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Abstract

The stereoselective synthesis and anti- Hymenolepis nana activity of six Linezolid-type 

compounds, obtained by chemical modification of L-Alanine, are reported in this work. 

The synthetic strategy was to prepare diasteromeric N,N-dibenzylamino oxazolidinones 1 

and 2, and coupling with 4-(4-bromophenyl)morpholine (3) to obtain N,N-dibenzylamino 
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Linezolid analogues 4 and 5. A hydrogenolysis reaction over 4 and 5 resulted in amino-

free Linezolid analogues 6 and 7, which were acetylated to reach diasteromeric Linezolid 

analogues 8 and 9. The six Linezolid analogues 4-9 show in vitro antiparasitic activity 

against Hymenolepis nana cestode, but not against several bacterial strains. Interestingly, 

compounds 6, 7 and 9 exhibit high potency, having shorter paralysis and death times  after 

exposure (6 to 10 and 18 to 21 min, respectively), shorter than those found with 

antihelmintic compound Praziquantel (20 and 30 min) at 20 mg/mL. In addition, a 

cytocompatibility assay of 6-9 with human cells (ARPE-19 cells) demonstrate a non-

cytotoxic effect at 0.4 mM. These results show the pharmacological potential of the newly 

reported Linezolid-type analogues as antiparasitic agents against Hymenolepis nana.

Keywords: Linezolid analogues; antiparasitic activity; stereoselective synthesis

1. Introduction

Intestinal parasitosis is a public health problem which affect 60 % of worldwide 

population.1 Among a wide number of well-known parasite organisms, Hymenolepis nana 

(H. nana) and Hymenolepis diminuta cestodes are recognized as the principal 

hymenolepiasis infective agents. Hymenolepiasis is consider as a neglected disease 

affecting about 175 million of people around the world.2 H. nana is a parasite capable to 

complete its biological cycle inside a single host. Although this infection is not fatal, it 

does have significant morbidity.3 This is a cosmopolite disease, but a higher prevalence is 

present in countries with a tropical climate, affecting mainly school age children, elderly 

and immunocompromised adults. In addition, there is a higher prevalence in the lower 

income population countries, and it is associated to bad hygiene habits. Commonly, this is 

an asymptomatic illness, but its clinical manifestations are diarrhea, stomachache, 

headache, weight loss and poor nutrient absorption.3-6 Praziquantel is the drug traditionally 

used to treat intestinal or tissue cestodial parasitosis.  However, recent studies have 

revealed resistance of H. nana to praziquantel, as well as hepatotoxic, genotoxic and 

carcinogenic side effects.6 Calcium ion (Ca2+) channels are the only moiety identified as 

the molecular target of Praziquantel by indirect evidence, showing high affinity for 
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membrane receptors, affecting the cellular membrane permeability, promoting the fast Ca2+ 

absorption and inducing damages in the tegument of some parasites.7,8

Linezolid is the first commercially available antibiotic with a 1,3-oxazolidin-2-one 

structural base. It was first synthesized in 1990 by Pharmacia-Upjohn laboratories (now 

Pfizer) and approved by the FDA in 2000. This drug is used for treatment of nosocomial 

infections caused by multi-resistant Gram positive bacterial strains as methicillin-resistant 

Staphylococcus aureus (MRSA), penicillin-resistant Staphylococcus epiderminis (PRSE), 

penicillin-resistant Spreptococcus pneumoniae (PRSP), vancomycin-resistant 

Enterococcus faecium and Enterococcus faecalis (VREF).9-13 In addition, the activity of 

Linezolid against Mycobacterium tuberculosis has been proved.14 This drug inhibits the 

initiation and  translation phases in the synthesis of bacterial proteins by intercalation 

between the 30S and 50S ribosomal subunits.15,16 Linezolid structure consists in of 

oxazolidinone ring (A ring), a fluorophenyl ring (B ring), a morpholine ring (C ring) and 

an acetamide methyl substituent with a specific S configuration in C5 position of the A ring 

(Figure 1).17 

Oxazole compounds have been described as bioactive molecules valuable for medicinal 

chemistry, showing a broad spectrum of biological activities, including antiparasitic 

properties.18 However, there are few studies in the literature focused on the antiparasitic 

activity of Linezolid or analogues. These reports conclude in null activity, which justifies 

its exclusive use as an antibacterial agent.19,20

Previously, we reported the stereoselective synthesis and antibacterial activity of a series 

of N,N-dibenzylamino 1,3-oxazolidin-2-ones prepared by chemical modification of -

amino acids. The oxazolidinone derived from L-alanine 1 showed significant activity 

against Methicillin Resistant Staphylococcus aureus (MRSA)  isolated strains.21,22 In this 

work, by using diasteromeric oxazolidinones 1 and 2 as precursors, we report the synthesis 

of six new analogues having the characteristic structure of Linezolid (A, B and C rings) 

with some modifications such as a) the presence of a chiral center and  a methyl group 

attached to the ring A substituent, b) variation in the configuration of the oxazolidinone 

chiral center (S or R) and c) different substituents in the amino group (benzyl, hydrogen or 

acetyl) (Figure 1). Remarkable results were found in antiparasitic activity assays, 

suggesting the anti- H. nana potential of these oxazolidinone compounds. To the best of 
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our knowledge, this is the first report of Linezolid-related compounds with antiparasitic 

activity.
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Figure 1.  Linezolid and Linezolid-analogues structure.

2. Experimental 

2.1 Chemical synthesis

N-aryl coupling of oxazolidinones 1 and 2 with 4-(4-bromo-2- fluorophenyl)morpholine 

(3).

To a solution of the oxazolidinone (1 or 2)21,22 (0.32 moles), CuI (0.01 mmol), K2CO3 (0.53 

mmol), 4-(4-bromo-2-fluorphenyl)morpholine (3) in toluene (25 mL) was added dropwise 

the N,N´-dimethylmethanediamine (0.06 mmol). Then, the reaction mixture was stirred at 

115°C for 72 h. Finally, water (25 mL) was added to finish the reaction and the organic 

phase was separated, filtered using zeolite and evaporated under vacuum. The product 

purification was carried out by flash chromatography on silica gel and a mobile phase of 

petroleum ether and ethyl acetate (1:1).23,24

(R)-5-((S)-1-(dibenzylamino)ethyl)-3-(3-fluoro-4-morpholinophenyl)oxazolidin-2-one 

(4). White solid, yield 75%.  M. P. 68.5-69.5 °C FTIR: 3059, 2955, 1753, 1514, 1449, 

1402, 1234, 1117 cm-1. 1H NMR (400 MHz, CDCl3): δ 7.30 (m, 10 H), 7.18 (dd, J = 11.8, 
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2.5 Hz, 1H), 7.00 (ddd, J = 7.1, 2.5, 1.0 Hz, 1H), 6.89 (dd, J = 9.1, 9.0 Hz, 1H), 4.40 (ddd, 

J = 8.3, 8.2, 7.2 Hz, 1H), 3.86 (m, 4H), 3.80 (t, J = 8.7 Hz, 1H), 3.75(d, J = 13.5 Hz, 2H), 

3.57 (dd, J = 9.0, 6.6 Hz, 1H), 3.48 (d, J = 13.5 Hz, 2H), 3.08 (m, 4H) 2.88 (m, 1H), 1.30(d, 

J = 6.6 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 155.5 (d, JC-F = 244.4 Hz), 154.6, 139.1, 

136.2 (d, JC-F = 9.0 Hz), 133.3 (d, JC-F = 10.5 Hz), 128.9, 128.5, 127.4, 118.7 (d, JC-F = 4.1 

Hz), 114.2 (d, JC-F = 3.3 Hz), 107.7 (d, JC-F = 25.8 Hz), 74.2, 66.9, 56.7, 54.6, 51.9, 49.4, 

8.6. HRMS (FAB+) calculated for C29H33FN3O: 490.2506.  Found: 490.2513 uma.

 ((S)-5-((S)-1-(dibenzylamino)ethyl)-3-(3-fluoro-4-morpholinophenyl)oxazolidin-2-

one (5). White solid, yield 70%. M. P. 78.0-79.0 °C. FTIR: 3032, 2955, 1753, 1514, 1449, 

1402, 1234, 1117 cm-1. 1H NMR (400 MHz, CDCl3): δ 7.37 (dd, J = 11.8, 2.6 Hz, 1H), 

7.30 (m, 10 H), 7.00 (ddd, J = 7.3, 2.0, 1.3 Hz, 1H), 6.94 (dd, J = 9.2, 9.0 Hz, 1H),  4.56 

(ddd, J = 5.4, 5.1, 5.1 Hz, 1H), 3.93 (d, J = 13.6 Hz, 2H), 3.88 (m, 4H), 3.68 (dd, J = 8.4, 

2.4 Hz, 1H), 3.48 (d, J = 13.6 Hz, 2H), 3.07 (m, 4H), 2.92 (dc, J = 6.8, 5.1 Hz, 1H), 1.26 

(d, J = 6.8 Hz, 3H). 13C NMR (100 MHz CDCl3): δ 155.5 (d, JC-F = 244.5 Hz), 154.5, 139.6, 

136.2 (d, JC-F = 8.9 Hz), 133.5 (d, JC-F = 10.5 Hz), 128.9, 128.3, 127.0, 118.7 (d, JC-F = 4.2 

Hz), 113.7 (d, JC-F = 3.3 Hz), 107.3 (d, JC-F = 26.3), 76.2, 67.0, 55.1, 54.8, 51.0, 47.6, 10.2. 

HRMS (FAB+) calculated for C29H33FN3O: 490.2506. Found: 490.2513.

Hydrogenolysis of 4 and 5

Compounds 4 or 5 (1 g, 2.04 mmol) were dissolved in dry methanol (25 mL) and Pd/C 

10% (0.02 g, 0.20 mmol) was added. Then two drops of acetic acid were added, and the 

reaction mixture was stirred for 4 h under H2 atmosphere. Then, the mixture was filtered 

on a Celite pad in order to remove the Pd/C, and the organic solvent was evaporated under 

vacuum conditions.

(R)-5-((S)-1-aminoethyl)-3-(3-fluoro-4-morpholinphenyl)oxazolidin-2-one (6). White 

solid, yield 90%. M. P. 196-197 C. FTIR: 3373, 2952, 2835, 1740, 1636, 1514, 1445, 

1404, 1237, 1112 cm-1. 1H NMR (400 MHz, CDCl3): δ 7.50 (dd, J = 11.8, 2.6 Hz, 1H), 

7.22 (ddd, J = 8.8, 1.5, 1.2 Hz, 1H), 7.08 (dd, J = 9.1, 9.0 Hz, 1H), 4.77 (m, 1H), 4.10 (t, J 
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= 9.3 Hz, 1H), 4.00 (m, 1H), 3.74 (m, 4H), 3.40 (m, 1H), 2.96 (m, 4H) 1.16 (d, J = 6.6 Hz, 

3H). 13C NMR (100 MHz, CDCl3): δ 155.5 (d, JC-F = 220.4 Hz), 154.3, 136.2 (d, JC-F = 7.3 

Hz), 133.6 (d, JC-F = 10.2 Hz), 119.7 (d, JC-F = 4.1 Hz), 114.8 (d, JC-F = 3.3 Hz), 107.3 (d, 

26.1), 74.2, 66.6, 51.1, 48.7, 46.5, 14.6. HRMS (FAB+) calculated for C15H21FN3O3: 

310.1567. Found: 310.1621.

 (S)-5-((S)-1-aminoethyl)-3-(3-fluoro-4-morpholinophenyl)oxazolidin-2-one (7).  

White solid, 80% yield. M. P. 128-129 C. FTIR: 3373, 2956, 1744, 1625, 1514, 1407, 

1234, 1114 cm-1. 1H NMR (400 MHz, CDCl3): δ 7.51 (dd, J = 12.4, 2.6 Hz, 1H), 7.23 (dd, 

J = 8.8, 1.9 Hz, 1H), 7.05 (dd, J = 9.8, 9.1Hz, 1H), 4.45 (ddd, J = 8.7, 8.6, 7.8 Hz, 1H), 

4.01 (dd, J = 9.0, 8.9 Hz, 1H), 3.83 (dd, J = 9.0, 8.9 Hz, 1H), 3.73 (m, 4H), 3.25 (bs, 2H), 

2.96 (m, 5H), 1.03 (d, J = 6.5 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 155.5 (d, JC-F = 

242.1 Hz), 154.7, 135.8 (d, JC-F = 8.8 Hz), 134.1 (d, JC-F = 10.4 Hz), 119.7 (d, JC-F = 4.2 

Hz), 114.4 (d, JC-F = 3.2 Hz), 107.3 (d, JC-F = 26.0Hz), 75.8, 66.6, 51.2, 49.2, 47.1, 18.2. 

HRMS (FAB+) calculated for C15H21FN3O3: 310.1567. Found: 310.1621.

N-acetylation of 6 and 7 

To a solution of 6 or 7 (1 g, 3.23 mmol) in dry dichloromethane (50 mL), TEA (0.1 mL, 

6.5 mmol) was added dropwise at -78 C under argon atmosphere and the mixture was 

stirred for 15 min. Then a solution of acetyl chloride (0.38 g, 4.85 mmol) in 5 mL of solvent 

was added dropwise, and the reaction was stirred for 45 min at the same temperature. Then 

the organic layer was washed with brine, separated, dried over Na2SO4 and filtered. The 

solvent was evaporated under reduced pressure.

N-((S)-1-((R)-3-(3-fluoro-4-morpholinphenyl)-2-oxooxazolidin-5-il)ethyl)acetamide 

(8). Yellow solid, 76% yield. M. P. 140-142 C. FTIR: 3323, 3063, 2920, 1741, 1659, 

1514, 1220 cm-1. 1H NMR (400 MHz, CDCl3): δ 7.45 (dd, J = 15.0, 2.5 Hz, 1H), 7.13 (dd, 

J = 9.1, 2.5 Hz, 1H), 6.93 (t, J = 9.2 Hz, 1H), 6.02 (d, J = 8.4 Hz, 1H), 4.70 (m, 1H), 4.25 

(m, 1H), 4.08 (t, J = 9.1 Hz, 4H), 3.88 (m, 4H), 3.78 (dd, J = 9.0, 8.8 Hz, 1H), 3.04 (m, 

4H), 2.00 (s, 1H), 1.25 (d, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 169.9, 155.0 
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(d, JC-F = 242.2 Hz), 154.4, 136.5 (d, JC-F = 8.8 Hz), 132.8 (d, JC-F = 10.5 Hz), 118.7 (d, JC-F 

= 4.1 Hz), 114.0 (d, JC-F = 3.0 Hz), 107.5 (d, JC-F = 26.0Hz), 74.4, 66.9, 51.0, 47.7, 47.6, 

23.2, 13.4. HRMS (FAB+) calculated for C17H23FN3O4: 352.1673. Found: 352.1705.

N-((S)-1-((S)-3-(3-fluoro-4-morpholinphenyl)-2-oxooxazolidin-5-il)ethyl)acetamide 

(9). White solid, 70% yield. M. P. 196-198 C. FTIR: 3323, 3063, 2920, 1741, 1659, 1514, 

1220 cm-1. 1H NMR (400 MHz, CDCl3): δ 7.42 (dd, J = 15.0, 2.5 Hz, 1H), 7.05 (dd, J = 

8.8, 2.5 Hz, 1H), 6.90 (dd, J = 9.26, 9.0 Hz, 1H), 6.41 (d, J = 8.0 Hz, 1H), 4.60 (m, 1H), 

4.45 (m, 1H), 3.94 (t, J = 9.0 Hz, 4H), 3.88 (m, 5H), 3.05 (m, 4H), 1.97 (s, 1H), 1.35 (d, J 

= 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 170.9, 155.4 (d, JC-F = 245.0 Hz), 154.6, 

136.4 (d, JC-F = 8.7 Hz), 132.8 (d, JC-F = 10.5 Hz), 118.7 (d, JC-F = 4.2 Hz), 113.9 (d, JC-F = 

3.0 Hz), 107.5 (d, JC-F = 26.0Hz), 75.6, 66.9, 51.0, 47.6, 46.2, 22.1, 17.8. HRMS (FAB+) 

calculated for C17H23FN3O4: 352.1673. Found: 352.1705.

2.2 Antibacterial activity of Linezolid analogues

The antibacterial activity of all molecules was evaluated against twelve bacterial strains 

(eleven Gram-positive and one Gram-negative, see Table S7).25-27 All bacteria were 

cultured in Muller-Hinton broth. MIC of all compounds were determined by broth 

microdilution method according to CLSI guidelines. The 18-20 h grown culture gives about 

108 CFU/mL of bacteria. The bacterial cultures were diluted to give approximately 106 

CFU/mL in Muller-Hinton broth media and then were used to determinate antibacterial 

activity.

The evaluation of the antibacterial activity of all compounds against different Gram-

positive and Gram-negative strains was performed at 100 μg/mL into 96-wells ELISA type 

dishes. Then, the active compounds were evaluated at lower concentration in the range of 

50 to 1.17 g/mL. 

2.3 In vitro antiparasitic activity of Linezolid analogues

Antiparasitary evaluations were made at one concentration that corresponds to the 

Praziquantel solubility (20 mg/mL) in Hank’s medium. Hymenolepis nana worms were 
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exposed to Linezolid analogues or Praziquantel (positive control) in 24-well sterile plates, 

5 worms/well in 1 mL of medium. Parasites in Hank’s medium were used as negative 

control. The plates were monitored by light microscope every hour up to 12 h and then 

every 24 h up to 72 h; morphology, mobility and vitality were registered.28 Concentration-

response assays of selected Linezolid analogues (10, 15 and 20 mg/mL) on the antiparasitic 

activity were performed.

2.4 Cellular viability assay

Insight about the effect of the linezolid analogues 6 to 9 on cell proliferation, cell viability 

was assessed on human retinal pigment epithelial cell line (ARPE-19) by MTT assays29 

with some modifications.30 ARPE-19 (CRL-2302) were purchased from American Type 

Culture Collection (ATCC). Initially, ARPE cells (1×104 per well, 50 µL) maintained in 

DMEM (Sigma-Aldrich) supplemented with 5% FBS (Gibco®, Thermo Fisher Scientific), 

were placed in each well of a 96-well plate (Costar®, USA). The analogues were dissolved 

in dimethyl sulfoxide (DMSO) at 40 mM. After 24 h of incubation at 37 °C in a 5% CO2 

atmosphere to allow cells attachment, aliquots (50 µL) of the medium containing different 

concentrations (12.5 to 400 µM) of linezolid analogues were added to cell cultures, and 

were incubated for 48 h. We used the cytotoxic drug Doxorubicin hydrochloride (Sigma-

Aldrich) as a positive control in cellular viability assays. In the last 4 h of each assay, 10 

µL of an MTT (Thiazolyl Blue Tetrazolium Bromide; Sigma-Aldrich) solution (5 mg/mL) 

were added to each well. The cell viability was calculated by the ability of metabolically 

active cells to reduce tetrazolium salt formazan. The formazan crystals were dissolved with 

acidic isopropyl alcohol (0.3 %). The OD was measured on a microplate reader (Multiskan 

EX, ThermoLabSystem) using a test wavelength of 570 nm and a reference wavelength 

630 nm. The effect over cell viability of linezolid analogues was reported as a proliferation 

percentage to each concentration evaluated.  
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3. Results and discussion

3.1 Chemistry

Oxazolidinones 1 and 2 were prepared following a methodology previously reported in 90 

and 84% global yield.21,22 Compound 3 was obtained starting by a nucleophilic aromatic 

substitution reaction of 3,4-difluoronitrobenzene and morpholine in a 90% yield. Then, the 

nitro group was reduced under a H2 atmosphere using the Pd/C catalyst to obtain the amino 

derivate in 97% yield. The amino group was exchange by a bromine with a 80% yield 

under a Sandmeyer reaction conditions (Scheme S1).23,24 Aryl coupling of 3 with 

oxazolidinones 1 and 2 leaded to N,N-dibenzylamine Linezolid analogues 4 and 5 in 75 

and 70% yield, respectively. Then, a hydrogenolysis reaction allowed the synthesis of 

amino-free derivates 6 and 7 in 90 and 80% yield. Finally, compounds 6 and 7 were 

acetylated to form 8 and 9 in 70 and 76% yield, respectively (Scheme 1). Analogues 8 and 

9 have high estructural resemblance to Linezolid, but with two significant differences, their 

molecules have two chiral centers and a methyl group attached to the acetamide methyl 

substituent.

Scheme 1. Synthetic route for the preparation of Linezolid analogues.
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All compounds were characterized by FTIR, 1H and 13C NMR, and mass spectrometry. 1H 

NMR spectrum of oxazolidinone 1 shows the characteristic signals of benzyl groups at 

7.30 ppm for aromatic hydrogens, and at 3.75 and 3.47 ppm two doublets assigned to 

methylene hydrogens. There is a broad singlet at 5.46 ppm belonging to carbamate 

hydrogen and a multiplet at 4.50 ppm assigned to oxazolidinone methine. The signals for 

oxazolidinone methylene hydrogens appear as two triplets located at 3.58 and 3.25 ppm. 

The signal of alanine methine (asymmetric center) is present at 2.86 ppm and there is a 

doublet signal located at 1.26 assigned to methyl hydrogens (Figure S1). The oxazolidinone 

carbonyl signal appears at 159.6 ppm in the 13C NMR spectrum of 1. There are four 

aromatic signals from 139.3 to 127.3 ppm and benzylic methylene signal is located at 54.6 

ppm. The oxazolidinone methine and methylene signals are observed at 78.5 and 44.8 ppm, 

respectively. The signal of alanine asymmetric carbon is located at 56.7 ppm and methyl 

carbon at 8.7 ppm (Figure S2). A stretching vibration band for carbonyl is located at 1746 

cm-1 in the FTIR spectrum (Figure S3). The MS(ESI) analysis of 1 shows the 

quasimolecular ion [M+H]+ with 311 amu and adducts [M+Na]+ and [M+K]+ with 333 and 

349 amu, respectively (Figure S4). The NMR spectra of 2 show the same signals than 1, 

but slight differences in their chemical shifts are observed due to the different configuration 

at C5 position (Figures S5 and S6). Oxazolidinone 1 crystallized as a dimer in the 

monoclinic crystalline system with a space group P21 (Figure 2 and Table S1). 

Interestingly, the asymmetric unit of 1 showed two oxazolidinone molecules connected to 

each other by hydrogen bonding of oxazolidinone unit. These two intermolecular hydrogen 

bonds (NHO=C) have been described as a strong non-covalent interaction with 

DonorAcceptor distances of 2.889 and 2.939 Å.31 
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Figure 2. Dimeric molecular structure of compound 1 with thermal ellipsoids drawn at 
20% probability level. Bond distances of the non-covalent interactions DA (Å): 
N(3)O(1)=C, 2.939(4); N(1)O(3)=C, 2.889(4).

In addition, the hydrogens of chiral carbons (C1 and C4) have an anti-conformation with 

an R and S absolute configuration on C1 and C4, respectively (Flack parameter = 0.05(8). 

The crystal arrangement exhibits intermolecular C–HO hydrogen bonds, which together 

with the intermolecular hydrogen bonds of the type NHO=C, led to formation of the 2D 

framework (Figure S7). 

The 1H NMR spectrum of 3 shows a multiplet at 7.26 ppm and a triplet a 6.89 ppm 

corresponding to aromatic hydrogens. There are two multiplets at 3.87 and 3.07 ppm 

belonging to morpholine fragment (Figure S8). Some aromatic signals located at 156.7 to 

113.9 ppm in the 13C NMR spectrum present a doublet multiplicity due to coupling with 

fluorine. The characteristic signal for the ipso fluorine carbon is located at 155 ppm with a 

J= 249.3 Hz. The aliphatic carbons are located at 66.9 and 50.8 ppm, respectively (Figure 

S9). In addition, it was possible to obtain the X ray crystal structure of 3 (Figure 3, Table 

S2) and its synthetic precursors 12 and 13 (Figure S10, Tables S3 and S4), which have not 

been published. The molecular structure of 3 and its precursors have morpholine ring in a 

chair-conformation with nitrogen substituted at the equatorial position by the aryl group 

(Figure 3). The crystal arrangement exhibits intermolecular C–H···F and C–H···O 

hydrogen bonds in compound 3. Moreover, the crystal of 3 presents one π-π interaction 

between the phenyl rings of two molecules (Figure S11).
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Figure 3. Molecular structure of compound 3 with thermal ellipsoids drawn at 50% 
probability level.  

1H NMR spectra of 4 and 5 show signals corresponding to both oxazolidinone and 

fluorophenylmorpholine moieties, with significant differences in the chemical shift of 

oxazolidinone methylene and fluorophenyl hydrogens. The rest of signals have similar 

chemical shifts to their respective precursors (Figures S12 and S14). Similarly, all carbon 

signals belonging to both fragments are presented, but significant differences in the 

chemical shift of oxazolidinone carbons C4 and C5, morpholine C14 and fluorophenyl C8 

signals are observed, due to the coupling of both fragments (Figures S13 and S15). The 

FTIR spectra of 4 and 5 show a stretching band for carbonyl at 1744 cm-1 (Figure S16). 

The MS(ESI) analysis of these compounds show a quasimolecular ion [M+H]+ with 490 

amu and the adduct [M+Na]+ with 512 amu (Figure S17).

Signals belonging to benzylic groups are no longer present in the 1H NMR spectra of 6 and 

7, and oxazolidinone signals are shifted downfield (Figures S18 and S20). Only the 

fluorphenyl signals are present in the aromatic zone in 13C NMR spectra, the rest of 

aliphatic carbon signals have different chemical shift (Figures S19 and S21). FTIR spectra 

show the amino-group stretching vibrations at 3384 y 3365 cm-1, and carbonyl stretching 

at 1734 cm-1 (Figure S22). The MS(ESI) analysis show a quasimolecular ion [M+H]+ with 

310 amu corresponding to these compounds (Figure S23).

1H NMR spectra of acetylated derivates 8 and 9 present two new signals due to the acetyl 

group. There is a doublet at 6 ppm and a singlet at 2 ppm assigned to amide and a methyl 
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hydrogens, respectively. The chemical environment of the rest of hydrogens was affected 

by the presence of acetyl group, particularly the H6 signal shifted 0.8 and 1.4 ppm in 8 and 

9, respectively (Figures S24 and S26). 13C NMR spectra show the new carbonyl and methyl 

signals at 170 and 23 ppm, respectively (Figures S25 and S27). There are two new 

stretching bands at 3275 and 1647 cm-1 in FTIR spectra due to the presence of acetyl group 

in these molecules (Figure S28). The MS(ESI) analysis of 8 and 9 shows a quasimolecular 

ion [M+H]+ with 352 amu, and adducts [M+Na]+ and [M+K]+ with 374 and 391 amu, 

respectively (Figure S29). Figure 4 shows the sequence of 1H NMR spectra obtained from 

the oxazolidinone 1 to Linezolid analogue 8. A full assignation of NMR signals is 

summarized in Tables S5 and S6. 
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Figure 4. Partial 1H NMR spectra of 1 (a), 4 (b), 6 (c) and 8 (d).

3.2 In vitro activity of Linezolid analogues against bacterial strains

First, the antibacterial activity of dibenzylamino oxazolidinones 1 and 2, and Linezolid 

analogues 4-9 was evaluated against Gram-positive and Gram-negative strains (Table S7) 

at 100 g/mL. Linezolid was evaluated as positive control against the same strains. The 
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active compounds at this concentration were 1, 2, 5 and 6, only against Gram positive 

strains. Dibenzylamino oxazolidinone 1 was active against group A Streptococcus 01 and 

ATCC 25923 Staphylococcus aureus and dibenzylamino oxazolidinone 2 was active 

against group A Streptococcus 01, Staphylococcus aureus 05, ATCC 25923 

Staphylococcus aureus, MRSA-01, MRSA-03 and MRSA-05. Linezolid analogues 5 and 

6 were active against Staphylococcus aureus 05. 

Then, their antibacterial activity was evaluated at lower concentration in the range of 1.17 

to 50.0 g/mL. The results showed that at lower concentration these compounds do not 

display activity against all the initial strains. Dibenzylamino oxazolidinones 1 and 2 only 

inhibited the growing of group A Streptococcus 01 strain, but a small bacterial button was 

observed even at the highest concentration (50.0 g/mL) and the Linezolid analogues 5 

and 6 showed activity only against Staphylococcus aureus 05 at 50 µg/mL. 

The experimental results demonstrated the poor antibacterial activity of these Linezolid 

analogues compared to Linezolid (Table S8). In order to rationalize this significant 

difference in the antibacterial activity at the molecular level, the molecular docking of 

Linezolid analogues 4-9 in the Phosphoryl Transferase Center (PTC) of Linezolid was done 

using the MOE 201832 program. The docking was performed with the crystallographic 

structure of ribosomal RNA (rRNA) of E. coli (Proten Data Bank ID: 4V4Q) with the same 

protocol previously reported for another Linezolid analogues.33 The structure of all 

Linezolid analogues, excepting 4, occupy the PTC of E. coli (Figures S30 to S36).34 The 

protonated forms of 6 and 7 were also calculated. Table 1 shows the score and placement 

energies (in kcal/mol) of Linezolid and analogues. The score value obtained after several 

calculations is related to the quality of the coupling, where the lower scores indicate the 

most favorable couplings. As can be seen, analogues 5, 6 and 8 have similar score than 

Linezolid, but they do not show potent antibacterial activity as Linezolid. Some plausible 

reasons for this difference could be: 1) a highly superior placement energy to Linezolid, 

probably due to the steric effect of voluminous groups as benzyl or methyl present in their 

molecular structure, and 2) different intermolecular interactions involved in the 

supramolecular complexes. The docking of Linezolid in the PTC of E. coli shows the 
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typical hydrogen bond interaction between the amide hydrogen and the phosphodiester 

group of G2505 nucleotide, which is the main interaction responsible of the antibacterial 

activity.35 Linezolid analogue 5 presents a non-typical hydrogen bond with the 

G2061acting as H-acceptor, while analogue 6 presents two interactions, one hydrogen bond 

with G2505 acting as H-donor and a lower energy C-H∙∙∙ interaction with A2451 (Figure 

5). These analogues display poor activity against one bacterial strain. The rest of Linezolid 

analogues which are totally inactive establish low energy interactions such as C-H∙∙∙ and 

N-H∙∙∙, but no hydrogen bonds are present (Figures S30 to S36).

Table 1. Score and placement energy (kcal/mol) of Linezolid analogues.

Compound Score
(kcal/mol)

Placement Energy 
(kcal/mol)

Linezolid -7.20 -70.35

5 -7.18 -9.27

6-H+ -5.85 -41.51

6 -7.18 -53.12

7-H+ -6.28 -46.24

7 -6.69 -39.42

8 -7.19 -54.64

9 -6.88 -53.92
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a) b)

c) d)

Figure 5. Molecular docking and interaction maps of 5 (a and b) and 6 (c and d) with the 
Phosphoryl Transferase Center (PTC) of the crystallographic structure of ribosomal RNA 
(rRNA) of E. coli.

3.3 In vitro activity of Linezolid analogues against Hymenolepis nana

Based on results obtained in the antibacterial experiments, it was decided to evaluate the 

in vitro antiparasitic activity of Linezolid analogues 4-9 against H. nana at 20 mg/mL 

following a procedure previously reported by Montes-Ávila.28 The study consists of 

observing the parasite mobility and morphology in the presence of Linezolid analogue, as 

well as its viability using the Evans staining. Analogues 4 and 5 induced paralysis and 

death at 20 and 60 min, respectively (Table 2). Death time was twice that observed with 
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Praziquantel (30 min), but interestingly, compounds 4 and 5 cause morphological damage 

to the parasite’s scolex, neck and proglottids (Figure 6b). Analogues 6 and 7 have a similar 

time of paralysis (11 and 10 min, respectively) and death time (21 min). Both compounds 

showed higher potency than Praziquantel. The staining showed morphological damage to 

the gravid proglottids, scolex and eggs caused by 6 (Figure 6c). These effects in the parasite 

were not observed with Praziquantel and they are important due to the parasitosis 

persistence is associated with the scolex attachment to the intestine and with the reinfection 

by the eggs present in the gravid proglottids.36 Based on these results, the chemical 

configuration in 4 and 5 does not have effect over the antiparasitic activity, as well as in 6 

and 7. Paralysis and death times were similar with these diasteromeric pairs. Instead, 

analogues 8 and 9 had significant differences in activity, the death time observed with 8 

was three-times that of 9. Analogue 9 was the most active Linezolid analogue against H. 

nana with a death time of almost half (18 min) found with Praziquantel (30 min). More 

details of the anatomic damage caused by these compounds in the parasite are provided in 

Table 2.  Linezolid only caused a reversible paralysis in the worms, there was not anatomic 

damage and the parasite was alive even after 24 h of treatment. 

Table 2. Antiparasitic activity of Linezolid analogues against Hymenolepis nana at 20 

mg/mL.

Compound Structure Paralysis 
(min)

Death
(min) Anatomic effect

4 O
N

O

NBn2

F

N O 20 60
Partial staining, damage in 

gravid proglottids, 
moderate release of 

unstained eggs

5
O

N

O

NBn2

F

N O 20 60
Partial staining, damage in 

neck, scolex and mature 
proglottids

6 O
N

O

NH2

F

N O 11 21
Total staining,

damage in the gravid 
proglottids, scolex and 
release of stained eggs

7 O
N

O

NH2

F

N O 10 21 Total staining
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8 O
N

O

NHAc

F

N O 2 60
Partial staining, damage in 

neck, scolex and mature 
proglottids 

9 O
N

O

NHAc

F

N O 6 18 Total staining 

Praziquantel 20 30 Total staining

Linezolid 5 N/D Reversible paralysis, no 
anatomic damage

Control (-) N/D N/D Normal mobility, no 
anatomic damage

N/D indicates that parasites were still moving or alive up to 16 h.

a) b) c)

Figure 6. Pictures of H. nana worms a) without treatment, b) treated with 4 for 1 h and c) 

treated with 6 for 20 min.

Antiparasitic activity of the most active analogues 6 to 9 was study at 20, 15 and 10 mg/mL 

(Table 3). Paralysis and death times gradually increase at lower concentrations but, with 

exception of 8, the antiparasitic activity of Linezolid analogues was preserved. 

Interestingly, analogues 7 and 9 (S,S stereoisomers) were more active than 6 and 8 (R,S 

stereoisomers). In fact, the activity of 8 diminished considerably at lower concentration. 

The most active analogues at lower concentration were 6 and 7. Several factors may be 

considered in the antiparasitic activity of these compounds, but the solubility in aqueous 

media plays an important role. Amino-free (6 and 7) and acetylated (8 and 9) analogues 

have higher solubility than 4 and 5, enhancing the availability to interact with the parasite. 
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Table 3. Antiparasitic activity of Linezolid analogues against Hymenolepis nana at 

different concentration.

Time
Compound Structure Concentration

(mg/mL) Paralysis
(min)

Death
(min)

10 20 120
15 15 406

O
N

O

NH2

F

N O
20 11 21
10 15 60
15 10 607

O
N

O

NH2

F

N O

20 10 21
10 10 N/D
15 10 N/D8 O

N

O

NHAc

F

N O

20 2 60
10 10 90
15 10 909

O
N

O

NHAc

F

N O

20 6 18
N/D indicates that parasites were still moving or alive up to 16 h.

Considering the paralysis effect of Linezolid and its analogues over the parasite, it is 

possible that their mechanism of action being the same as Praziquantel, that is, the 

alteration of the Ca2+ ions flux through the cell membrane caused by the interaction of these 

compounds into the ions channels. In this regard, it is important to point out that although 

Praziquantel and Linezolid do not have a similar structure, they share some similitudes 

such as having an aromatic group, a heterocyclic ring and an exocyclic carbonyl group, 

which presumably establish similar intermolecular interactions. On the other hand, the 

potent activity and morphological damage showed by the Linezolid analogues may be 

consequence of a stronger interaction due to the additional chiral center, as well as the 

bulky groups present in their structures inducing conformational and tridimensional 

arrangements favoring their interaction into the ions channels.
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3.4 Cellular viability assay

In order to evaluate whether the Linezolid analogues (6-9) induce changes over 

proliferation profile of ARPE-19 cells, their effect on cell viability was evaluated by MTT 

assay after 48 h of treatment.29,30 None of the analogues significantly affected the cell 

viability at any concentration tested (50, 100, 200 and 400 µM) (Figure S37). After 48h 

treatment, Linezolid analogues decreased cell proliferation between 5-20%, 

approximately, at the highest concentration evaluated (400 µM), in comparison with 

DMSO dissolvent control (Table 4). Unlike, Doxorubicin induced a strong antiproliferative 

effect over ARPE-19 cells and reduces the cell proliferation in a 30% at 0.2 µM.

Table 4. Proliferation percentages of ARPE-19 cells culture with Linezolid analogues at 

the highest concentration tested (400 µM)

Compound Structure Proliferation %a

6
O

N

O

NH2

F

N O 76.5 ± 1.7

7
O

N

O

NH2

F

N O 85.2 ± 1.0

8 O
N

O

NHAc

F

N O
94.9 ± 1.2

9 O
N

O

NHAc

F

N O 89.9 ± 2.3

Linezolid H
N N

O
N O

O F

O

83.1 ± 4.3c

a Data is expressed as mean of three independent experiments performed by triplicate.
b Doxorubicin was employed as a control.
c Evaluated at 100 M.

ARPE-19 cells not only remained metabolically active after the treatment, but also 

maintained their cellular integrity, indicating non-cytotoxic effects of Linezolid analogues 

(Figure S38).
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Finally, important molecular properties such as LogPow, H-donor and H-acceptor number, 

molecular weight (MW), knowing as Lipinkiꞌs rule or the rule of 5,37,38 and total polar 

surface area (TPSA) were calculated. The results predict these Linezolid analogues might 

have good permeability after orall administration (Table S14). 

4. Conclusions

Herein, we present the first Linezolid type compounds reported with in vitro antiparasitic 

activity against Hymenolepis nana. The biological evaluations demonstrate their promising 

potential as antiparasitic agents because they are more active and induce anatomic damages 

not observed with Praziquantel, a common drug used in the treatment of this parasitosis.  

Noteworthy, the newly synthesized Linezolid analogues preserve the cellular integrity and 

metabolic viability of ARPE-19 cells indicating no in vitro cytotoxic affects. These 

Linezolid analogues may represent a new therapeutic alternative for treatment of the 

disease cause by H. nana. Further studies will be conducted to study the activity of these 

compounds against other intestinal parasites.
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Highlights

 Stereoselective synthesis and characterization of six new Linezolid type 

compounds.

 The first Linezolid type compounds reported with in vitro antiparasitic activity 

against Hymenolepis nana.

 Promising potential as antiparasitic agents because they are more active and induce 

anatomic damages not observed with Praziquantel.

 These newly Linezolid analogues preserve the cellular integrity and metabolic 

viability of ARPE-19 cells indicating no in vitro cytotoxic affects.


