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Abstract: As part of our ongoing research into the antileishmanial properties of amidoxime deriva-
tives, we report a preliminary assessment of the antiparasitic properties of a novel compound, diethyl
(5-benzyl-2-(4-(N’-hydroxycarbamimidoyl)phenyl)-5-methyl-4,5-dihydrofuran-3-yl)phosphonate.
This compound was evaluated in vitro for the first time against the promastigote form of Leish-
mania amazonensis. Compounds containing both amidoxime and phosphonyl functional groups in
dihydrofuran scaffolds are relatively rare, despite the extensive study of this heterocycle in various
biological applications. Therefore, this work makes a valuable contribution to the fight against
Leishmania spp. as a neglected disease. The cyclized 4,5-dihydrofuran intermediate scaffold was
obtained via a three-step synthetic route that had previously been developed for accessing other
derivatives, including the sulfone moiety. This synthesis was performed using a manganese-based
free radical oxidative method under microwave irradiation. The intermediary 4,5-dihydrofuran,
which included a nitrile group, tolerated the subsequent reaction with hydroxylamine hydrochloride,
resulting in the formation of the target product. The target compound showed moderate activity
in vitro against the promastigote form of L. amazonensis (ICs5g = 91.1 uM).

Keywords: amidoxime; 4,5-dihydrofuran-phosphonyl derivative; leishmaniasis; microwave irradiation

1. Introduction

Leishmaniasis is a neglected tropical disease caused by a protozoan of the genus
Leishmania. This parasitic infection affects nearly a billion people in over 90 countries
worldwide, with up to 1 million new cases and 30,000 deaths estimated annually [1]. Con-
ventional antileishmanial treatments available on the market have clinical limitations such
as toxicity, drug resistance, or high cost (pentamidine, antimonials, amphotericin B, and
miltefosine) [2]. Additionally, the three major clinical forms (cutaneous, mucocutaneous,
and visceral leishmaniasis) can cause significant medical issues and even be fatal in the
absence of treatment [3]. In this context, the research to find new cost-effective compounds
designed for oral use is currently highly relevant.

Among heterocyclic compounds, dihydrofurans are important scaffolds that frequently
appear in natural products [4] and are extensively studied in various biological applications,
serving as intermediates in organic synthesis [5]. However, the derivatives of dihydrofuran
derivatives bearing both the phosphonyl and amidoxime groups are relatively rare [6].
Thus, this work contributes to the efforts to combat Leishmania spp. As a neglected dis-
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ease by providing preliminary information on the in vitro biological activity of the target
compound against the promastigote form of Leishmania amazonensis for the first time.

The amidoxime functional group has demonstrated potential for pharmaceutical
applications, particularly in their antiparasitic activity against Leishmania spp. [7]. As a
part of our research program, the hit molecule 4-(5-benzyl-3-((4-fluorophenyl)sulfonyl)-
5-methyl-4,5-dihydrofuran-2-yl)-N’-hydroxybenzimidamide (Hit 1) was reported with
promising activity (Figure 1) and obtained via a three-step synthetic route involving ox-
idative free radical cyclization mediated using manganese (III) acetate. [8]. In this work,
given that phosphorus modification is widely employed in drug design to modulate se-
lectivity or bioavailability [9], the replacement of the sulfone moiety at position 3 with a
phosphate derivative (A) was considered useful for modulating physicochemical properties
(e.g., aqueous solubility or Log P) with the expectation of an oral administration. Hence,
our interest lies in verifying if the antiparasitic activity is retained.

Activity

L. amazonensis promastigotes IC5,: 5.4 £ 1.0 uM NOH

L. amazonensis amastigotes IC5: 7.9 + 1.1 uM

L. donovani promastigotes IC5,: 7.2 +2.2 uM

Toxicity

Murine macrophages CCjs;: 102.0 + 2.8 uM “o

Ref. pentamidine CCy,: 8.5+ 1.3 uM

J774A.1 CCs: 455 £ 0.3 uM

Ref. pentamidine CCyy: 1.0+ 0.4 uM F (HIT 1)

Figure 1. Antileishmanial amidoxime compounds.
2. Results and Discussion
2.1. Synthesis

Using a synthetic route previously developed in our team to access dihydrofuran
derivatives [7], diethyl (5-benzyl-2-(4-(N'-hydroxycarbamimidoyl)phenyl)-5-methyl-4,5-
dihydrofuran-3-yl)phosphonate was obtained via a three-step synthesis (Scheme 1).
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Scheme 1. Synthesis of compound A, a 4,5-dihydrofuran scaffold bearing a phosphonyl group
in position 3. Reagents and conditions: (i) triethyl phosphite (1 equiv.), 120 °C, 18 h. (ii) (2-
methylallyl)benzene (2 equiv.), Mn(OAc)s (2.1 equiv.), Cu(Oac), (1 equiv.), AcOH, MW, 80 °C,
2.5 h. (iii) tBuOK (10 equiv.), NH,OH-HCI (10 equiv.), DMSO, 18 h, 0 °C to RT, Nj.

A Michaelis-Arbuzov reaction was performed with 4-(2-bromoacetyl)benzonitrile
(1) and triethyl phosphite to yield diethyl (2-(4-cyanophenyl)-2-oxoethyl)phosphonate
(2). Subsequently, a cyclization reaction leading to diethyl (5-benzyl-2-(4-cyanophenyl)-5-
methyl-4,5-dihydrofuran-3-yl)phosphonate (3) was performed via a microwave-mediated
reaction on a mixture of 2, manganese (III) acetate (2.1 equiv.) and 2-methyl-3-phenyl-1-
propene (2 equiv.). Finally, compound 3 was subjected to a reaction with a substantial
excess of hydroxylamine hydrochloride and potassium tert-butoxide in DMSO, yielding
the intended amidoxime derivative A.

The reaction to obtain 2 was limited by the formation of a by-product identified as
a vinyl phosphate Perkow product (2”) [10]. This is concordant with the literature; the
Arbuzov reaction yield is often described as decreased via a concomitant Perkow side
reaction [11].
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2.2. Biological Activity

The biological activity of compound A was evaluated in vitro against the promastigote
form of L. amazonensis and showed moderate activity ICsy = 91.1 & 1.06 uM. compared
with HIT 1 (IC59 = 5.4 & 1.0 uM). Cytotoxicity tests were not performed for this compound
because the activity is notably far from the 10 pM of reference [12].

3. Materials and Methods
3.1. Chemistry

Reagents were purchased from Sigma-Aldrich (3050 Spruce Street St. Louis, MO,
63103, USA), Fluorochem (Unit 14 Graphite Way, Hadfield, Glossop SK13 1QH, UK), Fisher
Scientific (168 3rd Ave, Waltham, MA 02451, USA), or TCI chemicals (9211 North Harborgate
Street, Portland, OR 97203, USA) and used without further purification. Microwave
reactions were performed using monomode reactors: Biotage Initiator® classic (Uppsala,
Sweden) in sealed vials with output power from 0 to 400 W. The following adsorbent was
used for column chromatography: silica gel 60 (Merck KgaA, Darmstadt, Germany, particle
size 0.063-0.200 mm, 70-230 mesh ASTM). Reaction monitoring of intermediary compounds
2,2/, and 3 was performed either using aluminum TLC plates (5 x 5 cm) with silica gel
coated 60F-254 (Merck) in an appropriate eluent and visualized using ultraviolet light in a
UV-Lamp VL-6.CL., 254 nm (6 W) and 365 nm (6 W) or using an LC-MS apparatus Thermo
Scientific Accela High Speed LC System® coupled to a Thermo MSQ Plus® quadrupole
mass spectrometer, with an HPLC column Thermo Hypersil Gold® (168 3rd Ave, Waltham,
MA 02451, USA) 50 x 2.1 mm (C1g bounded), with particles of a diameter of 1.9 mm. The
volume of sample injected into the column was 1 pL. Chromatographic analysis, total
duration of 8 min, was on the gradient of the following solvents: t = 0 min, methanol /water
50:50; 0 < t < 4 min, linear increase in the proportion of methanol to a methanol/water ratio
of 95:5; 4 < t < 6 min, methanol/water 95:5; 6 < t <7 min, linear decrease in the proportion
of methanol to return to a methanol/water ratio of 50:50; 6 < t < 7 min, methanol /water
50:50. The water used was buffered with ammonium acetate 5 mM. The flow rate of the
mobile phase was 0.3 mL/min.

Low-resolution mass spectra were recorded for products 2,2/, 3, and A, in an Agilent
5Q G6120B mass spectrometer (5301 Stevens Creek Blvd, Santa Clara, CA 95051, USA) in
positive and negative electrospray mode using liquid chromatography with Diode-Array
Detection at 254 nM, column Agilent Poroshell (5301 Stevens Creek Blvd, Santa Clara, CA
95051, USA) 120 EC-C18 2.7 um (4.6 x 50 mm), mobile phase (A: HyO + 0.1% Formic acid,
B: MeCN + 0.1% Formic acid), method flow rate 0.5 mL/min, time/%B 0/10, 5/100, 9/100,
at the Faculté de Pharmacie of Marseille.

The high-resolution mass spectrum of compound A was recorded on an SYNAPT G2
HDMS (Waters, 34 Maple St., Milford, MA 01757, USA) equipped with a pneumatically
assisted atmospheric pressure ionization (API) source. The sample was ionized in positive
electrospray mode under the following conditions: electrospray voltage: 2.8 kV; orifice volt-
age: 20 V; nebulizing gas flow rate (nitrogen): 100 L/h. The sample was dissolved in 300pL
of dichloromethane and then diluted 1:103 in a solution of methanol with 3 mM ammonium
acetate. The extract solution was introduced into the ionization source via infusion at a
flow rate of 10 uL/min. Exact mass measurement was performed in triplicate with external
calibration. HRMS was performed at the Faculté des Sciences de Saint-Jérome (Marseille).

NMR spectra were recorded on a Bruker Avance NEO 400 MHz NanoBay spectrom-
eter at the Faculté de Pharmacie of Marseille. Residual 'H and '3C peaks in deuter-
ated solvents (CDClz and DMSO-dg) were used for chemical shift calibration without the
need for an additional internal standard. 'H NMR: reference CDCl3 § = 7.26 ppm, ref-
erence DMSO-dg & = 2.50 ppm and '*C NMR: reference CDCl; § = 77.16 ppm, reference
DMSO-dg & = 39.52 ppm. Data for 'H NMR are reported as follows: chemical shifts () in
parts per million (ppm), multiplicity (described as follows: s, singlet; bs, broad singlet; d,
doublet; t, triplet; q, quadruplet; dd, doublet of doublet; ddd, doublet of doublet of doublet;



Molbank 2023, 2023, M1736

40f6

m, multiplet), coupling constants (J) in Hertz (Hz) and integration. Data for 13C NMR are
reported as follows: chemical shifts (§) in parts per million (ppm).

Diethyl (2-(4-cyanophenyl)-2-oxoethyl)phosphonate (2)

The Michaelis—Arbuzov reaction was performed in a round-bottom flask dried, mixing
4-(2-bromoacetyl)benzonitrile (2 g, 8.92 mmol, 1 equiv.) and triethyl phosphite (1 equiv.)
and heated at 120 °C for 18 h. The TLC monitoring reaction was performed using
DCM-ACcOEt (4:1) as eluent and visualized with ultraviolet light in a UV-Lamp VL-6.CL.,
254 nm (6 W), with a retardation factor of 0.28, and verified via low-resolution LC-
MS. The mixture was allowed to cool down to room temperature and concentrated in
vacuo. The crude product was purified via column chromatography (silica gel; eluent:
dichloromethane/cyclohexane/AcOEt 80/10/10) affording the title product. Yield 28%
(678 mg). The product was obtained in the keto form principally, with traces of enol form
as an orange oily solid. The NMR data were in agreement with the literature values [13,14]
(Supplementary Materials). 'H NMR (400 MHz, CDCl3): & (ppm) 8.12 (d, 3.5 = 8.8 Hz,
2H, 2CHa,), 7.78 (d, 3Jy.i = 8.8 Hz, 2H, 2CH,,), 4.18-4.09 (m, 4H, 2CH,), 3.63 (d, 3Jpy
=229 Hz, 2H, CH,), 1.28 (t, 3]y = 7.1 Hz, 6H, 2CHj3). 13C NMR (100 MHz, CDCl3): &
(ppm) 190.9 (d, Jp.c = 6.6 Hz, C), 139.5 (C), 132.6 (2CHa,), 129.6 (2CHA,,), 117.9 (C), 117.0
(C), 63.1 (d, Jp.c =6.8 Hz, 2CH,), 39.2 (d, Jp.c = 131.5 Hz, CHy), 16.3 (d, Jp.c = 6.0 Hz, 2CH3).
C13H16NO4P: LC/MS ESI+ tg 4.45 min, (m/z) [M + H]* 281.25/282.70.

1-(4-Cyanophenyl)vinyl diethyl phosphate (2)

The Perkow product was achieved with the same method to obtain 2. The TLC mon-
itoring reaction was performed using DCM-AcOEt (4:1) as eluent and visualized with
ultraviolet light in a UV-Lamp VL-6.CL., 254 nm (6 W), with a retardation factor of 0.63,
and verified via low-resolution LC-MS. The crude product was purified via column chro-
matography (silica gel; eluent: dichloromethane/cyclohexane/AcOEt 40/50/10) affording
the title product. Yield 36% (875 mg). The product was obtained as a brown oily solid.
'H NMR (400 MHz, CDCl3): § (ppm) 7.72-7.62 (m, 4H, 4CHy,), 5.45-5.38 (m, 2H, CH,),
4.29-4.15 (m, 4H, 2CH>), 1.35 (td, Jy.p = 1.2 Hz, Jy.y = 7.2 Hz, 6H, 2CH3). '3C NMR (100
MHz, CDCl3): & (ppm) 150.7 (d, ] = 7.4 Hz, C), 138.7 (d, ] = 6.6 Hz, C), 132.4 (2CH,,), 125.9
(2CHay). C13H16NO4P: LC/MS ESI+ tg 5.10 min, (m/z) [M + H]* 281.25/282.60.

Diethyl  (5-benzyl-2-(4-(N'-hydroxycarbamimidoyl)phenyl)-5-methyl-4,5-dihydrofuran-3-
yl)phosphonate (3)

In a microwave vial of 20 mL equipped with a stirring bar, a solution of manganese
(IIT) acetate dihydrate (2.1 equiv.) and copper (II) acetate (1 equiv.) in 12 mL of glacial
acetic acid was heated at 80 °C under microwave irradiation for 15 min. Then, the reaction
mixture was cooled and compound 2 (300 mg, 1.07 mmol, 1 equiv.) and 2-methyl-3-phenyl-
1-propene (2 equiv.) in 13 mL of acetic acid was added. The reaction mixture was heated
for 2.5 h under microwave irradiation under the same conditions. The TLC monitoring
reaction was performed using DCM-AcOEt (4:1) as eluent and visualized with ultraviolet
light in a UV-Lamp VL-6.CL., 254 nm and 365 nm (6 W), with a retardation factor of 0.58,
and verified via low-resolution LC-MS. The resulting product was poured into 50 mL of
cold water and extracted with dichloromethane (3 x 40 mL). The organic extracts were
collected and washed with saturated aqueous NaHCO3 (3 x 40 mL) and dried over NaySOs;.
The solvent was evaporated under reduced pressure, and the crude product was purified
via column chromatography (silica gel; eluent: dichloromethane/MeOH 98/2) affording
the title product as a yellow oily solid, Yield 39% (171 mg). 'H NMR (400 MHz, CDCl3) &
(ppm) 7.91 (d, 3.5y = 8.4 Hz, 2H, 2CHy,), 7.65 (d, *Jp.y = 8.4 Hz, 2H, 2CHap,), 7.31-7.19
(m, 5H, CH), 3.97-3.68 (m, 4H, 2CH,), 3.06 (dd, *Jy.g = 3.4 Hz, ?Ji.y = 15.3 Hz, 1H, H-
(CH,)), 3.00 (dd, *Jp.y = 14.1 Hz, ?Jy.y = 40.1 Hz, 2H, H-(CH,)), 2.80 (dd, 4]y = 3.3 Hz,
2]y = 15.5 Hz, 1H, H-(CH>)), 1.50 (s, 3H, CH3), 1.18 (t, 3]y = 7.0 Hz, 3H, CH3), 1.13
(t, 3Jg.g = 7.0 Hz, 3H, CH3). 3C NMR (100 MHz, CDCl3) § (ppm) 161.7 (d, ] = 26.2 Hz,
C), 136.5 (C), 134.5 (C), 131.7 (2CHa,), 130.6 (2CHa,), 129.6 (2CH,,), 128.4 (2CH,,), 127.0
(CHay), 118.7(C), 113.6 (C),97.3 (d, ] =213.8 Hz, C), 88.1 (d, ] =11.8 Hz, C), 61.7 (t, ] = 6.3 Hz,
2CHj), 46.8 (CH,), 44.3 (d, ] = 8.6 Hz, CH,), 27.1 (CH3), 16.3 (t, ] = 6.4 Hz, 2CH3). 3'P NMR
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(161.9 MHz, CDCl3) 6 (ppm) 17.0. Co3HpeNO4P: LC/MS ESI+ tg 6.23 min, (m/z) [M + H] +
412.51. [M + H]* 411.16/411.60.

Diethyl  (5-benzyl-2-(4-(N'-hydroxycarbamimidoyl)phenyl)-5-methyl-4,5-dihydrofuran-3-
yl)phosphonate (A)

A suspension of hydroxylamine hydrochloride (10 equiv.) in DMSO was stirred
under inert atmosphere and cooled to 0 °C. Potassium fert-butoxide (10 equiv.) was added
gradually, and the reaction mixture was stirred for 30 min. Then, compound 3 was added
(160 mg, 0.38 mmol, 1 equiv.), and the reaction mixture was stirred for 18 h at room
temperature. The TLC monitoring reaction was performed using DCM-MeOH (95:5) as
eluent and visualized with ultraviolet light in a UV-Lamp VL-6.CL., 254 and 365 nm (6 W),
with a retardation factor of 0.55, and verified via low-resolution LC-MS. The resulting
mixture was poured into cold water. Then, the reaction mixture was extracted with EtOAc
(3 x 15mL), and the organic layers were combined, washed with water (1 x 20 mL), brine
(1 x 20 mL), dried over NaySOy, and concentrated. The crude product was purified
via column chromatography (eluent: dichloromethane/MeOH 98/2), Rf 0.32. Yield 23%
(40 mg). The product was obtained as a yellow solid and verified via HRMS. Mp 110-111 °C.
'H NMR (400 MHz, DMSO) & (ppm) 9.82 (s, 1H, OH), 7.77-7.66 (m, 4H, 4CH,,), 7.33-7.17
(m, 5H, 5CHp,), 5.96 (br s, 2H, NH,), 3.83-3.68 (m, 2H, CH,), 3.65-3.54 (m, 2H, CH}), 3.01
(q, Juu = 16.5 Hz, 2H, CHy), 2.93 (dd, 4.5 = 2.9 Hz, 2.5y = 15.2 Hz, 1H, H-(CHy)), 2.70
(dd, *Jry = 2.8 Hz, 2]y = 15.3 Hz, 1H, H-(CH,)), 1.44 (s, 3H, CH3), 1.08 (t, 3]y = 7.0 Hz,
3H, CH3), 1.01 (t, 3]y = 7.0 Hz, 3H, CH3). '3C NMR (100 MHz, CDCl3) § (ppm) 163.5
(d,J =262 Hz, C), 152.5 (C), 136.6 (C), 133.6 (C), 131.8 (C), 130.6 (2CHa,), 129.2 (2CHay,),
128.3 (2CHay), 126.8 (CHa,), 125.4 (2CH,,), 94.8 ((d, ] =214.7 Hz, C), 87.6 (d, ] = 11.8 Hz,
C), 61.6 (t, ] = 6.3 Hz, 2CH,), 46.8 (CHy), 44.3 (d, ] = 8.6 Hz, CH,), 27.1 (CH3), 16.3 (t,
] = 6.4 Hz, 2CH3). 3P NMR (161.9 MHz, CDCl3) § (ppm) 17.0. Cp3HpgN,OsP: LC/MS
ESI+ tg 5.14 min, (m/z) [M + H]" 444.47 /445.90; HRMS: m/z [M + H]" calculated 445.1887;
found 445.1884.

3.2. Biology
3.2.1. Parasites

Leishmania amazonensis (MHOM/BR/77 /LTB0016) was maintained as promastigotes
at 26 °C in Schneider’s insect medium (Sigma-Aldrich, St. Louis, MO, USA) with 10% heat-
inactivated fetal calf serum (HIFCS), 100 ug/mL streptomycin and 100 U/mL penicillin.
Parasites were maintained until the 10th passage; subsequently, new cultures were obtained
from infected animals.

3.2.2. Antipromastigote Activity

L. amazonensis promastigotes were cultivated in Schneider’s insect medium supple-
mented with 10% HIFCS, as indicated above, in either absence or presence of different
concentrations of the substances. Culture was initiated with 1.0 x 10° cells/mL and main-
tained at 26 °C for 72 h. Cell viability was estimated via reduction of resazurin. The 50%
inhibitory concentration (ICsp) was determined via logarithmic regression analysis using
GraphPrism 5 software.

4. Conclusions

We reported the synthesis of diethyl (5-benzyl-2-(4-(N’-hydroxycarbamimidoyl)
phenyl)-5-methyl-4,5-dihydrofuran-3-yl)phosphonate. This dihydrofuran derivative, which
bears a phosphonyl and an amidoxime group, showed low in vitro activity against the
promastigote form of L. amazonensis compared to previously identified Hit 1. This com-
pound was obtained with a synthetic route that demonstrates the versatility of Mn(OAc); to
perform the cyclization of 3-ketophosphonate type substrate under microwave irradiation
and access to the dihydrofuran scaffold in moderate yield. This information may be useful
in further structure-activity relationship analysis either for an antileishmanial activity or
for other biological applications of the 4,5-dihydrofuran derivatives.
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Supplementary Materials: The following are available online, Figure S1: LC-MS spectra of com-
pounds 2 and 2’. Figure S2: LC-MS spectra of compound 3. Figure S3: LC-MS spectra of compound
A. Figure S4: HRMS spectra of compound A. Figures S5-S12: 'H NMR and '3C NMR spectra of
compounds 2,2’,3 and A.
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