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Abstract: A series of ~~~ acids, 7ad, with hete~a~rn and carbon variations in the template backbone were 

prepared and tested for inhibltbn of neu&al endopeptidase 24.11. The stn~cture-activity rslatiinship of these derivatives 

is presented and diissed. 

Atrial natriure~ic peptide (ANP), a 28-amino ackl hormone, shows potent natriuretic, diuretic and vasorelaxant 

Pmpertiis in viva.’ The rapkf clearance of ANP appears to be regulated by both clearance receptors2 and enzymatic 

degradation by neutral endopapWase 24.11 (EC 3.4.24.1 i).3 Since neutral endopsptidase (NEP) inhibitors enhance 

the biibgical activity of ANP,4 we initiated a program to identify novel NEP inhibitors as a potential treatment for 

hypertension and congestive heart failure. 
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With fhe discovery of ~eny~~~t~ut~ amino phosphonate derivatives such as 1 as potent NEP inhibitors,5 

we set out to explore the effect of replacing the amine group with an ether, tmether, sulfone or methylene group. The 

hetem~orn suited target compounds 7a-c were prepared as shown in Scheme I. Mets 4-~p~~lacetate was 

condensed with ethyl oxaiate, hydrolyzed, decarboxylated and re-esterif&! to yield keto 6Ster 2.6 Sodium bornhydride 

reduction of 2 gave hydroxy ester 3. The corresponding thiol 4 was prepared by treatment of 3 with 2-fluoro-l- 

methylpyridinium ptoluenesulfonate and thiolacetlc acid’ followed by hydrolysis of the Intermediate thbacetate and re- 

esterifiion of the carboxylk ackl group. 

Conversion of 3 and 4 to 5a and fb re~~vely was achieved in 37% and 60% respsctiiely by Akron with 

dimethyl p~spho~methyl @iflate.’ Alkaline hydrolysis of 5a and 5& generated carboxylic acids 6a and Sb. Thioether 

6b was converted to sulfone 6c by oxidrrtbn with m-chloroperoxybenrok acid. Amid&ion of 6a-c with f3-alanine methy 

ester produced the intermediate triesters. Sequential deprotectiin of the carboxyla~e and phosphonate esters with 

lithium hydroxide and ~~t~~~yk~a~* generated the target compounds 7a-f~‘~ 

The methylene anabg 7d was synthesized as outlined in Scheme 2. 3-(E?iphenylmethyl)oxetane (8)” in the 

presence of boron trifluoride etherate underwent alkylatbn with the lithium salt of dimethyl methylphosphonate to give 9 

in 21% yiekl. The reaction was not optimized. 
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Scheme 1 

Sa;X=O,R=Me 

5b;X=S,R=Me 

6a;X=O,R=ii 

6b;X=S,R=H 

6c;X=S02,R=H 

7a; X = 0 (racernate) 

7tx X = S (racemate) 

7c; X = SO,(facematef 

p 

8 

Scheme 2 

LK342PO(oMe)2 
BF, * Et20 

* 

21% 

HBr 
HOAC 

68% 

I H$4CH2CH2CQj3u-t 
EDCI. HOBT 
89% 



Oxidation oi alcohol 9 with pyridkrm dkhromate’* in DMF pmduced the carboxyik acid 10 in 51% yield. Amide fonnatbn 

with 10 and p-alanine t-butyl ester in the presence of 1-(3-dimethylaminopropyi)-3-ethykarbodiimide (EDCI) and l- 

hydroxybenzotriazole (HOBT) led to 11 in 69%. Deprotectbn 

Table 1. of 11 with HBr in acetic acid generated the target phosphonk 
In v/W0 NEP 24.11 inhibition of 78-u 

a&l 7d.l’ 

No. iCZj&t@ Compounds 7a-d were tested for in vitro inhibition of 

NEP 24.11 l3 and the results are summarized in Table 1. 
7a 9.5 Considering that 1 is a single enantiomer and that 78-d are 

7b 797 
racemates with activity probably in only one of the enantbmers, 

oxygen analog 78 showed inhibitory potency comparable to 

7c >10,000 amino phosphonate 1, differing only by approximately a factor 

of three in activity. On the other hand thioether 7b and 

7d 1000 methylene analog 7d were found to be approximately one 

hundred-fold less acttve and sulfone 7c was essentially 
1 1.6 inactive. The results indicate that a hydrogen bond donating 

thiorphanb 5.0 
group (NH) is not required for high activity but that a small “hard 

electronegative group is apparently needed. Assuming 

a NEP 24.11 was obtained from rat kidney identical binding modes, a variety of factors could contribute to 

cortex membranes. Assays were carried the observed data, including differences in direct bindm of the 

out as described in ref. 13. heteroatom to the zinc cation in the active s&e, differences in 
bu.14 

ICa = 3.5 nM. energies of zinc coordination, differences in acidity of the 

phosphonk acid groups, differences in chain length from the 

phosphor& acid to the P,‘-P,’ amide, and differences in inhibitor solvatbn. The observed results may be a cotr@inatbn of 

these differences in active site and solvent interactbns. 

Effect of heteroatom substitution 541 

The effects of hetematom substitutbn on binding to NEP 24.11 differ from those seen for thermoiysin15 and 

angiotensin converting enzyme.ls The results contribute to our understanding of the overall requirements for effective 

inhiiiory binding with NEP 24.11. 
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