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ABSTRACT. New synthetic method of optically active 2-amino-3-phosphonopropionic acid from L-se-
rine was developed and their phosphonotripeptides, phthatylglycylglycyl-2-amino-3-(diethylphosphono)-
propionic acid methyl ester and phthalylglycyl-L-phenylalanyl-2-amino-3-(diethylphosphono)propionic
acid methyl ester, were synthesized by coupling reaction of amino acids with 2-amino-3-phosphonopropio-

nic acid methy! ester.
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Hhg-o] A8 A)ekg L-serine(purissi3), triethyl
phosphite(purumg), N, N-dicyclohexlycarbodii-
mide(puriss#), glycine(purisss), L-phenylalanine
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(puriss§)2 Fluka#oln} diethylphosphite, p-to-
luenesulfonyl chloridee Tokyo kasei®j(GR. )]
o). 8ol 1941k AHEsta YR w2} AF
T3t o

E3=7& Mettler Félmp apparatus(Orion Res.
Inc), # FA X+ Autopol III automatic polari-
meter, ¥A}7)-2% spectrumS JNM-PMX 60NMR
spectrophotometer, 34 234 spectrum- beck-
man acculab T.M.L spectrophotometer, 44842
Perkin-Elmer model 240& A-$-sld &-313}dr}.
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L-serine methyl esterv= L-serine<] 7}2=£417|
+ vlges Gles A E Al hEgo,
phthalylglycylglycine® phthalylglycyl-L-phenyla-
lanine-& phthalic anhydride 8 A}-8-2}o] o}w| x>} &
BFXA)Z ¥ acid chloride™Hol] 2|3 Aej=§ §
Adte W& AREsk o)

L-2-Amino-3-chloropropionic acid methyl ester
hydrochloriide(2)2] £

L-serine methyl ester hydrochloride 15.55 g(0.1
mol)& 0C o} M QaprartAs E3 A7) acetyl ch-
loride 150 m/el] =012 PCls 23 g(0.11 mo)-& Z=F
4 713k A 142 A L) 44 o HE
100 mig Wol AAE AAE 93¢ o2 Hf 9
H2g AAsia 7 g cdez AFAst
o A9 FAYEL 1566 g(90%) ATt

N,O-Ditosyl-L-serine methyl ester(3)2| &4

L-serine methyl ester hydrochloride 5 g(0.032
mol)& p-toluenesulfonyl chloride 12.58 g(0.066
mol)ol EXEL F ole] Y4 pyridine 10.34 mi-E
—20~—30C o} A3 Heck 717 2R 2
20%7 widt ¥ 59 537 2rdstR o]
—20C 4 1087 @ukgiel 2N 34 S0 miE #
7hskat oF 1087 milel e X ¥ A
50 miE H7ist] AL e WL 2
AN AR EA 96 g(70%)8) TSR Yk

'H-NMR(CDCly); 8(ppm) 7.8~72(m, 8H, 2CH,"),
41(d, 2H, -OCH,CH), 34(s, 3H, -COOCHy), 2.2(d,
6H, 2CH,CH,); IR(neat): 3400(N-H), 3010cm™!
(aromatic), 1730 em™{(C=0); Y2 ¥Y: CxHauNO;
S;; 2AA: C, 60.67%; H, 5.03%; N, 3.24%; A AtA}:
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C, 50.55%; H, 5.09%; N, 3.28%.

(—)-2-Amino-3-(diethylphosphone)propionic
acid methyl ester(4)2 BI4

Dean-stark trape] F}3 € 100/ FetAFel 3
$1-E(2) 3.4 g(0.02 moD)4i] triethylphosphite 10 g(0.06
mol)& A3 Halatd 150C A 847k F<t ##
FA7c) uhge) B 4 FAFe e gazvl
Eefa(Aerbl, ZAlYg: FR2FE=1:1, K
=018 ¥23 ¥ FJ9 triethyl phosphiteF Al
Asted AAMe) gl A 3.1g(65%) LUk

IH-NMR(CDCls); 8(ppm) 4.3~3.9(m, 5H, -CH-
CH,P(OXOCH, "), 38(s, 3H, -COOCH,), 2.5(d, 2H,
-CHCH,;P(0)), 14(t, 6H, -P(OXOCHCH)): IR
(neat): 3300cm™! (NHy), 1730 cm™! (C=0), 1240
em™'P=0), 1:030cm (P-0); [aly+434°(c53,
CH,Cl). R2¥-4: CxHNOPS; A A C, 45.97%;
H, 6.34%: N, 361%; AALA: C, 4580%; H, 6.15%:
N, 3.56%.

2-(N-tosyl)amino-3-(diethylphosphono)propionic
acid methyl ester(5)2| &4

AastalA 20mf 37 BeliFel JEF 097¢
(0042 mol)& ¥4 THFe] Y3 diethylphosphite
5.8 g(0.042 mol)-& M ¥ 847 =3 so-
dium diethylphosphate £ wh& ¥ (38 338
5 g(0.0117 moly¢ 74 THFl 5o 413 2 s}s}
A 2417 @HkA2c), A BRAIL F AR
sz, 7 AL AL F AR MG H
3l gaBoieads(Aelrtd, 24k Y F22
EE=1:1, R=03)% AH3ld Feldl 8.2g(50
%9 $5E2 d9ich

IH-NMR(CDCLy); 8(ppm) 7.8~7.2(m, 4H, CcHy-),
4.3~4.0(m, 5H, -CHCH,P(OXOCH;-),), 2.5(d, 2H,
-CHCH;-P(0}), 2.0(s, 3H, -COOCH,), 14~1.1(t, 6
H, -P(O)}OCH,-CH,)); IR(neat): 3400 cm™'(N-H),
1730 cm~{C=0), 1240 cm™'P=0), 1030 cm~'(P-
0); Va®A: CGHNOP; £33 C, 4033%; H
7.31%: N, 5.73%: A4 C, 40.16%; H, 7.53%; N,
5.86%.

(—)}-2-Amino-3~phosphonopropionic acid2| &

e (ZRE{Q| B4, (—)-2-Amino-3-phos-
phonopropionic acid methyl ester 1.2 g(0.005 mol)

o] 6N 94 20§ 713k 244|7F BFAAF o
Bk F bl ARPEEAIAY Aol E 749
HE-E olghE 10l 5 o o o] FFo]
P77 k& w743 propylene oxided- 7}3kdc).
Y WY AL AERE ANY oF A=
A7z B3 o2 AP Y 061 g(72%) & 2
Ark.

IH-NMR(D:0); 8(ppm) 1.9~2.7(m, 2H, P-CH,),
4.1~4.7(m, 1H, CH-COOH}); IR(KBr): 3200~2000
cm~YOH, NHs), 1730 cm~¥C=0), 1240 cm™'(P=
0), 1030 cm~Y(P-0); [al? —24.8° (cl, IN NaCOH).

HEUWSZHEIS] Y. HPE5) 395001
mobel] BFAF 20 mie} 24} 1 miE 73l 1247
VFEA F S19} F2 o2 1538 0.38g45
%) 582 4k

'H-NMRD,0Y; 8(ppm) 1.9~2.7(m, 2H, P-CH,),
4.1~4.7(m, 1H, CH-COOH); IR(KBr): 3200~2000
cm~YOH, NHy), 1730 cm~%C=0), 1240 em (P=
0), 1030 cm~*(P-0); (0]’ —224° (c1, IN NaOH).

et g% 7K 2-amino-3-(diethylphosphono)
propionic acidlk E&3hE aipeptide®] BHY

Phthalylglycyiglycyl-2-amino-3-(diethylphos-
phono)prop{onic acid methyl ester(7a)2] B4, 3t
§-8(4) 0.13 g(0.54 mmol)# phthalylglycylglycine
0.14 g(0.54 mmol)3} DCC 0.123 g(0.6 mmol}& F+
THF 13miel] ¥ triethylamine 0.1 m/E A7}
F Qe 047 Tk 40% 234 £
18 miE A7ksted thA] 2417 RkAl7] ¥ 33 o
H3tdel. ANE A Ssie FEZEF 0mid
*of 23} FH4 FEFS 0 mis 23], £2 23
zbz} A F MgSO.2 ARA7I 2 b5
0.11 g(42%)-& |sick

TH-NMR(CDCl); 8(ppm) 7.8(s, 4H, phthalyl”] <}
WkE ), 4.3~4.0(m, 5H, -CH,P(OXOCH;-)),
2.5(d, 2H, -CHCH,P(0)), 2.0(s, 3H, -COOCH;),
14~1.1(t, 6H, -P(OXOCH,CH3),); IR(KBr); 3400
cmY(N-H), 1730 cm~YC=0), 1240 cm~Y{P=0),
1030 cm~{(P-0); [aJ? +45.5°(c3, CHCly); fa¥
A: CyoHoN,OsP; ZA3]: C, 49.85%; H, 5.36%; N,
8.33%; #Al4k3: C, 49.60%; H, 541%; N, 8.68%.

Phthalylglycyl-L-phenylalanyl-2-amino-3-(di-
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ethylphosphono)propionic acid methyl ester(7b)2
Al 3¥-E(4) 0.13 g{0.54 mmol) 3} phthalylgly-
cyl-L-phenylalanine 0.16 g(0.54 mmol)s} DCC
0.123 2(0.6 mmol)& 5 THF 14 miol] '§ 2 trieth-
ylamine 0.1 m/§ H I ¥ 9} FL UyoR
w3l 0.1 2(35%)8 T5FR dgldh

'H-NMR(CDCly); &(ppm) 7.8~7.2(m, 8H, phtha-
Iyl7)9) WgE 2, CH-), 43~4.0(m, 5H, -CH
CHP{OXOCH;-),), 2.5(d, 2H, -CHCH,P(O)), 2.0(s,
3H, -COOCHs), 14~1.1(t, 6H, ~P(OXOCH.CH;});
IR(KBr): 3400 cm™¥N-H), 1730 cm™Y(C=0), 1240
cm~{P=0), 1030cm 'P-0); [a]? +125°c21,
CHClLy); ¥4¥4: CxHpNOWP; F54A: C, 56.73%;
H, 5.75%; N, 7.31%; A4A): C, 56.54%; H, 5.62%;
N, 7.33%.
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Scheme 1. Synthesis of (—)~2-amino-3-phosphonop-
ropionic acid.
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pionic acid(6) ©hH3-2) Scheme 19 Fo] RAI A
<h

L-serine methyl ester(1)2%-€] phosphorous 3}
THE-& =37 Y3t g2 FEARAA alk-
ylhalide2 gH& 2 triethylphosphite 3 2F 160T
o)) 4} phospholylationA} 7| ¥} ¥2&7 op$
tosylate2 7} ¥ 3§ ¥ sodium diethylphos-
phites} 41217 phospholylationA]| 7| wHg-£ A}
S35 B2 DS 29qe e o
237 dhen] oz g2 Le] tosyl’l2 BE
g AEEQ)S 4 AL #7) 92 Hed g
ARE3ked p-toluenesulfonyl chloride2} — 20T o4
HhAlA Qe edde] RS S E AN
3 ek EE APYPS 65% o582
<33ir}. Phospholylatione§ ] aminophosphonate(4)
£ 923 HFEQ)F Arbuzov HHE2 2 triethyl-
phosphites} ¥HA|7A A== ethyl chlorided
AMAzkT )2 triethylphosphiter 7354
# <431} Sodium diethylphosphite - tosylate 3}
T2 wAlA PHe=® e sodium tosy-
late# A A ¥l tosylaminophosphonate(5)s d3l
1= 3

$19} Zre] 93oJ2l aminophosphonate(d)= o}nle
A )¢ UrR] 447w BF B3 Ee] g7 o-Eo
oml e g.¢] Hel= 7o) 7} opqle] tosyl?)
2 pige] sle 3PS 971F Ay 7

2 o

CQEWH ?nooou HzN'CHCHxSIOCHaCHah
R

Y doocn,

I DCC I

0
s O
(:ctncu,com ?mwumﬁm,m,),
o R Hy

(78),R= H
(7o), R = CH.CeHy

Scheme 2. Synthesis of opticaily active phosphonotri-
peptides.
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2EYs] ¥37E AdACE AA3H sl2BA
Foz9 Hex= Aol 7He3ie) B, (9=
Zhr gt 242 fet AL} (o] —24.8%cl,
IN, NaOH), [l —224° (c2, IN, NaOH)Q! 2-
amino-3-phosphonopropionic acid8 34 shaix}).

EAX N =F A7) $13kod Scheme 2004
Re v} ol $44 2 DCCE AH8-21o phthalyl-
glycylglycine, phthalylglycyl-L-phenylalanine 3}
aminophosphonate(d)g WH&A)1H 7a2} 7be 742
2%, 36%°] T5FE L)

i &

L-serine methyl ester 2% EA=Z s} B
#4434 7}x]= 2-amino-3-phosphonopropionic
acid& ¥ 71X ¢ A2 o g FA3don, 2-
amino-3-phosphonopropionic acid methyl ester$}
phthalylglycylglycine, phthalylglycyl-L-phenylala-
nine€ S{A2A DCCE AH4-3le] P2} 3Ae)
2-amino-3-phosphonopropionic acid #-¥-2 7}=| 22
Sl phthalylglycyiglycyl-2-amino-3-(diethylphos-
phono)propionic acid methyl ester, phthalylglycyl-
L-phenylalanyl-2-amino- 3-(diethylphosphono)
propionic acid methy) ester& 438t}

g &8 2 8
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