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A new kind of aminophosphonopeptides containing carbapenem, allyl-(5J?,6S)-3-(2-carbobenzyloxyamino-3-dialkylphos- 
ph이iopropi(myl・2-amirM))ethanthio6{ (l'R)-hydroxyethyl} -7-oxo-l-azabicycloC3.2.0]hept-2-ene-carboxylate la-ld, have 
been synthesized. 2-Carbobenzyloxyamino-3-dialkylphosphonopropionyl-2-amino-ethanethiol 7a-7d, aminophosphonopep­
tides, were produced starting from A^-carbobenzyloxyserine methyl ester (2) and 2-amino-3-dialkyl-phosphonopropionate 
(4) by way of methyl 2-carbobenzyloxyamino-3-dialkylphosphonopropionate 5a-5d. The coupling of amino-phosphonope- 
ptides 7a-7d and allyl (57?,6S)-6-((Vl?)-hydroxyethyl}-l-aza-3,7-dioxobicyclo[3.2.0]-heptane-2-carboxyIate yielded amino­
phosphonopeptides containing carbapenem la-ld.

Introduction

Since 2-aminoethylphosphonic acid (2-AEPn) was isolated 
from sheep rumen in 1959 by Horiguchi and his coworkers,1 
many aminophosphonic acids and their derivatives have been 
discovered in living organism. Aminophosphonic acids are 
also discovered in mammalian tissues such as human muscle, 
sheep liver, and bovine brain.2-8 Its concentration in human 
tissues was higher in heart and skeletal muscle than in liver 
and brain. It has been known that the compounds having 
carbon-phosphorus bond are also stable. Aminophosphonic 
acids and their derivatives have attracted attenion because 
of their antibiotic, herbicidal, pesticidal, anticancer, and en­
zyme inhibitory activities and because of particulary their 
structural similarities to biologically important amino acids.

Recently, incorporated with synthetic derivatives, biological 
activity of aminophosphonopeptides were widely investigated. 
Kleinrok et al? investigated central pharmacological proper­
ties of aminophosphonic acids and their derivatives. Among 
various disciplines neurochemistry and neuropharmacology 
are the most brisk areas concerning the activity of amino­
phosphonic acid. The effect of(o-phosphono-a-aminocarboxy- 
lic acid on seizures and brain level in El mice was tested.10 
Carbapenem has a different structure from penicillin and 
cephalosporin and has a broader antibiotic, antibacterial acti­
vity and resistance to hydrolysis by p-lactamase. There were 
many carbapenem derivatives containing amide-bonded alkyl­
thiol group at C-3 position which were synthesized because 
of their antibiotic activity.11-19 Atherton20 reported phospho- 
nopeptides containing penicillin or cephalosphorin synergis- 
ted antibiotic activity. Phosphonopeptides are structurally di­
vided into two groups, one containing carbon-nitrogen bond 
and the other amide containing phosphorus-nitrogen bond.

Phosphonopeptides containing C-N amide bond was found 
to be a strong compeptitive inhibitor of peptide hydrolysis 
enzyme. Jacobson21 reported 7V-E[{(benzyloxycarbonyl)amino} 
methyl] hydroxyphosphonyl]-L-phenylalanylalanine was an 
active inhibitor of carboxypeptidase A. Elliott22 also observed 
that phosphonopeptides containing C-N amide bond was an 
effective inhibitor of enkephalinase in kidney of rat and brain 
of man. Phosphonopeptides containing P-N amide bond have 
antibiotic activity because they inhibit biosynthesis of pepti­
doglycan in bacterial cellwall as well as penicillin and cepha­
losphorin antibiotics. Allen23 synthesized alaphosphorin which 
is a dipeptide of 1-aminoethylphosphonic acid and L-alanine 
and showed its antibacterial and antiviral activities. Niida24 
and Bayer25 separated bialafos(phosphinothricylalanylalanine) 
from a fermentation broth of Streptomyces hygroscopicus and 
Stretomyces viridochromogens, and discovered its broad anti­
biotic activity for Gram positive and Gram negative bacteria.

Now we accomplished a total synthesis of new aminopho옹- 

phonopeptides containing carbapenem la-d. In this paper, 
the authors wish to report the synthesis of allyl-(5/?,65)-3- 
(2-carbobenzyloxyamino-3-dialkylphosphonopropionyl-2- 
amino)ethanethio-6- {(l'7?)-hydroxyethyl| -7-oxo-l-azabicycloE3. 
2.0]hept-2-ene-carboxylate la-d, as shown in Scheme 1.

Results and Discussion

A synthesis of allyl (57?,65)-(2-carbobenzyloxyamino-3-dial- 
kylphosphonopropionyl-2-amino)ethanthio-6-{ (1 fJ?)-hydroxy- 
ethyl}-7-oxo-l-azabicyclo[3.2.0]hept-2-ene-carboxylate la-d 
was carried out using inexpensive chemicals. JV-carbobenzyl- 
oxyserine methyl ester (2) was tosylated to give O-tosyl N~ 
carbobenzyloxyserine (3)-in 86% yield. Methyl 2-carbobenzyl- 
oxyamino-3-dialkylphosphonopropionate (5) was prepared in
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Scheme 1.

43% yield by reaction of O-tosyl AT-carbobenzyloxyserine (3) 
with sodium diethylphosphite under nitrogen. Phosphorylrated 
ester 5 was also prepared in 82% yield by reaction of methyl 
2-amino-3-dialkylphosphonopropinonate (4) with benzyloxy­
carbonyl chroride.
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2-Carbobenzyloxyamino-3-dialkylphosphonopropionic acid 
(6) was prepared in 72% yied by saponificatioin of phosphor­
ylated ester (5) with sodium hydroxide solution. The coup­
ling of 2-carbobenzyloxyamino-3-dialkylphosphonopropionic 
acid (6) with 2-aminoethanethiolhydrochloride produced di­
peptide 7a-d in 41-46% yield. Allyl-(5/?,6S)-3-(2-carbobenzyl- 
oxyamino-3-dialkylphosphonopropionyl-2-amino)ethanethio-6-  
{(l,7?)-hydroxyethyl) -7-oxo-l-azabicyclo[3.2.0]hept-2-ene-car- 
boxylate la-d was obtained by reaction of dipeptide 7a-d 
with allyl-(5J?,65)-6-{(r7?)-hydroxyethyl| -l-aza-3,7-dioxobi- 
cyclo[3.2.0]heptane-2-carboxylate26,27 in 56-72% yield. In con­

clusion, allyl-(57?,6S)-3-(2-carbobenzyloxyamino-3-dialkylphos-  
phonopropionyl-2-amino)ethanethio-6-{(l,7?)-hydroxyethyl} -7- 
oxo- l-azabicycloE3.2.0] hept-2-ene-carboxylate la-d, a new 
kind of phosphorus compounds, were totally synthesized in 
two methods. One was prepared in 5 steps from 2 with 8.4- 
6.4% overall yield, the other in 4 steps from 4 with 19.7- 
16.2% overall yi이d.

Experimental Part

All reactions were carried out with the precaution for rigo­
rous exclusion of air or moisture. The solvents, ether and 
THF, were purified by refluxing for several hours in the 
presence of sodium metal and benzophenone f이lowed by 
distillation under nitrogen prior to use. Melting points were 
measured by Mettler F61 melting point apparatus. IR spectra 
were recorded with Beckmann acculab T. M. I spectrometer, 
and proton NMR spectra were taken on Varian EM-360L 
(60 MHz) spectrometer with TMS as an internal standard.

O-Tosyl 7V-carbobenzyloxyserine (3). In a 500 ml three 
neck round bottomed flask fitted with a dropping funnel, 
were placed L-carbobenzyloxyserine methyl ester (I)22 (10.13 
g, 0.04 mol) in dry methylene 사iloride (200 m/) and triethyl­
amine (8.32 ml, 0.06 mol). To this flask tosyl chloride (8.39 
g, 0.044 mol) in dry methyene chloride (50 m/) was added 
dropwise with careful stirring at — 5t. After being stirred 
for 1 hr, the resulting yellow solution was washed with disti­
lled water (200 m/), 5% HC1 aqueous solution (50 ml), satu­
rated sodium carbonate solution (50 m/), and saturated sod­
ium chloride solution, successively. After the organic layer 
was dried over anhydrous magnesium sulfate, the solvent 
was removed by evaporation in vacuo. Recrystallization with 
ethyl acetate and n-hexane gave a yellow crystall (14.01 g) 
in 86% yi이d.

Anal. Calc, for Ci9H2iNO7S; C, 56.01; H, 5.19; N, 3.44; 
O, 27.48; S, 7.87. Found: C, 55.90： H, 5.07; N, 3.72; O, 27.38; 
S, 7.93; mp. 92-95°C ； lH NMR (CDC13) 8: 7.85 (m, 2H, -SO2C6- 
H4CH3), 7.43 (m, 2H, -SO2C6H4CH3), 7.35 (s, 5H, -CH2C6H5), 
Ml (s, 2H, -CH2C6H5), 4.5 (m, 3H, -NHCHCHr), 2.50 (s, 3H, 
-C6H4CH3), IR (KBr): 3370 (N-H), 1720 (C=O), 1520 (CO- 
NH), 1320, 1150 (SO2) cm-1.

Methyl*2-carbobenzyloxyamlno-3-dimethylphos- 
phonopropionate (5a) from 3・ In a 1000 ml three neck 
round bottomed flask fitted with a dropping funnel, sodium 
metal (1.94 g, 0.084 mol) in dry THF (56 mZ) was added. 
While stirring under nitrogen, dimethyl phosphite (9.24 g,
O. 084 mol) was added carefully through a dropping funnel. 
After stirring for 5 hr, O-tosyl A^-carbobenzyloxyserine (3) 
(28.52 g, 0.07 mol) in dry THF (100 ml) was added carefully 
through a dropping funnel. After refluxing for 7 hr, the sol­
vent was removed by evaporation in vacuo. The resulting 
crude product was chromatographed on a silica gel column 
using ethyl acetate and M-hexane (1:1, v/v) to give an oily 
product (10.39 g) in 43% yi이d.

Anal. Calc, for C14H20NO7P; C, 48.70; H, 5.84; N, 4.06; O, 
32.44; P, 9.00. Found: C, 48.53; H, 5.76; N, 4.21; O, 32.23;
P, 9.27, mp. 34t;NMR (CDC13) & 7.4 (s, 5H, -CH2C6H5), 
5.2 (s, 2H, -CH2C6H5), 4.4 (m, 1H, -NHCHCH2-), 3.8 (d, 6H) 
Jh-p=7 Hz, -OCH3), 3.6 (s, 3H, -OCH3), 2.5 (d, 1H, JH-P=7.5 
Hz, -CH2P=O), 2.2 (d, 1H,JH-p=7.5 Hz, -CH2P=O), IR (neat): 
3400 (NH), 1750 (C = O), 1230 (P=O), 1050 (P-O) cmf (5b). 
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Anal. Cala for CwH^NCXP; C, 51.48; H, 6.48, N, 3.75; 0, 
30.00; P, 8.30, Found: C, 51.39; H, 642; N, 3.82; 0, 29.96; 
P, 8.41, mp. 37t;NMR (CDCW 8 4.1 (m, 4H, -OCH2CH3), 
1.3 (m, 6H, -OCH2CH3). (5c) Anal. Calc, for C24H24NO7P； C, 
61.41; H, 5.15; N, 3W; 0, 23.86; P, 6.60, Found: C, 61.20; 
H, 5.08; N, 3.15; 0, 23.81; P, 6.76, mp. 38t;】H NMR (CDC13) 
8 7.15 (m, 10H, -OC6H5). (5d) Anal. Calc, for C26H28NO7P; 
C, 62.77; H, 5.67; N, 2^1; 0, 22.51; P, 6.23, Found: C, 62.74; 
H, 5.53; N, 2.89; O, 22.48; P, 6.36, mp. 40t ；】H NMR (CDC13) 
8 7.25 (s, 10H, -CHzCeHs), 4.95 (d, 4H,九Hz, -CH2C6H5).

Meth 매히証미

nopropionate (Sb) from 4b. In a 100 mZ three neck 
round bottomed flask fitted with a dropping funnel, methyl 
2-amino-3-diethylphosphonopropionate (4b)28 (5.02 g, 0.021 
mol) and potassium carbonate (6.95 g, 0.05 mol) and distilled 
water (35 ml) were added. While stirring at 0M, benzyloxy­
carbonyl chloride (3.2 m/, 0.022 mol) was added carefully 
through a dropping funnel over 30 min. After being stirred 
for 5 hr, this soution was extracted with ethyl acetate, the 
organic layer was dried over anhydrous magnesium sulfate. 
After the solvent was removed by evaporation in vacuo, the 
crude product was chromatographed on a silica gel column 
using ethyl acetate and n-hexane (1:1, v/v) to give an oily 
product (6.43 g) in 82% yi이d.

Found: C, 51.40; H, 6.39; N, 3.86; O, 29.92; P, 8.43, mp. 
36t;NMR (CDCI3) 8 4.15 (m, 4H, -OCH2CH3), 1.35 (m, 
6H, -OCH2CH3); IR (neat): 3350 (NH), 1730 (C = O), 1200 
(P=0), 990^-0) cm-1. (5a) Found: C, 48.49; H, 5.78; N, 
4.19; O, 32.36; P, 9.18, mp. 33t;】H NMR (CDC13) 8 3.9 (d, 
6H, /h-p—7 Hz, -OCH3). (5c) Found: C, 61.37; H, 5.06; N, 
3.17; O, 23.68; P, 6.72, mp. 38fc ;NMR (CDC13) 8 7.20 
(m, 10H, -OCsHs). (5d) Found: C, 62.76; H, 5.57; N, 2.91;
O, 22.42; P, 6.34, mp. 39t; lH NMR (CDC13) 6 7.30 (s, 10H, 
.CH2C사如, 4.9 (d, 4H, 而=8 Hz, -CH2C6H5).

2-Carbobenzyloxyamino-3-diphenylphosphonopro- 
pionic ■러d (6c). In a 50 m/ three neck round bottomed 
flask fitted with a dropping funnel, Methyl 2-carbobenzyloxy- 
amino-3-diphenylphosphonopropionate (5c) (0.39 g, 0.83 
mmol) in acetone (3 m/) and distilled water (3 ml) were 
added. While stirring at room temperature, IN NaOH (1.1 
m/) was added carefully through a dropping funnel over 10 
min and stirred for 1.5 hr at room temperature. After the 
solvent was removed by evaporation in vacuo, the crude pro­
duct was washed with ether and chloroform successively and 
acidified with concentrated HCL After the oily product was 
extracted with ethyl acetate, the solvent was removed by 
evaporation in vacuo to give an oily product (0.27 g) in 72% 
yield.

Anal. Calc, for C23H22NO7P; C, 60.66; H, 4.87; N, 3.07; O, 
2460; P, 6.80. Found: C, 60.58; H, 4.74; N, 3.21; O, 24.53;
P, 6.94, HNMR (CDCI3) 8 7.35 (s, 5H, -CH2C6H5), 7.15 (m, 
10H, -O3H5), 5.1 (s, 2H, -CH2C6H5), 425 (m, 1H, -NHCHCH2 )f 
2.55 (d, 1H, Jh-p^7.5 Hz, -CH2P=O), 2.2 (d, 1H, JH-p=7.5 
Hz, -CH2P=O)t IR (neat); 3370 (NH), 1710 (C=O), 1210 
(P=O), 980 (P-O) cm-1. (6a) Anal. Calc, for Ci3Hi8NO7P; C, 
47.14; H, 5.48; N, 4.23; O, 33.81; P, 9.35. Found: C, 4690; 
H( 5.47; N, 4.43; O, 33.69; P, 9.51;NMR (CDC13) 8 3.7 
(d, 6H, /hp—7 Hz, -OCH3). (6b) Anal. Calc, for C15H22NO7P; 
C, 50.14; H, 6.16; N, 3.90; O, 31.17; P, 8.62. Found: C, 50.01; 
H, 6.13; N, 3.98; O, 31.12; P, 8.76;】H NMR (CDC13) 8 4.3 
(m, 4H, -OCH2CH3), 1.35 (m, 6H, -OCH2CH3). (6d) Anal. Calc. 

for C25H26NO7P; C, 62.11; H, 5.42; N, 290; O, 23.17; O, 23.17; 
P, 6.41. Found: C, 62.01; H, 5.37; N, 2.97; 0, 23.11; P, 6.54;

NMR (CDC13) 8 7.30 (s, 10Ht -CH2C6H5), 5.0 (d, 4H, /H-p 
=8 Hz, -CH2C6H5).

2-Carbobenzyloxyamino-3-dibenzylphosphonopro* 
pionyl-2-aminoethanethiol (7d). In a 100 ml three neck 
round bottomed flask fitted with a dropping funnel, 2-amino- 
ethanethiol hydrochloride (5.7 g, 0.05 mol) and acetonitrile 
(45 m/) were added. While stirring at 0t under nitrogen, 
ethyldiisopropylamine (20 ml, 0.115 mol), imidazole (catalytic 
amount) and trimethylsilyl chloride (5.7 m/, 0.065 mol) were 
added carefully through a dropping funnel successively. After 
being stirred for 1 hr at Ot and 15 min at room tempera­
ture, we called it aSolution A". In a .250 m/ tree neck round 
bottomed flask fitted with a dropping funnel, 2-carbobenzyl- 
oxyamino-3-dibenzylphosphonopropionic acid (6d) (22.24 g, 
0.046 mol) and acetonitrile (46 ml) were added. While bir­
ring at Ot under nitrogen, triethylamine (6.35 m/) and ethyl 
chloroformate (4.43 ml, 0.046 mol) were added. After stirring 
for 30 min, **Solution A” was added carefully through a drop­
ping funnel. The mixed solution was stirred for 24 hr at 
Ofc and added distilled w자er (20 ml). After the solvent was 
removed by evaporation in vacuo, the organic residue was 
added ethyl acetate and then was washed with brine and 
distilled water successively. After the organic layer was dried 
over anhydrous magnesium sulfate, the solvent was removed 
by evaporation in vacuo. The crude product was chromato­
graphed on a silica gel column using ethyl alcohol to give 
an oily product (10.18 g) in 43% yield.

Anal. Calc, for CaeHagNOgPS; C, 60.69; H, 5.68; N, 2.72; 
O, 18.66; P, 6.02; S, 6.23. Found: C, 60.46; H, 5.62; N, 2.81; 
O, 18.59; P, 6.15; S, 6.37：NMR (CDC13) 8 7.35 (s, 5H, 
-CH2C6H5), 7.25 (s, 10H, -CH2C6H5)f 4.9 (d, 4H,/h-p=8 Hz, 
-CH2C画5), 4.3 (m, 1H, -CONHCHCHr), 3.0 (m, 4H, -SCH2CHr), 
2.5 (d, 1H,丿h-p=7.5 Hz( -CH2P=O), 2.2 (d, lHt/HP=7.5 Hz, 
・C貝2P=O), IR (neat): 3400 (NH), 1730 (C = O), 1210 (P=O), 
1000 (P-O) cm'1. (7a) Anal. Calc, for C14H21NO6PS; C, 46.41; 
H, 5.84; N, 3.86; O, 26.49; P, 8.55; S, 8.85. Found: C, 46.16; 
H, 5.78; N, 3.94; O, 26.43; P, 8.72; S, 8.97;NMR (CDC13) 
8 3.8 (d, 6HJh-P=7 Hz, -OCH3). (7b) Anal. Calc, for Cl6H25NO6- 
PS; C, 49.22; H, 645; N, 3.59; O, 24.59; P, 7.93; S, 8.21. 
Found: C, 49.08; H, 6.37; N, 3.65; Ot 24.51; P, 8.03; S, 8.36; 
】H NMR (CDC13) 8 4.15 (m, 4Ht -OCH2CH3), 1.2 (m, 6H, 
-OCH2CH3). (7c) Anal. Calc, for C24H25NO6PS; C, 59.25; H, 
5.18; N, 2.88; O, 19.73; P, 6.37, S, 6.59. Found: C, 59.01; 
H, 5.12; N, 2.96; O, 19.67; P, 6.51; S, 6.73;NMR (CDC13) 
8 7.20 (m, 10H, -OC6H5).

Allyl-(51?v6S)-342-carbobenzyloxyainino-3-diinethyb 
lphosphonopropionyl-2-amino)ethanethio-6-{ (1 *)・ 
hydroxyethyl}-7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylate (la). In a 50 m/ one neck round bottomed 
flask, allyl-(57?,6S)-6-{(l,7?)-hydroxyethyl}-l-aza-3,7-dioxobic- 
yclo[3.2.0]-heptane-2-carboxylate (0.184 g, 0.72 mmol)26,27 in 
acetonitrile (11.3 m/) and dimethylaminopyridine (1.9 mg) 
were added. While stirring at under nitrogen, ethyldiiso­
propylamine (0.125 m/, 0.72 mmol) and diphenylchlorophos­
phate (0.194 mg, 0.72 mmol) were added carefully using a 
syringe. After the mixture was stirred for 30 minutes at Ot 
and 10 minutes at —Tc, ethyldiisopropylamine (93 mg, 0.72 
mmol) and 2-carbobenzyloxyamino-3-dimethylphosphonopro- 
pionyl-2-aminoethanethiol (7a) (0.28 g, 0.76 mmol) were ad­
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ded carefully through another syringe. The resulting solution 
was stirred for 10 hr at —Tc during which period white 
precipitate was formed. The mixture was filtered and the 
residual solid was washed with cold acetonitrile (5 mZ). The 
solid was recrystallized from cold acetonitrile to give a pro­
duct (0.31 g) in 69% yi이d.

Anal. Calc, for C27H36N3O10PS; C, 51.84; H, 5.80; N, 6.72; 
0, 25.57; P, 4.95; S, 5.12 Found: C, 51.79; H, 5.73; N, 6.68; 
0, 25.49; P, 5.08; S, 5.23, mp. 132t? (acetonitrile); NMR 
(DMSO4) 8 7.4 (s, 5H, CHCHQ, 5・8 (m, 1H, -CHzCH^CH^, 
5.25 (t, 2H, -CH2CH=CH2), 5.1 (s, 2H, -CH2C6H5), 4.6 (br 
d, 2H, -COOCH2CH=CH2)( 4.35 (m, 2H( -NCHCH2CS-, 
-CHCH2P-), 3.85 (d, 6H,/h-p=7 Hz, -OCH3), 3.45 (d, 1H,J드 

5.5 Hz, -NCH2CHC0-), 3.35 (d, 1H, /=12 Hz, -CH2CS-), 3.2 
(d, 1H, J=13 Hz, -CH2CS-), 2.9 (m, 4H, -SCH2ClJ.), 2.5 (d,

Hz, -C瓦P=O), 2.2 (d, 1H,/H-p=7.5 Hz, -CH2P 
=0), 1.6 (s, 1H, -OH), 1.2 (m, 3H, -CHCH3)t IR (neat); 
3580 (OH), 1210 (COO), 930, 850 (vinyl), 1150 (P=O), 980 
(P-O) cm-1, (lb) Anal. Calc, for C29H40N3O10PS; C, 53.29; H, 
6.17; N, 6.43; 0, 24.48; P, 4.74; S, 4.90. Found: C, 53.10; 
H, 6.11; N, 6.54; O, 24.42; P, 4.86; S, 4.97; mp. 135t; XH 
NMR (DMSCW6) 8 4.3 (m, 4H, -OCH2CH3)( 1.35 (m, 6H, 
-OCH2CH3)f IR (neat); 3550 (OH), 1260 (COO), 930, 850 
(vinyl), 1250 (P=O), 1000 (P-O) cm-1. (1c) Anal. Calc, for 
C37H40N3O10PS; C, 59.27; H, 5.38; N, 5.60; 0, 21.34; P, 4.13; 
S, 4.28. Found: C, 59.10; H, 5.32; N, 5.74; 0, 21.26; P, 4.21; 
S, 4.37, mp. 144t;】H NMR (DMSO4) 8 7.15 (m, 10H, 
-OC6H5)t IR (neat); 3560 (OH), 1230 (COO), 950 & 800 (vinyl), 
12007P=O)f 1050 (P-O) cm~l. (Id) Anal. Calc, for C39H44N3OK广 

PS; C, 60.22; H, 5.70; N, 5.40; 0, 20.57; P, 3.98; Sf 4.12. 
Found: C, 60.09; H, 5.62; N, 5.52; 0, 20.48; P, 4.03; S, 426, 
mp. 152t; NMR (DMSO-rf6) 8 7.30 (s, 10H, 사』5),
5.0 (d, 4HJh-p=8 Hz, -C&C，詛5), IR (neat); 3580 (OH), 1250 
(COO), 920, 830 (vinyl), 3160 (P=O), 980 (P-O) cm-1.
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