Y upon addition of HFIP.  

 

We conducted a computational study to understand why the open, carboxylic form 6b is presumably 

more prevalent than the lactone form 6a. Quantum mechanical calculations employing a continuum 

solvation model indicate that the closed form is energetically favored, with the open form being 26 

kJ/mol higher in free energy. This holds despite 6b exhibiting a larger solvation free energy, as 

predicted by the PCM model, due to its increased solvent-accessible surface area. This prediction 

suggests that the open form 6b would not be prevalent under ambient conditions, contradicting 

experimental observations. However, it is well-established that HFIP can form powerful hydrogen 

bonds.[25-27, 43, 49-51] Therefore, these computational results are unsurprising, considering the limitations 

of the solvent model used. Specifically, continuum models represent only average bulk solvent effects 

and neglect explicit interactions between eosin Y (6) and solvent molecules.[52] This highlights the 

critical role of specific hydrogen bonding networks in determining the experimentally observed 

preference for the open form 6b.  

Hydrogen bonds between the HFIP molecules and 6 were analyzed over the 5-ns trajectory. Although 

the number of accessible hydrogen bond sites on eosin is identical in both the open and closed forms 

(see Fig. 3a), notable differences emerge. On average, the lactone 6a has approximately one fewer 

hydrogen bond with HFIP than 6b. This difference likely arises from the increased flexibility of the 

carboxyl group in 6b, which enhances its steric accessibility. Concurrently, the HFIP–HFIP hydrogen 

bond network is slightly perturbed in the presence of the open eosin 6a, as some HFIP molecules are 

redirected to interact with eosin instead (Figure 3b). This suggests that hydrogen bonding with 6 is 

energetically and entropically preferred over maintaining the HFIP network. Additionally, atom-wise 

radial distribution functions between 6 and HFIP (Figure 3c) further highlight the local structure of 

these interactions. In the open form, the O(2)–H group is readily accessible. It acts as a hydrogen bond 

donor, whereas in the closed form, the ester O(2) is sterically shielded and does not engage in close 

interactions. This structural difference favors a solvation pattern where HFIP molecules preferentially 

form hydrogen bonds with the O(2)–H of the open form 6b (see Fig. 3a, right panel). Although the two 

neighboring HFIPs in this configuration do not fulfill the strict geometric criteria for hydrogen bonding, 
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their close proximity indicates the presence of interactions in the observed solvation pattern. These 

looser interactions help stabilize the disrupted HFIP network, further supporting the preferential 

formation of hydrogen bonds between the open eosin 6b and HFIP molecules. This result was further 

corroborated by applying variations of eosin Y (6) with progressively removed O-H bonds in the form 

of eosin Y methyl ester, dimethyl eosin Y, and eosin Y sodium salts, which were ineffective in the 

terpene cyclization of 8a, highlighting the importance of acidic protons for the cyclization event.  

To quantify these interactions, we computed interaction energies at the quantum-chemical level using 

microsolvated clusters extracted from classical MD simulations. Figure 3d (left panel) shows that the 

electronic energy differences obtained with a continuum solvation model (PCM) cannot explain the 

observed preference for 6b. In contrast, the explicitly computed interaction energies reveal an inverted 

trend, favoring the open form 6b, likely due to its ability to form more hydrogen bonds. On a 

Boltzmann-weighted average, the open eosin Y (6b) has a stabilizing interaction energy of 103 kJ/mol 

higher than the spirocyclic form 6a. This indicates that the solvation structure, particularly the 

formation of specific hydrogen bonds, plays a decisive role in stabilizing the open form 6b of eosin Y 

over the closed one. This explains the experimentally observed trend.  

 

Figure 3. a) Scheme of intramolecular inversion of the Eosin Y with labeling of potential hydrogen bond donors 
and acceptors. b) Left panel: Average number of hydrogen bonds and number of unique donor–acceptor pairs, 
i.e., no triples, with a donor-acceptor distance dXY below 3.5 Å between eosin Y (6, EH) and HFIP molecules. Right 
panel: Average number of hydrogen bonds and unique pairs within the HFIP network. All results are averaged 
over a 5 ns NVT simulation. The criterion for a hydrogen bond is a donor-acceptor distance dXY below 3.5 Å and 
a maximum angle deviation of 30°. Error bars represent the standard deviation from block averaging over 10 
blocks across the full trajectory. c) Left panel: pairwise radial distribution functions g(r) between the labelled 
oxygen atoms (solid line) of the open (green, 6b) and closed (orange, 6a) eosin Y and the respective hydrogens 
(dotted line) if bound to an oxygen from MD simulations. The distance r is taken from the center of mass of the 
Eosin. Right Panel: characteristic hydrogen bonding pattern between O(1), O(2), and two HFIP molecules. Hydrogen 
bonds are displayed with a red dashed line, and the interaction between the HFIP molecules is shown with a 
green dashed line. d) Solvation and interaction energies from quantum-chemical calculations. Left panel: 
electronic energies of open 6b and closed 6a eosin Y using PCM. Right panel: interaction energies for 10 different 
clusters (grey) and the Boltzmann-weighted average for the open and closed Eosin Y. The Boltzmann weights are 
the total energies from the full MD snapshots. The clusters were extracted from classical MD simulations with a 
cutoff of 7 Å from the eosin to the OH group of the HFIP molecules to include all relevant hydrogen bonds. The 
exact definition of the interaction can be found in the SI. 

   

    

  

  

 

 

  

    

  

  

 

  

   

  

   

       

             

   

   

   

   

   

   

   

   

   

   

    

    

                      

 

 

 

 

    

    

    

    

       

https://doi.org/10.26434/chemrxiv-2025-hx8h0 ORCID: https://orcid.org/0000-0003-4870-2266 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2025-hx8h0
https://orcid.org/0000-0003-4870-2266
https://creativecommons.org/licenses/by/4.0/


 

Encouraged by the unprecedented behavior of eosin Y (6) in the fluorinated alcohol environment, we 

further investigated the photophysical and photochemical properties of EH2 in a solvent mixture of 

HFIP/PFTB (50/50 v%) utilizing fluorescence and UV-vis absorption spectroscopy. When excited with 

an appropriate light source, EH2 (6) exhibits a weak orange fluorescence peaking at 550 nm (see Figure 

4d). Using an integration sphere, the fluorescence quantum yield was determined to be Φ𝑓𝑙  = 1 % 

(equivalent to a rate constant of kfl = 1 ∙ 108 s-1). In the fluorinated alcohol mixture, we determined the 

fluorescence lifetime to be τ𝑓𝑙  = 0.1 ns. This is noticeably shorter than the fluorescence lifetime τ𝑓𝑙  = 

1.1 ns, 1.4 ns we found in toluene and dichloromethane, respectively. Since the lifetime of the excited 

singlet S1 state is in the sub-ns regime, we next carried out transient absorption (TA) spectroscopy with 

sub-ps time resolution based on ultrafast pump-probe spectroscopy (Figure 4a). This again confirmed 

the lifetime of the S1 state to be τ𝑓𝑙  = 0.1 ns. The S1 state is characterized by an excited state absorption 

ESA at 360 nm, a ground state bleach GSB at 480 nm, and stimulated emission (SE) in the red spectral 

region (530-650 nm). The S1 state then decays into a non-fluorescent excited state, which shows a 

characteristic broad positive absorption change at >537 nm. We assign this to triplet-triplet absorption 

and, therefore, the non-fluorescent state to the triplet T1 (see Scheme 2, ISC). We estimate the 

intersystem crossing efficiency to be approximately Φ𝐼𝑆𝐶 = 60 % (equivalent to a rate constant of kISC 

= 6 ∙ 109  s-1). The T1 state is significantly longer-lived than the 6 ns time window of the sub-ps TA. 

Consequently, we extended the TA measurement window to the µs regime, now using streak camera-

based detection (see Figure 4Figure b). The T1 state decays in tens of microseconds and is very 

efficiently quenched by atmospheric oxygen, which is typical for triplet states (see Figure 4e).[53] 

 

Figure 4. a) sub-ps TA spectra of EH2 6 in HFIP/PFTB (excitation wavelength 530 nm). b) µs-TA of EH2 6 in 
HFIP/PFTB (excitation wavelength 440 nm). c) ms-TA of EH2 6 in HFIP/PFTB (excitation wavelength 440 nm). d) 
Absorption coefficient (blue line) and emission spectrum (orange line, excitation wavelength 481 nm) of EH2 6 in 
HFIP/PFTB. e) Triplet decay of EH2 6 monitored by the triplet-triplet absorption above 537 nm without (red line) 
and with (orange line) atmospheric oxygen present. f) Absorption peaks of EH3

• and EH• extracted from the ms-
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TA measurement of EH2 6 in HFIP/PFTB (black line) compared to the absorption spectrum of EH3
• in 

tetrahydrofuran (THF).[54] (blue line) and absorption spectrum of EH• produced by HAT from EH2 to tert-butyl 
alkoxy radical (orange line). ESA: excited state absorption, GSB: ground state bleach, SE: stimulated emission, 
Trip.: triplet-triplet absorption. 

 

While the spectral features of the T1-state decay, two new positive bands at 360 nm and 460 nm 

appear, which rise at the same rate. These features persist for over 1 ms but eventually decay (see 

Figure c). The absorption at 360 nm was assigned to the EH3
• radical (see Figure 4f), which is formed 

when 6 abstracts a hydrogen atom from another molecule by Fan et al.[54] Since there are no other 

molecules present except the fluorinated alcohol solvent molecules, which are not prone to undergo 

HAT, we reasoned that the absorption at 460 nm must correspond to the EH• radical (see Figure 4Figure 

f), which is formed when a hydrogen atom is abstracted from EH2 (see Scheme 2). The exact same 

absorption at 460 nm was observed when tBu2O2 was added to 6 (see Figure 4f and SI). Here, 

photocleavage of the peroxide gave the corresponding hydrogen atom, abstracting the alkoxy radical 

that can undergo HAT with EH2 and produce EH•.[55-57] The absorptions corresponding to the two 

radicals EH3
• and EH• decay with the same rate,  forming EH2 again in the S0 ground state by 

recombination of  EH3
• and EH• (see Scheme 2). In toluene, the lifetime of EH• was significantly shorter 

than that of EH3
•, as EH• can abstract a hydrogen atom from the benzylic position of toluene, thus 

rebuilding EH2. When EH• was entirely consumed, the EH3
• decay plateaued, lacking a recombination 

partner. Changing the solvent to α,α,α-trifluorotoluene, formation of EH2 was again possible only by 

recombinining the two radical species, which resulted in both radicals EH3
• and EH• decaying at the 

same rate. 

EH3
• and EH• formation can occur by HAT of two eosin Y (6) molecules in the T1 state or by one EH2 6 

in the T1 and one in the S0 ground state. Therefore, we conducted the TA experiments using different 

pump powers and different concentrations of EH2. Reducing the pump power from 6 mJ to 1 mJ led to 

an approximate halving of the transient concentration of T1. The T1 decay rate remained unchanged, 

as observed by the decay of the triplet-triplet absorption above 537 nm (see Figure 5a). With increasing 

concentration of EH2 6, the T1 decay accelerated (see Figure 5b), showing that the HAT occurs between 

a T1 EH2 and a S0 EH2 (see Scheme 2).  

 

Figure 5. Triplet decay of EH2 6, monitored by the triplet-triplet absorption above 537 nm, was recorded a) with 
1 mJ and 6 mJ pump power, resulting in different transient concentrations of the T1 state, b) at different ground-
state concentrations of EH2 6, and c) with different concentrations of 8a. 

 

Finally, we added different concentrations of substrate 8a to the EH2 6 solution (see Figure  5c and 6). 

In the experiments only employing EH2 6, the eosin Y solution was reasonably stable under irradiation 
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by ambient light or the used pump sources. However, when adding 8a to the solution, 6 decomposed 

when exposed to light. Increasing the concentration of the added 8a also increased the decomposition. 

No homogeranyl benzene (8a) interaction with the T1 state of 6 was observed, as the decay rate of the 

T1 state of 6 remained unchanged (see Figure 5c). The decay rates of the absorptions associated with 

the radicals EH3
• (360 nm) and EH• (460 nm), however, were affected (see Figure 6). Similar to the 

experiment conducted in toluene, the consumption of EH• sped up by increasing amounts of 8a added 

(Figure Figure 6d). In contrast, the decay rate of EH3
• slowed down upon adding 8a (Figure 6c) because 

of the competing reaction with 8a. This observation concludes that the in-situ formed EH• is the 

reactive species starting the polyene cyclizations by reacting with alkenes 8.  

When observing the signal intensity at 360 nm, which corresponds to the absorption of EH3
•, it is noted 

that at 3.5 to 4 ms, the signal converges to about 40% of its initial intensity as the concentration of 

compound 1 increases (see the inset in Figure 6c). If EH3
• were solely consumed through recombination 

with EH•, we would expect the intensity to converge at 100% for high concentrations of 8a. Therefore, 

we propose that a second reaction, possibly involving an intermediate in the cyclization of 8a, may also 

take place, consuming EH3
•. Numerical simulations of this kinetic model, using various concentrations 

of 8a, confirmed that the transient concentrations of EH3
• converge at longer time delays. 

 

Figure 6. ms-TA of EH2 6 in HFIP/PFTB (excitation wavelength 440 nm): a) without 8a and b) with 5 mM 8a 
present. c) Averaged and normalized transients of the signal at 347-370 nm associated with the absorption of 
EH3

• with different concentrations 8a (from light to dark blue: 0, 0.5, 2.75, 5 mM) present. Inset: Average signal 
at 3.5 - 4 ps (blue dots) and quadratic spline (blue line). d) Averaged and normalized signal transient at 450-473 
nm associated with the absorption of EH3

• with different concentrations of 8a present. 

This study presents a comprehensive investigation into the photocatalytic behavior of eosin Y (6) in 

fluorinated alcohol environments. By employing a 1:1 mixture of HFIP and PFTB, we demonstrate that 

the neutral form of eosin Y (6, EH₂) undergoes efficient intersystem crossing to its triplet state, which 

subsequently engages in hydrogen atom transfer (HAT) with ground-state EH₂ (Scheme 2). This process 
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generates two distinct radical species, EH• and EH₃•
, that either recombine or productively react with 

polyene substrates 8. In this reaction sequence, the radical EH• was identified as the key reactive 

species starting the cyclization of terpene substrates 8, while EH₃• may participate in subsequent steps. 

The fluorinated alcohol network played a crucial role in this transformation, as no reaction can be 

witnessed in other solvents. Mechanistic studies, including spectroscopy and quantum chemical 

calculations, revealed a distinct hydrogen-bonding network of the photocatalyst 6 and HFIP/PFTB 

stabilizing the visible light photoactive, open carboxylic acid form of EH₂ (6b), despite being 

thermodynamically less favored in the absence of explicit solvation.  

 

Scheme 2. Eosin Y (6) disproportionation mechanism occurs after the excitation of EH2 in HFIP/PFTB, 

which is the key step in initiating polyene cyclizations. 

 

In conclusion, our findings establish a novel mechanistic paradigm for eosin Y-catalyzed photochemical 

transformations, wherein the photocatalyst undergoes self-disproportionation via HAT to generate 

two reactive radical species. This dual-radical generation from a single photocatalyst molecule 

introduces a new dimension to photoredox catalysis. The unique solvation effects of fluorinated 

alcohols stabilize the photoactive form of eosin Y and facilitate the desired reactivity through hydrogen 

bonding networks. 

This work clarifies the long-debated mechanism of eosin Y-mediated cyclizations and opens avenues 

for the rational design of new photocatalytic systems leveraging similar disproportionation strategies. 

Future efforts will focus on expanding the substrate and reaction scope to be addressed by this 

reaction mechanism, aiming to expand the synthetic toolbox to new and sustainable transformations. 
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