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Alkylation, by e-haloalkylphosphonates, of the Ni(II) complex of the Schiff base 
formed from glycine and (S)-2-N-(Nl-benzylprolyl)-o-aminobenzophenone has been 
used for the asymmetric synthesis of (S)-2-amino-4-phosphonobutyric and (S)-2- 
amino-5-phosphonovaleric acids. 
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The phosphorus analogs of amino acids, both natural and synthetic, have significant bio- 
logical activity [i]. Of the analogs of dicarboxylic amino acids, phosphinothricin has 
attracted the most attention, together with the ¥-methylphosphonic analog of glutamic acid, 
found in nature and having high antibacterial and herbicidal properties [2, 3], and ~-amino-~- 
phosphonocarboxylic acids. The latter compounds have been found to be effective and selective 
antagonists of amino acid generation (glutamate, N-methyl-D-aspartate (NMDA)) and have found 
wide use in the study of the mechanism of synaptic transmission [4-6], which has made it clear 
that the neuronal activity of these compounds is strongly dependent on their stereochemical 
structure. Thus, the (S)-isomer of 2-amino-4-phosphonobutyric is 20-40 times more active than 
the R-isomer in the suppression of glutamaturgic neurotransmission [7] and the activity of 
the strongest NMDA antagonist - 2-amino-5-phosphonovaleric acid - is shown mainly by the R- 
isomer [8, 9]. 
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Fig. i. ORD spectra of Ni(ll) complexes of 
Schiff bases formed by(S)-2-N-(Nl-benzylprolyl) 
aminobenzophenone and esters of a-amino-~-phos- 
phonocarboxylic acids in CHCI 3 at 25°C: i) 
(S) -2-amino-5-diethylphosphonovaleric acid; 2 ) 
(S)-2-amino-4-diethylphosphonobutyric acid; 3) 
(R)-2-amino-5-diethylphosphonovaleric acid; 4) 
(R)-2-amino-4-diethylphosphonobutyric acid; 5) 
(S) - 2- amino- 3-diisopropylphosphonopropionic 
acid. 

It is thus of interest to search for convenient methods of preparing ~-amino-~-phosphono- 
carboxylic acids, particularly in enantiomerically pure form. Several methods have been deve- 
loped for the synthesis of the phosphorus analogs of dicarboxylic acids [i0, ii] and of these, 
methods employing a glycine synthon, either in alkylation by m-haloalkylphosphonates [12-14] 
or in Michael addition reactions to vinyl phosphonates [15-17], seemed especially attractive 
in so far as these particular methods have been used in asymmetric syntheses of the compounds 
mentioned. Thus, both enantiomers of phosphonothricin were obtained by the method of 
Schollkopf [18], by alkylation of the chiral bis-lactim ester 2-chloroethylmethylphosphinate 
[19], and by Michael addition of a chiral Schiff base from glycine and (S)- or (R)-2-hydroxy- 
pinan-3-onespinan-3-ones to methylvinylphosphinate [20]. The use of a vinylphosphonate in a 
subsequent rection makes it possible to obtain (S)- and (R)-2-amino-4-phosphonobutyric acids 
[20]. 

This approach, however, does not completely solve the problem of preparing optically ac- 
tive ~-amino-m-phosphonocarboxylic acids and there is still a need to search for more general 
and practical alternatives. 

We have previously developed general preparative methods for the asymmetrical synthesis 
of fluorine-containing phenylalanines [21], serines [22], and phenylserines [23] which involve 
alkylation by fluorine-containing alkyl halides and carbonyl compounds, of the readily acces- 
sible Ni(II) complex of the Schiff base prepared from glycine and (S)-N-(N1-benzylprolyl)-o - 
aminobenzophenone (I) (scheme i). In the present work, we have studied the alkylation of the 
complex 1 by m-haloalkylphosphonates with the object of creating a convenient method for the 
asymmetrical synthesis of =-amino-~-phosphonocarboxylic acids. 

Alkylation of the complex 1 by phosphonated 2b, c was carried out in MeCN solution at 
18-25°C in the presence of KOH and using a phase transfer catalyst, N(Bu)~Br-. The reaction 
resulted in a -60% yield of a mixture of diastereomeric complexes 3b, c and 4b, c in i0:i 
ratio respectively. 

In contrast to 2b, c, reaction of 2a with complex 1 gave the desired product 3a in no 
more than 25-30% yield; this seems to be connected with the formation of several by-products 
which have proved difficult to identify. We separated the complexes 3a-c and 4b, c into their 
individual components by preparative chromatography on SiO 2. The composition and structure of 
compounds 3a-c and 4b, c were confirmed by elemental analysis and NMR spectroscopy. 
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The absolute configuration of the amino acids in complexes 3a-c and 4b, c was deter- 
mined on the basis of their optical rotatory dispersion (ORD) spectra. It has been shown 
previously [24] that in the ORD spectra of Ni(II) complexes of (S)-a-amino acid Schiff bases, 
following the positive Cotton effects at 520-580 nm, there is a negative effect located at 
410-500 nm, but for (R)-a-amino acids, on the other hand, the positive Cotton effects follow 
the negative. As can be seen from the results of the ORD spectra (Fig. i), complexes 3a-c 
contain (S)-a-amino acid .groups and complexes 4b, c the corresponding amino acid groups with 
(R)-~-configuration of the chiral carbon atom. 

Isolation of the individual diastereo- and enantiomerica!ly pure complexes 3b, c was 
carried out by the action of 2N HCI on a solution of the complexes in MeOH, separating the 
chiral inducing reagent (S)-BBP and the corresponding amino acids 5b, c (scheme 2)° 
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The amino acids 5b, c have not, apparently, been described in the literature, probably 
because of the complexity of their synthesis by general methods. Thus, in the majority of 
known methods for the preparation of ~-amino-~-phosphonocarboxylic acids the glycine synthon 
is used with protected carboxylate groups (esters) and the process of removing the protection 
also brings about the hydrolysis of the P(O)(OR) 2 group [ii]. The milder conditions for the 
decomposition of the Ni(II) complex 3 make it possible to obtain the amino acids 5b, c as 
individual compounds in high yield. We obtained (S)-2-amino-4-diethylphosphonobutyric acid 
5b in chemically and optically pure form and characterized it by elemental analysis and NMR 
spectroscopy. 

An important difference between compounds 5 and the free ~-amino-e-phosphonoalkanoic 
acids 6 is the possibility of using ligand-exchange chromatography on chiral sorbents, des- 
cribed for general and fluorine-containing amino acids, for control of their enentiomeric 
purity [25]. Separation of the enantiomers of free a-amino-~-phosphonocarboxylic acids 6 
under these conditions has not up to now been successful. 

Unsubtituted phosphorus analogs of the glutamic and homoglutamic acids 6b, c are prepared 
from the corresponding complexes 3b, c in two stages: via intermediate isolation of their 
esters 5b, c on a cation exchange resin and then, without further purification, hydrolysis to 
6b, c. If the decomposition of the Ni(ll) complexes 3b, c and hydrolysis of the esters 5 to 
amino acids 6 is carried out in one stage, incomplete removal of (S)-BBP as its hydrochloride 
results in the amino acids 6b, c being contaminated with hydrolysis products of (S)-BBP. 

EXPERIMENTAL 

NMR spectra were recorded on Bruker WP 200 (200 MHz) and Varian VXP 300 (300 MHz) intru- 
ments with internal standards HMDS (iH) or H3PO 4 (Sip). OR/) spectra were run on a Jasko 
instrument. Optical rotations were measured on a Perkin Elmer 241 polarimeter. Enantiomeric 
analysis of the amino acids by ligand exchange chromatography was effected on an LKB instru- 
ment module with a column 250 × 4.0 mm packed with SI-100 Polyol Pro Cu 5 ~m sorbent (Serva); 
the eluent was 5 × 10 -3 M CuSO 4. 

The chiral reagent (S)-BBP and the Ni(II) complex 1 were prepared by the method of [24]. 
MeCN was further purified by distillation over P2Os. 

General Method for Alkylat!pn of Complex 1 by w-Halophosphonates 2a-c. To a solution of 
i0 mmoles complex 1 in 3 ml MeCN were added 13 mmoles of the corresponding ~-phosphonate, 50 
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mmoles of finely powdered KOH,and 0.5 g Bu4N+Br -. The mixture was stirred in a current of Ar 
for 2 h at 20°C. It was then neutralized with 2N AcOH and extracted with CHCI3, the ex- 
tract dried over MgSO~ and evaporated. The residue was chromatographed on SiO 2 (L~0/100) 
in 5:1 CHCL3-Me2CO, separating the (S, R) diastereomers (4b) or (4c) (fraction i), and 
(S, S) diastereomers (3a), (3b) or (3c) (fraction 2). 

(S,S)-(3a), yield 30%, decomp, temp. 75-800C, [e]D2S + 1700 (c 0.5 CHCI3). PMR spec- 

trum (6, ppm, J, Hz): 1.07 d (3H, CH3, J = 7.5), 1.15 d (3H, CH 3, J = 7.4), 1.26 d (3H, CH~, 
J = 7.5), 1.32 d (3H, CH3, J = 7.5), 1.90-2.80 m (6H, Pro), 3.47 m (IH, e-H, Pro), 3.57, 
4.46 (AB, 2H, CH2-Bzl, J = 12.5), 3.65-3.86 m (2H, CH2) , 4.10 m (IH, e-H), 4.78 m (2H, 
2CH), 6.63-8.35 m (14H, ArH). 3ip ~ spectrum (CDCI3; 6, ppm): 24 m [P(O)(O-i-Pr)2]. 
Found (%): C 60.45, H 5.95, N 5.99. Calculated for C~H40N3NiPO6 (%): C 57.32, H 5.66, 
N 5.90. 

(S,S)-(3b), yield 64%, decomp, temp. 70-78°C, [e]D 26 + 2608 (c 0.5 CHCI3). PMR spec- 
trum (CDCI3; 6, ppm. J, Hz): 1.27 t (3H, CH 3, J = 7.5), 1.28 t (3H, CH3, J = 7.5), 1.60- 
2.80 m (SH, CH2, Pro), 3.50-3.80 m (2H, CH2), 3.45 m (IH, e-H, Pro), 3.55, 4.45 (AB, 2H, 
CH2-Bzl, J = 12.5), 4.10m (5H, 2CH2, e-H), 6.55-8.20 m (14H, ArH). Found (%): C 60.11, 
H 5.83, N 6.71. Calculated for C33H38N3NiOeP (%): C 59.84, H 5.78, N 6.34. 

(S,R)-(4b) yield 5%, decomp, temp. 88-93°C, [e]D 2~ -873 (c 0.2, CHCI3). PMR spectrum 
(CDCI3; 6, ppm. J, Hz): 1.25 t (3H, CH 3, J = 7.5), 1.26 t (3H, CH 3, J = 7.5), 1.40-2.75 m 
(8H, CH=, Pro), 3.60-3.75 m (2H, CH2), 3.50 m (IH, ~-H, Pro), 3.50, 4.43 (AB, 2H, CH2-Bzl , 
J = 12.5), 4.15 m (5H, 2CH2, e-H), 6.60-8.50 m (14H, ArH). Found (%): C 60.09, H 6.10, 
N 6.51. Calculated for C33H3sN3NiO6P (%): C 59.84, H 5.78, N 6.34. 

(S,S)-(3c), yield 57%, decomp, temp. 82-87°C, [e]D 28 +2282 (c 0.2, CHCI~). PMR spec- 
trum (CD3COCD3; 6 ppm, J, Hz): 1.29 t (3H, CH~, J = 7.8), 1.30 t (3H, CH3, J = 7.7), 1.62- 
2.80 m (10H, 2CH2, Pro), 3.47 m (IH, e-H, Pro), 3.46-3.56 m (2H, CH2), 3.56, 4.41 (AB, 2H, 
CH2-Bzl, J = 12.5), 3.83 m (IH, ~-H), 4.05 m (4H, 2CH2) , 6.60-8.18 m (14H, ArH). 31p NMR 
spectrum (CD3COCD3, 6, ppm): 30.34 m [P(O)(OEt)2]. Found (%): C 60.21, H 6.03, N 6.34. 
Calculated for C34H40N3NiOeP (%): C 60.37, H 5.96, N 6.21. 

S,R-(4c): yield 4%, decomp, temp. 89-93°C, [~]D 28 -782 (c 0.3, CHCI3). 31p NMR spec- 
trum (CD3COCD3; 6, ppm): 30.57 m [P(O)(OEt)2]. Found (%): C 60.30, H 5.89, N 6.11. Cal- 
culated for C~4H40N3NiO6P (%): C 60.37, H 5.96, N 6.21. 

(S)-2-Amino-4-diethylphosphonobutyric Aci d (5b). A solution of 2 g complex (3b) in 7 
ml MeOH was added to boiling 2N HCI and held until the color of the Ni complex (3b) had 
disappeared. The solution was evaporated, i0 ml H=O added to the residue, the hydro- 
chloride of (S)-BBP filtered off, and the aminoacid isolated from the aqueous layer by 
means of Dowex 50 cation exchange resin in H + form. Yield 69%, decomp, temp. 155-161°C, 
[~]D 2s +9.22 (c 0.5, H20). PMR spectrum (D20; 6, ppm, J, Hz): 1.53 t (6H, 2CH~, J = 7.0), 
2.05-2.40 m (4H, 2CH2), 4.00 br. t (IH, e-H, J = 5.5), 4.35 m (4H, 2CH2). sip NMR spectrum 
(D20, 6, ppm): 33.99 m [P(O)(OEt)2]. Found (%): C 38.84, H 7.59, N 5.69. Calculated for 
CsHIsNOsP (%): C 40.16, H 7.58, N 5.86. 

Isolation of (S)-BBP and Amino Acids from Complexes(3b, c). The complexes were de- 
composed by a method similar to the foregoing. The esters (5b, c) so obtained were hydro- 
lyzed without further purification by boiling 6 h with 6N HCI. The free amino acids were 
isolated on Dowex 50 resin in H + form. 

(S)-(6b), yield 64% decomp, temp. 227-232°C, [~]D 2~ + 27.6 (c 0.3, 6N HCI). PMR 
spectrum (D20; 6, ppm, J, Hz): 1.7 m (2H, CH2), 2.1 m (2H, CH2), 4.0 br.t (IH, ~-H, J = 
6.1). 31p NMR spectrum (D20; 6, ppm): 25.7 m [P(O)(OH)=]. 

(S)-(6c), yield 51%, decomp, temp. 225-229°C, [~]D 2s +25.8 (c 0.I, 6N HCI). PMR spec- 
trum (D=O; 6, ppm, J, Hz): 1.5-2.3 m (6H, 3CH=), 4.1 br. t (IH, e-H, J = 6.1). ~P NMR 
spectrum (D=O, 6, ppm): 25.5 m [P(O)(OH)=]. 
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