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INHIBITORS OF METAZOAN PARASITE PROTEASES

Background of the Invention

This invention relates generally 10 composiiions and methody useful ir the
treatment of certain infectious diseases. More specifically, the invention relates 1o
compositions which inhibit proteases. such as malzaria cysteine protease. Compounds
that inhibit these proteases are useful in the prevention and treatment of malarin,
schistosomiasis and other infectious diseases.

This invention was made with Government suppert under Contract No. MDA
072-91-J-1013, awarded by DARPA (Department of Defense): and Grant No. 890499
awarded by UNDP/World Bank/WHO Special Programme for Research and
Training in Tropical Diseases (TDR). The Government has certain rights in this
invention.

Proteases are involved in many important tiological processes including
prote:n turnover, blood coagulation, complement activation, hormone processing, and
cancer cell invasion. Thus, they are frequently chosen as targets for drug design and
discovery. The critical role certain proteases play in the life cvcle of parasitic
organisms also makes them attractive drug design targe:s for certain infectious
disezses.

Schistosomiasis (bilharziasis) is a parasitic disease caused by schistosomes
(blood flukes) that generally live in the veins of the gut and liver of a human host.
Adult worms can survive up to 20 vears. Femaie adult worms release thousands of
eggs each dav. which often find their way 1o tissues such as liver. brain. and lung,
where thev cause considerable damage by stimulating 1h2 body to form inflammation
and scar tissue around them. Most eggs pass through the bladder or wall of the gut.
Once outside. they hatch and infect water snails. The parasite muit plies inside the
snail. giving rise to thousands of cercariae that exit the snail and swim free in search

of a host in which to complete their life cvele.
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Mélaria is another well known infectious disease caused by protozoa of the
genus Plasmodium, which are transmitted by bites of infected mosquitoes. Infection
with Plasmodium falciparum, the most virulent human malarial pathogen, is estimated
to be responsible for over 1 million deaths each year. The most valuable of the
heretofore developed classes of antimalarial drugs are the quinoline-containing
compounds, such as chloroquine and mefloquine; chioroquine has been especially
effective as both a preventative and a curative. A serious problem in the treatment
and control of malaria has been the increasing resistance of populations of F.
falciparum to these known antimalarial drugs. In addition, reports of multi-drug
resistance makes the search for novel therapies especially urgent. Thus, there
remains a great need to identify new compounds that have antimalarial capabilities.

During the trophozoite stage, the parasites infect red blood cells (erythrocytes)
where they reproduce asexually. At the completion of each asexual cvcle, the red
blood cells lyse and merozoites are released which invade new red blcod cells. This
cycle of lysis and re-infection is responsible for the major clinical manifestations of
malaria.

Most anti-malarials are blood schizontocides which are active against the
parasites during the intra-erythroeytic stage of its life cycle. Sulphones and
sulphonamides inhibit the synthesis of dihydrofolic acid, while biguanides and
diaminopyrimidines inhibit the synthesis of tetrahvdrofolic acid. Although the
mechanism of these anti-malarials is known to involve interference with the parasites’
ability to synthesize nucleic acids {Bruce-Chwatt, L.J., Essenrial Malariology (Wiley,
New York (1985))], the mechanism of action of the quinoline-containing compounds
has until recently been surprisingly elusive. Recent work provides strong ¢vidence
that the quinoline derivatives work by interfering with the detoxification activity of a
heme polymerase {Slater and Cerami, Narure 355, 167 (1992)].

During the erythrocviic phase, the parasites degrade hemoglobin as a primary
source of amino acids. Rosenthal and co-workers have identified a critical cysteine
protease involved in the degradation of hemoglobin. the parasites’ primary source of
amino acids [Rosenthal, P.J. et al.. J. Clin. Invest. 82, 1560 (1988)]. Blocking this
enzyme with cvsteine protease inhibitors (such as E-64 and Z-Phe-Arg-FMK) in

culture arrests further growth and development of the parasites {Rosenthal, P.J. et al..
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Mol. Biochem. Parasitol 33. 177 (1989)]. Because humans (and. probably, most otker
mammals) do not have an analogous hemoglobinase. inhibition o: this prorease
(either alone or in conjunction with established therapies) provides an attractive
strategy for the treatment of malaria. Moreover, inhibition of analogous proteases
present in other metazoan parasites would simi.arly provide potentally valuable
techniques for treatment of human and animal patients infected with those parasites

It is an object of the present invention to provide compositions and methords
for treatment of malaria.

It is a further object of the present invention to provide COmMpositions and
methods useful in the treatment of other infectious diseases caused bv metazoan
parasites.

Summary of the Invention

In acccrdance with the present invention. there are provided compositions ar
methods for treating a patient infected with o metazoan parasite by inhibiting the
enzvmatic action of the metazoan parasite protease. These compositions and
methods have particular utlity in the treatment of schistosomiasis. malaria, and other
infectious diseases. The compositions comprise at least one metazoan protease
inhibitor (as hereinafter defined) containing specific structural elements which bind 1o
the S2 subsite and at least one of the S1 and S1’ subsites of the metazoan parasite
protease. The protease inhibitors of the present invention generally include at least
w0 homoaromatic or heteroaromatic ring systerns. each comprisirg one to three
rings, joined together by suitable linkers. The compositions of the present invention
are useful, for example, to inhibit the action of trophozoite cvsteine protease, thereby
preventing degradation of hemoglobin, the primary source of amiro acids for the
pathogen that causes human malaria. The methaods of the present invention comprise
administration to a patient infected with a metazoan parasite of at least one
Metazoan protease inhibitor in an amount effective 10 inhib: the protease of the

metazoan parasite, thereby killing the parasite.
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Brief Description of the Drawings

The invention may be better understood with reference to the accompanying
drawings, in which:
Fig. 1 is the IC,, curve for oxalic bis-[(2-hydroxyl-i-naphthylmethyiene )-
hydrazide] against the malarial cysteine protease:
Fig. 2 illustrates the inhibition of the parasite uptake of *H-
hypoxanthine by oxalic bis-[(2-hydroxyl-] -naphthylmethylene)hydrazide];
Fig. 3 is a schematic of oxalic bis-( 2-hydroxy- i-naphthylmethylene)-
hydrazide] docked into the active site of trophozoite cysteine protease; and
Fig. 4 illustrates inhibition of the parasite’s ability to invade red biood
cells by oxalic bis-[(2-hydroxyl-1-naphthylmethylene))hydrazide].

Detailed Description of the Invention

Pursuant 1o the present invention, compositions and methads for imhibiting the
enzymatic action of metazoan parasite proteases comprising an effective amount of at
least one metazoan protease inhibitor (as hereinarter defined) are provided. These
compositions have utility in the prevention and treatment of schistosomiasis, malaria,
and other infectious diseases. In the case of malaria, the compositions of the
invention inhibit the trophozpite cysteine protease. In schistosomiasis, the enzyme
inhibited by the compositions of the invention is the adult cysteine protease (or
"hemoglobinase").

The inhibitors of the present invention have particular utility against the
metazoan parasites Plasmodium falciparum (which causes malaria), Schistosoma
mansoni (which causes schistosomiasis), and Trpanosoma cruzi (which causes chagas’
disease). In addition, proteases specific to the following metazoan parasites may also
be inhibited by compositions in accordance with the present invention: Giardia
lamblia, Entoemeba histolytica. Cryptospiridium spp., Leishmania spp., Brugia spp.,
Wuchereria spp., Onchocerca spp., Strongyloides spp., Coccidia, Haemanchus spp.,
Ostertagia spp., Trichomonas spp., Dirofilaria spp.. Toxocara spp., Naegleria spp.,
Preumocystis carinii, Ascaris spp.. other Trypanosoma spp.. other Schistosome spp.,
other Plasmodium spp.. Babesia spp., Theileria spr.. Anisakis and Isospora beli.

The structure for a model metazoan protwease. malaria cvsteine protease, was

developed using sequence information and the x-rav structures of papain and actinidin
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as a basis for homoiogy modeling following the approacn of Suiciiffe and co-workers
(Suiclifie. M.J. et al.. Prorein Engineering 1, 377 (1987); Sutchife. M.J. et ul. Proter
Engineering 1, 385 (1987)). The protease model structure was used as target receplo:
in a search for potential ligands. DOCK3.0 is an automatic method 1o screen small
molecule databases for possible ligands of a given receptor [Meng, E.C. et al.. /.
Comp. Chem. 13, 505 (1992)]. DOCK3.0 was used to search the Fine Chemicals
Directory of aporoximately 56,000 commercially avaiiable smail molecules. The 2300
molecules with the best shape complementarity scores and the 2200 with the bes
force field scores (estimated interaction erergies) were saved. The resulting 4400
compounds were visually screened in the context of the active site using the moiecular
display software MidasPlus (Ferrin, T. et al.. J. Mol Graphics 6. 13 (1988)]. An effor:
was made to choose a diverse group of compouncs from these lists. Thirtv-cne
compounds were ultimatelv chosen for initial testing on the malariz cvsteine protense.
and from these compounds a number of potential inhibitors were identified trom
experimental tests against the enzyme system. This constituted the first successful
attempt 10 use computer-assisted docking of non-peptidic molecules to a model of an
enzyme'’s three-dimensional structure.

Of the compounds originally considered as potentially useful inhibitors. oxalic
bis-[(Z-hydroxyI»1-naphthylmethylene)-hydrazide‘] and N.N-bis(2-hvdroxy-
1-naphthylmethylene)hydrazone wére identified as the best inhibitors of the protease.
The IC,, of N,N-bis(?.-hydroxy-l-naphthylmethylene)hydrazom: for enzyme inhibition
against the substrate Z-Phe-Arg-AMC was 5 uM. The ICsq ot oxaliz bis{(2-hvdroxy-1-
naphthylmethylene)h_vdrazide] in the same assay was 6 u M (Fig. 1); more importantly,
the compound kills parasites in culture at approximately the same concentration as
judged by hypoxanthine uptake, a standard measure of Plasmodium viability (Fig. 2).
Oxali¢ bis;[(Z-h_vCrox_v-1-naphth_\'lmethylene)h_vdrazide] was selected as the basis for
further structure /activity studies and was designated as compound 143A.

It had previously been demonstrated that papain-iike cysteine proteases
contain active sites that could accommodate up 1o seven amino acids [Berger &
Schechter, Phil. Trans. Rov Soc. Ser. B 257, 249 (1970)]. In the literawure
nomenciature, the active sites are numbered consecutively starting from the cutalviic

site S1 10 Sn towards the amino terminus and 81" to Sn’ towards the carboxy!
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terminus. The S2. S1 and S1’ subsites are believed 1o be the most important for
binding.

Because oxalic bis-[(2-hydroxyl-1-naphthylmethyiene)-hvdrazide] is a rigid and
symmetric molecule. there are essentially two ways to orient the compound in the
active site. In both, the compounds lays across the active site cleft of malaria cysteine
protease with one naphthol group fitting into the S2 specificity pocket and the other
stacking with the indole ring of tryptophan 177 in the SI' pocket. The presumed
binding mode is shown in Fig. 3. This orientation was chosen for illustration. zs it
maximizes the compound’s interaction with the enzvmne, each hvdroxyl being within
hydrogen bonding distance to a suitable residue in the enzyme (Ser160 and Gin19,
respectively). Alternatively, the compound could be rotated 180- through the
horizontal axis; although the hydroxyls do not interact with the enzyme, thex
presumably interact with solvent water molecules.

The original ligand coordinates of oxalic bis-{(2-hvdroxyi- 1-naphthylmethylene)-
hydrazide] supplied by DOCK3.0 were optimized by rotation and translation of the
ligands without internal changes in ligand bond length, bond angle or torsional angles
subject to the constraints of a semi-empirical molecular force field to provide a rigid
body minimized complex for the molecule. Starting with the rigid body minimized
complex of oxalic bis-[(2-hydroxyl-1-naphthylmethylene)-hydrazide], the volume limits
of the 52 and S1’ subsites were then explored by varying the size, composition and
substituent patterns on the aromatic ring systems determined to be effective in
binding to the target subsites of the protease model. Simuitaneously, the linker
length was varied to find the optimum spacing berween the ring systems. In this
manner, optimal ring systems and spacer lengths have been determined in accordance
with the present invention for protease inhibitors which bind to the S2 and S1'
subsites.

In addition, it has further been determined in accordance with the present
invention that compounds comprising aromatic ring systems characteristic of the
inhibitors useful for binding to the S2 and S1’ subsites but joined by shorter linkers
than would be appropriate for bridging these subsites were also effective in inhibitng
metazoan parasite proteases. Modeling studies with these shorter compounas

indicates that one of the aromatic ring systems binds 10 the S2 subsite, as is the case
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with the inhibitors based on oxalic bis-{("-hvdrmvi-]-naphthvtmethviezne }-hydrazide].
However, instead of i interacung with the S1' subsite. tne second aromatc ring systern:
of the shorter compounds binds to the S1 subsite. These shorter compounas are of
particuiar interest as they can be synthesized in a one-step condensation of the
corresponding aidehyde and hydrazine. Moreover, by introguction of a third aromaii.
ring system into the shorter inhibitors it is possitle to construct compounds that it 2}
three pockets of the targer site of the enzvme (the S2, S1 ang S1° subsites).

On the basis of these structure /activity studies. a broad class of metazoan
parasite protease inhibitors have been identified as of particular u ility in accordance
with the present invention having the general structure

A-X-B
wherein A is a substituted or unsubstituted homoaromatic or
heteroaromatic ring svstem comprising one to three rirgs which binds to the §»
subsite;
B is a substituted or unsubstituted homoaromatic cor heteroaromatic Tiny
System comprising one to three rings which binds to the ST or ST’ subsite; and
X is a linker comprising a substantially planar linear array with a

backbone of four 10 eight atoms in length.
In a first preferred class of inhibitors in accordanze with the present invention. B
binc’s to the S1’ subsite and X js a linker with a backbone of six to eight atoms in
length. In a second preferred class of inhibitors in accordance with the present
invention, B binds to the S1 subsite and X is a linker with a backbone of about 4
atoms in length In a preferred subclass of this second preferred class. B has the
structure - B' - X' - B", wherein B’ is an aromatic ring system which binds to the S1
subsite, B" is an aromatic ring system which binds 10 the S1° subsite, and X’ is a direc:
bond or a linker with a backbone of one to three atoms in length.

The ring system A is preferably a one- or two- -ring homoaromatic (e. g, phenvl,
i-naphthyl, 2-naphthyl. etc.) or heteroaromatic group which hes an affinit for the S2
subsite of the metazoan parasite protease. The ring system A mayv pe unsubstituted:
preferably. however. the ring system A bears at lesst one non-intertering substituent
(as hereinafter defined) which does not interfere with, and may actually promote, the

binding 1n the $2 subsite via interactions with the side chains with hvdrophobic
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features, side chains and polypeptide backbone elements with donor and acceptcr
sites for nydrogen bonds and side chains with formal charges for electrostatic
interactions characteristic of the S2 subsite. A particularly preferred class of ring
systems A are those that are substituted by one or more hydroxyl groups, as hydroxy!
is believed to be especially effective in promoting binding to the subsite; groups with
up to three hvdroxyl substituents have shown good affinity for the S2 subsite.

Particular examples of suitable A systems include, but are not limited to, the
following: phenvi; 1-naphthyl; 1-isoquinolyl; 1-phthalazinyl; 3-coumarinyi; 9-
phenanthryl; and 1-quinolyl. Again, all of these ring systems may be unsubstituted or
substituted by one or more non-interfering substituents as hereinafter definec.
Among the phenyl systems, particular embodiments of interest include. but are not
limited to, the following: 1-hydroxyphenyl; 2,3-dihydroxyphenyi; 1.2.3-trihydroxyphenvi;
and 3-di-(lower-alkyl)-aminophenyl. Particularly preferred as ring svstem A is 1-

naphthyl:

R()

In additicn to the unsubstituted 1-naphthyl group, the following substituted 1-naphthy]
systems have been found especially useful in inhibitors within the scope of the present
invention: R' = OH: R® = OH: R! = lower alkoxy (e.g, -OCH,); R® = lower alkoxv
(e.g., -OCH,); R® = lower alkvl (e.g., -CH,); R® = di-(lower-aikyl)-amino (e.g., -
N(CH,),; R = NO,: R” = COOH: R', R* = OH: R!, R* = OH; R* R" = OH: R,
R* = OH: R R’ = OH; R, R" = OH; R}, R’ = OH; R!, R* = OH: R, R® = OH;
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R' = OH.R" = NO,: znd R' = OH. R’ = pr. ~

The choice of a particular structure for use as ring svstem B depends to some
extent cn whether the inhibitor is being designed for use 1o block the ST° subsite (..
an inhibitor comprising a longer linker) or the S1 subsite (... an inhibitor comprising:
a shorter linker). In general, it has been determined that for binding to the ST’
subsite. a two-ring system (for example. as described for use as Group A) is more
effective than a one- -ring system. In addition, Ting systems bearing a substituent
containing a heteroatom (O, N) and/or heterocvelic svstems with charged atoms (in
particular, quinoline) are preferred. On the other hand. the one- and two-ring
Systems are essentially equally effective for use in binding to the Si subsite.

For use in binding to the S1 subsite, the following multiple-ring systems are
preferred, each of which again may be unsubstituted or substituted bv one or mors:
non-interfering substituents (as hereinafter definec): {-naphthvi: Z-naphthvl; 2-
quirolyl; 3-quinoivl; 6- -coumarinyl; 2-chromonyi (4-0x0-1.4-chromen- 2-vl). Particulariy
preferred are a number of substituted 2-naphthvl systems, including but not limited to
the following: 3-hydroxy-2-naphthyl; 3-(lower- -alkoxy)-2-naphthyl; 5- hvdroxy-2- -naphthy!;
and 4,7-dibromo-2-naphthvl. In addition, phenyl and substituted phenyl groups are
also useful in binding 10 the S1 subsite. The multiple-ring systems {(and in particular
IWo-ring systems) previously described as useful ir binding to the S2 and S1 subsites
are also presently preferred for binding to the SI" subsite.

The choice of linker X, as previously indicated. is dependent upon the
particular subsites to which the particular inhibito- is targeted. For inhibitors
directed to the 2 and S1' subsites, linkers containing = backbone consisting of six-
eight atoms are particularly preferred: for inhibitors directed to the S2 and S1
subsites, however, linkers containing a backbone consisting of four ztoms are
especially useful. In all cases. the backbone mav comprise one or more heteroatoms
(N, O. S, etc.) ir addition to carbon. Moreover, particulariy suitabie linkers have
relatuvely planar character induced by multiple bonds either in the tackbone (eg.,
C=C-, -C=N-, etc.) or external thereto (e.g. -C(=0)-. -C(=95)-. erc.). Most preferred
are linkers wherein there is an extended. substantially conjugated svsiem of multiple
bonds and heteroatoms with unshared electron pairs (e.0.. O. N . S. ete.) which tends

10 ma:niain a relatively planar arrangement. Howc‘ver. linkers in which the backbone
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includes an alicvclic group (e.g., 1.3- or l.4-cyclohexyl) are aiso contemplated zs within
the scope of the present invention. These linkers may aiso be substituted with one ¢
more non-interfering groups (as hereinafter defined).
Examples of suitable linkers wherein the backbone consists of four atoms

include the following (the atoms constituting the linker backbone being indicated in
bold face):

wherein R is hydrogen or lower alkyl;

__.N I
\\
\ﬁ///\\\$“'
O

wherein R is hydrogen or lower alkyl;

wherein R is hydrogen or lower alkyl, R" is hydrogen or lower alkvl, and Y is O or §:
and
R R

| |
\C /N\? —_—
f
Y ¥

wherein R is hvdrogen or lower alkyl, R’ is hydrogen or lower alkvl, and Y is O or .
The first of the listed structures is particularly preferred. in view of the ease of
svntkesis of compounds containing this structure bv reaction of the appropriate
aldehvde and hydrazide.

For use in inhibitors targeted to the S2 and 51" subsites. linkers wherein the
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backbone conrains 6 to § atoms are particuiarly suitabie. Struciures of interest
include the following:

R R’ O
| f i

\~ // : \ / \‘\ ~ - Q‘\‘-\
N ~C P ‘
| !
b R R
wherein R is hydrogen or lower alkyl and R’ is hydrogen or lower alkyl:

A T S

—N C é N
“~ P N
\N/ \‘C/ \C/ SN

| | ] |
R" R ) R’

wherein R. R’ and R" are independently selected from hvdrogen and lower alkvi:

—C\Nf>bz/c_
or A

—C C —
N ~
wherein the cvclohexyl group is unsubstituted or substituted bv one or more non-

interfering substituents (as hereinafter defined); =nd

wherein R and R’ are independently selected from hvdrogen and lower alkvl. Of
course. other structures containing backbones having the requisite number of atoms

anc exhibiting substantial planar character would be immediately apparent 1o those
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skilled in the art and are contempiated as suitanle for use in accordance with the

presert invention,

As previously noted. both the ring svstems A and B and the linker X\ oy

suitably bear one or more non-interfering substituents. For purposes of the presen:

invention, a non-interfering substituent is defined as one which does not interfere wiit

banding of the ring structures to the active site of the enzyme due to steric and/nr

electronic factors; in some cases, the presence of particular non-iiterfering

substituents is believed to promote bonding by interaction of these substituents with

structural elements of the enzyme In the proximity of the

active site. In most

instances, the orimary consideration with TESpect 10 possible subsiituents is a stori-

one: for the most part, relatively bulky substituents are no particularly preferred for

use 1n the inhibditors of the present invention. Suitable non-interfering substituen ..

include, but are not limited to, the following: hvdroxyi, including protected hvdroxyvi

(Le., a hydroxyi group which is protected by a suitable Art-recognized proteciive

group); lower alkyl: lower alkoxy; amino, mono- and di-(lowc:r-alk:)r‘l)-anﬂno; -COOH

and -COOR’, wherein R’ is lower alkyl or aryl; -NO,; hal

ogen (in particular, Cl, F

and Br); aryl (in particular, phenyl and benzyl); and aryloxy (in particular, phenoxy

and benzyloxy). For purposes of the present invention, b

y lower alkyl is meant an

alkyl group of one to five, and preferably one 1o three, carbon atoms.

Particular inhibitors suitable for use in the compositions and methods of the

present invention include a number of general classes of
investigated in some detail. Ope such class of compound

of four atoms has the general formula:

3
‘
AK\\
N o 4
" ~N
- M
8 8 v
;

i)

-

wherein the substitution pattern is advantageously selecze

Table 1.

compounds which Lave been

s wherein X has a backbone

d from those reported in

1
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TABLE

COMPOUND ALOSTI PN ]
1193A 2-OH. 3.0H o ) o _N_lli
H123A 2-OH. 6-NO.. 3011 _
11414 2. 3-OH. 3.0H ||
11434 2. 3-OML ¥-0H l;
{Ir45A 2. 7-OH. 3-0H ”
—
11534 2-OMe. 3-OMe. NMe . __{ |
HISSA 2-OMe. 3-0H L ~ ‘
11594 4. 8-OH. 3-OH ] .
1I171A 4-F. 3.0H . S
HI79A 2. 6-0H. 3-011 e ~_f;’
HI31A 1. 7-01L .04 e
H191A S-NO., 301 ___4!‘
[ 193A 2-H. 3.0H i J[
| HIosA 4-Mec. 3.0H
11574 +OH. 5-CH
11115A 4-NMe,. 3.0H
111284 2-OH. 3-H
1111304 2-OMe. 2.0Me

11127A

2-OH. 1I".0H

——

{L INI7A

J 2-0H. 3-0OH. 4.\ (2.1, S-CF.-Phey

11324 8-COOH. 5.0H B

HI133A 2-OH. 3-OH. 7.0Me

HIA 2-OH. 3" 5.0}

HIEsA 2-OH. I'. £.0H, OMe ]

111384 4-OMe. 3-CH ”

1111444 2, 8-OH. 3.0H “

11457 4. 6-OH. 3.0OH ]J

1111454 2. 5-OH. 3-OH r

HI151A 2-OH. 6-OH

HI1S2A 2-OH. 1"-Me

1S54 I 2-OH. §"-Ph

HI1sA ‘ 2-OH. 3-B: i
L 155 ' 2-OH. 3-NH M. ‘

| |

-
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Another class of compounds wherein X also has a backbone of four atoms
having particular utility as inhibitors of metazoan parasite proteases have the general

formula

wherein the substitution pattern is advantageously selected from those reporied in
Table 2.

TABLE 2
Compound Substituents
ITI8SA 2-OH, 4-Ph
II87A 2-OH. 3-OPh
I11103A 2-OH. 2’-OPh
111109A 2-OH. 2-OH
1V36A 2, 4-OH, 2’-OH
IV37A 2, 7-OH. 2-OH
IV38A 2, 6-OH, 2’-OH
IV39A 2-OH, 6-NO,, 2"-OH
IV44A 2-OH, 2", 4#-OH
IV45A 2-OH., 3', 4-OH
IV46A 2-OH. 2-H
IV47A 2-OH. 3", 5-OH
IV49A 2-OH. 2’-OMe
1V30A 2-OH. 2-F
IV51A 20H.3 4-NH, |
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Yet another class of compounds wherein X has a packbone of four atoms
having particular utiiity as inhibitors for use in accordance with the present invenuon

have the general formula

1w

4 “ 0
5 N N J/"\ &
‘ LA
N ~ 5
{\J
8 ¥
-
h wherein the substitution pattern is advantageously as indicated in Tuble 3.
TABLE 3
Compound Substituents
——
I11107A 2-OH, 3’-OH
1A 4-NBu,, 3-CH
10 II113A 4-(3-dimethyvipropoxy). 3-OH
IVIA 3-OMe, 4-(4-NO,-benzvioxy). 3-OH
IV34a 3-OH. 4-NO.. 3-OH
IV35A 2.3,4-OH, 3'-OH

The following additional examples of inhibitors wherein X has a backbone of
135 four atorns are illustrative of the range of structures which may be emploved as ring
systern A. ring system B and linker X. Of course, analogous ring svstems and
substitution patterns other than those depicted herein would be immediately
recognized by those working in the field as equivalent to the structures illustrated and

are thus are also contemplated as within the scope of the present inventon.
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The foliowing structures are illustrative of inhibitors wherein X has a backbone

of 6-8 carbon atoms. Once again. these exampies snouid be viewed zs merely

lustrative of the range of structures which may be emploved as ring svstem A. ring

systemn B and linker X. Analogous ring systems and substitution patterns other than

those depicted herein are contemplated as within the scope of the present invention.
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Finailv. the following structures illustrate inhibitors or the generai formuia
A-X-B-X-b

designed to bond 1o the S2. S1 and S1° subsites. In these structures. X is exemplified
as follows: a direct ring-to-ring bond; a single-atom backbone linker (e.g., -CH,-); and
a two-atom backbone linker (e.g., -CH,-O- and -N=N-). Other X’ linkers as
hereinbefore specified would be readily apparent substitutes for these exemplary
structures. As indicated with respect to the previous structures. these examples
should be viewed as merely iliustrative of the range of strucrures which may be
employed as ring system A, ring system B and linker X. znd once again analogous
ring systems and substitution patterns other than those depicted herein are

contemplated as within the scope of the present invention.
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Many of the inhibitors emploved in accordance with the present inventcn are
either known compounds (some of which are commercially available) or mav be
readily prepared in 2 manner known per se from heretofore known and/or

commercially-available compounds. The following general schemes illustrate some

A

particularly advantageous synthetic routes: alternative syntheses will of course be
readily apparent to those skilled in the field of synthetic organic chemistry.

The synthesis of symmetrical bis-hydrazides and bis-hydrazones within the
scope of the present invention (ie., compounds in which ring svstem A and ring

system B are identical) may readilv be effected as foliows:

C
N
oA li'/f\m;"“.v 4+~ 2a—o0 A/AN‘""]/!\M'HVAJ hydrazide
o

10

RN e N,y -+ 2 A=——0wo ‘:'-s—n— (A/‘n’"*~/‘ hydrazcne

In these illustrations, both ring systems are denominated "A" for clarity. The
correspending aldehvdes are either commercially available or may be readily
prepared from commercially-available materials by an appropriate reaction scheme
(e.g.. treatment of the appropriately-substituted precursor with n-butyl lithium and

15 DMF).

The following scheme illustrates a preferred method for synthesis of

asymmetrical bis-hvdrazides. Although the B ring system is introduced first according
‘¢ the scheme as illustrated. it is of course apparent that the A ring svstem could

equaily well be intreduced first.
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The following scheme illustrates a preferred method for & nthes s of

asymmetrical bis-hydrazones. Once again. the B ring system is introanced firs

L

accordir.g to the scheme as illustrated, but it is of course cpparent tnat the A ring

3 system could be the first introduced.
@ === CHO
MM WHBeE e BeorN Ny - B HN =N~ B
N j 8 i
A —CHr) — —— o ’
) S rebux 2-6 h g “

As previously noted, several classes of inhibitors wherein the linker X has a
backbone of four atoms in length are of particular interest because they can be
symthesized in a one-step condensation of an aldehyde and a hvdrazine or hvdrazine.

10

The following schermes illustrate such condensations:
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R1=H Ri=h
R2=CHO R2=CHE

The rollowing two schemes illustrate the synthesi: of inhibitors comprising

particular heteroacyclic ring A systems:



26

|
; R/\/ \\/
i B <=H. R=NOZ. R=NH2
/%\ H
ﬁ’\/\coom nitne acid ™ cooms W3 i” \’I//\}/
> ————— 1)
N NO "/\/YN
COOMe NO; COOMa :
OH
|
i B2
CHO v
(|.‘,HO er
. OH
;A . i
/I ! T Hi I . OMa - "f;.\\i/\’_,on,
- e il I
AL ! | E — ‘
R e , . :
NO://\//\(N - Noﬁ’"k}:*/ N ‘
, ©H i ) !
[+ OMa OR,
R=NO2 —m R=NH2 -
SH2N2
Rz ———I J1=Ms
the aldehydes  « salicylic hygrazige 3 6
RZ
R~ - Rs
0 OH
N
r . N \N)J\/K'
| | H ‘
N
X=H or C!
x 7  R1=R2=R2=0H
R1=R3=0H
R2=R3=0H
R Br 0
” | e HClgas = fx 8r2 ’
i AN
R,” ‘/ Zn(CN2 g, , I I
e N
R, R R /\‘I’/\“/
H2/P4.C 2
X=Cl ——— X..p
CEBoL
| DMF
(IZH(‘J
n.\/\\\/\/(
salcvlic , H |
7 ————  nygrazige -



tn

10

o - -‘.‘.‘ .} T

By analogy, a varierv of different heterocyciic systems having a desired substitution
pauern may be prepared for reaction with the appropriate hvdrazide.
Finally, the following two schemes illustrate a preterred approach for synthesis

of inhibitors comprising ring systems A, B’ and B":

o

?H A OH i
| ' NaH. ErCH2Ar3
M-OOC\\/\ ! H2NNH2 H. NH "N N
U } T e

i |

N T Ve
" J\IJ
| |
A
i
T Cs2C03
MeQ)DC . XH by H:NHNOC\/- X A
\r\/ SrCH2Arg y - tre aigenvaes
——————— t
N 2 H2NNH2 '

X=NH. O

Once again, it would be readily apparent to those skilled in the art that bv choice of
siuitable precursors, other ring systems A. B’ and B" may be joined in a similar
manner.

The inhibitors emploved in the compositions and methods of the present
invention are tvpicallv administered in conmjunction with a suitable carrier or adjuvant.
It is presently preferred that the inhibitors be administered in an agueous solution
(e.g.. buffered saline); however. other suitable excipients and adjuvants would be

readily apparent to those of skill in the art. The compositions of the invention may
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be administered bv a wide varietv of known routes of administration (2.g., orally,
intravenousiy, subcutaneously, etc.). The inhibitors are suitably administered at =
dosage of zbout 0.01 to about 10 4 M, and preferably about 0.01 t0 about 1 uM., per
kilogram of body weight of the patient per day. Of course, as would be appreciated
by those of skill in the art, the optimum dosage for treatment, of any given parasitic
infection with a composition of the present invention comprising one or more specific
inhibitors as described herein may readily be determined empiricallv.

The 1nhibitors determined to be effective in accordance with the present
invention exhibit a surprising specificity for the malariai protease and other
evolutionarily-related metazoan parasite proteases. These metazoan parasite
proteases are distinct from proteases found in the parasitic hosts (ie., mammals),
particularly with respect to the chemical environments of the active sites of the
respective enzymes. In view of the significant differences between corresponding
subsites in the mammalian and the metazoan parasite proteases. the inhibitors of the
present invention do not in general inhibit the activity of the host's essential
proteases.

For example, the malarial enzyme has an asparagine at positior. 133, a keyv
residue for determining the specificity of bonding at the $2 subsite: for most other
non-parasit:c cysteine proteases, however, this residu: tends to be either branched
hvdrophobi: or alanine. Specific interactions of the :nhibitors in accordance with the
present invention with the asparagine increase both specificity and potency. Another
moduleting residue is glutamic acid at position 205 in the malarial enzvme. The side
chain rotamer located at the base of the S2 binding pocket is postulated to change
depending upon the nature of the interaction at S2. If the substituent is hydrophabic,
the glutamic acid points away from the S2 pocket and presumably interacts with
solvent; however, when the substituent is basic. the glutamic acid is thought to point
lowards the S2 pocket and provide a crucial interaction with the positive charge.
[nhibitors that exploit this interaction (i.e.. those wherzin ring system A has some
dasic characteristics as a part of the ring system and/or by virtue of the substitution
pattern) are thus ol partcular interest.

The invention may be better understood with reference to the accompanying

examples. which are intended for purposes of illusirazion only and should not be
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construed as in any sense limiting the scope of the present invention as defined ir tne
claims appended hereto.

In the following examples, meiting points were determined on a Thomas
capillary melting point apparatus and are uncorrected. Proton and carbon NMR
Spectra were obtained at 300 and 75 MHz, respectively. in DMSO-d¢ on a GE QE-
300 instrument. Mass spectra (MS) were recorded on a VG-70 mass spectrometer
equipped with a Hewlett-Packard 5890A GC. All aldenvdes and hydrazides were
ob:ained commercially except for the dihydroxynaphthaldehvdes, which were preparec
from the corresponding commercially-available dihydroxvnaphthalenes according to
the literature procedure [Morgan, G.T. & Vining, D.C..J. Chem. Scc 119, 177 (1921)).
2-Hydroxy-1-naphthaldehyde was recrystallized from EtOH/H.O (&:2. v iv).
Example |
Syrithesis of 2-hvdroxy-1-naphthaldehvde azine (I73A)

In the general procedure for condensation of aldehyde with h;.'dra;:ine, o a
solution of the aldehyde (1 mmol) in methanol (20 mL) was added the corresponding
hydrazine or acyl hydrazine (1 mmol) in one portion. The resulting mixture was
heated to 65° C for 3 hours. In most cases, a precipitare was observed after 10
mirutes. The precipitate was filtered, washed with hot methanol (50 ml.), and dried
in vacuum (2 mmHg). If needed, additional purification was performed by
recrystallization using appropriate solvents. Following this general procedure,
condensation of 2-hydroxy-1-naphthaldehyde and hydrazine gave 2-hvdroxy-1-
naphthaldehyde azine as a yellow solid (98%): mp >300° C (dec); 'H NMR d 12.90
(brs,2H), 999 (s,2 H), 864 (d,2H,J = 87 Hz), 8.03 (d. 2 H. J = 9.0 Hz), 7.92 (d,
2H.J =78Hz),761 (1,2H,J =76 Hz), 744 (1, 2H.J = 74 Hz), 728 (d, 2 H, ]
= 8.7 Hz); HRMS Calcd for C.H,(N,O,: 340.1212. found 340.1195; Anal.
(C,aH(N,O.) C. H. N,

Example 2

Synthesis of Oxalic bisi2-hvdroxv-1-phenvimethviene) hvdrazide (I754)

Following the generai procedure of Example 1. condensation of saiicviic
aldenyde and oxalic dihvdrazide gave a white solid (977%): mp > 200" C: 'H NMR ¢

12.65 (s, 2 H), 11.00 (s. 2 H), 8.79 (s. 2H), 754 (d, 2 H.J = 75 Hz). 732 (1,2 H.J =
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7.6 Hz), 6.91 (m. 4 H); C NMR d 157.58. 155.83. 151.07. 131.99. 129.36, 119.44.
118.59. 116.45: HRMS Calcd for C,sH,N,O,: 326.10:5, found 326.0997 Anal.
(C,H, N,O,) C. H, N.

Synthesis of oxalic bis(9-Dhenamhrvlmethvlene)' hydrazide (I177A)

Following the general procedure of Example 1, condensation of phenanthrene-
-carboxaldehyde and oxalic dihydrazide gave a white solid (97%): mp >300° C; MS
(CI) m/e 4954 (M + H)*; Anal. (G.HpN,O,) C, H, N.

Example 4
Synthesis of 3-hvdroxv-2-naphthoig (2-hydroxy-1-naphtayimethviene) hvdrazide (1934)

Following the general procedure of Example 1, condensation of 2-Hydroxy-1-
naphthaldehvde and 3-hydroxy-2-naphthoic hydrazide gave a white solid (979): mp
>300° C;'H NMR d 12.70 (s, 1 H), 12.25 (br s, 1 H), 11.37 (br 5. 1 H); 9.58 (s, 1 H).
8.52(s, 1H),833(d, 1H,J = 87Hz),794(d,2H,J = 87 Hz), 789 (d, 1 H. J =
8.1 Hz), 778 (d, 1 H,J = 84 Hz), 758 (1, 1 H,J = 7.6 Hz), 752 (1, 1 H,J = 7.5
Hz), 7.41 (m, 2 H), 7.37 (s, 1 H), 7.25 (d, 1 H,J = 9.0 Hz); *C NMR d 163.05,
158.12, 153.88, 147.57, 135.94, 132.90, 131.68, 130.62, 128.90, 128.68, 128.33, 127.79,
~27.73, 126.81, 125.85. 123.86, 123.54, 120.98, 119.84, 118.87, 110.62. 108.61; HRMS
Caled for C,,H,(N,0,: 356.1161, found 356.1151: Anal. (CH,(N,O,) C, H. N.
Example §
synthesis of Bis(2-hvdroxv-1-naphthvlmethylene) carbohvdrazide (197A)

Following the general procedure of Example 1, condensation of 2-hvdroxy-1-
naphthzldehyde and carbohydrazide gave a white solid (97%): mp >285* C (dec); 'H
NMR d 11.90 (br s, 2 H); 11.05 (s, 2 H), 9.23 (s, 2H), 833(d, 2 H,J = 84 Hz), 7.88
(d,2H.J =90Hz),787(d,2H,J = 78Hz), 759 (1,2 H.J = 7.6 Hz), 738 (1, 2 H,
J = 7.5Hz), 7.22 (4, 2 H. J = 9.0 Hz); ®*C NMR d 156.71, 151.56, 143.24, 131.88,
131.50. 128.72, 127.87, 127.56, 123.35, 121.58. 118.61, 109.40; MS (CI) m/e 399.0 (M
= H)": Anal. (C,,HN,O, 0.3 H,O) C, H. N.

Exampl: 6

Synthesic of Oxalic bis(3-indolvimethvlene) hvdrazide (1135A)

Following the general procedure of Example 1. condensation of indole-3-

carboxaldehvde and oxalic dihvdrazide gave a white solid (97%): mp >285° C (dec):
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'H NMR d 11.93 (brs. 2 H), 11.66 (s, 2 H), 8.77 (s, 2 H), 828 (d. 2 H. J = 7.5 H2),
7.84 (d, 2 H.J = 2.1 Hz), 746 (d. 2 H. J = 7.8 Hz), 7.16 (m, 4 H): >C NMR d
156.01. 147.65, 137.09, 131.13, 124.37, 122.77. 121.93. 120.63. 111.93, 111.48; HRMS
Caled for C,0H (N,O,: 372.1341, found 372.1335; Anal. (C,,H,N,O, 0.3 H.O) C. H.
N.

Example 7

Synthesis of 3-Hvdroxv-2-naphthoic (2.3-dihydroxv-1-naphthvimethviene )} hvdrazide

(I141A)

Following the general procedure of Example 1. condensztion of 2. 3-dihvdroxy-

1-naphthaldehyde and 3-hydroxy-2-naphthoic hvdrazide vielded a vellow crvstal (18%%)
[recrystallized from dioxane/H,O (1:1, v/v)}: mp >285* C:'H NMR d 13.16 (brs, |
H), 12.27 (br s, 1 H), 11.30 (br s, 1 H), 9.74 (br s, 1 H), 9.57 (s, 1 H), §.53 (s. 1 H),
8.17(d, 1H,J = 82 Hz),795(d, 1H,J = 82 Hz), 779 (d. 1 H. J = 8.0 Hz), 7.7C
(d, 1H,J =77Hz),754 (, 1 H,J = 7.4 Hz), 7.42 - 7.25 (m. § H): HRMS Calcd for
CpH(N.O,: 372.1110, found 372.1103; Anal. (C,H N.O, H.O) C. H, N,

Example 8

Synthesis of 3-Hydroxy-2-naphthoic ( 2,4-dihydroxy-1-naphthvimethvlene) hydrazide
{II143A)

Following the general procedure of Example 1, condensation of 2, 4-dihydroxv-

1-naphthaldehyde and 3-hydroxy-2-naphthoic hydrazide vieided a vellow crystal (83%%)
[recrystallized from DMSO/H,0 (8:2, v/v)}: mp >280* C (dec); 'H NMR d 12.42 (br
s, 1 H), 11.65 (s, 1 H), 10.96 (br s, 1 H), 10.59 (s, 1 H), 8.99 (s, 1H), 8.07 (s, 1H), 7.77
(d,1H,J =84 Hz),767(d 1H,J =84 Hz), 748 (d. 1 H.J = §.1 Hz), 7.32 (d, 1
H J =84Hz),7.13(t, 1H.J = 75 Hz), 7.06 (1, 1 H. ) = 75 Hz), 6.91 (s, 1 H), 6.90
(m, 2 H); C NMR d 162.92, 160.47, 157.70, 154.20, 148.22, 135.97. 132.99, 130.33,
128.72. 128.33 (2 C), 126.84. 125.92, 123.91, 122.94, 122.55, 120.80. 120.32. 119.66.
110.70. 101.38, 100.49; HRMS Calcd for C,H (N0, 372.1110. found 372.1095; Anal.
(C5:H,(N,O, 2DMSO H.0) C. H. N.
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Example ¢
Synthesis of 3-Hydroxy-2-naphthoic (2, 7-dihvdroxyv- |-naphthvimetnvlene) hvdrazide
(1145A)

Following the general procedure of Example 1, condensation of 2, 7-dihydroxv-

l-naphthaldehyde and 3-hvdroxy-2-naphthoic hydrazide vielded vellow crystals (83%)
[recrystallized from DMSO/H.0 (8:2, v/v)]: mp 225 C (dec): '"H NMR d 12.75 (s, 1
H), 12.24 (s, 1 H), 11.27 (s, 1 H), 9.93 (s, 1 H), 9.40 (s, iH), 8.50 (s, 1 H), 7.95 (d, 1
H,J =81Hz),780(d,2H.J =87Hz),7.73(d, 1 H. ] = 87 Hz). 754 (4, 1 H,J =
75 Hz), 739 (1, L H,J = 7.5 Hz), 7.37 (s, 1 H), 6.98 (d. 2 H. J = 8.7 Hz); HRMS
Caled for C,,H(N.O,: 372.1110. found 372.1099: Anal. (C,H..N.O, 1.4 DMSO) C,
H.N.

Example 10

Svnthesis of 3-Hvdroxv-2-naphthoic (2. 6-dihvdroxv-1-naphthvimethviene) hvdrazide
{11794)

Following the general procedure of Example 1, condensation of 2, 6-dihydroxy-

l-naphthaldehyde and 3-hydroxy-2-naphthoic hydrazide vielded « vellow solid (72%):
mp >280° C; 'H NMR d 11.89 (s, 1 H), 11.75 (br s, 1 H), 10.90 (br s, 1 H), 9.14 (s, 1
H), 9.03 (s, 1 H), 8.06 (s, 1 H), 7.75(d, 1 H, J = 9.0 Hz). 748 (d. 1 H,J = 8.4 Hz),
733(d. 1 H,J = 84 Hz),728(d, 1H,J = 9.0 Hz}. 7.07 (1, 1 H.J = 7.6 Hz), 6.92 (1,
1 H.J = 7.4 Hz), 6.75 - 6.67 (m. 3 H), 6.90 (m, 2 H); “C NMR d 163.06, 155.90.
153.93, 153.44, 147.82, 135.94, 131.34, 130.57, 129.35, 128.69, 128.34, 126.81, 125.87.
125.66, 123.88, 122.58, 119.86, 119.68, 119.04. 110.62. 110.45, 108.82: HRMS Calcd for
C,H,(N,O,: 372.1110, found 372.1095; Anal. (C,H(N.O, 04 H.O) C. H, N.
Example 11

Svnthesis of 3-Hvdroxv-2-naphthqic (1-naphthvimettvlene) hvdrazide (1T1193A)

Following the general procedure of Example 1. condensation of 1-
naphthaldehvde and 3-hydroxy-2-naphthoic hydrazide gave a pale vellow solid (76%%):
mp 214 C: 'H NMR d 11.73 (brs. 1 H), 11.05 (brs. 1 H). 872 (s. 1 H). 8.52 (d. 1 H.
J =84 Hz). 8.13 (s. 1 H). 7.60 - 6.80 (m. 11 H): PC NMR d 162.00. :34.31, 148.56,
135.99. 132.57. 130.80. 130.40. 130.30. 129.48. 128.81. 128.78. 128.29, 128.12. 127.37,
126.85. 126.31. 125.89. 125.54. 124.39. 123.84. 120.13. 110.75: HRMS Caled for
Ca:H 6N O, 340.1212, found 340.1208: Anal. (C,,H,,N,0,) C. H. N,



tn

10

33

i ]
CiIors?
Example 12
Synthesis of 3-Hvdroxv-2-naphthoi¢ (2-Hydroxyv-1-phenvimethylene ) hvdrazide

(11074

Following the general procedure of Example 1, condensation of salicvlic
aldehvde and 3-hvdroxy-2-naphthoic hydrazide gave a pale vellow solid (94%): mp
%285° C: 'H NMR d 11.69 (br s. 1H), 10.97 (brs, 1 H), 10.79 (s. 1 H), 8.24 (s. 1 H),
8.02 (s, 1 H), 7.45 (d, 1 H,J = 8.1 Hz), 7.31 (d, 1 H,J = 8.1 Hz), 7.12 (dd, 1 H 1 =
7.8, 0.9 Hz), 7.05 (1. 1 H, J = 7.5 Hz), 6.89 (s, 1 H), 6.86 (m, ZH), 6.51 (d, 1 H. T =
8.1 Hz), 6.4& (t, 1H. J = 7.5 Hz); PC NMR d 163.62, 157.54, 154.08. 148.83, 1359+,
131.64, 130.27, 129.49, 128.70, 128.33. 126.79, 125.89. 123.86. 119.99, 119.44, 118.08,
116.48. 110.63; HRMS Calcd for C,gH,,N,05: 306.1004. found 506.0577. Anal.
(CieH:N-04) CHLN.

Example 13

Svnthesic of Salicvlic (2-hvdroxv-1-naphthvimerhviene) hvdrazide (ITT10%9A)

Following the general procedure of Example 1, condensation of 2-hydroxv-1-
naphthaldehvde and salicylic hvdrazide yielded a pale yellow solid (749%): mp 265° C:
'"H NMR d 12.32 (s, 1 H), 11.65 (br s, 1 H), 11.36 (br s, 1 H), 9.09 (5, 1 H), 7.84 (d, 1
H,J = 7.5 Hz), 7.43 (m, 3 H), 7.13 (t, 1 H, J = 6.0 Hz), 7.01 (1, 1 H.J = 6.6 Hz),
6.83 (1, 1H. J= 6.9 Hz), 6.77 (d, 1H, J = 8.4 Hz), 6.57 (m, 2 H). BC NMR d 163.72,
158.58. 157.88. 147.40, 133.75, 132.63, 131.42, 128.64, 128.49, 127.53, 127.44, 125.27,
120.65. 118.87. 118.61, 117.04, 115.35, 108.32; HRMS Calcd for C gH,.N,04 306.1004.
found 306.0985; Anal. (C,gH,,N,O,;) C, H, N.
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Analvtical Data

clemental analhvies

Lty [ 7 N
173A caled 7763 73 §.23
CoH N0, found 7T 390 743
175A caled 53.89 32 17.17
CelL,NO, found 58.79 159 16.93
[77A caed TG 453 11.28
G 1N O 03H,0 found 76.94 13 11.53
[93A caled i 7318 S3 7.86
CLH N Oy found 7380 { 73 778
[97A caled 6% 41 S 6 13.74
G H N0,/ 031L 0O found $3.33 159 13.97
{135A caled 6358 +43 22.24
CoH N, O L O found 6358 148 2213
IT141A caled 67.69 465 7.18
G H N0 2DMSOILO found 68 09 135 713
11143A caled 5713 S53 512
Co 1, N, O 4DMSO found 5745 S35 s.11
ITI45A caled 01.83 +10 5.81
CoH N O 04H, O fourd 61.65 469 5.82
HI79A caled €4.61 440 7.38
Ca N, O, fourd £9.64 181 7.33
[193A caled 57.63 Vod 8.23
CLH NSO, fourd P e §.27
1107 calcd RS } 61 ERS
C LN O, found 10,27 ! By 9 (%)
111109A caicd UM | Tl 915
CoH N O, fourd T0.59 1oy Y.

O

o

(S
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Example 14 Giotog

Trophozoite cvsteine protease inhibitor studies

Enzyme activity was measured with the fluorogenic substrate Z-Phe-Arg-AMC
as described in the literature [Rosenthal. P.J. et al., Mol Biochem. Parasirol. 35, 177
(1989]. Trophozoite extracts were incubated with reaction buffer (in 0.1 M sodium
acetate, 10 mM dithiothreitol. pH 5.5) and an appropriate concentration of inhibitor
for 30 minutes at room temperature. Z-Phe-Arg-AMC {50 u M final concentration)
was then added and fluorescence (2380 nM excitation. 460 nM absorbance) was
measured continuously over 30 seconds. The siope of fluorescence over time for each
inhibitor concentration was compared with that of controls in multiple assays, and the
IC,, was determined from piots of percent control ectvity over inhibitor
concentration. The results are illustrated in Fig. 1, wherein the points are the mean
of 8 assays and the error bars are the standard deviation of the sample. The IC

S0

values for inhibitors in accordance with the present invention are reported in Table <.

Table 4
COMPOUND ICS0(um) COMPOUND ICS0(um)
I38A 60 IIInA 20
140A 18 III113A 4()
142A >60 II115A 8
I46A 33 HI117A 15
IS6A 50 II1127A 20
173A 10 I11128A 17
I75A > 60 111129A 20
177A 10 II1130A 14
I83A 16 II1132A 17
I89A 40 II1133A 9
193A 10 II1134A 20
197A 60 I11135A 22
199A 60 [1136A 11
1101A > 60 II1138A 13

IT15A 12 1111394 15
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Example 15

Effect of oxalic bis_(2-hvdroxv-1-naphthvimethvlene hvdrazide) or. “H-hvpoxanthine

uptake as a measure of parasite metabolism

*H-hypoxanthine uptake was measured based on a modification of the method
of Desjardins et al. [Antimicrob. Agents Chemother. 16, 710-718 (1979)]. Microwell
cultures of synchronized ring-stage P. falciparum parasites were incubated with
:nhibiter in DMSO (10% final concentration) for 4 hours. 3H-hypoxamhine was
added (1u Ci/microwell cuiture) and the cuitures were maintained for an additional 36
aours. The cells were then harvested and deposited onto glass fiber filters which
were washed and dried with ethanol. 3H- -hypoxanthine uptake was quanmated tv
scintillation counting. The uptake at each inhibitor concentration was compared with
that of controls and the IC,, was determined from plots of percent control uptake

over inhibitor concentration. The results are illustrated in Fig. 2

Izxample 16

Izffect of oxalic bis I(2-hvdroxv-l-naphthvlmethvlene)h'vdrazide] on abilitv of parasites

to invade red blood cells

The FCR3 strain of Plasmodium falciparum was maintained in Type O+
human erythrocytes (American Red Cross) at 4% hematoerit in RPMI 1640 medium
(Gibso supplemented with 109% human serum. hypoxanthine. and gen:amicin).
Asynchronous infected cells were centrifuged at 500 g for 5 minutes and the
supernatant aspirated. Sorbitol (5% in dH20) was added dropwise to the pellet and
ellowed to incubate for 7 minutes at room temperature. The mixture was centrifuged
cgain and the pellet of synchronous rings were resuspended in the RPMI medium.
Medium was changed 12 hours afterward. Potential inhibitors were dissolved in
DMSO at the appropriate concentrations. One ul of sample (inhibitor; and 49 ] of
RPMI medium without human serum (incomplete medium) were plated per well in
96 well plates. For the negative control, one &1 of DMSO and 49 ul of incomplete
medium was used. For the positive control, 50 ul of Heparin at 10 gg/ml in
mcomplzte rmedium was used. At 24-27 hours after sorbitol treatment. svnchronous
parasites in the trophozoite stage were cultured at 3.05%-4.5¢; ¢ parasienua at 3%
hematocrit and 150 w1 of this culture was aliquoted to each well. Plates were

incubated for 26-28 hours at 40 degrees Cenugrade to allow the parasites to develop
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schizonts. segment into merozoites and attempt invasion. After incubation, the
supernatant above the settled cells was removed. For each weil. abourt 2 1 of the
cells was used for a smear and about 3 gl for flow-cytometry measurement of
parasitemia.

For eacnh well, about 3 ul celis were fixed via incubation in a cuiture tube
containing 2 ml of 0.01% glutaraldehyde for at least one hour at room temperature.
Tubes were centrifuged at 250 g for 5 minutes, supernatant aspirated and cells
resuspended in Dulbecc's PBS to rinse off the glutaraldehvde. Tubes were
centrifuged again, PBS aspirated and celis resuspended in 0.05 mg/ml propidium
iodide to cause fluorescence of parasite DNA. Tubes were shielded from light and
incubated in the propidium iodide overnight at room temperawre. For each sample,
20.000 cells were analvzed on the FACS flow cytometer and the parasitemia
determined based on the greater intensity of fluorescence of infected cells. Percen:
inhibition as reported in Fig. 4 is the ratio of sample parasitemia to negative control
substrated from 100%. The ICq, values as determined in this assay for specific

inhibitors in accordance with the present invention are reported in Table <.

TABLE 5
ICy, of Inhibitors
2
Compound Malaria Whole Parasite

Red Blood Cell

Infectivity Assav
1484 6uM
I 43A 1.7uM
I 79A 13uM
II1 109A 05uM
1934 58uM
HI 128A 6.2 p M
I 1294 d0uM
Il 1A S0uM
11 254 S2pM
11 103A 6.5 M
£7A | 31u
I 111A I 3.8 M
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Example 17
Inhibition of critical cvsteine proteases from other parasites

Stock solutions (25 u M) of the protease substrate. N-CBZ-Phe-Arg-7-AMC,
ard 10 mM of inhibitors were prepared in DMSO. A stock solution (1IM)
dithiothreitol was prepared in 10 mM sodium acetate, PH 6. Protease assays
contained per reaction a constant amount of: 27 kg purified protease, 3.3 mM DDT,
and 33 u M protease substrate. The concentration range of protease inhibitors used
was 10 nM to 100 u M. Sodium acetate buffer (100 mM, pH 5.5) was added to a final
volume of 1.5 ml per reaction. The variation in the absorbance was measured at 460
nr1in a spectrofluorometer. The results are reported :n Table 6.

TABLE 6

IC, of Inhibitors Against Other Parasite Cystemne Proteases
and Human Cathepsin B

8D

Compound T. cruz ~ S. mansoni Human |
Cruzain Hemoglobinase Cathepsin B 1

1484 13 uM No inhib. No inhib. |
111 43A 9.0 uM 9.3 uM No inhib. f
11 79A 24 uM 7.6 uM No inhib. |
HI 1094 21 uM 2.9 M No inhib. '
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WHAT IS CLAIMED IS:

1. A method for treating a paten! infected wWith a meazoan parasite. said
method comprising administering an amount effective to kill the parasite of at ieast
one metazoan protease inhibitor of general formula

A-X-B

wherein A is a substituted or unsubstituted homozromatic or
heteroaromatic ring sysiem comprising one tc three rings which binds to the 82
subsite of the metazoan protease;

B is a substituted or unsubstituted homoaromatic or heteroaromatic ring
system comprising one to three rings which binds to the &1 or $17 subsite of
the metazoan protease; and

X 1s a linker comprising a substantiallv pianar {inear arrav with o

backbone of four to eight atoms in length.

2. A method according to claim 1, where:n the metazoan parasite is
selected from the group consisting of Plasmodium falciparum. Schistosoma mansoni,
Trypanosoma cruzi, Giardia lamblia, Entoemeba histolytica. Cryptospiridium spp.,
ieishmania spp., Brugia spp., Wuchereria spp., Onchocerca spp.. Strongyioides spp..
Coccidia. Haemanchus spp., Ostertagia spp., Trichomaonas svp.. Dirofiiana spp.,
Toxocara spp., Naegleria spp., Pneumocystis carinii, Ascaris spp.. other Trypanosora
£pp.. other Schistosome spp., other Plasmodium spp., Babesia spp.. Theileria spp.,

Anisakis and Isospora beli.

3. A method according to claim 1, wherein the metazoan protease
inhibitor is administered at a dosage of about 0.01 to about 10 . M per kilogram of
body weight of patient per day.

& A method according to claim 3. wherein the metazoan protease
inhibitor is administered at a dosage of about 0.01 tc about i =M per «ilogram of

bodv weight of patient per dav.

!
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3. A method according to ciaim 1. wherein A 15 selected from the gronn
consisuing of phenyi. 1-naphthyvi, F-isoquinolvl 1-phthaiaznvi. 5 oumaing,

phenanthrvl und !-quinoivl.

0. A method according to claim 1, wherein b is selected from the gioun
consisting of pheryi. 1-naphthyl, 2-naphthyl, I-isoqu:noiv., patalaziav] -
coumarinvl, 9-phenanthryi, t-quinolyl, Z-quinolyl, 3-quinnlvl, O-cournerayl an

chromonyl.

7. A method according 1o claim 1. wherein ¥ jv saieored 1 DU e o

consiszing of

i’}
— N.
\\\\\‘r Y - : \:\\\ -
™ g a—
R
where:n R is hydrogzn or lower alkyi;
Cg
o
O K
wherein R is hvdrogen or iower alkvl:
J{,( 1‘1’
__-("‘ N
\\ ,r'/ \\
SN \(”f
v

wherein R 1s nydrogen or Jower alkvl, 127 15 hvdrogen or fower alavic and Y i+ O oor S

fuy

l[x‘ E"{
— P N .
~N : e N (‘ o
I |
Y R’

wherein R i< hvdrogen or lower alkvl, R s hvdroger or lower sl and Y i G oor S
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R R’ O
—Cy N 8 N
N N N N
(”) }ll }ll;
wherzin R is hydrogen or lower zlkyi and R’ is nydrogen or lower alkyi:
R’ O R ﬁl

—N.. C C N

wherein R, R" and R" are independently selected from hvdrogen and lower alkyl:

NG AT
and N/

—C C—
\ \N’;/‘

N
wherein the cyclohexyl group is unsubstituted or substituted; and
R R’
O R

wherein R and R’ are independently selected from hydrogen and lower alkvl.

8. A method according to claim 1, wherzin at least one of A.Band X is
substituted by at least one substituent selected from the group consisting of hvdroxvi.
lower alkyl. lower alkoxy, amino. mono- and di-(lover-alkyl)-amino, -NO., halogen.

arvl. ervloxy. -COOH and -COOR’, wherein R’ is jower alkvl or arvi.
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9. A method according to claim 1. wherein A is unsubstiruted or

substituted 1-napkthyl and B is unsubstituted or substituted 2-naphthyl or phenvl.

10. A method according 1o claim 1, wherein X is

bk
- \N/N\\C —_
Q'

in which R is hydrogen or lower alkyl, R’ is hydrogen or iower alkvl and Y is O or S.

11. A composition for treating a patient infected with 2 metazoan parasite,
said composition comprising a suitable carrier or excipient and an amount effective to
kill the parasite of at least one metazoan protease inhibitor of general formula

A-X-B

wherein A is a substituted or unsubstituted homoaromatic or
heteroaromatic ring system comprising one to three rings which binds to the S2
subsite of the metazoan protease;

B is a substituted or unsubstituted homoaromatic or heteroaromatic ring
system comprising one to three rings which binds to the S1 or $1° subsite of
the metazoan protease; and

X is a linker comprising a substantially planar linear array with a

backbone of four to eight atoms in length.

12, A composition according to claim 11, wherein the metazoan parasite is
selected from the group consisting of Plasmodium falciparum, Schistosoma mansoni.
Trypanosoma cruzi, Giardia lamblia, Entoemeba histoltica. Cryptospiridium spp.,
Leishmania spp., Brugia spp., Wuchereria spp., Onchocerca spp., Strongyloides spp.,
Coccidia, Haemanchus spp., Ostertagia spp., Trichomonas spp., Dironlana spp.,
Toxocara spp., Naegleria spp., Pneumocystis carinii, Ascaris spp., other Trypanosoma
spp., other Schistosome spp., other Plasmodium spp., Babesia spp., Theileria spp.,

Anisakis and Isospora bell.
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13. A composition according 1o claim 11, in a dosage unit form whereimn the
metazoan protease inhibitor 1s present in an amount sufficient to provide about (1.01

to about 10 u M per kilogram of body weight of patient per duv.

14, A composition according to claim 13, in a dosage unit form wherein the
metazoan protease inhibitor is present in an amount sufficient to provide about (.01

to about 1 u M per kilogram of body weight of patient per dav.

15. A composition according to claim 11, wherein A is selected from the
group consisting of phenyl, 1-naphthyl, 1-isoquinolyl. I-phthalazinvl. 3-coumarinvl, 9-

phenanthrvl and 1-quinolvl.

16. A composition according to claim 11. wherein B is seiected from the
group consisting of phenyl, 1-naphthyl, 2-naphthyl. i-isoquinolvl. 1-phthalazinyl. 3-
coumarinyl, 9-phenanthryl, 1-quinolyl, 2-quinolyl, 3-quinolvl, 6-coumarinyi and 2-

chromonyl.

17. A composition according to claim 11. wherein X is selected from the

group consisting of
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wherein R is hydrogen or lower alkyl;
N
—C N
N \‘.E -

Y

wherein R is hydrogen or lower alkyl, R’ is hydrogen or lower alkyl, and Y is O or S

S,

N\?/N\C___
| ;

Y R’

wherein R is hydrogen or lower alkyl, R" is hydrogen or iower alkvl, and Y is O or S:

R R’
b AL b
N ' ‘ e
I | [
O R’ f!'
wherein R is hydrogen or lower alkyl and R’ is hydrogen or lower alkyl;
?) O R RN

i | |
—N R N
\\N /C\C/C \c"'/ N
| | ] |

R" R O R’

wherein R, R’ and R" are independently selected from hvdrogen and lower alkyl

b

—C
\ //;7

N N

and
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wherein the cvclohexyl group is unsubstituted or supstituted: and

0 T 5
— \I N C‘ (: ~
\C / \C // o .

5 ko ;

wherein R and R’ are independently selected from hvdrcgen and lower alkyl.

—

R

L Y

£
I

18. A composition according to claim 11, wherein at least one of A, B and

X is substituted by at least one substituent selected fror the group consisting of

hvdroxyl, lower alkvl, lower alkoxy, amino, mono- and di-(lower-alkvl)-amino

y 'NO:,
ha'ogen. arvl, arvioxy. -COOH and -COOR’, wherein R’ is lower alkvl or aryl.

19. A composition according to claim 11. wherein A is unsubstituted or

substituted 1-naphthyl and B is unsubstituted or substituzed 2-napnthyvl or phenyi.

200 A composition according to claim 11, wherein X is
Ny \

H
Y

in which R is hydrogen or lower alkyl, R’ is hydrogen or lower alkvliand Y is O or S
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