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Abstract: Constrained derivatives of thiorphan were prepared and found to be potent inhibitors of neutral
endopeptidase 24.11. Copyright © 1996 Elsevier Science Ltd

Neutral endopeptidase 24.11 (NEP, EC 3.4.24.11), a zinc proteinase, plays an important role in the
degradation of a number of physiologically important peptides,” such as atrial natriuretic peptide® (ANP) and the
enkephalins.” It has been shown that inhibition of NEP in the periphery potentiates the desirable natriuretic and
diuretic effects of ANP that could be useful in the treatment of hypertension or congestive heart failure. NEP
inhibition in the CNS results in naloxone reversible analgesic effects in prestressed animals.**® An active site
model for NEP® has been proposed based on the observed trend of NEP inhibition for the three highly
constrained tricyclic thiol containing inhibitors MDL 28,102,° MDL 28,067, ® and MDL 27,855. These three
compounds differ only in the positioning of the zinc coordinating thiol group relative to the tricyclic scaffold
(Figure 1). The fit of thiorphan to MDL 27,855 bound to this NEP model suggested that a bridged analog 1
would position the phenyl ring similarly to that of MDL 27,855 while allowing the thiol group to coordinate with
the zinc atom. The fit to this model also suggested that the ethylene bridged analog 1b would be preferred to the
methylene bridged analog 1a. This paper describes the synthesis and the in vitro evaluation of methylene and

ethylene bridged analogs of thiorphan '’
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We envisioned the key step for the preparation of bridged inhibitors 1 to be the alkylation of bicyclic
ester 2 to give the alkylated ester 4 (Scheme 1). However, alkylation of the lithium enolate of indane ester 2a®°
with chloromethyl-para-methoxybenzyl sulfide’® was unsuccessful. In addition, chloromethyl-para-methoxy-
benzyl sulfide was unstable to Lewis acid conditions and yielded only products from the decomposition of the
chloromethyl sulfide using a Lewis acid promoted alkylation of 3a.'"' Therefore, the rert-butyl group was
investigated as a more stable yet readily removable protecting group for sulfur using the Lewis acid approach.
Treatment of the trimethylsilylketene acetal 3a, derived from indane ester 2a, with terr-butyl chloromethyl
sulfide'? and catalytic ZnBr, produced the desired alkylated ester 4a in 61% yield. This methodology was also
applied to tetrahydronaphthalene 2b to afford racemic ester 4b in 71% yield. Esters 4a,b were saponified in

quantitative yield with lithium hydroxide in refluxing methanol to give the corresponding acids Sa,b that were

used to prepare a series of constrained inhibitors.
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(i) LDA, TMSCI, THF, -78 °C; (ii) tert-butylchloromethyl sulfide, ZnBr,, CH,Cly:"' (iiiy LiOH, MeOH, reflux, 18 h; (iv) oxalyl
chloride then 6, Et;N, CH,Cly; (v) EDC, 6, CH,Cly;'* (vi) Hg(OAc),, TFA, then H,S;' (vii) oxalyl chloride then 6, NaHCO,
acetone, H,0;'3 (viii) LiOH, MeOH; (ix) 10% TfOH, Me,S.
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Table 1: Yields® and conditions® for Scheme 1.

coupling reaction first deprotection final product
entry amine 6 n | method | product | yield | method | product | yield | method | product | yield | Ki(nM)
)
a | N M 1] A 7a | 97%° | D % | 9%4% F la | 48% | 10
o
b | HN Hge | 2] A 7b 87% D 9% | 94% F 1b 0% | 04
(o)
¢ Ly~ | 2] A ¢ | 65% | E | 8 | 93% | D le | 88% | 02
P OMe
d | HN-CHaecoM | 2| B 8d 52% NA‘ D 1d 84% | 0.6
Oy, ~OH
e 2 B 8e 59% NA D le 94% 0.6
HaN
ref. 16
f HZNJW(OB" 2 C 7t 48% F 8f 83% D 1f 15%° 0.3
° |
g HQN;q(oan 2 C 7g 55% F 8g NI' D 1g 78% | 20
[¢]
|
h ome | 21 A Th | 2% | E 8h | 100%° | D h | 8% | 70
HaN
o
i 2 A 7i 72% E 8i 97%* D i 94% 4.0
HoN OMe
o
OH
i 2] A 7 78% E 8j 92% D 1j 80% | 0.5
HaN OBn
9}
o
k HZN\/©:0> 2| A 10 | 100% NA D 1 | 2% | 14
I | (R)-Thiorphan NA NA NA 1.6
m | (S)-Thiorphan NA NA NA 1.9

“All compounds represent chromatographed yields unless otherwise specified. ®Method A: 5, oxalyl chloride, 6, Et;N, CH:Cl,.
Method B: 5, oxalyl chloride, 6, NaHCOs, acetone-water.'” Method C: 5, 6, EDC, CH,Cl,."> Method D: Hg(OAc),, TFA, then
H,S."* Method E: LiOH, MeOH. Method F: 10% TfOH in Me,S. “Not purified. “NA = Not applicable. “Insolubility in ether led to
a loss of material during workup. NI = Not isolated due to partial loss of the tert-butyl group on sulfur.
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Acids 5a,b were coupled to a variety of amines 6'° either by their acid chlorides or by EDC mediated"?
condensations. Intermediate esters 7 were first hydrolyzed with lithium hydroxide in methanol or by
10% trifluoromethanesulfonic acid (TfOH) in dimethyl sulfide to yield acids 8. Dealkylation of the sulfide with
mercuric acetate/hydrogen sulfide in trifluoroacetic acid'* (TFA) provided the targeted thiols 1. Alternatively,
sulfide esters 7a,b could be selectively deprotected with mercuric acetate/hydrogen sulfide in TFA to give thiol
intermediates 9a,b that could then be hydrolyzed with 10% TfOH in dimethyl sulfide to give acids 1a,b.
Reaction conditions and yields for Scheme 1 and inhibition constants for NEP are summarized in Table 1.

Compounds were assayed for NEP activity according to methods reported previously.'” The following
observations were made from binding constants in Table 1. Constraint of the benzyl side chain of thiorphan by
the methylene bridged analog 1a reduced activity compared to thiorphan, while the ethylene bridged analog 1b
exhibited enhanced NEP binding affinity relative to thiorphan. Examination of the enantiomers of 1b'® showed
that the (+) enantiomer completely inhibited NEP at 10 nM whereas no inhibition of NEP was observed by the
(-) enantjomer at 10 nM. In contrast, the enantiomers of thiorphan were reported to be nearly equipotent.
These results supported the importance of the orientation for this P, ' residue.

The 25- to 50-fold difference in activity between 1a and 1b led us to concentrate our efforts on making
analogs of the more potent 1b. Thus the P,’ region of 1b was modified in an attempt to maximize binding.
Extension of the terminal carboxylic acid group from the amide linkage, as in 1c-e, had little effect on inhibition.
Substitution of large lipophilic amino acids for glycine in 1b resulted in weaker inhibition constants for NEP,
although a tyrosine for phenylalanine substitution was well tolerated. Replacement of the P, amino acid with a
neutral methylene-dioxybenzyl group 11 resulted in a 35-fold loss of activity suggesting that a carboxyl group
might be necessary for optimal inhibition.

In summary, conformationally restricted thiorphan analogs were designed based on molecular modeling
comparisons with previously reported constrained inhibitors. The Lewis acid mediated approach to bicyclic
intermediates 4a,b allowed efficient preparation of a variety of NEP inhibitors. Resuits showed that positioning
of the P;* phenyl ring was important. The enhanced potency of the ethylene bridged inhibitor 1b relative to the
methylene bridged inhibitor 1a was consistent with the postulated conformation of thiorphan bound at the active
site of the NEP model.

Experimental procedure for the preparation of 4b: To a solution of 2.31 g (16.5 mmol)
diisopropylamine in 10 mL dry THF cooled to -70 °C was added 6.6 mL (16.5 mmol) 2.5 M n-buty! lithium in
hexanes dropwise by syringe. The resultant solution was allowed to stir 20 min under an atmosphere of argon
after which time 2.85 g (15.1 mmol) ester 2b in 10 mL. THF was added dropwise over 30 min. The resultant
solution was allowed to stir 30 min at -70 °C then 1.90 mL (15.1 mmol) trimethylsilylchloride was added all at

once. The mixture was allowed to warm to ambient temperature and was concentrated in vacuo. The residue
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was stirred in 25 mL dry CH,Cl, under argon and 2.3 mL (12.5 mmol) tert-butylchloromethyl sulfide was added
followed by 0.5 g anhydrous ZnBr,. The mixture was allowed to stir 45 min at ambient temperature after which
none of the ketene acetal 3b remained by GC (150 °-250 °C @ 15 °C/min, 5 m X 0.53 mm column, methyl
silicone gum packing.) The mixture was partitioned between saturated NaHCO; solution and CH,Cl,. The
organic solution was dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue
was purified by flash chromatography eluting with 5-10% ethyl acetate in hexane. Concentration of the
appropriate fractions yielded 2.57 g (71%) of the desired alkylated ester 4b which crystallized on standing. 'H
NMR (300 MHz, CDCl3, 8) 7.18 (m, 4H), 3.68 (s, 3H), 3.25 (d, ] = 16.4 Hz, 2H), 2.86 (d, ] = 11.5 Hz, 1H).
2.85(d, ] = 16.4 Hz, 1H), 2.82 (t, } = 6.8 Hz, 2H), 2.76 (d, ] = 11.5 Hz, 1H), 2.18 (dt, J, = 13.6 Hz, ], =6.8
Hz, 1H), 1.97 (dt, J, = 13.6 Hz, ], = 6.8 Hz, 1H), 1.27 (s, 9H). '3C NMR (CDCl3, 8) 175.6, 135.0, 134.3,
129.2, 128.6, 125.9. 52.0, 46.1, 42.0, 36.9, 35.4, 30.7. 30.1, 26.0. MS(ED) m/e 292(m"), 202(base), 143, 129,
57.

Acknowledgement: The authors wish to thank Ron George for the separation of the enantiomers of 1b.
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