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PHOSPHORUS-CONTAINING AMINOCARBOXYLIC
ACIDS. COMMUNICATION IV.! A CONVENIENT
METHOD OF PHOSPHONIC ACIDS SYNTHESIS

V. V. RAGULIN, M. E. BOFANOVA and EUGENE N. TSVETKOV

Institute of Physiologically Active Substances, USSR Academy of Sciences,
142432 Chernogolovka, Moscow Region, USSR

(Received January 3, 1991; in final form March 11, 1991)

The communication is concerned with the synthesis of phosphonic aminocarboxylic acids by phospho-
rylation of diethyl w-halogen alkyl acetamidomalonates with tris(trimethylsilyl) phosphite, followed by
alcoholysis and acid hydrolysis of the resulting intermediate esters.

Key words: Phosphonic aminocarboxylic acids; tris(trimethylsilyl) phosphite; w-halogenalkyl aceta-
midomalonates; phosphorylation; alcoholysis, hydrolysis

Phosphorus-containing aminocarboxylic acids (PAA) exhibit a variety of physio-
logical activities such as anticonvulsive,> herbicidal*® and antitumor,® which fact
is responsible for the interest displayed by the researchers to this type of com-
pounds.

The PAA molecules with general formula (HO),P(O)-A-CH(NH,)COOH (I)
are usually constructed by phosphorylation of a hydrocarbon-containing fragment
(A) with subsequent addition of an aminoacid function.*~*° The literature also
contains description of a reverse construction of the PAA molecule, consisting in
bonding the hydrocarbon fragment to the aminoacid function, phosphorylation of
the resulting compounds and acid hydrolysis.}'11-1* The latter method may be
convenient when there is a need for modifying the phosphorus part of the molecule.

This work offers a new version of this method suitable for PAA synthesis. It is
distinguished by the fact that the phosphorylation of diethyl-w-halogenalkyl ace-
tamidomalonates (II) and synthesis of a phosphorylating agent occur in a single
process: tris(trimethylsilyl)phosphite resulting from hexamethyldisilazane and phos-
phorous acid is alkylated in the reaction mixture with ester (II) by Arbuzov’s
reaction. The resulting bis(trimethylsilyl)phosphonates (III) are converted by al-
coholysis to diethyl dihydroxyphosphonyl alkyl acetamidomalonates (IV). The latter
are converted to the desired PAA (I), which are also isolated in the form of dimethyl
esters (V) or diethylammonium salts (VI).

+To whom correspondence should be addressed.
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HaP03 + (MegS1)pNH °
X-A~C (COORt), - (Meg510),P-A-C (COORt ), —
C c
(II) (11I)

EtOH 0 Bt MH 0
—— (0),P-A-C(COOKt), —2—» Et,NH,0P-A-(COORt),

(+} C
(V) vI)
CH(OMe )5 HC1 (H,0)
o HOL (5,0) ¢ l
{Me0) oF~A~C (COOEt) 2 — (HO)ZP-A-GH-OOOH
(]
W (D)

A : (CHy),: n = 4(a), 5(b), 6(c), T(a), 10(e);

OB, 0,008, iy (1) 0~CHy~Cgly -G, (8)

X: Br, Cl
SCHEME

EXPERIMENTAL

The PMR and *'P NMR spectra were recorded on a Bruker CXP 200 Fourier spectrometer with TMS
standards (internal), 85% H,PO, (external), and CDCl, as solvent. The spectra of acids () were recorded
in D,0O while controlling the pH of the solution (Table III) by adding NaOH for improving the solubility

TABLE 1
Yields of acids (HO),P(O)-A-CH(NH,)COOH (1)
A Yield (%)
Ia (CH,), 62
Th (CH,)s 75
Ic (CH,)s 74
Id (CH,), 61
Te (CH,)o 58
1f CH,CH,OCH,CH, 64
Ig 0-CH,~C¢H,-CH, 66

*) From the corresponding ester (II); » m.p. 236-240°C (with de-
comp.). Found (%): C 32.1; H 6.6; N 6.3; P 13.3. C¢H,,NOP. Calc.
(%): C31.7; H6.2; N 6.2; P 13.5; © m.p. 238-244°C (with decomp.).
Found (%): C 43.1; H 6.1; N 5.3; P 10.8. C,;H;,NO,P - H,0. Calc.
(%): C43.3; H5.8; N5.1; P 11.1.
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of the substances. The melting points were measured with a Boetius PHMK instrument. A 100~250
silica gel was used for column chromatography. Esters (II) were synthesized as described elsewhere.!:!!
The structure of the new esters (Ild, f, g) was proved by PMR spectroscopy and confirmed by elementary
analysis. Yields, constants, NMR spectroscopic evidence and averaged analytical data for compounds
{1, II, IV=VI) are listed in Tables I-III.

General method for the Synthesis of acids (I).  Ester (II) (0.10 mol),* H;PO; (0.12 mol) and (Me;Si),NH
(0.18 mol) were stirred for 4-5 hr under argon at 100-120°C. After cooling the mixture alcohol (70~
100 ml) was added. After 12-24 hr (20°C) the mixture was evaporated in vacuo, the residue dissolved
in CHCI, and washed with water to remove excess H;PO;. The chloroform solution was evaporated in
vacuo, the residue dissolved in water (100 mi) and the unreacted compound (I} extracted with ether
(2-4) x 15 ml) (the process was controlled by TLC, R; of ester (II) 0.7-0.8; chloroform: acetone =
2-4:1). The aqueous solution was evaporated in vacuo and then to the residue were added conc. HCI
(120-150 ml) and activated charcoal (1 g). The mixture was boiled for 15 hr. After cooling and filtration
the solution was extracted with ether (2 x 15-30 ml) and evaporated in vacuo. HCl was removed by
multiple (3-4 times) addition of water with its subsequent evaporation. The residue was dried by
azeotropic water distillation with benzene or toluene. The dry residue was dissolved in alcohol (30-50
ml) and dropwise propylene oxide (0.15-0.20 mol) added. The resulting precipitate was washed with
alcohol and dried in vacuo at 90°C. The constants of the previously described acids (Ia—e) were found
to be identical with the published ones.?#-*? The structure of the new acids (If, g) was proved by PMR
and *'P NMR spectroscopy and confirmed by elementary analysis (Tables I-IIT). With another method
acids (I) were obtained from esters (V) (see below). Esters (IV) were characterized by PMR and 3'P
NMR spectroscopy (Table IIT). They represent thick oils, except for compound (IVa) which was isolated
in crystalline form (Table II).

General method for the synthesis of esters (V) and salts (VI). To the phosphonic acid (IV) obtained
from (III) by alcoholysis in the form of an oil was added CH(OMe), (50 ml). Excess H,PO; was removed
by water extraction of the chloroform solution of the reaction mixture (see gen. method for the synthesis
of acids (I)). The mixture was boiled for 3 hr and the alcohol formed was distilled off. After removal
of excess CH(OMe), the residue was chromatographed on silica gel to obtain ester (V) (eluent-CHCL,).

Esters (V) were converted to PAA (I) by acid hydrolysis as described above. The yields of (I) were
68~73%, based on esters (V).

To obtain salt (VI), a crude acid (IV) produced after alcoholysis and removal of the unreacted H,PQO,,
as described above, was treated with Et,NH in alcohol. Salts (VI) was purified by recrystallization from
aceton. Their structure was confirmed by NMR spectra and by elementary analysis (Tables II, IIT).
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