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Abstract: Three chiral phosphonoacetamides were prepared by an alternative method. For this purpose,
2-(diethoxyphosphoryl)acetic acid was prepared from ethyl 2-bromoacetate by treatment of P(OEt),
followed by saponification of the ester with K,CO; BOP activated amidation of the
2-(diethoxyphosphoryl)acetic acid with (S)-amino acids gave the corresponding phosphonoaceteamides.
Growth inhibition of two phosphonoacetamides on Paramecium sp. were studied.
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1. Introduction

Organophosphorus compounds are important class in industrial, agricultural, and
medicinal chemistry owing to their biological and physical properties’, they have been used as
insecticides and chemical warfare agents are known to cause potent neurotoxic effects in
humans and animals®. In recent years, a variety of phosphonic acid derivatives such as
hydroxyphosphonates®*, aminophosphonates®’, amidophosphonates®® have been synthesized
by diverse methods. The compounds containing the phosphonate derivatives have been also
used as chiral pesticides, peptidomimetics'®, enzyme inhibitors’* ' herbicides"™,
insecticides'®, fungicides'’, and antiviral agents®. Additionally, they have been used in the
preparation of catalytic antibodies for a variety of reactions™.

The presence of phosphoryl-carboxamide® is responsible for evaluation of the potential
biological activity of phosphonoacetamides compounds. For example, the compound 1 derived
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from proline is known of its antibacterial properties, the alaphosphine 2 is an herbicide and
fungicide powerful and the compound 3 is a dipeptide and used for the treatment of type Il
diabetes ** .
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Figure 1. Some compounds containing phosphoryl-carboxamide having a biological activity.

In our previous work we synthesized phosphonoacetamides derivatives by two methods
(Arbuzov and Becker reactions) (Figure 3)*. The unicellular ciliatea of the genus Paramecium
belong to the most often studied protists and their use has been proposed as bioethical and
excellent test for standardized laboratory procedures to evaluate the environmental quality, and
the effects of xenobiotic compounds on a simple alternative biosystem®**. The protozoon in
general is sensitive to environmental perturbations such as the occurrence of xenobiotic
compounds®. The sensitivity of protozoa is due to their simple eukaryotic single-cell organism
organization which exposes their receptors to the external environment, making them responds
directly to environmental stimuli.

In this study, we aimed at an alternative method for preparation of
phosphonoacetamides (figure 2) via BOP activated amidation of 2-(diethoxyphosphoryl)acetic
acid and its study on growth of Paramecium sp.
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Figure 2. (Benzotriazol-1-yloxy) tris(dimethylamino) phosphonium hexafluorophosphate

2. Results and discussion

2.1. Chemistry

In our previous study, chiral phosphonoacetamides derivatives were synthesized by
phosphorylation using the Arbuzov reaction as thermal way or the Michaelis—Becker reaction as
anionic way after the acylation reaction of amino esters with chloroacetyl chloride (Figure 3)%.

In the present method, we first phosphorylated ethyl 2-bromoacetate with
triethylphosphite (P(OEt);) to give ester 7. Potassium carbonate mediated hydrolysis of ester 7
afforded (diethoxyphosphoryl)acetic acid 8. BOP activated amidation of acetic acid 8 with
amino acids 4a-c gave phosphonoacetamides (S)-6a-c as oily products. The activating agent
BOP has the advantage of giving good yield; it can reach up to 80% in reaction time relative
progress as in our case. Furthermore, it shows an absence of racemization at the asymmetric
carbon of the aminoesters® (Figure 4).
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Figure 3. Synthesis of chiral phosphonoacetamide by Michaelis-Becker or Arbuzov reactions®
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Figure 4. Synthesis of chiral phosphonoacetamide using the coupling agent BOP

2.2. Toxicity Test

In the first time, we confirmed the inhibitory effect of the compounds 6b and 6c
compared with commercially compounds as Chlorpyrifos Ethyl.

Figure 5 and 6 illustrates the evolution of cell growth as a function of time (in minutes
than hours) and increasing a concentration of xenobiotic; methyl isopropylacetate and methyl
benzylacetate derivatives (6b and 6c¢ respectively). First, the results show normal growth for the
control cells at the first 30th minutes with an optical density (OD) 0.127 for the first one (6b)
and 0.144 for the second (6¢). Meanwhile, with the treated cells, it shows the significant
inhibitory effect (P < 0.001 and P < 0.005) of the growth of this microorganism and upon
contact with the xenobiotic (6b and 6¢c compounds respectively), with an OD of 0.05 for 10
umol L, and 0.03 for the highest concentration at the 30 minutes for the compound 6b, and
with an OD of 0.126 for 10 umol L™, and 0.06 for the highest concentration at the same time for
the compound 6c¢.

In the hours’ time, we observed the same significant inhibitory effect of (P < 0.001) of
growth from the first hour of treatment until the sixth hour for both compounds. Meanwhile, the
evolution growth of control cells shows a normal growth with an exponential growth phase
between the first and the third hour, and a progressive decrease of the growth from the
fourthhour.

The percentages of response in Paramecium treated for the cultures exposed by
different concentrations of 6b and 6¢c compounds after 6 h of exposure are positive.

We observe response percentages of 68%, 55% and 77% respectively of 10, 20 and 30
umol L™ for the compound 6b, and 18%, 30% and 24% respectively of 10, 20 and 30 pmol L™
for the compound 6¢ as shown in Figure 7. It can be said that the positive evolution of the
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response percentage confirm the growth inhibition of the treated paramecia regardless of the cell
concentration. But, for the control cells, the percentage of response is always negative,
reflecting a normal growth.
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Figure 5. Evaluation of cell growth of Paramecium treated with increasing concentrations of 6b
compounds for the short and the long times. Each data point represents the average of three
independent essays + standard error

0,2 . Comrol 03 - e Conitrol
0,15 ; 4
gﬁ;«wﬂm 0.25 o= Chlorpyrifos
g 01 0,2 Ethyl
£ -
%'1 15 o £ 015 1 = 10uM
P Roud b |
2 R s ol
0 8 0,05 - =20uM
10 10 20 30— 10uM 8 0 : :

1
1 2 4 B

Time of exposure (minute) 6¢ Time of exposure (hour) 6c

Figure 6. Evaluation of cell growth of Paramecium treated with increasing concentrations of 6¢
compound for the short and the long times (hour). Each data point represents the average of
three independent essays + standard error)
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Figure 7. Evolution of the response percentage of Paramecium sp. in the presence of the
different concentrations of 6b and 6¢c compounds)

Protists are ubiquitous eukaryotic cells in the aquatic and terrestrial environment,
characterized by a short life cycle, rapid multiplication and normal behavior may be affected by the
presence of pollutants. Evaluation of cytotoxic effects of a xenobiotic can be performed using different
parameters, including cell growth in microorganisms that reflects the state of cell metabolism.
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Thus, our results show that the different concentrations of phosphonoacetamide result in an
inhibition of the cell growth of Paramecium sp. The tested xenobiotic is toxic to a microorganism
which is manifested by inhibition of cell growth. This brings us to confirm the influx of xenobiotics
inside the cells, despite the presence of the cell membrane that forms a barrier against the massive
entry of xenobiotics but is still permeable.

In addition, for the three concentrations tested (10, 20, and 30 pumol L™), the high value of
optical density and the positive evolution of the response percentages confirms the growth inhibition
of the treated Paramecium sp., regardless of the cell concentration.

2.2.1. Materials and methods

Culture conditions:

Paramecium sp. cell lines were established by single cell isolation in the Cell Toxicology
Laboratory at the University of Annaba (Algeria). Cells were grown according to the usual
procedures®’ in lettuce medium bacterized by Klebsiella pneumoniae, supplemented with 0.8 pg mL™
of p-sitosterol (Merck ). Culture temperature was 27 + 3°C. The populations studied were derived
from single autogamous cells.

Cell growth, optical density and percentage of response:

Our results were performed by measuring of optical density at wavelength A=600 nm as
function of time at different concentrations (10, 20 and 30 umol L) and by calculation of the
percentage of response, these studies were made to evaluate the toxicity of the xenobiotic via the
inhibition of cell growth of paramecium sp after 6h of exposure.

An optical density (OD) of high value indicates an inhibition of growth, than the low value
indicates the stimulation of growth.

A percentage of positive value indicates an inhibition of growth, while negative value
indicates a stimulation of growth” according to the equation

RP =100./—%
CN
Where; RP is the protozoa responses percentage (%); CN is the cell control number (cell mL®),
and EN is treated cells number (cell mL®).

Statistical analysis

All the experiments were repeated three times, and the results were expressed as average and
standard error (SE) values. Statistical analysis was performed by the STUDENT test to compare the
means of two populations using data from two independent samples®. The a- level for significant
differences was set at P < 0.05.

3. Experimental

Melting points were determined in open capillary tubes on an Electro thermal apparatus and
uncorrected. IR spectra were recorded on a Perkin—Elmer FT-600 spectrometer. Proton nuclear
magnetic resonance was determined with a 360 WB or AC 250-MHz Bruker spectrometer using
CDCl; and DMSO-ds as a solvent and tetramethylsilane (TMS) as an internal standard. Chemical
shifts are reported in & units (ppm). All coupling constants (J) are reported in Hertz. Multiplicity is
indicated as s (singlet), d (doublet), t (triplet), m (multiplet), and combination of these signals.
Electron ionization mass spectra (30 eV) were recorded in positive mode on a Water MicroMass ZQ.
High- resolution mass were measured on a Joel SX 102 mass spectrometer and recorded in FAB
positive mode. All reactions were monitored by TLC on silica Merck h60 F254 (Art. 5554) percolated
aluminum plates and were developed by spraying with ninhydrin solution.



Lakoud et al., Org. Commun. (2015) 8:1 1-8 6

3.1. Synthesis of 2- diethoxyphosphoryl 2- ethyl acetate 7: 0.1 mole of ethyl acetate bromide was
heated to 60° C, and then 1.1equiv of the triethylphosphite was added dropwise under nitrogen. When
the addition was complete, the solution is heated to 100 © C and stirred for 3 hours at the same
temperature, we evaporated the reaction mixture to remove the P(OEt); excess. The 2-
diethoxyphosphoryl 2-methyl acetate was directly obtained as oil in 98% vyield, Ry = 0.45
(CH.Cl,/MeOH), ‘*H NMR (CDCls;, 400MHz): § = 1.29 (t, J = 6.50 Hz, 6H, (CHsCH,0),P), 2.85 (d, J
= 12.50, 2H, CH.P), 3.75 (s, 3H, OCHs), 4.0 (m, 4H, (CH;CH,0),P), *C NMR (CDCl;, 400MHz):
16.50 (CH;CH,0), P, 16.50 (CH;3CH,0),P, 35.70 (CH,P), 54,55(0CH), 63.75 (CH3;CH,0),P, 63.78
(CHsCH,0), P, 176.5 (CO-OCHs), IR (CCl,, 6 cm™) : 1720.5 (C=0), 1230.5 (P=0), 1145.5 (OEt).

3.2. Synthesis of 2- diethoxyphosphoryl 2- carboxylic acid 8: To a solution of potassium carbonate (20
mmol) in 15ml of water, the 2- diethoxyphosphoryl 2- ethyl acetate (15mmol) was added and the
mixture was refluxed for 10 min. The solution was washed with ether (2x10ml) then acidified by acid
chlorohydrate (6 mol / I) to PH = 2, we evaporated half the water than extracted with dichloromethane
(2x45ml). The organic layers were combined, dried over anhydrous MgSO, and concentrated under
vacuum. The acid is obtained as colorless oil with an excellent yield (98%), R; = 0.3 (CH,CIl,/MeOH),
'H NMR (CDCl;, 400MHz): & = 1.27 (t, J = 6.72 Hz, 6H, (CH;CH,0),P), 2.90 (d, J = 21.68 Hz, 2H,
CH,P), 4.15 (m, 4H, (CHs;CH,0),P), 7.63 (s, 1H, OH), RMN *C (CDCl;, 400MHz): 16.45
(CH3CH,0),P, 16.45 (CH;CH,0), P, 35.50 (CH,P), 63.80 (CH;CH,0), P, 63.98 (CH3CH,0), P,
175.45 (CO-OH), IR (CCl,, 6 cm™) : 3350-3500 (O-H), 1620.5 (C=0), 1225.5 (P=0), 1198 (OEt).

3.3. General procedure for the synthesis of 6a-c: To a solution of amino esters (1.5mmol) in dry
CH,CI, the triethylamine (1.5mmol) was added dropwise at 0°C. We added then successively; a
solution of diethoxyphosphoryl carboxylic acid (1.5 mmol) in CH,Cl, (15ml), a solution of BOP (1.5
mmol) in CH,Cl, (7 ml) and a solution of triethylamine (1.5 mmol) in CH,CI, (5ml), a slightly basic
pH is maintained by a gradual addition of TEA. The ice bath was removed and the reaction mixture
was stirred at room temperature for 45min. The organic layer is then washed successively with H,SO,
2M (3x10ml), a saturated aqueous solution of NaCl (10 ml), aqueous solution of NaHCO; (3x10ml)
and with a saturated aqueous solution of NaCl (10 ml), then dried over anhydrous MgSQ,. The residue
was evaporated then purified by chromatography over silica gel (gradient elution: hexane and ethyl
acetate) to give compound 6 in good yield. Caution: This reaction produces HMPA which has been
shown to cause nasal cancers in rats.

The spectral data of (S)-methyl 2-[2-diethoxyphosphoryl acetamide] 2-isobutylacetate 6a, (S)-
methyl  2-[2-Diethoxyphosphoryl acetamide] 2-lsopropylacetate 6b and (S)-methyl 2-[2-
diethoxyphosphoryl)acetamide] 2-benzylacetate 6¢ is shown in reference 22.

4. Conclusion

In conclusion, we here showed that the synthesis of phosphonoacetamides can be synthesized
by different method and good yield. The tested xenobiotics exhibit significant activity compared to
Chlorpyrifos Ethyl, they are also cytotoxic, manifested by reduction growth at different
concentrations, increasing of generation time, increasing of optical density (OD), and high response
percentage of paramecium sp. We can conclude that the toxicity being highest for analogue 6b.
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