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Abstract: Structural information from a complex of a tetrapeptide renin inhibitor, CP-85,339, with human
renin, led to the design of inhibitors with extended P1 groups that span the S1-S3 active site pocket. A m-
biphenyl sidechain at P1 and glycine at P3 led to a 160X increase in potency over the analogous phenyl
compound. A crystal structure of this compound in complex with recombinant human renin (rHR) was solved.

Modulation of the renin-angiotensin system has proven to be an effective means of treating hypertension as
evidenced by the commercial success of ACE inhibitors and recent clinical results with All antagonists."2
Interruption of the first and rate limiting step in this cascade, the conversion of angiotensinogen to angiotensin I
(Al) by renin, has also been explored by numerous invesligmors.:“‘ However, renin inhibitors have not been
successfully developed as orally active, cost effective treatment for cardiovascular disorders. Typical renin
inhibitors have been transition-state inhibitors based on the sequence of angiotensinogen, and have therefore been
peptidic molecules with molecular weight of >600. Many of these inhibitors suffer from poor bioavailability,
short in vivo half lives and are expensive to prepare in significant quantities. Because of these factors, we were
interested in utilizing recently obtained structural information to design "less peptidic" renin inhibitors with lower
molecular weight, and superior pharmacokinetic properties. We used information derived from the X-ray
structure of renin in complex with a conventionally designed inhibitor, CP-85,339, to design non-peptide
inhibitors.”  This work demsontrates the power of combining traditional synthetic chemistry with protein
structure information.

was based on the hypothesis that the S1 and S3 pockets of renin form an o
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85,339 in complex with rHR confirms their prediction of a contiguous S1-S3 pocket; the Pl and P3 sidechains
make Van der Waals contact with each other, as well with the active site.” However, our analysis of the CP-
85.339-renin complex structure indicated that both protons at the 4-position of the P1 cyclohexyl ring are in
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contact with the active site such that appendage of a substituent would force either the cyclohexyl ring or the
enzyme to alter its position (Figure 1. top). The 3-axial position of the Pl cyclohexy! provided a more attractive
vector to the S3 pocket. However. synthetic access to analogs of this type in the correct diastereomeric form was
considered problematic. Based on analysis of the CP-85,339-renin X-ray structure we predicted that a phenyl
sidechain at P1 would provide a better vector to the S3 pocket, but would not fill the S1 pocket as completely as
the cyclohexyl sidechain. By modeling a P1 pheny] analog in the renin active site, we proposed extended P1
sidechains to fill the S1-S3 pocket. We suggested P1 phenyl groups substituted at the meta or para positions as
targets for synthesis. From a conformational analysis of a m-bipheny! P1 sidechain in the enzyme active site we
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predicted that the sidechain would fit into the S1-S3 pocket in two conformations that differ by rotation about the
Co-CP bond. We also observed that the P4 proline residue is exposed to solvent and thus should not contribute
significantly to the binding free energy of the ligand. Thus, we hypothesized that an inhibitor with an extended
P1 sidechain could maintain sufficient in vitro potency even with the P4 and P3 groups removed.

Synthesis/testing: To test these proposals, we prepared analogs with a variety of P1 sidechains. Initially, the
peptidic backbone was not altered, and the P3 phenylalanine sidechain was truncated to glycine. Inhibitors with a
variety of P1 sidechains were prepared as shown in Scheme I, using the aziridine based diol synthesis described
by Chan and Hsiao.® Standard deprotection/coupling sequences were followed to incorporate these diols into

potential inhibitors.
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Inhibitor 1a is a subnanomolar inhibitor of rHR (Table I).°  As anticipated, removal of the P3 benzyl sidechain
(compound 1b), which binds in the lipophilic S3 pocket, led to an 4000X loss in potency. Previous results with
tri- and tetrapeptide inhibitors had demonstrated that Pl phenyl analogs are 10-50X less potent than
corresponding P1 cyclohexyl analogs.("m'1I In this series, the P1 phenyl analog 1¢ was approximately 13X
less active than the cyclohexyl analog, supporting our prediction that the phenyl group does not completely fill the

S1 pocket.
TABLE 1 Extended P1 Sidechains
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Entry P3 group P1 group IC50, Recombinant Human Renin

la Ph-CH2 cyclohexyl 0.3 (#0.03) nM
1b H cyclohexyl 1200 (+200) nM
1c H pheny! 16000 (£3000) nM
1d H m-biphenyl 110 (¥10) nM
le H p-biphenyl 130 (£20) nM
1f H p-diphenylether 66 (+5.1) nM
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When the P1 phenyl group was replaced with extended sidechains designed to span the S1-S3 pocket an increase
in binding affinity of >100X was observed over the unsubstituted phenyl analog (see 1d and 1e). The diphenyl

ether analog, 1f, is approximately 2X more potent than le, and 240X more potent than the unsubstituted phenyl,
1c. This increased affinity for human renin was attributed to the ability of the second phenyl ring occupy the S3

pocket.
Truncated Inhibitors
Py
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2a  Pj=cyclohexyl IC50 = 5100 (£800) nM

2b P} =m-biphenyl ICs50 = 1600 (+200) nM

2¢ Py =p-biphenyl ICs50= 1100 (£160) aM

We next investigated truncation of the P3-P4 region of these inhibitors. Excision of the N-terminal

ketopiperidine glycine fragment of 1b, and capping of the P2 S-methy] cysteine with an acetyl group (2a) led to
an ~5X loss in affinity for human renin vs. 1b. This confirms the small contribution of the polar, but solvent
exposed, P4 sidechain to the binding free energy of the inhibitor. The bipheny! analogs 2b and 2¢ were slightly
(~3-5X) more potent than 2a, which has the more potent cyclohexyl P1 sidechain.
Crystallography: Compound 1d was co-crystallized with rHR and the structure solved to a resolution of
2.8A.12131% This crystal contains two renin molecules per asymmetric unit, and thus affords two independent
views of the same inhibitor bound to the enzyme.

Figurel) top: CP-85,339 complexed to rH renin.” A molecular surface of the active site is shown in white.
Hydrogen atoms have been added to show that the hydrogens at the 4 position of the cyclohexy! ring are close to
the surface of the enzyme (see text). bottom: The X-ray structures of 1d (red and yeliow) overlaid with the CP-
85,339 structure (light blue).
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Figure 1 (bottom) shows these two independent structures of 1d overlaid with the single published structure of
CP-85,339. The backbone of 1d overlaps well with the backbone of the CP-85,339-tHR complex described
previously. The observation of two conformations of the P1 sidechain in the 1d/fHR complex confirms our
prediction from the conformational analysis. The biphenyl sidechain of 1d spans but does not completely fill the
S1-S3 pockets, as predicted. This suggests that further refinement of the extended P1 sidechain of these
truncated inhibitors could result in improved potency. The X-ray structure of 1d supports inclusion of additional
substituents on the terminal phenyl of the sidechain to fill the S1-S3 pocket more completely.

Summary: X-ray structural information of a tripeptide renin inhibitor enabled the structure-based design of
inhibitors with extended P1 sidechains that are up to 240X more potent than the corresponding P1 phenyl analog.
The 2.8A X-ray structure of the m-biphenyl inhibitor 1d, confirmed that the biaryl sidechain occupies the S1-83
pocket and verified the existence of two binding conformations. Removal of the solvent exposed P3-P4 region
of "tripeptide” renin inhibitors did not significantly reduce potency. Extended P1 sidechains provided truncated
analogs that were only slightly more potent than the standard cycohexyl analog. The X-ray structure of 1d in
complex with rHR suggests that additional increases in potency could be achieved by optimization of substituents
on each of the biaryl rings to more completely fill the S1-S3 cavity.
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