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ABSTRACT: An easy and efficient approach for the synthesis of highly regioselective
functionalized dihydronaphthalen-1(2H)-one family of α-tetralones from functionalized tetralone
precursors which derived from Morita−Baylis−Hillman (MBH) adducts as starting substrates has
been developed. The target dihydronaphthalen-1(2H)-ones are obtained through the oxidation of
tetrahydronaphthalenes (THN) using DDQ as the oxidizing agent, conducted in aqueous acetic
acid at reflux conditions. The yields obtained ranged from 90 to 98%. The resulting
dihydronaphthalen-1(2H)-ones were evaluated for their in vitro antibacterial activity against nine Gram-positive and six Gram-
negative strains. Additionally, their antifungal properties were assessed against three fungal pathogens by using the microdilution
method and Biolog Phenotype Microarrays technology. Remarkably, the synthesized dihydronaphthalen-1(2H)-ones exhibited good
antibacterial activity when compared to reference drugs such as vancomycin and ampicillin. Similarly, their antifungal activity is
comparable to the effectiveness of the reference drugs cycloheximide and fluconazole.

1. INTRODUCTION
The α-tetralones, specifically the dihydronaphthalen-1(2H)-
one family, represent a highly valuable class in organic
synthesis. Various reactions have been successfully applied to
this family, including the synthesis of zeolites,1 electrophilic
fluorination reactions,2 α-alkylation reactions,3−5 ortho-sulfo-
namidation,6 and a spectrum of other organic synthesis
methodologies.7−10

Beyond their significance as basic parts in organic synthesis
intermediates, α-tetralones are important in the fields of
biology and medicine. They are recognized as potent inhibitors
of monoamine oxidase and serve as growth regulators in
agricultural and horticultural applications. Medical applications
have embraced α-tetralones not only for their antiproliferative
properties but also for their therapeutic versatility in
antibiotics, antidepressants and acetyl cholinesterase inhibitors,
proving effective in Alzheimer’s disease treatment.11−16

Additionally, tetralones have been used as intermediates in
the synthesis of several compounds, such as alkaloids, which
have been shown to have antitumor and anticancer
activity,14−18 noteworthy antiviral activity, and play a role in
the treatment of neurological disorders as adenosine receptor
antagonists, demonstrating efficacy in addressing neuro-
degenerative disorders like Alzheimer’s disease.15,17,19 α-
Tetralones have also shown promise as antimalarials and
exhibit potent antifungal and antibacterial properties.17,18

Impressively, they exhibit antioxidant, antidiabetic, and anti-
inflammatory characteristics as well.17−18

Compounds containing structures with α-tetralones are
inherently present in nature, signifying their status as natural

products.20 These compounds are in great demand due to their
diverse applications, as previously noted. This opens up
opportunities for researchers worldwide to expand their
synthesis methods and discover more diverse applications.
To investigate further, we thoroughly examined the literature
to review the documented methods for synthesizing α-
tetralones. One approach involves intramolecular Friedel−
Crafts acylation reactions, resulting in the formation of α-
tetralones.19 Another method is the Robinson method,21,22

although it requires a multistep synthesis. Additionally, radical
cyclization reactions have been explored in the presence of
peroxide.23 The Diels−Alder (4 + 2) cycloaddition reaction is
another pathway.24−27 Other techniques include cyclization
reactions catalyzed by transition metals, using rhodium as a
catalyst,28 or through the cyclization of cyclobutanols catalyzed
by silver.29 Furthermore, the coupling between 2-vinyl
benzaldehyde and 3-alkenyl-2-bromoesters, catalyzed by
copper(II) bromide, represents another viable synthesis
route.30

Several additional methods have been devised for synthesiz-
ing α-tetralones, with notable approaches including the benzyl
oxidation reaction using the LaLonde method or various
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oxidizing agents, such as potassium permanganate (KMnO4),
chromium trioxide (CrO3), and 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ).31−33 The diversity of these methods
emphasizes the range of possibilities for obtaining α-tetralones.
Concluding our examples, we highlight the decarboxylative
cyclization reaction of Dieckmann34 and methods rooted in
photocatalysis.33 In our prior research endeavors, we
successfully prepared functionalized tetrahydronaphthalenes
(THN) from Morita−Baylis−Hillman adducts.35,36 These
adducts are renowned for their distinctive chemical and
biological activities.36−41 This work focuses on utilizing
tetrahydronaphthalenes (THN) derived from Morita−Bay-
lis−Hillman (MBH) adducts to establish an innovative
pathway for the highly regioselective synthesis of a novel
series of functionalized α-tetralones (dihydronaphthalen-
1(2H)-one). This involves oxidizing THN using DDQ as the
oxidant, with acetic acid serving as the solvent. Our focus
extends to exploring the potential biological activities of these
α-tetralones, specifically their efficacy against bacteria and
fungi.

2. RESULTS AND DISCUSSION
2.1. Chemistry. The synthesis of a series of tetrahydro-

naphthalenes (THN) (1a−d) were prepared from β-diketones
(A) in the presence of a catalytic quantity of PTSA, at the
reflux temperature of toluene with excellent yields (Scheme
1).36

In a first attempt, we adopted the approach of Gatak et al.,
which involves the protection of the OH function within the
aromatic core to prevent any potential oxidation of this
hydroxyl group. Following this, and subsequent to the
acquisition of THN in the acetate 3b form using the standard
method (as outlined in Scheme 2),we proceeded with the

oxidation reaction of acetate 3b in dioxane.42 This reaction was
conducted in the presence of 2 equiv of DDQ at room
temperature, in alignment with the procedure detailed by
Gatak et al. After 2 days, we recovered the intact starting
substrate 3b (Scheme 3).
It is important to note that Gatak et al.,42 employed the

DDQ−dioxane method for a tetrahydronaphthalene (THN)
featuring aromatic nuclei with two acetate groups. However,

they encountered difficulties in achieving the oxidation product
using this method, particularly for the THN carrying two
acetate groups on the aromatic nucleus. To overcome this
challenge, they turned to the chromium trioxide (CrO3)
method as an oxidant in glacial acetic acid, successfully
obtaining their oxidation products. In our pursuit, we
replicated this approach outlined by Gatak et al., but
unfortunately, the same method did not yield the desired
results for our product 3b (Scheme 4).42

In a recent study, Wang et al. employed the DDQ method in
H2O to oxidize a tetrahydronaphthalene (THN) featuring
hydroxyl (OH) groups in its aromatic ring and, notably,
without prior protection. They successfully achieved their
intended final product.42 Inspired by the successful work of
Yazhou Wang et al. we similarly treated our THN 1b without
any protection of the hydroxyl group,43 using 2 equiv of DDQ
in dioxane at room temperature. After 2 days, we successfully
recovered the expected α-tetralone 2b, with a yield of 6.3%
from the starting substrate 1b (Scheme5).

In an effort to enhance the yield of the oxidation reaction for
THN 2b, we replicated the procedure under identical
conditions, but this time employing 4 equiv of DDQ instead
of the previous 2 equiv. After 36 h of stirring at room
temperature, we obtained tetralone 2b, displaying a faint
coloration due to residual traces of THN 1b. There was an
improvement in yield (40%) compared to the initial conditions
(Scheme 5) (Table 1, entry 2, condition A).
To validate this outcome, we extended the application of

DDQ as an oxidant in dioxane at room temperature to
substrates 1a−d. This resulted in the synthesis of a new series
of α -tetralones, denoted as 2a−d, with yields ranging from
18% to 40% (Table 1, condition A).
To refine the reaction conditions and enhance the overall

quality of α-tetralones 2a−d, we drew inspiration from the
studies conducted by Lee et al. and Dufour et al., which
focused on the regioselective oxidation of various tetrahy-
dronaphthalenes.44,45 This oxidation, occurring in the benzylic
position, was carried out in the presence of DDQ in refluxing
aqueous acetic acid.
Subsequently, we applied this method to THN 1a, and

within 2 h, achieved the synthesis of tetralone 2a with very
high regioselectivity and a good yield of 98% (Table 1,
Condition B, Scheme 6).
To extend the applicability of this protocol, we subjected

different tetrahydronaphthalenes, namely, 1b−d, to the same
conditions. Remarkably, under these specified conditions, the
desired tetralones 2b−d were obtained with excellent yields,
reaching up to 95% (Table 1, Condition B, Scheme 6).43

Scheme 1. Synthesis of Tetrahydronaphthalenes 1a−d

Scheme 2. Protection of Tetrahydronaphthol 1b

Scheme 3. Attempt to Oxidize Acetate 3b Using DDQ

Scheme 4. Attempt to Oxidize Acetate 3b Using CrO3

Scheme 5. Oxidation of 1b in the Presence of DDQ
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In proposing the structures for tetralones 2a−d, our
investigation builds upon prior research on the oxidation of
functionalized tetrahydronaphthalenes into their correspond-
ing α-tetralones. Notably, it has been demonstrated that the
oxidation of tetrahydronaphthalenes 1 proceeds independently
of the nature and relative positions of other groups carried by
THN 1.43

2.2. Discussion of the C�O position of the cycle by
the 2D HMBC NMR technique. According to the 2D
HMBC NMR spectrum of compound 2a (Figure 1), if carbon
9 was of type SP3, we would expect to find at least one
correlation between an SP3 carbon in the low-frequency zone
and the H5 proton of the aromatic ring. However, such a
correlation is absent in our spectrum. Instead, we observe a
correlation between an SP2 type carbon (C9) and the H5
proton of the aromatic ring (phenol). The C12 is SP3
hybridized and shows correlation with the H2 proton of the
aromatic ring (phenol). Carbon 2, which carries the H2
proton, couples to the H13 proton of the hydroxyl group.
Additionally, the H5 proton couples with carbon 7, which is a
carbonyl, and carbon 7 also couples with the H8 protons of the
CH3 group adjacent (in alpha) to the carbonyl attached to the
phenol.

The HMBC spectrum confirms our proposed structure, as
the carbonyl function resulting from oxidation appears at
position 9, not position 12.

3. BIOLOGICAL ACTIVITY
All of the newly synthesized functionalized tetralones (2a−d)
in this study represent novel compounds not previously
documented in the existing literature. Their in vitro
antibacterial activity was assessed against nine Gram-positive
bacteria (Enterococcus faecalis ATCC 29212, Enterococcus
faecium ATCC 19436, Staphylococcus aureus ATCC 25923, S.
aureus ATCC 6538, Methicillin-Resistant S. aureus MRSA 39,
MRSA 59, Methicillin-Sensitive S. aureus MSSA 60, MSSA 69,

Table 1. Oxidation of Tetrahydronaphthalenes 1 to α-Tetralones 2 in the Presence of DDQ

Scheme 6. Oxidation of Tetrahydronaphthalenes 1 to α-
Tetralones 2 in the Presence of DDQ in CH3COOH

Figure 1. 2D HMBC NMR spectrum of compound 2a.
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and Bacillus cereus ATCC 11778), and six Gram-negative
strains (Escherichia coli DH5α, E. coli ATCC 8739, E. coli
(Extended Spectrum Beta Lactamases) ESBL Aq3, E. coli
ESBL Aq10, Pseudomonas aeruginosa (Muli Drug Resistant)
MDR, and Salmonella spp. IPT13).
Additionally, their antifungal activity against important

fungal pathogens Aspergillus niger, Aspergillus f lavus, and
Penicillium expansum was evaluated using the Broth micro-
dilution method with a Biolog Phenotype Microarrays system.
Reference medicines, including vancomycin and ampicillin for
bacteria, and fluconazole and cycloheximide for fungi, were
employed. The results are presented in terms of minimum
inhibitory concentration (MIC) and minimum bactericidal or
fungicidal concentration (MBC or MFC).
3.1. In vitro Antifungal Activity. Certain tetralones, as

documented in the literature, have been established to possess
biological activities. Notably, research studies have elucidated
the activities of tetralone derivatives and compounds
incorporating the tetralone moieties in their structures.46−49

These findings align well with outcomes observed by Jalilian et
al., who evaluated the antifungal potential of dihydronaph-
thalene derivatives. Their study revealed that compounds with
electron donor groups exhibited no antifungal effect, while
those with nitro or sulfamoyl groups demonstrated a moderate
to significant effect.
In another study, Nakibet et al.,47 synthesized a series of

variously substituted 3-benzylidenechroman-4-ones, 3-benzyli-
dene-thiochroman-4-ones, and 2-benzylidene-1-tetralones,
testing them in vitro as fungicides. Sun et al.,48 identified
hydroxyanthraquinones and new derivatives featuring a
tetralone fragment, specifically the coniothyrinones, which
exhibited antifungal activity. Additional tetralone derivatives
have shown effectiveness against the A. niger and C. albicans
pathogens.49

Building on these insights, we chose to investigate the
antifungal activity of tetralones 2a−d, comparing them to
reference antifungals, to assess the efficacy of each synthesized
product against tested fungi (A. niger, A. f lavus, and P.
expansum). The results, detailed in Table 2, demonstrate

varying activities against different fungi with MIC values
comparable to those of cycloheximide.
For A. niger, tetralones 2a and 2c exhibit intermediate

antifungal activity with an MIC of 125 μg/mL. However, their
activity is comparatively modest when compared with
cycloheximide. On the other hand, compound 2d showcase
significant activity against A. niger, displaying a fungicidal effect
with an MIC of 62.5 μg/mL, (Table 2, entry 4).
Turning to A. f lavus, tetralones 2a, 2b, and 2c show limited

antifungal activity, with MIC values of 250 μg/mL, (Table 2,
entries 1, 2, 3). Compound 2d presents an MIC of 62.5 μg/mL
similar to that of cycloheximide (Table 2, entry 4).
For Penicillium expansum, tetralones 2b, 2c, and 2d exhibit

activity with MIC values ranging from 31.25 to 62.5 μg/mL.
The MFC values indicate fungistatic activity, albeit weaker
than that of fluconazole (Table 2, entries 2, 3, and 4).
In exploration of the structure−activity relationship, it is

evident that the antifungal activity of tetralones (2b−d) is
influenced by the nature of the R group on the carbonyl
moiety. Specifically, the MIC values for tetralones 2b−d with
R = Ph, R = OMe, and R = O−CH2−CH3 range from 31.25 to
250 μg/mL, demonstrating superior potency compared to
tetralone 2a with R = CH3, expressing MIC values between
125 and 250 μg/mL against fungal pathogens (Table 2, entry
1).
The most potent antifungal activity was evident in

compound 2d, substituted by an O−CH2−CH3 group while
substitution with O−CH3 (2c) or CH3 (2a) decreases the
antifungal efficacy. Thus, this result showed that replacement
by an O-Et group is more important for the optimal antifungal
activity of tetralones.50,51 The MFC test results indicate a
fungicidal effect for derivatives with replacement of R = O−
CH3 (2c) and R = O−CH2−CH3 (2d) against A. niger at a
concentration range from 62.5 to 125 μg/mL.
Products 2a and 2b each carry a carbonyl functionality while

products 2c and 2d carry ester functions and are better than 2a
and 2b, this is already mentioned in the literature which shows
that compounds carrying ester functions present antifungal
activity.52 Indeed, we find that the activity of 2d is more

Table 2. MIC and MFC of Tetralones against Fungi (μg/mL)

Aspergillus niger Aspergillus f lavus Penicillium expansum

Entry Compound MIC MFC MIC MFC MIC MFC

1 2a 125 250 250 500 250 500
2 2b 62.5 125 250 500 31.25 125
3 2c 125 125 250 250 62.5 125
4 2d 62.5 62.5 62.5 62.5 31.25 125
5 fluconazole 62.5 62.5 62.5 62.5 7.81 7.81
6 cycloheximide 62.5 250 62.5 ≥500 - -

Table 3. MIC and MBC of Tetralones against Gram Negative Bacteria (μg/mL)

E.ca E.cb E.cc E.cd P.ae S. sppf

Entry Compound MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

1 2a 31.25 250 125 500 125 >500 62.5 125 250 500 31.25 125
2 2b 250 >500 500 >500 62.5 500 125 500 500 >500 250 >500
3 2c 500 >500 500 >500 500 >500 500 >500 250 >500 250 >500
4 2d 62.5 250 125 >500 125 500 62.5 62.5 - - - -
5 amp ≤3.9 ≤3.9 250 250 250 250 ≤3.9 ≤3.9 500 ≥500 62.5 62.5
6 van 250 ≥500 62.5 - 250 250 62.5 62.5 250 250 250 250

aE.c: Escherichia coli ATCC 8739. bE.c: Escherichia coli Aq3 (ESBL). cE.c: Echerichia coli Aq10 (ESBL). dE.c: Echerichia coli DH5α. eP.a:
Pseudomonas aeruginosa (MDR). fS spp: Salmonella spp. IPT13.
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pronounced than the activity of 2b, which is due to the
lengthening of the alkyl group linked to the carbonyl of the
aromatic group, which increases the lipophilic character in this
molecule.
3.2. In vitro Antibacterial Activity. The findings indicate

the effectiveness of most tested tetralones against strains of E.
coli, Salmonella spp. IPT13, MRSA, and B. cereus, with MIC
values ranging from 31.25 to 62.5 μg/mL for the most potent
compounds. Antibacterial activity is notably affected by the
nature of the R group, as in compounds 2a and 2d, with R =
CH3 and R = O−CH2−CH3, respectively.
As evident in Table 3, compound 2a is the most active

product displaying greater potency than ampicillin against P.
aeruginosa and Salmonella spp. with an MIC range between
31.25 and 250 μg/mL. Compound 2b is active against E. coli
ESBL with MIC values ranging between 62.5 μg/mL and 250
μg/mL. Moreover, compound 2c inhibited the growth of E.
coli ESBL strains at an MIC value of 500 μg/mL.
For Gram-positive bacteria, all recently synthesized com-

pounds exhibited good to modest activity in comparison with
standard drugs. Notably, compound 2c, with an MIC of 31.25
μg/mL, was active against S. aureus 39 (MRSA). Additionally,
compound 2a, with an MIC of 62.5 μg/mL, outperformed
ampicillin against the reference strain of B. cereus, (Table 4 and
5).
The exploration of the structure−activity relationship

revealed that the most potent compound (2a), featuring an
OH group at C3 and an acetyl group at C1 (Table 1, Entry 2),
outperformed other derivatives. Interestingly, replacing an alkyl
with a benzene ring, as in compound 2b (Table 1, Entry 2), led
to a reduction in antibacterial activity. Furthermore, compound
2c, with an OH group at C3 and carbomethoxy group at C1
(Table 1, Entry 4), demonstrated efficacy in inhibiting the
growth of S. aureus MRSA at a concentration of 31.25 μg/mL.
In contrast, replacing carbomethoxy group with a carboethoxy
group (2d) (Table 1, Entry 4) appeared to enhance the

antibacterial activity of these derivatives, particularly against
Gram-negative bacteria.50,51

Thus, the methyl group emerged as the most potent
substitution among the evaluated tetralone derivatives.
A study by Ceylan et al., highlighted the antibacterial

potency of 1,4-benzothiazepine tetralone derivatives containing
methoxy and hydroxy groups against strains of S. aureus, S.
epidermidis, K. pneumoniae, P. aeruginosa, and E. coli.53

Comparable structural derivatives, as evaluated in this study,
were also noted by Liu et al.54 to exhibit significant
antibacterial activity, with hydroxytetralone derivatives proving
most effective against S. aureus and MRSA.
3.3. Cytotoxicity Assay. The findings from the cytotox-

icity assay revealed low toxicity against VERO cells for most
tested compounds, except for compound 2c, as evidenced by
the CC50 values outlined below (Table 6).

The compound bearing R = O−CH2−CH3 (2d), exhibited
the least toxicity followed by compounds 2a (R = CH3) and 2b
(R = Ph). The results imply that the tested molecules show
promise as antimicrobial agents, with the exception of
compound 2c, which displayed toxicity at lower concen-
trations.

4. MATERIALS AND METHODS
4.1. Organic Synthesis. 4.1.1. Synthesis of α-Tetralones

(2a−d). In a three-neck flask equipped with a condenser,
tetrahydronaphthalene 1 (1 mmol) was introduced at 80 °C in
10 mL of acetic acid. Then, 20 mL of water was added using a

Table 4. MIC and MBC of Tetralones against Gram-Positive Bacteria (μg/mL)

S.aa S.ab S.ac S.ad S.ae S.af

Entry Compound MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

1 2a 250 500 250 >500 125 >500 250 >500 125 250 125 >500
2 2b 500 >500 ≥500 >500 500 >500 ≥500 >500 250 >500 250 >500
3 2c 31.25 >500 ≥500 >500 250 >500 ≥500 >500 125 500 250 >500
4 2d 500 >500 ≥500 >500 500 >500 ≥500 >500 250 >500 250 >500
5 amp ≥500 >500 ≥500 - ≤3.9 ≤3.9 ≤3.9 ≤3.9 15.62 15.62 ≤3.9 ≤3.9
6 van ≤3.9 ≤3.9 ≤3.9 ≤3.9 ≤3.9 ≤3.9 ≤3.9 ≤3.9 ≤3.9 ≤3.9 ≤3.9 ≤3.9

aS.a: Staphylococcus aureus 39 (MRSA). bS.a: Staphylococcus aureus 59 (MRSA). cS.a: Staphylococcus aureus 69 (MSSA). dS.a: Staphylococcus aureus
60 (MSSA). eS.a: Staphylococcus aureus ATCC 6538. fS.a: Staphylococcus aureus ATCC 25923, (SAMR): Staphylococcus aureus methicillin resistant,
(SAMS): Staphylococcus aureus methicillin sensitive.

Table 5. MIC and MBC of Tetralones against Gram-Positive Bacteria (μg/mL)

E.f a E.f b B.cc

Entry Compound MIC MBC MIC MBC MIC MBC

1 2a 250 250 250 500 62.5 >500
2 2b 500 >500 ≥500 >500 250 >500
3 2c 500 500 250 >500 125 >500
4 2d 250 250 500 >500 250 >500
5 amp ≥500 >500 - - 250 250
6 van ≥500 >500 - - ≤3.9 ≤3.9

aE.f: Enterococcus faecium ATCC 19436. bE.f: Enterococcus faecalis ATCC 29212. cB.c: Bacillus cereus ATCC 11778.

Table 6. Cytotoxicity of Tetralones 2a−2d

Entry Compound CC50 (μg/mL)

1 2a 107.8
2 2b 103
3 2c 27.94
4 2d 256.25
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dropping funnel. Finally, we added the DDQ (3 mmol). The
reaction mixture was left stirring for 3 h at reflux. The progress
and end of the reaction were controlled by TLC.
At the end of the reaction, the mixture was filtered through a

Büchner funnel. The organic phase was washed several times
with water. The residue was purified on a silica column
(eluent: ether−petroleum ether 5:95).
4.1.2. Materials. The progress and end of the chemical

reactions are monitored by thin layer chromatography on
Merck Kieselgel 60 F254 silica (eluent: ether−petroleum
ether). The α-tetralones 2a−d are purified by chromatography
on a silica column (70−230 mesh ASTM). Their structures are
identified by 1H and 13C NMR on a Bruker AC300 apparatus
and by GC-MS. The chemical shifts δ are expressed in ppm
relative to tetramethylsilane and the coupling constants J are
given in Hz. The following notations are used: s (singlet), d
(doublet), t (triplet), q (quadruplet), and m (multiplet).
4.2. Antibacterial Activity. The in vitro antibacterial

activity of a series of chemically synthesized α-tetralones was
evaluated against a diverse range of Gram positive strains (E.
faecium ATCC 19436, E. faecalis ATCC 29212, S. aureus
ATCC 25923, S. aureus ATCC 6538, MRSA 39 and 59, MSSA
60 and 69, and B. cereus ATCC 11778) and Gram negative
strains (E. coli ATCC 8739, E. coli DH5α, E. coli ESBL Aq3
and Aq10, P. aeruginosa, and Salmonella spp IPT13) using
Biolog’s Omnilog (BiologOmnilog Phenotype MicroArray,
Hayward, CA, USA) tool.55

The assays were conducted in 96-well microplates capable of
monitoring the chemical sensitivities. Cell response in each
assay well was determined by the extent of color development
resulting from the reduction of a tetrazolium compound during
cell respiration.
Colonies from Brain Heart Infusion Agar (BHIA) plates

were suspended in Brain Heart Infusion broth (BHIB), and the
suspension was adjusted to 80−85% transmittance (T).
Mueller Hinton Broth (MHB, Biolife Italiana S.r. I. viale
Monza, 272-20128 Milano, Italy) with Biolog Redox Dye Mix
(0.1%) was prepared as a control. Tetralones stock solutions
were 2-fold serially diluted in dimethyl sulfoxide (DMSO) in
sterile 96-well microtiter plates containing the mixed MHB-
Biolog Redox Dye. The prepared cell suspension was then
added to each well.
Wells containing the inoculum alone and inoculum with

DMSO served as negative controls, while standard ATB Amp
and Van were used as positive controls. The plates were
incubated at the optimal temperature in the OmniLog plate
incubator and reader with color changes monitored. Readings
were recorded automatically every 15 min for 18 to 24 h. The
generated curves were compared to those of negative and
positive controls, and Minimum Inhibitory Concentrations
(MICs) were determined as the lowest concentrations at
which no bacterial growth was observed.
4.3. Antifungal Activity. A. niger, A. f lavus, and P.

expansum were cultured on Potato Dextrose Agar (PDA)
plates at 28 °C. Colonies were harvested from the agar plates
and suspended in a 0.85% NaCl solution, with the fungal
suspension adjusted to 62% transmittance (T).
Malt Extract (ME) (2%) with Biolog Redox Dye Mix was

prepared, and α-tetralone stock solutions were subjected to 2-
fold serial dilution in DMSO within sterile 96-well microtiter
plates containing the ME-Biolog Redox Dye Mix. Subse-
quently, a fungal suspension was introduced. Wells containing
only the inoculum and inoculum with DMSO were designated

as negative controls, while cycloheximide and fluconazole
served as positive controls.
The microplates underwent incubation at 28 °C for a

duration ranging from 72 to 120 h within the OmniLog plate
reader. The resulting curves were compared to those of the
control wells, and Minimum Inhibitory Concentrations
(MICs) were determined as the lowest concentrations at
which no fungal growth was observed.
4.4. Determination of Minimum Bactericidal Concen-

tration (MBC) and Minimum Fungicidal Concentration
(MFC). The Minimum Bactericidal Concentration (MBC) and
Minimum Fungicidal Concentration (MFC) of tetralones were
assessed following the procedures outlined by Mbah et al.56

Briefly, 10 μL aliquots from wells corresponding to 1, 2, 3,
and 4 times the Minimum Inhibitory Concentration (MIC)
were inoculated onto Nutrient Agar (for bacteria) and PDA
(for fungi). The plates were then incubated at appropriate
temperatures for 24 and 72 h, respectively. MBC and MFC
were defined as the lowest concentrations at which no bacterial
or fungal growth was observed, providing a clear determination
of the potent bactericidal and fungicidal effects of α-tetralones.
4.5. Cytotoxicity Assay. Cytotoxicity evaluation of α-

tetralones was conducted on VERO (African green monkey
kidney) cell lines obtained from the Pasteur Institute of Tunis,
Tunisia, utilizing the MTT assay developed by Mosman.57 A
suspension of 0.5 × 104 cells in 100 μL was seeded into 96-well
tissue culture plates (Orange Scientific, Belgium) and
incubated in RPMI 5% FBS at 37 °C under a humidified 5%
CO2 atmosphere. After 24 h, a 100 μL solution containing 2-
fold serial dilutions of each tetralone compound, ranging from
3333 to 6.87 μg/mL, was added to the semiconfluent cell
cultures. Following a 72-h incubation period, the culture
medium was removed and 50 μL of MTT solution (5 mg/mL
in PBS) was introduced to each well. After a 4-h incubation at
37 °C, DMSO (100 μL) was used to solubilize the formazan
formed in each well. Absorbance readings were obtained at 540
nm using a plate reader (ELx800, BioTeck, USA). The
percentage of cytotoxic effect was calculated using the
following formula:

percentage cytotoxicity
absorbance of control absorbance of sample

absorbance of control
100= ×

The 50% cytotoxic concentration (CC50), representing the
compound concentration capable of reducing cell viability by
50% compared with the untreated control, was determined
through linear regression analysis applied to the dose−
response curve.

5. CONCLUSION
This work presents the synthesis of novel functionalized α-
tetralones employing a straightforward and efficient method,
distinct from those documented in the literature. The process,
completed within a reasonable time frame, underwent
optimization to ensure the highly regioselective production
of these α-tetralones. Our exploration extended to a
preliminary biological study, evaluating their impact on both
Gram-positive and Gram-negative bacteria as well as fungi.
Compounds 2b and 2d exhibit significant fungicidal activity
against A. niger, compound 2d as well proving effective against
A. f lavus, comparable to cycloheximide. The antifungal efficacy
of α-tetralones (2b−d) is influenced by the R group on the
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phenyl unit, with compound 2d, having the highest activity.
The study reveals the effectiveness of most tested α-tetralones
against E. coli, Salmonella spp, MRSA, and B. cereus.
Antibacterial activity is notably affected by the nature of the
R group, as in compounds 2a and 2d, with R = CH3 and R =
O−CH2−CH3, respectively; importantly, most of the tested
compounds show low toxicity. The results of the biological
activity were promising, suggesting a potential avenue for these
compounds to evolve into future drug candidates within this
chemical family.

6. 1H AND 13C NMR DATA OF COMPOUNDS (2A−D)
6-Acetyl-7-hydroxy-3,4-dihydronaphthalen-1(2H)-

one (2a).

Yield: 210.44 mg (98%), 1.052 mmol reaction scale. White
solid, mp = 99−101 °C; 1H NMR (300 MHz, CDCl3) δ 1.80
(m, 2H), 2.50 (s, 3H), 2.78 (m, 4H), 6.78 (s, 1H), 7.46 (s,
1H), 12.53 (s, 1H). 13C NMR (75 MHz, CDCl3,) δ 23.3, 27.1,
30.3, 38.7, 114.4,118.7, 128.1, 128.5, 146.2, 161.1,198.7, 203.3.
HRMS (TOF-MS-ES): calcd for C12H12O3: 204.07864, found
204.07973.
6-Benzoyl-7-hydroxy-3,4-dihydronaphthalen-1(2H)-

one (2b).

Yield: 196.33 mg (93%), 0.793 mmol reaction scale. White
solid, mp = 143−145 °C; 1H NMR (300 MHz, CDCl3) δ 1.83
(m, 2H), 2.91 (m, 4H), 7.24 (s, 1H), 7.51−7.98 (m, 5H), 8.63
(s, 1H), 12.43 (s, 1H).13C NMR (75 MHz,CDCl3) δ 23.3,
30.4, 38.6, 112.2, 120.1, 127.7, 128.6, 128.9, 132.5, 137.7,
146.2, 161.6, 196.9, 198.5. HRMS (TOF-MS-ES): calcd for
C17H14O3: 266.09429, found 266.09650.
Methyl 3-Hydroxy-5-oxo-5,6,7,8-tetrahydronaphtha-

lene-2-carboxylate (2c).

Yield: 180 mg (90%), 0.97 mmol reaction scale. White solid,
mp = 106−108 °C; 1H NMR (300 MHz, CDCl3) δ 1.22 (m,
2H), 2.73 (m, 4H), 3.57 (s, 3H), 6.70 (s, 1H), 7.60 (s, 1H),
11.16 (s, 1H).13C NMR (CDCl3, 75 MHz) δ 23.3, 27.1, 30.3,
38.7, 114.4,118.7, 128.1 128.5, 146.2,161.4,198.7, 203.3.
HRMS (TOF-MS-ES): calcd for C12H12O4: 220.07356,
found 220.07373.
Ethyl 3-Hydroxy-5-oxo-5,6,7,8-tetrahydronaphtha-

lene-2-carboxylate (2d).

Yield: 202 mg (95%), 0.90 mmol reaction scale. White solid,
mp = 85−87 °C; 1H NMR (CDCl3, 300 MHz) δ 1.22 (t, J = 6
Hz, 3H), 1.77 (m, 2H), 2.73 (m, 4H), 3.50 (q, J = 6 Hz, 2H),
6.70 (s, 1H), 7.60 (s, 1H), 11.29 (s, 1H). 13C NMR (75
MHz,CDCl3) δ 14.2, 23.3, 30.5, 38.6, 61.1, 113.9, 114.3, 127.7,
128.3, 146.3, 163.0, 167.6, 198.3. HRMS (TOF-MS-ES): calcd
for C13H14O4: 234.08921, found 234.09043.
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