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Synthesis of phosphoryl analogs of natural com-
pounds is a promising route to new physiologically
active compounds [1]. In this connection, develop-
ment of procedures for preparing phosphine analogs
of peptides, the potential inhibitors of natural enzymes
[2, 3], is an urgent problem. Using the procedure de-

veloped by us previously for preparing functionalized
phosphinic acids [4, 5], we suggest a convenient
two-stage synthesis of pseudopeptide, the phosphine
analog of glutamylglycine, 2-(hydroxycarbonyl)ethyl-
3-amino-3-(hydroxycarbonyl)propylphosphinic acidI
according to the following scheme:
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The first stage is the synthesis of ethyl 2-(ethoxy-
carbonyl)ethylvinylphosphinateII . Bis(trimethylsilyl)
hypophosphiteIII formed in situ from ammonium
hypophosphiteIV and hexamethyldisilazane [6, 7]
adds to the double bond of ethyl acrylate to form bis-
(trimethylsilyl)-2-(ethoxycarbonyl)ethylphosphoniteV
[8]. The latter reacts, alsoin situ, with an excess of di-
bromoethane by the scheme of the Arbuzov reaction.
Subsequent alcoholysis gives 2-ethoxycarbonylethyl-
2-bromoethylphosphinic acidVI which without iso-
lation was treated with triethyl orthoformate. Ester-
ification with the simultaneous dehydrobromination
according to the previously developed procedures
[9, 10] gives vinylphosphinateII , which was isolated
and characterized.

The second stage of the synthesis includes the
Michael addition of diethyl acetamidomalonate to
vinylphosphinateII , the acid hydrolysis of the re-
sulting phosphinateVII without its isolation, the sub-
sequent ion-exchange chromatography of the reaction
mixture on cation exchanger, and isolation of the
target amino acidI .

Ethyl (2-ethoxycarbonylethyl)vinylphosphinate II.
A mixture of 4.0 g of ammonium hypophosphite and
15 ml of hexamethyldisilazane was stirred for 2 h at
1203130oC. Then the reaction mixture was cooled to
room temperature, and 5.3 ml of freshly distilled ethyl
acrylate was added dropwise. The resulting mixture
was stirred for an additional 2 h at 40350oC. Then
the mixture was cooled to room temperature, 20 ml
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of 1,2-dibromoethane was added in one portion, and
the mixture was stirred for 5 h at 120oC. The formed
trimethylbromosilane and excess 1,2-dibromoethane
were removed in a vacuum, and 50 ml of aqueous
ethanol (1 : 1) was added dropwise to the residue.
The mixture was refluxed for 0.5 h, and the solvent
was evaporated in a vacuum. The residue was treated
with 100 ml of ethyl acetate and 50 ml of water, and
the aqueous layer was extracted with ethyl acetate
(2 0 50 ml). The combined organic layers were evapo-
rated in a vacuum, the residue was treated with 40 ml
of triethyl orthoformate, and the mixture was refluxed
with a Dean3Stark trap to remove ethanol and ethyl
formate. Excess triethyl orthoformate was removed in
a vacuum, and the residue was distilled to give 4.2 g
(40%) of vinylphosphinateII as an oil with bp 1253
129oC/3 mm Hg, nD

20 1.4600. 1H NMR spectrum
(CDCl3), d, ppm: 1.25 t (3H, CH3), 1.34 t (3H, CH3),
2.07 m (2H, PCH2), 2.60 m [2H, C(O)CH2], 4.03 m
(2H, CH2OC), 4.15 m (2H, CH2OP), 6.0036.50 m
(3H, CH=CH2).

31P NMR spectrum (CDCl3): dP
41.3 ppm. Found, %: C 49.14, 49.33; H 7.97, 8.11.
C9H17O4P. Calculated, %: C 49.09; H 7.78.

2-(Hydroxycarbonyl)ethyl-3-amino-3-(hydroxy-
carbonyl)propylphosphinic acid I. A mixture of 6.8 g
of diethyl acetamidomalonate, 7.5 g of vinylphos-
phinate II , 8.6 g of potassium carbonate, and 0.5 g
of tetrabutylammonium bromide in 20 ml of THF was
refluxed with stirring for 11313 h until diethyl acet-
amidomalonate was completely consumed (TLC mon-
itoring, elution with (435) : 1 chloroform3acetone,
Rf 0.5 (Silufol). The reaction mixture was treated
with 50 ml of chloroform and 25 ml of water, and the
aqueous phase was neutralized and treated with chlo-
roform (2 0 25 ml). The combined organic extracts
were evaporated in a vacuum. The oily residue (about
14 g) was treated with 70 ml of 8 N HCl, and the
mixture was refluxed for 13315 h. Then the reaction
mixture was cooled and washed with diethyl ether
(3 0 20 ml), the solvent was evaporated in a vacuum,
and the residue was chromatographed on a Dowex
50W(H+) column, elution with 0.530.7 N HCl. The
fractions with the positive ninhydrin test were concen-
trated, dissolved in 20 ml of aqueous ethanol (1 : 4),
and treated with an excess of propylene oxide to iso-
late the target amino acid. After the additional crystal-
lization of the product from aqueous ethanol, 5.3 g
of I was obtained (71% based on diethyl acetamido-
malonate). Total yield 28% based on ammonium hypo-
phosphite; mp 2053207oC with decomposition.1H

NMR spectrum (D2O + DCl), d, ppm: 1.70 m
(2H), 1.88 m (4H), 2.36 d.t (2H,JHP 12 Hz), 3.92 t
(1H). 13C NMR spectrum (D2O), dC, ppm: 26.4 d
(P3CH23C, J 91.4 Hz), 27.3 d (P3CH23C, J 90.2 Hz),
28.9 d (C3CH23CH, J 2.4 Hz), 31.4 d [C3CH23C(O),
J 3.1 Hz], 57.5 d (CH,J 15.8 Hz), 183.3 d [C(O)CH2,
J 17.1 Hz), 183.6 s [C(O)CH]. 31P NMR spectrum:
dP 50.0 (D2O), 44.0 (D2O + NaOD, pH 10). Found, %:
C 34.06, 33.93; H 6.07, 6.08; N 5.89, 5.86.
C7H14NO6P . 0.5H2O. Calculated, %: C 33.88; H 6.09,
N 5.64.

The 1H, 13C, and31P NMR spectra were recorded
on a Bruker DPX-200 Fourier spectrometer relative
to internal TMS and external 85% phosphoric acid.

TLC analysis was performed on glass plates
(Merck), eluent 1-butanol3acetic acid3water (5 : 1 : 1).
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