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The simple procedures for the preparation of 1 -amino-2-hydroxypropanephosphonic (3) and 
I-amino -2-hydroxy-2-phenylethane phosphonic (4) acids in acceptable yields are described. 
We showed by NMR studies with chiral Pr(hfc)3 shift reagent and by HPLC that the reactions 
are not stereospecific and both products constitute a mixture of all feasible stereoisomers. 
The crystal structure of the racemic (3) was also determined by X-Ray. 

Keywords: Phosphonic acids and derivatives: Stereoisomerism; NMR; X-Ray crystallogra- 
phy; shift reagents 

INTRODUCTION 

There is a vast literaturd’-’] on the synthesis and various properties of the 
phosphonic analogues of protein and non-protein amino acids but only two 
p -hydroxy-a-aminoalkanephosphonic acids with two chiral centres have 
been described[*-I2]. In the papers on the preparation of 2-phe- 
nyl-2-hydroxy- 1 -aminoethanephosphonic acid (the analogue of P-phenyl- 
serine) there are no references to the stereochemistry of the described 
products[’31. Stereochemistry is well elaborated in the recent Italian paper 

* author to whom correspondence should he adressed 
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102 EWA MATCZAK-JON rt al. 

on the phosphonic analogues of threonine but the synthetic procedures are 
tedious['41. 

In this report we describe simple procedures for the preparation of 
I-amino-2-hydroxypropanephosphonic 3 and 1-amino-2-hydroxy-2-phe- 
nylethanephosphonic acid 4 in acceptable yields. The key step in our syn- 
theses was the reaction of phenyldiazonium chloride with 
2-oxophosphonates followed by reduction and hydrolysis. 

Although TLC analysis using several developing solvents failed to show 
the presence of diastereomeres of acids 3 and 4 both l3C and 'H NMR 
with lanthanide shift reagents demonstrated the presence of four stereoi- 
somers of the esters 1 and 2. In order to confirm this finding we have syn- 
thesized dipeptide 6 and resolved the resulting stereoisomers by means of 
HPLC. Four peaks observed in elution profile clearly supported the pres- 
ence of four stereoisomers of the starting phosphonate. 

PhN2'Cf H2iRa-Ni 
R-C-CH+'O(OEt)Z R-C-CH-FV(OEt)2 - 

II pH-7,t<lS°C 1 0 ' ~ ~  
0 

HC1, H20,8h 
R-CH-CH-PO(OE1)Z L___, R-CHXH-PO3H2 

reflux I I  
OH M2 I 1  

OH M 2  

Both methods used for determination of the stereoisomeric composition 
of crude products 1, 2 and 6 are indirect and depend on the use of chiral 
derivatizing agents that convert the mixture of stereoisomers into diastere- 
omers prior to further NMR or HPLC analy~is[ '~*'~].  Our trials with 
Yb(hfc), and Pr(hfc)3 lanthanide induced shift reagents indicated that only 
the latter one sufficiently differentiates 13C and 'H NMR spectra when 
added to 1 and 2. 

Most applications of both chiral and nonchiral shift reagents prefer usu- 
ally 'H over the more tedious I3C NMR  experiment^"^-^']. However, as 
will be demonstrated in this paper 13C NMR may be an amenable method 
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1- AMINO- 2- HYDROXYPHOSPHONIC ACIDS 103 

0 
I1 

L 1. EtiN, THF, CI4-OEt. -1 S°C 
Ph- CHz-CH-COOH 0 

I I1 
MI-C-OCH2Ph 2. R-CH-P-(OEt)Z 

I1 I 
MI2 

0 

R O  
L I I1 (CH3)SBr L 

~ H ~ X - C O - M ) - C H - P   OH)^ 
I I II 

NH2 R O  
Ph-CH2-CH-Co-NH-cH-pCOEt)2 CHCl 

I 3 
NH5-04H2Ph 

5 6 6 

R = CH3-CH- 
I 

OH 

because it is more sensitive to electronic environment of the nuclei as well 
as it may be an aid in the assignment of 'H NMR  resonance^[^^-^^]. 

RESULTS AND DISCUSSION 

Concentration and stoichiometry of Pr(hfc), and substrate which influence 
both the time of I3C experiment as well as the quality of the spectra were 
optimised using racemic dimethyl 1 -amino-2-methylpropanephosphonate 
7[241 as a model sample, The ester contains two pairs of diastereotopic 
groups (OCH3 and CH3) with 13C resonances due to 13C-31P coupling 
appearing as a triplet (overlapped doublets) and a pair of doublets, respec- 
tively (see TABLE I). Successive addition of increments of the chiral 
Pr(hfc)3 to a solution containing a racemic mixture of this compound 
resulted in substantial separation of methoxy triplets (FIGURE 1) and 
slight derivatization of upfield shifted CH3 resonances. This, together with 
a severe broadening followed by disappearance of C, doublet after rela- 
tively small increments of the praseodymium complex (LSR:substrate 
molar ratio < 0.1) revealed P=O of the dimethyl phosphonate group as a 
possible LSR binding site. 

Both diethyl phosphonate esters 1 and 2 ,the 13C assignments of which 
are also given in TABLE I, seemed to coordinate Pr(hfc)3 in a similar way. 

This resulted in almost immediate disappearance of the C, resonance 
followed by gradual broadening and disappearance of the Cp signal of 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



I04 EWA MATCZAK-JON et ~ l .  

0.8 4 
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0.0 0.2 0.4 0.6 
LSR : ligand molar ratio 

FIGURE I Plot of the enantiomeric shift difference A& for OCH, carbon resonances of ester 7 

these compounds. The signals of the phenyl substituent being more distant 
from the coordination centre were almost intact with the exception of the 
signals corresponding to the ortho carbons (6 = 127.50 ppm) for which con- 
siderable upfield shift (6.5 ppm) and broadening were observed only when 
LSR:substrate of 0.8 molar ratio was applied. Similarly no useful diastereo- 
meric shift difference was discernible for the methyl resonances of the threo- 
nine residue. Thus again the diethyl phosphonate moiety appeared to be the 
only “reporter group” useful in the stereochemical analysis. 

The striking feature of both 1 and 2 was greater I3C NMR non-equiva- 
lence observed in the presence of LSR for their OCH2-m3 versus 
OCH2-CH3 resonances. Moreover, the presence of the phenyl substituent 
at Cp stereogenic centre considerably improved diastereoselection (see 
FIGURE 2). Chiral recognition of stereoisomers which differ in stereocen- 
tres being in a close proximity to coordination site (C,) proceeded easily 
even at Pr(hfc)3:substrate molar ratio smaller than 0.2. However, satisfac- 
tory derivatization which resulted in a separation of the ethoxy methyl res- 
onances belonging to all four diastereomers was possible only for ester 2 
at LSR: substrate molar ratio > 0.6. 
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1 - AMINO- 2- HYDROXYPHOSPHONIC ACIDS 105 

TABLE I 13C NMR assignments of phosphonate esters 1, 2 and 7' 

Compound I 2 7 

cL7 54.89( 143.9) 55.27( 148.2) 54.26( 158.6) 

CP 67.99(4.4) 75.41 (0.5) 19.54(2.5) 

CH3 19.65 (6.9) 17.64(4.7) 

20.79( 12.7) 

Ph 127.50 

128.66 

128.87 

O-Bz-CH, 62.86(7.2) 63.09 (7.2) 

62.68(6.9) 

O-CH&EJ, 16.91(5.4) 16.82 (5.9) 

16.86(5.1) 

0-CH, 52.99 (7.1) 

'Spectra recorded in CDCI,, Jc.,values (Hz) given in parentheses. 
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0.0 0.2 0.4 0.6 0.8 
LSR : ligand molar ratio 
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0.0 0.2 0.4 0.6 0.8 
LSR : ligand molar ratio 

(b) 
FIGURE 2 Plots of the OCH,-a,  I3C chemical shifts of ester 1 (a) and ester 2 (b) as a func- 
tion of Pr(hfc), to substrate molar ratio 
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106 EWA MATCZAK-JON et al. 

For the "fully shifted" samples of both 1 and 2 with maximum P r ( h f ~ > ~  : 
substrate molar ratio achieved in 13C NMR experiments 'H-I3C HMQC 
spectra were recorded which allowed to correlate carbon resonances of 
derivatized diastereomers with their respective proton signals. As shown 
in FIGURE 3 considerable enhancing of the resolution in the proton 
dimension allowed to overcome the problem of the peaks overlapping. 
Thus, HMQC easily resolved the OCH,-C& resonances derived from all 
feasible diastereomers not only in the LSR:ester 2 system but also in the 
LSR-ester 1 mixture at - 0.4 molar ratio for which monodentate Pr(hfc), 
binding and 1 : 1 stoichiometry of derivatizing shift reagent and substrate is 
known to be retained[251. Our efforts to integrate accurately each of the 
diastereomer peaks in ID proton as well as in 2D HMQC experiments 
were ineffective. However, approximate integral values revealed that all 
four stereoisomers are almost equally populated in the mixtures of both 
esters 1 and 2. 

In order to verify this finding we attempted to separate chromatographi- 
cally the diastereomeric mixture of dipeptide 6 synthesised from Z-L-phe- 
nylalanine and diethyl 1-amino-2-hydroxypropane phosphonate 1. 

Four peaks eluted at 9.17, 10.42, 11.25, and 12.37 min retention times 
and identified by ES-MS as [M+Na]+ ions at d z  324.1 indicated stereo- 
meric composition of the phosphonopeptide and are consistent with the 
results obtained from NMR studies. 

Upon several CrystaIlisations from an aqueous solution single crystals of 
the racemic mixture of (lR, 2s) and (lS, 2R) of 1-amino-2-hydroxypro- 
panephosphonic acid 3 were isolated. The molecular structure and atom 
numbering of 3 is illustrated on FIGURE 4. Selected bond distances and 
angles are given in TABLE 11. 

As can be seen in FIGURE 4 the phosphonic group of compound 3 is 
ionised with the proton being transferred to the amino group which results 
in the formation of the zwitterion. The coordination around the P atom dif- 
fers from regular tetrahedron. The P-0(3) bond length is longer by 0.06 A 
than the other two P-0 bonds due to the protonation of O(3) oxygen atom. 
The bond lengths and angles in the phosphonic acid group and threonine 
moiety are in good agreement with those found earIier for N-phospho- 
n~methyl-L-threonine[~~] and 0-phospho-DL-threonine and O-phos- 
pho-L-threonine[281. The side-chain conformation of the molecule given 
by the torsion angles N-C( l)-C(2)-C(3) and N-C( l)-C(2)-0(4) is gauche, 
gauche. The values of these angles [53.7(5) and 68.4(5)"] are similar to the 
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I -  AMINO- 2- HYDROXYPHOSPHONIC ACIDS 107 

14 

15 

16 

wm 
PPm -0.5 -1.0 -1.5 -2.0 

(a) 

FIGURE 3 Expansion of O C H Z - B ~  region of 'H-13C HMQC spectra at Pr(hfc), : ester 
molar ratios of 0.39 (ester 1) - (a) and 0.79 (ester 2) - (b) 

values found in the 0-phospho-DL-threonine 1-49.4(3), 73.5(2)] and 
0-phospho-L-threonine [-53.0(4), 69.5(3)oJ[28]. 

There are five hydrogen atoms participating in moderately strong intermo- 
lecular hydrogen bonds (TABLE 111 and FIGURE S).The nonpolar methyl 
groups of different molecules occupy isolated interstices in the polar hydro- 
gen bond network forming hydrophobic layers in contrast to the hydrophilic 
layers formed by the phosphonic acid and amino groups. In the hydrophilic 
layer the molecules are connected by a complex network of hydrogen bonds. 
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108 EWA MATCZAK-JON et al. 

FIGURE 4 ORTEP[261 drawing of the (lR, 2s) diastereomer of I-amino-2-hydroxypropane 
phosphonic acid racemate. Displacement ellipsoids are drown at the 35% probability level 

Adjacent molecules are held together via 0(3)-H(3). . .O( 1) and 
N-H(7) ... O(2) hydrogen bonds related by b glide plane forming an eight 
membered ring. Furthermore, the O(4) atoms (as donors) form infinite 
hydrogen-bond chains with O( 1) [- x-0.5, y-0.5, z] parallel to a direction. 

TABLE I1 Bond Lengths (A), Angles (") and Torsion Angles ("1 for I-Amino 
-2-Hydroxypropanephosphonic Acid 

P-O(I) 1.495(4) 0(1)-P-0(2) 116.6(2) 

P-0(2) 1.509(3) O( l)-P-0(3) 108.6(2) 

P-0(3) 1.566(4) 0(2)-P-0(3) 11 1.6(2) 

O(l)-P-C(l) 106.1(2) 

0(2)-P-C( 1) 105.1(2) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



1- AMINO- 2- HYDROXYPHOSPHONIC ACIDS 109 

N-C(I) 

C(l)-C(2) 

c m c ( 3 )  

O(1)-P-C(1)-N 

O(2)-P-C( 1 )-N 

O(3)-P-C( I)-N 

O(1)-P-C( 1)-C(2) 

0(2)-P-C( 1)-C(2) 

0(3)-P-c( 1)-C(2) 

N-C( l)-C(2)-0(4) 

P-C( l)-C(2)-0(4) 

N-C( 1)-C(2)-C(3) 

P-C( I)-C(2)-C(3) 

1.499(6) O(3)-P-C( 1) 108.4(2) 

1.547(7) N-C( 1)-C(2) 109.9(4) 

1.507(8) N-C(1)-P 11 2.8(3) 

C(2)-C( 1)-P 11 6.6(3) 

0(4)-C(2)-C(3) 110.4(5) 

0(4)-C(2)-C( 1) 105.0(4) 

C(3)-C(2)-C( 1 ) 116.1(4) 

159.6(3) 

3534)  

-83.9(3) 

-7 1.8(5) 

164.1(4) 

44.7(5) 

-68.4(5) 

161.6(4) 

53.7(5) 

-76.2(6) 

TABLE 111 Hydrogen-Bonds and Short Contacts (A and ") for 1-Amino 
-2-Hydroxypropanephosphonic Acid 

D-H ... A (D ... A) (D-H) (H ... A) <(DHA) 

0(3)-H(3) ... O(1)i 2.602(5) 1.02 1.61 165.0 

N-H(6) ... O(4)ii 2.819(5) 0.96 1.93 152.5 

N-H(7) ... O(2)i 2.790(6) I .03 1.82 157.2 

N-H(5). . .0(2)iii 2.784(5) 0.96 1.88 156.2 

0(4)-H(4). . . O( 1)vi 2.703(5) 0.86 1.96 144.2 

N-H(5). . .0(4) 2.896(5) 0.96 2.50 104.6 

N-H(6) ... O(2) 2.922(5) 0.96 2.50 106.4 

Symmetry code: (i) -x+1/2,y-I/2,z: (ii) x+1/2,-y+112,-z; (iii) x-1/2,- y+1/2,-z; (vi)-x-I/2,y 
-112,z 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



I10 EWA MATCZAK-JON el al. 

In addition, the amino hydrogen atoms H(6) and H(5) participate in 
intermolecular hydrogen bonds involving O(2) and O(4) atoms of the 
phosphonic acid and hydroxyl groups. Apart from that, the O(2) of the 
phosphoryl group and O(4) of the hydroxyl group form relatively short 
intramolecular contacts with the H(5) and H(6) atoms of the amino group, 
with N.. .0(4) and N.. .0(2) distances of 2.896(5), 2.992(5) A (H. .  .O 2.50 
A) and angles of 104.6 and 106.4", respectively. 

FIGURE 5 Packing diagram of molecules in crystal with hydrogen bonds indicated 

CONCLUSIONS 

Synthesis of P-hydroxy-a-aminoalkanephosphonates 1 and 2 by means of 
the reaction of phenyldiazonium chloride with 2-oxophosphonates 
afforded all four feasible diastereomers. However, as was shown by X-ray, 
crystallisation from an aqueous solution allows isolation of only one pair 
of diastereomers (lR, 2s) and (IS, 2R) of the phosphonic acid 3. 

The chiral praseodymium shift reagent may successively derivatize 
methoxy or ethoxy 13C resonances of phosphonate esters which differ in 
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I -  AMINO- 2- HYDROXYPHOSPHONIC ACIDS 111 

the stereogenic C, centre nearest to the P=O co-ordination site. For those 
which have an additional Cp stereogenic atom 2D HMQC experiment may 
be an aid in an assessment of the stereoisomers. Thus, enantiomeric or 
stereoisomeric composition of a wide range of phosphonate esters appears 
to be easy to evaluate by practically single HMQC 2D experiment. 

EXPERIMENTAL 

General 

Starting materials for preparations were obtained commercially and were 
used as obtained from suppliers. The products of syntheses were character- 
ised by 'H and 31P NMR spectroscopy and microanalyses, melting points 
are uncorrected. All NMR spectra were recorded on a Bruker DRX spec- 
trometer at 300.13 MHz for 'H, 121.50 MHz for 31P and 75.47 MHz for 
13C. Reported 6 values are given in relation to SiMe4 ('H, 13C) and 85% 
H3P04 (3'P) and all downfield shifts are denoted as positive. Coupling 
constants are in Hz. 

Mass spectra were performed on a Finnigan Mat TSQ 700 triple quadru- 
pole mass spectrometer operated with an ESI source. The spray voltage 
was 4.5 kV and the heated capillary temperature was maintained at 473 K.  
The relative intensities are given in relation to the highest intensity peak 
(100%). 

The on-line LC-MS analysis was performed using the HPLC system 
consistent of a P 4000 inert quaternary gradient pump and a 250 mm ODS 
RP-C18 column operated at 1 mumin. The mobile phase was water (A) 
and 80% acetonitrile (B) and the sample was eluted using a linear gradient 
of 0-35 % B in 30 min. UV detection at 210 nm was applied. 

13C NMR LIS Analysis 

Freshly prepared, weighted portions of esters 1 or 2 were added to the 
known amount of CDC13 and dissolved by shaking to give a final concen- 
tration between 2 M. Increments of solid Pr(hfc), were 
added directly to the sample to give LSR : substrate molar ratio up to 0.6 - 
0.8 and spectra were run immediately. Pr(hfc), was obtained from Aldnch. 

- 4.5. 
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112 EWA MATCZAK-JON et al. 

Chloroform-d was purchased from Cambridge Isotope Laboratories. In 
order to shorten the time of experiment 13C NMR spectra enhanced by 
polarization transfer ( DEPT-45) were recorded in all cases. The 'H - I3C 
HMQC correlation spectra ofthe "fully shifted samples" were acquired 
using standard Bruker program. Temperature (300 K) was maintained at 
the stated level (+- 1) in all experiments. 

X-ray Structure Determination 

The crystals of 3 were grown by slow evaporation from water and due to 
layered structure were generally of poor quality. Thus, single crystal 
(aprox. dimensions 0.2 x 0.23 x 0.1 mm ) for X-ray data collection was 
selected of testing a number of several specimens. 

Crystal data: 

C3H,,N04P, M=155.09, colourless, transparent, orthorhombic, space 
group Pbca, a= 7.915(2), b= 8.493(4), c= 18.688(2) A, V= 1256.2(5) A 
(by least-squares refinement of the diffractometer angles for 25 automati- 
cally centered reflections in the range 28 18-32 O), Z=8, D,=1.640 g 
.cm-', F(000)=656, p= 3.531 mm-'. 

Data collection: 

The intensity data were collected on an KM4 four-circle diffractometer 
[temperature 293(2) K]. 20 range 5-140'; O<h<9, O<k<10, 0<1<22 using 
graphite monochromated Cu-Ka X-radiation (2~1.5418 A) and w-28 
scanning. Of 1500 unique data, 799 had F<4o(F). The data were corrected 
for Lorentz and polarization effect, but no absorption correction. 

Structure solution: 

The approximate positions of the non-hydrogen atoms were determined 
by direct methods (SHELXS-86[291). The structure was refined by 
full-matrix least-squares methods (SHELXL-93["]) using F2 data and ani- 
sotropic temperature factors for all the non-hydrogen atoms. All the hydro- 
gen atoms were located on Fourier difference maps and included in the 
refinement with fixed positions. At convergence, the discrepancy factors 
R(F) , wR(F2) and S(F2) were 0.0509,0.156 and 1.103, respectively. 
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1- AMINO- 2- HYDROXYPHOSPHONIC ACIDS I13 

The weighting scheme W =1/[Zi2(F,2)+(a.P)2 + b .PI where P=[f.Max of 
(0 or F,2)+( 1-0. F,2)] (a=0.1451, b= 4.05, f = 1/3 )was found to give sat- 
isfactory analyses of variance. The final difference Fourier map was essen- 
tially featureless, with largest difference peak and hole of 0.51 and -0.56 e 
A3, respectively. 

Atomic coordinates, thermal parameters and bond lengths and angles 
have been deposited as supplementary material at the Cambridge Crystal- 
lographic Data Centre (CCDC)[311. 

Syntheses 

Diethyl I -amino- 2-hydroxypropanephosphonate ( I )  
A solution of 0.1 mole of benzenediazonium chloride, neutralised with 

sodium acetate to pH=7, was added at 0°C to 0.1 mole of diethyl 2-0x0- 
propanephosphonate and the reaction mixture was neutralised with 
NaHCO, below 15°C. The crude product, isolated by extraction with ethyl 
ether, drying with MgS04 and evaporation in vacuo, was hydrogenated at 
room temp, and 10' Pa using a Raney nickel catalyst. The reaction mixture 
was filtered through celite, and the ester 1 was isolated by column chroma- 
tography on silica gel (eluent CH2C12/ethyl acetate 3:2). Final purification 
was accomplished by crystallisation of the oxalate salt. Pure acid 3 was 
obtained by hydrolysis of the residue after hydrogenation with cnc. HCl 
followed by chromatography on Dowex (H') W50-X8. 

1: NMR (CDC1-J 'H : 6 1.26 (t, J H - H = ~ . ~ ,  3H), 6 1.31 (t, J H - H = ~ . ~ ,  6H), 
6 2.97 (d x d J~-,=5.9, J~-p=13.9, lH), 6 3.95 (m, lH), 6 4.13 (m, 4H); 
31P : 6 28.22 (s) 3: Yield (71%); mp. 223-225"C["1; NMR (D20) 'H : 6 
1.23 (d, J=6.7,3H), 6 3.30 (d x d, JH-H 3.7, JH-p 15.3, 1H) 64.22 (m., 1H); 
31P : 6 10.18 (s) 13C : 6 17.45 , 6 54.80 (Jc-p=137.6), 6 65.09(JC-p =2.3); 

(Calcd. for C3HloN04P: C, 23.25%; H, 6.50%; N, 9.05%; P, 20.00%. 
Found: C, 23.10%; H, 6.25%; N, 8.85%; P, 20.25%) 

ES-MS m/z (%) 156.0 ([M+H]+, 16), 311.0 ([M2+H]+, 100) ; 

Diethyl I -amino -2-hydroxy-2-phenylethanephosphonate (2) 
The procedure through the hydrogenation stage was essentially as 
described for 1 with the difference that diethyl 2-phenyl-2-oxoethanephos- 
phonate was used as substrate. Final purification was accomplished by 
crystallisation of the oxalate salt, m.p. 67-68°C; (Calcd. for C 14H22N08P: 
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N, 3.80%; P, 8.31%. Found: N, 3.68%; P, 8.48%). Hydrolysis of 2 with 
48% HBr in acetic acid gave 4. 

2: NMR (CDC13) 'H : 6 1.26, 1.31 (d x t JH-H = 7.1, 6H), 6 3.24 (d x d 
JH.H=8.0, JH-p,= 13.2, IH), 6 4.22 - 4.01 (m., 5H), 6 4.80 (d x d 
JH.H = 8.0, JH.p= 12.4, lH), 6 7.43 - 7.30 (m., 4H), 31P : 6 27.50 (s) 

4:Yield (47 %); m.p. 191-193°C; NMR (D20) 'H : 6 3.51 (d x d, IH, 

(m., 5H); 31P : 6 10.55 (s); I3C 6 54.17 ( J c - ~  = 136.9), 6 71.84, 6 127.52,6 

100) ; (Calcd. for C8HI2NO4P: N, 6.40%; P, 14.20%. Found: N, 6.31%; P, 
13.9 1%) 

J,.~=7.3, J~-p=13.1) 6 5.00 (d X d, J H - H = ~ . ~ ,  J~-p=9.7, 1H) 6 7.43-7.33 

129.40, 6 129.55 ; ES-MS m/z (%) 218.l([M+H]+, lo), 435.l([M2+H]+, 

Diethyl N-benzyloxycarbonyl-L-phenylalanyl-1 -amino 
-2-hydroxypropane phosphonate (5) 

N-carbobenzyloxy-L-phenylalanine (0.5 g, 0.001 8 mole) was dissolved in 
10 ml of CHC13 and 0.3 ml of anhydrous NEt3 was added at O"C?~~]. The 
solution was then cooled to -15°C and treated with 0.2 ml of ethyl chloro- 
formate, followed with 0.0017 mole of the phosphonate 1 in 10 ml of THE 
The mixture was left overnight at room temp., the solvents were evapo- 
rated under reduced pressure, the residue was dissolved in ethyl acetate 
and washed consecutively with aqueous HCl, NaHCO, and NaCl solu- 
tions. The crude product obtained after removal of solvent was crystallised 
from ether. Yield 53%. 

N-(L-phenylalanyl)-2-hydroxy-l-aminopropanephosphonic acid (6) 

Diethyl N-benzyloxycarbonyl-L-phenylalanyl- 1 -amino-2-hydroxy-pro- 
panephosphonate (1 mmole) was dissolved in anhydrous CHCl, (3 ml) and 
treated with 4.5 mmole of Me3SiBr[341. After 24 h at room temp. the sol- 
vent was evaporated, the residue dissolved in 2 ml of methanol and left for 
several hours. Addition of 2 ml of ether precipitated the desired product as 
a white solid. ES-MS m/z 303.1 [M+H]+. 
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