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ABSTRACT

The increase in antibacterial resistance has created the demand for new antibiotics. The
present mvention relates to a more potent antibiotic that targets the enzyme glutamate racemase
from known glutamate racemase inhibitors. Glutamate racemase catalyses the interconversion of
L-glutamate to D-glutamate, making D-glutamate available, which 1s required for bacterial
peptidoglycan biosynthesis. Knockout mutations have shown glutamate racemase to be necessary
for bacterial cell survival and, before the present invention, no antibiotic on the market targeted this
enzyme. The present invention relates to new, ligand based glutamate racemase inhibitors,
developed using software to extract a pharmacophore model from a group of known glutamate
racemase inhibitors. Forty-seven known inhibitors were collected from the literature and several

pharmacophore models were extracted therefrom. The functional groups common to all the known

inhibitors were included in a pharmacophore model that described the requirements for glutamate
racemase inhibition with 82% accuracy. Of these models, one was found to describe the
requirements for glutamate racemase inhibition with 82% accuracy. The model was used to search
databases of commercially available chemical compounds and 2-(2-(1H-indol-3-yl)ethylamino)-4-
oxo-4-p-tolylbutanoic  acid and  2-(2-(1H-indol-3-yl)ethylamino)-4-(4-tluorophenyl)-4-
oxobutanoic acid were identified as showing antibacterial activity. These compounds were assayed
against S. pneumoniae and were shown to have antibacterial activity against the non- virulent strain

R6 and against a multidrug resistant strain.



A MODEL FOR GLUTAMATE RACEMASE INHIBITORS AND
GLUTAMATE RACEMASE ANTIBACTERIAL AGENTS

FIELD OF THE INVENTION

[0002] The present invention relates to drug discovery and develcpment. More specifically, the

present invention relates to the development of glutamate racemase inhibitors as a class of
antibiotics with enhanced pharmacokinetic properties. The mvention also relates to chemical
compounds with antibacterial activity against Strepfococcus prneumoniae (S. pneumoniae) and a
pharmacophore model that can be used to identify antibactenal drugs with good pharmacokinetic
properties. The identified antibacterial compoimds are inhibitors of the enzyme glutamate

racemase, which is a new antibacterial target that none of the current antibiotics in the market
target. This represents a new class of antibiotics that, because it has not been used before, has

less resistance potential. The pharmacophore model was designed to identify compounds with

Jess charged groups in order to improve their absorption, pharmacokinetic properfies and

antibactenal effectiveness.

BACKGROUND OF THE INVENTION

[0003] Antibiotic resistance is a growing problem in the world today. Antfibiotic resistant

strains of pathogenic bacteria emerge every day and represent a significant health care challenge

CA 2918883 2017-06-08



CA 02918883 2016-01-21

According to Science, in 1980 around 1% to 5% of S. aureus was methicillin resistant and today
60% to 70% of S. aureus strains found in hospitals are methicillin resistant. This alarming
mereas e' in bacterial resistance to antibiotics has motivated an active search for novel viable
targets for antibiotic drug design.

[0004] Publication Nos. US 2002/0052694 and 2002/0077754 discloses a specialized apparatus
and methods for identifying, representing, and productively using high activity regions of
chemical structure spacé. At least two representations of chemical structure space provide
valuable information. A. first representation has many dimensions representing members of a

pharmacophore basis set and one or more additional dimensions representing defined chemical

activity (e.g., pharmacological activity). A second representation has many fewer dimensions,

each of which represents a principle component obtained by transforming the first representation
via principal component analysis used on pharmacophore fingerprint/activity data for a
collection of compounds. When the collection of compotinds has the defined chemical activity,
that activity will be reflected as a “high activity” rcgion of chemical space m the second
representation.

0005] Publication No. 2005/0009093 discloses a method for generating a focused compound
library containing an enriched amount of ligand compounds being capable of binding to a
predetermined receptor.

[0006] Publication No.US 2005/0049794 discloses a processes for producing an optimized
pharmacophore for a target protein. The invention also relates to processes for identifying
compounds having an affinity to a target protein. The invention also relates to processes Ior

designing a ligand for a target protein using the optimized pharmacophore of the present
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mnvention. The invention also provides a computer for use in designing a ligand for a target

protein using the optimized pharmacophore of the present invention.
[0007] Publication No. 2005/0053978 discloses ‘methods and systems Ifor generating
pharmacophore models characterized both by molecular features that are present in the model

and features that are defined as absent. Thus, models can be developed that take into account
features such as steric buli that mnhibit activity for a specified target as well as features such as

functional groups that promote activity. Features that mhibit activity can ‘be identified by

comparing known active molecules with known mactive molecules. Features that are present in

the inactive molecules but absent in the active molecules can be defined in a pharmacophore

model.
[0008] Publication No. 2005/0177318 discloses pharmacophores in molecules identified by
generating a set of conformations for a respective molecule. A respective conformation meludes

a series of features that are present or absent in the conformation, wherein a respective feature

includes at least two molecular elements and at least one distance between the molecular
elements. The features for a set of conformations for 2 given molecule are repeatedly compared
to a model of feature importance of remaining molecules, to identify an inferred conformation of

a given molecule, until the model of feature importance for the molecules converges.

{00091 Publication No. US 2006/0206269 discloses a set of molecules, the members of which

have the same type of biological activity, represented as one-dimensional strings of atoms. The
one-dimensional strings of all members of the set are aligned, in order to obtain a multiple

alienment profile of a consensus active compound. The one-dimensional multiple alignment

profile is used in deriving a one-dimensional QSAR model to ideﬁtify other compounds likely to
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have the same biological activily, and also may be used to derive a three-dimensional multiple
alignment profile of the molecules in the set.

[0010] Publication No. US 2007/0156343 discloses a stochastic algorithm for predicting the
drug-likeness of molecules, [t is based on optimization of ranges for a set of descriptors.

Lipinski’s “rule-of-5”, which takes into account molecular weight, logP, and the number of

hydrogen bond donor and acceptor groups for determining bioavailability, was previously unable

to distinguish between drugs and non-drugs with its original set of ranges. The invention

demonstrates the predictive power of the stochastic approach to differentiate between drugs and

non-drugs using only the same four descriptors of Lipinski, but medifymmg their ranges.

However, there are better séts of 4 descriptors to differentiate between drugs and non-drugs, as

many other sets of descriptors were obtained by the stochastic algorithm with more predictive
power to differentiate between databases (drugs and non-drugs). A set of optimized ranges
constitutes a “filter”. In addition to the “best™ filter, additional filters (composed of different sets

of descriptors) are used that allow a new definition of “drug-like” character by combining them

into a “drug like index” or DLI In addition to producing 2 DLI (drug-like index), which permits

discrimination between populations of drug-like and non-drug-like molecules, the present
invention may be extended to be combined with other known drug screening or optimizing
methods, including but not limited to, high-throughput screening, combinatorial chemistry,
scaffold prioritization and docking.

[0011] Publication No. US 2007/0198195 discloses a computational method of determining a
set of proposed pharmécophore features describing interactions between a known biological

target and known training ligands that show activity towards the biological target.
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[0012] The identification of potentially novel drugs and molecular targets can assist in

preventing antibiotic resistance. Bacterial peptidoglycan biosynthesis is a well validated and a

very attractive target for the design and discovery of new antibacterial agents since 1t is unique to
bacteria cells (does not occur in humans) and are unexploited steps in the pathway. Currently,
several bactericidal antibiotics available on the market target the bacterial pephdoglycan
biosynthesis pathway, e.g., vancomycin. However, these agents are highly susceptible to
resistance.

[0013] A new drug target in the peptidoglycan biosynthetic pathway is glutamate racemase (glu
racermase), an enzyme which catalyses the conversion of L-glutamate to D-glutamate providing
D-glutamate for peptidoglycan biosynthesis. Knock-out mutations have shown the giutamate
racemase gene 1o be essential in Escherichia coli (k. coli) and S. pneumoniae. Recently, a group
of glutamate racemase mhibitors were develop ed” through chemical synthesis but enthusiasm for
these agents waned as they possessed a narrow spectrum of antibacterial activity against only 5.
pneumoniae. The apparent poor antibacterial activity of these compounds was due 1n part to poor
membrane permeabtlity,

[0014] Therefore, a drawback of known glutamate racemase inhibitors is their poor lipophilic

nature. It was hypothesized that the charged groups in the D-glu-analogue inhibitors* make them

poorly lipophilic and unable to permeate through biological membranes. The¢ minimum
inhibitory concentration (MIC) from whole-cell assays of some of these inhibitors did not
correlate with their ICsy values from the in viftro enzynie assays further supporting this

hypothesis. In addition, the poor lipophilic nature of these inhibitors makes them poor drug

candidates as they will show poor gut permeability and poor absorption from the intestine.
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[0015] Accordingly, there remains a need for glutamate racemase inhibitors with enhanced
lipophilic properties. Eliminating some or all of the charged groups enhances the lipophilic
nature of these inhibitors and, as a consequence, enhances their membrane permeability
properties which in turn enhances not only their antibacterial spectrum but therr pharmacokinetic
profile as well. However, those charged groups may be essential for binding and inhibition of the
enzyme. The present invention is directed to a method of enbancing the pharmacokinetic profile
of the charged poorly lipophilic glu racemase inhibitors while preserving thewr antibacterial

activity using a ligand-based drug design approach.

SUMMARY OF THE INVENTION

[0016] One of the unexploited steps in bacterial peptidoglycan biosynthesis is the step
catalyzed by the enzyme glutamate racemase. This cnzyme catalyses the conversion of L-
glutamate to D-glutamate which is a necessary component in the formation of bacterial
peptidoglycan. Knockout mutations in S, preumoniae have shown glutamate racemase to be
essential for the viability of this bacterinm. Thus, glutamate racemase inhibitors represent a new
class of antibiotics with less resistance potential.

[0017] The present invention relates to pharmacophore model ADNRR2584, a computational

model that can be used to identify new potent glutamate racemase inhibitors with antibacterial

activity and enhanced absorption properties, including membrane permeability, through virtual

screening of databases of commercially available chemical compounds. The model of the present

invention saves time and greatly reduces the expenses in the drug development process because

- ama Wppr v —

| de Dios A, Prieto L, Martin JA, et al, 4-substituted D-glutemic acid analogues: The first potent inhibitors of
¢ lutamate racemase (Murl) enzyme with antibacterial activity. J Med Chem. 2002;45:4559-4570
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it can predict the activity of commerciélly available compounds precluding the need for chemical
synthesis.

[0018] Itisan object of the present invention to inhibit bacterial growth.

[0019] It is another object of the present invention to identily new antibacterial agents with less
resistance potential and with enhanced pharrnacokinetic properties.

[0020] It is another object of the present invention to speed up the process of antibacterial
discovery and reduce the associated cost.

[0021] Tt is another object of the present invention to provide a model that assigns a predicted
activity to the compounds it identifies.

[0022} It is a further object of the present invention to provide a pharmacophore model for

glutamate racemase inhibitors that will facilitate the identification of new glutamate racemase
inhibitors with antibacterial activities.

100231 Itis a further object of the present invention to provide a pharmacophore mode] that can
be used to screen a large number of compounds ix silico to identify new antibacterial agents and
predict their activities.

(0024] It is a further object of the present invention to provide a pharmacophore model with no
more than one¢ charged element to identify compounds with enhanced pharmacokinetic
properties.

[0025] It is a further object of the present invention to provide a pharmacophore model that is

modified to identify compounds with enhanced pharmacokinetic properties.

[0026] It is a further object of the present invention to provide an accurate QSAR model

associated with the pharmacophore model that can predict the activity of any 1identified

compound with 82% accuracy.
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(0027} It is a further object of the present invention to identify compounds that demonstrate
anhibacterial activity against multidrug resistant S. prewmoniae when tested in whole cell assays.
[C028] It 1s yet a further object of the present invention to provide a method of identifying

anhbacterial agents with enhanced pharmacokinetic properties comprising the steps of a)

developing pharmacophore models based on known glutamate racemase inhibitors; b) excluding

models with more than one charged element to obtain remaining models with ephanced

pharmacokinetic properties; and ¢) identifying compounds by searching chemical databases for

compounds comprising a structure closest {0 the remaining models.

[0029] It is yet a further object of the present invention to provide a method of identifying
antibacterial agents with enhanced pharmacokinetic properties comprising the steps of a)
developing pharmacophore models based on known glutamate racemase inhibitors; b) modifying
elements in the pharmacophore models to enhance pharmacokinetic properties of the models and
obtain modified models; and ¢) identifying compounds by searching chemical databases for

compounds comprising a structure closest to the modified models.

[0030] It is yet a further object of the present invention to provide a pharmacophore model

comprising the structure shown in Figure 3, wherein N9 represents a negative 1onizable site, D7

a hydrogen bond donor site, Al a hydrogen bond acceptor site and both R11 and RI2 are

aromatic ring sites.

[0031] It is yet a further object of the present invention to provide a metaod ol treating a .

pneumonige infection comprising administering to a mammal in need of treatment, an effective

amount of a compound comprising the structure

o

wherein R comprises — CH3, —F, —Cl, or —Br.
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[0032] It is yet a further object of the present invention to provide a method of treating a o.

prneumoniae infection comprising administering to a mammal in need of treatment, an effective

amount of 4-(4-fluorophenyl)-2-{[2-(1H-indol-3-yl)ethyl]amino}-4-oxobutanoic acid, 2-(2-(1H-

indol-3-yl)ethylamino)-4-oxo-4-p-tolylbutancic  acid, 2-(2-(1H-indol-3-yl)ethylamino)-4-(4-

chlorophenyl)-4-oxobutanoic acid, 2-(2-(1H-indol-3-yl)ethylamino) -4-(4-bromophenyi)-4-

oxobutanoic acid, or a combination thereof.

[0033] There has thus been outlined, rather broadly, the more mmportant features of the

invention in order that the detailed description thereof that follows may be better understood, and

in order that the present contribution to the art may be better appreciated. There are, of course,

additional features of the invention that will be described further hereinafter.

[0034] In this respect, before explaining at least one embodiment of the invention in deail, 1t 1

to be understood that the invention is not limited in its application to the details of construction

and to the arrangements of the components set forth in the following description or illustrated in

the drawings. The invention is capable of other embodiments and of being practiced and carried

out in various ways. Also, it is to be understood that the phraseology and terminology employed

herein are for the purpose of description and should not be regarded as limiting.

[0035] As such, those skilled in the art will appreciate that the conception upon which this

disclosure is based may be readily utilized as a basis for the designing of other structures,

methods and systems for carrying out the several purposes of the present invention. It is
important, therefore, that equivalent constructions insofar as they do not depart from the scope

of the present invention, are included in the present invention.
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{0036] For a better understanding of the invention, its operating advantages and the aims

attained by its uses, reference should be made to the accompanying drawings and descriptive

matter which illustrate preferred embodiments of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Figure 1 is a schematic representation of the bacterial peptidoglycan biosynthetic

pathway showing known antibiotic targets,

[0038]

[0039] Figure 2 is a schematic representation of the whole cell assay used fo verify

antibacterial activity against multidrug resistant .S, preumoniae.

[0040] Figure 3 is a schematic representation of the pharmacophore model of the present

invention.
ental activity of the known

[00417 Figure 4 is a plot showing the correlation between experi

glutamate racemase inhibitors and their calculated activity using the pharmacophore model of the

present invention.

[0042]
[0043)

[0044]

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0045] Figure 1 is a schematic representation of the bacterial peptidoglycan biosynthetic

nate is required for the synthesis of the cell

pathway showing known antibiotic targets. D-glutar

10
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wall. The enzyme glutamate racemase (also known as Murl) is the enzyme that converts L-

glutamate to the necessary D-glutamate for bacterial cell survival.

[0046] DBecause there is no structure available for glutamate racemase from S. prewmoniae,
ligand-based drug design approaches can be used to develop potent glutamate racemase
inhibitors. Known glutamate racemase inhibitors® were nct as effective as desired. They were

highly charged compounds and, therefore, were expected to have poor membrane permeability.

The general structure of glutamate racemase inhibitors is as follows:

All inhibitors were derivatives of D-glutamic acid, which explains the highly charged nature of
these inhibitors. R is an aliphatic or an aromatic hydrophobic group, They showed antibacterial
activity against only 8. preumornia, which could have been due to their poor membrane permeab-
iity. Calenlations of the absorption, distribufion, metabolism and excretion (ADME) prop-

erties of these inhibitors strongly support this hypothesis (see Table 3) especially, the oil/

water partition coefficient (Po/w) values which can be used as an indicator of membrane

permeability.  Another possible reason for the narrow scope of antibacterial activity could be

the low similarity among glutamate racemases from different organmisms.

[0047] To develop potent glutamate racemase inhibitors with improved lipid solubility and,

hence, better antibacterial spectrum, the method of the present invention involves extracting a

pharmacophore model from a group of known gl:tamate racemase inhibitors and modifymg it so

that the functional groups required for glutamate racemase inhibition are preserved while

enhancing lipid solubility.

11
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[0048] Commercially available software (Schrodinger’s PHASE) was used for pharmacophore

modeling and database screening. The overall protocol for identifying new glutamate racemase

inhibitors with improved pharmacokinetic properties involves:

[0049] 1. Developing a pharmacophore model for glutamate racemase inhibitors from a
group of already known inhibitors with poor pharmacokinetic properties.

[0050] 2. Modify the elements in the pharmacophore model to enhance the pharmacokinetic
properties of potential inhibitors.

[0051] 3. Developing a Quantitative Structure-Activity Relationship (QSAR) model that
can predict glutamate racemase inhibition activity for unknown compounds with
reasénable accuracy.

{0052] 4. Searching several databases of commercially available chemical compounds with

the developed pharmacophore médel to 1dentify new potential inhrbitors.
[0053] 5. Insilico calculation of pharmacokinetic proPerties of the identified compounds.
f0054] 6. Screening the identified compouhds and selecting only those with enhanced
potency and pharmacokinetic properties for antibacterial activity testing.

[0055] More specifically, the methods involve the following:

[0056] Developing the pharmacophore model:

47 Known Inhibitors”
!

Generate conformations

!

Extract pharmacophore models

!

4 Id.

12
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Modify phar

macophore sites

d

Score pharmacophore models

y
Quantitative Structure Activity Relationship (QSAR) Model

[ —

[0057] Database searching and compound selection:

Pharmacophore Model
!

Search databases of chemical compounds

!

Compounds that matched the model

/o \

Predicted Activity Lipid and aqueous solubility

~o

1

v
Compounds with predicted 1Csp =<1 mg/mL

[0058] The method of developing the pharmacophore model comprises the steps of a)
identifying known glutamate racemase inhibitors with biological activity and poor
pharmacokinetic properties; b) identifying elements common to all the known glutamate

racemase inhibitors; and c¢) developing models that contain about 3-6 common elements,
preferably 5 elements. According to a preferred embodiment, the biological activity comprises

antibacterial activity, more preferably, the biological activity is experimentally determined based

13
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on at least one of IC50, Ki, MIC value and any other experimental measures of biological

activity.

[0059] The method further comprises the steps of a) developing a quantitative structure-activity

relationship (QSAR) model; b) selecting a QSAR model with the highest (R%) value; and c)
identifying compounds by scarching chemical databases for compounds comprising a structure
closest to the selected model. According to a preferred embodiment, the QSAR model predicis at
least one of the ICsg, Ki, MIC value and any other measure of biological activity of the
compounds with an accuracy of at least about 70%, preferably 80%, more preferably $0%.
According to a further preferred embodiment, the method further comprises the step of

calculating the ICsp value of the identified compounds.

[0060] The step of developing the QSAR model comprises the steps of a) identifying known
glutamate racemase inhibitors with poor pharmacokinetic properties; b) classifying the known
inhibitors into groups depending on their biological activity; ¢) creating a training set comprising
about 25 inhibitors, wherein the fraining set comprises at least one known inhibitor from each
group; d) creating a test set comprising the remaining known inhibitors; ¢) developing the QSAR
model based on the traming set; f) using the QSAR model to célculate at least one of the ICsq,

Ki, MIC value and any other measure of biological activity of the test set; and g) calculating the

R* value by comparing the calculated ICso, Ki, MIC value and any other measure of biological
activity of the test set with the known 1Csy, Ki, MIC value and any other measure of biological
activity of the test set. According to a preferred embodiment, the step of classifying the known
inhibitors by their biological activity comprises classifying the known inhibitors as highly active

if they have an ICsq value of less than 0.07, moderately active if they have an ICsq value of 0.07-

14



CA 02918883 2016-01-21

0.8, active if they have an ICsq value of 0.8-10, slightly active 1f they have an ICs value of 10-

100, and weakly active if they have an ICs; of above 100.

[0061] Whole-cell Assays: Selected compounds were assayed against S. prneumoniae on blood

agar plates as shown on Figure 2,

[0062] Table 1 shows the results of six pharmacophore models extracted from the 47 known

olutamate racemase inhibitors®, The R? value delineates how accurate a model is in predicting an

inhibitor’s ICss. Model 6 had the highest R* value.

[0063] Tablel

|

“Model Number |

w
i T—

R* Value

P I GFNErGr S S WY RS

0.20_

- —--—HQ-J

0.58

~0.80
0.76
0.77

{ 6 B

e

0.82

-

"
gt SR -

b

[0064] Figure 3 is a schematic representation of Model 6 (ADNRR2584), the pharmacophore

model of the present invention. The pharmacophore model, Model 6, contains five sites as

shown seen in Figure 3. site Al (sphere with 2 arrows) represents a hydrogen bond acceptor

functional group, site N9 (sphere with no arrow) represenis a negative iomizable functional

oroup), site D7 (sphere with 1 arrow) represents a hydregen bond donor functional group), and

both sites R11 and R12 (small rings) represent an aromatic ring. Distances and angles between

the sites are shown in Tables 2 and 3, respectively. According to a preferred embodiment, only

one charged center (N9) is maintained in the model. The other two charged centers are replaced

by neuviral groups to enhance the lipophilicity of idents

’ I

15

fled compounds, ie., the negatively



charged elements in the model are replaced with hydrogen-bond acceptor groups and the

positively charged elements in the model are replaced with hydrogen-bond donor groups.
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[0065] Table 2. Model 6 (ADNRR2584) inter-site distances.

Sitel | Site2 | Distancein A
Al | D7 4.398
N9 5.034
CRIIL | 5847
Ri2 7.940
N9 3.376
CRI1 | 7186
~ RI2 0.163
R11 4.436 ;
N9 R12 | 6.165
Rl R12 2.136 |
[0066] Table 3. Model 6 (ADNRR2584) inter-site angles.
i: Site 2~ | ___§§e 3 | Angleindegrees
Al N9 | 41.3
Al R11 ~87.9 |
| Al R12 913
| Al | RI1 47.4
| A1 | RI2 509
Al RI2Z 36
| D7 ! N9 79.5
D7 | RIi1 54.4
D7 | RI2 ~60.0
D7 RI1 | 267
D7 | RI2 22.1 L
| D7 | RI2 57 B
| N9 | D7 | 592 |
. N9 | Rl 1 76.0
| N9 | RI2 897
N9 | RI1T | 133.3
N9 RI2 | 146.1 w
N9 R12 13.8
Ril D7 | 37.7
— — - 1
RIl | N9 | 566 |
RI1l | RI2 1665
RIT [ N9 200
R1l 1 RI2Z | 1547
| Rl RI12 | 136.6 |




[0067] Figure 4 shows the correlation between experimental activity of the known glutamate

racemase inhibitors and their calculated activity using Model 6. The R? plot for Model 6 shows
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Sitel | Site2 | Site3 | Angleindegrees
R12 D7 287 |
| Ri2 | N9 393
| __RI2 RIT 9.9
_RI2 | N9 11.9
R12 R11 19.6
_RI2 “RI] 296 |

how well the predicted ICsp values agree with their corresponding experimental values.

[0068] Table 4 shows 17 compounds identified by Model 6 as potential glutamate racemase

inhibitors. Compounds A and B had the lowest 1Csq, i.e., highest activity, and therefore, their

ADME properties were calculated and these compounds were selected for bacterial assays.

[0069] Table 4

T Py -

e i e ),

17

Entry ID Title . | No. Sites Matched [ Fitness | Predicted ICsp mg/mL |
1 | ligand 7567 5 14 6.3
2 | ligand 31939 | 5 1.3 | 1.1 )
3 ligand_49854 5 1.2 6.4
4 | ligand 48140 5 12 | 065
|5 | ligand 26895 5 1.1 13.8
6 | ligand 48139 5 1.1 o
| 7 | ligand 48150 5 1.1 1.8
§ | ligand 39818 | 5 | 1 1.7
A | ligand 48151 | 5 0.9 0.45
B ligand 48287 | 5 09 | 049
11 | ligand 48136 5 0.8 1.1
12 ligand 32329 | 5| os 1.3
|13 | ligand 48147 | 5 | 08 | 1.7 |
14 ligand 26896 5 0.7 2.6 ]
15 ligand 48148 5 | 0.5 1.2 ,
16 | ligand 48286 | 5 0.5 | 2.2
17 ligand 48137 5 0.1 N




{0070]

compounds® and compounds A and |
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Table 5 shows the relevant ADME properties as calculated by QikProp for the known

3 above. The calculated ADME properties are: Po,w which 18

an indicator of the lipophilicity of the compound (low values represent poor lipid solubility), S

which 1s the aqueous solubility, and Caco-2 which is an indicator of the human gut permeability.

Ranges in parentheses represent ranges for 90% of drugs in the market today.

[0071]

Table 5

T

Compouzid

Log Po;w

Jron—

T TogPow | Log®

_——

e

Caco-2 ni1

(20t006.5) | (=6.5100.5)
Known compounds

— i

e ma et S S

/sec

| (<25 poor and >500 great) |

"

24 ~0.53 2886 L
&0  -0.835 2,128 o
69 -0.193 2082 | 1 L
74 {0142 -2.493 L
Compounds of the present invention o
A + 20 50 4 189
B 19 4.7 | 18.9 o

ekl e A e p— . i

Sk i PP

PRSI TN N N W N

[0072] For the known compounds in Table 3, the structure is as shown in Figure 2, with the K

as listed below in Table 4:

[C073]

Table 6

b

Known Comﬂ‘g) und 1 ~

24
- o)
60 Q—N_‘c‘,w&
69 R
N — -
Gl
74 TN

0074] The antibacterial activity of Compound B against S. preumoniae RG strain was assayed

as shown in Figure 2. Compound B was fested at three di

i -l i -

*Id.

18

Terent concentrations, 0.5 ng/ml., 0.75
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ng/mb, and 1.0 pg/ml as shown in Figure 2 and inhibition zones were compared to that around
DMSO, which is the solvent used to dissolve Compound B. Compound B showed significant

antibacterial activity as compared to the DMSO (data not shown). Compound A. was also tested

but showed weaker antibacterial activity than Compound B (data not shown,.

[0075] The general structure of the compound identified by Model & (ADNRR2584), 15

| 0 004 ﬁ
O*j%
N
R H

wherein R comprises —CH3, —F, —Cl, or —3Br. The sttucture of Compound A 1s

d

o O -OH N
/
fopauvy
H3C ¥

2:(2-{{HINDOL-3-YLJETHYLAMINO}-4-0R04-P-TOLYLBUTANOIC ACID 5

which shows 2-(2-(1H-indol-3-yDethylamino)-4-oxo-4-p-tolylbutanoic acid, and the structure

of Compound B is

2.{0{HINDOL-SY)ETHYLAIANO}-{4 FLUOROPHENYL)-OXOBUTANOIC ACD
which shows 2-(2-(1 H-indol-3~yl)ethylamino)-4-(4-fluorophenyi)-4-oxobutanoic acid.  The
protocol for identifying new antibacterial agents usmg Model 6 (ADNRR2584) involves
searching databases of commercially available chemical compounds with the model using

the appropriate computer program to identify new potential inhibitors. The compounds

2-(2-(1H-indo}-3~y1)ethylamino)-4-(4- chlcrophenyl)-4-oxobutancic acid and 2-(2-(1H-indol-

3-yl)ethylamino)-4-(4-bromophenyl)-4- oxobutanoic acid were also identified in this fashion.

19
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[0076] Through ligand-based drug design approach, a pharmacophore model that can identify
glutamate racemase inhibitors with antibacterial activity with 82% success rate can be identitied.
The present invention shows that through modifications of pharmacophore sifes, the ADME
properties of the identified compounds can be controlied,

[0077] The present nvention contemplates using Model 6 to search more and larger chemical

compound databases to identify compounds with even better antibacterial activities and better
membrane permeabilities. The present invention also conterplates determining the antibacterial
spectrum of the identified compounds by testing them against different strains of bacteria. The
present invention further contemplates mixing together these results and the results from
structure-based drug design approaches to develop glutamate racemase with broader spectrum of
antibacterial activity.

[0078] Having now described a few embodiments of the invention, it should be apparent to
those skilled in the art that the foregoing is merely illustrative and not limiting, having been
presented by way of example only. Numerous modifications and other embodiments are within
the scope of the invention. The scope of the claims should not be limited by the preferred

embodiments set forth in the examples, but should be given the broadest interpretation consistent

with the description as a whole.

20
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The embodiments of the present invention for which an exclusive property or privilege 1s

claimed are defined as follows:

1. Use of an effective amount of a compound comprising the structure
0 O O H
N |
/ N
R == H

wherein R comprises -CHj, -F, -Cl, or -Br, for treatment of a Streptococcus pneumoniae infection

in a mammal in need of treatment.

2. The use of claim 1, wherein the compound comprises
2-(2-(1H—ind01-3 -yDethylamino)-4-(4-fluorophenyl)-4-oxobutanoic acid;
2-(2-(1 H-1ndol-3-yl)ethylamino)-4-ox0-4-p-tolylbutanoic acid;

2-(2-(1 H-indol-3-yl)ethylamino)-4-(4-chlorophenyl)-4-oxobutanoic acid; or
2-(2-(1H-indol-3-yDethylamino)-4-(4-bromophenyl)-4-oxobutanoic acid.

21
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1/4
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mur/A " |
UDP-GlcNAC-ENOLPYRUVATE P'MWNACE'L:&!@"',’5{,}'/7“"“”i
NADPH 0-Glu~ 777 LGl
- _ mur/D
UDP-MurAe UDP-MurNA¢-L-Ala-D-Glu
L-Ala
mur/G
UDP-MurNAc-L-AR_ '
: D—GIU miurd L- G]U: THE STEP TARGETED IN THIS INVENTION.
L e e mmmem =220 (lu RACEMASE IS ALSO REFERRED
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FIG. 1
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