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Abstract. A structure-based 18,900-member combinatorial library was synthesized containing a statine template and
three cyclic diamino acids as potential P,’, P»-P, surrogates. Evaluation of this encoded library against two aspartyl
proteases, plasmepsin II and cathepsin D, led to the identification of selective inhibitors for each enzyme. © 1998 Elsevier

Science Ltd. All rights reserved.
Aspartyl proteases are involved in many biological pathways in humans, parasites, plants, fungi, and

retroviruses.! New members of the protease superfamily continue to be identified, a recent example is the
malarial protease plasmepsin 1.2 We recently described the utility of an encoded 13,020 member statine
dipeptide library (PL 792) as a general screening tool for rapidly establishing P, specificity preferences for this
class of protease.” This library was screened against human liver cathepsin D and the malarial protease,
plasmepsin II. The assay results revealed a broad P, specificity for cathepsin D and a rather strict requirement
for B-branched amino acids at the P, position for plasmepsin II. Here we describe the synthesis and evaluation of
another encoded 18,900 member statine library (PL 799) containing cyclic diamino acids. In contrast to our first
library, the design of PL 799 scaffold was based o g3 oi o R
on a docking exercise® using the X-ray crystal R‘)LNJYE\.A)J\N’RI rﬁwﬁ\'/'\)L R
structure of a cathepsin D-pepstatin complex,5 oo w : L~N //3 o ® :
which indicated that the functionalized piperazine 13,0%‘ ,,Z:,ibm " 13,9(% ;Z:;bers
acetic acid scaffold is sterically compatible with (reference 3 (tis worl)
the active site. One substituent, either the R* or R® may bind along the S-Sy subsites and the other substituent
may be oriented towards the S;" subsite, which was not explored by our first statine library.® Thus piperazine
acetic acid and the two structurally related cyclic amino acids (R3, Table 1) were incorporated into the library as
well as commercially available statines (R?). The inclusion of 15 carboxylic acid or carboxaldehydes (R*
synthons) and twenty acids (R* synthons) in library PL 799 provided diversity at the putative P,’, P3, and P,
positions. This resulted ir a 18,900 member library (Scheme 1). While our initial comparison of the cyclic
diamino scaffolds 1 and 2 found that the (S)-piperazine acid could attain the closest overlap with bound
pepstatin, in subsequent docking experiments either isomer could be preferred depending on the choice of R*
and R® sidechains.

Library PL 799 was evaluated against cathepsin D and plasmepsin IL® Structures for decoding were
selected on the basis of < 50% activity remaining in the assay with a screening concentration of ~5 uM. A total

of 69 structures were decoded for cathepsin D while 37 structures were decoded for plasmepsin II. The
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Table 1. Synthons for PL 799. (Substituent number shown in parenthesis.)
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Scheme 1. Synthesis of the Library PL7997?

"Reagents and conditions: (a) TentaGel™ resin (S-NH,, 0.3 mmol/g) apportioned into 15 reaction vessels; (b) 3 equiv each Bis-Fmoc-
Lys, HOBT, 5 equiv DIC, CH;Cl,; (c) encoded using three tags as per ref 7; (d) 30% piperidine-DMF, 1 h; (e) 5 equiv each 4-
bromomethyl-3-nitrobenzoic acid, HOBT, 8 equiv DIC, CH,Cl,, 3 h; (f) one of seven R NH; as per Table 1: 10 equiv amine, THF, 8
h; (g) pool and split into three reaction vessels; (h) one of three R>-Boc-protected statines as per Table 1: 4 equiv each statine , HATU,
8 equiv {Pr;EtN, DMF, 3 h; (i) encoded using two tags as per ref 7; (j) pool; (k) 50% TFA-CH.Cl,, 1 h; (1) split into three reaction
vessels; (m) one of three R3 Boc-Alloc-protected cyclic diamino acids as per Table 1: 4 equiv each diamino acid, HATU, 8 equiv
iPr,EtN, 6 h; (n) encoded using three tags as per ref 7; (0) pool; (p) split into fifteen reaction vessels; (q) one of fifteen R* aldehydes
or carboxylic acnds ®* replaces the Boc-group on R%) as per Table 1: 30 equiv R*CHO, 20 equiv NaBH;CN, 2% HOAc-DMF 8 h, or 4
equiv each R*CO.H, HATU, 8 equiv iPr;EtN, 6 h; (r) encoded using five tags as per ref 7; (s) pool (t) 0.5 equiv (Ph;)4Pd, 10 equlv
Bu3SnH, CH,Cl;, 1 h; (u) spllt into twenty reaction vessels; (v) one of twenty R’ carboxylic acids (R® replaces the Alloc-group on R%)
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as per Table 1: 4 equiv each R’CO.H, HATU, 8 equiv iPrEtN, 6 h; (w) Av (365 nm), MeOH, 3 h.
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Figure 1. Substituent frequency. Frequency that each substituent was observed in the R', R% R’ R*and R® positions of inhibitory

compounds for plasmepsin II (dark bars) and cathepsin D (open bars). The structure for each substituent number is listed in Table 1.

frequency at which each of the five variable positions was observed in the inhibiting compounds was analyzed
(Figure 1). Both enzymes favored alkyl amides at the R' position and phenylalanine-statines at the R? position.
This later observation is consistent with the known precedent for large hydrophobic P; residues for the two
enzymes.E These identical substituents in the R? position were also included in the library PL 792.* There, both
phenylalanine- and leucine-statine were observed in compounds inhibitory for plasmepsin II and cathepsin D.
Therefore, the frequency that substituents were observed in the R? position between the 2 libraries, PL 799 and
PL 792, is different indicating that the substituents in other positions can influence or affect the substituent
under evaluation.

There were 3 cyclic diamino acids synthons in the R® position. Cathepsin D demonstrated an equal
preference for the piperazine containing substituents (substituents 1 and 2) versus the proline substituent
(substituent 3). In contrast, plasmepsin II preferred only substituent 2, where substituents 1 and 2 only differ by
a single methylene group. A variety of substituents were observed for each enzyme in the R* and R® positions
(Figure 1), with the enzymes favoring large hydrophobic arylalkyl substituents.

In order to confirm and evaluate the inhibitory compounds observed in this encoded library, compounds
must be resynthesized and purified. Table 2 contains the 4 compounds synthesized from PL 799 and their
corresponding K; values for plasmepsin II and cathepsin D. Compound PS 172564 was synthesized because it
was the most potent and selective inhibitor observed during screening for plasmepsin I. This compound is a
competitive inhibitor of plasmepsin II with a K; value of 490 nM and exhibits ~90-fold selectivity for
plasmepsin II versus cathepsin D.” PS 349374 and PS 990762 were synthesized because they were the most

potent inhibitors of cathepsin D observed during screening and contained the selective piperazine substituent in
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Table 2. Analysis of Resynthesized Compounds the R? position. These compounds inhibited

cathepsin D competitively with K; values
Substituent® . .
Compound® | R' R* R® R® , : from 1 to 2 puM while much higher

PS172564 |2 1 2 9 concentrations are necessary to inhibit

PS349374 | 2 1 1 . .
psesisso |2 1 2 plasmepsin II demonstrating that these

PS 990762 compounds are ~35- to 90-fold selective for

refers to substituents listed in Table 1; “mixture of diastereomers; °K; R
values are the average of at least 2 determinations; dICSO value cathepsm D. Compound PS 681550 was

determined and are typically within 2-fold of K; values. synthesized containing the nonselective
piperazine substituent in the R® position and cathepsin D-selective R* and R’ substituents. This compound has a
K; value of 5 uM for cathepsin D and was only 8-fold selective for cathepsin D suggesting that piperazine
substituent is an important selectivity determinant which is consistent with the frequency data in Figure 1.

In summary, an 18,900 member statine encoded combinatorial library was synthesized incorporating
cyclic diamino acids potentially accessing the Si’, S3, and S4 enzyme binding sites. Screening of this library
with plasmepsin II and cathepsin D led to the identification of selective inhibitors for both aspartyl proteases.
Selectivity was not only dependent on the R* and R® substituent but also on the cyclic diamino acid in the R®
position. With the identification of these inhibitors from this library, X-ray crystallographic structural studies

can now be performed to confirm if these inhibitors are binding as the modeling exercise has predicted.
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