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IMPORTANCE OF THE AMIDE BOND OF THIORPHAN IN THE INHTBITOR- 

ENKEPHA~INAS~ DOCKING PROCESS DEMONSTRATED WITH SOME 

THIORPHAN ISOSTERES. 

wonted Thierryta Kotera ~ts~~,a Duhamel tueette,” Duhamel Pierma 

Gras Claude,b Noel N~oe,b Schwartz Jean Charlesp” and Leeomte Jeanne Marie c. 

Abstract : Syntheses and biological activities of four tbiorphan isosteres or analogs are described. The 
central amide linkage is replaced by ketome~ylen~, ~inomethylene, t~o~ide, and bus-oie~nic 
function&ties. Doubie chelation mechanism for the inhibitor-enkephalinase docking process is proposed. 

The zinc-containing peptidase currently called enkephalinase, neutral endopeptidase or atriopeptidase 

(reco~end~ names and numbers given by tbe Enzyme Co~ssion : membrane rne~l~~o~p~d~e, 

EC 3.4.24.11) is responsible for the inactivation of endogenous enkephalinsl, a group of opioid 

pentapeptides and atria1 natriuretic facto;d; a 28-aminoacid polypeptide hormone secreted by the heart. 

Therefore, ~hibidon of this peptidase results in ~empeutic~y useful effects in the gas~ointesdn~, central 

nervous system and cardiovascular fields. Thiorphan 1 a-N-Al-oxo-Z-(mercaptomethyI)-3- 

phenylpropyl] glycinej (fig. 1) the first of the enkephalinase inhibitors is also one of the most patents. The 

impo~ance of the zinc and arginine binding functions (SH, COOH) of ~io~haa 1 is iIlustrat~ by the 

marked loss of in vino potency in acetorphan 2 a compound in which they are both esterified (fig. i), but 

which is used as a prodrug crossing biological barriers. 
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This work describes an investigation of the influence of various chemical modifications of the amide bond 

of t~io~han g in the inhib~tor~enkeph~~na~ docking process. Four different moieties have been used as 

amide group replacements (fig. 2): the ketomethylene group (-COCH~-); the a~nometbylene group 

(-CH$H-); the thioamide group (CSNEI-); and the rrans olefinic group (-C=C-). 

HS 

Rg. 2 

This paper presents the synthesis and the in vitro enkephalinase inhibitory data of these thiorphan isosteres 

or analogs. 

Ketomethylene analog 2 (scheme 1J4. 

Acylation of ethyl tert-butyl 2-~nzylmalonate by ~“metboxycarbony~prop~onyl chlorides followed by 

d~~boxylat~on and basic hydrolysis led to the diacid 2. The Mannjch reaction gave the methylene ketoacid 

&. The Michael addition of thioacetic acid afforded the thioacetyl acid 2 which was hydrolysed 

enzymatic~~y6 to the com~und 3. 
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Scheme 1 Reagents and conditions i, a(EtO)&g, CKX(CH$$X@k, Et@ refiux, 3 h, h CF&QH, 
12 h (7O%k ii, KOH, 50, r~tn temp., 12 h (86%X iii, Et$JH, HCH037 wt. % aq, mom temp. 12 h 
(42%); iv, C&COSH, 70°C, 12 h (53%); v, ~nzy~tic hydrolysis. 

The amidation of Z-(acetylthiomethyl)-3-phenyl propanoic acid7 by means of DCC and WOBT with 

ammonium chloride, followed by ~kalin~ hydrolysis led to the mercapto amide && Reduction of this, 

using diborane furnished the 2-mercaptomethyl-3-phenyl propylan~ne hy~~hlo~de fi. After oxidative 

dimerizuion in alkaline medium, N-alkylation with benzyl bromoacetate was carried out by using NEt(iPr)2 

as base. Hydrolysis of the ester function afforded the acid fi. Just before use, the disulfide was reduced 

with d~~io~rei~l (D’IT) to afford the a~no~~ylene analog 4. 
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Scheme ~~~e~s~ c~~t~~: i, NH&I, NE& LXX, HGBT, THF, CHCI, room temp.85 h (56%); 
Ii, Nash, %O, MeOX, under argon, room temp., 2 h (‘75%); iii. a B;;y, THF reflux, under argon,48 h, 
p 3N NCi, (95%); iv,& HaOH, F&O, MeQH, room temp.3 days, (74%}~ (alit, ~r~~~~~, 
THF, -20°C to roem temp. over 0.5 h then room temp., 12 h (34%); v, NaOH, H2Q. THF, room temp., 
12 b (78%); vi, dithiothreitol. 

Acetorphan 37 was treated with Lawessou’s reagents and gave tbioamide &$ which was hydrolysed to the 

thioamide isostere 5. under argon. 
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Scheme 3 Reagetus ~c~~~t~~: i, bvesson’s reagent, iolwne refiux, 6 h (80%): 
ii, NaOH, H@, MeOH, under argon, room temp. 3 h (7.5%). 

tram-Carbon-carbon douhfe bond isostere 6 (scheme 418. 

The starting dial 15. was obtained through reduction of the diethyf ~nzylmalonate using LiAlHd, (73%). 

MC Dougal’s monosilylation~ foliowed by oxidation of the alcohol using pyridinium chlorochromate (PCC) 

gave the aIdehyde 16. For the conversion of Ifi into the P-r unsaturated acid 113, we adapted the procedure 

of Hann et al.10 in the synthesis of the isosteric J...euS-enkephalin analogue. Reaction between the Wittig 

ylide and the aldehyde J& afforded the silylated tram-enyne u. Treatment of the enyne with one 

equivalent of dicyclobexyl~~ne followed by oxidation with alkalin hydrogen peroxide at 0°C led to the 

acid J&. Desilylation and esterification of ;Ls with HCl-MeOH afforded the tram olefinic ester u. 

Mitsunobu type reactionll using thioacetic acid gives the acetyhhio ester a which was hydrolysed 

enzymaticallye to the required pure rruns-carbon-carbon double bond isostere 6. 
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Scheme 4 Reagents and condcftonF: I, NaH, THF, room temp, 0.75 h then tB~-M~SiCl, THF, room 
temp. 0.5 h (68%) ii, PCC, C&Q, IWM temp.,2 h (61%); iii, Ph p+CH -_CEC--St?&, &, n&$_i 
THF, - 70°C 0.75 h then $.$j THF, -XX 0.5 h, and room temp. 0.5 a (59?& w. a dicy~i~~xyl~~~, ?“HF 
~0°C. 1 h&MeOH, 2N NaOH, HLO, WC, 1 h (77.5%x v, HCI, MeOH refiux, 2 h (SO%1 vi, 4 Pf49, 
dtethyl azodicarboxylate, THF. O”C, 0.5 h,h CH$OSH, then additton of u THF, O°C 2 h then room temp. 
viz, enzymatic hydrolyss. 

The compounds Q, a,& 6) were evaluated as inhibitors of enkephalinaselz. Some preliminary biological 

results are reported in tablel. A number of conclusions may be drawn from these results. 



Importance of the amide bond of thio~h~ 953 

Table 1. Inhibitory constants (Ki) of thiorphan and its isosteres or analogs 

The thio~h~ isosteres or analogs (2, &s, 6) exhibit loss of potency in comparison with ~io~han 1, 

indicating that the modification of the amide function is not consistent witb full biological activity. 

The virtually identical activity of the ketomethylene analog ;1 (Ki = 64 nM) with that of the N-methyl 

thiorphan (Ki = 57 nM)14 suggests that an intermolecular hydrogen bond, e. g. drug receptor interaction, 

from the amide hydrogen of ~io~h~ 1 is involved at the active site of the receptor. 

However, the thioamide isostere 5 exhibits a poor activity although the NH acidity was increased. This 

observation supports a mechanism involving an hydrogen bonding interaction of the amide carbonyl of 

thiorphan 1 : indeed, the sulfur atom of a thioamide is larger and has reduced hydrogen bonding 

capability15, compared to the oxygen of an amide, factors that could decrease binding to the enzyme. 

Consistent with these results is the fact that the fru~-c~~n~~~n double bond isostere & (suppresion of 

the amide group interactions) and the aminomethylene analog 4 (suppresion of the amide carbonyl 

interaction and possible effect of charge, since the aminomethylene is likely to be protonated under assay 

condidons) poorly inhibits e~eph~ina~. 

As a corollary to these observations it is clear that intermolecular hydrogen bonds, e. g. drug receptor 

interaction, from the two heteroatoms of the amide group of thiorphan 1 are involved at the active site of 

enkephalinasete. 

The inhibitory activity of the ketomethylene analog 2 suggests that the hydrogen bond involving the amide 

carbonyl in thiorphan 1. is of primary impo~ce in the inhibitor-ENK docking process. This result leads 

us to conclude that taking advantage of this interaction may constitute a new direction in the search of new 

enkephalinase inhibitors. 
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