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R0% : o} 7}A] W EH R E-& 2-aminoethylphosphonateE- 2 3Hel+= th4l7]1 9 phosphono-
peptides} F719] 384 B4 & i phosphonopeptide® 34 3t%

Phthalyl- (O-~ethyl 2-aminoethylphosphonyl)-glycine ethyl ester, phthalyl-(O-ethyl 2-amino-
ethylphosphonyl) -DL-phenylalanine ethyl ester, phthalyl-(O-ethyl 2-aminoethylphosphonyl)-
L-(4+)-leucine ethyl ester, diethyl phthalyl-(O-ethyl 2-aminoethylphosphonyl)~2-aminoethyl-
phosphonate, diethyl phthalyl-(O-ethyl 2-aminoethylphosphonyl)-aminomethylphosphonate,
diethyl phthalyl-(O-ethyl 2-aminocethylphosphonyl)-DL~1-aminobenzylphosphonate, phthalyl-
(O-ethyl 2-aminoethylphosphonyl)-glycyl-L-(+)-isoleucine ethyl ester.

9 FFEEL L5 849 AA oz dojzion HgALHY, FHHALAORD), 4
iAo o8 FUAHZH,

Abstract: Five previously unreported phosphonopeptides and two optically active phosphono-
peptides containing 2-aminoethylphosphonate were synthesized.

Phthalyl-(O-ethyl 2-aminoethylphosphonyl) -glycine ethyl ester, phthalyl-(O-ethyl 2-amino-
ethylphosphonyl) -DL-phenylalanine ethyl ester, phthalyl-(O-ethyl 2-aminoethylphosphonyl)
~L-(+)-leucine ethyl ester, diethyl phthalyl-(O~ethyl 2-aminoethylphosphonyl) ~2-aminoethyl-
phosphonate, diethyl phthalyl-(O-ethyl 2-aminoethylphosphonyl)-aminomethylphosphonate,
diethyl phthalyl-(O-ethyl 2-aminoethylphosphonyl)~DIL-1-aminobenzylphosphonate, phthalyl-
(O-ethyl 2-aminoethyl phosphonyl)-glycyl-L-(+)isoleucine ethyl ester.

All of the compounds were obtained as white crystalline powder and characterized by

means of elemental analysis and IR spectroscopy.
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ML - P51 - 2ER

o] %2 Horiguchi®} Kandatsu?= 9] A4 (§i
B)od| A A= ciliate protozoad]A] 2-amino-
ethylphosphonic acid (2-AEP) & A g&o 2 w4
3+ ok, Quin®e sea anemone metridium dian-
thus ol 4 2-AEPE wA:}9 2 Kandatsu}
Shimizu® % 9] 71, 49 36| 2-AEP7} &
Atz Yo AL By o, Alhadeffs =
< A o, 7, A, 5 28z AE T
A& o] 3389 &4 F Fqlslgrt. Kittridge”
%2 zoanthid, zoanthus sociatus® &3 ¢ 3Z&
2 A g]3s}e phosphonoalanine (PAL, 2-amino
-3-phosphonopropionic acid) & FZ&at¥ )b, o]
2= HEAA o8 FH arnmophosphomc
a01d7]- A S 23] YAFEAAN ZHEE

of olzt A& AEA 23 JdA A5 w4
=z

A Well A #A = aminophosphonic acide]
A Al ]7}‘4 F2 obF FHEHA ke
A3k 7)1 %5-o] 3 Horiguchi® 52 amino-
phosphonic acidr} 2| & T4 AE o2 ZA|%
Ttz BwEE s, Quin® 52 oA 74 AR
o2 EA s ofu|xAtHe] oirlE AHE F
3le] polypeptide® =tz A o2 4%tz 3l
t}, Liang!® &2 2-AEP7} tetrahymena pyrif-
ormiso] A] phosphonolipid2 Z g€ o HE35}
95, Warren'le 4-2ke] 32P-PALo] tetrahy-
mena pyriformisol] 4] 2-AEPZ A3 Ectz B3
st e, Dana®? 52 39 Fote] 2-AE"PE 5
A5 Az} 2-AE¥PrF A9 A4 239 =
o AgEH 2% 79 gz b el 2
Ttz Bageh

Rauser’®%-0| sea anemoneZ ¥ | x9 F
219l ceramide aminoethylphosphonate® %
3t o] 2 Baert T2 49 aminophosphonic
acid® 7zt # 3 =gl aminophosphonolipid &
A I}, & 5% e] ¥ streptomyces
plumbeusz} A A3F thAAZFEZ Q] N-1409+=
aminophosphonic acid®] 9 ¢l 2-amino-5-phos-
phono-3-pentenoic acid¥ ¥ 38 EZHEHE
Q] & B 33} 37, Quin®] aminophosphonic acid
7t A 9 polypeptided] ¢ #-£-& FATL
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glths A 9k3t & aminophosphonic acidg ¥
S EECR PRI SEES e
Z 9 7% 22 DL-1-aminoethylphosphonic
acid, DL-1-amino-propylphosphonic acid &
239
g4 &9 2, Gilmore!” 5% DL-1-
amino benzylphosphonic acid& 33l t]=g
=& 33 eg . Imoto!® 2 &£ aminomethyl-
phosphonic acid$} DL~1-amincbenzylphosphonic
acidg #7bd] 233tE E g =8 451H

3, Hariharan®:% %2 mixed carboxylic acid

DL-1-aminobenzylphosphonic acidE-
wﬂg] - B2 E

anhydride ¥ © 2 glycylaminomethylphosphonic
acid®} glycyl-2-amino-ethylphosphenic acidE
A B4 AT 40 Bajel QTHAL
v} phosphonopeptide?] F=i2 4 814 .

3 2-AEPE AQolA Hxzm 714 39
34 4= aminophosphonic acid24] &4 u
HE Wol dse] ot obf ol =z
MEIEY GFE S AN g A9
34 & 7zt phosphonopeptided] AL A =3
2 eksteh meEtA £ AYelAE ammophOSP'
honic acid®] AE8H 7 Fo # 479 o
3o 24 2-AEPE %338 phosphonamide A3
2 zt: 334 &4 phosphonopeptided: 34
5t

2 d #
2-1. Alef 8 7171

A#ol] AHg3 A F  triethyl phosphite,
phosphorus tribromide, anhydrous sodiumcarbo-
natex Matheson Coleman & Bell Co. A& AF
4319 32, phthalic anhydride= Wako A4 ¢F 1
-2, phthalimide, tetrahydrofuran, chloroform,
absolute ethanol-& E. Merk#| & A&31% =,
phosphorus pentachloridet= Hayashi Pure Che-
mical Co. Al A% 1§,
Chameleon Chemical Co. Al & A-&31% th.

A183 7]7]+= optical rotatory dispersion
recorder Jasco ORD/UV-5 (Jasco, Japan),
melting apoint apparatus (Shimadzu#]), grating
infrared spectrophotometer EPI-G2 (HitachiA])

triethylamine -&
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2-Aminoethylphosphonic Acid & R4&3 XEBAYIEHE: Phosphonopeptide 8] &5

Zolr, 3359 94 PE Smith9 semimicro
2B N& semimicro Kjeldahl®y % %e] o3}
433t

2-2-814

2-2-1. &4 39| g

Diethyl phthalimidoethylphosphonate= Koso-
lapofi®sst A G del et G4 stg o,
diethylaminomethylphosphonate &= Imoto? Z-o]
A9 el det F489e Diethyl DL-1
-aminobenzylphosphonate hydrochloride:= %27
o oz PR, o9 AFEL F&
I e oz FAsEh

1. O-Ethyl phthalimidoethylphosphono-
chloridate

Diethylphthalimidoethylphosphonate 31. 1g(0.
1mol) & 100ml #lA o] -] 32 phosphorus pen-
tachloride 20.8g (0.1mol) g 7§} % 7| &%%¥
A 2447k FF 60°CE ubS-AF ) ol=] A
7] b EFRES AEEHr AoA BX
= A A 27.4g (91%)°] AA=HAF, o]
tetrahydrofuran-of €] 22 AR Az =
£ 87°Col gt
284 :Cp, Hy O N, P, Cl
3.8% (1 &4 : 4.0%)

P;10.2% (1 €4 :10.3%)

2. Diethyl 2-aminoethylphosphonate?

Diethyl phthalimidoethylphosphonate 31.1g
(0. 1mol) & ogd & 200mle] =] hydrazine
hydrate (100%) 8mlE 7}ste] ALl A 1247k
A F 247 3FAZA . ol4 47 ph-
thalylhydrazide® o 3t A A stz AL 7
GEFete] A3 249 AAol & AA 12.7¢
(70%) % At o] FFEL d3l=zl Al
FH g velllz IR 2deds FXB o
A st

2-2-2. Phosphonopeptide2| &4

2-2-2-1. Diethyl 2-aminoethylphosphonate
e} Ofu| A2 =ESH= phosphonodipeptide2]
B

1) Phthalyl-(0O-ethyl
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2-aminoethylphos-

phonyl)-glycine ethyl ester.

Glycine ethyl ester hydrochloride 1.4g (0.01
mol)3} triethylamine 4mlE E2 2 ¥ & 25mlo]
o 48 Z2d71E FAE 100ml Fepzz|
Y43 48 Fgog 0~5°CE Y43} o7
O-ethylphthalimidoethylphosphonochloridate 3.
01g (0. 01mol)& ¥ tetrahydrofuran 25mlej
o] 1580 AAA & ¥4 sl o] v
$AE ALolA 1047 2tAZ S, o= A
7] triethylammonium chlorideE o 3}3ted A A
g & AGFEEHAUL. FHFAE FE2=
EZF 50mle] o]z FAVYEE FEA2z 33,
% 50mlz 33, Az AFHHc o] =
2XE Y4 FFFAUEEE Hol FEE
AAz AFA - A4 FEFL FFA
A PN B3 B4 E 3168 B1%)E IR
T}, o] 33E & tetrahydrofuran-of 8 2.2 A4
Al AN AA L At

=74 1 129~130°C

Aa¥A4 Cy Hz, Os Ny P

N;7.8% (& :7.6%)
P;82% (0} &x] :8.4%)
IR(KBr) ; 3200 (P—NH), 3000, 2940(C—H),
1720 (phthalyl C=0), 1210 (P=0),
1040cm™! (P—0-C).

2) Phthalyl-(O-ethyl 2-aminoethylphosph-
onyl)-DL-phenylalanine ethyl ester.

Phenylalanine ethyl ester hydrochloride 2. 3g
(0. 01mol) # triethylamine 4mlE& Zzz 3=
25mole]l o A5} Zo7] & AA g 100ml F}
236 g3 4F FB2E 0~5°CE P43t
o} 7] o] O-ethylphthalimidoethylphosphonochlo-
ridate 3.01g (0.0lmol) S ¥ tetrahydrofuran
25ml %o 15Fe] AAA & 44 g F
AY 2.2.2.1. ) 7L dHoz Ao 3
Aol B3t A4E 3.82(83%)% ATt o
3}3+E-& tetrahydrofuran-of g 22 A7 A s}o
A4 AR L 43l

EE4 ; 95~97°C

A&EA ; Cos, Ha, O, NP

N;5.9% (] &4 ;6.1%)
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B - BT - oA

P;6.8% (o] 4] ;6.8%)

IR (KBr) ; 3330(P—NH), 3050, 2980(C—H),
1710(phthalyl C=0), 1220(P=0),
1080cm™1(P—0—C)

3) Phthalyl-(0-ethyl 2-aminoethyl phos-

phonyl)-L-(+)-leucine ethyl ester.

L-(+)-leucine ethyl ester hydrochloride 1. 96g

(0. 01mol) ¥} triethylamine 4mlE Sz =z =
25mle] o] A3 2~ & FAg 100ml e}
230 Yz 48 Fgog 0~5°CE Y23},
o 7]¢]] O-ethyl phthalimidoethylphosphonochl-
oridate 3.01g (0.01mol) & < tetrahydrofuran
25mle] o] 154 AHA I weH A &
A¥ 2.2.21. (DF 2L oz At &
Ao B3 A E 3.432(81%)& A o
3}3HEL tetrahydrofuran-ol®) 2.8 A2 A 84
A4 AAE A

FE4 5 117~118°C

(e]3+15.2° (0.1g/2ml ¥ o2 =22

H&FHY 5 Ch Hay, Op Ny P -

N;6.5% (] &4 ;6.6%)
P;7.1% (1 £A 5 7.3%)

IR(KBr) ; 3200(P—NH), 3000, 2950(C—H),
1720(phthalyl C=0), 1200(P=0,,
1010cm™1(P—-0—C)

2-2-2-2. Diethyl-2-aminoethylphosphonate

9} diethyl aminophosphonateZ =25t phos-
phonodipeptide2| &AJ

1) Diethyl phthalyl-(O-ethyl 2-aminoethyl-

phosphonyl)-2-aminoethyl phosphonyl.

Diethyl 2-aminoethylphosphonate 1.8g (0. 01

mol) &} triethylamine 2mlE& §2 8222 25ml
of Fo A3} ZAds & FA g 100ml Fehxa=
of ¥z AgFHor 0~5°CE Y23 o
71¢l O-ethyl phthalimidoethylphosphonochlori-
date 3.01g (0. 0lmol) & < tetrahydrofuran 25
mlell o 15%e] AAA & w4 73 & 4
#2221 0% 22 oz Hsdd A
3] Edk A E 2.818(63%) & Al
o] 3}§+E¢ tetrahydrofuran-o| 8 2.2 A4 3 3}
o A4 A4& d3ich
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54 ;102~103°C

f&¥4 5 Cs, Hag, Of, Ny, P,
N;6.3% (] 4 ;6.3%)
P;14% (1 &34 ;13.9%)

IR (KBr) ; 3250(P—NH), 3000, 2985(C—H),
1710(phthalyl C=0), 1205(P=0),
1020cm™ 1 (P—~0~C)

2) Diethyl phthalyl- (0-ethyl 2-aminoethyl-

phosphonyl)-amino methylphosphonate.

Diethyl aminomethylphosphonate 1. 67g (0. 01

mol) 3} triethylamine 2mlE S22z ¥ & 25ml
of Fo| A3 Zfs7F AXE 100ml Zeba=
ol ¥ €& S0z 0~5°CE ¥4t o
7]¢] O-ethyl phthalimido ethylphosphonochlo-
ridate 3.01g (0.0lmol)S <= tetrahydrofuran
25mlel] o 153el] AXA & wgd JHg ¥
Ag 2221 O)F 2L e Asd 4
g =g 258 A4 E 2.58 (58%) % A
t}, o] 3}3HE-L tetrahydrofuran-oj 8] 2 2 A4
Aste] AN AH & At
24 5 99~100°C
HaHA 5 Cr, Hy, O, Ny, P
N:6.6% (°]&4 ;6.5%)
P;14.7% (o] &4 ; 14.4%)

IR(KBr) ; 3190(P—NH), 3005, 2990(C—H),
1715 (phthalyl C=0), 1220(P=0),
1030cm™ 1 (P—0—C)

3) Diethyl phthalyl-(0-ethyl 2-aminoethyl

phosphonyl)-DL-1-aminobenzyl phosphonate.

Diethyl DL-1-aminobenzylphosphonate hydro-

chloride 2.8g (0.01lmol)3} triethylamine 4ml
£ S22 EE 26mld Fo At 245k ZA
H 100ml Tt 230) Y37 J & F8 07 ~5°C
2 JZ4gk o7l O-ethyl phthalimido-
ethylphosphonochloridate 3.01g (0. 01mol) & %
< tetrahydrofuran 25mlol] o] 1550 A=A A
S vk F A9 2221 (DF 2
Heog At dg xzAe B43 A4 E
3.4g(67%)= 43tk ©| 33EE tetrahydro-
furan-ol 8| 22 A s}e] AN A4S Ag

ot
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2-Aminothylphosphonic Acid & f3&3% J2BATEIE Phosphonopeptide o] &1

E14 ;126~127°C

D254 5 Chs Ha O N P
N;55% (]84 ;5.5%)
P;12.1% (o] &4 ;12.2%)

IR(KBr) ; 3300(P—NH). 3000, 2920(C—H),
1720 (phthalyl C=0), 1260(P=0),
1035cm™1(P—-0—C)

2-2-2-3. Diethyl 2-aminoethylphosphonate

2} ofa|icAl Cl|EE|=8 =&18t phosphonotri-
peptide2| &4

(1) Phthalyl-(O-ethyl 2-aminoethylphosp-

honyl)-glycyl-L-(+)-isoleucine ethyl ester

Glycyl-L-(+)-isoleucine ethyl ester 2.14g

(0. 01mol) #} triethylamine 2ml& =22 &
25mle] xof A3 Z2d7]1E AAE 100ml 2}
230 Y3 4$ Fgoz 0~5°Ca Y4
o] 7]¢] O-ethyl phthalimidoethylphosphonoch-
loridate 3.01g (0.0lmol) & ¥ tetrahydrofu-
ran 25mlol] Fo] 158 AHA & wheH s
F A% 2221 (DF & ez Ay
38 B4 YA E0.8g (18%) S At o
3822 tetrahydofuran-olg| 22 A2 A o]
A AAE ARt

=54 5 134~136°C

(a)8—67.3° (0.136g/2m]l 22 ZE)

PaEH ;Cy Hyp, O N3 P

N;80% (o] &4 ;8.3%)
P;6.4% (o] &4 ;6.1%)

IR (KBr) ; 3250(P—NH), 3000, 2020(C—H),
1726 (phthalyl C=0), 1640 (peptide
C=0), 1240(P=0) 1046cm™ (P
-0-0)

3. #n 8 ng

Imoto!®~2°:= DL-1-aminobenzylphosphonic ac-
id®} aminomethylphosphonic acid&- &7te] =%
3lst= phosphonopeptides- 34549 2, Hari-
haran? 2% % O-diisopropyl phthalimidomethyl-
phosphonateZ- phosphorus pentachloride® & 4
A A olv| kst A 3Hste] phosphonopeptide
Z g3t £ AddAE diethyl phthal-

=2/ A48 A6z 19804 114

imidoethylphosphonateZ- phosphorus pentachlo-
rides} 60°Coll Al 2441 7 wk-&AA 91%9 F&
4552 O-ethyl phthalimidoethylphosphono-
chloridate 1% 92 4 1At} Martelle] phos-
phonochloridate & 343 u¢ z=Ad =z}
80°Coll Al 8 A7k wt-gA7l At 33HE 19 +
SE220~30% 2 W wkew £ AEE

£ 471994 439 ABAE st ok )
0
Il 0
VAVAN I PCl;
| Il NCH,CH,P (OEt), -—
VY 0)
0 ~/
0
I 0
AVAN [
| Il NCH,CH,P—Cl
A YA |
1 OEt
0
1

358 1L tetrahydrofurand] 5o]3 glycine
ethyl ester hydrochloride, DL-1-phenylalanine
ethyl ester hydrochloride, 3333 #4& zt:=
L-(+4+)-leucine ethyl ester hydrochloride® &=
22 A7 5 g o] F &4 & triethyl-
amine &R dtol]A 1047k 9F-&AA diethyl 2-
amino-ethylphosphonate$} oln] =418 £ &3l+&
phosphonodipeptide 25 A 3lg =} o|d +5
& 80~83%3lor 3129 IR 29 EHL
phosphonamideof] 4| ¥ 4 9l P—NH9 &%
] 7} 3200~3330cm~1ol A YhEFiE S, 1200~1220
cm~lo] A P=0, 1010~1080cm™'o]4] P-OEt,
1720cm™e] A phthalylZ]¢] C=0¢] F4u] S 1}
eich 3 209 23}H ¥H = [edB+
15.2° o] r},

338 19} diethyl 2-aminoethylphosphonate,
diethyl aminomethylphosphonate, diethyl DL
-1-aminobenzylphosphonate hydrochloride & ¢
9} e wy oz 77t whgAA diethyl-2-am-
inoethylphosphonate £ aminophosphonic acid¢]
diethyl ester & ¥ 35+ phosphonodipeptide 3
£ #43gct old F5ER 58~67% 5
glich obwl:=ate] Hsle =g 233 #3F
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M - BB - B

HCl- NHZ(IDHCOOEt

I
AN I AN I
[l NCH,CH,p—Cl — | NCH,CH, P NHCHCOOEt
NSNS | NEt, I
Il OEt Il OEt R
C
2 2a;R:H, 2b;R=CH2C6H5, 2C,R=CH2CH (CHg)g

84 & 7= phosphonotripeptide 4% uFa7}FX] ester 2 919} 22 A W oz ul-gAA 18%
o
=2 -

38E 17 glyeyl-L-(+)-isoleucine ethyl o FEEE I g9t
(0]
Il O
VAVANE [
|l NCH.CH,P—Cl
NSNS |
Il OEt
0O
0
It
NH,CH,CH,PO(OEt VAVAN Il
CHCHPOOED: | {1 “NCH,CH,P NHCH,CH;PO(OEt),
N |
] OEt
O
3a
(0)
i
NH,CH,PO(OEt), AN i
NEt, —> I /NCHZCHz Il) NHCH.PO (OEt),
] OEt
O
3b
HCl - NHZ}CHPO (OEY), O
Il
CeHs PAVAN I
- | NCH,CH, P NHCHPO (OEt),
NN I
Il OEt Cg¢Hj
(@)
3c
NH,CH,CONHCHCOOEt (l?
O
CH(CH,) CHchs VAVAN I
[l NCH,CH, P NHCH,CONHCHCOOEt
NS l |
g OEt CH(CH;)CH,CH;
4
Ak g 49 B3 A EE (oJB—67.3°F

= phosphonopeptide«] =4+ 25 90

ex% dedod 34T IR ek

~140°Ce] F2
23 &8 .2 3150~3330° cm™1¢] ¥ 9] ol A P—NH 37
AE 2FL L F A%z, FFE AE = 2 ATE AYstd F4 ok B A
Bz C=09 &9 % 1640cm oA & F 3l Actel ZAE =Y
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