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A NOVEL ASYMMETRIC SYNTHESIS OF
S-(+)-2-AMINO-4-PHOSPHONOBUTANOIC ACID

Xian-Yun Jiao Wan-Yi Chen Bing-Fang Hu"
Institute of Applied Chemistry. Beijing Agricultural
University, Beijing 100094, People’s Republic of China

ABSTRACT:A novel agymmetric synthetic route to 8(1)-2-amino
-4-phosphonobutancic acid through the cyclic condensation of
ethyl-4-diethoxyphosphonyl-2-cxo-butanoate with L-erythro-
(+)-1,2-diphenyl-2-hydroxyethylamine, followed by reduction
and hydrolysis is described.

Phosphorus snalogues of glutamic acid are interesting as
biologiecally sctive substances and S(+) ~2-amino-4
-phosphonobutanole acid has been reported competing with
glutamate for teceptors in operve cells and to have

]
antiviral aetivity. L Recently, its ssymmetric synthesis
has Dbeen achieved by the Michsel addition of a chiral

glycine Schiff’s base to a vinyl phosphonate. but the optical

2
purity of the produet 1is only moderate (ece 50%). 12 u.

s To whom correspondence should be addressed.
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Schollkopf suceceeded in the asymmetric synthesis of R(-)-2
-amino-4-phorphonobutancic acid by the hydrolysis of the
slkylated bislactim ether of an diketopiperazine with =

(£ )]
high degree of ssymmetric induction wup to ee > 956% .

It has been mentioned by J.P. Vigneron (4, &) tegarding
the formation of 3-substituted-6, 8-diphenyl-5, 6-dikhydro-2H-1,
4-oxazin-2-one, as s condensation product of an o -ketoesters
with erythro-1, 2-diphenyl-2-hydroxyethylamine, whieh in turn,
tpon elkslytlc hydrogenstion, gave a quantitative yield of
8,5,6-triphenyi-2, 8,5, 8-tetrahydro-4H-1, é-0xazin-2-one in a
unique form. Accordingly, the hydrogenation is apparently
totally stereospecifiec. Based upon this finding, they sticcess-
fully achieved the addition of erythro-(+)-1, 3-diphenyl-2-
hydroxyethylamine to dimethyl ascetylenedicarboxylate, when
the produet, =& substituted-5,8-dihydro-2H-1,4-0oxazin-2-one,
was hydrogensted catalytically, a nearly quantitative yleld
of 8(+)-methyl aspartate was obtained with at least 98%
enantiomeric purity

Encouraged and intrigued by these findings, we sought to
develope & new route for the asymmetric synthesla of S(+)
-2-amino-4-phosphonocbutanoie aeld,n.fn. L-erythro- (18, 2R) -1, 2
~-diphenyl-2-hydroxyethylamine as chital souree in the conden-
sation with ethyl-4- (diethoxyphosphoayl) -3-0x0-butanoste,
Taking sdvantages of the fact that the optically sctive
erythro-1, 2-diphenyl-2-hydroxyethylamine s derived from

inexpensive Dbenzoin and resolved on large scale by L- (+) -

i8]
glutamie acid , 8ond the various o -ketoestera can be suec-

easfully purchased through s facile and general route from

{71
acetoacetic ester ;, the whole proecess, therefore, would be

resonably expected to be useful as sn asymmetric synthetie
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method for various o -sminoacide of either antipode. The
synthetic pathway is depicted in following scheme.

The cyclization step 1, consisting of formation of
Schiff’s base and scid catalyzed transesterification, can
only be successfully performed in & protic solvent, vis,
n-butanol which permits sitisfactory ascotropic removal of

SCHEME
O O O NHZ
OH
1 2 (18, 2R)
drops AcOH, reflux N u
water removai, 4.5hr 3 & Ph
yield 88% - H Ph
i
Al-Hg (C2H50)2P -CHy-CHww 70 ’
moist MeO~~0Me HN g
0°C,10hr,yield 73% Ph
H Ph

H, /P I
2/Pd(OH),/C (CZHSO)ZP-CHZ—CHZ-EH-COOH
ethanol, r.t |

yield 65% 5 NH,

I
1. 4N HCI reflux 8hr (HO)ZP—CHZ-CH2—¢H-COOH

0]
2.—<] yield 66% NH
6 ee.. 67%
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water at s higher reaction temperature. The value of ' @,

Hs) In the compound(2) is 6. 6Hz, while the value of 'J (Hs, He)
in the ecompound(8) is 2.2 Hz, which accords with Karplua-

8
formulc[ ! for a structtire of eyclic vicinal syn hydrogen.

The value of vecex in the compound(3) is 1647em™’. The Al-Hg
teduction step 2 is critical to the asymmetrie reduetion.

9]
Accordiang to E. J. Corey , the Al-Hg is prepared by treating

the clesn sluminium foll in 2% HgCls strietly for 10 see. The
2 win submersion as deseribed in 1it{ 10] results in agglome-
ration of the aluminium amalgam particles whiech in turn re-
stults an insctive reagent. The imino linkage is saturated by

Al-Hg reduction. The Vx.g in the compound(4) is formed, the

Veen in the compound(8) is disappeared. Hydrogenation cata-
fysed by such as Raney Ni, Pt or Pd/C is mueh more effectire
than Al-Hg, but the reduction of imino linkage alwaya suffered
from the simultaneots destruction of the oxzazine ring whick
functions the chiral induction. Consequently, the racemic pro-
duet s formed.

EXPERIMENTAL

The values of speecific rotation were meastred on a
polartronic D Schmidt+tHseusch polarimeter. Melting points
were determined on a2 Yanoco apparatus. 'H MR data wete
recorded with a JEOL FX-90Q or Variac XL-400, Using TMS as
an internal standard, "'P NMR data were recotded using B5%
HsPO4 as external standard. Mass spectra were taken on a
FINNIGAN MAT 4510 mass spectrometer. IR Speetra were
tecorded on a FT-Nicolet-56DX specirophotometer.



Downloaded by [Universite Laval] at 03:50 10 October 2014

S-(+)-2-AMINO-4-PHOSPHONOBUTANOIC ACID 1183

(6R, 68S) -3-[%’ - (Diethoxyphosphonyl) -ethy!] -5, 6-diphenyl-8, 8-
dikydro-2H-1, 4-oxazin-2-one. (3)

L-erythro- (+) -1, 2-dipkenyl-3-hydroxyethylamine, m. p. 1437,
[a12°=8. 6° (c, 0.816, ethanol) [1it (4) m. p. 143T, [«])3’=-8.8°
(e, 0.6 ethanol) 1 (1.6g, 7.6 mmol) Iis dissolved i{a dry
n-butanel (48ml), glacial amecetic seid (0.45ml) is sdded to
maintain it at pHS, Ethyl-4-diethoxyphosphonyl-2-oxo-butanonie
[colorless 1lquid D3%=1. 4441, MS, M', m/s 387 1it (D] Qg
7. 50 mmol) s _ndded dropwise. The tesction mixture is
tefluxed for 40 minttes and then the condensed aszeotropic
mixture is slowly temoved (about 1OmL) . After further 32hr
reflux and the azeotropiec mixture is slowly removed, the n-
butanol is removed under reduced pressure, toluene (30ml) is
added. After 1hr reflux and removal of aszeotropic mixture,
the residue 1s finally obtained under reduced pressure. The
product, a reddish brown oily liqulii, is ehromatographed on
alumina (180g, 48em< 2. Sem, 200-300 mesh) and is eluted with s
mixture of CHsCls, eyelohexane, isopropanel ( in ratioe
1.8:1.2:0.8), yield, 2.7g, (88%), n3’=1.638, [a]3’-+6.71°
(e, 0. 70, CHCI1,;), IR, 3380, 3033, 2835, 1728, 1647, 1460, 1393,
1145, 1033, 988, 753, ¢95; 'HNME, Oy 1.31 (8H, t, CHy,
1.40-2. 40 (4H,m, CHs), 8.98-4.33 (5B, m CH;, CH-N), 4.88 (1H, 4,
Ji-c-c-m 2. 9Hs, CH-0), 7.20-7.98 (10H,m CeHsd; O, 320.8; MS,
N', m/z 414, m/z 182 basic pesk; Using D-erythro- (-)-1.3-
dipheny!-3-hydroxyethylamine, (68, SR) -3- (2’ - (diethoxy-phespho-
nyl) -ethyl] -6, §-diphenyl-8, 6-dihydro-3H-1, 4-0xazin-2-ene s
prepared likewisely. Yield 83. 3% n3’=1.6360, [al8'=-6.79°
(e, 0.¢9, CHCl;).

(38, BR, 68) -8-[2’ - Miethoxyphosphonyl) -ethyl) -6, 6-diphenyl
-2,8, 6 6-teirahydro-4H-1, 4-oxasin-3-one. (4)

To a solution of freshly distilled dimethoxyethane (30mL)
containing distiiled water (4.2ml) and compound 3 (0.779).
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Al-Hg (0.3g) is added and at 0C stirred for 10hr. Filter and
the aluminiuwm €foil ies washed with dimethoxyethane (2 16ml).
The combined washing and filtrate {s evaporated under redueed
presstire. The liquid obtained (0.88g) 1is chromatographed on
alumina column (4Bem>< 2. Sem, 160g, 300-800 mesh) and is eluted

with » mixture of CH3Cls, cyclohexane (1:1). This affords =
semi-solid (0.66g), yield 78.3%. [a«l18’-=-6.87° (¢, 0. 71,
CHCls); IR, 3320, 3068, 2984, 1729, 1872, 1803, 1491, 1450, 1393, 1239,
1166, 1032,704; 'HNMB O s 1.36 (8H, t,CHs), 1.44-3.07 (4H,m,
Ax-Bx, CHs), 8.6-3.9 (1H,m, CHY, 4.01-4.36 (5H, m, 3CHy-0, CH-N),
4.96 (1H, d, Ju-c-c-s 3%.6Hs, CH-0) 6.46 (1H, b, NH), 7.20-8.80

(10H, m, CeHs); O, 30.83; M8, M', m/s 417, main, 258 basie
peak, 81. The (3R, 68, 6R) -8-[2’ - (diethoxyphosphonyl) -ethyl] -6, 8-
diphenyl-2,8,8, 86-tetrahydro-4H-1, 4-0x8zin-2-0ne {is ©prepared

with same procedure. [a]13°=+5.57° (e, 0.71. CHCly).

8(+) -3-Amino-4-diethoxyphosphonobutancic sacid (5
Compound (4) (2. 2g, 5. 3mmwol) in absolute ethanol (45mL)

containing 10% PA(OH)s/C (3.8 g is hydrogenated under

atmospheric pressure. After 14 mmol of Hs ie absorbed,
the resction mixture is filtered and the catalyst is washed
by boiling 1ia ethanol for 6 mia (2X<X20mL), The filtrate,
combined with washings, {s concentrated. The viscous preduct
is then chromatographed oc silicagel ( 46em< 2. Bem, 200-300
mesh ) and is eluted with ethyl aaetate and finally with
ethanol. After removal of aolvent tnder treduced pressure,

a colorless viscous liquid is obtained, 0.77g. yield 85%,

[a13°=+8.6° (0.936, CHCls); IR, 3400-3100, 32994, 2810, 1716,
1460, 1380, 1226, 1026, 964, 6856; O p, 350.98.



Downloaded by [Universite Laval] at 03:50 10 October 2014

§-(+)-2-AMINO-4-PHOSPHONOBUTANOIC ACID 1185

S(+) -2-Amino-4-phosphonobutancic acid. (8)

When the product, compound(6), (0.88) is refluxed in 4N
BC1 (10mL) for 8hr, then evaporated to dryness, the residue
obtained is dissolved in absolute ethanol (40mL) and is
aglitated with propyloxide (6mL). After filtration, final
praoduct (8), (0.16g) is obtained, yield 64% m. p. 2830-340C

(dee), [a18%=+18.5° (e, 0. 44, aguous SNHC1), ece, 87%. R NMR,

6p, 1.10-2.10(4H, m CHs), 3.8-3.8(1H, m, CH), (DsO). According
to 11t (8) for R-(-)-2-amino-4-phosphonobutanoic acid, m. p.

3156-218 C (dec), [«]13°=-28.8°, 'H NMR, O s 1.25-2.34 (4§,
m, CHsCHs-P) D40, 8. 88 (Ja-x=8Hz, J»-x=6Hz, 1H).
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