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Abstract. A series of a-aminophos@onic acid derivatives and a series of phosphoramidate derivatives have 
been synthesized and evaluated as mhibitors of a ph~ph~i~-~~itive rne~~~~in~e endothelin 
berg enzyme aCEi). Some of these compounds exhibit potent ECE inhibitor activity. The most potent 
inhibitor (XIIb) is about 10 times as potent as phosphoramidon. 

Endothclio 0-1, which was first Mated ti the culture medium ofponzine aortic endothelial cells, is a 

potent vasoconstrictor consisting of 21 amino acids.’ Studies in&ding a human genomic analysis have identified 

two structurally- and functionally-dated isopeptides of ET-1 termed ET-2 and ET-3.2 3. 4 Since these 

discovesies, evi&nce is accumulating that anti-FZ agents may pmvide anovel therapy for the @eaWntofpatients 

with h~~on,5,6,7 pulmonary h~nsi~,~9*10 ce&ral v~osp~rn,ll*t* etc. 

The biosynthetic pathway of ET-1 has been proposed to be as follows: preproendothelin is initially 

processed by dibasic-pair-specific endopeptidase(s) to generate an intermediate peptide, big ET-l, which is 

subsequently cleaved at the T$l-ValZ bond by a putative endothelin converting enzyme (ECE) to yield a mature 

peptide, ET-l.’ Since the proposal of this pathway, many efforts have been made to identify an ECE with 

ph~~lo~ relevance. Consequently, a ph~p~~-~~tive neutral rne~l~~~ has been ~~~ 

as the most likely candidate.*3*i4~15 This is because 1) a phosphoramidon-sensitive enzyme of vascular 

endothelii cells hydrolyzes the Trp*‘-Val 22 bond specifically without cleaving any other peptide bond of the 

substrate, big ET-l, and the products, ET-1 and the C-terminal pepMet and 2) phosphoramidon inhibits the 

production of ET-1 in cultured e&&e&l c&$~ and big ET-l-induced confractions in isolated blood vessels in 

vitro17 as well as big ET-l-induced hypertension in vim. 18*19 However, ph~p~~~~ is also known to be a 

potent inhibitor of other metallopmteinases such as thermolysin and, in particular, enkephalinast (= neutral 

e- , NEP, EC 3.4.24.1 l), which is thought to be an ET-degrading enzyme,%*’ with an I& of 4.2 

nM. Therefore, it is quite possible that phosphaidon may poteotiate biolol&al responses to ETs, providing a 

complex explanation of the observed pharmacological data. It was recently reported that higher doses of 

~ph~i~ suppressed big ET-l-induced ~o~s~~~, while lower doses enhanced the reaction in 
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guinea pigs.” A specific ECB cubits is therefore &sired for clarifying the pa~op~ysiolo~c~ role of the ECB. 

lthasbeenre that a p~~h~s~~~~g inhibitor prudnced ECB inhibitory activity similar to that 

of phosphoramidon witb considerable NEP inhibition. p However, until now a highly potent and selective ECB 

inhibitor has not been identified. In this c~rn~~~on~ we describe potent and selective ECE inhibitors with 

aminophosphonate structure derived from phosphoramidon. 
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The method for the preparation of ph~p~~~~te iuhibit~ (I-V) involved ph~ph~l~don of a 

dipeptide benzyl ester followed by deprotection of the protective groups (Scheme 1). The ph~ph~ladon was 

carried out in one pot in a manner analogous to the synthesis of phosphouic acid amidesM Dibenzyl phosphonate 

(1) was Skylab by bjs(~et~yi~yl~~~ to affotd ~~zyl~e~ylsilyl phosp~~ (2). The phosphor 

was reacted with CX& to generate the ph~ph~l chloride (31, which was sub~quendy reacted with a dipeptide 

benzyl ester to yield a protected phosp~~~ate (4). Catalytic hy~ogen~tion of 4 in the presence of three 

equivalents of KOP gave the d&cd p~sph~~~ inhibitor (I-V). 

Amiuophosphonic acid inhibitors wem prepared by the methods described in Scheme 2? Compound VI 

was synthesized by catalytic hy~~nati~ of the tribenzyl ester 6 prepared &om Leu-TrpOBzl(5) and dibenzyl 

phospho~me~yl~a~ in a manner similar to that described by Philiion and Androw, The method for the 

preparation of compounds VIZ-XII involved the addition of dibenzyl ph~ph~te to au imine (7) prepared &om 

I&u-TrpQBzl (5) and an aldehyde, subsequent separation of two ~~~~oisomers at the a-position of the 
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aminophosphonate moiety of the uibenxyl ester (8) by silica gel chromatography, and deprotection by catalytic 

hydrogenation. Compounds VII and X were prepared as a mixture of diastereoisomers at the a-position of the 

aminophosphonic acid moiety because the diastemoisomers of 8 could not be separated from tach other by silica 

gel chromatography. All of the final compounds were analyzed for homogeneity and structural integrity by TLC, 

lH-NMR, 31P-NMB, and high-resolution FAB-MS.= 

Biological Results and Discussion 

The compounds described herein were tested for their ECE inhibitory activity.2g Some of the compomtds 

that exhibited potent ECE inhibition were further tested for NEP inhibition30 

Initially, we felt that the side-chains of Leu and Trp in phosphoramidon would not tit the Sl’ and S2’ 

pocketsoftheEcEenzymewe~bacauseinthesubstrate,big~-l,theresiduesthatcorrespondtatheS1’and 

S2’ sites are Val and Asn, respectively. On the other hand, it is known that des-rhamnosyl phosphoramidon 

(phosphoryl-Leu-Trp, I) is more potent than phorphoramidon as an inhibitor of thermolysin and other 

metalloproteinases3* Futthermore, the rhamm~ moiety ofphosphoramidon is known to be unnecessary for the 

in vivo inhibition of ECE.33 These findings prompted us to synthesize des-rhamnosyl phosphoramidate 

derivatives. As shown in Table 1, compound I was a potent ECE inhibitor, as expected (I& = 0.96 @I). 

Compound II was a very weak ECE inhibitor (14% inhibition at 100 @I) although it had the same Pl’ and P2’ 

residues, Val and A.m. as the substrate. All other analogues of I with minor alternations (III-V) were less potent 

than I. These results suggest that the side-chains of Leu and Trp fit unexpectedly well into the Sl’ and S2’ 

pockets of the enzyme. 

Table 1. ECE Inhibitory Activity of Phosphoramidate Inhibitors 

P032-AAt-AA2-0~3K+ 

Compound AA’ AA* Go, @I 

I Leu np 0.96 

II. Val Asn (14%)b 

III l&u NaP 7.4 

IV lie Trp 2.8 

V Nk Trp 1.5 

l CompoundlIwaspteparedasa3Et~Nsalt. b%inhibitionat100@4. 

c 3-(l-naphthyl)-Lalanine. 

Next, we planned to introduce a putative Pl unit into the inhibitor structures, thus designing a- 

aminophosphonic acid derivatives; namely, we thought that a substituent at the a-position of the a- 

aminophosphonii acid moiety might function as Pl (Fig. 1). As shown in Table 2, a reference compound, 

phosphonomethyl-Ieu-Trp (VI), was as potent an E!CE inhibitor as phosphoramidon with slightly reduced NEP 

inhibition. Incorporation of an n-propyl group as a representative alkyl onto the a-position of the 

ahonic acid moiety (compound VII, a mixture of two diastemoisomers) resulted in a decmase in both 

ECE and NEP inhibitory activity. In contmst, the hmoducdon of a phenethyl group yielded two diasm: 

one isomer (VIIIb) exhibited ECE inhibitcry activity 3-fold more potent than that of the mfemnce compo& 

(VI), while the other (VIIIa) was almost inactive. Furthermore, compound VIIIb exhibited about 20-fold 
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Fig. 1 

Table 2. ECE and NEP Inhibitory Activity of Amin~ho~honic Acid Inhibitors 

IGo, I.IM sedestivity’ 

Compounds R NEP ECWNEP 

phosphcuamidon 3.1 0.0042 1.4 

VI -H 3.4 0.024 7.1 

VIIb -CH&!H&!H3 15 0.55 37 

VIIIa -CH~CH~C~HS (33%)C - 

VIIIb -CH2CH$ZaH5 1.1 0.13 120 

IXa -CH2CH2CH2C& (3SS)f - 

IXb -CH&H&H&Hr 7.1 1.1 150 

Xd -CH$Hz-3-Indolyl 1.9 0.56 290 

XIa -CH2C&C6&-4-OH (42%)c - 

XIb -CH&&-C&-4-OH 3.0 0.13 43 

XIIa -Cl-I&&- 1 -Naphthyl 31 - 

XIIb -~~~2-l-N~h~yl 0.26 0.14 540 

a (It& for NEP / ICso for ECE) x 1000. b This compound was synthesized as a mixture of 

diastereoisomers at the a-position of the aminophosphonic acid moiety (55 : 45, estimated by 

‘H-NMR). c % inhibition at 100 PM. d This compound was synthesized as a mixture of 

diastenzoisomers at the a-position of the aminophanphonic acid moiety (55 : 45, estimated by 

lH-NMR). 
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greater ECE/NEP selectivity compared with that of the reference compound. These results indicate that ECE 

strictly di s&minates the steraochemistry at this position and that an aryl-containing substituent is pferable for 

both ECE inhibition and ECE/NEP selectivity. Therefa, we further introduced some (hete+ryl-alkyl groups 

onto the u-position to produce compounds IX-XII. In each analogue that was synthesized as a single isomer, 

only one of two diastcrroisomers exhibited potent ECE inhibition. Replacement of the phenethyl gxoup of VIIlb 

with a 3-phenylpropyl group resulted in a decrease in both ECE and NEP inhibitory activity (JXb vs VIIIb). 

Incorporation of a 2-(3-indolyl)ethyl group onto the a-position yielded compound X as a mixture of two 

diastereoisomers, the ratio of which was estimated as 55/45 by ‘H-N=, therefore. the It& value of an active 

isomerofthisoompoundcouldbe~timruedatabwtl~.CompoundXw~~expectedtowthibithi%lypobnt 

ECE inhibition because the 2-(3-indolyl)ethyl group could mimic the Pl of big ET-l (the s&-chain of Tfpz’). 

However, at best this compound exhibited ECE inhibition as pobnt as that of the phenethyl ana@ue with slightly 

improved ECE/NEP selectivity (X VI VIIIb). Incorpomtion of a 2-(4-hydroxyphenyl)yl group onto the a- 

position produced reduced ECE inhibition and ECE/NEP selectivity (XIb vs VIIIb), while incorporation of a 2- 

(1-naphthyl)ethyl group resulted in a marked increase in ECE inhibitory activity together with significant 

improvement in ECE/NEP selectivity (XIIb vs VIIIb). Compound XIIb was the most potent ECE inhibitor 

with the greatest EC&NEP selectivity among this series of analogues. 

Conclusions 

The introduction of a Pl unit, which does not exist in the phosphoramidon structure, into inhibitor 

structures enhances ECE inhibitory activity and ECB/NEP selectivity. The Pl unit appears to be very @atant 

for both ECE inhibition and ECE/NEP selectivity. The representative compound, 3-(l-naphthyl>l- 

phosphonopropyl-lleucyl-L-uyptqhan (compound XIIb), exhibits lo-fold more potent ECE inhibitory activity 

and 400 times greater ECE/NEP selectivity than does phosphoramidon. This compound is the most potent 

inhibitor of the phosphoramidon-sensitive metalbqoteinase ECE yet known, and will be a useful tool for 

pharmacological studies of ECB. 
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