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Abstract: Appropriate structural modification of the difluoromethylene ketone derivatives at both P3 and P’
positions led us to the discovery of peptidyl human heart chymase inhibitor 12h which shows potent activity with
Ki = 6 nM and high selectivity against closely related serine protease bovine a-chymotrypsin (chymotrypsin Ki =
>100 uM).  Using the compound 12b, a docking study with human heart chymase was carried out to presume
probable interactions. © 1998 Elsevier Science Ltd. All ri ghts reserved.

Human heart chymase (HHC) is a chymotrypsin-like serine protease that converts angiotensin I to
angiotensin II."  Although the physiological role of this enzyme had not been fully elucidated, experimental data®
suggested that it may be involved in various pathological states, particularly in cardiovascular diseases.
Previously, we reported structure-activity relationships of difluoromethylene ketone (DFMK) derivatives
exemplified by 1 (Figure 1), and that either a phenyl or a carboxylic acid group at the P’ position is necessary for
high binding affinity and selectivity for HHC against closely related serine protease bovine o-chymotrypsin
(BCT). Compound 2 (GCC-AU0422), in particular, had a remarkable profile (Ki = 5.6 nM and BCT/HHC =
65) superior to the corresponding p- and o-carboxy derivatives. These results suggested that P’ components of
2 interact well with the characteristic conformation of the S’ subsite of HHC. Modification of the P4 position
(X in compound 1) improved affinity for HHC, but significantly increased inhibitory activity for BCT as well
and consequently causing a loss of selectivity for HHC against BCT.

Figure 1
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Bastos reported non-cleavable a-diketo peptide-inhibitor libraries to map the S and S’ subsites of HHC.?
He identified inhibitor 3 with Ki of 1 nM for HHC and 10 nM for BCT. This suggested that glutamic acid
(Glu) at the P3 position may be more favorable than a valine residue (Val) for enzyme affinity. Accordingly, we
synthesized analogs of 2 with an acidic amino acid (Glu or Asp) at the P3 position and further modified the P’
structure of the Glu analog.

Here, we report the synthesis and HHC and BCT inhibitory activities of these analogs. Compound 12h
[Boc-Glu-Pro-PheCF,CONH(4-carboxy-2-thienyl)] has been identified as a potent and highly selective HHC
inhibitor. We also report docking and interaction studies of 12b [Boc-Glu-Pro-PheCF,CONH(3-
carboxyphenyl)] with an HHC model.

Chemistry
Scheme 1°
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8Reagents: (i) a) TN NaOH, b) m-aminobenzoic acid, EDCI, HOBt (62 %); (i) a) HCI, dioxane,
b) Boc-Pro-OH, BOP, TEA (81 %}); (iii) a) HCI, dioxane, b) Boc-X-OH, BOP, TEA (76 %); (iv)
amine, BOP, HOBE, pyridine; (v) Dess-Martin Periodinane (90 %); (vi) Hy, 10% Pd/C (76 %).
®The yields reported (%) are for 12b.
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Preparations of the modified DFMK derivatives at P3 and P’ positions are shown in Scheme 1. The
known ester 4 was hydrolyzed with 1 equiv of sodium hydroxide, and the resulting salt was condensed with the
m-aminobenzoic acid using 1-[3-(dimethylamino)propyl}-3-ethylcarbodiimide hydrochloride (EDCI) and 1-
hydroxybenzotriazole hydrate (HOBT) to give the alcohol 5.* Deprotection of 4 and 5 with hydrogen chloride
in dioxane, followed by coupling to Boc-Pro-OH, afforded alcohols 6 and 7, respectively. The protecting
groups of 6 and 7 were similarly removed, and the obtained amine hydrochlorides were coupled to Boc protected
benzyl glutamate and aspartate to give 8 and 10, respectively. The alcohol 8 was hydrolyzed with 1 equiv of
sodium hydroxide, and the resulting salt was condensed with various amino acid benzylesters, an amino
carboxamide, or amino sulfonamides using bis(2-0x0-3-oxazolidinyl)phosphinic chloride (BOP) and HOBT in
pyridine to give the alcohol 9. Oxidation of alcohols 9, 10 with Dess-Martin periodinane,® followed by
catalytic hydrogenation and trituration with ether, afforded the DFMK derivatives 12a-i as solids. All the
inhibitors in Table 1 are racemic at the a-carbon of P1 phenylalanine and were not further separated.

Docking Study

The docking study was performed as follows. The three-dimensional model of HHC was constructed
based on the coordinate data of rat mast cell protease-II (RMCP II) in the Brookhaven Protein Data Bank® using
the HOMOLOGY program (MSI, San Diego, California), because the sequence of RMCP-II is the most
homologous to that of human. The model was energy-minimized using the DISCOVER program (MS]) with
backbone-fixed restrictions. The three-dimensional model of compound 12b was constructed based on
standard bond angles and lengths and then energy-minimized using the DISCOVER. The resulting conformers
were docked into the HHC model using SYBYL (Tripos, St.Louis) on an IRIS computer (Silicon Graphics Inc.,
Mountain View, California) to give a plausible model of HHC-inhibitor interactions.

Results and Discussion

The enzyme inhibitory activities were measured by the previously described method, and the results are
summarized in Table 1. Replacement of the Val in 2 with an Asp residue at the P3 position decreased HHC
inhibitory activity (12a), while Glu derivative 12b retained activity comparable to that of 2. Both 12a and 12b
significantly decreased inhibition of BCT, and accordingly BCT/HHC selectivity was increased. These results
suggest that a Glu residue at the P3 site provides a favorable interaction with HHC as well as a Val residue (2 and
12b), which is not shared in the compound with an Asp residue (12a). The differences in activities among 2,
12a and b clearly indicates distinct structures between these enzymes.

Next, we modified the P’ position of 12b to determine whether other favorable interactions produced by
the Glu residue influence the C-terminal interaction with enzymes. Changing the carboxyl group to
carboxymethyl (12¢), carbamoyl (12d), or aminosulfonyl groups (12e-f) did not improve HHC inhibitory
activity. Replacement of the benzene ring by naphthalene (12g) or thiophene (12h) did not increase inhibitory
activity for HHC. However, they showed considerable loss of activity for BCT. This series of structural
modifications indicated that HHC prefers a carboxy function at the C-terminus and has a relatively loose space
tolerable at least for the size of naphthalene, whereas BCT is far more sensitive to steric factors at this position.
HHC and BCT inhibitory activities for the reference compound 3 measured in our assay system were comparable
to those reported. Consequently, we found that the DFMK derivative 12h with HHC inhibitory activity as
potent as that of 3 also showed remarkable selectivity against BCT (>10000).
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Table 1. Inhibitory Activity and Specificity of DFMK Derivatives and Reference Compound.

Boc—-X—N F o F H
N “R
oo H I

No X R Inhibitory Activity Ki (nM)®* selectivity

Chymase (HHC) Chymotrypsin (BCT) BCT (Ki)/HHC (Ki)
2 va \©/C°2H 5.6+1.9 364427 65
12a Asp \©/C°2H 36.6£33  >100000 2732
12b Glu \©/C°2H 39407 1300249 332
12¢ Gl \@COQH 6.741.1 3950+504 590
12d Gl \©/°°N“2 21.146.3 1220486 58
12¢ Gl \©/302NH2 27.5+4.2 1030441 38
12f Glu \©/S°2NH(CH2)GCH3 228436 476451 21
12g Glu o 142412 92900" 6562
12h Gl O 6.060.7  >100000 >16667

A3
s

3°  reference compound (see Figurel) 3.02£0.7 34+1 12

®The values are meanstSEM of three independent experiments. °n =2, ©ref. 3.

We suggest two putative docking models of the compound 12b with a three-dimensional model of HHC.
The first model shown in Figure 2(a) indicates that the P3 amido N atom and carbonyl O atom form hydrogen
bonds with Gly216 carbonyl O atom and amido N atom in an antiparallel manner, and that a hydrogen bond is
present between the carbonyl O atom of Ser214 and amido N atom of the P1 residue. The P1 and P2 side
chains make hydrophobic contacts in the S1 and S2 specificity pockets, respectively. The P3 side chain is
exposed to the solvent. The activated carbonyl group of the inhibitor undergoes nucleophilic attack by the
hydroxy oxygen of Ser195, and the resulting hemiketal oxygen is in the oxyanion hole and makes hydrogen
bonds with the backbone amido N’s of Ser195 and Gly193. We also propose triplicate favorable interactions of
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the carboxyphenylamido group at the P’ site consisting of (1) hydrogen bond of amido N atom with Phe41
carbonyl O atom, (2) aromatic-aromatic interaction with Phe41 side chain, and (3) electrostatic interaction of the
terminal carboxylic acid with the side chain of Lys40. The lack of the third interaction owing to the absence of
Lys40 in BCT may be responsible for increased selectivity to HHC against BCT. Essentially the same
interaction would be observed in compound 2 (P3 = Val). Another possible model is shown in Figure 2(b),
where the Glu side chain is flipped toward Ser218 forming a hydrogen bond and the Boc group could be in van
der Waals contact with the side chain of Tyr215. The stabilizing effect thus obtained could overcome the energy
increase caused by breaking of the hydrogen bond between carbony! O atom of Gly216 and amido N atom of the
P3 residue. Determination of the actual shape of the complex must await X-ray crystal structure analysis.

a) Leu99
O RI Sz R' = CH(CH3)2 . 2
7< ) (CH,),COsH :12b
)j\ N His57
0 N/H( 0 Ser195
H 0 s .-Gly193
: O o
H
i
N

Phe191

Figure 2. Schematic illustration of the key interactions of 2 and 12b complexed
to HHC based on the docking study.



924

M. Eda et al. / Bioorg. Med. Chem. Lett. 8 (1998) 919-924

In conclusion, by appropriate modification of the DFMK derivatives at both P3 and P’ positions, we found

peptidyl HHC inhibitor 12h showing potent inhibitory activity and high selectivity against BCT. Docking study
of 12b with HHC suggested the possibility of unique interactions at P3 and P’ subsites.
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