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Oxygen-containing heterocycles are widely represented among 
natural and bioactive substances.1,2 A special place among them 
is occupied by 2,3-benzofurans which also exhibit various 
biological activities,3,4 for example, anti-inflammatory,5,6 anti-
cancer,7 antifungal,8 antibacterial,9 and others10–12 (see examples 
in Figure 1). On the other hand, the introduction of fluorine 
atoms into a molecule often helps to increase its activity by 
improving bioavailability.13,14 In this regard, up to 20% of 
modern medicines contain fluorine atoms, and therefore the 
creation of new methods for synthesizing fluorinated compounds 
is of considerable interest.

In our previous work we discovered interesting photo-
transformations of 2-(2-formylphenoxy)acetic acid into 
hydroxychromanones and benzofuranones.15 In this work 
(Scheme 1), we decided to study the phototransformations of 
analogous trifluoroacetyl derivatives 2 of phenoxyacetic acid 
available from 2-(trifluoroacetyl)phenols 1. For this purpose, we 
subjected the initial compound 2a to 365 nm irradiation. As a 
solvent, similarly to previous works,15,16 we used DMSO since it 
provided the greatest effectiveness for the phototransformations. 
We found herein that the photoconversion resulted in the 
formation of a single pure product lacking carboxy-group. Mass 
spectrometry data also indicated the elimination of CO2 during 
the reaction. A more detailed analysis showed that the 
photoconversion resulted in the formation of compound  3a 
having a benzofuranol ring with a 3-positioned trifluoromethyl 
group. A similar photoconversion was previously observed for 

aldehyde derivatives, but the yields of the products were low.15,17 
Since the reaction yield was close to quantitative, no further 
optimization of the conditions was performed.

Next, we synthesized a series of starting compounds 2a–f and 
briefly studied the reaction scope (see Scheme 1). Using the 
proposed approach, six new compounds 3a–f were synthesized. 
In all cases, the reaction provided a very high yield, close to 
quantitative, and no column chromatography was needed for the 
purification of the products. The structure of the obtained 
compounds was additionally confirmed by heteronuclear 
2D NMR spectroscopy of derivative 3a (Figure 2).

Finally, we performed a brief investigation of the reaction 
mechanism. We showed that the addition of radical quencher 
(TEMPO or BHT, see Online Supplementary Materials for 
details) had negligible effect on the reaction rate, suggesting the 
absence of long-lived radical intermediates and supporting an 
intramolecular pathway. Based on our previous observations,15,16 
the phototransformation could occur via hydrogen atom transfer 
(HAT) to the excited carbonyl group (bi-radical species  i1 
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Figure  1  Biologically active 2,3-dihydrobenzofurans.
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Figure  2  Study of compound 3a by heteronuclear NMR spectroscopy. 
Chemical shifts of 1H (red), 13C (blue) are given, the most important spin–
spin interactions are marked with arrows.
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Scheme  1  Reagents and conditions: i, BrCH2CO2Et, K2CO3, DMF, 80 °C; 
ii, H2O, AcOH, H2SO4, ∆; iii, LED 365 nm, DMSO, 6 h.
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formed after photoexcitation, Figure 3). The more preferable 
1,6-HAT (path 1) involving the methylene fragment should lead 
to 2,3-dihydrobenzofuran-2-carboxylic acids i3 via bi-radical i2. 
However, the decarboxylation of these products remains unclear, 
as they may exhibit significant stability. Moreover, such 
intermediates were never detected, and the D2O addition did 
not lead to the formation of a product 3 with deuterium 
incorporated into the methylene fragment (see Online 
Supplementary Materials for details). An alternative route via 
1,8-HAT (path 2) from the carboxylic group, followed by excited 
state decarboxylation of i4, could form the products via bi-
radical i5. Nevertheless, this pathway is likely hindered by 
the increased C(O)O–H bond dissociation energy18 despite 
literature precedents for 1,8-HAT.19 A more plausible mechanism 
(path 3) involves photoinduced single-electron transfer (SET)20 
followed by proton migration. Trifluoroacetyl derivatives are 
well-established as efficient electron acceptors in SET 
processes,21 while carboxy groups can act as electron donors.22 
This sequential transformation generates the same radical 
intermediate i4 as in the 1,8-HAT pathway, which subsequently 
undergoes CO2 elimination and cyclization to yield the final 
product 3.

To summarize, we have developed a simple and effective 
synthesis of 3-trifluoromethyl-2,3-dihydrobenzofuran-3-ols 
from the corresponding 2-[2-(trifluoroacetyl)phenoxy]acetic 
acids by the action of 365 nm irradiation. The reaction proceeds 
with a virtually quantitative yield and does not require the 
utilization of additional reagents and catalysts.

This work was supported by The Russian Science Foundation 
(grant no. 25-13-00043).

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi: 10.71267/mencom.7842.
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Figure  3  Proposed reaction mechanisms.

https://doi.org/10.1016/bs.aihch.2016.03.002
https://doi.org/10.1021/acs.jmedchem
https://doi.org/10.1002/chir.1067
https://doi.org/10.1039/C8NP00072G
http://doi.org/10.1002/ASIA.201000209
https://doi.org/10.1021/np200343t
https://doi.org/10.1248/cpb.43.893
https://doi.org/10.7164/antibiotics.54.890
https://doi.org/10.1016/j.jep
https://doi.org/10.1021/ja102623j
https://doi.org/
https://doi.org/10.1023/B
https://doi.org/10.1021/acsomega.0c00830
https://doi.org/10.1021/acsomega.0c00830
https://doi.org/
https://doi.org/
https://doi.org/10.1039/D3OB01520C
https://doi.org/
https://doi.org/10.1055/s-0037-1610329
https://doi.org/10.1055/s-0037-1610329
https://doi.org/10.1002/chem.201403951
https://doi.org/10.1016/j.checat.2021.04.008
https://doi.org/
https://doi.org/10.1021/ol9019277

