Tetrahedron Letters, Vol. 34, No. 44, pp. 7035-7038, 1993 0040-403993 $6.00 + .00
Printed in Great Britain Pergamon Press Lid

Macrocyclic Renin Inhibitors:
Synthesis of A Subnanomolar, Orally Active Cysteine Derived Inhibitor
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Abstract: A class of novel thioether linked macrocyclic renin inhibitors was synthesized. A key element of the
synthesis is the use of boroxazolidone for the simultaneous protection of the amino and carboxyl groups in L-cysteine.

The renin-angiotensin system (RAS) is an important component of the interrelated homeostatic
mechanisms that regulate blood pressure and electrolyte balance. The angiotensin converting enzyme inhibitors
including captopril and enalapril, which intervene in the RAS, have proven effective in the treatment of
hypertension and enjoy widespread medical use.] Nevertheless, ACE has several other substrates besides
angiotensin I. In addition, recent evidence suggests that some ACE inhibitors affect other enzymes.2 Since
angiotensinogen is the only known naturally occurring substrate for renin, inhibition of renin may have
advantages over ACE inhibition.3 Although there have been considerable research activities in this area during
the past decade, renin inhibitors have not been introduced into medicine. Since renin inhibitors have high
molecular weight (normally mimics of hexapeptide substrate P4 to P2'), poor oral absorption and short duration
of action plague most inhibitors.# We and others have reported some macrocyclic renin inhibitors, hoping they
will be more stable toward proteolytic enzymes and of high potency, if their more rigid conformations fit well in
the renin active site.5 The most successful approach was to link P, and Py' side chains and to utilize the
(2R,3S)-3-amino-4-cyclohexyl-2-hydroxybutanoic acid (nor ACHPA) as the transition-state isostere.52d Very
potent renin inhibitors have been synthesized in which the serine at P> was linked to P;' by an ester bond.
Studies have shown the ester bond in these compounds linking P3 and Py’ is prone to hydrolysis.52 Therefore,
replacing this ester bond could make the cyclic system more stable. Researchers at Pfizer reported that their
renin inhibitor CP-80,794, which contains an S-methy] cysteine at Py, is more active than the corresponding O-
methyl serine derivative.6 The incorporation of cysteine into the macrocycles, therefore, might enhance both
activity and stability. Herein we report the synthesis and biological activities of a series of cysteine containing
macrocyclic renin inhibitors.

The synthesis of compounds of general structure 1 is illustrated in Scheme 1. Esterification of Boc-
norACHPA acetonide 3 5d with an alky] diiodide gave iodoalkyl ester 4. Alkylation of L-cysteine with iodide 4
afforded an amino acid which was protected with a Cbz group to yield acid 5. Removal of the Boc and
acetonide protecting groups by TFA followed by the Keck macrocyclization conditions? furnished compound 6.
Removing the Cbz group by hydrogenolysis (H/Pd/C) was unsuccessful; however, treatment of the compound
with TFA and DMS (3:1) removed it cleanly. The resulting amine was then coupled with the appropriate acid to
afford compound 1 (n=0). Oxidation of the sulfide with sodium periodate or oxone8 gave the sulfoxide or
sulfone, respectively.
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Scheme 1: (a) I(CH2)m1, K2CO3/DMF, RT., 2 h; 90%; (b) i) L-cysteine, i-ProNEt, EtOH-H70, RT., 12 b; ii) CbzCl,
NaHCO3, HyO-dioxane, RT., 2 h; 80% for 2 steps; ¢) i) TFA, RT., 1/2 h; ii) EDC, DMAP, DMAPHCI, CH2Cly, reflux, infuse
amino acid in THF via a syringe pump; 30-50% for 2 steps; d) i) DMS/TFA (1/3), RT., overnight; ii) EDC, HOBT, NMM,
RCO2H, 0°, 4 b; 80% for 2 steps; €) NalO4/EtOH, RT., 2 b, n=1; 90%, f) oxone/MeOH-H;0, RT.,, 1 h, n=2; 90%.
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Scheme 2: (g) i) TBSCI, TEA, DMAP, CH2Cl, reflux, 3 b; ii) MCPBA/hexane, RT., 4 h; 72% for 2 steps; h) morpholine,
neutral ARO3, ether, RT,, 2 days, 87%; (i) 3, 2 eqv. 9, EDC, DMAP, CH2Cl, RT., 4 h, 55% d1 (less mobile on tic) and 38%
d2; 90% d1 when 80% ee (R)-9 is used; (j) HF-Py/THF, RT., 3 h, 90%; (k) i) MsCl, TEA/CH2Cly; ii) 12, LiHMDS/THF,
Mesylate, -78° to RT. overnight; 70% 2 steps; (1) i) NaHCO3/MeOH reflux, 1 b; ii) CbzCl, NaHCO3, H20-CH2Cl2, RT., 2 b;
80% for 2 steps.
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Scheme 3: (+)-diisopropy! tartrate, Ti(Oi-Pr)4, t-BuOOH, CH,Cly, -20°

Results of the in vitro plasma renin assay (PRA) 9of cyclic inhibitors 1a-h are summarized in Table 1.
Thirteen membered ring compounds proved to be more active than their fourteen and twelve-membered ring
counterparts. Oxidation of the sulfide to sulfoxide or sulfone decreases activity. In our previously reported
macrocyclic renin inhibitors, the introduction of a substituent such as morpholinomethyl at a position
corresponding to P2’ enhances activity by 5-25 fold over that of the unsubstituted analog;52< therefore, the
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incorporation of a P2’ moiety to the thirteen-membered ring compounds could result in more potent inhibitors in
this series as well. The synthesis of such inhibitors is shown in Scheme 2. 4-Pentene-1-0l 7 was converted
to epoxide 8 by silylation and epoxidation. Reaction of the epoxide with morpholine yielded the racemic alcohol
9. EDC coupling of alcohol 9 with acid 3 gave a diastereomeric mixture, which was separated by MPLC to
afford 10a and 10b. Both isomers were carried though the synthesis for SAR studies. Deprotection of the
TBS group with TBAF caused extensive intramolecular trans-esterification, while treatment with excess
pyridinium hydroftuoride afforded the desired alcohol 11. Mesylation of the alcohol 11 gave its mesylate.
When subjected to the previously described alkylation conditions (Scheme 1), it gave a quaternary ammonium
salt through intramolecular displacement of the mesylate by the morpholine nitrogen . In fact this process is
spontaneous. Quaternary salt formation was noticeble after standing at room temperature for a few hours and
the conversion was complete in one day. It became apparent that a more nucleophilic, organic-soluble cysteine
equivalent was necessary in order for the nucleophilic reaction of the thiol to compete with the intramolecular
displacement. The requirement for the cysteine protecting group is rather stringent. Because of the presence of
thio, ester and Boc in intermediates such as 14, procedures using oxidative, strongly alkaline, or acidic
conditions for deprotection were not considered. In 1983, Zwanenburg reported the use of boroxazolidones to
provide simultaneous protection of the amino and carboxyl group in c-amino acids.10 The benzylation of a
boroxazolidone cysteine derivative was reported in this paper, however, to our knowledge no subsequent use
has been reported in the literature. The boroxazolidone could be converted to the amino acid under mild acidic
or basic conditions. It turned out to be the perfect protecting group for our purpose. The mesylate, when
treated with the thiolate of diethylborane protected cysteine, gave compound 13 in 80% yield from the alcohol
11. Deblocking the borane complex in refluxing methanol in the presence of sodium bicarbonate, and
reprotecting the resulting amino acid with a Cbz group afforded acid 14. After this point, the synthesis was
completed as described in Scheme 1. The desired R-enantiomer of compound 9 could be enriched (10:1)
through a Sharpless kinetic resolution!! using (+)-DIPT as the catalyst (Scheme 3). Since the minor isomer
could be easily separated by flash column after coulpling with acid 3, no attempt was made to optimize the
kinetic resolution.
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Table 1 Human Plasma Renin Inhibition by Macrocycles 1 and 2

Incorporation of the P2' morpholinomethyl group increases the potency by 10-30 fold. As observed
before, the R-isomers at this center are 104 times more potent than the S-isomers.5a¢ Replacement of the
BocPhe at the N-terminus with (2R)-t-butylsulfonylmethyl-3-phenylpropionic acid effects a 4-10 fold increase
in activity. The most potent compound reported here is 2¢ with an ICsg of 0.35 nM. When tested in vivo, it
lowered blood pressure about 20 mm Hg (17-23 mm Hg) for six hours (lenghth of the experiment) in conscious



sodium-depleted rhesus monkeys following an oral dose of 10 mg/kg. PRA was fully inhibited (>90%) during
the experiment.12

In summary, we have developed a highly convergent synthesis of the potent cysteine incorporated
macrocyclic renin inhibitors. Of the three ring sizes (12, 13, 14) in this series, thirteen is the most active.
Oxidation of the sulfide to sulfoxide or sulfone decreases activity. The replacement of a serine ester linkage with
a cysteine thio ether lead to very potent renin inhibitors. Incorporation of the morpholinomethyl (P2') and
appropriate P4-P3 subunits resulted in the subnanomolar inhibitor 2¢, which showed good oral activity and
duration of action. The inhibitor design described here may be useful for the design of other aspartic proteinase
inhibitors, and the synthetic strategy utilized here could be applicable for the synthesis of other thio ether linked
macrocycles.
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