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SYNTHETIC COMMUNICATIONS, 22(8), 1179-1186 (1992) 

A NOVEL ASYMMETRIC BYNTHEBIS OF 
8-(+)-2-AMIN0-4-PHOSPHONOBUTANOIC ACID 

Xian-Pun Jiao Wan-Yi Chon Bing-Fang Hu* 
Inrtitute of Applied Cbemirtry. Beijing Agricultural 

Uairerritp. Beijing 100094, People’r Republic of Cbina 

AB8TBACT:A novel arymmetric ryntbetic route to  S(+)-!Z-amino 
-4-phorphonobutanoic acid through the cycl ic  condenration of 
ethyl-4-diethoxyphorpbonyl-2-oro-butanoate with L-erytbro- 
(+)-1,!Z-diphenpl-2-hydroxyetbylamine, followed by reduction 
and bpdrolprir i r  dercribed. 

Phorphornr analoguer of glutamic acld are intetertlng LI 

biologically active rubrtancer and 8 (+I -2-lmlno-4 
-phosphonobtttanoic a c i d  har been reported competing with 

g l u t m a t e  far teeaptota in n e t r e  c e l l s  and to hate 

antiviral activity. Recently, i t r  armmetrio ryntherir 
har been achieved by the Michael addltlon of a chlral 
glpcine Schlff’r bare t o  a v l n y l  phorphonate. but the optlcal 

Cll 

pnrlty of the prodnat i r  on17 moderate (ee 60%). “ u. 

* To whom cotrerpondence rhould be addrerred. 

1179 

Copyright 0 1992 by Marcel Dekker, Inc. 
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1180 JIAO, CHEN, AND HU 

Schollkopf racceeded i n  the aryfmnetrlc ryntherlr of B(-) -2 
-1mino-4-phorphonobutanoic acid by the hydrolyrir of the 

alkylated birlactlm ether of an dlketopiperarine with a 

high degree of arpmetric induction up to ee > 96% . 
It har been mentloned by J.P. Vlgneron regar ding 
the format ion of 1-rubrt ituted-6, 8-diphenyl-6,6-dihydro-ZH-l, 
4-oxaxln-2-one, 81 a condenration product of an a-ketoerters 

with erythro-l,2-dlphenyl-P-hydroxyethyl~lnt, rhlah i n  turn, 
upon catalytic hydtogsnatlon, gate a quantitative yield of 

8,  6, 6-tr iphenyl-2, 8,6, 8-tetrahydro-48-1, 4-oxazin-2-one in a 
unique form. Accordingly, the hydrogenatlon 1. apparently 
totally rtcreorpecifie. Bared upon thlr finding,they r a c c e r r -  

fully achieved the addition of e r y , t h r o - ( t ) - l , P - d l p h e n y l - 2 -  
hydtoxyethylamlne to dlmethyl aoetylenedlcarboxylate, when 
the produet, a rubrtituted-6, 6-dlhydto-9E-1, 4-oxaxin-2-one, 
w a r  hydrogenated catalytically, a nearly quantltatitt yield 
of S(t)-aethyl arpartate was obtained with at lcart 88% 

enantlametic purity, 

I81 

C4. 63 

Encouraged and lntrigusd by there flndingr, we sought to 
derelope a new route f o r  the aryametrle ryntherir of 8(t) 
-~-.cnino-4-phorphonobutanolc acid, url'ng L-erythro- (18, PB) -1, 2 
-dlphenyl-2-hydroxyethyl~ine an chlral rource i n  the conden- 

ration with ethyl-4- (diethoxyphorphoayl)-4-axa-bntanoate.  
Taking adtantagen of the fact that thc optic811y active 
erythro-l,~-dlphenyl-Z-hydroxyethyl~lne I r  derived from 
Inexpensive bentoln and rerolred on large rcale by L- (t) - 
glatamlc acid , and the r a i l o u r  a-kstoerterr can be rucc- 

errfully purchared through a facile and general route from 

t61 

C7l acctoaeetio eater , the wholc proeerr, thersfors, would be 

teaonably expeated to be ureful an an rrJmmetric rynthetlc 
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S-(+)-2-AMINO-4-PHOSPHONOBUTANOIC ACID 1181 

method for variour  a-aminoacidr of either antipode. The 
ayathetic pathray is depicted in  fellorlng rcheme. 

The cycllzatlon rtep 1, coarirtlng of formation of 
Schiff’r bare and acid catalyred tranrerterification, can 
only be r u c c e r r f u ~ ~ p  perfaimad i n  a protic rolvent, 111, 
n-butanol which permltr ritirfactory areotropic removal of 

SCHEME 

NH2 
I 

0 0  
I I  II 

0 
I I  

(C2H50)Z- P - CH,-CH;! - C -C-OC,H, + P h -CH - CH - P h 
I 
OH 

- 1 2_ ( 1 S m  

c 

0 
I I  

n-BuOH (C2H50)*P-CH,-CH 

drops AcOH, ref lux 
water removal, 4.5hr 
yield 88% 

3 
H Ph 

- 
0 0 
I I  

AI-Hg (CzH50)2P-CH2-C H2 
D 

m oi s t M e O-0 M e 
4 O ° C , l  Ohr,yield 73% - 

H’ Ph 
0 
I I  

H,/WOH),/C - (c,H,o),P - c H , - c H ~ - ~ H -  COOH 
ethanol, r.t I 
yield 65% NH2 5 

0 
II 

1 .  4N HCI re f lux 8h r  (HO),P-CH,-CH,-~H-COOH 
1 

2 . 4  yield 66% NH2 
6 - ee.. 6 7 %  
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1182 J I A O ,  CHEN, AND HU 

water at a higher reaction temperature. 

AS) In the compound(4) 10 8 .  IBz, while the value of 'J a61 B d  

in the compound(?) 10 4. 9 Az, which accords with Katplur- 

f ormn la f o r  a rttuctnte of cyclic vicinal ryn hydrogen. 

The va lue  of V C - M  In  the compaund(4) 10 ll4l~aO-'. The A1-He 

reduction rtep 1 10 crItle.1 to the arymetrie rednctioa. 

Accordlag to E. J . C o r e y  , the A1-Bg l r  prepared by treating 

the clean alturinlum foil In ZS RgCls rtrietly f o r  10 roc.  The 

1 a i n  rubmerrlon ar dercrlbed in lit[ 101 rerultr in agglome- 
ration of the aluminltm 1ma1g.m particler which in turn re- 
sultr an inactive reagent. The lmino linkage I r  raturated by 

AI-Bg reductlon. The 011-8 in the compound(!) i s  formed, the 

vc-n in the compound(!) i r  disappeared. Rydtogenat lon cata- 

lyred by such 8 S  Baney N1, Pt or Pd/C Is much more etfective 
than Al-Rg,but the reduction of imiao linkage a l r a y r  ruffered 

from the rimnltaneour dertrrctlon of the oxazlne rlng whlch 

fnnctionr the c h i t 8 1  induction. Conreqnently,the rrcemlc pto- 
duet 1 formed. 

The value of 'J ( H a ,  

[@I 

EXPEBINENTAL 
The v a l u e r  of rpeciflc rotation were  mearured on a 

polarttonic D SchmidttRaenrch polarlmeter. Melting point. 

were determined on a Yanoco apparatus. 'B IWE data w e r e  

recorded with a JEOL PX-SOQ or Varian XL-400, Urlng Thfs a r  

an internal rtandard, "P BMR data w e r e  recorded using 86% 

RIPOI an external rtandard. Yarn rpectra were  taken on a 
FINNIGAN MAT 4610 marr rpecttameter. IB Gpectra were  

recorded on a FT-Nicolet-6DX 8pectrophotometer. 
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S-(+)-2-AMINO-4-PHOSPHONOBlJTANOIC A C I D  1183 

(6k 68) -3- [I' - tDiethoxyphorphony1) -ethyl] -6,6-dipheny1-6, 6- 

dihydro-2E-I, 4-oxaain-2-one. (2) 
L-erythro- (t) -1, 1-diphenyl-3-hydroxyethyl~ine, m. p. 1 4 8 C ,  

[ a l E o = 6 .  6' (c, 0. 616, ethanol) [lit (4) m. p. 1 4 8 C ,  [a l io- -6 .  8' 
( C j  0. 0 ethanol) I ( l . O # j  7. 6 -01) Ir dirrolved in dry 
a-butanol (46ml), glacial acetia aoid (0.46ml) i r  added to 

[eolo?lers liquid D ~ o = l . 4 4 4 1 J  MS, MI, m/s 267 l i t  (711 (2g, 

7 . 6 0  nao1) i r  added droprise. The reaetlon mixture i r  

refluxed for 40 minuter and then the condenred azeotropic 

mixture i r  rlowly removed(about 1OmL) . A f t e r  further Ihr 

reflux and the ascottopic mixture i r  rlowly removed, the n- 
butanol is  removed undet reduced prerrure, toluene (8Oml) i r  

added. After  lhr reflux and removal of astotropic mixture, 

the residue I r  finally obtained under reduced prerrure. The 
product, a rcddirh brown oily liquid, i n  ehramatographed on 
alumina (1601, 46cmx 1. 6cm, 100-a00 mesh) and I 8  eluted with a 

mixture of CBICII, ayelohexane, iropropanol ( in ratio 

1. 8: 1. 2: 0.  8 ) J  yield, 2. 7g, ( S M ) ,  njO-1. 686, [ ~ 1 ~ ~ - + 6 .  71' 

malntaln it at pR6,~thy~-4-dlethoxyphorphony1-2-oxo-batanoate 

(c, 0. 70, CEClr), IB, 1160, 8011, ~ 9 8 6 ,  1718, 1647,  1460, 1888, 

1146, 1013, 066, '768, 606; 'B )91p, 6 Ej 1. 8 1  (6Es t, C H I ) ,  

1. 40-2. 4 0  UH, m, CHI), 8 .  98-4. 8a (W, m, CRS, CIS-N) , 4. 88 ( l R ,  d, 

Ja-c-c-a 2. !Ma, CB-01, 7.e!40-7. B6 (IOB, m, C&) ; 6 ,, $0. 8; y8, 

MI, m / a  414, m/z 162 basic peat;  Using D-erythro- (-1 -1. 2- 
diphcnyl-I-h~droxjcthyl~ine, (68, 6B) -8- [I' - (diethoxy-phorpho- 
ail) -ethyl1 -69 6-diphenyl-6, 6-dihydro-1R-l,4-oxarin-2-one I r  

prepared likerirely. Yield 81. 8% D8°=1. 6860, [aI8 '=-6 .70'  

(CS 0. 69, mf8). 

(88, 6RJ 68) -8- [B' - @iethox~phOrPhonYl) -8thYll-6, O-diphenY1 
-2,  8 ,  6, 0-tettah~dro-48-1, 4-oxaain-!4-0nC. (&) 

T o  a rolation of frerhly dirtilled dimethoxyethane(8OmL) 
containing dlrtilled wafer (4. 2mL) and compound (5) (0.  770). 
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1184 JIAO, CHEN, AND HU 

A1-Bg (0.86) ir added and at O C  stirred for 10hr. Filter and 
the aluminium foil ir rarhed with direthoxyethane ( 2 x l 6 m L ) .  

The combined rarhlng and filtrate 10 evaporated under reduaed 
prerrure. The liquid obtained (0. 88s) ir chromatographed on 

alumina aolumn (46amx 2. lam, 160g, 200-800 merh) and i r  eluted 

with a mixture of CEaClr, .cyclohexane ( 1 : l ) .  Thlr affords 8 

reml-rol Id (0 .  66g), yield 78. 1%. u 1E0=-6. 67* (c, 0. 71, 

CBCIr); IB, 8840, 8068, 2984,1729, 1672, 1602, 1491, 1460, 1191, 1929, 

1166, 1032, 704: 'B 6 1. 86 (OH, t, car), 1. 44-2. 07 (4B, m, 

AX-Bx, CBd, 8 .  6-8. B (lH, 81, CB) 4. 01-4. 86 (6H, m, BcAa-0, CH-N) 

4. 96 (la, d, JE-C-C-E, 2. 6 H s ,  CH-0) 6. 4 6  (la, b,#H), 7 .  20-8. 90 

UOH, m, c B A ~ ) ;  6 ao. 81; MS, Y*, m / r  417, main, 2 6 3  barlc 

dlphenyl-2, a, 6, 6-tetrahydto-48-1,4-oxazin-2-one i r  prepared 

with SIQC ptocedute. t a 1g0=+6. 67. (c, 0.  71. CBClr) .  

peak, B l .  The (aB, 68, 8B) -8- 1%' - (diethoryphorphonyl) -ethyl1 -6, 6- 

8 (t) -2-Aaino-4-diethox~pho~~honobutanoic acid. 

Campound (4) - (2. Zg, 6. 8tmol) i n  abroluta ethanol (46mL) 

containlag 1W Pd(OII)r/C ( 8 . 6  is hydrogenated under 

atmorpherlc prerrure. After 14 am01 of i r  abrorbed, 
the reaction mixture i r  filtered and the catalirt l r  rarhed 
by boiling i n  ethanol for 6 min (2X20mL), The flltratr, 
combined with rarhingr, i r  concentrmted. The r i r c o u r  product 
Is then chrmatographed on rilicagel ( 46~6x2. 6cm, 300-300 

merh and i r  eluted with ethyl aaetate mnd finally with 
ethanol. After removal of  r a l r e a t  under tedueed prerrure ,  
a colorlerr rlrcour llqnid i r  obtained, 0.17s. yield el%,  
1 a 1g0=+8. 6 .  (0.  986, CEClr) ; 1% 8400-8100, 2994, 9810, 1716, 

1460, 1890, 1226, 1026, B84, 696; bp, 80.9). 
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S-(+)-2-AMINO-4-PHOSPHONOBIJTANOIC ACID 1185 

S (t) -2-Amino-4-phorphonobutanoic ac id. (8) 
When the product, compound(&), (0. 8e) i r  refluxed i n  4N 

Rc1 (1OmL) for  ah?, then evaporated to dryneri, the rrr ldue  

obtained I r  dirrolred in abrolute ethanol (4OmL) and ir 
agitated with propylorIde (6mL). A f t e r  flltration, f lnal 

product (d), (0. lag) obtained, Jield O#%, e. p. 280-24Oc 

(dec), [ Q  ] ~ o - t l O .  6- (c, 0.44, aquous 6R!iC1), ee, 67%. wdll, 

6 8, 1. 10-2. 10 MA, a ma), 1. 6-S. 8 t l B ,  m, CB), (DaO). According 
to llt ( 8 )  f o r  B- (-)-2-mino-4-phorphonebutanoic acid,  10. p. 

216-218 C (doc), [al~o=-26. 9' , 'B NHR, 6 B 1. 26-2. 24 (4E, 

m, CRaCBa-P) DaO, 8 .  81 (J~-x=6Bs,  JB-x=~Ec,  la). 
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1186 J I A O ,  CHEN, AND HU 
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