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ogenic microorganisms to inhabit in water, 
herefore threaten human health makes the 
al infections an important task. The various 
obial agents, antibiotics, disinfectants and 

been developed to combat microbial 
adays, quaternary ammonium salt (QAS) 
 most common commercial antiseptics.5–8 
s attracted the attention since early 1900s 
 properties of compounds containing a 
 atom were discovered.9–14 Currently, QASs 

ionic compounds have found wide use as hair 
nts,15 in antifouling applications,16 biological 
,17,18 as surfactants in oil recovery,19,20 and 
rs.21,22 Among electroneutral zwitterionic 
actical interest are representatives bearing 
s quaternary ammonium or phosphonium 
 anionic moiety including carboxylate,25,26 

uric or phosphoric semiesters.30–34

, our interest has been focused on amino 
nalogues of QASs, in which one alkyl group 

ate anionic substituent. This study is devoted 
 new amino phospha betaines which seem to 
icrobial agents. To study their biological 
ble compounds with short-chain fragments 
hosphorus atoms were regarded. However, 
timicrobial activity, one substituent at the 

gen atom should be higher normal 
, amino phospha betaines of the 

+Me2CnH2n + 1 (n = 10–18) formula were 

–Fields reaction of diisopropyl phosphite/
imethylamine afforded diisopropyl (dimethyl
honate 1 in almost quantitative yield 
ep required alkaline hydrolysis of only one ester 
ose, the process was carried out in 1,4-dioxane 
f aqueous alkali; however, the reaction was not 
heating and using more alkali (for 31P NMR 

monitoring, see Online Supplementary Materials, Figure S1). To 
remove unreacted amino phosphonate 1, we used liquid–liquid 
extraction in the water–benzene system (cf. Figure S2). The final 
quaternization of amino group in potassium salt 2 resulted in target 
amino phospha betaines 3a–e (see Scheme 1).35

The herein performed transformation of the phosphoryl 
framework was also monitored by IR spectroscopy, which 
indicated a shift of the P–O–C band. For patterns of the FTIR 
spectra of diisopropyl phosphite, diisopropyl (dimethylamino
methyl)phosphonate 1 and the corresponding potassium salt 2 as 
well as amino phospha betaine 3a, see Figure S4.

Compounds 3a–e were purified by rinsing with petroleum 
ether and appeared as powders at room temperature. The yields 
of the reaction products were about 80%. Their structures were 
determined using FTIR, 1H, 13C, 31P NMR spectroscopy and 
mass spectrometry. The structure of dodecyl derivative 3b was 
ultimately established by single crystal X-ray study (Figure 1). 
Molecule of 3b crystallizes as a zwitterion in P1

–
 space group. 

Only one symmetry independent molecule and water molecule 
exist in the unit cell.† In the crystal, intermolecular O–H···O 
hydrogen bonds between oxygen atom of phosphonate group 
and the water molecule link the molecules into chains propagating 
along the 0a axis. The crystal packing is stabilized by multiple 
C–H···O interactions. Overall charge delocalization around P 
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Scheme  1  Reagents and conditions: i, (CH2O)x, Me2NH, TsOH (cat.), 
benzene, reflux (50 °C), 4 h; ii, KOH (1.1 equiv.), 1,4-dioxane, reflux, 5 h; 
iii, AlkBr, PriOH, reflux (T £ 80 °C), 2 h.
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causes equating two P–O bond lengths [P(1)–O(1) = 1.489(2) Å 
and P(1)–O(2) = 1.487(2) Å]. 

The in vitro antibacterial and antifungal activities of the 
isopropyl (N-alkyl-N,N-dimethylammoniomethyl)phosphonates 
against the Gram-positive bacterial strains Bacillus cereus and 
Staphylococcus aureus; Gram-negative bacterial strains 
Escherichia coli, Pseudomonas aeruginosa and fungi strains 
Candida albicans were evaluated (Table 1). Chlorhexidine 
and Clotrimazole were examined as the control substances. 
All new amino phospha betaines were active against Gram-
positive bacteria and Candida Albicans. Inside the series, 
compounds 3c and 3d showed both highly significant 
antibacterial and antifungal activity against Gram-positive 
Bacillus cereus, Staphylococcus aureus and Candida albicans. 
An antimicrobial activity of betaines 3a–e is a dome-shaped 
dependence and achieves a maximum at alkyl chain length C16 
at nitrogen atom (Bacillus cereus and Candida albicans). 
Compound 3e (C18) exhibited less activity against Gram-
positive Bacillus cereus, Staphylococcus aureus and Candida 
albicans, which is comparable with those of Chlorhexidine 
and Clotrimazole.

Compounds 3c and 3d showed significant activity against 
Bacillus cereus and Candida albicans, which is comparable or 
higher then that of reference compounds. All tested betaines 
were inactive against Gram-negative bacterial strains. 
Compounds 3c and 3d can be considered as leaders and are 
recommended for further study.

In conclusion, we have developed a new efficient synthesis of 
amino phospha betaines bearing a diisopropyl moiety and with 
long alkyl chains at nitrogen atom. The synthetic strategy is 
based on the preparation of α-aminophosphonate 1 via the 
Kabachnik–Fields reaction followed by partial alkaline 
hydrolysis and N-quaternization. In the crystal of representative 
3b, intermolecular O–H···O hydrogen bonds between oxygen 
atom of phosphonate group and the water molecule linked into 
chains were discovered. The crystal packing is stabilized by 
multiple C–H···O interactions. All new compounds demonstrate 
a high antibacterial and antifungal activity against Gram-positive 
bacterial strains, which is comparable to or higher than that of 
Chlorhexidine. All compounds exhibit antifungal activity against 
Candida albicans.

This study was supported by the Russian Foundation for 
Basic Research (grant no. 20-33-90255).
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E. Obłąk, Lett. Appl. Microbiol., 2019, 69, 212.

  6	 F. Bureš, Top. Curr. Chem., 2019, 377, 14.
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Figure  1  Geometry of compound 3b. Thermal ellipsoids are drawn at 50% 
probability. 

Table  1  Antibacterial and antifungal activity of isopropyl (N-alkyl-N,N-
dimethylammoniomethyl)phosphonates 3a–e and reference compounds 
(c = 10 mg ml–1).a

Compound

Zone of inhibition, d /mm

Escherichia
coli 
(–)

Bacillus 
cereus 
(+)

Pseudomonas 
aeruginosa 
(–)

Staphylo-
coccus 
aureus (+)

Candida
albicans

3a   –   9   –   7   8
3b   – 18   – 13 15
3c   – 23   – 13 20
3d   – 20   – 14 20
3e   – 14   – 15 15
Chlor-
hexidine

15 14 13 16 16

Clotrim-
azole

  –   –   –   – 16

a Zone of inhibition 22 to 33: highly significant, between 15 to 21 mm: less 
significant, below 14 mm: poor activity.
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