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Complexones containing secondary amino groups 
are successfully used as synthons for the synthesis of 
practically valuable polyfunctional complexing agents 
[1, 2], in particular, for the design of biologically 
active substances [3] and contrasting agents for 
magnetic resonance tomography [4, 5].  

Barsukov et al. [6] first used as a synthone 1,3-
diamino-2-hydroxypropane-N,N'-diacetic acid 1, 
whose firther methylphosphorylation afforded 1,3-
diamino-2-hydroxypropane-N,N'-bis(dihydroxyphos-
phorylmethyl)-N,N'-diacetic acid 2. Phosphorus-con-
taining compounds to which acid 2 belongs are widely 
used as effective inhibitors of salt deposition and 
corrosion in household and industrial water–supply 
systems [7]. However, the presence in such phos-
phorus reagents, being a nutrient medium for phyto-
plankton, promotes its growth [8]. In order to decrease 
the phosphorus concentration, it was suggested to use 
inhibitors containing, along with methylphosphonous, 
also carboxylic groups. In view of this, compound 2 
can be also of interest as a multipurpose inhibitor. 

Acid 1 was synthesized without isolation from the 
reaction mixture by cyanomethylation of 1,3-diamino-
2-propanol with formaldehyde and sodium cyanide 
with subsequent alkaline hydrolysis of the formed 
diacetonitrile [6]. Acid 1 was also prepared by 
nucleophilic substitution of chlorine in 1,3-dichloro-2-
propanol by the amino group of glycine in alkaline 
medium and isolated as dihydrobromide in 33% yield 

after acidification of the reaction mass with hydro-
bromic acid to рН = 5 [2]. The statement of Kanamori 
et al. [2] on the nature of the obtained compound is in 
contrast to all known data: at рН = 4.5–5.0 compounds 
similar to acid 1 do not form salts with mineral acids. 

The described methods for preparation of acid 1               
[2, 6] are not optimal and the physicochemical 
characteristics of the product were not presented. The 
use of PCl3 as a phosphorylating agent in methylphos-
phorylation of acid 1 by the Kabachnik–Fields reaction 
[6] results in the complication of the technological 
process and is followed by evolution of a substantial 
amount of hydrogen chloride, imparing the utilization 
of mother liquors after isolation of acid 2.  

We have first found the conditions for direct carboxy-
alkylation of 1,3-diamino-2-propanol with calcium salt 
of monochloroacetic acid in the presence of calcium 
oxide for maintaining the pH of the reaction mass 
equal to 9.0–11.0 at the temperature 65–70°С. Further 
decomposition of the formed calcium complex of acid 
1 with hydrochloric acid leads to isolation of acid 1 in 
the form of dihydrochloride. The methylphosphoryla-
tion of acid 1 dihydrochloride by Kabachnik–Fields 
reaction gave acid 2 (Scheme 1). 

1,3-Diamino-2-hydroxypropan-N,N'-diacetic 
acid (1) dihydrochloride. To the solution of 13.2 g 
(0.14 mol) of monochloroacetic acid in 6 mL of water 
3.74 g (0.067 mol) of СаО was added at stirring to рН = 
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9–11, and to the obtained suspension 6.0 g (0.067 mol) 
of 1,3-diamino-2-propanol was added, keeping the 
temperature at 65–70°С and рН = 9–11 by addition of 
СаО. After charging 1,3-diamino-2-propanol the reaction 
mixture was stirred for 2 h at the same temperature and 
pH, then the formed calcium complex of acid 1 was 
decomposed by the treatment with conc. HCl to рН = 
1.5–2.0. The obtained solution was cooled to 10–15°С, 
after 12 h the formed precipitate was filtered off, 
washed with methanol, and dried. 5.58 g of dihydro-
chloride 1 was obtained, yield 30%. 1Н NMR spectrum, 
δ, ppm: 3.22 d.d (СН2, 2JHH 13.10 Hz, 3JHH 9.61 Hz, 2Н), 
3.37 d.d (СН2, 2JHH 13.10 Hz, 3JHH 3.11 Hz, 2Н), 4.03 s 
(СН2CO, 4Н), 4.41 t.t (СН, 3JHH  9.60 Hz, 3JHH       
3.09 Hz, 1Н). 13С NMR spectrum, δ, ppm: 47.52 
(CH2), 49.73 (CH2CO), 62.77 (CH), 168.75 (CO). Found, 
%: C 29.9; H 5.98; N 9.87; Cl 25.5. С7H16N2O5Cl2. 
Calculated, %: C 30.12; H 5.78; N 10.03; Cl 25.4. 

1,3-Diamino-2-hydroxypropane-N,N'-bis(dihyd-
roxyphosphorylmethyl)-N,N'-diacetic acid (2). To 
5.58 g (0.020 mol) of dihydrochloride of 1,3-diamino-
2-hydroxypropane-N,N'-diacetic acid 3.4 mL (0.042 mol) 
of 61.8% aqueous solution of phosphorous acid was 
added and the obtained mixture was heated at reflux. 
Then in the reaction mixture 3.1 mL (0.042 mol) of 
37% formaldehydr water solution was introduced, and 
the reaction mixture was stirred for 3 h. When the 
reaction was completed, the solution was evaporated to 
1/3 of volume, the residue was added dropwise at 
stirring to methanol taken in seven-fold volume. The 
formed precipitate was filtered, washed with methanol 
and dried in vacuum. 5.43 g of acid 2 was obtained, 
yield 68%. 1Н NMR spectrum, δ, ppm: 3.42–3.64 m 
(СН2, СН2Р, 8Н), 4.25 s (СН2СО, 4Н), 4.60 t.t (СН, 
3JHH 9.81 Hz, 3JHH 2.38 Hz, 1Н). 13С NMR spectrum, 
δ, ppm: 50.91 d (CH2Р, 1JCP 135.90 Hz), 56.06 d 
(CH2CO, 3JСР 2.75 Hz), 57.93 d (CH2СН, 3JСР 3.30 Hz), 

168.32 (CO). 31Р NMR spectrum, δ, ppm: 6.72 t (2JРН 
12.16 Hz). Found, %: C 27.34; H 5.19; N 7.03. 
C9H20N2O11Р2. Calculated, %: C 27.42; H 5.11; N 7.11. 

1Н, 13С and 31Р NMR spectra were registered on a 
Bruker AVANCE III NanoBay instrument (300.23, 
75.51, and 121.56 MHz respectively) in D2O at 25°С. 
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