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Abstract: N-substituted aziridine diethyl phosphonates were synthesized easily in two steps starting from vinyl 

phosphonate or acetyl phosphonate. The controlled mono hydrolysis without opening the aziridine ring under mild 

reaction conditions was achieved by alkaline solution of LiOH. The corresponding phosphonic acid lithium salt 

was desalted by the use of Amberlite IRC-50H+ acting as an efficient and recyclable weakly acidic cation exchange 

promoter. Antimicrobial activity of the synthesized compounds was tested against E. coli ATCC 25922, 

Staphylococcus aureus (MRSA), Klebsiella pneumoniae NRLL B-4420, Acetobacter baumanii (wild type), 

Pseudomonas aeroginosa (ATCC 27853) and Enterobacter aerogenes NRLL B-3567. In general, all the 

compounds showed moderate antibacterial activity. 
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1. Introduction 

α-Aminophosphonic acids are considered to be the analogues of natural α-amino acids, the 

‘building blocks’ of peptides and proteins. After the discovery of aminophosphonic acids in living 

systems, it has stimulated the intensive research interest in synthesizing α-aminophosphonic acids which 

gave rise to a new class of drugs and other biologically active compounds used as anticancer agents, 

neuromodulators, antibiotics, enzyme inhibitors, plant growth regulators, herbicides, antibacterial 

agents, and many other applications.1-3 Although, the acyclic α-aminophosphonate derivatives have been 

investigated extensively in terms of their synthesis, characterization, stereochemistry and biological 

activities,4-7 only limited studies have been reported for the aziridine diphosphonic acids synthesized by 

ring closure of acyclic β-aminophosphonic acids.8-12  

Until our first publication, no systematic study in which aziridine-2-phosphonic acids derived 

directly from their corresponding diethyl aziridine-2-phosphonates has been reported.13 In our first 

publication we have reported the synthesis of a series of aziridine-2-phosphonic acids and the cellular 

cytotoxicity of these compounds against the HCT-116 colorectal cancer cell lines. Some of these 

compounds showed higher cytotoxicity than the reference cancer treatment agent etoposide. As a 

continuation of our previous work, we added three new compounds (4b, 4c, and 4g) to the previous 

series and this time looked at their antibacterial activities. This study also allowed us to compare the 

difference in antibacterial activities of aziridine-2-phosphonates (3a-l)14 and their mono hydrolysis 

product aziridine-2-phosphonic acids (4a-l).  
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2. Experimental 

 
2.1. Chemical Material and Apparatus 

Unless otherwise mentioned, all reagents were used as received from commercial suppliers.1H, 
13C, and 31P NMR spectra were recorded on a Brucker Avance DPX-400 instrument at 400, 100, and 

162 MHz, respectively relative to TMS for 1H and 13C NMR and H3PO4 for 31P NMR in D2O. Optical 

rotations were measured on a Rudolph Research Analytical Autopol III Polarimeter. The mass spectra 

were obtained with Agilent 6224 High Resolution Mass Time-of-Flight (TOF) LC/MS using an 

electrospray ionization method and/or HRMS were recorded on a Waters Micromass Q-TOF instrument 

in ES+ mode. IR spectra were obtained by Bruker Platinum ATR-IR instruments and are reported in  cm-

1. Melting points were determined in open-end capillary tubes and are uncorrected. TLC plate was 

stained with phosphomolybdic acid solution in ethanol. All the aziridine-2-phosphonates 3a–l were 

prepared as reported previously.14,23 New aziridine-2-phosphonic acids were also prepared by using the 

published procedure.13 

 

2.2.Chemistry  

 

2.2.1. Spectroscopic data of ethyl hydrogen (S)-1-((S)-1-phenylethyl)aziridin-2-ylphosphonate (4b): 

Compound 4b was obtained as a light yellow solid in 81% yield. Rf = 0.34, acetone/toluene/acetic acid/n-

butanol/water (1:1:1:1:1); mp: 223 °C; [α]
35
D

  = ˗80.58 (c 3.4×10-3, MeOH); 1H-NMR (400 MHz, D2O) 

ppm: 0.74 (t, J = 6.4 Hz, 3H), 1.29 (d, J = 5.8 Hz, 3H), 1.47–1.56 (m, 1H), 1.70 (t, J = 6.8 Hz, 1H), 

1.90–1.97 (m, 1H), 2.43 (q, J = 6.1 Hz, 1H), 3.10–3.27 (m, 2H), 7.19–7.30 (m, 5H); 13C-NMR (100 

MHz, D2O) ppm: 15.92 (OCH2CH3, d, JC-P = 5.9 Hz), 21.54 (CH3), 31.47 (CH2-aziridine), 32.86 (CHP, 

d, JC-P = 198.1 Hz), 61.11 (CH3CH2OP, d, JC-P = 4.6 Hz), 70.29 (NCHPh, d, J = 4.8 Hz), 127.33 (Ph), 

127.81 (Ph), 128.81(Ph), 143.58 (Ph); 31P-NMR (D2O) ppm:17.74; IR (neat, cm-1)  3285 (broad), 3027 

(vw), 2976 (w),  2928 (vw), 1654 (w), 1600 (w), 1225 (s), 1198 (s), 1159 (m), 1075 (s), 1044 (vs), 945 

(s); ESI-MS (m/z): calculated for C12H18NO3P [M-1]ˉ: 255.1024 and found 255.1019. 

 

2.2.2. Spectroscopic data of ethyl hydrogen (R)-1-((S)-1-(naphthalen-2-yl)ethyl)aziridin-2-

ylphosphonate (4c): Compound 4c was obtained as a pale yellow gum in 96% yield. Rf = 0.20, 

acetone/toluene/acetic acid/n-butanol/water (1:1:1:1:1); [α]
36
D

  = ˗38.5 (c 2×10-3, MeOH); 1H-NMR (400 

MHz, D2O) ppm: 1.18 (t, J = 7.1 Hz, 3H), 1.46 (d, J = 6.5 Hz, 3H), 1.65 (t, J = 7.3 Hz, 1H), 1.73 (ddd, 

J = 15.3, 7.2, 4.5 Hz, 1H), 1.80 (dd, J = 8.3, 5.0 Hz, 1H), 2.68 (q, J = 6.1 Hz, 1H), 3.86–3.99 (m, 2H), 

7.44–7.50 (m, 3H), 7.79–7.85 (m, 4H); 13C-NMR (100 MHz, D2O) ppm: 16.23 (OCH2CH3, d, JC-P = 5.6 

Hz), 21.33 (CH3), 30.76 (CH2-aziridine, d, J = 4.0 Hz), 34.51 (CHP, d, JC-P = 199.0 Hz), 61.47 

(CH3CH2OP, d, JC-P = 5.2 Hz), 69.96 (NCHNp, d, J = 3.4 Hz), 125.05 (Np), 125.30 (Np), 125.86 (Np), 

126.20 (Np),  127.55 (Np), 127.82 (Np), 128.810 (Np), 132.48 (Np), 133.807 (Np), 140.96 (Np); 31P-

NMR (D2O) ppm: 17.65; IR (neat, cm-1)  3354 (broad), 3055 (vw), 2974 (w),  2929 (vw), 2900 (vw), 

1600 (m), 1197 (m), 1164 (w), 1072 (s), 1044 (vs), 942 (s); ESI-MS (m/z): calculated for C16H20NO3P 

[M+Na]+: 305.1181 and found 305.1176. 

 

2.2.3. Spectroscopic data of ethyl hydrogen (R)-1-((R)-1-cyclohexylpropyl)aziridin-2-ylphosphonate 

(4g): Compound 4g was obtained as light yellow gum in 80% yield. Rf = 0.47, acetone/toluene/acetic 

acid/n-butanol/water (1:1:1:1:1); [α]
36
D

 = ˗20.71 (c 8.83×10-3, MeOH); 1H-NMR (400 MHz, D2O) ppm: 

0.75-1.20 (m, 13H), 1.21–1.30 (m, 2H), 1.40–1.65 (m, 4H), 1.70–1.75 (m, 1H), 1.80–1.85 (m, 1H),  

3.75–3.90 (m, 2H); 13C-NMR (100 MHz, D2O) ppm: 16.14 (OCH2CH3, d, J = 5.9 Hz), 17.37 (CH3), 

26.04 (Cy), 26.13 (Cy), 26.26 (Cy), 29.21 & 30.12 (2 × CH2-Cy), 31.55 (CHP, d, JC-P = 200.3 Hz), 33.19 

(CH2-aziridine, d, J = 4.7 Hz), 43.71 (CH-Cy), 61.36 (CH3CH2OP, d, JC-P = 5.6 Hz), 70.95 (NCHCy, d, 

J = 5.4 Hz); 31P-NMR (D2O) ppm:18.96; IR (neat, cm-1) 3285 (broad), 2975 (w), 2922 (m), 2851 (w), 

1600 (m), 1448 (w), 1223 (m), 1189 (s) 944 (m), 1046 (vs), 772 (s); ESI-MS (m/z): calculated for 

C12H24NO3P: [M-1]ˉ: 261.1494 and found 261.1501. 
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2.3. Antibacterial Activity Assays 

Antibacterial activities of the synthesized compounds were tested against E. coli ATCC 25922,  

Staphylococcus aureus OGU no 1. (MRSA), Klebsiella pneumoniae NRLL B-4420, Acetobacter 

baumanii (wild type), Pseudomonas aeroginosa (ATCC 27853) and Enterobacter aerogenes NRLL B-

3567 were expressed as the minimum inhibitory concentration (MIC). The standard bacteria strains were 

obtained from the U.S. Department of Agricultural Service, Peoria, IL). A. baumanii and S. aureus were 

obtained from the Osmangazi University Hospital in Eskisehir-Turkey.   

The MIC values were determined by the microdilution testing protocol.25 The stock solutions of 

the compounds were prepared in DMSO. Chloramphenicol was used as the standard antibacterial agent. 

The observed data on the antimicrobial activity of the compounds and the control drugs was reported as 

the MIC values, in µg/mL. 

 

3. Results and Discussions  

 

3.1. Chemistry 

Our laboratory is systematically investigating the synthesis and biological activities of acyclic 

α-aminophosphonates and aziridine-2-phosphonate derivatives. Their synthesis proceeds through 

commercially available diethyl vinyl phosphonate 1 via the Gabriel-Cromwell reaction or from acetyl 

phosphonate 2, developed by our group as shown in Scheme 1. Both are two step synthesis providing 

aziridine-2-phosphonates in good yields.14   

 

 

Scheme 1. Synthesis of aziridine-2-phosphonic acids 

 

In the course of our investigations on the synthesis of aziridine derived phosphonic acid 

monoesters, after exhaustive experiments, we discovered that N-functionalized, non-activated aziridines 
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offer an uncommon combination of reactivity. They are not only sensitive to acidic conditions such as 

trans silylation procedure or acid hydrolysis15 but also undergo aziridine ring opening reaction with 

nucleophilic reagents such as metal halides even in the absence of acid.16-20 

On the other hand, during desalting step of phosphonic acid lithium salt, strongly acidic cation-

exchangers such as Amberlite IR-120H+ or Dowex 50H+ aziridine ring opening took place more likely 

through the protonation of the aziridine nitrogen.21 These in turn prompted us to use suitable cationic 

exchanger which will not only preserves the aziridine ring but will also smoothen the process of the ion 

exchange. It is noteworthy to mention that lithium ion exhibits a particularly high affinity for H+ from 

the cationic exchangers having carboxylic functional group like Amberlite IRC-50 H+ as compared to 

K+ and Na+ which exhibit high affinity for H+ from the cationic exchangers having sulphonic acid 

functional group like Amberlite IR-120H+ or Dowex 50 H+.22 For this reason LiOH.H2O was used as a 

base to execute the hydrolysis rather than NaOH or KOH. 

The mono hydrolysis of diethyl aziridine 2-phosphonates to corresponding phosphonic acids was 

achieved in 2-6 hours at 60 oC in a mixed solvent system (THF/H2O/MeOH; 3:1:1). The progress of the 

reaction was followed easily by the tlc control. After removing THF and MeOH, desalting process was 

achieved by stirring the lithium salt with Amberlite IRC 50H+ for 16-18 h in EtOH-H2O (4:1) solvent 

system. It was observed that desalting could not be completed at shorter times and also it was necessary 

to use ~70-fold excess of the cation exchanger.  

New phosphonic acid derivatives 4b, 4c, and 4g were characterized on the basis of their spectral 

data, especially C–P spin coupling (1JC-P = 194200 Hz) of the C-2 carbon in 13C NMR spectra was 

noteworthy. The presence of a broad peak around 3300 cm−1 in the IR spectra of α-

hydroxyaziridinephosphates clearly indicated the presence of the P–OH group. The characteristic 

signature of the P=O bond appears around 1199 cm−1, whereas the peaks around 1074 cm−1 and 945 

cm−1 corresponded to the symmetric and anti-symmetric P–O–C stretching vibrations.24 
 3.2. Antimicrobial Activity 

MICs were recorded as the minimum concentration of a compounds that inhibits the growth of 

tested microorganisms (Table 1).  

 

Table 1. Antibacterial activities of the synthesized compounds 4a-4l* 

Compound E. coli S. aureus K. pneumoniae A. baumanii P.aeroginosa E. aerogenes 

4a 250 250 250 250 250 250 

4b 250 500 250 250 250 250 

4c 250 250 250 250 250 250 

4d 250 250 250 250 250 250 

4e 250 250 250 250 250 250 

4f 250 250 250 250 250 250 

4g 250 250 125 125 250 250 

4h 250 250 125 250 250 250 

4i 250 250 250 250 250 250 

4j 250 250 250 250 250 250 

4k 250 250 250 250 250 250 

4l 250 250 250 250 250 250 

CHL 3.9 3.9 1.95 125 250 15.6 

*MIC values (µg/mL); CHL: chloramphenicol 

 

In general, the antibacterial assessments revealed that all of the compounds showed moderate 

activity against the tested bacteria. The MIC values were generally 250 µg/mL against all strains tested. 

It is worth mentioning that all the compounds showed the same activity against Pseudomonas 

aeroginosa as the reference antibiotic chloramphenicol (CHL). For the Acetobacter baumanii only 

compound 4g showed the same activity as the reference antibiotic CHL, the others were less effective. 

On the other hand, Pseudomonas aeroginosa was the most resistant bacterium against the antibiotic.  
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4. Conclusion 

Antibacterial activity of twelve aziridine-2-phosphonic acids were tested for the first time in the 

literature by measuring their MIC values. They all showed moderate activity against the tested bacteria. 

Comparing the antibacterial activity of diethyl aziridine-2-phosphonates (ref 23) to aziridine phosphonic 

acids (this study), phosphonates showed higher activity than their phosphonic acid derivatives. It is also 

important to indicate that disk diffusion method was used for the phosphonate series published   before.  
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