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Abstract. In the present study we evaluated six a,B-unsaturated amides named piperlotines (for being isolated
originally from Piper species) as new in vivo anti-inflammatory agents. In addition, we report the
mechanosynthesis of two of them by mechanochemical activation of a Horner-Wadsworth-Emmons reaction.
The reaction of f-amidophosphonate 4, an aromatic aldehyde and K,CO; under grinding in a mortar and pestle
afforded piperlotines 5-6 in good yields (70-88%) in short reaction times, obtaining only (E)-diastereomer.
Piperlotines previously prepared were tested as anti-inflammatory and antibacterial agents. In this respect,
derivatives 2 and 6 exhibited excellent in vivo anti-inflammatory activity on mice, especially trough topical
administration (TPA acute inflammation model). Furthermore, piperlotine A, and compounds 2 and 6 had slight
antimycobacterial activity against Mycobacterium tuberculosis (MIC = 50 pg/mL). In conclusion, the solvent-
free mechanosynthesis of piperlotines produced valuable compounds that could serve as templates for further
investigation in the search of better drug-like compounds for the treatment of inflammatory diseases.
Keywords: Mechanochemistry; piper amides; inflammation; tuberculosis.

Resumen. En la presente investigacion se evaluo la actividad anti-inflamatoria in vivo de seis amidas o,B-
insaturadas, identificadas en la literatura como piperlotinas debido a su inicial aislamiento a partir de especies
vegetales del género Piper (como las pimientas). La reaccion del B-amidofosfonato 4 con un aldehido aromatico
y K>COj3 en molienda con mortero y pistilo produjo las piperlotinas 5-6 con buenos rendimientos (70-80%) en
tiempos cortos de reaccion, obteniendo solamente el diastereoisomero (E). Las piperlotinas preparadas se
evaluaron como agentes anti-inflamatorios y antibacterianos, observando excelente actividad anti-inflamatoria
para los derivados 2 y 6, especialmente cuando se probaron mediante administracion tdpica (modelo de
inflamacion aguda por TPA). Ademas, la piperlotina A y los derivados 2 y 6 mostraron actividad antibacteriana
contra Mycobacterium tuberculosis (MIC = 50 ug/mL). En conclusion, la sintesis de piperlotinas a través de
molienda en condiciones libres de disolvente generd importantes productos que pueden ser utilizados como
punto de partida para generar nuevos compuestos bioactivos para el tratamiento de padecimientos relacionados
con la inflamacion.
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Introduction

Piperlotines are very important secondary metabolites which have been isolated from different Piper
species (Piperaceae) [1]; such valuable compounds have been just partially explored in search of interesting
pharmacological activities, for example as antiplatelet aggregation [2] and anticonvulsant agents [3-4].

Nonetheless, pharmacological applications of these a,p-unsaturated amides and related derivatives still
remain underexplored. For example, inflammation-related diseases as arthritis, psoriasis, lupus, allergy and
asthma, are important public health problems all over the world [5-7] but actually, to the best of our knowledge
no one in vivo inflammation test has been undertaken using piperlotines as potential anti-inflammatory agents.

In other instance, tuberculosis (TB) is a health problem especially in developing countries, being one
of the top ten causes of death by infectious processes and affecting a quarter of the world population, in addition
to the increase of multidrug-resistant and extensively drug-resistant cases [8] that motivate the search of new
anti-mycobacterial therapies. In this respect, a,B-unsaturated amides, including amide derivatives of cinnamic
acid, have been proposed as alternative or complementary anti-tubercular agents in multiple studies [9-12].

Few methods have been reported for the synthesis of piperlotines and derivatives, including: alkyne’s
catalyzed aminocarbonylation [13], transamidation from another unsaturated amides [14], amidation of
cinnamic acids [15-17] and olefination of aromatic aldehydes by means of the Horner-Wadsworth-Emmons
reaction [18].

Mechanosynthesis is a solvent-free method used to generate a wide variety of compounds, including
molecules of pharmacological interest [19, 20], in this regard, our group has developed a simple, fast, and
diastereoselective method to obtain piperlotines A, C and their derivatives through the mechanical activation of
a B-amidophosphonate intermediate [21].

In this work, piperidine-derived o,B-unsaturated amides 5, 6 were prepared by means of
mechanochemical activation of a Horner-Wadsworth-Emmons reaction (HWE) between a -amidophosphonate
4 and an aromatic aldehyde in alkaline media under solvent-free conditions.

Then, compounds 5,6 and previously synthesized ones were then tested as anti-inflammatory agents
through two in vivo acute inflammation models (Carrageenan, by oral administration and TPA through topical
administration). In addition, their potential anti-tubercular activity was tested on Mycobacterium tuberculosis
(MTb) H37Rv strain (ATCC 27294).

Experimental

Materials and methods

All commercial materials were used as received from Sigma-Aldrich® without further purification.
Flash chromatography was performed using Merck 230-400-mesh Silica Flash 60® silica gel. Thin-layer
chromatography was performed with pre-coated TLC sheets of silica gel (60F254, Merck). NMR spectra were
recorded in a Bruker Ascend instrument (500 MHz for 'H, 126 MHz for '3C, and 202 MHz for 3'P, 470 MHz
for '°F), and calibrated with CDCl; as the solvent and TMS as the internal standard signal. Chemical shifts (8)
are reported in parts per million. Multiplicities are recorded as follows: s = singlet, d = doublet, t = triplet, dd =
doublet of doublets, td = triplet of doublets, bs = broad singlet, q = quartet, and m = multiplet. Coupling
constants (J) are given in Hz. High-resolution mass spectra (HRMS) were obtained in a Synapt G2-Si (Waters)
spectrometer equipped with electrospray ion source (ESI), single quadrupole mass filter and time of flight mass
analyzer (Q-TOF). Mass spectrometer was operated in positive mode, calibrated with Nal and exact mass was
corrected with leucine enkephaline (556.2771).

Synthesis of N-(bromoacetyl)piperidine 3

To an ice bath-cooled solution of bromoacetyl bromide (12.65 mmol) in 20 mL of CH,Cl, was added
dropwise via addition funnel a solution of piperidine (25.31 mmol) in 30 mL of CH,Cl,, and the reaction mixture
was stirred for 20 h at room temperature. Then the reaction mixture was quenched by the addition of 25 mL of
distilled water and extracted with CH>Cl, (3 x 25 mL). Next, to the combined organic extracts 15 mL of HCI
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0.2 N was added. Then, organic partition was washed with distilled water. Finally, the organic extract was dried
over Na,SOs, filtered, and evaporated under reduced pressure, yielding 2.226 g (86%) of a pale-yellow oil. 'H
and '3C NMR spectra were found to be identical with the ones described in [22].

Synthesis of diethyl [2-oxo0-2-(piperidin-1-yl)ethyl]phosphonate 4

Triethyl phosphite (2.16 mmol) was added to alkyl bromide 3 (1.97 mmol) at room temperature. Next,
reaction mixture was stirred at 60 °C for 8 h. The crude reaction was purified through flash column
chromatography (EtOAc:MeOH 95:05), affording 0.433 g (84%) of a pale-yellow oil. 'H NMR (500 MHz,
CDCls): 6 = 1.34 (t, J="7.1 Hz,6H, CH3), 1.54-1.64 (m, 6H, CH>), 3.07 (d, J=22.0 Hz, 2H, CH>P), 3.49-3.58
(m, 4H, CH,N), 4.14-4.20 (m, 4H, CH,0) ppm; *C NMR (125 MHz, CDCl3): § = 16.4 (d, J = 6.3 Hz, CHa),
24.3 (CHy), 25.5 (CH>), 26.3 (CH>), 33.4 (d, J=133.5 Hz, CH2P), 43.1 (CH2N), 48.2 (CH:N), 62.6 (d, J=6.5
Hz, CH,0), 163.0 (d, J= 5.6 Hz, C=0) ppm; 3'P NMR (202 MHz, CDCl): & = 21.6 ppm; ESI(+)-HRMS : m/z
264.1372 (calculated 264.1360).

General procedure for the synthesis of piperlotines A, C and derivatives 1-2, 5-6

1 equivalent of phosphonate 4, 1.5 equivalents of KoCO3 and 1.1 equivalents of the corresponding
aldehyde (4-nitrobenzaldehyde and 4-trifluoromethylbenzaldehyde) were grinded with a mortar and pestle for
30 min under solvent-free conditions. Afterwards, the crude reaction mixture was purified through flash column
chromatography (EtOAc:Hexane 50:50), affording desired products. Full method of synthesis and experimental
characterization of Piperlotines A, C, 1-2 could be consulted in ref. 21.

(E)-3-(4-nitrophenyl)-1-(piperidin-1-yl)prop-2-en-1-one (5) Yield: 135 mg (88%) as a white solid;
m.p.: 173-174.5 °C; 'TH NMR (500 MHz, CDCl3): & = 1.64-1.66 (m, 4H, CH>~CH,), 1.70-1.74 (m, 2H, CH,—
CHb»), 3.60-3.62 (m, 2H, CH>-N), 3.68-3.70 (m, 2H, CH»-N), 7.06 (d, J = 15.5 Hz, 1H, CH), 7.65-7.68 (m, 3H,
CH), 8.24 (AA’ BB’, J = 8.5 Hz, 2H, Harwom) ppm; '3C NMR (126 MHz, CDCl5): § = 24.56 (CH»~CH,), 25.58
(CH»—CH>), 26.82 (CH,—CH>), 43.48 (CH2-N), 47.16 (CH»-N), 122.15, 124.10, 128.25, 139.36, 141.76, 147.93,
164.28 (C=0) ppm; ESI(+)-HRMS: m/z 261.1241 (calculated 261.1234).

(E)-1-(piperidin-1-yl)-3-[4-(trifluoromethyl)phenyl]prop-2-en-1-one (6) Yield: 132 mg (70 %) as
a white solid; m.p.: 87-88 °C; 'H NMR (500 MHz, CDCl;): § = 1.64-1.71 (m, 6H, CH,-CH>), 3.60-3.70 (m,
CH:-N), 7.0 (d, J = 15.5 Hz, 1H, CH=CH), 7.62 (m, 4H, Harom) 7.65 (d, J = 15.5 Hz, 1H, CH=CH) ppm; "*C
NMR (126 MHz, CDCl3): & =24.6 (CH2-CHz>), 25.6 (CH2-CH>), 26.8 (CH2-CH>), 43.4 (CHz-N), 47.1 (CH2-N),
124.0 (q, J = 272.1 Hz, CF3), 125.7 (q, J = 3.7 Hz), 130.9 (q, J = 32.6 Hz, Carom), 138.9, 140.4, 164.7 (C=0)
ppm; '°F (470 MHz, CDCls): § = -62.7 ppm; ESI(+)-HRMS: m/z 284.1280 (calculated 284.1257).

Pharmacological assays
Antimycobacterial activity

The antimycobacterial activity was carried out by means of the microplate alamar blue assay (MABA),
a well stablished method for determining susceptibility of Mycobacterium tuberculosis to medicinal plant
extracts and pure compounds [23-25]. In this work, M. tuberculosis H37Rv [ATCC 27294], strain sensitive to
streptomycin (STR), isoniazid (IHN), rifampicin (RIF), ethambutol (EMB), or pyrazinamide (PZA)] was used
according to a previously described method [26]. Each compound (10 mg) was solubilized in 500 pL of DMSO
and from these stock solutions, several dilutions were prepared to achieve concentrations between 200 and 3.13
pg/mL. The maximum DMSO concentration used in the MABA assay does not affect mycobacterial growth.

Mycobacteria were grown for 7 days at 37°C in a Middlebrook 7H9 medium supplemented with 0.2%
glycerol and 10% DCOA (dextrose, catalase, oleic acid, and albumin). The mycobacterial suspension was
adjusted in a no. 1 tube of a McFarland nephelometer and diluted 1:50 with the same medium to obtain 6 x 10°
Colony Forming Units (CFU)/mL. An assay was performed on sterile 96-wells microplate and two controls
(microorganism and solvent) were included for H37Rv strains.

Carrageenan acute inflammation model

Carrageenan-induced paw edema procedure was conducted on male BALB/c mice as previously
described [26]. It is important to note than carrageenan model is a broadly used method for determining oral
anti-inflammatory activity of medicinal plant extracts, pure compounds and biological products [27-29].
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Briefly, treated groups (n=5) received indomethacin (20 mg/kg, drug reference) or tested compounds
(25 mg/kg) by the intragastric route 1 h prior to the injection of carrageenan (20 puL, 2%). The samples were
solubilized in 10 % Tween 80 and the control received only vehicle. The percentage of inhibition was calculated
by comparing the measurement of the paw edema at different times (1, 3, 5, 7, and 24 h) using a digital
micrometer and the value of time zero (baseline) (E0). The results were analyzed with the formula:

% Inhibition = (Et — E0) carrageenan — (Et — EO) treated/ (Et — EO carrageenan] x 100

12-O-tetradecanoylphorbol-13-acetate (TPA) acute inflammation model

TPA-induced ear edema was conducted on male BALB/c mice as previously described [26] and it has
been extensively used for determining topical anti-inflammatory activity of medicinal plant extracts and pure
compounds [30-32]. Control was treated with TPA (2.5 pg) in acetone on the right ear (W’s) and then left ear
received only 25 uL of acetone (Wo). The experimental groups (n=5) received TPA and 30 min later were
treated with test compounds (2 mg/ear) in the right ear (Ws). Anti-inflammatory activity was calculated
according to the weight difference between the ear sections (6 mm) at 6 h, compared with the control group,
using the following formula:

% Inhibition = [(W’s — Wo) control — (W’s— Wo) treated’(W’s — Wo) control] x 100

Results and discussion

Rational drug design is a modern strategy followed to discover new bioactive compounds and for to
develop new drugs. In this regard, computer aided drug design (CADD) is a powerful tool for prediction of
potential pharmacological activity. For example, the Prediction of Activity Spectra for Substances (PASS
Online) [33] database is a freely available resource successfully utilized for prediction of pharmacological
activity of known or novel organic compounds. With this on mind, and according to our interest in the synthesis
of Piper amides we envisaged the synthesis and pharmacological evaluation of piperlotines structurally related
to anti-inflammatory natural products and commercial drugs as piperine [34-36], idrocilamide [37], tranilast
[38], and E93 [39] (Fig. 1) which contains: an a,p-unsaturated amide conjugated with one or more C=C double
bonds and an aromatic ring. Alkoxy substituents are very common in the aromatic portion of Piper amides’
molecular structure, including the above-named anti-inflammatory compounds. In this regard, we considered
to include electron-donating (R = OCHj3, EDG) substituents into aromatic ring of Piperlotine A, Piperlotine C
and 1. Additionally, an electron-withdrawing (R = NO,, CF;, EWG) substituent was introduced in 5,6 in order
to determine the effect of electronic density on pharmacological activity (Fig. 1).
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Fig. 1. Anti-inflammatory a,fB-unsaturated amides structurally related to proposed piperlotines.

Next, piperlotines A, C and derivatives were predicted as potential anti-inflammatory agents
(probability of activity from 0.31 to 0.47, being 1 the maximal probability of activity) through PASS prediction
(Table 1). Altogether, above named derivatives obtained interesting prediction as matrix-metalloproteinase-9
(MMP-9) expression inhibitors (0.61-0.82) (Table 1). Now, it is well established a relationship between
increased levels of matrix-metalloproteinases and the development of acute or chronic inflammation processes
in diverse tissues [40]. Moreover, inflammatory-related diseases as arthritis and systemic lupus erythematosus
have been correlated with unusual tissular matrix-metalloproteinases concentration [41-42]. In addition, target
amides were predicted as tumor necrosis factor (TNF) expression inhibitors (Pa from 0.373 to 0.694), another
important pro-inflammatory mediator [43].

Finally, all compounds agreed with Lipinski’s rules as drug-like criteria [44]. In view of all above
mentioned, piperlotine-like amides were ideal candidates for pharmacological tests as anti-inflammatory agents.
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Table 1. PASS prediction of target compounds on anti-inflammatory activity.

Compound Pa? /Pi® MMP-9 Pa? /Pi® TNF Pa? /Pi®
expression inhibitor | expression inhibitor | Anti-inflammatory

Piperlotine A 0.805/0.003 0.639/0.010 0.471/0.010

1 0.820/0.003 0.663/0.008 0.403/0.022
Piperlotine C 0.791/0.003 0.639/0.010 0.373/0.031

2 0.823/0.003 0.694/0.007 0.457/0.012

5 0.607/0.015 0.373/0.066 0.311/0.062

6 0.631/0.012 0.410/0.053 0.306/0.066

2 Pa: Probability of being active.
b Pi: probability of being inactive.
Prediction values are normalized to 1 (being 1 the maximal probability to be active/inactive)

Consequently, the reaction of piperidine and bromoacetyl bromide produced amide 3 in 86% yield,
which when treated with triethyl phosphite afforded B-amidophosphonate 4 in 84% yield. Finally, 4 was reacted
with an aromatic aldehyde and K>COs in a mortar and pestle under solvent-free conditions [21], affording
products (E)-5, 6 in 70-88% yield in just 30 min (Scheme 1).

O o)
Niy  CH,Cl,0°C
86% 3
84%l P(OEt),
9 0 K,CO Q%
2 3
OV ; A AL POE,

-
H F 30 min

4

(E)-5; R = NO,, 88%
(E)-6; R = CF3, 70%
Scheme 1. Synthesis of 5-6.

Next, synthesized compounds 5-6 and previously prepared piperlotines A, C and 1-2 were tested
through carrageenan induced acute inflammation model. Structure-activity relationships (SAR) studies
indicated the aromatic substitution pattern in tested derivatives was a strong determinant of anti-inflammatory
activity. In this regard, presence of EDG (R = OCH3) in phenyl ring of piperlotines A, C and compound 1
determined its low edema inhibition, compared with positive control -indomethacin- (Table 2). The extension
of olefin conjugation in 2 had a markedly deleterious effect in its anti-inflammatory activity. Furthermore, the
presence of an EWG (R = CF3) in phenyl ring greatly favored edema inhibition in 6 (having most potent anti-
inflammatory activity than indomethacin, being the most active). Notwithstanding, the presence of nitro group
in 5 produced a pronounced pro-inflammatory effect. It is worth to mentioning that nitro and trifluoromethyl
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groups exert its electron-withdrawing effect through different mechanisms; nitro group by resonance effect, but
trifluoromethyl group by inductive effect. Additionally, the introduction of trifluoromethyl substituent has
proven to improve absorption and metabolic stability of many bioactive compounds [45-46].

Table 2. Anti-inflammatory activity of tested compounds on carrageenan model after 5 h.

Compound Paw edema (mm) | % edema inhibition
Carrageenan 0.65+0.07 -
Indomethacin (20 mg/kg) 0.48+0.03 31.04
Treatments (25 mg/kg)

Piperlotine A 0.59+0.05 9.21

1 0.53+0.05 18.42
Piperlotine C 0.62+0.08 3.8

2 0.66+0.04 -2.13

5 0.76+0.04 -16.27

6 0.38+0.04 41.27

Data presented as mean =+ standard error. The percentage of inhibition of the
edema is with respect to the carrageenan group. Statistical analysis one-way
ANOVA post hoc SNK test (p < 0.05) n=5.

Afterwards, encouraging results were observed when synthesized compounds were tested on TPA
acute inflammation model. This time, all compounds were anti-inflammatory in a range of 31.68-52.02 %
edema inhibition. Once again trifluoromethyl derivative 6 was the more potent hit, almost comparable to
indomethacin (60.32%) (Table 3). Identical edema inhibition was observed for derivative 2 (52.02%), being
both the more lipophilic compounds of the series (logP = 3.82, 2.94, respectively) (Table 3), and thereby having
a better absorption through mice skin. Afterwards, it was observed that the more methoxy groups were present
in the aromatic ring, the more potency was achieved. Thus, edema inhibition of piperlotine C > 1 > piperlotine
A (42.24%, 41.76% and 32.21%, respectively) (Table 3). Finally, the nitro derivative 5 was the less active hit
of the series (31.68% edema inhibition). Nonetheless, it is noticeable than 5 exhibited anti-inflammatory activity
by TPA topical model, but pro-inflammatory activity was observed when carrageenan model was carried out.
Additional experiments are needed to clarify this dual behavior previously observed in our group [47].

In conclusion, the topical anti-inflammatory activity of 2 and 6 was remarkably in comparison to
positive control -indomethacin-. More interesting, compound 6, the more active hit trough oral and topical
administration has been previously described as an anticonvulsant agent on mice [3-4] and it could serve as a
useful scaffold in the search of potent central nervous system anti-inflammatory agents.

Table 3. Anti-inflammatory activity of tested compounds on TPA model.

Compound Auricular edema (mg) | % edema inhibition | clogP*
TPA 8.38+0.49
Indomethacin (2 mg/ear) 3.94+0.88 60.32 -
Treatments (2 mg/ear)

Piperlotine A 5.68+0.41 32.21 2.47
1 4.88+0.43 41.76 2.46

Piperlotine C 4.84+0.49 42.24 2.05
2 4.02+0.44 52.02 2.94
5 5.28+0.60 31.68 2.88
6 4.02+0.48 52.02 3.82

Data presented as mean =+ standard error. The percentage of inhibition of the edema is with respect
to the TPA group. Statistical analysis one-way ANOVA post hoc SNK test (p < 0.05) n=5.
*Calculated using Molinspiration property engine v2018.10 [48].
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On the other hand, o,B-unsaturated amides have been probed as antimycobacterial agents in several
works [9-12, 49], especially piperine amide analogs which had more potent antimycobacterial activity than first
line drugs as ethambutol and isoniazid on Mycobacterium tuberculosis H37Rv strain [50]. Based on this, we
tested synthesized piperlotines against MTb, where only piperlotine A and compounds 2 and 6 showed slight
activity (MIC = 50 pg/mL) (Table 4) compared to isoniazid and rifampicin (MIC < 1 pg/mL) [11-12], but
comparable to other structurally related Piper o,B-unsaturated amides as: sarmentine, brachyamide B and
guineensine (MIC = 50 ug/mL) [51] and higher than cinnamic acid itself (MIC = 100 pg/mL) [11].

Furthermore, several authors have reported synergistic activity of cinnamic acid amide derivatives [12,
52-53] in combination with isoniazid or rifampicin. Then, we suggest piperlotines synthesized in this work
could be used in combination with classical treatments on MTb strains.

Table 4. Antibacterial activity of tested compounds on MTb H37Rwv.

Compound MIC (ng/mL)
Piperlotine A 50

1 200
Piperlotine C 200

2 50

5 100

6 50

Conclusion

Two piperlotine-like compounds 5-6 were easily synthesized from B-amido phosphonate 4 and an
aromatic aldehyde in good yields. No solvent or additional heating was needed and only (£)-diastereomer was
obtained. Next, synthesized and previously obtained piperlotines were tested as in vivo anti-inflammatory
agents for the first time. In this respect, trifluoromethyl derivative 6 had remarkably anti-inflammatory activity
in two acute inflammation models on mice (comparable or higher than indomethacin, the commercial anti-
inflammatory drug reference), being active through oral and topical administration. Finally, piperlotine A, and
derivatives 2, 6 exhibited slight antibacterial activity on MTb H37Rv strain, and could be used in combination
with first line antituberculosis drugs in future investigations, pointing the potential of piperlotines and its
derivatives to further medicinal chemistry research.
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