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Electrosynthesis of dimeric butenolides
by C-C-homocoupling in the oxidation
of 2,4-diarylfurans under aqueous conditions

Belen Batanero,’>* Noemi Salardon,’ Elena Prieto-Garcés,’ Lorena Herrera,! Soufyane Er-Ryhy,’
M. Teresa Quirds,! Natalia Gémez-Casanova,” Irene Heredero-Bermejo,” and José Luis Copa-Patifio?

SUMMARY

Fast and efficient galvanostatic conversion of 2,4-diarylfurans into dimeric furan-2(5H)-ones is now
possible in one pot and good yields at room temperature in sustainable aqueous organic solvent. Recent
applications of these highly desired structures demand our attention since they are a versatile alternative
to acrylates in polymerization to achieve green materials. The reaction mechanism proposal, supported by
density functional theory (DFT) theoretical calculations, involves furanoxy radicals, detected by electron
paramagnetic resonance (EPR), as the last intermediate before a homocoupling step that affords buteno-
lides. The process can be successfully extended to an array of electron-donating and electron-withdrawing
substituents on the aromatic ring. The proposed pathways to explain the formation of the products are
rationalized and discussed. A concomitant oxidation of water to hydroxyl radicals is not discarded, partic-
ularly with electron-withdrawing substituents at the aromatic ring. In addition, the biological activity as
biocides of the obtained compounds was tested, and they showed promising activity against Staphylo-
coccus aureus.

INTRODUCTION

Furan-2(5H)-ones (o, B-butenolide core moieties) are important building blocks in organic chemistry that are present in many natural products
and show potent bioactivity. These molecules have been evaluated for their use as anti-inflammatories,’ in cancer therapeutics” or as anti-
fungal agents™* among others. Particularly, 5-aryl-y-lactones are considered a kind of “chemical defense” as they have been collected
from microorganisms grown in harsh environments.”

However, recent consideration is being focused® on increasing the applications of furan-2(5H)-ones (o, B-unsaturated five-membered cyclic
esters). These structures are finding uses as potential monomers (by structural similarity with acrylates) to access green materials’® able to
replace the oil-derived polymers used in plastics, adhesives, resins, or paints. A subclass of 5-acyloxybutenolides has just been described”
to enhance the reactivity of 5-alkoxy and unsubstituted butenolides toward radical copolymerization, making them a versatile bio-based alter-
native for acrylates in coating compositions. Besides, y-butenolides are important synthetic precursors of y-butyrolactones by conjugate
reduction processes.'” The latter being highly useful and versatile starting materials to synthesize physiological and therapeutical target mol-
ecules such as pilocarpine or arctigenin.'’

Although the butenolide scaffold is ubiquitous in nature, the development of new chemical transformations that simplify the synthesis of
valuable building blocks is a challenging task in organic chemistry. For that reason, synthetic approaches to butenolides have been re-
viewed, > many of them involving enantioselective methodologies for the total synthesis of pharmaceutically active molecules. The synthesis
of y-methylenebutenolides has just been accomplished through an indium-promoted lactonization of (indol-3-yl)-2-oxoacetaldehydes, ' or
by palladium-catalyzed cyclocarbonylation of aryl halides with acetylenes.'* B-Arylbutenolides, which are synthetic intermediates for obtain-
ing complex compounds such as rubrolides,'® are prepared using tetronic acids in a reaction mediated by BF3.OMe,'® or via a regioselective
Pd-catalyzed reaction with aryl(trialkyl)stannanes."” The a,y-diphenylbutenolide was obtained in 1965 by Volger et al.'® after oxidation of dyp-
none (1,3-diphenyl-2-buten-1-one) by oxygen in a reaction catalyzed by cupric-amine complexes in an alkaline methanolic solution. Later, the
a,y-diphenylbutenolide structure was photochemically transformed into the bis-lactone 4,4'-bis(2,4-diphenylbut-2-en-4-olide) by Gopidas
et al.'"” in low yield and through a mechanism involving fluorescent furanoxy radicals.”’

The use of furans as starting molecules to get monomeric butenolides was achieved by the photo-oxygenation of a-unsubstituted furans
by singlet oxygen providing 5-hydroxy-furan-2(5H)-ones”' (Figure 1) and involving a furan endoperoxide intermediate. This reaction was faster
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Figure 1. Butenolides prepared from furan ring as starting material

in the presence of a sensitizer.”>”> More recently, iron(ll)-mediated radical fragmentation of furans in the presence of Cu(OAc), has been re-
ported.”* Furthermore, H,O, oxidation of furfural, obtained in large scale from biomass, afforded 2(5H)-furanone® in 71% yield after 24 h of
vigorous stirring in aqueous acetic acid. In addition, Torii et al. described the anodic oxidation of 5-alkyl-2-furoic acids in acetic acid-methanol,
to afford 5-alkyl-5-methoxy-butenolides as the major products after initial formation of the corresponding 2,5-dimethoxy-dihydrofuran
intermediates.”®

Some of the many advantages that electrochemistry provides as a sustainable”’ tool in organic synthesis is the possibility of synthesizing
organic frameworks through C—C bond formation, via the activation of the substrate by electron transfer at normal pressures and temper-
atures, avoiding the need for the classic thermal activation. Anodic C-C homocoupling reactions have been achieved in a one-pot procedure
since Weinberg pioneering description of aromatic dehydrodimerization,”®? Kolbe dimerization-decarboxylation,***? or Dryhurst dimeriza-
tion of nitrogenated heterocycles™ at the anode. Many recent synthetic applications of such processes are still being published, such as the
electrolysis of medium chain carboxylic acids to get fuels at technical scale® or the efficient electrosynthesis and doping of polycyclic aromatic
hydrocarbon semiconductor films.*

Furans have never been oxidized at the electrode with the aim of transforming them into bis-butenolides through C-C bond formation
(homocoupling). Now, this oxidation reaction is described in a single-step electrochemical process, and further insights to the mechanism
proposal are given. In addition, the in vitro antibacterial activity of these products against Staphylococcus aureus has been confirmed.
The practical utility of our transformation could be applied to other -excedent oxygenated heterocyclic substrates, such as the oxazole
ring which, through this homocoupling reaction, could quickly and sustainably be converted into products with high added value.

RESULTS AND DISCUSSION

Anodic preparation of butenolides

Dimeric 3,5-diarylfuran-2(5H)-ones 2(a-l) have been easily prepared in one-pot and good yield from their parent 2,4-diarylfurans 1(a-l) via
anodic oxidation in acetonitrile/water or dimethylformamide (DMF)/water mixtures and NaClO, as solvent-supporting electrolyte system
(SSE) under both, constant current (galvanostatic) or constant potential (potentiostatic) conditions. The nature of SSE clearly determined
the structure and distribution of obtained products, being the amount of water of decisive importance to avoid the formation of oligomers®
(Scheme S1) at the expense of butenolides 2. However, an excess of water could also result in undesired overoxidation products. Figure 2
shows the cyclic voltammetry of 1a in dry acetonitrile and the effect on it of water addition (10%) to the SSE solution.

Anodic oxidation of electron rich five membered heterocycles, pyrrole®” or thiophene® has been largely studied to get, after being depos-
ited, conducting polymers or polythiophenes with interesting optoelectronic properties, respectively. However, polyfurans have scarcely
been explored® due to their difficult polymerization and low stability after exposure to oxygen and light. Nevertheless, the electrochemical
oxidation of alternating benzene-furan triarylated oligomers*” was studied under aprotic conditions.

In this context, our research group described in 2021 the anodic oligomerization of 2,4-diphenyfuran (1a)*® when oxidized using dry aceto-
nitrile-LiClOy4 as SSE. The behavior of 1a was similar to that already observed in other five membered heterocycles.
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Figure 2. Cyclic voltammetry of 2,4-diphenylfuran (1a) in dry acetonitrile (red curve) or in acetonitrile-H,O (10:1) mixture (blue curve)/LiClO4 (0.1 M) as
SSE, at Pt/Pt as working and auxiliary electrodes and Ag/Ag* (sat) as reference electrode
Scan rate: 100 mV/s.

Now, when this electrolysis is conducted in the presence of a 20% of water, the reaction evolves to dimeric butenolides 2 in a good yield.
These products have a fairly low solubility in the electrolysis medium which, in many cases, permits their easy isolation by filtration as the only
elaboration process, allowing, at the same time, their separation from the reaction side products.

The experimental conditions of this anodic conversion were optimized using 1a as model substrate and modifying the type of reactor
(with/without separation of electrolytic compartments), the solvent (acetonitrile or DMF), the water content, the electrolyte, the temperature,
the anode material, and the use of a constant current (10, 30, and 50 mA) or a constant potential (+1.3V vs. Ag/Ag*) conditions. The results are
summarized in Table 1.

When preparative-scale oxidation was performed in the absence of water or with only a 5% of water in the SSE (entries 1 and 2in Table 1),
the oligomerization was the main process, as expected considering that water is the source of oxygen in the dimeric butenolide. A water con-
tent of 20% (ACN/H,0 (40:10), entry 3), close to the maximum allowed before 1a precipitates, was favorable to get a 73% yield of dimeric
butenolide 2a (Scheme 1, route 1). The use of undivided cell (entry 4) produced an important decay on the yield of 2a, probably due to in-
termediate species diffusion to the cathode, where they are reduced to undesirable products consuming some starting material. An increase
of the current density to 30 or 50 mA (entry 5) afforded a lower yield of 2a (60 or 53%, respectively). This result is consistent with a larger anodic
discharge of water to hydroxyl radicals which, after 1,4-addition across the diene system of the starting furan, may lead to the anodic formation
of 5-hydroxy-3,5-diphenyl-2(5H)-furanone (3a) as a secondary product (see Scheme 1, route 2).

A constant potential experiment was performed (entry 6) setting a value of +1300 mV (vs. Ag/Ag™). The electrolysis led to a slight decrease
in the yield of 2a, probably due to an increase in the competitive oxidation of water (Figure 2). The use of DMF instead of CH3CN was a good
option with some of the insoluble starting furans. When DMF was used in the oxidation of 1a (entry 7), a good yield was also registered. How-
ever, the use of a mixture CH3CN-MeOH (30:20) (entry 8) gave no trace of the dimeric butenolide. In this case, (2)-methyl 4-ox0-2,4-
diphenylbut-2-enoate was isolated as the main product, which formation might arise from the hydrolysis of 5-methoxybutenolide (Scheme
2). Alower temperature (entry 9) hindered the complete dissolution of the initial furan and therefore decreased the concentration of proposed
furanoxy radicals (i) that should dimerize to lactone 2 on the anode surface (see Scheme 1). The influence of the anode material was studied
(entry 10) by applying the experimental conditions of entry 3 (Table 1) in graphite. As it is well known, carbon centered radicals are easily con-
verted to carbocation intermediates at a graphite anode.*'**” This fact minimizes any possible homocoupling to dimeric butenolide, while
favoring a nucleophilic attack by water or by another furan molecule. In this case, the bis-lactone 2a was not obtained, and the electrolysis
conducted to 3,5-diphenyl-5-(3,5-diphenylfuran-2-yl)-furan-2(5H)-one (4a) (Scheme 1) after the furanoxy radical (i) was subsequently oxidized
to a carbocation that was finally attacked by another molecule of 1a.

The electrolyte effect in the formation of 2 was also analyzed. The use of Et;NBr (entry 11), yielded 2-bromo-3,5-diphenylfuran as the only
product, obtained through a first oxidation of bromide to Br; that afterward is added to the heterocycle. Halide-free electrolyte BuyNBF, was
tested in entry 12, affording 2a in 50% yield and being 3,5-diarylfuran-2(5H)-one and 5-hydroxyfuranone 3a the side products. In this case, the
former compound is suggested to be mainly formed after a hydrogen atom abstraction (from the electrolyte butyl chain) by the furanoxy
radical intermediate (ii).

The electrolysis was definitively optimized by increasing the concentration of 1a, working with twice the equivalents of furan and half the
volume of the previous experiments. Successfully, compound 2a was obtained in 80% yield (entry 13), as expected when a dimerization (ho-
mocoupling) of carbon centered radicals is involved (Scheme 1).

Starting with the almost optimized experimental conditions, the scope of this oxidative dimerization reaction was investigated by incor-
porating different substituents in the benzene ring of the starting 2,4-diarylfurans 1(a-l) (Table 2). Several functionalities, including both elec-
tron-donating and electron-withdrawing groups, were well-accommodated and delivered the corresponding dimeric butenolides 2(a-).
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Table 1. Oxidation of 1a (0.25 mmol) at Pt anode

+- Ph
Ph
Ph ’-‘ ’] I= 10mA o o
r§ e + o
Ph™Ng CH5CN-H,0(4:1) HO ©
a /Nacio, PH 2a, 80% 3a
Entry Solvent (mL) Electrolyte (0.1 M) | (mA) Yield of 2a (%) Observations
1 ACN (40) LiClO4 10 not obtained only oligomerization
2 ACN/H,O (40:2) NaClO,4 10 20 80% oligomers
3 ACN/H,0 (40:10) NaClO4 10 73
4 ACN/H,O (40:10)° NaClO,4 10 45 Intermed cathodic reduction
5 ACN/H,O (40:10) NaClO,4 50° 53 side product 3a
6 ACN/H,O (40:10) NaClO,4 +1.3V° 63
7 DMF/H,0 (40:10) NaClO,4 10 70
8 ACN/MeOH (30:20) NaClO4 10 not obtained keto-methylacrylate
9 ACN/H,O (40:10) NaClO,4 10° 60 side product 3a
10 ACN/H,0O (40:10) NaClO4 10° 5 Compound 4a as main product
11 ACN/H,O (40:10) Et4;NBr 10 not obtained 2-bromofuran main product
12 ACN/H,0 (40:10) BusNBF, 10 50 side diarylfuran-2(5H)-one
13 ACN/H,0 (20:5) NaClO,4 10 80

Temp 25°C. 4.0 F/mol. Obtained results after modifying different reaction parameters to optimize the formation of dimeric butenolide 2a.
2Undivided cell.

®When | = 30 mA a 60% yield of 2a was obtained.

‘Ag/Ag*(sat) as the reference electrode.

42 = 15°C.

°Graphite anode.

fOxidation of 0.5 mmol 1a in ACN/H,0 (20:5) (concentration of 1a four times higher than in entry 3).

4-Alkylphenyl groups such as 1b (45%) and 1¢ (20%), as well as other electron-donating substituents (EDG) (4-dimethylaminophenyl group
notincluded in Table 2), afforded lower yields on 2, due to the formation of side-chain oxidation products instead of the dimeric butenolides.
Nevertheless, steric effects and low solubility of some furans are probably also involved in the final homocoupling reaction that is hindered
when bulky substituents in 2-position, such as 2-naphthylfuran (1f), are electrolyzed. Surprisingly, diarylfurans with strong electron-with-
drawing substituents (EWG) in 4-position of the phenyl ring, such as cyanide (11), gave only a 20% yield of 2l when the optimized experimental
conditions of entry 13 (Table 1) were applied. In this case, the starting material was partially recovered after electrolysis. These results can be
rationalized to some extent because these systems (1h or 1) exhibit a more positive oxidation potential than 1a (see Figure S1), and when a
constant current of 10 mA was applied, the water discharge seemed the main competitive electrochemical process. However, an increase of
the current to 30 mA improved the yield of 2l from 20 to 65%, with only a 30% of recovered starting furan 1.

To better understand and gain further insights into the mechanism of this transformation, some control experiments were conducted with
1a (see Scheme 3).

The coupling products of the furanoxy radical (i) with BHT (2,6-di-tert-butyl-4-hydroxytoluene) and with BQ (1,4-benzoquinone) were de-
tected by GC-MS (gas chromatography coupled to mass spectrometry) (see GC-MS data in supporting information). This fact supports the
suggested formation of ii as a reaction intermediate. Furthermore, the detection by GC-MS of 3,5-di-tert-butyl-4-hydroxybenzaldehyde,
derived from the coupling of BHT with hydroxyl radical®® bears out a simultaneous oxidation of water to hydroxyl radicals, as expected
with furans 1(g-l) due to their more positive oxidation potentials. The cyclic voltammetry of 1g (see Figure S1) shows that, when water is added
to a dry SSE solution containing 1, the oxidation peak potential clearly advances to a less positive value, increasing at the same time its peak
current. These results are in agreement with some published works®***~* that did not discard the formation of hydroxyl radicals under similar
aqueous anodic conditions.

According to these results, a mechanistic proposal that would explain the formation of bis-lactone (2) formation at the anode is shown in
Scheme 1. Initial direct discharge of 1 evolves to a benzylic radical intermediate (i) after a water molecule nucleophilic attack. Further oxidation
of i (route 1) would lead, after loss of a proton, to 3,5-diaryl-2-hydroxyfuran molecules (this were in some cases isolated as minor products in
their tautomeric 3,5-diarylfuran-2(5H)-one form). Additional anodic discharge of this furanone (activated hydroxy furan) would evolve to the
corresponding furanoxy radical (i) detected by electron paramagnetic resonance (EPR) (Figure S2) when 1g was oxidized. A final C-C

4 iScience 27, 110765, September 20, 2024
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Scheme 1. Suggested mechanistic pathway to explain the formation in ACN/H,O of dimeric butenolides 2 and other side products

homocoupling reaction involving two furanoxy radicals would provide 2 in a process that involves a global coulombimetric charge consump-
tion corresponding to 3 F per molecule of starting furan.

Simultaneously, an excess of hydroxyl radical in the medium could transform intermediate i into a 2,5-dihydroxy-2,5-dihydrofuran (route 2)
which, after being further oxidized, would evolve to the isolated secondary product 3. However, this is not the main reaction pathway, as should
be (according to the computational studies shown in the following text) if the formation of hydroxyl radicals was the main oxidation event.

When electrolysis is performed in acetonitrile:methanol (30:20) (Table 1, entry 8), the presence of CH3OH (instead of water) further ad-
vances the anodic peak potential in the cyclic voltammetry of 1a. Methanol is more easily oxidized"” than water and, under constant current
(10 mA) conditions, the formation of methoxyl radicals becomes a plausible process. In this reaction no traces of the dimeric butenolide 2a
were registered, instead, the corresponding (2)-methyl 4-oxo-2,4-diphenylbut-2-enoate was obtained (Scheme 2).

The mechanism proposal to get dimeric butenolides 2 was analyzed by computational methods in order to support the pathways pre-
sented in Scheme 1.

Theoretical calculations

A computational study with DFT calculations was performed in gas phase at B3LYP/6-311G(d,p)(C,H,0)//B3LYP/6-31G(d)(C,H,O) level and
using 1a as the model substrate. To take into account the influence of the potential in the reaction energies of each elementary step, the

-e- H Ph
CHsOH —® CH;0° Phj])=<
-H+
! COOMe
1a
CH30H T H30
Ph Ph Ph Ph
/\\ &, CHOH — -e- Ph./ \_H -e- Ph. [
— > . e —_— —
Ph o -H+ Ph 0 OCHs| cHoH  meo” Yo7 “ome  CHzOH o]
MeO O
(1a) - H+ - H+

Scheme 2. Mechanism proposal in the anodic oxidation of 1a in ACN/MeOH (30:20) mixture as the solvent
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Table 2. Obtained results in the oxidation of 1(a-l) in ACN/H,0 or DMF/H,0-NaClO, as SSE in a divided cell under galvanostatic | = 10 mA conditions at
room temperature and Pt/Pt as electrodes

Ar SSE (0.1 M NaClO,) Yield of 2 (%)
a: Ph ACN/H,0 (40:10) 73

b: 4-Me-CyH, ACN/H,0 (40:13) 45

¢: 4-Pr-CeHg ACN/H,0 (35:10) 20

d: 4-MeO-CgHy ACN/H,0 (40:10) 47

e: 4-FtO-CyH, DMF/H,O (35:8) 52

f: 2-Naphthyl DMF/H,O (55:9) 44

g: 4-Cl-CgHa ACN/H,0 (36:12) 82

h: 2,4-diCI-C¢Ha ACN/H,0 (40:8) 51

i 4-Br-C¢Ha ACN/H,0 (35:10) 72

j: 4-F-CeHa DMF/H,O (45:10) 60

k: 4-MeSO,-CyH. DMF/H,0 (45:11) 88

I: 4-CN-CgHg DMF/H,O (40:10) 20 (65)°
2 = 30 mA.

computational hydrogen electrode (CHE) model was used,® considering a potential of +1.3V. In the steps entailing oxidation processes, only
the thermochemistry has been considered by computing elementary reaction free energies. The computed energy profile for the different
reaction pathways is depicted in Figure 3. The overall profile of route 1 goes downhill, being energetically favored. Only the last homocou-
pling step is slightly endoergonic (0.17 to 0.23 eV for the formation of the meso dimeric butenolide and the enantiomeric mixture, respec-
tively), which accounts for the exceptional stability of furanoxi radicals. The spin density map of intermediate (i) (see Figure S3), shows
that the unpaired electron is mainly centered in carbons 3 and 5 (16.5% and 17.1% of contribution to the spin density, respectively), with
the contribution of oxygen being lower (10.4%).

The energy profile for route 2 has also been computed. The overall decrease in energy for the formation of product 3 is higher than the
stabilization obtained with the formation of dimeric butanolide 2 (5.54 vs. 3.25 eV). This result suggests that, if the formation of hydroxyl rad-
icals was the main oxidation event in the media, product 3 would be the major product obtained. The reaction energy for the formation of
hydroxyl radicals from water is 1.18 eV, which indicates that, although the oxidation of water is possible under the reaction conditions, the
energy required for it to occur is quite high, and thus it would not be the main process (see Figures 54 and S5).

On the other hand, the reaction energy for the formation of methoxy radicals from methanol is 0.48 eV. The oxidation of methanol is ener-
getically more favorable than the oxidation of water, which explains why, when methanol is used instead of water, only the product that would
arise from route 2 is obtained.

o fim

o” CH3CN-H,0(4:1)
a /NaClO, PH
10mA, BHT
s 2a (35%)
\ 10mA, BQ
2a (5%)

OH
oH OH Ph
*OH Ph/@o (ii)
- —_— X —Ph
© Ph
CHO (BHT) o miz= 454 (M*)
o

Ar

m/z= 234 (M*) o [__S( OH Ar
Ar 'o O (ii) = o
B ——
Ar=2,4-diCICgH4 (o]
/2= 412 (M¥)
OH Ar m
° (BQ 414 (M*+2), 416 (M*+4)

Scheme 3. Control experiments that support a radical mechanism in the formation of 2
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Figure 3. Calculated reaction profile for the oxidation of 2,4-diphenylfuran 1a (B3LYP/6-311G(d,p)(C,H,0)//B3LYP/6-31G(d)(C,H,0))
AG in eV and activation energies in brackets.

The aforementioned experimental evidence, in addition to these DFT calculations and the characterization of the different reaction by-
products, validates the mechanism proposal presented in Scheme 1, which seems the most reasonable to explain the anodic formation of
dimeric butenolides 2 when performed in agqueous-organic solvents.

Antibacterial activity

To show the biological applicability of the obtained butenolides, their antibacterial activity against Staphylococcus aureus was assayed.
Studies showed that 5,5'-bis(3,5-di(2,4-dichlorophenyl)-2(5H)-furanone (2h) reduced the viability of S. aureus cells by 25.5% at 0.032 mg/
mL (Table 3). However, higher concentrations of the butenolide did not improve the activity of this furanone. On the other hand, the best
activity was obtained with 2d, which, even if only a 0.7% death was observed at 0.032 mg/mL, it was able to eliminate 28.4% of the
S. aureus viable cells at a higher concentration of 0.256 mg/mL.

For this reason, the dose used in the studies was increased to 0.512 mg/mL, observing that 2d reduced cell viability by 47.5% (Figure 4). The
kinetic studies revealed that at that concentration, S. aureus cells required longer periods of time to grow or proliferate. For example, the
control without treatment required é h to grow; however, after treating with 0.512 mg/mL of 2d, the bacterial cells required 10 h.

These results are of special interest since this molecule could be proposed for future studies to re-administer the drug before 10 h. There-
fore, the dose of compound necessary to kill the microorganism could be reduced. In addition, the butenolides could be tested in

Table 3. Percentage of death at 0.032 mg/mL in the tested dimeric furanones (2) against S. aureus

Dimeric Furanones Death % at 0.032 mg/mL
4-MeO (2d) 0.70

2-Naphthyl (2f) 0.60

4-Cl (2g) 17.00

2,4-Dicloro (2h) 25.53

4-Fluor (2)) 5.10

4-CN (21) 0.00
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Figure 4. Percentage of death in S. aureus after treatment with 2d

combination with commercial compounds to increase their activity and reduce effective concentrations, which are cytotoxic and may increase
drug resistance.

Conclusion

An undescribed, fast, and environmentally friendly electrochemical protocol for the room temperature synthesis of a variety of diarylated
dimeric butenolides 2(a-l) is now presented starting from their corresponding diarylated furans 1(a-l). This one-pot C-C-homocoupling reac-
tion proceeds at Pt anode in aqueous acetonitrile media under constant current conditions. Mechanism proposals in the formation of 2 are
discussed and supported by DFT theoretical calculations and furanoxy radical intermediate detection by EPR analysis and the fact that it was
trapped by BHT or p-benzoquinone affording the corresponding adducts. The interesting influence of water, that conditions the appearance
of the voltametric peak of 1, allows, after the successive stages described here, to access bis-lactones 2 with good yield. Finally, the biocidal
activity against Staphylococcus aureus of the obtained butenolides is now shown.

Limitations of the study

The very low solubility of the dimeric butenolides (2) in common organic solvents (and deuterated solvents) made it very difficult to perform in
some cases well-resolved NMR spectra that, in the absence of X-ray analysis (that exceptionally was described® for 1b) precluded a full and
complete characterization of some of the obtained products. Furthermore, the formation of hydroxyl radicals from water under our experi-
mental conditions has not been unambiguously proved.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER
Bacterial and virus strains
Staphylococcus aureus Coleccién de Cultivos Tipo (CECT) CECT 240
Chemicals, peptides, and recombinant proteins
2-Bromoacetophenone Sigma-Aldrich 115835
2-Bromo-4'-methylacetophenone Sigma-Aldrich 159530
4'-Propylacetophenone Alfa Aesar 11354474
2-Bromo-4'-methoxyacetophenone Sigma-Aldrich 115665
2-Bromo-4'-ethoxyacetophenone Cymitquimica AN-AGOODIG2
2-Bromo-2'-acetonaphthone Sigma-Aldrich 105120
2-Bromo-4'-chloroacetophenone Sigma-Aldrich 101273
2,2' 4'-Trichloroacetophenone Sigma-Aldrich 159255
2,4'-Dibromoacetophenone Sigma-Aldrich D38308
2-Bromo-4'-fluoracetophenone Sigma-Aldrich 389390
2-Bromo-4'-(methylsulfonyl)acetophenone Fisher Scientific B257325G
2-Bromo-4'-cyanoacetophenone Sigma-Aldrich 539392
TEMPO, free radical Alfa Aesar A12733
BHT (2,6-di-tert-butyl-4-methyl-phenol) Merck B1215000
Benzoquinone Sigma-Aldrich B-10358
Lithium perchlorate (dry) Sigma-Aldrich 62580F
Sodium perchlorate monohydrate Scharlab S. L. S0O05350500
BusNCIO4 Acros Organics 420141000
Et4NBr Sigma-Aldrich 14,002-3
Acetonitrile Scharlab S. L. AC03292500
MeOH Scharlab S. L. ME03151000
DMF Alfa Aesar A13547
CDCl3 Scharlab S. L. CL12130500
DMSO-d, Euriso-top DO10ES
CD5-OD Euriso-top DO024ES
Acetone-dg Euriso-top DOOYES
Mueller Hinton Broth medium Scharlab S. L. 02-136-500
DMSO Thermo Scientific 85190
PCA Scharlab S. L. 01-161-500

Software and algorithms

ChemDraw Professional 12.0

Gaussian16

PerkinElmer

Frish et al.*”

https://www.perkinelmer.com/

category/chemdraw

https://gaussian.com

Other

Voltammetry-Potentiostat
Current supplier
Potentiostat

electronic Coulombimeter integrator
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Radiometer Analytical
PROMAX
Amel

Amel

POL150-TraceMaster
Model FAC-662B
Model 552

Model 721

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER

IR spectrophotometer Perkin-Elmer FT-IR Frontier

MS spectrometer THERMOFISHER ITQ-900

NMR spectrometry Varian/Brucker Unity 300/500 MHz

Electron paramagnetic resonance (EPR) Brucker spectrometer Model Magnettech ESR5000

METHOD DETAILS
General information

The electrolyses were carried out using a constant current supplier (galvanostat) PROMAX Model FAC-662B or a constant potential Amel
potentiostat, Model 552, connected with an electronic coulombimeter integrator Amel, Model 721. Cyclic voltammetry was recorded on a
VoltalLab/TraceMaster Radiometer Analytical Potentiostat, Model PGZ100/POL150. Electron paramagnetic resonance (EPR) was performed
in an Brucker spectrometer Model Magnettech ESR5000. IR spectra of the products were recorded as dispersions in KBr on a Perkin-Elmer FT-
IR Frontier spectrometer. Mass spectra (El, ionizing voltage 70 eV or Cl chemical ionization with methane) were determined using a
THERMOFISHER ITQ-900 DIP or GC-MS mass-selective detector. 'H, ">*C NMR, correlation COSY, HSQC, HMBC and other resonance spectra
were recorded in CDCl3, CD30D, Pyridine-ds, THF-dg or DMSO-d, on a Varian Unity 300 (300 MHz & 75.4 MHz for "Hand *C respectively) or a
Brucker 500 MHz spectrometers, with tetramethylsilane (TMS) as the internal standard. The chemical shifts are given in ppm. All melting points
were measured on a Reichert Thermovar microhot stage apparatus and are uncorrected. All starting materials were obtained from commer-
cial sources and used without purification.

Synthesis of 2,4-diarylfuranes 1
Previous publications from this laboratory have dealt with phenacyl bromides electroreduction™”" to prepare 2,4-diarylfuranes 1(a-l) as the
starting material. The physical and spectroscopical properties of the undescribed starting 2,4-diarylfurans are summarized in the Supporting

Information file, together with their corresponding spectra.

Synthesis of Furanones 2

A solution of 2,4-diarylfuran (1) (0.25 mmol, or 0.5 mmol) in 40 mL of dry acetonitrile/LiClOy4, acetonitrile-H,O (20%) (40:10), acetonitrile-H,O
(20:5)/(0.1 M) NaClO4 or DMF-H,0 (20:5)/(0.1 M) NaClO,4 was electrolyzed under an argon atmosphere to exclude air, at a platinum sheet
(8 cm?) as the working electrode and a smaller platinum sheet (4 cm?) as auxiliary electrode under constant current (10/30/50 mA) or constant
potential (+ 1.3V vs Ag/Ag™) conditions. Anodic peak potential (E,,) was previously determined by cyclic voltammetry (Figures 2 and S1). A
slight excess of current (4 Faradays had passed per mol of starting material) was required to complete the reaction. The main electrolysis
experiments were performed at room temperature (25°C), or at 15°C in a concentric beaker-type electrochemical reactor with two compart-
ments separated by a porous (D4) glass frit diaphragm and equipped with a magnetic stirrer. During electrolysis, the anodic compartment
acquires some white-yellow colour and increasing turbidity as dimeric butenolide (2) is being formed, due to its insolubility in the reaction
medium.

Once the reaction was finished, the white solid from the anodic solution was filtered, washed with cold acetonitrile-distilled water and dried
in vacuum. This solid was purified by column chromatography (when needed) in silica gel 60 (35-70 mesh) using a (15 x 2 cm) column, and
CHCl; as eluent and characterized as 5,5'-bis(3,5-diaryl-2(5H)-furanone) 2(a-l), being the main product of the reaction. Further evaporation
of the acetonitrile filtrate solution provided a green-blue residue that was three times extracted with chloroform (to separate the electrolyte).
The organic layers were joined and dried over Na,SOy4 and then concentrated by reduced pressure. The final crude, resulting solid or oil, was
analysed by TLC and chromatographed on a GC-MS (HP-5 crosslinked 5% PhMe silicone 30 m-0.25 mm-0.25um chromatographic column)
instrument. In some cases, the secondary product 3a was separated by chromatography, in silica gel 60 (35-70 mesh) using a (25 x 2 cm) col-
umn, and CHCl3: Hex (2:1) as eluent. Dimeric butenolides 2(a-l) were isolated as a mixture of meso (RS) and diastereomeric (RR/SS) forms (in
ratio 1:3 when Ar = Ph, however this ratio changes in other butenolides). Many of these bis-lactones proved to be very insoluble white solids,
difficult to be dissolved in usual organic solvents. The physical and spectroscopical properties of the undescribed starting 2,4-diarylfurans are
summarized in the Supporting Information file (together with spectra of 1 and 2). The physical and spectroscopical properties of the unde-
scribed dimeric butenolides is as follows:

Spectroscopic details of Furanones 2

Spectra of furanones 2 are available in the Supporting Information file. The physical and spectroscopical properties of the undescribed
dimeric butenolides is as follows:

5,5"-Bis(3,5-diphenyl-2(5H)-furanone) (2a)
Mp 289-291°C [Lit."” 285-288°C].
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5-Hydroxy-3,5-diphenyl-2(5H)-furanone (3a) (in equilibrium with cis-B-benzoylphenylacrylic acid)

Mp 122-124°C [Lit.>? 122-123°C]. IR (KBr) rmax = 3414, 3062, 2921, 1760, 1692, 1600, 1492, 1450, 1176, 969, 757, 697 cm™". "TH NMR (300 MHz,
CDCls) 3: 4.95 (bs, 1H), 7.39-7.44 (m, 7H), 7.63 (bs, 2H), 7.80-7.84 (m, 2H). 3C NMR (75.4 MHz, CDCl3) 3:103.7,125.6,127.5,128.7,128.9, 130.0,
133.7,137.3,146.1,171.2, 187.5. MS m/z (relative intensity) El: 252 (M*, 37), 235 (4), 224 (82), 207 (58), 179 (100), 178 (64), 165 (14), 152 (10), 147
(12), 130 (10), 119 (11), 105 (15), 103 (13), 102 (20), 21 (11), 77 (44).

5,5'-Bis(3,5-di(4-methylphenyl)-2(5H)-furanone) (2b)

meso-X-ray diffraction analysis.*® Mp 261-262°C [Lit."” 258-260°C]. IR (KBr) vimax= 3085, 3033, 2917, 1761, 1615, 1513, 1261, 1153, 1089, 1002,
969, 822 cm™. "H NMR (500 MHz, CDCl3) 3: 2.23 (s, 6Hd), 2.29 (s, 6Hm), 2.30 (s, 6Hd), 2.32 (s, 6Hm), 7.04 (d, J= 7.8 Hz, 4Hm), 7.10 (d, J= 7.8 Hz,
8Hd), 7.17-7.19 (m, 8Hm), 7.37 (d, J= 7.8 Hz, 4Hd), 7.42 (d, J= 7.8 Hz, 4Hd), 7.62 (d, J= 7.8 Hz, 4Hm), 7.76 (s, 2Hm), 7.87 (s, 2Hd). ">*C NMR (125
MHz, CDCl5) &: 21.0, 21.1, 21.3, 21.4, 89.5, 89.9, 124.0, 125.9, 126.0, 126.9, 127.0, 127.1,128.7, 129.0, 129.2, 129.3, 130.9, 132.1, 132.7, 132.8,
138.7, 138.9, 139.6, 139.9, 145.7, 146.3, 169.6, 169.8. MS m/z (relative intensity) El: 526 (M*, 2), 263 (1/2 M*, 100), 234 (7), 190 (5), 119 (95),
115 (1), 91 (28).

3,5-Di(4-methylphenyl)furan-2(5H)-one
GC-MS m/z (relative intensity) El: 264 (M*, 100), 236 (10), 207 (29), 192 (13), 145 (33), 119 (40), 91 (21).

5,5"-Bis(3,5-di(4-propylphenyl)-2(5H)-furanone) (2¢)

Mp 189-190°C. IR (KBr) vmax = 3088, 3036, 2928, 1754, 1609, 1509, 1157, 1094, 997, 971 cm™. "TH NMR (500 MHz, CDCl3) &: 0.75-0.95
(m, 12Hm+12Hd), 1.50-1.62 (m, 8Hm+8Hd), 2.49-2.58 (m, 8HmM+8Hd), 7.05 (d, J= 8.4 Hz, 4Hm), 7.10-7.14 (m, 8Hd), 7.17-7.19 (m, 8Hm,),
7.37 (d, J= 8.4 Hz, 4Hd), 7.47 (d, J= 8.4 Hz, 4Hd), 7.67 (d, J= 8.4 Hz, 4Hm), 7.83 (s, 2Hm), 7.88 (s, 2Hd). ">*C NMR (125 MHz, CDCls) 3: 13.4,
13.5, 13.7, 24.2, 24.3, 37.4, 37.5, 37.8, 89.6, 90.0, 126.2, 126.3, 126.8, 126.9, 127.2, 128.1, 128.4, 128.6, 128.8, 131.1, 132.4, 132.8, 133.0,
143.3, 143.6, 144.3, 144.7, 145.5, 146.5, 169.7, 169.9. MS m/z (relative intensity) El: 638 (M*, 0.5), 319 (1/2 M™, 94), 290(100), 261(6), 173(4),
147(60), 118(7), 21(17).

5-Hydroxy-3,5-di(4-propylphenyl)-2(5H)-furanone (3c)

yellow oil. IR (KBr) v, = 3380, 2953, 2930, 1762, 1693, 1651, 1604, 1417, 1181, 1118, 945 em™. "H NMR (300 MHz, CDCl5) 8: 0.95 (t, J=7.1 Hz,
6H), 1.64 (m, 4H), 2.60 (t, J= 7.4 Hz, 4H), 4.75 (bs, 1H), 7.10-7.22 (m, 4H), 7.40 (s, 1H), 7.49 (d, J= 8.0 Hz, 2H), 7.75 (d, J= 8.0 Hz, 2H). "*C NMR (75.4
MHz, CDCl3) 8:13.7, 24.3,37.7,103.6, 125.4,126.1,127.0,127.5, 128.6, 128.8, 128.9, 129.4,131.2, 134.8, 145.3, 170.0. MS m/z (relative intensity)
El: 336 (M*, 27), 308 (92), 293 (100), 279 (14), 263 (32), 249 (40), 247(36), 221 (22), 179 (28), 133 (10), 91 (17).

3,5-Di(4-propylphenyl)furan-2(5H)-one
GC-MS m/z (relative intensity) El: 320 (M*, 100), 264 (10), 263 (34), 249 (12), 173 (41), 147 (72), 115 (8), 91 (13).

5,5"-Bis(3,5-di(4-methoxyphenyl)-2(5H)-furanone) (2d)

Mp 229-231°C. [Lit."” 230-233°C]. IR (KBr) vmax = 3441, 3091, 3010, 2956, 2837, 1756, 1608, 1512, 1460, 1301, 1263, 1251, 1158, 1087, 1028,
833 cm™."H NMR (500 MHz, DMSO-dg) d: 3.73 (s, 3Hm), 3.76 (s, 3Hm), 3.82 (s, 6Hd), 3.83 (s, 6Hd), 3.84 (s, 3Hm), 3.87 (s, 3Hm), 6.87 (d, J=
8.0 Hz, 8H), 6.94 (d, J= 8.2 Hz, 4H), 6.97 (d, J= 8.2 Hz, 4H), 7.32 (d, J= 8.0 Hz, 4H), 7.44 (d, J= 7.8 Hz, 4H), 7.68-7.71 (m, 8H), 8.73 (s, 2Hm),
8.75 (s, 2Hd). MS m/z (relative intensity) Ql: 591 (M*+1, 0.7), 296 (1/2 M*+1, 100), 295 (1/2 M*, 86), 279(14), 251 (11), 189 (10), 161 (7), 135 (15).

3,5-Di(4-methoxyphenyl)furan-2(5H)-one
GC-MS m/z (relative intensity) El: 296 (M*, 100), 268 (12), 239 (22), 224 (8), 161 (43), 135 (40), 77 (7).

1,3-Bis(4-methoxyphenyl)-2-propen-1-one
(obtained after decarboxylation of 2,4-bis(4-methoxyphenyl)-4-oxobut-2-enoic acid, obtained by the hydrolysis of 3d). GC-MS m/z (relative
intensity) El: 268 (M™, 100), 253 (45), 237 (20), 225 (32), 160 (7), 108 (4).

5,5"-Bis(3,5-di(4-ethoxyphenyl)-2(5H)-furanone) (2e)

Mp 173-174°C. IR (KBr) vmax = 3425, 3096, 2981, 2931, 1756, 1680, 1612, 1512, 1468, 1387, 1302, 1255, 1181, 1157, 1118, 1084, 1044, 968,
837 cm™. "H NMR (500 MHz, DMSO-d,) &: 1.22-1.34 (m, 12HmM+12Hd), 3.92-4.04 (m, 8Hm+8Hd), 6.74 (d, J= 8.6 Hz, 2Hm), 6.84 (d, J=
8.6 Hz, 6Hd), 6.92 (d, J= 8.5 Hz, 4Hm), 6.96 (d, J= 8.5 Hz, 4Hm), 7.05 (d, J= 8.6 Hz, 2Hm), 7.30 (d, J= 8.6 Hz, 2Hd), 7.41 (d, J= 8.6 Hz, 4Hd),
7.67 (d, J= 8.6 Hz, 2Hm+ 2Hd), 7.70 (d, J= 8.6 Hz, 2Hd), 7.75 (d, J= 8.6 Hz, 2Hm), 8.70 (s, 2Hm), 8.71 (s, 2Hd).13C NMR (75.4 MHz, DMSO-
de) 3: 14.8, 14.9, 63.5, 63.6, 89.9, 90.4, 114.0, 114.1, 114.9, 115.0, 121.5, 121.6, 126.5, 126.6, 128.8, 129.3, 130.9, 131.0, 131.1, 131.7, 147 .1,
147.8, 158.9, 159.8, 159.9, 162.7, 169.9. MS m/z (relative intensity) El: 646 (M*, 0.1), 323 (1/2 M*, 100), 294 (48), 266 (30), 238 (7), 210 (14),
175 (16), 149 (73), 121 (40), 65 (5).
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5,5'-Bis(3,5-di(naphthalen-2-yl)-2(5H)-furanone (2f)

Mp 310-311°C. Highly insoluble solid. IR (KBr) 4, = 3435, 3088, 3059, 1754, 1636, 1599, 1212, 1149, 1086, 984, 821, 745 cm™. 'H NMR (500
MHz, Pyridine-ds) &: 7.02 (s, 2Hm), 7.35-7.46 (m, 10Hm), 7.70-7.77 (m, 6Hd), 7.80-7.85 (m, 4Hm), 7.87-7.93 (m, 5Hd), 8.09 (d, J= 8.0 Hz, 3Hd),
8.31 (s, 2Hm), 8.56 (s, 2Hm), 8.60 (s, 2Hm), 8.91 (d, J= 8.0 Hz, 2Hd), 9.25 (s, 2Hm), 9.37 (s, 2Hd). "H NMR (500 MHz, CDCls) &: 7.40-7.60
(m, 6Hd+14Hm), 7.63-7.94 (m, 20Hd+8Hm), 8.07 (s, 2Hm), 8.20 (s, 2Hm), 8.31 (bs, 2Hd), 8.62 (s, 2Hm), 8.69 (s, 2Hd). ">*C NMR (125 MHz, Pyr-
idine-ds) 3: 91.0, 124.8, 125.5, 126.9,127.1,127.5, 127.9, 128.0, 128.7, 128.9, 132.5, 133.2, 133.5, 134.0, 139.2, 149.1, 170.0. gHMBC (DMSO-d,)
correlation *C NMR 3: 90.6 ppm with 'H NMR 3: 9.25 ppm.

3,5-Di(naphthalen-2-yl)furan-2(5H)-one
GC-MS m/z (relative intensity) El: 336 (M*, 100), 307 (10), 289 (14), 279 (23), 181 (25), 155 (70), 152 (24), 127 (28), 75 (3).

5,5'-Bis(3,5-di(4-chlorophenyl)-2(5H)-furanone (2g)

Mp 220-221°C. Highly insoluble solid. IR (KBr) vax = 3432, 3083, 1763, 1636, 1588, 1492, 1407, 1156, 1092, 970, 831, 769 cm™1."H NMR (500
MHz, DMSO-d) 8: 7.40-7.57 (m, 12Hd+12Hm), 7.74 (d, J= 8.6 Hz, 4Hd), 7.80 (d, J= 8.6 Hz, 4Hm), 8.97 (s, 2Hm), 9.03 (s, 2Hd). gHMBC (DMSO-dy)
correlation '3C NMR &: 90 ppm with "H NMR 3: 8.97 and 9.03 ppm. MS m/z (relative intensity) El: 575 (M*+2-35, 1), 305 (1/2 M*+4, 30), 304 (1/2
M*+2,15),303 (1/2M*, 42). MS m/z (relative intensity) Ql: 608 (M*+2, 1), 606 (M, 3), 575 (M*+2-35, 100), 573 (M*-35, 70), 542 (28), 540 (27), 434
(5), 436 (4). MS-ESI-High Resolution QTOF of 2g (m/z = 571: M+- Cl).

3,5-di(4-chlorophenyl)furan-2(5H)-one
GC-MS m/z (relative intensity) El: 306 (M*+2, 30), 304 (M*, 43), 271 (34), 269 (100), 243 (31), 241 (89), 178 (33), 139 (28), 111 (31), 75 (50).

5,5"-Bis(3,5-di(2,4-dichlorophenyl)-2(5H)-furanone (2h)

Mp 201-203°C. IR (KBr) vmax = 3436, 3102, 1780, 1585, 1473, 1375, 1140, 1056, 967, 867, 811 cm™". 'H NMR (500 MHz, DMSO-dq) 8: 7.25-7.42 (m,
4Hd+6Hm), 7.43-7.49 (m, 4Hd+4Hm), 7.60-7.64 (m, 4Hd), 7.77 (d, J= 8.6 Hz, 2Hm), 9.01 (s, 2Hm, CH=), 9.07 (s, 2Hd, CH=). gHMBC (DMSO-d,)
correlation '*C NMR &: 91 ppm with "H NMR 3: 9.01 and 9.07 ppm. MS m/z (relative intensity) Ql: 745 (M +2+1, 1), 743 (M*+1, 1), 416 (4), 414
(0.5), 402 (14), 376 (50), 374 (100), 372 (64).

5,5'-Bis(3,5-di(4-bromophenyl)-2(5H)-furanone (2i)

Mp 239-241°C. [Lit.>* 242-243°C]. Highly insoluble solid. IR (KBr) v.x = 3447, 3083, 1760, 1611, 1515, 1483, 1403, 1149, 1072, 1008, 928, 828,
807 cm™. "H NMR (500 MHz, DMSO-dq) 8: 7.34-7.6 (m, 8Hm), 7.64-7.70 (m, 8Hm), 7.76 (d, J= 7.76 Hz, 8Hd), 7.94 (d, J= 7.9 Hz, 8Hd), 8.98 (s,
2Hm), 9.04 (s, 2Hd). "*C NMR (75.4 MHz, DMSO-dg) 3: 90.2, 123.8, 124.5, 128.4, 128.7, 130.0, 130.7, 131.0. 131.9, 132.2, 132.8, 132.9, 133.0,
133.9, 136.6, 150.4, 169.6. gHMBC (DMSO-dg) correlation 3C NMR 3:90.2 ppm with "H NMR &: 8.98 and 9.04 ppm. MS m/z (relative intensity)
Ql: 784 (M*+2, 4), 782 (M™, 4), 755 (M*+2-29, 68), 753 (M*-29, 100), 751 (62), 703 (7), 675 (68), 673 (68), 597 (16), 595 (27), 593 (16).

5,5"-Bis(3,5-di(4-fluorophenyl)-2(5H)-furanone (2j)

Mp 273-275°C. IR (KBr) vmax = 3512, 3091, 2928, 1765, 1603, 1510, 1237, 1153, 968, 840 cm™. "H NMR (500 MHz, DMSO-dg) &: 7.15-7.35
(m, 16H), 7.40- 7.85 (m, 16H), 8.93 (s, 2Hm, CH=), 8.98 (s, 2Hd, CH=). *C NMR (75 MHz, DMSO-d,) &: 89.6, 115.4, 116.3, 122.2, 1255,
129.8, 130.5, 131.2, 148.5, 149.4, 161.6, 169.3. gHMBC (DMSO-d,) correlation "*C NMR d: 89.6 and 89.9 ppm with "H NMR d: 8.98 and
8.93 ppm respectively. MS m/z (relative intensity) 1Q: 543 (M*+1, 4), 372 (1/2 M*+1, 100), 371 (1/2 M, 50), 255 (44), 245 (13), 177 (8), 123 (7).

5,5"-Bis(3,5-di(4-(methylsulfonyl)phenyl)-2(5H)-furanone (2k)

Mp 289-291°C. IR (KBr) vmax = 3437, 3088, 3002, 2923, 1770, 1669, 1598, 1408, 1307, 1151, 1089, 963, 771 em™. "TH NMR (300 MHz, DMSO-dy) &:
3.14 (s, 6H), 3.18 (s, 6H), 3.22 (s, 6H), 3.23 (s, 6H), 7.69 (d, J= 8.5 Hz, 4Hm), 7.82 (d, J= 8.5 Hz, 4Hd), 7.90-8.10 (m, T0HmM + 12Hd), 8.31 (s, 2Hm),
9.27 (s, 2Hm, CH=), 9.30 (s, 2Hd, CH=). "*C NMR (75 MHz, DMSO-dy) 3:42.8 (SO,Me), 88.8, 126.9,127.4,127.7,130.5, 130.8, 132.5, 137.8, 141.1,
154.2, 167.5 (C=0).

5,5"-Bis(3,5-di(4-cyanophenyl)-2(5H)-furanone) (21)

Mp 301-303°C. IR (KBr) vnax = 3441, 3094, 2231, 1769, 1608, 1503, 1415, 1154, 1087, 967, 844 em™. "THNMR (500 MHz, DMSO-dg) 3: 7.60-7.98 (m,
14Hm+14Hd), 8.14-8.17 (m, THm+1Hd), 8.54 (s, 1Hm), 8.57 (s, THd), 9.18 (s, 2Hm), 9.26 (s, 2Hd). gHMBC (DMSO-d,) correlation SC NMR 3:89.9
ppm with "H NMR 3: 9.18 and 9.26 ppm. MS m/z (relative intensity) 1Q: 571 (M*+1, 0.5), 287 (100), 286 (40), 315 (18), 269 (16), 243 (12), 156 (4).

2-Bromo-3,5-diphenylfuran

QOil. [Lit.>* Colorless oil]. "H NMR (300 MHz, CDCls) &: 6.71 (s, 1H), 7.08-7.18 (m, 2H), 7.19-7.30 (m, 4H), 7.45-7.55 (m, 4H). "*C NMR (75 MHz,
CDCl3) 8: 106.9, 118.1, 123.1, 125.9, 126.8, 127.1, 127.5, 128.2, 128.3, 129.3, 131.1, 155.1. MS m/z (relative intensity) El: 300 (M*+2, 62), 292
(M*, 62), 219 (23), 191 (100), 189 (41), 165(17), 95 (8).
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3,5-Bis(4-chlorophenyl)-5-(2,5-dihydroxyphenyl)-2(5H)-furanone
MS m/z (relative intensity) El: 416 (M*+4, 31), 414 (M*+2, 94), 412 (M*, 100), 379 (15), 377 (30), 351 (4), 349 (8), 303 (14), 301 (27), 265 (10), 238 (),
208 (11), 202 (16), 139 (19).

3,5-Di-tert-butyl-4-hydroxybenzaldehyde
MS m/z (relative intensity) El: 234 (M*, 30), 219 (100), 203 (7), 191 (73), 175 (18), 91 (8).

5-(3,5-Di-tert-butyl-4-hydroxybenzyl)-3,5-diphenyl-2(5H)-furanone
MS m/z (relative intensity) El: 454 (M™, 40), 439 (12), 398 (38), 248 (100), 219 (27), 205 (14), 203 (21), 147 (4), 105 (9).

Antibacterial activity of Butenolides 2
Furanones have been proven to possess antibacterial activity against different microorganisms. Infectious diseases caused by pathogenic
bacteria are a mayor health concern, mainly associated with bacterial resistance to commercial antimicrobials/antibiotics. Consequently,
there is an urgent need to find new compounds effective against these resistant microorganisms. Now described electro-synthesized fura-
nones (2) were studied to determine their in vitro antibacterial activity against Staphylococcus aureus, a gram-possitive bacteria.

More information about the compound-bacteria interaction was obtained from kinetic studies (see below). Among all the molecules
tested, 2d and 2h showed activity reducing microbial viability. These studies are promising and encourage us to carry out complementary
studies to improve the structural composition of these molecules in order to increase their effectiveness against pathogenic bacteria.

In vitro antibacterial activity Tests
The microorganism used in the assays was a strain of Staphylococcus aureus (CECT 240, Gram-positive) provided by the Coleccién de Cultivos
Tipo (CECT), Spain.

The assay was based on the I1SO 20776-1:2006 protocol. First, colonies were transferred and grown in Mueller Hinton Broth medium in
agitation at 150 rom and 37°C for 24 h. Then, bacteria were incubated with dimeric furanones 2. The range of concentrations study was
from 0.004 mg/mL to 0.512 mg/mL. All of them were diluted in DMSO. The final dilutions used in the in vitro assays only contained 1%
DMSO. Assays were run on technical triplicates in sterile 96-well plates. Also, different controls were added such as inoculum without com-
pound, compound without inoculum and culture medium without inoculum and compound. Each well contained 100 pL of compound, 100 uL
of medium and 5 pL of inoculum (107 CFU/mL). The microplates were incubated for 24 h at 37°C. Absorbance was measured at 630 nm in an
Ultra Microplate reader (BIO-TEK Instruments, model ELx808, Winooski, Vermont, United States), at 20 h. Finally, 5 uL of each well was depos-
ited on a petri dish with PCA medium and incubated for 24 h to obtain the minimum bactericidal concentration (MBC) values.

Kinetic studies

The kinetic studies were performed by measuring absorbance every hour for 20 h. Microplates were incubated at 37°C. The absorbances were
measured at 630 nm. Samples were performed in triplicate. The data at each hour were analyzed by comparing the values of the different
concentration gradients with the value of the control at the corresponding time. For each compound concentration and incubation time,
the percentage of cell viability was calculated.
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