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An example of a natural compound containing the carbon-
phosphorus bond is phosphinothricine, 2-amino-4-(methyl-
phosphino)-butanoic acid (4b), a methylphosphinic glutamic
acid analog. Phosphinothricine and its peptide derivatives,
which are produced by the Streptomyces viridochromogenes?
and Streptomyces hydroscopicus® strains, exhibit antibiotic
properties. They inhibit the growth of some bacteria and fun-
gi. 2-Amino-4-phosphonobutanoic acid (4a), a phosphonic
analog of glutamic acid whose structure is similar to that of
phosphinothricine, demonstrates its biologic activity by inhi-
biting some enzymatic processes*>.

Phosphinothricine (4b) was first synthesized on a milligram
scale’. Further studies on phosphinothricine synthesis have
been reported®’. The acetamidomalonic method applied gave
low total yields. 2-Amino-4-phosphonobutanoic acid (4a) has
been described®®. A general method for the synthesis of phos-
phinothricine (4b) and 2-amino-4-phosphonobutanoic acid
(4a) using 2-bromopropanal as substrate in Arbusov and
Strecker reactions has been reported’®.

We present here a simple preparation of phosphinothricine
(4b) and 2-amino-4-phosphonobutanoic acid (4a) from easily
available substrates as illustrated below.

BT"CHz‘—CHZ—‘CHZ—COOCZHs

SYNTHESIS

crystallizability’ phosphinothricine was isolated as the hy-
drochloride.

4-Phosphonobutanoic Acid Triethyl Ester (2a):
Prepared according to Ref.!' from ethyl 4-bromobutanoate (1) and tri-
ethyl phosphite; yield: 82%; b.p. 120-121°C/0.4 torr.

4-(Methylphosphino)-butancic Acid Diethyl Ester (2b):

Diethyl methanephosphonite (44.5 g, 0.33 mol) and ethyl 4-bromobu-
tanoate (1; 58.5 g, 0.3 mol) are heated at 130 °C under dry argon for 2
h. 4-(Methylphosphino)-butanoic acid diethyl ester (2b) is isolated by
distillation; yield: 47.1 g (71%); b.p. 124-126°C/0.8 torr.

CoH,yO4P calc. C 48.64 H 8.62

(222.2) found 48.3 8.4

"H-N.M.R. (CCL): 6= 1.1-1.6 (m, 9H); 1.6-2.0 (m, 4 H); 2.30 (t, 3H,
J=6 Hz); 3.8-4.3 ppm (m, 4H).

4-Phosphonobutanoic Acid (3a):

4-Phosphonobutanoic acid triethyl ester (2a; 126 g, 0.5 mol) is re-
fluxed with concentrated hydrochtoric acid (300 ml) for 20 h. The so-
lution is evaporated to dryness under reduced pressure. The residue is
treated with water (100 ml) and reevaporated under vacuum. This pro-
cedure is repeated several times until hydrogen chloride is removed.
The crude product is crystallized from tetrahydrofuran/chloroform to
give 4-phosphonobutanoic acid; yield: 80 g (95%); m.p. 121-122°C.
C,H,0sP calc. C28.58 HS5.39

(168.1) found 28.3 5.6

'"H-N.M.R. (D;0): 6=2.1-2.9 (m, 4H); 2.30 ppm (t, 2 H).

4-(Methylphosphino)-butanocic Acid (3b):

Obtained from 4-(methylphosphino)-butanoic acid diethyl ester (2b;
44.5 g, 0.2 mol) by the method described for 3a, the hydrolysis period
is reduced to 8 h. The product is crystallized from tetrahydrofuran to
give 4-(methylphosphino)-butanoic; yield: 31.2 g (94%); m.p. 93-
95°C.

CsH,,0,P calc. C 36.15 H6.68

(166.1) found 36.0 6.8

'H-N.M.R. (D;0): §=2.15 (d, 3H, J=17 Hz); 2.4-2.8 (m, 4H); 3.27
ppm (t, 2H, J=7 Hz).

1
| _0C,Hs 2-Amino-4-phosphonobutanoic Acid (4a):
lPlOCsz)a lHaC -P\OC H' To 4-phosphonobutanoic acid (3a; 16.8 g, 0.1 mol), phosphorus tri-
2 chloride (0.5 ml) and bromine (16.0 g, 0.1 mol) are added. The mixture
0 0
CzHSO\ll CszO\II
_P—CH;—CH,—CH,;—COO0C,Hs _P—CHy~CH,—CH,—CO0C;Hs
C2Hg0 23 HC 2h is protected against moisture and refluxed until total decoloration (~3
h). The hydrogen bromide residue is removed under vacuum, the re-
lHZOIH‘B leo" H® maining oil is dissolved in a small amount of water/ice, the solution is
mixed with concentrated aqueous ammonia solution (600 mi) pre-
HO ﬁ HO ﬁ viously cooled to 0°C, and the mixture is left at room temperature for
HO:P—CHZ—CHZ—CHZ—-COOH y C:P—CHZ—CHZ—CHZ-—COOH
3a ? 3b 50 h. The solution is then evaporated to dryness under reduced pres-
sure. The residue is dissolved in water, the solution is passed through a
1. Bry/PCly 1. Br/PCly column of Dowex 50W-X8 H® resin, and the column washed with
2. aqueous NHs 2. aqueous NH, deionized water. The first eluate is strongly acidic but ninhydrin nega-
tive and is discarded. ‘Continued washing with water elutes the amino
HO T NH; HO (I)I 'i‘HZ acid as a slightly acidic, ninhydrin positive solution. Evaporating the
~P—CH,—CH,—~CH—COOH “P—CH,—CH,—~CH—-COOH
HO iC . . . .
4a 4b amino acid eluate to dryness leaves 2-amino-4-phosphonobutanoic

The triethyl ester of 4-phosphonobutanoic acid (2a)'" and the
diethyl ester of 4-(methylphosphino)-butanoic acid (2b) were
obtained in a simple manner and in good yields by the Arbu-
sov reaction of ethyl 4-bromobutanoate (1) and the appro-
priate phosphorus substrates. On acid hydrolysis, 3a and 3b
were obtained from 2a and 2b, respectively, in high yields.
The products of bromination of acids 3a and 3b were, without
isolation and purification, subjected to ammonolysis with
aqueous ammonia solution to give 2-amino-4-phosphonobuta-
noic acid (4a) and phosphinothricine (4b). Because of its good
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acid which is recrystallized from water/ethanol; yield: 8.8 g (48%);
m.p. 229-231°C.

C,H,(NOsP calc. C2624 HS551 N7.65

(183.1) found 26.0 5.8 7.5

I.R. (KBr): v=1740 (C=0); 1630, 1550 (NH?); 1260 cm~' (P=C).
'H-N.M.R. (D,0): 6=2.1-2.8 (m, 4H); 4.47 ppm (t, J=6 Hz, 1H).
Paper chromatography'*: S;: R;=0.21; S;: R,=0.19.

2- Amino-4-(methylphosphino)-butaneic Acid Hydrochloride (Phosphino-
thricine Hydrochloride; 4b):

Obtained from 4-(methylphosphino)-butanoic acid (3b; 8.3 g, 0.05
mol) according to the method described for 2-amino-4-phosphonobu-
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tanoic acid. The ammonolysis product is evaporated to dryness under
vacuum and applied to a column of Dowex-1 OH® resin. Basic impu-
rities are eluted with water and the residue is eluted with 0.5 normal
hydrochloric acid. The acidic eluate is concentrated under reduced
pressure and applied to a column of Dowex 50W-X8 H® resin. The
column is washed with water. The first strongly acidic eluate is dis-
carded. The ninhydrin positive fraction is eluted with 0.5 normal hy-
drochloric acid and then evaporated to dryness under vacuum. The re-
sidue, after recrystallization from ethyl alcohol/ethyl ether, is 2-ami-
no-4-(methylphosphino)-butanoic acid hydrochloride (4b; phosphino-
thricine hydrochloride); yield: 7.2 g (66%); m.p. 202-204°C.
CsH,;CINO,P calc. C2760 H6.02 N644

(217.6) found 273 6.1 6.5

LR. (KBr): v=1740 (C==0); 1630, 1510 (NHY); 1300 (P—CHj); 1250
cm ! (P==0).

'H-N.M.R. (D,0): 6=1.87 (d, 3H, J=15 Hz); 2.1-2.8 (m, 4H); 4.47
ppm (t, 1 H, J=6 Hz).

Paper chromatography'?: S,: R;=0.31; S,: R;=0.35.
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The purity of the amino acids was evaluated on the basis of paper

chromatography: ascending technique, Whatman No. 1 paper, de-

veloper 0.5% ninhydrin solution in ethanol; solvent systems:

Si: i-propyl alcohol : 20% aqueous ammonia : water = 8 : 1 : 1;

S,: n-butyl alcohol : acetic acid : water = 2 :1: 1.
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