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Abstract—A general method for the synthesis of phosphonic aminocarboxylic acids combining aminodiphos-
phonic and amino acid functions in one molecule was developed. Amino acids of a new type are AP-acids
analogs, which are ligands of glutamate receptors that determine the processes of information transmission and
processing in the central nervous system, and can also be promising compounds as new components of

radiopharmaceuticals.
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An interest in w-phosphonic a-aminocarboxylic
acids is due to their physiological activity as ligands of
glutamate receptors that determine the processes of
information transmission and processing in the central
nervous system, which is important for the prevention
and treatment of Alzheimer, Huntington, Parkinson
and other neurodegenerative and psychoneurological
diseases, and also for learning and memory processes
[2-4].

Pronounced physiological activity and social
significance of the diseases associated with it deter-
mine a large number of works concerning the synthesis
and study of the properties of m-phosphonic o-
aminocarboxylic acids in recent years. The analysis of
published data makes it possible to distinguish two
basic synthetic approaches including modification of
aminocarboxylic function and the hydrocarbon frag-
ment, the spacer A, which bounds the phosphonic and
aminocarboxylic functions of the canonical molecule

[5].

! For communication XIV, see [1].

Here, we report on a general synthesis method of
®-phosphonic a-aminocarboxylic acids 1 where the
aminodiphosphonic and aminocarboxylic functions are
combined in the molecules.

The 1-amino-1,1-diphosphonic fragment can be con-
sidered as a structural analog of the amino acid
function containing a second phosphonic group, which
probably provides not only the complexing, but also
the physiological activity of aminodiphosphonic acids
[6, 7]. a,@-Diamino-m,m-diphosphonoalkylcarboxylic
acids 1 are analogs of AP-acids with enhanced com-
plexing properties, which may lead to modification of
the properties of these amino acids as glutamate
receptors ligands. In addition, these compounds can be
very promising as a ligand component of radiopharma-
ceuticals, as evidenced by the data on high antitumor
activity against osteosarcoma of peptide derivatives of
methotrexate and geminal bisphosphonic aminocar-
boxylic acids [8—10]. In this regard, it should be noted
that aminodiphosphonic acids are synthetically more
accessible than 1,1-diphosphonic acids. It is due to
unique simplicity of one-pot formation of 1-amino-1,1-
diphosphonic function by adding two molecules of
phosphorous acid to the nitrile group [6, 7]. This ap-
proach is developed here for the synthesis of w-amino-
,0-diphosphonoalkylacetamidomalonic esters 2, whose
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acid hydrolysis led to the desired aminodiphosphonic
aminocarboxylic acids 1. The corresponding nitriles,
w-cyanoalkylacetamidomalonic esters 3, were obtained
in good yields by alkylating the acetamidomalonic
ester with @-bromoalkylnitriles (Scheme 1).

The structure of all compounds obtained was
confirmed by 'H and *C NMR spectra.

Hence, a general method for the synthesis of a new
class of glutamate receptors ligands combining the
aminodiphosphonic and aminocarbon functions in the
molecule, which may also be of interest as new com-
ponents of radiopharmaceuticals, was developed.

Acetamidomalonic ester, 3-bromopropionitrile,
4-bromobutyronitrile, 5-bromovaleronitrile were pur-
chased from Reakor company (Alfa Aesar). Phos-
phorous acid and solvents (dioxane, tetrahydrofuran)
were carefully dried before use.

o-Cyanoalkylacetamidomalonic esters (3). A
mixture of 4.3 g (20 mmol) of acetamidomalonic ester,
22 mol of the corresponding w-bromoalkylnitrile 4, 8.3 g
(60 mmol) of finely dispersed K,CO;, and 0.1 g of
tetrabutylammonium bromide in 15-20 mL of
tetrahydrofuran was stirred under reflux for 13-18 h.
The reaction progress was monitored by TLC. After
the reaction completed, the mixture was filtered, and
the filtrate was evaporated in a vacuum. The residue
was poured into a mixture of cold water (30 mL) and
ice. The aqueous layer was neutralized with 1 N
solution of HCI to pH ~ 7 and extracted with ethyl
acetate (3x30 mL). The combined organic extract was

dried with magnesium sulfate and evaporated in a
vacuum. The residue was crystallized from diethyl or
petroleum ether.

Diethyl 2-cyanoethylacetamidomalonate (3a).
Yield 83%, mp 92-93°C (mp 94-95°C [11, 12]). 'H
NMR spectrum (DMSO-dy), 6, ppm: 1.17 t (3H, CH;,
*Jun = 6.9 Hz), 1.75 t (2H, CH,, *Jiyy = 7.2 Hz), 2.44 t
(2H, CH,, *Jun = 7.24 Hz), 4.19 q (4H, 2CH,0, *Jyy =
6.9 Hz), 6.77 br.s (1H, NH).

Diethyl 3-cyanopropylacetamidomalonate (3b).
Yield 87%, mp 34-35°C. '"H NMR spectrum (CDCls),
8, ppm: 1.17 t (3H, CHs, *Juyy = 7.3 Hz), 1.35-1.55 m
(2H, CH,), 1.98 s (3H, Ac), 2.22-2.43 m (4H, 2CH,),
4.19 q (4H, 2CH,0, *Juy = 7.3 Hz), 6.81 br.s (1H,
NH). “C NMR spectrum (CDCL3), 8¢, ppm: 13.77
(CH;0), 16.79, 20.23, 22.79, 31.45 [CH;C(0O)], 62.63
(CH,0), 65.75 (CNH), 118.94 (C=N), 167.42 [2C(O)
0], 169.23 [C(O)CHj5].

Diethyl 4-cyanobutylacetamidomalonate (3c).
Yield 71%, oil. "H NMR spectrum (CDCl;), 6, ppm:
1.19 t (3H, CHs, *Juy = 7.3 Hz), 1.20-1.35 m (2H,
CH,), 1.52-1.68 m (2H, CH,), 1.98 s (3H, Ac), 2.22—
236 m (4H, 2CH,), 4.18 q (4H, 2CH,0, *Juyy =
7.3 Hz), 6.80 br.s (IH, NH). *C NMR spectrum
(CDCly), 8¢, ppm: 13.80 (CH;C), 16.67, 22.37, 22.85,
24.70, 31.03 [CH5C(0)], 62.49 (CH,0), 66.06 (CNH),
119.08 (C=N), 167.67 [2C(0)0O], 169.06 [C(O)CH3].

®-Amino-o0,0-diphosphonoalkylacetamidomalonic
esters (2). To a stirred mixture of 20 mmol of the
corresponding nitrile 3 and 40 mmol of phosphorous
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acid in 30 mL of anhydrous dioxane were slowly
added 20 mmol of phosphorus tribromide at 5-10°C.
The resulting mixture was stirred for 5-7 h at room
temperature, and then kept without stirring for 1 day.
Dioxane was decanted, and 15 mL of acetic acid was
added to the residue upon cooling. The resulting
mixture was stirred for ~1 h, then poured into ice—
water mixture (~20 mL). Next, the mixture was
concentrated in a vacuum. To the oily residue were
added 20 mL of an aqueous alcohol (1 : 1) and the
formed white precipitate was recrystallized from
aqueous alcohol (~3 : 1).

Ester 2a has been previously obtained using
phosphorus trichloride, phosphorous acid, and nitrile
3a [13], but physicochemical and spectral NMR data
have not been reported. When isolating ester 2¢, the
removal of an excess of phosphorous acid was not
possible, so acid 1¢ was obtained by acid hydrolysis of
a mixture of ester 2 and phosphorous acid followed by
evaporation in a vacuum and chromatography of the
residue on the cation exchanger.

Diethyl 3-amino-3,3-diphosphonopropylacetamido-
malonate (2a). Yield 56%, mp 192—-193°C (decomp.).
'H NMR spectrum (DMSO-d, + TFA), 3, ppm: 1.13 t
(6H, 2CH3, *Jun = 6.9 Hz), 1.70-1.85 m (2H, CH,),
1.88 s (3H, Ac), 2.35-2.50 m (2H, CH,), 4.09 q (2H,
CH,0, *Jii = 6.9 Hz). >'P NMR spectrum (DMSO-d +
TFA): 6p 14.5 ppm. Found P, %: 13.95, 14.10.
C12H24N2011P2. Calculated P, %: 14.26.

Diethyl 4-amino-4,4-diphosphonobutylacetamido-
malonate (2b). Yield 61%, mp 242-243°C (decomp.).
'"H NMR spectrum (D,O + NaOD, pH ~ 4), 8, ppm:
1.14 t (6H, 2CHs, *Juyy = 7.1 Hz), 1.35-1.55 m (2H,
CH,), 1.65-1.80 m (2H, CH,), 1.96 s (3H, Ac), 2.05-
2.35 m (2H, CH,), 4.17 q (2H, CH,0, *Jyy = 7.1 Hz).
"H NMR spectrum (DMSO-d,; + TFA), 8, ppm: 1.14 t
(6H, 2CH3, *Juy = 6.9 Hz), 1.33-1.58 m (2H, CH,),
1.72-1.88 m (2H, CH,), 1.91 s (3H, Ac), 2.02-2.18 m
(2H, CH,), 4.12 q (2H, CH,0, *Jiy = 6.9 Hz), 7.86 br.s
(1H, NH). °C NMR spectrum (D,0 + NaOD, pH ~ 4),
8¢, ppm: 13.23, 18.71 t CJpc = 5.4 Hz), 21.66, 31.84,
33.52, 57.13 t ("Jpc = 121.5 Hz), 63.96, 66.87, 169.33,
173.65. *'P NMR spectrum (DMSO-ds; + TFA): &p
15.1 ppm. *'P NMR spectrum (DO + NaOD, pH ~ 4):
8p 13.4 ppm. *'P NMR spectrum (D,O + NaOD, pH
~8): op 18.0 ppm. Found P, %: 13.50, 13.68.
C13H26N2011P2. Calculated P, %: 13.82.

Diethyl 5-amino-5,5-diphosphonopentylacetamido-
malonate (2c¢) was isolated as an oily mixture with
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phosphorous acid (~4 : 1). '"H NMR spectrum (CDCl5),
8, ppm: 1.19 t (6H, 2CH3, *Juy = 7.3 Hz), 1.20-1.35 m
(2H, CHy), 1.50-1.70 m (2H, CH,), 1.98 s (3H, Ac),
2.15-2.40 m (4H, 2CH,), 4.18 q (2H, CH,0, *Jyy =
7.3 Hz), 6.72 d (~0.5H, PH, 'Jpy; = 644.7 Hz) 6.80 br.s
(1H, NH). *'P NMR spectrum (CDCls), 8p, ppm: 14.9
(~80%, 2¢), 2.7 (~20%, H;PO3).

a,0-Diamino-o,m-diphosphonoalkylcarboxylic
acids (1). A mixture of 4 mmol of the corresponding
ester 2 and 15 mL of 6 N HCI was refluxed for 13—
15 h. The reaction mixture was evaporated in a
vacuum, and the residue was co-evaporated with water
and treated with 1.2 mL of propylene oxide in 4 mL of
aqueous alcohol (1 : 1). The resulting solution was
evaporated in a vacuum, and free amino acid was
crystallized from water.

2,5-Diamino-5,5-diphosphonovaleric acid (la,
DADPS). Yield 72%, mp 313-314°C. '"H NMR
spectrum (D,0), 6, ppm: 2.07-2.52 m (4H, 2CH,),
3.85 t (CH, *Jyy = 8.5 Hz). C NMR spectrum (D0),
8¢, ppm: 22.95 t CJpc = 4.1 Hz), 23.33 t (Jpc = 3.0 Hz),
49.47,57.33 t ("Jpc = 135.6 Hz), 169.48 t (°Jpc = 4.1 Hz).
3P NMR spectrum (D,0): 8p 17.31 ppm. Mass spec-
trum, m/z: 293.1 [M + H]" (calculated for C¢H;sN,OgP»:
292.1). Found, %: C 20.18, 20.30; H 5.05, 4.96; N
9.67, 9.60; P 21.05, 21.12. CsH4N,OgP,. Calculated,
%: C 20.56; H4.83; N 9.59; P 21.21.

2,6-Diamino-6,6-diphosphonohexanoic acid (1b,
DADP6). Yield 78%, mp 270-271°C. '"H NMR spec-
trum (D,0, pH ~ 1), 8, ppm: 1.25-1.85 m (6H, 3CH,),
3.74 t (1H, CH, *Jyy = 5.9 Hz). ®C NMR spectrum
(D,0), 8¢, ppm: 19.47 t CJpc = 5.5 Hz), 30.01, 30.67,
53.73, 56.49 t ("Jpc = 118.7 Hz), 174.42. *'P NMR
spectrum (D,0, pH ~ 1): 8p 13.82 ppm. *'P NMR spec-
trum (DO, pH ~ 7): dp 14.71 ppm. Mass spectrum,
m/z: 307.1 [M + H]" (calculated for CgHsN,OgPs:
306.1). Found, %: C 23.20, 23.34; H 5.44, 5.52; N
9.15, 9.20; P 20.08, 20.14. C4H;sN,OgP,. Calculated,
%: C23.54; H5.27; N 9.15; P 20.23.

2,7-Diamino-7,7-diphosphonoheptanoic acid (1c,
DADP7). A mixture of 2¢, phosphorous acid, and 6 N
hydrochloric acid was refluxed for 13 h, and then
evaporated. The residue was chromatographed on the
cation exchanger (eluent H,O, 1 N HCI). The nin-
hydrin positive fractions were evaporated and treated
with excess of propylene oxide in aqueous alcohol.
Additional crystallization from water allowed the
isolation of amino acid lc. Yield 58% (relative to
nitrile 3¢), mp 264-265°C. "H NMR spectrum (D,O +
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NaOD, pH ~ 8), 6, ppm: 1.23-1.43 m (2H, CH,), 1.43—
1.65 m (2H, CH,), 1.67-2.02 m (4H, 2CH,), 3.62 t
(1H, CH, *Jpc = 6.9 Hz). >C NMR spectrum (D,O +
NaOD, pH ~ 6), dc, ppm: 23.54, 24.92, 30.11, 31.67,
54.58, 57.22 t ("Joc = 119.6 Hz), 175.12. *'P NMR
spectrum (D,O, pH ~ 1): & 13.58 ppm. *'P NMR
spectrum (D,O + NaOD, pH ~ 8): dp 16.63 ppm. Mass
spectrum, m/z: 3212 [M + H] (calculated for
C7H18N208P2§ 3202) Found P, %: 1944, 19.54.
C7H18N208P2. Calculated P, %: 19.35.

'H, *'P and *C NMR spectra were recorded on a
Bruker DPX-200 Fourier spectrometer, TMS (‘H, °C)
and 85% H;PO, references (*'P). Melting points were
determined on a heating block using open capillaries.
TLC analysis was carried out on Silufol plates using
plates coated with an aluminum substrate Sil G/UV
254 or glass plates from Merck coated with silica gel
UV-254 (eluent chloroform—isopropanol, 3—7%), and
also Alufol plates (Kavalier) detecting with iodine
vapors or with a ninhydrin solution in the case of
amino acids.
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